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Preféacio

Essa tese esta dividida em (i) introducéo geral, (ii) quatro capitulos em formato de artigo,
dos quais dois estéo publicados, (iii) perspectivas futuras, (iv) conclusdes e (v) apéndices.
A introducdo geral é o referencial tedrico para o objeto de estudo. Os quatro capitulos
consistem em estudos realizados durante o doutorado visando consolidar a taxonomia de
trés espécies de serpentes do género Helicops Wagler 1828. O primeiro capitulo trata da
taxonomia e variagdo morfolégica intraespecifica relacionada a alometria e ao dimorfismo
sexual de Helicops danieli Amaral 1937; o segundo capitulo é uma ampla revisdo da
taxonomia da espécie amazobnica Helicops hagmanni Roux 1910, com evidéncia de
variacao clinal; o terceiro capitulo consiste na descricdo de uma nova espécie amazoénica
com padrdo de manchas dorsais circulares, Helicops acangussu Moraes, Walterman,
Citeli, Nunes e Curcio 2022; o quarto e ultimo capitulo amplia o conhecimento taxonémico
de H. acangussu pela descricdo de novos exemplares, morfologia do cranio, variacdo do
hemipénis e revisdo de sua distribuicdo, bem como apresenta uma chave para as
espécies amazodnicas de Helicops. No apéndice estdo, na integra, os dois capitulos
publicados, | e lll.

Titulos de cada capitulo séo:

Capitulo |: Taxonomy, allometry, sexual dimorphism, and conservation of the trans-
Andean watersnake Helicops danieli Amaral, 1937 (Serpentes: Dipsadidae: Hydropsini).
Artigo publicado na Revista Canadian Journal of Zoology.

Capitulo 1I: Morphological review and evidence of clinal variation in Helicops hagmanni
Roux 1910 watersnake. Manuscrito que sera submetido para a revista European Journal
of Taxonomy.

Capitulo 1ll: A new oviparous species of Helicops Wagler, 1828 (Serpentes,
Xenodontinae) from Brazilian Amazonia with reflections on the evolution of viviparity
among hydropsine watersnakes. Artigo publicado na Revista Zoologischer Anzeiger.
Capitulo IV: New data on the taxonomy of Helicops acangussu and a key to amazonian
Helicops Wagler, 1828 species. Manuscrito que sera submetido a revista Zootaxa.


https://www.sciencedirect.com/journal/zoologischer-anzeiger
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Resumo Geral

A subordem Serpentes ocupa o planeta Terra desde a Era Mesozbica. Este grupo é
composto por animais apodes, de corpo longilineo e cranio altamente cinético, distribuidos
em virtualmente todo o planeta, com excec¢do das zonas mais frias. A tribo Hydropsini €
composta por trés géneros sul-americanos de serpentes aquaticas, Pseudoeryx Fitzinger
1826, Hydrops Wagler 1830 e Helicops Wagler 1828, sendo o ultimo deles objeto de
estudo da presente tese. O género Helicops € composto por 21 espécies descritas até o
momento. No entanto, a taxonomia de algumas delas é ainda fragil, sem que sua
morfologia tenha sido investigada profundamente. A presente tese tem como objetivo
estudar a variagcdo morfolégica de trés espécies de Helicops distribuidas no norte da
Ameérica do Sul que apresentam padrdo de manchas dorsais circulares. O capitulo | teve
como foco estudar as populacgdes de Helicops danieli, uma espécie endémica da regido
transandina da Colémbia. Para isso, examinamos 124 espécimes, de ambos 0s sexos e
diferentes faixas etarias, provenientes de toda a sua distribuicdo. Com abordagem
multidisciplinar, identificamos 22 caracteres diagnosticos da espécie, e diferencas na taxa
de crescimento da cauda (maior em jovens), fémeas maiores e machos com cauda mais
longa, bem como altos niveis de impacto antropico na area de sua distribuicdo. O segundo
capitulo teve como foco a taxonomia e variacdo morfolégica e geografica de Helicops
hagmanni, uma espécie amazoénica. Analisamos 112 espécimes e obtivemos caracteres
de morfologia interna (hemipenis e osteologia craniana), e externa (folidose e biometria)
para identificacdo de putativa variagdo geografica. Helicops hagmanni é a espécie do
género com maior polimorfismo no numero de fileiras de escamas dorsais (entre 23 e 29)
e possui variacao clinal em sua distribuicdo. Populaces do oeste amazdnico apresentam
menor namero de escamas dorsais, ventrais e manchas ao longo do corpo. O terceiro
capitulo é a descricdo da espécie Helicops acangussu, uma serpente amazbnica com
padrdao de manchas dorsais circulares. Embora simpatrica com as outras espécies de
padrao dorsal semelhante, H. acangussu € a Unica do género com a combinacdo de 19
fileiras de escamas dorsais, um par de escamas intergeniais € manchas circulares no
dorso. O quarto e ultimo capitulo amplia a variagdo morfolégica conhecida e distribuicdo
de H. acangussu, a partir da adicdo de novos 33 exemplares encontrados em colecdes

sul-americanas. Com esse material, descrevemos a osteologia craniana e revisamos a
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variacdo nos caracteres de folidose, biometria e hemipénis. Também apresentamos uma
chave de identificacdo das espécies amazbnicas de Helicops. Essa tese é uma
contribuicdo direta para o entendimento da taxonomia, dos padrdes morfologicos e da

variacdo geografica desse interessante grupo de serpentes neotropicais.

Palavras-Chave: biometria, especiagao, folidose, Hydropsini, Squamata, vertebrados
neotropicais

Abstract

The suborder Serpents occupy the Earth since the Mesozoic Era. This group is composed
of apodous animals, with elongated bodies and highly kinetic skulls, virtually distributed
across the entire planet, except for the coldest areas. The Hydropsini tribe is composed of
three South American genera of aquatic snakes, Pseudoeryx Fitzinger 1826, Hydrops
Wagler 1830 and Helicops Wagler 1828, the latter being the object of study of this thesis.
The genus Helicops is composed of 21 species. The taxonomy of some of them is still
fragile, and their morphology has not been deeply investigated. The present thesis aims to
study the morphological variation of three spotted-dorsal species of Helicops distributed in
northern of South America. The chapter | is focused on studying the populations of
Helicops danieli, an endemic species from the trans-Andean region of Colombia. For this,
we examined 124 specimens, of both sexes and different age groups, from its entire
distribution. With a multidisciplinary approach, we identified 22 diagnostic characters of the
species, and differences in the rate of tail growth (higher in juveniles), larger females and
males with longer tails, as well as high levels of anthropic impact in the area of its known
distribution. The second chapter focused on taxonomy, morphological and geographic
variation in Helicops hagmanni, an Amazonian species. We analysed 112 specimens and
obtained characters of internal (hemipenis and cranial osteology) and external morphology
(pholidosis and biometry) to identify putative geographic variation. Helicops hagmanni is
the species of the genus with the highest polymorphism in the number of rows of dorsal
scales (between 23 and 29) and showed a clinal variation on its distribution. Populations
from western Amazonia having the lowest number of spots along the body and number of

dorsal and ventral scales. The third chapter is a description of the species Helicops
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acangussu, an Amazonian snake with a pattern of circular dorsal spots. Although
sympatric with other species with a similar dorsal pattern, H. acangussu is unique in its
genus with a combination of 19 rows of dorsal scales, a pair of intergenial scales and
circular spots on the dorsum. The fourth and final chapter expands the known
morphological variation and distribution of H. acangussu, from the addition of 33 new
specimens found in South American collections. With this material, we describe cranial
osteology and review variation in pholidosis, biometry and hemipenis characters. We also
present an identification key for the Amazonian species of Helicops. This thesis is a direct
contribution to the understanding of the taxonomy, morphological patterns and geographic

variation of this interesting group of neotropical snakes.

Keywords: biometry, Hydropsini, neotropical vertebrates, pholidosis, speciation,
Squamata.
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1. Introducéao Geral

As serpentes sao animais intrigantes que habitam praticamente todo o planeta
Terra, com excecdo das regides mais frias, como a Antartica (Guedes et al., 2018;
Luiselli et al., 2020; Uetz et al., 2022). E um clado monofilético, originado durante a Era
Mesozoica, entre os periodos Jurassico e Cretaceo, surgido entre 167-143 milhdes de
anos (Caldwell et al., 2015) e 128,5 milhdes de anos (Hsiang et al., 2015). O grupo
compreende também alguns taxa basais extintos (considerando o clado “Pan-
Serpentes” ou “Ophidia”) incluindo, e.g., Najash rionegrina, Dinilysia patagonica,
oriundas da Argentina e Eophis underwoodi do Suriname (Woodward, 1901; Zaher et
al., 2009; Caldwell et al., 2015; Reeder et al., 2015) (Figura 1). Diferentes hipéteses
movimentaram 0 posicionamento evolutivo das serpentes dentro da ordem Squamata
ao longo dos anos (Bellairs e Underwood, 1951; Rage, 1982; Dois principais fatores
podem estar atrelados a incerteza histérica na origem das serpentes (Rieppel, 1988). O
primeiro é a visdo scala naturae (veja detalhes em Mayr, 2000), onde a organizacao dos
seres vivos pode ser hierarquizada a partir da existéncia de seres intermediérios. Neste
caso, alguns lagartos estariam em uma escala de perda sequencial de membros
locomotores, mostrando todos os estagios que precederam a chegada do bauplan das
serpentes (Rieppel, 1988). O segundo aspecto € a semelhanca do padrdao geral
corporal das serpentes e alguns lagartos de habitos fossoérios, trazendo confusdo ao
entendimento do que seria convergéncia e o que seria homologia (Rippel, 1988). O
primeiro entrave foi deixado para tras sob a luz do encontro de fésseis de lagartos de
Varanidae e o com as suspeitas de Cope (1869) sobre o parentesco das serpentes com
0s Mosasauria (Répteis marinhos ja extintos) (Cope, 1869; Rieppel, 1988). As relacdes
evolutivas de serpentes com os demais membros de Squamata ainda nao sao
completamente claras. O clado foi recuperado como grupo irmao de lagartos
Anguimorpha nas hipéteses filogenéticas de Pyron e colaboradores (2013) e Tonini e
colaboradores (2016), e como grupo irmdo de Mosasauria por Reeder e colaboradores
(2015).
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Figura 1. Origem das serpentes de acordo com Hsiang et al. (2015)



Dentre as sinapomorfias de serpentes (i.e., caracteristicas exclusivas
compartilhadas pela linhagem) podemos citar a posicdo da vesicula biliar posterior e
distante do figado, unico forame mental do dentario, reposicdo dentaria por erupcao
horizontal e contato entre a septomaxila e a maxila mével (Underwood, 1967; Zaher e
Rieppel, 1999; Lee e Scanlon, 2002). Provavelmente, a diversificagdo mais significativa
do grupo ocorreu a cerca de 110 milhdes de anos atras, dando origem aos taxa mais
recentes, muitos dos quais ainda viventes (Hsiang et al., 2015). Essa explosao
adaptativa no periodo cretdceo médio originou dois grupos principais, Scolecophidia e
Alethinophidia (Hsiang et al., 2015). Scolecophidia inclui as pequenas serpentes
conhecidas como cobras-cegas, enquanto Alethinophidia, mais diverso, compreende
todos os demais taxa, incluindo os Boidae (Pythons e Boas) e o clado derivado
Caenophidia (Viperidae, Elapidae e Colubridae) (Hsiang et al., 2015; Zaher et al., 2019).

Sao conhecidas atualmente quase quatro mil espécies de serpentes, numero
possivelmente subestimado, especialmente porque as areas com maior diversidade
geralmente sdo as menos estudadas, associada a rapida degradacdo e pouco
investimento em pesquisa basica nos paises tropicais (Luiselli et al., 2020; Ferrante et
al., 2021; Uetz et al.,, 2022). Dentre as familias de serpentes que habitam a regido
neotropical, as mais diversas sao Dipsadidae e Colubridae (Zaher et al., 2009; 2019).

Diferentes hipéteses abordaram as relagfes filogenéticas de Caenophidia, incluindo
mudancas na posicdo de Dipsadidae, as vezes apontada como subfamilia de
Colubridae (Pyron et al., 2011; 2013; Figueroa et al., 2016). Isso decorre do fato de que
a equivaléncia das subfamilias de Colubridae ao status de familia ocasiona a
transformacao do “Colubrideos” tradicionais na superfamilia Colubroidea, considerado
desnecessario, uma vez que se trata de mudancas nomenclaturais em grupos
monofiléticos (Pyron et al., 2011). Por outro lado, a presenca de uma fileira de espinhos
laterais aumentados e lobos dos hemipénis com distintas regides de ornamentacdes
seriam diagnoses validas da familia Dipsadidae (Zaher et al 2009), a qual é recuperada
como monofilética com robusto suporte molecular (Grazziotin et al., 2012; Zaher et al.,
2019).

A tribo Hydropsini, atualmente alocada na familia Dipsadidae, € representada por
trés géneros de serpentes comumente encontradas em ambientes aquaticos: Hydrops

Wagler, 1830 Helicops Wagler, 1828 e Pseudoreryx Fitzinger 1826. Embora o nhome da
17



tribo tenha surgido em Dowling & Duellman (1978), a conformacao atual com os trés
géneros foi estabelecida por Roze (1957), com base na presenca de uma escama
internasal Unica, além do posicionamento dorsal das narinas. Zaher (1999) sugere a
relacdo entre os géneros com base no desenvolvimento da musculatura adutora da
mandibula. A tribo tem sido recuperada como monofilética em hipoteses de
relacionamento de Dipsadidae (Vidal et al., 2000; Zaher et al., 2009).

O género Pseudoeryx € caracterizado por possuir as escamas nhasais em
contato, separando a escama rostral da internasal Unica, além de escamas dorsais lisas
arranjadas em 15 fileiras no meio do corpo (Peters e Orejas-Miranda, 1986; Schargel et
al., 2007). Atualmente, € composto por duas espécies: Pseudoeryx plicatilis (Linnaeus,
1758), distribuida Amazénia e Pantanal, com registros nas adjacéncias desses biomas
(Nogueira et al., 2019), e Pseudoeryx relictualis Schargel, Rivas-Fuenmayor, Barros,
Péfaur & Navarette, 2007, restrita a bacia do lago Maracaibo, na Venezuela (Schargel
et al., 2007). Os caracteres que distinguem as duas espécies sao relativos a coloracao,
folidose e denticdo (Schargel et al., 2007). P. relictualis possui uma banda nucal atras
das escamas parietais, ventre com manchas pretas pareadas que abrangem a borda
das escamas ventrais e primeira fileira de dorsais, formando listras paralelas, segundo
par de escamas geniais mais curto que o segundo, e os dois ultimos dentes maxilares
maiores e separados dos demais por diastema (Schargel et al., 2007). Ja P. plicatilis
nao possui colar nucal, tem o ventre com manchas que néo formam listras, os dois
pares de geniais sdo subiguais em tamanho e dentes sem diferenciacdo de tamanho e
sem diastema (Schargel et al., 2007).

O género Hydrops apresenta padrdo de coloracdo dorsal em bandas (ausente
em Pseudoeryx) e escamas dorsais lisas (quilhadas em Helicops) (Peter e Orejas
Miranda, 1986; Scrocchi et al., 2007). Atualmente, o género conta com trés espécies:
Hydrops martii (Wagler, 1824) restrita ao bioma Amazobnia, Hydrops
triangularis (Wagler, 1824) também de distribuicdo na amazénica e adjacéncias, e
Hydrops caesurus Scrocchi, Ferreira, Giraudo, Avila & Motte, 2005 distribuida no
Pantanal e Chaco (Nogueira et al., 2019). As trés espécies do género se distinguem
principalmente por folidose. Hydrops martii € a Unica do género que possui 17 fileiras de
escamas dorsais (Peter e Orejas Miranda, 1986; Albuquerque 2000). J4 Hydrops

caesurus e Hydrops triangularis compartilham 15 fileiras de escamas dorsais no meio
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do corpo, contudo Hy. caesurus tem o menor niumero de escamas ventrais das trés
espécies, embora com pequeno grau de sobreposicdo: 184-213, vs. 209-258 nas
demais (Scrocchi et al., 2005).

Helicops € o género mais diverso da tribo, composto por 21 espécies associadas
a ambientes aquéticos de todo continente sul-americano (Costa et al., 2016; Uetz et al.,
2022; Moraes-da-Silva et al., 2019; 2021; 2022). Embora a descricdo do género tenha
sido atribuida a Wagler (1930) por trabalhos relevantes (e.g., Peter e Orejas-Miranda,
1986), Moraes-da-Silva (2018), em estudo de revisdo taxondémica da espécie Helicops
leopardinus Schlegel, 1837, corrige a data de proposicdo do género para Wagler
(1828). O género foi incialmente proposto para alocar a espécie-tipo Helicops
carinicaudus (= Coluber carinicaudus Wied-Neuwied 1824), descrita a partir de um
exemplar proveniente da Bahia, Brasil (Wagler, 1828; Moraes-da-Silva, 2018). Contudo,
apenas em 1830 Wagler apresenta a caracterizacdo do género, com narinas laterais e
superiores com a fissura no meio da escama, ultimo dente longo, escamas carenadas
(= quilhadas) e provenientes da Ameérica (Wagler, 1830). A presenca de apenas uma
escama temporal anterior (com excecdes) e a internasal Unica também sdo postuladas
por Peters e Orejas Miranda (1986) como caracteristicas do género.

As espécies de Helicops se diferenciam pelo padrdo de coloracdo e folidose.
Helicops angulatus (Linnaeus, 1758), Helicops apiaka Kawashita-Ribeiro, Avila &
Morais, 2013 e Helicops gomesi Amaral, 1922 partilham o padréo dorsal de coloracdo
com manchas em formato de “sela” (Moraes-da-Silva et al., 2021), transversais ao eixo
corporeo. Entre si, H. gomesi apresenta trés séries de manchas dorsais irregulares, 19
escamas dorsais no meio do corpo e escamas ventrais em 123-132 (Amaral, 1922),
sendo exclusiva do Cerrado e ecotonos com a Mata Altantica. Helicops angulatus é
provavelmente um grupo de espécies cripticas ancoradas sob o mesmo nome (Murphy
et a., 2020). Ainda assim, tem sido tratada como espécie Unica em trabalhos recentes
gue reconhecem sua complexidade taxondmica (Moraes-da-Silva, et al., 2021; 2022).
De modo geral, Helicops angulatus e H. apiaka apresentam apenas uma série de
manchas transversais em formato de “sela” no dorso (veja Moraes-da-Silva et al.,
2021). Todavia, H. angulatus apresenta 105-123 escamas ventrais em machos e 109-
123 em fémeas, jA H. apiaka 118-127 ventrais em machos e 124-132 em fémeas

(Kawashita-Ribeiro et al., 2013). Na descricdo de H. apiaka o numero de escamas
19


http://reptile-database.reptarium.cz/species?genus=Helicops&species=gomesi&search_param=%28%29

dorsais é apontado como carater que a distingue de H. angulatus (Kawashita-Ribeiro et
al., 2013), onde os espécimes analisados apresentavam 21-24 dorsais anteriores, 21—
22 dorsais no meio do corpo e 17-19 dorsais posteriores (vs. H. angulatus com 19-21
dorsais anteriores, 19-20 dorsais no meio do corpo e 17-19 dorsais posteriores;
Kawashita-Ribeiro et al., 2013). Posteriormente, o nimero de dorsais no meio do corpo
em H apiaka foi revisado para 19-21 (Moraes-da-Silva 2019; Moraes-da-Silva et al.,
2021), invalidando esse caractere como diagnostico para distincdo da espécie e H.
angulatus (Schoneberg e Kohler, 2021). Helicops angulatus é amplamente distribuida
na América do Sul e He. apiaka é restrita a uma pequena regido no norte do estado do
Mato Grosso, Brasil (Nogueira et al., 2019).

Helicops carinicaudus, Helicops trivittatus, Helicops modestus e Helicops
infrataeniatus sdo as Unicas espécies do género que apresentam o padrdo de manchas
dorsais em linhas longitudinais, paralelas ao eixo corpéreo (Moraes-da-Silva et al.,
2021). Helicops carinicaudus e Helicops trivittatus compartilham o padrdo de manchas
ventrais em fileiras com formato de meia lua. No entanto, diferem no ndmero de fileiras
de escamas dorsais, além de ndo serem simpatricas. H. carinicaudus conta com 19-17
dorsais no meio do corpo e € restrita & Mata Atlantica e H. trivittatus com 21-23
escamas dorsais no meio do corpo, conhecida apenas para a parte norte do ecétono
cerrado e Amazénia (Rossman, 2010; Nogueira et al., 2019; Moraes-da-Silva et al.,
2021). Helicops modestus € a Unica do grupo que apresenta o ventre imaculado,
raramente pigmentado, sendo distribuida no Cerrado e uma porcdo da Mata Atlantica
(Nogueira et al., 2019; Moraes-da-Silva, 2022b). Helicops infrataeniatus tem o padréo
ventral de manchas lineares e/ou bandas, distribuida no sul da América do sul, incluindo
a Mata Atlantica e o sul do Cerrado (Nogueira et al., 2019; Moraes-da-Silva, 2022b)

Helicops nentur e Helicops tapajonicus sao distintas por apresentarem o dorso
com coloracdo uniforme, sem manchas ou listras. Entre si, diferem na folidose. He.
tapajonicus possui 19 escamas dorsais no meio do corpo, escama nasal semidividida e
€ encontrada apenas em uma pequena area do leste amazénico (leste do Rio Tapajos)
(Frota, 2005; Nogueira et al., 2019). He. nentur possui 17 escamas dorsais no meio do
corpo, escama nasal inteira e é encontrada apenas no estado de Minas Gerais,
incluindo areas de Mata Altantica e Cerrado (Costa et al., 2016; Nogueira et al., 2019).

Helicops boitata e Helicops scalaris diferem das demais espécies congéneres por
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possuirem o padrdo de manchas dorsais em blocos transversais ao eixo corpéreo.
Helicops boitata possui a escama nasal inteira, 17 dorsais no meio do corpo e €
conhecida de apenas uma localidade no nordeste do Pantanal (Moraes-da-Silva, 2019).
Jé Helicops scalaris possui 19-21 escamas dorsais ho meio do corpo, nasal semidivida
e é endémica da bacia do lago Maracaibo, na Venezuela, incluindo alguns registros na
porcao da bacia em territério colombiano (Rossman, 2002a).

Helicops phantasma possui o0 padrdo de coloracdo dorsal com bandas
transversais ao eixo corporeo, 19 fileiras de escamas dorsais, quilhas moderadas e
hemipénis com dois espinhos maiores que os demais na base do 6rgdo (Moraes-da-
Silva et al., 2021). E endémica da bacia hidrografica Tocantins-Araguaia (Moraes-da-
Silva et al., 2021).

Helicops acangussu, Helicops polylepis, Helicops leopardinus, Helicops
pastazae, Helicops petersi, Helicops danieli, Helicops yacu e Helicops hagmanni
diferem das demais congéneres por possuirem o dorso coberto por manchas circulares
dispostas entre 2 a 5 fileiras longitudinais. A espécie mais recente descrita para o
género é Helicops acangussu, que se distingue das demais por apresentar 19 escamas
dorsais no meio do corpo, um par de escamas intergeniais separando as geniais,
quilhas dorsais moderadas e, até entdo, distribuida apenas na margem esquerda do Rio
Madeira (Moraes-da-Silva et al., 2022, veja também capitulo IV). Helicops leopardinus é
provavelmente um complexo taxondmico que engloba mais de uma espécie (veja
Moraes-da-Silva, 2018). Por ora, é ainda considerada como um Unico taxon para
critérios operacionais nas publicacbes mais recentes (Moraes-da-Silva, 2021; 2022).
He. leopardinus e Helicops danieli também compartiham o nimero de fileiras de
escamas dorsais em 19 no meio do corpo, contudo, partiiham as escamas intergeniais
em contato, ou seja, sem um par ou mais de intergeniais (Moraes da Silva, 2018; Citeli
et al., 2021; Moraes da Silva et al., 2022). As duas espécies diferem entre si pelo
padrdo ventral, sendo que He. leopardinus, amplamente distribuida na regido cisandina,
apresenta o ventre com barras. Helicops danieli apresenta o ventre com duas
(raramente trés) fileiras longitudinais de manchas ventrais em formato de meia lua e é
endémica da Coldémbia transandina (Rossman, 2002b; Citeli et al., 2021).

As demais espécies com padrdo de manchas circulares (Helicops hagmanni,

Helicops pastazae, Helicops petersi, Helicops polylepis, e Helicops yacu) formam um
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grupo de taxonomia ainda bastante intrincada, apesar dos esfor¢cos de Rossman (1975;
1976) (ver secdo abaixo sobre o grupo). Todas ocorrem em simpatria no bioma
Amazonico, ainda que He. pastazae tenha sua distribuicdo majoritariamente no sopé da
cordilheira dos Andes na Coldmbia e no Equador (Rossman, 1976). Com excecéo de
He. petersi, todas compartilham o nimero de escamas dorsais em 25 fileiras, apesar de
apresentarem polimorfismo neste carater (Rossman, 1975; 1976). He. polylepis é
distinta das demais por possuir o ventre predominantemente negro, com alguns
pigmentos brancos esparsos (Rossman, 1976). J& Helicops hagmanni pode ter fileiras
de escamas dorsais no meio do corpo entre 23 e 29, além do menor nimero de
escamas subcaudais e, consequentemente, a menor cauda (Rossman, 1975; veja
capitulo 11). Helicops yacu é a Unica do grupo a apresentar escamas nasais inteiras
(Rossman e Dixon 1975). Helicops pastazae apresenta alto nimero de ventrais e
subcaudais e o ventre com bandas transversais completas (i.e., ocupando toda a area
do ventre em faixas transversais). Helicops petersi costuma apresentar 0 menor nimero
de fileiras dorsais (geralmente 21) e as bandas ventrais restritas a lateral do corpo, o
gue a diferencia de He. pastazae (Rossman, 1976).

Como observado, a morfologia das espécies de Helicops € bastante variavel,
exibindo polimorfismos e alto grau de sobreposi¢cdo em algumas caracteristicas, o que
dificulta a diagnose inequivoca em alguns casos (Rossman e Abe, 1979, Moraes-da-
Silva et al., 2021; 2022; veja também capitulo II). Nos Gltimos anos, diversos estudos
tém se debrucado sobre esses aspectos, ndo s6 com o objetivo de clarificar identidades
taxon6micas, mas também entender padrées evolutivos da morfologia (Scartozzoni,
2009; Garcia-Cobos et al., 2020; 2021; Citeli et al., 2021). Nesse sentido, o complexo
de espécies putativamente relacionado a Helicops angulatus, incluindo os taxa Helicops
gomesi e Helicops apiaka ja tiveram sua morfologia examinada em detalhes, (Andrade,
2017), e do mesmo modo, Helicops leopardinus (Moraes-da-Silva, 2018).
Recentemente, as espécies de padrdo dorsal “listrado” (acima mencionadas), além de
Helicops carinicaudus, He. tapajonicus e H. nentur foram rigorosamente revisadas
(Moraes-da-Silva, 2022b). E esperado que os padrées encontrados e as decisbes
tomadas por esses pesquisadores sejam publicadas em artigos cientificos nos proximos
anos, solidificando a taxonomia de Helicops. De modo geral, o volume de espécimes

analisados tem sido crucial para caracterizar a variagdo morfolégica do género,
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incluindo a proposicdo de diagnoses inequivocas e a descricdo de novas espécies
(Citeli et al., 2021; Moraes-da-Silva et al., 2022a). No que diz respeito ao grupo com
padrdo de manchas dorsais circulares, uma parte de suas espécies € objeto de estudo
da presente tese.

E importante ressaltar que a caraterizacdo dos grupos de Helicops com base
padrdao de coloracdo € arbitraria, visando facilitar a identificacdo das espécies. No
entanto, essa estratégia nao reflete necessariamente grupos naturais, como recuperado
em hipoteses filogenéticas morfoldgicas e moleculares recentes (Nunes, 2006; Moraes-
da-Silva et al., 2019; 2021). No entanto, essa abordagem tem sido util para lidar com a
variacdo morfolégica e a distincdo dos taxa, como € o caso das relacdes entre as

espécies com manchas dorsais circulares, aqui abordado.

1.2. Taxonomia, conceito de espécie e variacao intraespecifica.

Taxonomia é a area do conhecimento que se dedica a classificar e nomear a
biodiversidade. Assim como boa parte da evolucdo do pensamento humano em diversas
areas do conhecimento, é de atribuicdo dos gregos o pioneirismo dessa ciéncia (Kepka e
Corazza, 2018a). Aristételes é quem comumente recebe o mérito de ser um dos
primeiros pensadores a buscar uma descri¢ao diferenciada da natureza, embora existam
também textos hindus sobre a classificacdo dos seres vivos (Papavero e Abe, 1992;
Kepka e Corazza, 2018a). Aristoteles em seu livro “A Histéria dos Animais” apresenta
classificagdes dos seres vivos, muitas vezes nao intencionais, que teriam posteriormente
grande impacto na zoologia e.g., aqueles que procriam na agua e aqueles que nao
procriam na agua (Papavero e Abe, 1992; Kepka e Corazza, 2018a).

Carl von Linné se torna o principal expoente da taxonomia quando publica o livro
“Systema Naturae” em um projeto ambicioso de classificagdo da natureza, iniciado em
trés principais grupos, animais, vegetais e minerais (Linnaeus, 1758). A nivel de taxa
terminais, sua nomenclatura e classificacdo consiste basicamente em um nome duplo
gue pode ser mundialmente compreendido, composto pelo género e o epiteto especifico.
O sistema classificatorio de Linné é utilizado de forma bastante eficiente até hoje,

embora algumas correntes tenham tentado suprimi-lo em niveis hierarquicos mais altos
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(veja Phylocode, de Queiroz, 2012; Cantino e de Queiroz, 2020). A Linné também é
atribuido o uso do conceito morfolégico de espécie (=tipologico, essencialista), em que
uma espécie pode ser considerada como uma classe bem definida morfologicamente
(Mayr, 2000; 2001). Neste conceito pré-evolutivo, a espécie é um tipo constante,
separado das demais por uma barreira instransponivel (Simpson, 1951; Mayr, 2001).
Entretanto, a visdo de Linné como um naturalista meramente essencialista pode ser um
erro de interpretacdo difundido por Mayr (veja Kepka e Corazza, 2018b).

Espécie é a unidade fundamental ndo apenas das ciéncias naturais como de
qualquer area do conhecimento que, de alguma forma, lida com a natureza. O
entendimento desse termo fomentou, e ainda fomenta, inidmeras discussfées ao longo da
histéria do pensamento cientifico (Simpson, 1951; De Queiroz, 2007). Diferentes
conceitos de espécie foram propostos pelos naturalistas, uma vez que existem
dificuldades préaticas do uso do conceito tipolégico. Outro marco importante é o
surgimento das teorias de Darwin e Wallace sobre adaptacédo e selecao natural, o que
acarreta mudancas no entendimento do papel da espécie na natureza e, por
consequéncia, nos conceitos que passam a considerar a evolucao (de Queiroz, 2011).
Alguns desses conceitos de espécie serdo comentados adiante (para detalhes, veja de
Queiroz 2007).

Um dos motivos apontados por Mayr (2001) para o estabelecimento de um novo
conceito em relacdo ao conceito morfolégico, € que existem populacdées simpatricas de
seres vivos que ndo diferem morfologicamente e ndo se reproduzem, ou seja,
configurando espécies cripticas. O conceito bioldgico de espécie proposto de Mayr
(1976; 2000; 2001), tenta suprimir esse problema. Neste caso, espécie seria um
agrupamento natural de populacdes com capacidade de se reproduzirem, e em
isolamento de outros grupos. O isolamento reprodutivo se configura como uma barreira
no processo de especiacao (Dobzhansky, 1950). Este conceito € comumente encontrado
em livros escolares, textos jornalisticos e, provavelmente, o mais difundido entre leigos.

Simpson (1951) propés ajustes no conceito de Mayr e aponta que uma espécie
deve ser uma linhagem evolutiva em sequéncia ancestral-descendente evoluindo
separadamente de outras. Este é conhecido como o conceito evolutivo de espécie. Van
Valen (1976) entende que a evolucéo atua diretamente no fenotipo e que a ecologia (i.e.,

interacdes entre 0 meio ambiente e 0s seres vivos) controla a evolucdo a nivel individual.
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Assim sendo, 0 conceito ecoldgico de espécie proposto por ele considera que espécie é
uma linhagem (ou algumas) que ocupam uma zona adaptativa minimamente adequada.

O conceito filogenético de Hening (1965) atribui a espécie o grupo terminal que
compartilha o mesmo ancestral comum (este ja inexistente), podendo ser distinto dos
demais grupos. Essa abordagem difere do conceito monofilético de espécie, em que se
inclui o ancestral e todos os seus descendentes (Sneath e Sokal, 1973).

Mayr (2000) havia apontado duas importantes caracteristicas do termo “espécie”
qgue precisam ser definidas a priori, 0 que é espécie conceitualmente e o0 que é espécie
enquanto taxon. A vista disso, o conceito de espécie se refere ao papel da espécie na
natureza (Mayr, 2000) e a espécie enquanto tAxon € um agregado de populacdes. Mais
tarde, de Queiroz (2007) aponta esses dois aspectos como a conceitualizacdo de
espécie e a inferéncia metodoldgica, i.e., critérios operacionais possiveis utilizados para
a delimitacdo das espécies.

De Queiroz (2005; 2007) faz amplas revisbes sobre 0s conceitos de espécie
existentes e descreve uma proposta de sintese, dado que as abordagens anteriormente
propostas ndo sdo incompativeis, mas presumiveis etapas em um processo continuo de
especiacdo. Assim, o autor prop8e o conceito unificado de espécie, em que a separacao
das linhagens pode ser detectada em diferentes niveis e com variadas linhas de
evidéncias ao longo do tempo (e.g., isolamento reprodutivo, diferenciacdo fenotipica e
distincdo ecologica) (Figura 2). O conceito unificado considera que a espécie € uma
linhagem exclusiva em evolucao (de Queiroz, 2007).
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Figura 2. Diagrama representando o processo de divergéncia entre as linhagens de
acordo com de Queiroz (2005). As linhas horizontais expressam momentos em que ha
aquisicdo de novas evidéncias (e.g., diferenciacdo fenotipica, isolamento reprodutivo

etc.).
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De qualquer forma, os limites para delimitagdo das espécies sempre se esbarram
na variacao intraespecifica. Virtualmente, todas as espécies apresentam esse tipo de
variacdo, podendo essa caracteristica ter maior evidéncia em uma espécie com histéria
antiga, do que em espécies irmas separadas recentemente (de Queiroz, 2007). Um
estudo detalhado das popula¢des ao longo de sua distribuicdo pode confirmar a causa
desses fendbmenos (Stillwell, 2010).

Huxley (1938; 1939) postulou o termo cline (=clina) para auxiliar a taxonomia a
lidar com esse aspecto fenotipico da variagéo intraespecifica, intrinseco das populacdes
que, ao longo de sua distribuicdo, sofrem pressbes de selecdo sexual, natural ou
alguma combinacdo génica que determine certo fendtipo, mesmo sem a diferenciacéo
especifica entre as populacfes. Clinas podem ser relativas ao tamanho, cores, padrao
de ornamentacao, e qualquer outra caracteristica que tenha variacdo ao longo de uma
distribuicdo geogréfica, sendo, ou nédo, correspondente a algum gradiente ambiental
(Huxley, 1939; Stillwell, 2010). Dois passos sdo apontados por Hurxley (1939) como
importantes para a compreensao de clinas na natureza, o primeiro deles é a descricao
da variagdo da caracteristica ao longo da distribuicdo, e o segundo é testar a
significancia estatistica dessa variagdo. Autores mais recentes também sugerem
observacbes mais cautelosas sobre as clinas, e concordam gue nem sempre Sao
fenbmenos adaptativos, refletindo a plasticidade fenotipica de um organismo (i.e., um
mesmo genotipo acarretando em variados fenétipos) (Stillwell 2010; Telonis-Scott et al.,
2011).

1.3. Taxonomia das espécies com manchas dorsais circulares e distribuidas no
norte da América do Sul

Helicops polylepis € a mais antiga espécie descrita deste grupo (Gunther, 1861),
tendo como caracteres diagnoésticos a sua folidose e coloracao, incluindo dois pares de
escamas mentonianas, occipitais arredondadas, fileiras de escamas dorsais em 26 no
meio do corpo, corpo amarronzado, com trés séries de fileiras longitudinais escuras de
manchas circulares e ventre predominantemente negro. A distribuicdo geogréfica

apresentada no momento de sua descri¢ao foi “alto amazonas”. He. polylepis possui dois
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sinbnimos juniores na literatura. Tachynectes chrysostictus foi descrita por Cope (1862)
com base em um exemplar proveniente da Amazbnia (Mus. Smithsonian, N° 6007).
Posteriormente, a espécie foi realocada no género Helicops (=Helicops chrysostictus)
também por Cope (1970). Jan (1865) descreveu Helicops spixii, que se distinguia das
demais espécies conhecidas pelo alto nimero de escamas dorsais (=23). Jan e Sordelli
(1868) apresentam a ilustracdo da espécie Helicops spixii descrita por Jan no ano
anterior. Boulenger (1893) inclui os nomes Tachynectes chrysostictus e Helicops spixii na
sinonimia de Helicops polylepis. No entanto, o exemplar de n° 6007 descrito por Cope
(1862) esta oficialmente documentado como perdido desde 1981 no Museu do
Simthsonian (Langan, E. com. pess.). Nos anos seguintes, o taxon Helicops polylepis
figura em trabalhos de distribuicdo, com acréscimos de dados morfolégicos (Amaral,
1935; Cunha & Nascimento, 1978).

Helicops hagmanni foi descrita por Roux (1910) com base em um exemplar
proveniente dos arredores de Santarém, Brasil. Na ocasido, a diagnose do taxon incluia
27 fileiras de escamas dorsais e 2 escamas preoculares. Anos mais tarde, Helicops
hagmanni figura em trés publicagdes do periddico “Memodrias do Instituto Butantan”.
Gomes (1918) descreve duas fémeas adultas do municipio de Peixe-Boi, estado do
Pard, ambas similares ao hol6tipo. Hoge e Nina (1964) descrevem duas fémeas juvenis
do municipio de Manaus, estado do Amazonas, ambas com 25 fileiras de escamas
dorsais no meio do corpo. Hoge e colaboradores (1972) descrevem um juvenil com 23
dorsais no meio do corpo, da regido de laureté, municipio de Uaupés, Amazbnia
ocidental, Alto Rio Negro. Na ocasido, Hoge e colaboradores (1972) comentam que a
coloracao do espécime é mais “viva” que os demais exemplares examinados por eles em
outros momentos, mas que, por se tratar de um juvenil, novos materiais da regido
precisam ser examinados para confirmar putativo policromatismo. Os registros de Hoge
e Nina (1964) e Hoge e colaboradores (1972) parecem ser 0s primeiros relatos de
escamas dorsais em 23 e 25 fileiras em Helicops hagmanni. Rossman (1975) examina
trés novos espécimes, um de Umarituba, estado do Amazonas, Brasil, e dois
provenientes da Colémbia (municipio de Leticia, departamento do Amazonas e municipio
de Florencia, departamento de Caqueta). Assim como ja registrado anteriormente (Hoge
e Nina 1964; Hoge et al.,, 1972), os individuos do oeste amazbnico reportados por

Rossman (1975) apresentam menor numero de fileiras de escamas dorsais (=23), além
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de manchas dorsais em menor tamanho e menor nimero. Para Rossman (1975), mais
individuos do Rio Negro precisariam ser examinados, uma vez que as diferencas desta
populacdo em relacdo ao hol6tipo poderiam representar uma nova subespécie.

Helicops pastazae foi descrita por Shreve (1934) como um téxon relacionado a
Helicops polylepis. A diagnose apresentada apenas distingue a entdo nova espécie de
He. polylepis com base no formato da escama frontal, primeiro par de geniais mais largo
gue o posterior, rostral e internasal menos frequentemente em contato, maior nimero de
escamas ventrais e de subcaudais. Anos mais tarde, Rossman (1976) considera
Helicops pastazae um complexo de espécies, propondo uma diagnose mais completa
para esse taxon. A partir de entéo, He. pastazae passa a ser diagnosticada por escamas
dorsais em 23-25 fileiras, quatro a cinco fileiras longitudinais de manchas circulares no
dorso, escamas ventrais entre 130-145 em fémeas e 121-134 em machos, alta contagem
de escamas subcaudais, 77-97 em fémeas e 93-117 em machos, ventre coberto por
bandas transversais ao eixo corporeo, ou em desenho padrao “xadrez”. Durante a
revisdo do “complexo H. pastazae”, Rossman (1976) descreve Helicops petersi, uma
nova espécie com afinidade a Helicops pastazae, porém restrita ao Equador. He. petersi
€ entdo diagnosticada por apresentar 21-23 fileiras de escamas dorsais no meio do
corpo (23 em apenas um terco das fémeas), escamas ventrais em 137-150 em fémeas e
135-142 em machos, subcaudais 67-73 em fémeas e 85-91 em machos (Rossman
1976). Rossman (1976) relaciona as duas espécies em questdo com a “seg¢ao” polylepis,
agrupamento que inclui Helicops yacu (Rossman e Dixon, 1975). Apesar dessa
classificacdo, do ponto de vista taxonémico, a variacdo interespecifica no padrdo de
coloracdo, escamacdo e tamanho, constitui um amplo mosaico, que pouco auxilia na
determinacao das afinidades do grupo (Rossman, 1976).

Helicops yacu foi descrita por Rossman e Dixon (1975) com base em quatro
fémeas da regido de Loreto, no Peru. A diagnose de He. yacu inclui 27 fileiras de
escamas dorsais, escama nasal inteira, escamas ventrais em 130-134, e subcaudais
em 85-96. Helicops yacu foi considerada semelhante a He. polylepis e He. pastazae
pelo alto numero de fileiras de escamas dorsais, ventrais e subcaudais (Rossman e
Dixon 1975). Anos mais tarde, Rossman e Abe (1979) reportam mais dois exemplares
da espécie, incluindo o primeiro registro para o Brasil, no municipio de Cruzeiro do Sul,

Acre (DZ — UNICAMP 127). Esse voucher, possivelmente referido a uma colecao
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mantida em uma extinta base da Universidade de Campinas no estado do Acre, nao se
encontra na colecdo do Museu de Zoologia da Universidade Estadual de Campinas
“Adao José Cardoso”’(ZUEC) e esta provavelmente perdido (Manzani, P. com. pess.). O
segundo exemplar de Rossman e Abe (1979) € o primeiro espécime macho descrito,
oriundo de uma éarea entre Leticia, Colombia e Iquitos, Peru. Ambos os exemplares
possuiam 25 fileiras de escamas dorsais no meio do corpo, ampliando a variacdo
morfologica até entdo conhecida da espécie. Depois do encontro desses dois novos
exemplares, Rossman e Abe (1979) concluem que He. yacu é bastante semelhante a
He. pastazae, e que a distincdo entre as duas espécies ndo € ainda inequivoca,
podendo He. yacu ser um sinénimo junior de He. pastazae. Apenas com a aquisicao de
mais material dessa regido do Peru a taxonomia dessas espécies poderia ser
clarificada.

Helicops danieli foi descrita suscintamente por Amaral (1937) com base em uma
jovem fémea proveniente de Carare, departamento de Santander, Colémbia (IBSP
9872). De acordo com o autor, o espécime possuia 19 fileiras de escamas dorsais
fortemente quilhadas, 1 pré-ocular, 2 p6s oculares, nasal semidividida, 143 escamas
ventrais e 62 subcaudais, sendo proximamente relacionada a He. angulatus e He.
scalaris. Lamentavelmente, este holétipo foi perdido durante o incéndio que destruiu boa
parte da colecdo herpetologica do Instituto Butantan (Citeli et al., 2021). Yuki (1994)
examinou mais dois espécimes, uma fémea e um macho, e descreveu o hemipénis da
espécie, ndo observando variacdo significativa em folidose em relacdo ao holétipo.
Rossman (2002b), apés examinar 42 exemplares, apontou que a combinacdo do dorso
com manchas circulares e ventre com linhas de marcas semilunares tornava He. danieli
distinta das demais espécies do género. O autor também comentou que muitos
caracteres exibiam dimorfismo sexual, alguns deles leves (e.g. comprimento relativo da
cabeca) e outros pronunciados (e.g., comprimento da cauda, niumero de escamas
subcaudais). Citeli e colaboradores (2021), apdés o exame de 124 exemplares de
Helicops danieli, apresentam uma diagnose emendada com 22 caracteres, bem como a
descricdo do dimorfismo sexual, variacdo ontogenética em biometria e coloracao (veja
capitulo I).

Helicops acangussu foi descrita por Moraes-da-Silva e colaboradores (2022) com

base em 27 exemplares provenientes da margem esquerda do Rio Madeira, estado de
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Rondbdnia, Brasil. Os autores encontraram 0s espécimes da nova espécie identificados
como Helicops hagmanni em duas colecdes herpetolégicas (Museu Paraense "Emilio
Goeldi" (MPEG) e Universidade Federal de Ronddnia (UFRO-H). Helicops acangussu se
distingue por apresentar a combinagdo Unica do padrdo de coloragdo dorsal com
manchas circulares, 19 fileiras de escamas dorsais no meio do corpo e um par de

escamas intergeniais (veja capitulos Il e V).
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2. Objetivos

Revisar a taxonomia e variacdo morfologica intraespecifica de trés espécies do
género Helicops com padrdo de manchas dorsais circulares, distribuidas no norte da

América do Sul, a fim de clarificar a taxonomia do grupo.

e Capitulo I: Revisar, com base no exame de ampla amostra de exemplares, a
taxonomia de Helicops danieli, identificando a variagdo morfoldgica ontogenética
associada ao crescimento alométrico, bem como a ocorréncia de dimorfismo
sexual na folidose e a biometria.

e Capitulo II: Identificar a variacdo morfolégica e geogréfica, com a putativa
ocorréncia de clinas, nas populacdes de Helicops hagmanni.

e Capitulo Ill: Descrever uma nova espécie amazoénica com padrdo de manchas
dorsais circulares, Helicops acangussu.

e Capitulo IV: Solidificar a taxonomia de Helicops acangussu com novos dados
sobre variagcdo morfolégica, hemipénis, osteologia craniana e distribuicdo. Além

de propor uma chave de identificacdo para as espécies amazonicas do género.

32



3. Resultados
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Capitulo |

Taxonomy, allometry, sexual dimorphism, and
conservation of the trans-Andean watersnake Helicops
danieli Amaral, 1937 (Serpentes: Dipsadidae:
Hydropsini)

Artigo publicado na revista Canadian Journal of Zoology

(texto completo no apéndice I)

te8s80see

Helicops danieli
Fotografia: Hernan Martinez
Caucasia, Colombia.
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Capitulo I

Morphological review and evidence of clinal variation in
Helicops hagmanni Roux 1910 watersnake

Helicops hagmanni
Fotografia: Giovanni Chaves Portilla
Leticia, Coldmbia.
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(manuscrito que sera submetido a revista European Journal of Taxonomy)

Morphological review and evidence of clinal variation in
the Amazonian watersnake Helicops hagmanni Roux
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llha do Fundéao, 21910240, Rio de Janeiro, Brazil.

36



Resumo

Helicops hagmanni € uma espécie de cobra d agua endémica da Amazénia. Desde sua
descricdo em 1910, relatos esparsos notificaram espécimes com morfologia distinta do
hol6tipo. O Unico estudo sobre a variacdo fenotipica da espécie utilizou apenas trés
exemplares. Neste trabalho, estamos interessados em identificar a variagdo morfoldgica
em caracteres internos e externos de Helicops hagmanni ao longo de sua distribuicao.
Examinamos 112 exemplares de instituices estrangeiras e nacionais, coletando dados de
folidose, biometria, coloracdo e distribuicdo. Testamos, com variograma, Se 0S caracteres
com maior variagdo apresentavam autocorrelagcdo espacial. Propomos uma diagnose
emendada para a espécie, descrevemos sua osteologia craniana e morfologia do
hemipenis. Também identificamos que trés caracteres meristicos (numero de fileiras de
escamas dorsais, niumero de escamas ventrais e numero de manchas paravertebrais),
tendem a aumentar no sentido leste — oeste ao longo da calha do rio Amazonas. Padrbes
de coloracdo também variam entre localidades. Helicops hagmanni € a espécie de
Helicops com maior polimorfismo no namero de fileiras de escamas dorsais (entre 23 e

29). Sugerimos analises integrativas para esclarecer a variacéo clinal detectada.

Palavras-chave: Krigagem, Squamata, Especiacdo, Variacado Intraespecifica

Abstract

Helicops hagmanni is a species of watersnake endemic to the Amazon. Since its
description in 1910, sparse reports have reported specimens with morphology distinct from
the holotype. The only study on the phenotypic variation of the species analysed only three
specimens. In this study, we are interested in identifying the morphological variation in
internal and external characters of Helicops hagmanni along its distribution. We examined
112 specimens from foreign and national institutions, collecting data on pholidosis,
biometry, coloration and distribution. We tested, with a variogram, whether the characters
with the greatest variation shows spatial autocorrelation. We propose an amended
diagnosis for the species, describe its cranial osteology and hemipenis morphology. We
also identified that three meristic characters (number of rows of dorsal scales, number of

ventral scales and number of paravertebral spots) tend to increase in an east-west
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direction along the Amazon River channel. Coloration patterns also vary between
locations. Helicops hagmanni is the species of genus with the highest polymorphism in the
number of rows of dorsal scales (between 23 and 29). We suggest integrative analyzes to

clarify the detected clinal variation.

Keywords: Kriging, Intraspecific Variation, Squamata, Speciation.
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Introduction

Snake's morphology may be under several types of pressures, such as
environmental (e.g., climatic adaptations), ecological (e.g., substrate use), intra and
intersexual selection (e.g., male-male combat or female choice) (Litzugs et al., 2004,
Shine 1994; Brischoux and Shine, 2011; Banci et al., 2022). Therefore, describing the
internal and external species morphology and its variation along populations is a crucial
step toward understanding the evolutionary processes that shape biodiversity (e.qg.,
Keogh 1999; Hibbitts and Fitzgerald 2005; Brito et al., 2008).

Helicops Wagler 1828 is a neotropical genus of 21 species of snakes associated
with freshwater bodies such as rivers, lakes, and swamps (Moraes-da-Silva 2022). Some
Helicops species shows wide variation in coloration, morphology, and scale counts (i.e.,
polychromatism and polymorphism). In addition, it is not unusual to find overlap in the
morphological diagnosis of some species, especially in Amazonian taxa that exhibit
circular dorsal spots, as Helicops acangussu and the species in the so-called Helicops
polylepis group (with dorsal scales at midbody above 21), such as Helicops pastazae,
Helicops polylepis, Helicops petersi and Helicops yacu (Rossman, 1976).

Helicops hagmanni was described by Roux (1910) based on a single specimen
donated to the Basel Natural History Museum, coming, after dying, from the Basel
Zoological Garden, both institutions in Switzerland. The individual had been taken alive to
the Zoo by Dr G. Hagmann after his travel to Brazil (Roux, 1910). The new taxa honored
its collector and showed 27 dorsal scales rows and two preocular scales, both
characteristics differing from known congeners at the time. Also, according to the author,
H. hagmanni would be closely related to H. leopardinus and H. scalaris, which differ in the
abovementioned characteristics.

After its description, two adult females were described by Gomes (1918) from the
Peixe-Boi locality, Para state, Brazil. Later, Hoge and Nina (1964) reported two young
females from Manaus, Amazonas state, Brazil, both with 25 dorsal scales rows at
midbody. Hoge et al. (1972) described a young male with 23 dorsal scales at midbody
from the municipality of Uaupés, western Amazon, Upper Rio Negro. This report made by
Hoge seems to be the first records of individuals of H. hagmanni with 23 and 25 dorsal

scales at midbody, respectively.
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Years later, Rossman (1975) redescribes Helicops hagmanni using three new
specimens, two from Colombia (Leticia municipality, Amazonas department and Florencia
municipality, Caquet4 department) and one from Umarituba, Amazonas, Brazil. The
individuals described by Rossman also showed a smaller number of dorsal scales rows at
midbody (= 23), as previously reported by Hoge (1972). According to Rossman (1975),
individuals from Rio Negro shows marked differences in relation to the holotype, whereas
suggested a circumstantial reduction in the number of midbody scale rows along the
Amazon course. Rossman (1975) also makes a confusing redescription of the holotype,
which is at odds with Roux's description.

Herein, we are interested in reevaluating the taxonomic status of Helicops
hagmanni based on the analysis of a larger sample size to describe its osteology,

hemipenial and geographical variation of the morphology.

Material and Methods

We examined 112 specimens of Helicops hagmanni, housed in eleven institutions:
Instituto Butantan (IBSP), Sdo Paulo, Sdo Paulo, Brazil, Museu de Zoologia da
Universidade de Sao Paulo (MZUSP), Sdo Paulo, Sdo Paulo, Brazil; Instituto Nacional
de Pesquisas da Amazonia (INPA-H), Manaus, Brasil; Fundacdo de Medicina Tropical
do Amazonas (FMT), Manaus, Brasil, Museu Paraense “Emilio Goeldi” (MEPG), Belém,
Brasil, Instituto de Ciencias Naturales, Museo de Historia Natural, Universidad Nacional
de Colombia (ICN), Bogota, Instituto de Investigacion de Recursos Biologicos Alexander
von Humboldt, Villa de Leyva (IAvH-R), Museo de Historia Natural de La Salle (MLS),
Bogotd; Instituto Amazbdnico de Investigaciones Cientificas (SINCHI-R), Leticia,
Amazonas, Colombia; Centro de Estudos e Pesquisas Bioldgicas, Pontificia
Universidade Catolica de Goias (CEPB), Goiania; Museu Nacional, Universidade
Federal do Rio de Janeiro (MNRJ), Rio de Janeiro. We also examined by photographs
the holotype deposited at Naturhistorisches Museum Basel (NMBA 6281). Institutional
abbreviations follow Sabaj (2020), for the complete list of specimens see APPENDIX |

We extracted, everted, and prepared the hemipenis of seven preserved specimens
following Pesantes (1994) and Zaher and Prudente (2003). The fully everted hemipenis

was filled with petroleum jelly to ease the visualization of the ornamentation structures,
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and we followed the terminology of Zaher (1999) for the description. The organ was
photographed.

We acquired the osteological characteristics of skulls from imagens provided by
high-resolution micro-computed tomography (UCT) Bruker Skyscan 1273 at Instituto
Alberto Luiz Coimbra de Pdés-graduacdo e Pesquisa de Engenharia (COPPE),
Laboratorio de Instrumentacdo Nuclear, Universidade Federal do Rio de Janeiro, Rio de
Janeiro. The imagens of eight skulls were visualized in CTVox for Windows 64bit version
2.6 (Bruker, uCT), and plates were made using GIMP 2.10 (Gimp, 2019). The
osteological nomenclature follows Romer (1956).

We followed Dowling (1951) and Moraes-da-Silva et al. (2019; 2021) for scale
counts and Moraes-da-Silva et al. (2022) for dorsal spots counts. All measurements
were taken using a digital caliper to the nearest 0.01 mm, except for SVL and TL
measurements, where we used a flexible ruler. The sex of individuals with no everted
hemipenis was determined through an incision at the base of the tail to detect the
presence of hemipenes and retractor muscles. It was not possible to use all the samples
for all the analyses because some specimens were not sexed or had damage to the
pholidosis. The dataset used to emended diagnosis comprised 96 individuals.

We performed a principal component analysis (PCA) to identify the external
characters that showed more variation along the distribution. These analyses were
performed using vegan (Oksanen et al. 2018), dismo (Hijmans et al. 2017), and rgdal
packages (Bivand et al. 2019).

We modelled the geographical variation of external characters using the Kriging
function (Oliver and Webster, 2014) in SAGA Gis 2.3.2. and Quantum Gis 3.18.3. This
modelling procedure allowed us to estimate the external morphology of some non-
analysed populations based on the available data, using interpolation weights from a
semi-variogram estimated through the spatial structure of the data (Oliver 1990; e.g.,
Martinez-Freiria et al., 2009). The Kriging function was used as interpolation method
using weights from a semi-variogram estimated through the spatial structure of the data.
The magnitude of the spatial autocorrelation was observed using the spatial
autocorrelation of the Moran's | coefficient (Sakizadeh 2019).

The complete list of analysed specimens, hemipenis and skulls are in Appendix 1.
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Results

We analysed a sample of 96 specimens of Helicops hagmanni (53 females and 43
males), allowing us to describe its morphological variation throughout its distribution. We
present below an emended diagnosis, redescription of the hemipenis, description of the
skull, a comparison with other Amazonian Helicops, and the geographical variation

found in some external characters.

Helicops hagmanni Roux 1910
Holotype. Adult male (NMBA 6281) collected in the vicinity of Santarém, North of Brazil
(Paré state) by Dr. G. Hagmann (Roux, 1910) (Figure 1).

Emended diagnosis Helicops hagmanni is distinguished from all congeners by the
combination of the following characters: (1) 23—-29 scale rows at midbody; (2) weakly
keeled dorsal scales on the first third of the body, moderated keeled scales at the
midbody and strongly keeled scales on the last third of the body, including the tail; (3)
118-138 ventral scales in females and 122—-135 ventral scales in males; (4) a relatively
short tail for Helicops, with 46-57 subcaudals in females and 54—67 subcaudals in
males; (5) cloacal plate always divided; (6) posterior pair of chinshields separated by
small intergenial scales; (7) dorsum with two rows of paravertebral spots and two rows
of paraventral blotches; (8) 25-39 paravertebral spots in females and 24-37 in males;
(9) back of the head with spear mark; (10) whiteish venter with brownish irregular bands.

Intraspecific variation of meristic, morphometric and color in preservative
characters (Figure 2, ABCD)

Helicops hagmanni may have anterior rows of scales as 27 (n=40), 23 (n=25), 25
(n=19), 24 (n=4), 26 (n=3); 29 (n=2), 21 (n=1), and 28 (n=1); rows of scales at midbody
as 27, (n=47), 25 (n=29), 23 (n=13), 29 (n=6), and 24 (n=1), posterior scales rows as 21
(n=54), 23 (n=36), 22 (n=2), 25 (n=1), 20 (n=1), and 19 (n=1); single preocular (n = 96),
rarely just one side of the head can be two i.e., asymmetric specimens (n=5); two
postoculars (n=65), sometimes one (n=17), or divided in just one side of the head
(n=14); temporal formula usually 2+3 (n= 56), 1+2 (n=24), and rarely 2+2 (n=7), 2+4
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(n=5) or 1/2 in asymmetric specimens (n=4); supralabials usually eight (n =88), rarely
seven (n =2), 8/7 (n=3), and 8/9 (n=1); fourth supralabial usually contacting orbit (n =95),
fifth at left side of an asymmetrical specimen (n=1); two pairs of chinshields, the
posterior pair separated by intergenial scales (n=96); infralabials usually 11 (n=68), 10
(n=12), 12 (n=5) and rarely 9 (n=1) or 11/12, 12/11 in asymmetrical specimens (n=4);
first to fifth infralabials contacting anterior pair of chinshields (n=81), rarely first to sixth
(n=5), first to fourth (n=1) or asymmetrical specimens with 4/5 (n=7), 5/6 (n=2); sixth to
seventh infralabials contacting posterior pair of chinshields (n= 69), rarely just sixth
(n=18), fifth to sixth (n=7) or just fifth (n=2); 118-138 ventral scales in females (n=53),
and 122-135 ventral scales in males (n=43); 46-57 subcaudals in females (n=39), and
54—-67 subcaudals in males (n=34); cloacal plate always divided (n=96); subcaudals
plates divided throughout the tail (n=96); Largest specimen is a female with 1,070 mm in
total length (SVL 850 mm, tail length 220 mm) (MPEG 13350), and the largest male with
840 mm in total length (SVL 660 mm, tail length 180 mm) (MUZUSP 18869); smallest
juvenile specimen is a female with 153 mm in total length (SVL 130 mm, tail length 23
mm) (INPA 15951), and the smallest male with 200 mm in total length (SVL 150 mm, tail
length 50 mm) (MPEG 22637); eye usually a half its distance to rostral scale (49.1+8.23
n=96); internasal triangular in shape touching the rostral (n=94), rarely separated by
nasals (n=2); loreal as longer as wider (n=96); nasals semi-divided (n=96); dorsum and
tail covered by two paravertebral rows of circular spots (n=96); first paraventral spots
with a white border (=39); two rows of paraventral spots that can join in the ventral band
at the last third of the body (n=40), in the middle of the body (n=24) (in the first two
cases the first ones have a white border); or two rows of paraventral blotches that join
the ventral bands from the first third of the body (n=26) (Figure 3); paravertebral spots
2—4 scales long (n=96), in 25-39 spots belong the dorsum in females and 24-37 in
males; dorsum of the head covered by a spear-shaped pattern that starts in the
supraoculars and frontal scales and extending to the occipitals (n=96); supralabials and
infralabials brownish with darker spots in the sutures (n=96), with some speckled white
pigments in all scales; whitish venter covered by irregular brownish bands (n=96) that
join with paraventral blotches (as appointed above) (n=96); brownish gular region ending
before the beginning of the ventral scales (n=96).
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Figure 1. Dorsal and ventral views of Helicops hagmanni holotype - NMBA 6281
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Figure 2. Morphological variation of Helicops hagmanni. A — B dorsal and ventral view of the
specimen MPEG 6891 (east pattern); C— D dorsal and ventral view of the specimen INPA 2174
(west pattern).
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Figure 3. Lateral view of paraventral spots of Helicops hagmanni. A - separate from the ventral
bands; B — joined to the ventral bands.

Hemipenis (n=7)

The hemipenis is strongly elongated, bilobed, calyculated and semicapitated (Figs.
4, 5 and 6); the body of the hemipenis is covered by spines on sulcate and asulcate
faces, with enlarged spines in the lateral faces; the lobes are a third to one half of the
body, surrounded by 4-7 rows of small spicules; the sulcate surface show spines that
get larger from the base of the organ to near the base of the lobe (i.e., before capitation);
intrasulcar region with small spicules that beginning in the second third of the organ;
sulcus spermaticus bifurcates at the first third of hemipenial body; each side of the
sulcus runs parallel to the middle of the organ, where they run to lateral top of each lobe;
2—-3 rows of deep calyces formed around the apex (Fig. 6A), between the rows of
spicules; in some regions, the walls of the calyces may decrease (Fig. 4A); the asulcate
surface has the medial region full of spicules, which become less evident at the base of

the lobes and then again evident at the apex of the lobes (Fig. 6B).
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177

Figure 4. Asulcate, sulcate and lateral faces, respectively, of the right hemipenis of
specimen MPEG 6811.

Figure 5. Asulcate, sulcate and lateral faces, respectively, of the right hemipenis of
specimen INPA 2174.
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Figure 6. Lobe lateral view of the right hemipenis of specimen MPEG 4662 showing
parallel rows of deep calyces (A) and decrease in spicule size followed by increase in
apex (B).

Skull morphology (n= 8)
(Figure 7)

Premaxilla has a triangular shape showing two transverse processes laterally
expanded, and one dorsally expanded at the base, between the vomer anterior
projections; premaxilla has two sagittal projections near the beginning of the vomer;
nasal dorsally triangular with two ventral projections, anterior and posterior (=caudal),
the latter below the frontal, following and between vomer projections; vomer is triangular
on the ventral view, with the anterior part wider and the posterior part elongated; the
septomaxilla and vomer are tightly integrated; the septomaxilla has two processes; the
first one is dorsally closer to the nasal side, whereas the second is ventrally almost

below the frontal; frontal is square in dorsal view, the anterior region touching the
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prefrontals on the sides of the edges band and the entire posterior border in contact with
the parietal; parietal has a triangular dorsal transverse ridge, and the front part of the
bone wraps the orbits and touches half of the postorbitals on each side, which has a
rounded bottom medially touching the supraoccipital; in lateral view parietal bone is also
rounded; postorbital is arched with the upper half touching the parietal; the prefrontal is
arched; prootics are irregular, with three foramina in lateral view; in ventral view, prootics
show the anterior half covered by the basisphenoid plate and the posterior half is hidden
by the basioccipital plate; supraoccipital touches the parietal end with a sagittal crest
and a circular transverse crest; supratemporal elongated, touching the square bone at
the height of the first vertebra (Atlas) and fitting into the top of the prootics and posterior
border of the parietal; exocipital irregular with two foramens, the anterior being
demarcated by the contact with the prootic; exocipital touching the supraoccipital
dorsally, laterally the prootic and ventrally the basioccipital; quadrate broad and
dorsoventrally flattened; maxilla laterally arched an inward triangular projection below
the prefrontal, with 17 teeths; ectopterygoid convex and ventrally flattened, attached by
its widest portion to the maxilla at the height of the last teeth and attached to the medial
portion of the pterygoid; palatine with two rows of teeth and two lateralized projections;
dentary elongated, reaching halfway through the compound bone, with a curvature
towards the inside of the skull; splenial connected to dentary frontally and to angular
caudally; angular bone is reduced in a triangular shape in lateral view and is connected

to the compound bone, which is long and has a dorsal crest.
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Figure 7. Dorsal (A), ventral (B) and lateral (C) view of the skull of FMT 2314. Dorsal (D),
ventral (E) and lateral (F) view of the skull of MPEG 4662.

228

50



229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256

Comparisons with other Amazonian species

Helicops hagmanni is sympatric with the other ten species of Helicops. The
dorsum pattern covered by circular spots of H. hagmanni allows its distinction of H.
angulatus and H. apiaka (both saddle dorsal pattern), H. tapajonicus (uniform dorsal
pattern) and H. trivitattus (stripped dorsal pattern). Among the Helicops showing spotted
pattern, H. hagmanni differs from H. acangussu and H. leopardinus by the higher
number of dorsal scales in midbody (>23 in H. hagmanni, 19-21 in H. acangussu and 19
in H. leopardinus) and by the presence of intergenial scales (absent in H. leopardinus);
from H. polylepis differs by the ventral pattern (whitish with dark bands in H. hagmanni
and completely blackened with white pigments in H. polylepis) (Citeli, unpublished data);
from H. pastazae, H. petersi and H. yacu by the lower number of subcaudals (9% 46—
57, 838 54-67 in H. hagmanni, 22 67-73, &4 85-91 in H. petersi, 29 72-97, 3 93—
117 in H. pastazae, 29 85-96 in H. yacu) (Rossman 1976; Rossman and Dixon, 1975,
Citeli, unpublished data).

Distribution: Helicops hagmanni is widely distributed along the Amazon basin, including

Brazil, Colombia, Venezuela (Paolilo, 1986) and probably Ecuador and Peru.

Geographic variation of meristic characters

Four characters showed spatial auto-correlation along the geographic distribution
of Helicops hagmanni (p <0,05): number of dorsal scales rows at midbody, Moran | =
0,518 (Fig. 8A), number of ventral scales, Moran | = 0,200 (Fig. 8B), number of dorsal
spots Moran | = 0,330 (Fig. 9A), junction region of the paraventral spot and ventral band
Moran | = 0,221 (Fig. 9B ) All characters showed a decrease in values from east to west
along the Amazon basin.

The number of subcaudal scales (Fig. 10) was not spatially autocorrelated

(p = 0,332).
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Figure 8. Spatial variation patterns in number of dorsal scales (A) and
ventral scales (B) in H. hagmanni.
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Figure 9. Spatial variation patterns in number of paravertebral spots
(A) and type of paraventbral spots (joined or separate from the
ventral bands) (B).

53

790"

-1%0"

9%’

7°0"

1507

_gb0°



261

-7600° 67°0" -58°0° -49°0°

N number of subcaudal scales

0 250 km f
— J

Figure 10. Spatial variation patterns in number of subcaudal scales
in H. hagmanni.
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Discussion

Until now, the morphology of Helicops hagmanni has not been studied in detalil,
and our results clarify the identity of this taxon. Previous authors addressed a putative
taxonomic imprecision of H. hagmanni throughout its distribution. Rossman (1975)
pointed out that more individuals from the lower Amazon basin (toward the headwater)
would be analysed to detect if there was a decrease in dorsal scales or if the holotype
was aberrant (=27 or 29 dorsal scales). Also, according to Rossman (1975), specimens
from the upper Rio Negro should be analysed to confirm a putative "subspecies”, since
the color pattern of the individuals analysed by Rossman and by Hoge et al., (1964;
1972) were not consistent with the holotype pattern. Schoneberg and Kéhler (2021), in
their review of Helicops spp. distribution, present the dorsal scales at the midbody of H.
hagmanni between 21-27, but it is not clear where this information was taken from, i.e.,
analysed specimens or from the literature. Moraes-da-Silva (2022) suggested that
populations from the state of Acre, northern Brazil, named as H. hagmanni, should be
analysed by the general pattern shown by specimens in this region. We did not find any
specimen of Helicops hagmanni with lower number of dorsal scales at midbody (<23) in
the analysed sample. On the other hand, we confirmed that individuals from upper Rio
Negro and from lower Amazon River have a lower number of dorsal spots, of dorsal
scales rows at midbody, ventral scales and variation in color pattern.

Intraspecific variations in morphological traits of terrestrial vertebrates are
commonly observed as a response to natural selection and adaptations (Litzugs et al.,
2004; Gardner et al.,, 2009). On the other hand, clinal variation in Amazonian groups
may result from physical and climatic factors, such as rainfall, temperature, and isolation
related to the width of river channels (Haffer 2008; Dickens 2021). Although we identified
longitudinal variation in meristic characters, it can be an effect of individual's body size,
affecting the counting of ventral scales and of dorsal spots. The western specimens can
be smaller in response to selective pressures (e.g., competition, predation, prey
selection) since this is also the most diverse region of the Amazon of fishes (Oberdorff et
al., 2019; Duponchelle et al., 2021), a relevant prey category for these snakes. Dorsal
scales, in this case, may be related to the thickness of the body. All these characteristics
are changing in association with the ventral coloration pattern, which may be indicative

of ecological predation pressure or niche differentiation for hunting. The western region
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of the distribution of Helicops hagmanni has the greatest diversity of the genus, with
several species occurring in sympatry (Nogueira et al., 2019).

The absence of spatial correlation in the number of subcaudals scales may be
explained by sexual pressure acting along all the species distribution, as Helicops spp.
males have larger tails (Citeli et al., 2021). In addition, none of these explanations
prevents our sample may be two evolutionary units in the process of speciation without a
clear geographical barrier (Haffer 2008). Molecular samples along its distribution may
help to clarify these hypotheses, including a finding whether these phenotypic traits are
indeed adaptive (e.g., Stillwell 2010).

However, externally, Helicops hagmanni is similar to the other species of Helicops
related to He. polylepis, with circular dorsal spots and high number of dorsal scales
(>23). According to the morphological phylogeny proposed by Nunes (2006), H.
hagmanni is a sister group of H. trivitattus based on 12 osteological synapomorphies. H.
trivitattus has a stripped dorsal pattern. On the other hand, in the phylogenetic
hypothesis proposed by Moraes-da-Silva (2021), H. hagmanni appears as a sister group
of the clade formed by H. angulatus and H. gomesi, which have 19 dorsal scales and a
banded dorsal pattern. It seems clear that H. hagmanni is one of the most polymorphic
species of the genera, and its phylogenetic positioning and divergence time must be
further investigated. Despite the high polymorphism found along the species distribution,
our findings allowed the unequivocal identification of Helicops hagmanni between

spotted-dorsal Helicops group and other Helicops species.
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APPENDIX I. Specimens examined

In(s:(:r::::él;:;ezv(;:g;m \'{:::::: Locality Municipality Deparst:;::nt or Country Lat (°N) Long (°W)
IBSP 87354 Novo Airdo Amazonas Brazil -2.253481 -62.650962
IBSP 80594 Novo Airdo Amazonas Brazil -2.645359 -60.936421
CEPB 980 Porto Velho Ronddnia Brazil -8.763554 -63.897168
IBSP 87356 Novo Airdo Amazonas Brazil -2.253481 -62.650962
MPEG 10485 Sdo Pedro Capitdo Pogo Pard Brazil -1.7480556  -47.2177778
MPEG 10484 Sdo Pedro Capitdo Pogo Para Brazil -1.7480556  -47.2177778
MPEG 10487 Sdo Pedro Capitdo Pogo Para Brazil -1.7480556  -47.2177778
MPEG 10627 Sdo Pedro Capitdo Pogo Pard Brazil -1.7480556  -47.2177778
MPEG 10497 Sdo Pedro Capitdo Pogo Pard Brazil -1.7480556  -47.2177778
MPEG 10498 Sdo Pedro Capitdo Pogo Para Brazil -1.7480556  -47.2177778
MPEG 10486 Sdo Pedro Capitdo Pogo Para Brazil -1.7480556  -47.2177778
MPEG 10908 Belém Pard Brazil  -1.4558333  -48.5044444
MPEG 605 Belém Para Brazil -1.4511111  -50.1333333
MPEG 26056 UHE, Usina de Jirau Porto Velho Ronddnia Brazil -9.270688 -64.627871
MPEG 4784 Trombetina Santarém Novo Pard Brazil -0.9794444  -47.2386111
MPEG 7059 Trombetina Santarém Novo Para Brazil -0.9794444  -47.2386111
MPEG 3462 Trombetina Santarém Novo Para Brazil -0.9794444  -47.2386111
MPEG 7053 Trombetina Santarém Novo Pard Brazil -0.9794444  -47.2386111
MPEG 7060 Trombetina Santarém Novo Para Brazil -0.9794444  -47.2386111
MPEG 21017 Sdo Miguel do Guama Para Brazil -3.247031 -47.751501
MPEG 7020 Puraquequara Orém Pard Brazil -1.3555556  -47.2522222
MPEG 4997 Puraquequara Orém Para Brazil -1.3555556  -47.2522222
MPEG 7024 Puraquequara Orém Para Brazil -1.3555556  -47.2522222
MPEG 7008 Puraquequara Orém Pard Brazil -1.3555556  -47.2522222
MPEG 4221 Puraquequara Orém Para Brazil -1.3555556  -47.2522222
MPEG 19511 Parque Estadual de Guajara Mirim Rondénia Brazil -10.539876 -64.48024
MPEG 20655 Barcarena Pard Brazil -1.517244 -48.629695
MPEG 18791 Lago do Jacunda, Alter do Chdo Santarém Para Brazil -2.504701 -54.954258
MPEG 24253 S&do Jodo de Pirabas Para Brazil -0.777833 -47.187476
MPEG 22488 Mutum, Barroso Juruti Para Brazil -1.623025 -56.193987
MPEG 22637 Mutum, Barroso Juruti Pard Brazil -2.4619444 -60.061111
MPEG 23247 Mutum, Barroso Juruti Pard Brazil -2.4619444 -60.061111
MPEG 25325 Ilha de Marajé Pard Brazil -0.152834 -50.390165
MPEG 21535 Benevides Para Brazil -1.349056 -48.218035
MPEG 4889 Maraud Curuga Para Brazil -0.7802778  -47.8488889
MPEG 4893 Maraud Curuga Pard Brazil -0.7802778  -47.8488889
MPEG 8874 Curupati Viseu Para Brazil -1.418283 -46.467644

Rio Gurupi, Col6nia Nova, préximo do rio, BR- ) , .

MPEG 11466 316 Viseu Para Brazil  -1.80888389  -46.4038889
MPEG 22403 Floresta Nacional de Caxinaud Melgago Para Brazil -1.797143 -51.444214
MPEG 20301 Floresta Nacional de Caxinaud Melgago Para Brazil -1.797143 -51.444214
MPEG 6972 Santo Antonio do Taua Pard Brazil  -1.1802778  -48.1291667
MPEG 1138 Santo Ant6nio do Taua Para Brazil -0.8013889  -49.7819444
MPEG 15515 Ipitinga. Estrada Moju-Acara Acara Para Brazil -1.956845 -48.211723
MPEG 12614 Ipitinga, Estrada Moju-Acara Acara Pard Brazil -2.425162 -48.15407

MPEG 12614 Ipitinga, Estrada Moju-Acard Acard Para Brazil -2.425162 -48.15407

MPEG 13350 Ipitinga, Estrada Moju-Acard Acara Para Brazil -2.425162 -48.15407

MPEG 672 Peixe-Boi Pard Brazil  -0.4730556  -47.3619444
MPEG 1820 Peixe-Boi Para Brazil  -0.4730556  -47.3619444
MPEG 18438 Peixe-Boi Para Brazil -1.084243 -47.314769
MPEG 675 Peixe-Boi Pard Brazil  -0.4730556  -47.3619444
MPEG 10763 Augusto Corréa Para Brazil -1.0397222  -46.5472222
MPEG 6501 Augusto Corréa Para Brazil -1.0397222  -46.5472222
MPEG 9098 Augusto Corréa Para Brazil  -1.0397222  -46.5472222
MPEG 9916 Augusto Corréa Para Brazil -1.0397222  -46.5472222
MPEG 11635 Augusto Corréa Para Brazil -1.0397222  -46.5472222
MPEG 1031 ~ Comunidade Laranjeira. Igarapé Laranjal. Melgaco Par Brazil  -1.948769  -51.39345

Baia de Caxiuana.

MPEG 8525 Santa Rosa, Estrada de Vigia Vigia Para Brazil -0.9555556  -48.0861111
MPEG 6815 Santa Rosa, Estrada de Vigia Vigia Pard Brazil -0.9555556  -48.0861111
MPEG 8533 Santa Rosa, Estrada de Vigia Vigia Para Brazil -0.9555556  -48.0861111
MPEG 4013 Santa Rosa, Estrada de Vigia Vigia Para Brazil -0.9555556  -48.0861111
MPEG 4625 Santa Rosa, Estrada de Vigia Vigia Pard Brazil -0.9555556  -48.0861111
MPEG 5923 Boa Vista, Apet Castanhal Para Brazil -1.4891667  -47.9863889
MPEG 1998 Boa Vista, Apeu Castanhal Para Brazil -1.4891667  -47.9863889
MPEG 1999 Boa Vista, Apetl Castanhal Para Brazil -1.4891667  -47.9863889
MPEG 2682 Boa Vista, Apet Castanhal Para Brazil -1.4891667  -47.9863889
MPEG 541 Boa Vista, Apeu Castanhal Para Brazil -1.3013889  -47.9847222
MPEG 4111 km 23 da estrada de Maracana Maracana Para Brazil -1.1044444  -47.5119444
MPEG 4857 km 23 da estrada de Maracana Maracana Para Brazil -1.1044444  -47.5119444
MPEG 17300 Sitio Bela Vista. PA-222. Dom Eliseu Para Brazil -4.319125 -47.545248
MPEG 13379 Sitio Bela Vista. PA-222. 6)}2m Eliseu Para Brazil -4.319125 -47.545248

km 220 da BR-316, antigo km 74 (contagem

MPEG 5259
de Capanema)

Viseu Para Brazil -1.7691667  -46.6130556



APPENDIX I. Specimens examined

Institution Abbreviation
(follows Sabaj 2020)
MZUSP

MzUspP

MZUsP

MzUSP
MNRJ

MNRJ

MNRJ

ICN-R
ICN-R
IAVH

IAVH

IAVH

ICN-R

MLS
INPA

INPA

INPA

INPA
INPA
INPA
FMT
FMT
FMT
FMT
FMT
FMT
SINCHI-R
SINCHI-R
SINCHI-R
SINCHI-R
SINCHI-R
SINCHI-R
SINCHI-R
SINCHI-R
SINCHI-R
SINCHI-R
SINCHI-R
SINCHI-R
SINCHI-R
SINCHI-R
SINCHI-R

Voucher
Number
11716
18869
7615
5092
1560

16833

10127

7995
8235
1881

3215

6945

10741

778
15951

2174

28824

20152
14686
39224
1225
1716
2791
538
2314
1849
2654
2704
2652
1044
1047
1046
1667
1043
1042
1045
1041
2707
3100
2668

Locality

Rio Maraca (boca Igarapé, Camaipi)
UHE Jirau, Margem direita do Rio Madeira
Reseva INPA - WWF 6

Plat6 Aviso, Flona Sacara-Taquera, Porto
Trombetas
Ucuqui, Igarapé Javari, margem direita do
Rio Acard, afluente do Rio Negro
Laguna Lombriz
Caparu, alrededores del lago Taraira
Caserio de Timbd
Estacion Capard, Lago Taraira, orilla norte
Rio Apaporis
Reserva Nacional Natural Nukak,
Tomachipan, Cerro Cocui, Antiguo caserio
Puinawai
Parque Nacional Natural Serrania de
Chiribiquete
Caseiro Venencia
Rio Jurud
Reserva do 41, BR 174, km 41, Programa de
Diversidade de Dinamicas Florestais
Parna Nascentes do Lago Jari, Igarapé do
Sabd
Reserva Ducke, Riparia 020
Rio Juami
JAU -1G 31
INPA

BR AM Manaus AM 010 Ramal de Areia
BR AM Manaus Florestal Il, Cidade Nova
Reserva Ducke
Comunidad de Buenos Aires

Comunidad de Buenos Aires
Comunidad de Buenos Aires

Araracuara, Isla de Los Monos
Los Lagos
Los Lagos

Araracuara
Cerca a cerro Campana

Comunidad de Buenos Aires
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Municipality

Porto Velho

Itapiranga
Borba

Oriximina
Barcelos

Puerto Inirida
Taraira

San José del Guaviare

Solano

Jurud

Manaus

Manaus

Manaus

Manaus
Manaus
Pacoa
Pacoa
Pacoa
La Pedrera
Leticia
Solano
Leticia
La Chorrera
Leticia
La Pedrera
Solano
Miraflores
Tarapaca
Pacoa
Taraira

Departament or
State
Amapd
Rondénia
Amazonas
Amazonas
Amazonas

Pard

Amazonas

Guainia
Vaupés
Vaupés

Vaupés

Guaviare

Caqueta

Caqueta
Amazonas

Amazonas

Amazonas

Amazonas
Amazonas
Amazonas
Amazonas
Amazonas (?)
Amazonas
Amazonas (?)
Amazonas
Amazonas
Vaupés
Vaupés
Vaupés
Amazonas
Amazonas
Caqueta
Amazonas
Amazonas
Amazonas
Amazonas
Caqueta
Guaviare
Amazonas
Vaupés
Vaupés

Country

Brazil
Brazil
Brazil
Brazil
Brazil

Brazil

Brazil

Colombia
Colombia
Colombia

Colombia

Colombia

Colombia

Colombia
Brazil

Brazil

Brazil

Brazil
Brazil
Brazil
Brazil
Brazil
Brazil
Brazil
Brazil
Brazil
Colombia
Colombia
Colombia
Brazil
Brazil
Colombia
Brazil
Brazil
Brazil
Brazil
Colombia
Colombia
Brazil
Colombia
Colombia

Lat (°N)

-0.037268
-9.283356
-3.097647
-2.749031
-4.394161

-1.467137

-0.499677

3.869689
-1.122965
0.910989

-1.126588

2.176111

0.741983

1.568022
-6.58783

-2.615499

-5.795098

-2.964363
-2.22868
-2.313048
-3.095391
na
-3.045852
na
-3.036268
-2.964363
0.053907
0.053907
0.053907
-1.322004
-4.20311
-0.635734
-4.20311
-1.443383
-4.20311
-1.322004
-0.635734
1.337454
-2.891841
0.053907
0.564349

Long (°W)

-51.35948

-64.63839
-59.968532

-58.02779
-59.593438

-56.379362

-62.899579

-67.924183
-69.529989
-70.063061

-69.529974

-71.181944

-72.737346

-75.529959
-69.433616

-60.163552

-62.627806

-59.92261
-68.357007
-62.630086
-59.989476

na
-60.025428

na
-59.985483

-59.92261
-71.222667
-71.222667
-71.222667
-69.578386

-69.9359
-72.250341
-69.9359
-72.788945
-69.9359
-69.578386
-72.250341
-71.950914
-69.741923
-71.222667
-69.633795



Capitulo 1l

A new oviparous species of Helicops Wagler, 1828
(Serpentes, Xenodontinae) from Brazilian Amazonia
with reflections on the evolution of viviparity among

hydropsine watersnakes

Artigo publicado na revista Zoologischer Anzeiger

(texto completo no apéndice II)

Prancha do holétipo de Helicops acangussu (UFRO-R 2748).
Imagem extraida de Moraes-da-Silva et al. (2022).
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(manuscrito que sera submetido a revista Zootaxa)

New data on the taxonomy of Helicops acangussu Moraes-
da-Silva, Walterman, Citeli, Nunes & Curcio 2021 and a key

to the amazonian Helicops species

Nathalie Citeli*2, Julia Klaczko?, José Rancés?, Alessandra Silveira* and

Reuber A. Brandao?

1- Laboratério de Fauna e Unidades de Conservacéo, Universidade de Brasilia, Brasilia,
Distrito Federal, 70910-900, Brazil.

2- Laboratério de Anatomia Comparada dos Vertebrados, Universidade de Brasilia,
Brasilia, Distrito Federal, 70910-900, Brazil.

3- Coleccién Herpetologica, Instituto Amazonico de Investigaciones Cientificas SINCHI,
Leticia, Amazonas, 110311, Colombia.

4- Laboratorio de Instrumentacéo Nuclear (LIN), Universidade Federal do Rio de Janeiro,
Ilha do Fundéo, 21910240, Rio de Janeiro, Brazil.
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Resumo

Helicops acangussu foi descrita com base em 27 exemplares identificados como Helicops
hagmanni depositados em duas cole¢des herpetoldgicas brasileiras. Todos 0s espécimes
provinham da margem esquerda do Rio Madeira, no estado de Rondonia, Brasil. Durante
visitas em cole¢bes sul-americanas encontramos novos 33 exemplares provenientes de
regides a cerca de 1000 km de distancia da localidade-tipo, nos municipios de Leticia na
Colombia e Presidente Prudente, Amazonas, Brasil. O exame detalhado do material nos
permitiu descrever a osteologia craniana, ampliacdo da variacdo morfolégica externa de
caracteres meristicos e biométricos, bem como a complementacdo da descricdo do
hemipenis, com a analise de trés hemipenis das novas populacfes. Helicops acangussu é
uma espécie de taxonomia soélida, que apresenta variacao intraespecifica na morfologia do
hemipenis e ampla distribuicio na Amazbnia. Também fornecemos uma chave de

identificacdo das espécies de Helicops amazénicas.

Palavras-chave: cobra-d’agua, variagao do hemipenis, variagao intraespecifica, osteologia.

Abstract

Helicops acangussu was described based on 27 specimens deposited in two Brazilian
herpetological collections identified as Helicops hagmanni. All specimens came from the
left bank of the Madeira River, state of Rondonia, Brazil. During visits in South American
collections, we found 33 new specimens from regions about 1000 km away from the type
locality, in the municipalities of Leticia in Colombia and Presidente Prudente, Amazonas,
Brazil. The detailed examination of the material allowed us to describe the cranial
osteology, expansion of the external morphological variation of meristic and biometric
characters, as well as the complementation of the description of the hemipenis, with the
analysis of three organs from the new populations. Helicops acangussu is a species with a
solid taxonomy, which presents intraspecific variation in hemipenis morphology and a wide
distribution in the Amazon. We also provide an identification key for the Amazonian

Helicops species.

Keywords: watersnake, hemipenis variation, intraspecific variation, osteology.
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Introduction

Helicops is a neotropical genus of aquatic snakes with 21 species distributed only in the
South America (Nogueira et al., 2019; Moraes-da-Silva et al., 2019; 2021; 2022). The last
ten years have been prolifically positive to knowledge about this genus by the significant
expansion of data on morphology (Citeli et al., 2021; Garcia-Cobos, 2021), reproduction
(Braz et al., 2016; Garcia-Cobos, 2020), and taxonomy (Kawashita-Ribeiro et al., 2013;
Costa et al., 2016; Moraes-da-Silva et al. 2019; 2021; 2022).

The most recent species described from the genus is Helicops acangussu done by
Moraes-da-Silva et al. (2022), based on 27 specimens from the left bank of the upper
Madeira River in Rondonia state, Brazil. The individuals of the novel taxon were collected
at a wildlife rescue operation associated with the Santo Antdnio Dam. The authors
founded 27 specimens from the new species, previously identified as H. hagmanni Roux
1910 in two Brazilian herpetological collections at Museu Paraense "Emilio Goeldi"
(MPEG) and Universidade Federal de Rondbnia (UFRO-H) (Moraes-da-Silva et al.,
2022).

Helicops acangussu was tentatively allocated to the group composed by Helicops species
bearing dorsal spotted-patterned (Moraes-da-Silva et al., 2022), being grouped with of
Helicops hagmanni, Helicops leopardinus (Schlegel, 1837), Helicops pastazae (Schlegel,
1834), Helicops petersi Rossman, 1976, Helicops polylepis Glunther, 1861, Helicops yacu
Rossman & Dixon, 1975 (all amazonian species), and Helicops danieli Amaral, 1937
(restricted to the Colombian transandine region, Rossman 2002; Citeli et al. 2022).
However, H. acangussu can be distinguished from these species mainly by (i) the number
of midbody dorsal scales (19 in H. acangussu and 23-29 in H. hagmanni, 21-25 in H.
pastazae, 21-23 in H. petersi, 23—-25 in H. polylepis and 25-27 in H. yacu); and (ii), the
presence of intergenial scales (absent in H. danieli and H. leopardinus). In addition,
Helicops acangussu can be diagnosticated by the following combination of characters:
ventral scales 121-128 in males and 124-129 in females; lowest counts of subcaudals,
52-67 in males and 40-43 in females; 35-47 dorsal spots in males, and 36—-42 in
females; a roughly triangular light snout spot; dorsum greenish-grey, with five rows of
black rounded spots; venter background yellowish cream, with asymmetrical black
squared blotches; and hemipenis semicapitated with lobes asymmetrical (Moraes-da-

Silva et al., 2022).
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During visits in South American herpetological collections to study Amazonian Helicops
spp., we found 33 new specimens of H. acangussu from three new locations far from the
originally proposed distribution for the species. After carefully analyzing the available
sample of the species, we aim to expand the knowledge on (i) H. acangussu distribution,
(i) external morphological variation, (iii) description of skull osteology, and (iv) new data
on the hemipenis morphology, complementing the preliminar description made by
Moraes-da-Silva et al. (2022). Finally, to support the taxonomic identity of H. acangussu
and the identification of other Amazonian species of the genus, we provide a key for the

Amazonian Helicops spp.

Material and Methods

Sampling, scalation and morphometric data: We examined 33 specimens of H.
acangussu (23 females and 10 males) housed at Instituto Nacional de Pesquisas da
Amazobnia (INPA-H), Manaus, Brazil; Instituto Amazonico de Investigaciones Cientificas
(SINCHI-R), Leticia, Amazonas, Colombia; and Museu Paraense “Emilio Goeldi”
(MEPG), Belém, Brasil. Institutional abbreviations follow Sabaj (2020), for the complete
list of specimens see APPENDIX I. We followed Dowling (1951) and Moraes-da-Silva et
al. (2019; 2021) for scale counts, Citeli et al. (2021) and Moraes-da-Silva et al. (2019;
2021) for body and head traits measurements, and Moraes-da-Silva et al. (2022) for
dorsal spots on dorsum counts. All measurements were taken using a digital caliper to
the nearest 0.01 mm, except for SVL and TL measurements, where we used a flexible
ruler. The sex of individuals with no everted hemipenis was identified through an incision
at the base of the tail to detect the presence of hemipenes and retractor muscles.

Hemipenial and skull morphology:

The new data on the hemipenial morphology of H. acangussu was taken from three
preserved specimens (SINCHI 01025, SINCHI 01026, and INPA 31415). We extracted,
everted, and prepared the hemipenis following Pesantes (1994) and Zaher and Prudente
(2003). We filled the fully everted hemipenis with petroleum jelly to visualize the
ornamentation structures. Afterwards, we photographed and measured the organs using
the ImageJ software version 1.8.0 (Rasband 2016). We followed the terminology by

Zaher (1999) for hemipenis structures description.
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We acquired the osteological characteristics of skulls from imagens provided by high-
resolution micro-computed tomography (uCT) Bruker Skyscan 1273 at Instituto Alberto
Luiz Coimbra de Pds-graduacédo e Pesquisa de Engenharia (COPPE), Laboratério de
Instrumentacdo Nuclear, Universidade Federal do Rio de Janeiro, Rio de Janeiro. The
imagens of two skulls (INPA 31415 and MPEG 25586) were visualized in CTVox for
Windows 64bit version 2.6 (Bruker, uCT), and plates were made using GIMP 2.10 (Gimp,
2019). The osteological nomenclature follows Romer (1956).

Distribution maps

We acquired the geographic coordinates from Google Earth based on the locations
informed by the collections at the municipal level. We used the software Quantum GIS
3.16 (QGIS) to produce the map using SIRGAS 2000. To identify which hydrographic
basins were present in the species distribution, we used the shape of the South American
basins available at HydroBASINS (Lehner & Gill 2013).

Development of species key

We followed Nogueira et al. (2019), Rossman (1976), and Moraes da Silva (2022) to
identify which species of Helicops occur in the Amazon biome. To produce the taxonomic
key we used morphological characteristics, especially diagnostic traits, available at
species descriptions and taxonomic reviews, as Kawashita-Ribeiro et al. (2013) and
Murphy et al. (2020) for Helicops angulatus (Linnaeus, 1758) and Helicops apiaka
Kawashita-Ribeiro, Avila & Morais, 2013; Rossman (1975) and Citeli (unpublished data)
for H. hagmanni; Moraes-da-Silva et al. (2021, 2022) for H. leopardinus; Rossman
(1976), Gunther (1861) Shreve (1934) and Citeli (unpublished data) for H. pastazae, H.
petersi and H. polylepis; Frota (2003) for H. tapajonicus, Rossman (2010) for Helicops
trivitattus and Rossman and Dixon (1975), Rossman and Abe (1979) and Citeli
(unpublished data) for H. yacu.

Results
Distribution: We expanded the species' distribution to the municipalities of Tabatinga
and Presidente Prudente, Amazonas State, Brazil, and to Leticia, Department of

Amazonia, Colombia. We extended the distribution of the species to the northwestern by
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818 km and to the northeast by 907 km. All occurrences are in the Amazon basin (Figure
1).
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Figure 1. Map showing the new records and type-locality of Helicops acangussu

Description of the new population of Leticia - Tabatinga

(Figure 2)

We analysed a sample of 32 specimens of Helicops acangussu identified as H.
leopardinus from the Amazonian region of Leticia and Tabatinga municipalities (Colombia
and Brazil countries, respectively). The following characteristics obtained from this
dataset are scale rows usually in 19/19/17 series (n=28), 21/19/17 (n = 2), and rarely
20/20/17 (n = 1) or 19/19/16 (n = 1); single preocular (n = 31), rarely two (n = 1); two

postoculars (n

usually 2+3 (n = 24), rarely 2+2 (n=1) and 1+3 (n=1), 3/2+3 (n=4) 2+2/3 (n=1), 1/2+3

(n=1) in asymmetric specimens; supralabials eight (n = 32); fourth supralabial usually
70
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contacting orbit; (n = 32); pairs of chinshields (n = 32); infralabials usually 10 (n = 28)
rarely 11 (n = 2), 10/11 and 12/11 in two asymmetric specimens; first to fifth infralabials
contacting anterior pair of chinshields (n = 26), first to fourth and first to sixth in four and
two asymmetric specimens respectively; fifth and sixth infralabials contacting posterior
pair of chinshields (n =27) or rarely just fifth (n= 3) or just sixth (n = 1), sixth and seventh
in a asymmetric specimen; posterior separated by one pair of intergenial scales (n = 32);
126-133 ventral scales in females (n = 22), and 122-130 ventral scales in males (n = 9);
42—-65 subcaudals in females (n = 22) and 56—72 subcaudals in males (n = 9); cloacal
plate always divided (n=32); subcaudals divided (throughout the tail) (n = 32); nasal
semidivided and separated by internasal scales. The largest specimen was a female with
620 mm and a smallest juvenile also a female with 110 mm; eye as the same size as its
distance to oral border (= eye—mouth distance) (n = 32); internasal wider than long,
triangular in shape (n = 32), touching the rostral (n = 32), loreal as long as wide (n = 32)
dorsum and tail covered by five rows of circular darker spots (n = 32); dorsal spots 2-3
scales long (n = 30), rarely six when two rows of spots are connected (n=2); 47-57 dorsal
spots in females (n= 22) and 48-60 in males (n=9); whitish belly with alternating and
irregular bars (n=32); ventral bars touch the second scales row (n=32); head dorsum
brownish with black pigments forming an arrow-like design, tip of head with a light snout
spot slightly triangular in shape (n= 32); supralabials brownish with darker pigments more
restricted to the sutures (=28) or homogeneous brownish (n=4); infralabials whitish with
brownish pigments more restricted to the sutures; snout showing a triangular shaped light
spot (=32).

We also found a male from Presidente Prudente municipality, Amazonas state, Brazil,
identified as Helicops hagmanni (INPA-H 31415, Figure 3). The individual agrees with
most of the features reported to the species, including the new populations described
herein. However, it is the only one specimen with scales rows 21/21/17 series; lowest
number of ventral scales recorded (=117); darker spots of bigger size corresponding to

3,5 — 4 scales long, and spots in smallest number along the body (=29).
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Remarks

The type series showed ventral scales in females 124-129 and ventral in males 121-128,
subcaudals in females 40-43 and subcaudals in males 52—67, dorsal spots on trunk in
females 36-42 and 35-47 in males (see Moraes-da-Silva et al. 2022). Herein, we
expanded the variation of these traits, reporting the maximum number of ventral scales in
females as 133 scales and the range of ventral scales in males is 117-130; the maximum

number of subcaudals in females is 65, and the maximum in males is 72; the range of

dorsal spots on trunk in females is 47-57 and 29 to 60 in males.

Figure 2. Helicops acangussu, from Leticia, Amazonas, Colombia,
photographed in life by Dario Alarcon.
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Figure 3. Male specimen of Helicops acangussu (INPA 31425) from Presidente Prudente,
Amazonas, Brazil.
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Skull morphology (n=2):

Figure 4

Premaxilla triangular showing two transversally processes expanded and one dorsally
expanded at the base, which comes close to the medial region of the nasal; the
premaxilla has two sagittal projections near the beginning of the vomer; nasal dorsally
triangular with a ventral and caudal projection, the latter below the frontal following and
between vomer projections; the septomaxilla and vomer are tightly integrated,
septomaxilla has two processes; the first one is dorsally closer to the premaxilla, whereas
the second is ventrally at the side of the nasal projections; ventral view of vomer
triangular, with anterior part wider and posterior part elongated; frontal is square in dorsal
view, touching the prefrontals on the sides of the edges; parietal comprises the location of
the brain, in front it wraps the orbits and touches half of the post-orbitals on each side,

which has a rounded bottom medially touching the supraoccipital; parietal is rounded and
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touches the bottom of the prefrontal; the prefrontal is arched with the part that touches the
frontal thinner in dorsal view; parietal has a triangular dorsal transverse ridge and a
rounded edge behind the post-orbital; the orbital post is arched with the upper half
touching the parietal, and with a caudal projection; prootics are irregular with two
foramina on the ventral surface in lateral view and one at the end where the exoccipital is
shaved; in ventral view, prootics show the anterior half covered by the basisphenoid plate
and the posterior half is hidden by the basioccipital plate; supraoccipital touches the
parietal end with a sagittal crest and a circular transverse crest; supratemporal elongated,
touching the square bone at the height of the first vertebra (Atlas) and fitting into the top
of the prootics where the prootics attach to the parietal; exoccipital irregular touching the
supraoccipital dorsally, laterally the prootic and ventrally the basioccipital, demarcating
the foramen with the prootic; quadrate broad and dorsoventrally flattened; maxilla laterally
arched with an inward triangular projection; ectopterygoid convex and ventrally flattened,
attached by its widest portion to the maxilla at the height of the last teeth and attached to
the medial portion of the pterygoid; palatine with three rows of teeth and two lateralized
projections are touched in the final portion by the pterygoid; dentary elongated, reaching
halfway through the compound bone, with a curvature towards the inside of the skull;
splenial connected to dentary frontally and to angular caudally; angular bone has a
triangular shape in lateral view and is connected to the compound bone, which is long

and has a dorsal crest and an inward projection.
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Figure 4. Dorsal (A), ventral (B) and lateral (C) view of the skull of INPA 31415. Dorsal
(D), ventral (E) and lateral (F) view of the skull of MPEG 25586.
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Hemipenial morphology (n=3):

Figure 5

Most of the hemipenial morphology observed in the organs of SINCHI 01025 (right) and
SINCHI 01026 (right) agrees with mostly features described by Moraes-da-Silva et al.
(2022). However, we found that none of the three organs showed lobes significantly
asymmetrical, and we do not found rows of papillae at apex of lobes, as presented in the
original description (see Moraes-da-Silva et al. 2022). The total length of SINCHI 01025 is
28.10 mm, and the width, measured at the hemipenial body and before capitation, is 10.4
mm; the mean length of the lobes is 10.8 mm, corresponding to 38% of the total length of
the organ; The total length of SINCHI 01026 is 24.5 mm, and the width, measured at
hemipenial body and before capitation, is 5 mm, the mean length of the lobes is 7.5 mm,
corresponding to 30% of the total size of the organ. The sulcus spermaticus bifurcates at
the first third of the hemipenial body in both organs.

The hemipenis of individual INPA 31415 is 16 mm in total length. Due to the
imprecision of the lobe separation region, we did not measure this structure. The
hemipenis of specimen INPA 31415 (right) showed more varied characteristics when
compared to the species description (Figure 6). The following morphology was observed,
the distinction between lobes and hemipenis body is unclear (capitation not detected); the
central area of asulcate face is covered mostly with spinules that invades the base of the
lobes; the base of the lobes at asulcate face are surrounded by three small spinules rows
followed by two rows of papillae (the last two near the apex) (Figure 7A); irregular rows of
small spinules are in the lobes and body of the hemipenis, with the exception of the base,
which has the middle covered by very small spicules and large spines arranged laterally;
the sulcate face has large spines arranged laterally on the basis, with evident spinules
surrounding the spermatic sulcus and the intrasulcar region; the rows of spinules encircle

the both lobes, changing to rows of papillae at the lobes apex.
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Figure 5. Sulcate and assucalte faces, respectively, of the right hemipenis of

specimen SINCHI-R 1025. A — spinules at lobe apex.

B

‘\u

A

Figure 6. Sulcate, asulcate and lateral faces, respectively, of the right hemipenis of specimen INPA
31415. A - irregular rows of small spinules are in750dy of the hemipenis and imprecision of the lobe
separation region.
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Figure 7. Lobe view of the right hemipenis of specimen INPA 31415. A - rows of papillae near

the apex.
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Key to the Amazonian species of Helicops:

1. Dorsal pattern uniform, striped or banded .............c.ooiiiiiiiii e 2
Dorsal pattern composed of rounded spots (spotted-patterned) .......................... 3

. Dorsal pattern uniform or striped ..o 4
Dorsal pattern banded ... 5

. Dorsal scales at midbody equal or more than 23 rows ..., 6
Dorsal scales at midbody iN 19 0r 2L FOWS ...ccoeineiniii i 7

. Dorsal pattern uniform, white belly showing black spots forming a checkered

pattern, dorsal scales at midbody in 19 rows and ventral scales between 118 and
L2 Helicops tapajonicus.
Dorsal pattern with light stripes, a whitish venter with black semilunar markings,
dorsal scales at midbody in 21 rows and ventral scales between 116 and

17225 TP Helicops trivitattus.

. Dorsal pattern banded, a whitish venter with darker blotches, dorsal scales at

midbody in 19-21 rows, ventral scales between 118-127 in males and 124-132 in
females (restricted to Amazon southeastern) ............................ Helicops apiaka.
Dorsal pattern banded, sometimes polychromatic pattern, dorsal scales at midbody
in 19 rows, ventral scales between 105-123 in males and 109-123 in
females. ... Helicops angulatus.

(a species complex following Murphy et al 2020).

. Venter predominantly black with some white spots, dorsal scales at midbody 23 or

2D TOWS ittt Helicops polylepis.

Belly whitish or brownish with regular or irregular dark bands ............................ 9

. Dorsal scales rows 21 at midbody (sometimes 23) scales rows, ventral bands

medially interrupted, distribution known only in Ecuadorian Andean
FOOLNIIIS. ... Helicops petersi.

Dorsal scales at midbody in 19 or 21 scales rows, ventral with entire dark

. Background of dorsal pattern grayish or brownish with five rows of dark spots,

intergenial scales present, a snout light spot present........... Helicops acangussu.

Background of dorsal pattern grayish, olive or brownish with four or five rows of
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266
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275
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279
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dark spots, intergenial scales absent. ............................. Helicops leopardinus.
9. Nasal semidivided ..........ooiiiii e 10
Nasal entire, larger tail (subcaudal scales between 85-96), dorsal scales rows at

midbody 2527 (western AmMazon).........c.o.vieiiiiiieii i Helicops yacu.

10. Larger tail (> 67 subcaudal SCales) ..........cooieiiiiiii i 11
Short tail (46-57 subcaudals in females and 54-67 subcaudals in males), dorsal
scales at midbody in 23, 25, 27 or 29, brownish gular region ending before the
beginning of the ventral scales, first rounded circular spots generally with a white

oT0] o [T PP Helicops hagmanni.

11. Dorsal scales at midbody in 21 (sometimes 23) scales rows, ventral bands
medially interrupted, subcaudals scales between 67-91, distribution known only

Andean foothills of ECUAOT ............ooeviiiiiiiiiiiiiiee e Helicops petersi.

Dorsal scales at midbody in 23 or 25 scales rows, subcaudals scales between 77—

117, ventral bands touching dorsal scales in both sides........... Helicops pastazae.

Discussion

In the present study, we have expanded the knowledge on the morphology and
distribution of the recently described species Helicops acangussu. We also provided the
first data on cranial morphology and a key to clarify the identification of Helicops species
distributed in the Amazon biome.

Moraes-da-Silva et al. (2022) suggested that H. acangussu are endemic to the left
bank of the Madeira River and that large rivers may be essential for provide vicarious
speciation event in Helicops. Herein, we refute the hypothesis that Madeira River act as a
barrier for H. acangussu speciation since two new populations were found far from the
type-locality. On the other hand, the formation of wide-scale hydrographic basins may
have acted as vicarious events for others watersnake species, such as H. boitata in
Paraguay Basin (Moraes-da-Silva et al., 2019) and H. phantasma in Tocantins-Araguaia
basin (Moraes-da-Silva et al., 2021).
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Some species of Helicops showing spotted-patterned are poorly represented in
scientific collections, including records reported for remote locations (e.g., H. yacu and H.
petersi) (Rossman and Dixon 1975; Rossman 1976; Rossman and Abe, 1979). Moreover,
most areas of the Amazon biome are poorly sampled for snakes, and many of these
places are rapidly disappearing, especially in the so-called “arc of deforestation” (Santos
et al., 2021), where several processes related to habitat loss, such as deforestation,
hydropower dams, and roads, are increasing in the recent decades (Dos Santos et al.,
2021).

Despite the external morphological similarity, the group of spotted-patterned
Helicops is likely an artificial cluster (Moraes da Silva et al., 2021). In this case, more data
on skull morphology from other species and a molecular approach (including H.
acangussu) may clarify kinship relationships and speciation events. Ours results showed
that H. acangussu is sympatric not only with three spotted-patterned (Helicops
leopardinus, H. hagmannii, and H. polylepis), as pointed by Moraes-da-Silva et al. (2022),
but also with H. yacu and H. pastazae, and probably it may occur in Amazonian regions
of Ecuador, Peru and Venezuela. Extensive sampling efforts carried out in these
unrecorded regions, will be able to see all intraspecific variation

Finally, the asymmetry of the lobes described by Moraes-da-Silva et al., 2022 is
probably an artifact of preparation, as we confirmed symmetry in three individuals.
However, we cannot discredit the possibility of intraspecific variation since we also
detected variation of hemipenial morphology in individuals of Presidente Prudente (Brazil)
and Leticia (Colombia). Intraspecific variation in internal morphology of Helicops species
where previously reported (Rossman, 1976), but ecological and/or evolutive pressures

underlying these variations remains poorly studied.
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423 APPENDIXI.

424  Specimens examined (*skull; Themipenis)

425 Brazil: AMAZONAS: Tabatinga (SINCHI-R 1023); Presidente Prudente (INPA 31415*t);
426  RONDONIA: Porto Velho (MPEG 25586*); Colombia: AMAZONAS: Leticia (SINCHI-R
427 1000, 1001, 1002, 1003, 1004, 1005, 1006, 1007, 1008, 1009, 1010, 1011, 1012, 1013,

428 1014, 1015, 1016, 1017, 1018, 1019, 1020, 1021, 1022, 1024, 102571, 1026+, 1027, 1028,
429 1029, 2823, 3169, 3170).

430

86



Perspectivas Futuras

A hipotese filogenética baseada em folidose, oesteologia e morfologia
hemipeniana de Nunes (2006) confirma a secgédo “polylepis” proposta por Rossman
(1976), com excecédo de He. yacu, para a qual ndo havia material disponivel. Entretanto,
o agrupamento foi recuperado como politomia, mantendo ainda desconhecidas as
relacdes entre os tdxons. As suspeitas a respeito da incerteza das relacdes e até
mesmo sobre a complexidade taxonémica de algumas dessas espécies sdo recorrentes
na literatura (Rossman 1976; Rossman e Abe, 1979; Nunes, 2006; Moraes-da-Silva et
al., 2022).

Outro resultado relevante de Nunes (2006) € que Helicops hagmanni é
recuperada como grupo-irmao de Helicops trivittatus (Nunes, 2006). Porém, no texto de
descricdo de He. boitata, Moraes-da-Silva e colaboradores (2019) propdem uma
filogenia onde Helicops hagmanni é recuperada como grupo-irmdo de Helicops
polylepis. Na arvore apresentada na descricdo de Helicops phantasma, Helicops
hagmanni é novamente recuperada como proximamente relacionada a Helicops
polylepis (Moraes-da-Silva et al., 2021). Ja os posicionamentos de Helicops acangussu
e Helicops danieli ainda sdo completamente obscuros.

Para a tomada de decisbes taxondmicas futuras € estratégico um estudo
morfolégico descritivo com todas as espécies de Helicops com padrdo de manchas
dorsais circulares e de distribuicdo no norte da América do Sul (i.e., Helicops petersi,
Helicops polylpeis e Helicops yacu (=secao polylepis), além de Helicops scalaris. Isso
inclui a analise do maior niumero possivel de exemplares, bem como visitas a cole¢ées
herpetolégicas da Bolivia, Equador, Peru e Venezuela. A variacdo morfolégica
intraespecifica, i.e., policromatismo e polimorfismo, tem sido alta em Helicops (Murphy
et al., 2020; Moraes-da-Silva, 2022; capitulo Il do presente trabalho). Somente apo6s a
identificacdo inequivoca das espécies sera possivel o desenvolvimento de estudos que
se proponham a explicar a evolucdo da morfologia externa e interna do grupo e
putativas adaptacbes ao ambiente aquatico.

A elaboracdo de expedicbes de campo em areas amazonicas poucos amostradas

para encontro de exemplares vivos e a coleta de amostras de tecidos € fundamental para

auxiliar na compreensao da histéria evolutiva do grupo e das relacdes de parentesco.
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Também é necessaria a identificacdo dos padrbes e processos que levaram a
especiacdo em Helicops, incluindo a datacdo desses eventos. A exemplo de outros
Squamata (e.g. Rittmeyer & Austin, 2015), o desenvolvimento de uma analise integrativa
(morfolégica e molecular), pode contribuir no esclarecimento das incertezas relativas as
variabilidades intra e interespecificas em Helicops. Considerando que filogenia e
taxonomia contribuem para o reconhecimento da distribuicdo geografica de espécies
(e.g. Hamdan et al., 2017), uma nova percepcao acerca da biogeografia regional e das
areas de endemismos podera ser proposta.

O desenvolvimento de estudos mais amplos com Helicops podera trazer novas
descobertas sobre a evolucdo das bacias hidrograficas da América do Sul, onde o
entendimento dos padrdes de distribuicdo das espécies exerceria um papel relevante
nesses estudos. Isso pode ser alcancado com a construcédo de modelos de distribuicao
potencial que projetem cendrios para 0 passado, e.g., aspectos biogeograficos da
Ameérica do Sul que ampliaram e/ou retrariam areas de distribuicdo das espécies, e
futuro, e.g., mudancas climaticas e persisténcia das espécies mediante impactos

ambientais.
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Conclusdes

| — Helicops danieli € uma espécie de diagnose inequivoca, endémica da regido
transandina da Colémbia. Sua distribuicdo se da majoritariamente em areas do pais com
maior nivel de impacto antropico. Do ponto de vista morfoldgico, € um taxon que
apresenta crescimento alométrico (i.e., maior crescimento da cauda em jovens que em
adultos) e variacdo alométrica de coloracdo (jovens com colar nucal branco que é
perdido na fase adulta) e dimorfismo sexual, sendo os machos com maiores caudas e as

fémeas maiores em comprimento rostro cloacal (Capitulo I).

Il — Helicops hagmanni € a espécie do género Helicops com maior polimorfismo no
numero de fileiras de escamas dorsais conhecida até o momento (entre 23 e 29). Sua
distribuicdo é exclusivamente amazbnica e quatro caracteres de sua morfologia
apresentam variacdo clinal. Trés deles (numero de escamas dorsais, numero de
escamas ventrais e numero de manchas paravertebrais) possuem a tendéncia de
diminuicdo de contagens do leste ao oeste. Ja o Ultimo remete ao padrdo de coloracao
da lateral do corpo e regido ventral, sendo os espécimes do leste com manchas
paraventrais destacadas das barras ventrais e os do Oeste com a unido dessas
manchas. (Capitulo ).

Il — Helicops acangussu é uma espécie ovipara de diagnose inequivoca, com padrao

dorsal de manchas circulares e ampla distribuicdo amazonica. E uma espécie que

apresenta variacao intraespecifica na morfologia hemipeniana (Capitulo 11l e V).

89



Referéncias Bibliogréaficas

Albuquergue, N. R. 2000. The status of Hydrops martii (Wagler, 1824) (Serpentes:
Colubridae). Boletim do Museu Paraense Emilio Goeldi, Série Zoologia 16: 153—
161.

Amaral, A. 1935. Estudos sobre ophidios neotropicos XXXIIl. Apontamentos sobre a fauna
da Colémbia. Memorias do Instituto Butantan 9: 9-10 + 1 plate.

Amaral, A. 1937. Estudos sobre Ophidios Neotropicos. XXXIV Novas notas sobre a fauna
da Colébmbia e descricdo de uma espécie nova de Colubrideo aglypho. Memorias
do Instituto Butantan 11: 231-240.

Andrade, A. C. 2017. Variacdo morfologica e taxonomia da “cobra-d’agua” Helicops
angulatus (Linnaeus, 1758) (Serpentes: Xenodontinae: Hydropsini) / Dissertacao de
Mestrado. Museu Nacional, Universidade Federal do Rio de Janeiro.

Bellairs, A. D. A., & Underwood, G. 1951. The origin of snakes. Biological Reviews 26:
193-237.

Boulenger, G. A. 1893. Catalogue of the snakes in the British Museum (Natural History).
Trustees of the British Museum (Natural History). London 1: 276-277.

Caldwell, M. W., Nydam, R. L., Palci, A., & Apesteguia, S. 2015. The oldest known snakes
from the Middle Jurassic-Lower Cretaceous provide insights on snake
evolution. Nature communications 6: 1-11.

Cantino P. D., & de Queiroz K. 2000. PhyloCode: A phylogenetic code of biological
nomenclature [online]. Disponivel
em https://www.ohio.edu/PhyloCode/PhyloCode.pdf [accessado 5 de junho de
2022].

Citeli, N., Klaczko, J., De-Lima, A. K. S., De-Carvalho, M., Nunes, P. M. S., Passos, P., &
Brandao, R. A. 2022. Taxonomy, allometry, sexual dimorphism, and conservation of
the trans-Andean watersnake Helicops danieli Amaral, 1937 (Serpentes:
Dipsadidae: Hydropsini). Canadian Journal of Zoology 100: 184-196.

Cope, E. D. 1862. Synopsis of the species of Holcosus and Ameiva, with diagnoses of new
West Indian and South American Colubridae. Proceedings of the Academy of
Natural Sciences of Philadelphia 14: 60-82.

Cope, E. D. 1870. Eighth contribution to the herpetology of tropical America. Proceedings

90


javascript:open_window(%22https://minerva.ufrj.br/F/XEHLP998VYP5HDD7NK9E9P9P7R5X5R5YGD47KLED1CHCV4LJTG-13706?func=service&doc_number=000881474&line_number=0009&service_type=TAG%22);
javascript:open_window(%22https://minerva.ufrj.br/F/XEHLP998VYP5HDD7NK9E9P9P7R5X5R5YGD47KLED1CHCV4LJTG-13706?func=service&doc_number=000881474&line_number=0009&service_type=TAG%22);
https://www.ohio.edu/PhyloCode/PhyloCode.pdf

of the American philosophical Society 11: 553-559.

Cope, E. D. 1869 On the reptilian orders Pythonomorpha and Streptosauria. Proceedings
of the Boston Society of natural History 12: 250-267.

Costa, H. C., Santana, D. J., Leal, F., Koroiva, R., & Garcia, P. C. 2016. A new species of
Helicops (Serpentes: Dipsadidae: Hydropsini) from southeastern
Brazil. Herpetologica 72: 157-166.

Cunha, O. R.; Nascimento F. P. 1978. Ofidios da Amaz6nia X — As cobras da regido leste
do Para. Publicacdes Avulsas do Museu Paraense Emilio Goeldi 31: 1-218.
de Queiroz K. 2005. A unified concept of species and its consequences for the
future of taxonomy. Proceedings of the California Academy of Sciences 56: 196—
215.

De Queiroz, K. 2007. Species concepts and species delimitation. Systematic biology 56:
879-886.

de Queiroz, K. 2011. Branches in the lines of descent: Charles Darwin and the evolution of
the species concept. Biological Journal of the Linnean Society 103: 19-35.

de Queiroz, K. 2012. Biological nomenclature from Linnaeus to the PhyloCode. Bibliotheca
Herpetologica.

Dobzhansky, T. 1950. Mendelian populations and their evolution. The American
Naturalist 84: 401-418.

Dos Santos, A. M., da Silva, C. F. A., de Almeida Junior, P. M., Rudke, A. P., & de Melo, S.
N. 2021. Deforestation drivers in the Brazilian Amazon: Assessing new spatial
predictors. Journal of environmental management 294: 113020

Dowling, H. G. & W. E. Duellman. 1978. Systematic Herpetology: a synopsis of families
and higher categories. Herpetological Information Search System Publications. New
York. vii + 118 pp.

Ferrante, L., Andrade, M. B., & Fearnside, P. M. 2021. Land grabbing on Brazil's Highway
BR-319 as a spearhead for Amazonian deforestation. Land use policy 108: 105559.

Figueroa, A., McKelvy, A. D., Grismer, L. L., Bell, C. D., & Lailvaux, S. P. 2016. A species-
level phylogeny of extant snakes with description of a new colubrid subfamily and
genus. PloS one 11: e0161070.

Frota, J. G. 2005. Nova espécie de Helicops Wagler, 1830 (Serpentes, Colubridae) do rio

Tapajés, Amazonia, Brasil. Phyllomedusa 4: 61-67.
91



Garcia-Cobos, D., Crawford, A. J. & Ramirez-Pinilla, M. P. 2020. Reproductive phenology
in a Neotropical aquatic snake shows marked seasonality influenced by rainfall
patterns. Journal of Natural History 54: 1845-1862.

Garcia-Cobos, D., Gomez-Sanchez, D. A., Crowe-Riddell, J. M., Sanders, K. L. & Molina,
J. 2021. Ecological and sexual roles of scale mechanoreceptors in two species of
Neotropical freshwater snake (Dipsadinae: Helicops). Biological Journal of the
Linnean Society. 134: 958-974.

Grazziotin, F. G., H. Zaher, R. W. Murphy, G. Scrocchi, M. A. Benavides, Y. Zhang, & S.L.
Bonato. 2012. Molecular phylogeny of the New World Dipsadidae (Serpentes:
Colubroidea): A reappraisal. Cladistics 1: 1-23.

Guedes, T. B.; Nogueira, C.; Marques, O. A. 2014. Diversity, natural history and
geographic distribution of snakes in the Caatinga, Northeastern Brazil. Zootaxa,
3863: 1-93.

Gunther, A. 1861. On the ophidian genus Helicops. The Annals and Magazine of Natural
History 3: 425-428 pp.

Hamdan, B., Pereira, A. G., Loss-Oliveira, L., Rodder, D., & Schrago, C. G. 2017.
Evolutionary analysis of Chironius snakes unveils cryptic diversity and provides
clues to diversification in the Neotropics. Molecular Phylogenetics and Evolution 11:
108-119.

Hennig, W. 1965. Phylogenetic systematics. Annual review of entomology 10: 97-116.

Hsiang, A. Y., Field, D. J., Webster, T. H., Behlke, A. D., Davis, M. B., Racicot, R. A, &
Gauthier, J. A. 2015. The origin of snakes: revealing the ecology, behavior, and
evolutionary history of early snakes using genomics, phenomics, and the fossil
record. BMC evolutionary biology 15: 1-22.

Hoge, A. R., & Nina, A. C. M. 1969. Serpentes coletadas pelo Instituto nacional de
Pesquisas da Amazonia. Memorias do Instituto Butantan 30: 71-96.

Hoge, A. R., N. Santos, C. Heitor, L. A. Lopes, & |. M. de Souza. 1972. Serpentes
coletadas pelo Projeto Rondon VII em lauarete, Brasil. Memdrias do Instituto
Butantan 36: 221-232.

Roux, J. 1910. Eine neue Helicops-Art aus Brasilien. Zoologischer Anzeiger 36: 439—-440.

Jan, G. 1865. Enumerazione sistematica degli ofidi appartenenti ai gruppo Potamophilidae.

Archive per la Zoologia, '’Anatomia et la Fisiologia 3: 201-265
92



Jan, G. & F. Sordelli. 1868. Iconographie générale des ophidiens. Tome 2, trente-et-
uniéme livraison. J. B. Bailliére et Fils. Paris. 6 plates.

Kawashita-Ribeiro, R. A., R. W. Avila & D. H. Morais. 2013. A new snake of the genus
Helicops Wagler, 1830 (Dipsadidae, Xenodontinae) from Brazil. Herpetologica 69:
80-90.

Klepka, V., & Corazza, M. J. 2018a. A natureza da classificacdo dos seres vivos na Grécia
antiga. Dialogos (Maringa) 22.

Klepka, V., & Corazza, M. J. 2018b. O essencialismo na classificagéo de Lineu e a
repercussao dessa controvérsia na Biologia. Historia da Ciéncia e Ensino:
construindo interfaces 18: 73-110.

Lee, M. S. Y., & J. D. Scanlon. 2002. Snake phylogeny based on osteology, soft anatomy
and ecology. Biological Reviews. 77: 333-401.

Linnaeus, C. 1758. Systema naturae (Vol. 1, No. part 1, p. 532). Holmiae (Laurentii Salvii):
Stockholm.

Luiselli, L., Sale, L., Akani, G. C., & Amori, G. 2020. Venomous snhake abundance within
snake species’ assemblages worldwide. Diversity 12: 69.

Mayr, E. 1976. Species concepts and definitions. In Topics in the Philosophy of
Biology (pp. 353-371). Springer, Dordrecht.

Mayr, E. 2000. The biological species concept. Species concepts and phylogenetic theory:
a debate. Columbia University Press, New York 17-29.

Mayr, E. (2001). What evolution is. Basic books.

Moraes-da-Silva, A. M. D. 2018. Taxonomia e variacao geografica das populacdes de
Helicops leopardinus (Schlegel, 1837) (Serpentes, Xenodontinae). Dissertacdo de
Mestrado. Universidade Federal do Mato Grosso.

Moraes-Da-Silva, A., Amaro, R. C., Nunes, P. M. S., Strissmann, C., Teixeira, M. J.,
Andrade, A. J., Sudré, V. Recoder, R. Rodrigues, M. T. & Curcio, F. F. 2019.
Chance, luck and a fortunate finding: a new species of watersnake of the genus
Helicops Wagler, 1828 (Serpentes: Xenodontinae), from the Brazilian Pantanal
wetlands. Zootaxa, 4651: 445-470.

Moraes-da-Silva, A., Amaro, R.C., Nunes, P.M.S., Rodrigues, M.T. & Curcio, F.F. 2021.
Long known, brand new, and possibly threatened: a new species of watersnake of t

the genus Helicops Wagler, 1828 (Serpentes; Xenodontinae) from the Tocantins-
93



Araguaia River Basin, Brazil. Zootaxa 4903: 217-241.

Moraes-da-Silva, A., Walterman, S., Citeli, N., Nunes, P.M. & Curcio, F. F. 2022a. A new
oviparous species of Helicops Wagler, 1828 (Serpentes, Xenodontinae) from
Brazilian Amazonia with reflections on the evolution of viviparity among hydropsine
watersnakes. Zoologischer Anzeige, 296: 91-109.

Moraes-da-Silva. 2022b. Revisdo das espécies de dorso verde estriado do genero
Helicops Wagler, 1828 (Serpentes: Xenodontinae). Tese de Doutorado.
Universidade Federal de Pernambuco.

Murphy, J. C., Mufioz-Mérida, A., Auguste, R. J., Lasso-Alcala, O., Rivas, G. A., & Jowers,
M. J. 2020. Evidence for cryptic diversity in the Neotropical water snake, Helicops
angulatus (Linnaeus, 1758) (Dipsadidae, Hydropsini), with comments on its ecology,
facultative reproductive mode, and conservation. Amphibian & Reptile
Conservation 14: 138-155.

Nogueira, C. C., Argdlo, A. J., Arzamendia, V., Azevedo, J. A., Barbo, F. E., Bérnils, R. S.,
... & Martins, M. 2019. Atlas of Brazilian snakes: verified point-locality maps to
mitigate the Wallacean shortfall in a megadiverse snake fauna. South American
Journal of Herpetology 14: 1-274.

Nunes, P. M. S. 2006. Filogenia da Tribo Hydropsini Baseada em Caracteres Morfologicos
(Serpentes: Xenodontinae). Dissertacdo de Mestrado, Universidade de Sao Paulo,
Brazil.

Papavero, N., & Abe, J. M. 1992. Categorias do ser e biologia. Estudos Avancados 6:
143-156.

Papavero, N.; Llorente-Bousquets, J.; Organista, D. E.; Mascarenhas, R. 2000. Histéria da
Biologia Comparada. Desde o Génesis até o fim do Império Romano do Ocidente.
22 ed. Ribeiréo Preto: Holos.

Peters, J. A. & B. Orejas-Miranda. 1986. Catalogue of the Neotropical Squamata. Part I.
Snakes. Revised edition (originally published 1970), with addenda and corrigenda
by P. E. Vanzolini. Smithsonian Institution Press. Washington, DC. 347pp.

Pyron, R. A., Burbrink, F. T., & Wiens, J. J. 2013. A phylogeny and revised classification of
Squamata, including 4161 species of lizards and snakes. BMC evolutionary
biology 13: 1-54.

Pyron, R. A., Burbrink, F. T., Colli, G. R., De Oca, A. N. M., Vitt, L. J., Kuczynski, C. A., &
94



Wiens, J. J. 2011. The phylogeny of advanced snakes (Colubroidea), with discovery
of a new subfamily and comparison of support methods for likelihood
trees. Molecular phylogenetics and evolution 58: 329-342.

Rage, J. C., 1982b, La phylogenie des Lepidosauriens (Reptilia): Une approche
cladistique, C. R. Acad. Sci. Paris 294: 563-566.

Reeder, T. W., Townsend, T. M., Mulcahy, D. G., Noonan, B. P., Wood, P. L. Jr., Sites, J.
W. Jr., et al. 2015. Integrated Analyses Resolve Conflicts over Squamate Reptile P
Phylogeny and Reveal Unexpected Placements for Fossil Taxa. PLoS ONE, 10:
e0118199.

Rieppel, O. 1988. A Review of the Origin of Snakes. In: Hecht, M.K., Wallace, B., Prance,
G.T. (eds) Evolutionary Biology. Evolutionary Biology, vol 22. Springer, Boston, MA.

Rittmeyer, E. N., Austin, C. C. 2015. Combined next-generation sequencing and
morphology reveal fine-scale speciation in Crocodile Skinks (Squamata: Scincidae:
Tribolontus). Molecular Ecology 24: 466—483.

Rossman, D. A. 1976. Revision of the South American colubrid snakes of the Helicops
pastazae complex. Occasional Papers of the Museum of Natural Science, Louisiana
State University 50: 1-13.

Rossman, D. A. 2002a. Variation in the xenodontid water snake Helicops scalaris Jan, and
the status of H. hogei Lancini. Occasional Papers of the Museum of Natural
Science, Louisiana State University 78: 1-18.

Rossman, D.A. 2002b. Morphological variation in the endemic Colombian water snake,
Helicops danieli Amaral, 1937 (Serpentes: Xenodontidae). Revista de la Academia
Colombiana de Ciencias Exactas, Fisicas y Naturales 26: 589-594.

Rossman, D. A.; Abe, A. S. 1979. Comments on the taxonomic status of Helicops yacu
(Serpentes: Colubridae): In: The Proceedings of the Louisiana Academy of Science
42: 7-9.

Rossman, D. A.; Dixon, J. R. 1975. A new colubrid snake of the genus Helicops from Peru.
Herpetologica 31: 412-414.

Rossman, D. A. 2010. Morphological variation in the striped water snake Helicops
trivittatus (Gray, 1849) (Reptilia: Serpentes: Xenodontidae) of eastern
Amazonia. Boletim do Museu Paraense Emilio Goeldi-Ciéncias Naturais 5: 271—

278.
95



Roux, J. 1910. Eine neue Helicops-Art aus Brasilien. Zoologischer Anzeiger. 36: 439-440.

Scartozzoni. 2009. Estratégias reprodutivas e ecologia alimentar de serpentes aquaticas
da tribo Hydropsini (Dipsadidae, Xenodontinae). Tese de Doutorado. Universidade
de S&o Paulo, S&o Paulo, Brasil.

Schoneberg, Y., & Kohler, G. 2022. Distribution and identification of the species in the
genus Helicops Wagler, 1830 (Serpentes, Colubridae, Xenodontinae). Biodiversity
data journal 10.

Sneath, P. H. A. (1973). The principles and practice of numerical classification. Numerical
taxonomy 573.

Stillwell, R. C. 2010. Are latitudinal clines in body size daptive? Oikos. 119: 1387-1390.

Telonis-Scott, M., Hoffmann, A. A., & Sgro, C. M. 2011. The molecular genetics of clinal
variation: a case study of ebony and thoracic trident pigmentation in Drosophila
melanogaster from eastern Australia. Molecular Ecology, 20: 2100-2110.

Tonini, J. F. R., Beard, K. H., Ferreira, R. B., Jetz, W., & Pyron, R. A. 2016. Fully-sampled
phylogenies of squamates reveal evolutionary patterns in threat status. Biological
Conservation 204: 23-31.

Roze, J. A., 1957a. Notas sobre Hydrops lehmanni DUNN, 1944, y los géneros
neotropicales: Pseudoeryx, Hydrops y Helicops (Colubridae). Acta biologica
venezuelica 2: 17-26.

Schargel, W.E., Rivas Fuenmayor, G., Barros, T.R., Péfaur, J.E., & Navarrete, L.F. 2007. A
new aquatic snake (Colubridae: Pseudoeryx) from the lake Maracaibo basin,
northwestern Venezuela: a relic of the past course of the Orinoco river.
Herpetologica 63: 236-244.

Shreve, B. 1934. Notes on Ecuadorian Snakes. Occasional papers of the Boston Society
of Natural History 8: 125-131

Scrocchi, G. J., Ferreira, V. L., Giraudo, A. R., Avila, R. W., & Motte, M. 2005. A new
species of Hydrops (Serpentes: Colubridae: Hydropsini) from Argentina, Brazil and
Paraguay. Herpetologica 61: 468—-477.

Simpson, G. G. 1951. The species concept. Evolution 5: 285—-298.

Uetz, P., Freed, P, Aguilar, R. & Hosek, J. (eds.) (2022) The Reptile Database,
http://lwww.reptile-database.org, acessado em 05 de junho de 2022 [insert date

here.
96



Underwood, G. 1967. A contribution to the classification of snakes. British Museum Natural
History. 653: 1-179.

Yuki, R.N. 1994. Regarding Helicops danieli Amaral, 1937, with a description of the
hemipenis (Serpentes, Colubridae, Xenodontinae). Boletim do Museu Paraense

Emilio Goeldi - Ciéncias Naturais 10: 203—-209.

Wagler, J. G. 1828. Descriptiones et icons amphibiorum. Monachii, Stuttgartiae et
Tubingae.

Wagler, J. G. 1830. Naturliches System der Amphibien, mit vorangehender Classification
der Saugthiere und Vogel. Ein Beitrag zur vergleichenden Zoologie. J. G.
Cotta'schen Buchhandlung, Minchen. vi + 354 pp.

Woodward A. S. 1901. On some extinct reptiles from Patagonia, of the genera Miolania,
Dinilysia, and Genyodectes. Journal of Zoology 70: 169-84.

Van Valen L. 1976. Ecological species, multispecies, and oaks, Taxon 25: 233—-239.

Vidal, N., S. G. Kindl, A. Wonge, S. B. Hedges. 2000. Phylogenetic relationships of
xenodontine snakes inferred from 12s and 16s ribosomal RNA sequences.
Molecular Phylogenetics and Evolution 14: 389-402.

Zaher, H. 1999a. Hemipenial morphology of the South American xenodontine snakes, with
a proposal for a monophyletic Xenodontinae and a reappraisal of colubroid
hemipenes. Bulletin of the American Museum of Natural History 240: 1-168.

Zaher, H., Apesteguia, S., & Scanferla, C. A. 2009. The anatomy of the upper cretaceous
snake Najash rionegrina Apesteguia & Zaher, 2006, and the evolution of
limblessness in snakes. Zoological Journal of the Linnean Society 156: 801-826.

Zaher, H., Grazziotin, F. G., Cadle, J. E., Murphy, R. W., Moura-Leite, J. C. D., & Bonatto,
S. L. 2009. Molecular phylogeny of advanced snakes (Serpentes, Caenophidia) with
an emphasis on South American Xenodontines: a revised classification and
descriptions of new taxa. Papéis Avulsos de Zoologia 49: 115-153.

Zaher, H., Murphy, R. W., Arredondo, J. C., Graboski, R., Machado-Filho, P. R., Mahlow,
K., ... & Grazziotin, F. G. 2019. Large-scale molecular phylogeny, morphology,
divergence-time estimation, and the fossil record of advanced caenophidian snakes
(Squamata: Serpentes). PloS one 14: e0216148.

Zaher, H., & Rieppel, O. 1999b. The phylogenetic relationships of Pachyrhachis

problematicus, and the evolution of limblessness in snakes (Lepidosauria,
97



Squamata). Comptes Rendus de I'Académie des Sciences-Series IIA-Earth and
Planetary Science 329: 831-837.

98



Apéndice |

99



&I

‘ Canadian
Science

Pubkshing ARTI CLE

Taxonomy, allometry, sexual dimorphism, and conservation of
the trans-Andean watersnake Helicops danieli Amaral, 1937
(Serpentes: Dipsadidae: Hydropsini)

Mathalie Citeli, Julia Klaczko, Anderson Kennedy Soares De-Lima, Mariana de-Carvalho,
Pedro M. Sales Nunes, Paulo Passos, and Reuber Albuquerque Brandio

Abstract: The extensive lack of Inowledge on the morphological sspects of South American watesnakes incldes a poor
understanding of phenotypic parameters, inraspecific variation, and conservation of the rams-Andean Hdicaps species,
Daniel's Keelback (Helicops danidi Amaral, 1937). For the first dme, we provide a mulddisciplinary view using key features
(e, morphology and niche modeling) o improve the mxonomic recognition of this species, as well &8 describing o nioge-
netic color changes, allomeny, sexual dimorphism, and the conservalion stans of this poeody stadied smake. Frst, we
emended the morphological dibgnesis of H danmdeli with 23 characters and detected that juvenile @il kngh B positively
relted to allometric growth, and that juveniles differ from aduls throuegh the presence of the white machal collar Females
are larger than males lor snout-vent length, whereas males showed proportionally longer tails and smaller head length
growth. Suitable areas for H danidi are restricted 1o the rans-Andean regions Inom the Magdalena drainage to the Caril-
bean coast, which also showed high values of anthmopic impacts Owur multddisciplinary approach provided new insights
inte this South American watersnake's morphology, intraspecific vatdation, and distribution

Eey words: Daniel’s Keelback, ecolgical niche madeling, Heliope domdeli, linear moophometry, hemipenis morphology,
inraspecilic variaton, onlogeny, EXOHEY.

Résumé @ Le vaste mandgue de comnaissanoes sur les spects morphologiques des coulenvres dheau sudaméricaines com-
premd une piemre comprébension de paramétres phénotypigues, de la variaton intraspécifique et de la comservation d'une
eipece ramandine d"Helicops | Helioops damieli Amaral, 1937) Nows én présentons un premier portmil multidisciplinaire en
utilisant des déments clés (po ex. morphologie et modélisation de b niche) pour améliorer 1"identficarion taxonomdgque
e ledpéce, en plis de décrine des ﬂurg-hnh’:b de oolomation onlogénigues, Mallométtie, le dimorphisme seouel et I'état
de comservation de ce serpent peu émdié Mous modifions 4" abord le diagnostic morpholegigue de H danidi sur la base de
23 caractéres o relevom que la longuenr de la quese des spécimens uwniles prsente une relation positive avec la crods-
sance allomérrique e que les jennes spécimens se distinguent des adultes par la présence d'un collet mcal blane. Les
femelles sont plus gramndes que les miles en ce qui concerne b ongueur du musens 3 1'orfice anal, dors que les miles ont
des queses propotionnellement plus longues e une plus Gible crodssance de la longuenr de la tére. Les secteurs qui con-
viennent i Vespéce se limitent aux régions ransandines allant du bassin versant de Magdalena au Brtoral carilséen, qui pré-
senbent awssi de lors degrés d'impact de I'actvité umaine Notre approche multidisciplinaire fournit de nouveaux
remeignements sur la morpholegie, les vadatdons imraspécifiques et 1"aire de répamidon de ceme coulewvre deau sud-
amércaine. |Traduit par la Ré&laction)

Motzclds | modélization de la miche écolrique, Helicop danieli, morphométie indaive, morphologie de Ihémipénis, variation
intraspecifique, onloEe nése, EonoTmie.
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Introduction

In geneml phenotypic tmits are responses to evolubdonary forces
that drive adaptations to different niches ar environmental con-
siraints on nafure, thus producing a myriad of morphologies
and lifestyles je.g, Pizzattoetal. 2007; Cicero e al. 20240). Snakes
ame very interesting models for evolufionary biokegy smdies when
considering their unique baupline (Bmndley et al. 2008, successfil
perfommance as predators (eg., Pizzatio et al. 200%; Whitford ef al.
201, and their ahility to e sveral, and sometimes extreme, habi-
tats jeg, Semura et al. 207, Rasmussenetal 2011 Fabre et al. 2006).

As with other verebrates, the morphological pattermns of snakes
can be explained both by phylogenetic inertia (YWesteen et al 2020)

and by ecological presures (Klaczko et al. 2006). Some phenomena
are wsually understood as a result of inraspecific variability (sena

EKlingenberg 2005, Murta-Fonseca and Fernandes 2016), such as sex-
ual and ontogenetic differences — inchding allomeiry — between
certain charaderistics (eg., Shine 19%94a; Murta-Fonseca and
Fernandes 2016; Tamagnin et al. 20018; Loebens et al. 200%; Aberg
et al. 2020} On the other hand, intraspecfic variation in snakes
between sexes and ontogenetic trajeciory show that subtle differ-
ences are selected by behavioral and ecological pressures, such as
sexual selection, prey types, and habital (or microhabitat) use.
Within these intraspedfic variations, there are some recurrent
examples, such as greater body lengths of adult males that present
rmale-male combat (Shine 1978, 19%4Y), different head shapes and
sizes between males and fermales that d epend on dietary preferences
{Shine B4l; Vincent et al. 2004}, maore variable head sizes in adult
rmales compared with females in semifossorial snakes (Abepr ef al.
2020, and larger fermale aquatic snakes (Fitch 1981 Camargo of al.
202 Garcia-Cobos ef al 20240,

The genus Helmps Wagler, 1828 comprises 19 ourrently recog-
nized species of watersnakes that are widely distributed across
South America ({Moraes-daSilva et al. 2019 2021; Mogueira et al.
201%). Despite their richness and relevance in aguatic ecosys-
tems, there are deep gaps in the knowledge of their morphology,
taxonomy, systematics, and conservation (Bmz et al 2016; Murphy
et al. 2000 Momes-da-Silvaet al 2021).

Ammnaral | 8237 described Daniel's Keelback |Hddops dosdell Arnaral,
1%37) based on a single spedmen from Carare = Carare River),
Colombia, and proposed that the new taxon is related to another
two spedes, the Mountain Keelback {Helicops angulatus (Linnaens,
1758)) and the Ladder Keelback (Helioops scalaris Jan, 1865). Years
later, Yuld {19494 | examined two more specimens (one fernale and
one male) and briefly described the spedes’ hemipenis. Posteriorhy,
Rossman (20024} examined 44 specimens of H. dedel and chamcter-
ized the species as having dorsal scales in a B 17 series; between
125-135 venimal scalesin malkes and 130141 veniral scales in fernales;
between 786 subcandal scales inmales and 670 subcandal scales
in females; a spotted dorsum; and a venter with sernilunar marks
amranged in interrupted lines over a clear hackgmund Correni by,
the species & known to be endermic to Colombia, eomiming in seven
country regions throughout lowlmds and moderately elevated
uplands, ranging from the Magdalena drainage to the Caribbean
coast | Rossman 2002a).

Helicops dardel is the only congener that is endemic to Colom-
bian cpastal forests and is resricted o the rans-Andean region.
This species has been poorly smdied in terms of its morphological,
anatomical, and conservation aspecis (eg., Braz et al. 2006, 2018;
Moraes-daSilva et al. 200%, 2021} The distdbuton of H. dedell has
also been misminderstond, appearing only in Colombian species
lists {Daniel 1%44%), and regional inventories (eg., MedingBangel
2003 Bulz 20M; Angarita-M. et al. 2005; Lynch 2015), with a dubious
ds-Andean record in Vaupés, Colombia (Yuld and Castafio 598
Despite the taxonomic studies developed by Yuki (1994 and
Bossman (20024a), the diagnosis of H. dandeld is still in its initial

stages, especially considering the advances made in the taxo-
nomic gaps and geographical ranges of the genus in the last
10 years (thus reducing the Linnean and Wallace shortfalls for
South American watersnakes) (Kawashim-Ribeiro et al. 2003;
Costa etal. 2006; Moraes-da-Silva e al. 20019, 2021).

Herein, we are interested in (i) providing new data on the tax-
onomy of the spedes and emending the H dandell diagnosis;
i} evaluating if the presence of the white michal collar varies
according to age; (8 testing for entogenetc and statc alometry
) testing if H dondell has sexual dimorphism, e, presenting
females that are larger than males, which is acommon patternof
ather watersnakes; and (v) revisingthe disribution and conserva-
donaspects of this enigmatic species.

Materials and methods

Sampling and morphological dharacterisd o

We examined 124 specdmens of H. dandel housed in the fiollow-
ing instimtions: Insttutn Butantan {(BSF), 580 Faulo, S80 Paulo,
Brazil; Instimio de [nvesigacdn de Reamrsos Biolégoos Alecander
von Humboldt {LAvH), Villa de Leyva, Bovacd, Colombia; Museo de
Historia Natural, Universdad de La Salle (MLS), Bogotd, Cundina-
marca, Colormbia; Museu de Lodogia da Universidade de 550 Paulo
(MELSF), S50 Paulo, 530 Paulo, Brazi; Museo Javerano de Historia
Matural “Lorenzo Uribe, 5.7 (MPLU]), Pontifida Universidad Javeri-
anma, Bogotd, Cundinamara, Colombizx Univerddad de Los Andes
(UNLANDES-R), Bogotd, Cundinamarca, Colombia; Universidad
Indugrial de Santander (U15-F), Bucaramanga, Santander, Colommbia
and Institubo de Ciendas Maturales (LCN-R), Universidad Nadonal
da Colombia, Bogotd, Cundinamarca, Colombia Institurional abboe-
viations follow Sahaj (2020). A complete st of spedmens is provided
inSupplementary Table 51

We followed Dowling (1951) and Moraes-daSilvaet al. (200%) for
meristic and pholidosis characters: data on the congeners with
irans-Andean records compared with H. dandeli was acquired
from Rossman (20028 for H scalark and from Bossman (1976 for
Shreve’s Keelback | Helicops pastame Shreve, 1934 ).

W followed Moraes-da-Silva et al. (2001%) for the measurements
aof the following morphomeiric characters: snoni—vent length
15V, tail length (T, eye diameter (ED), head length (HL), head
width (HW), and snont kength (5L = eye-nosiril dismance). We
also measured eye—-mouth distance (EM), from the upper tp to
the lower border of the eye; head height (HH), from the medial
pordon of parietal scales o medial portion of chinshields (= the
highest point of the head); and interocular lengih (IL) between
the outer barder of the supranoular scales. We took all measure-
ments using a digital caliper to the nearest =001 mm, except for
SV0L and TL measurements, where we used a flexdble ruler to the
nearest millimeire. The sex of individuals with no everted herni-
penis was identified through an incision at the hase of the tail to
detect the presence of hemipenes and retractor muscles. To com-
pare our results about dimorphism with other spedes of the ge-
nus, we compiled data from the literanr e for the morpho metric
traitsSVL, HL, and TL.

To complement the description of the hemipenis of H dandel
presented by Yuld (1994, we extraced, everted, and prepared the
hemipenis of the preserved spedmen AMMH 97461 following
Pesanbes (1994) and Zaher and Prudente 2003). The fully everted
hemipenis was filled with peiroleum jelly to ease the visualization
af the ormamentation strudhures, and we followed the terminolkomy
af Laher (1999 for the description. The organ was photographed,
mamially dmwn, and digiized All morphological measuwrements
were taken using the mage] software version 1RO (Rashand 2016).

We evalnated the condition of the white nuchal collar = juvenile
collar) to test the putative relationship between collar conspiomity
and age For this, we defined three categores (1) present, white

'Supplementary table and figurs are available with the artide at hitps ol oI 9 =20 2H73.
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collar comsploumsly visible and well defined; (2) smooth, white col-
Lar not clearly visible and poorly defined; and (3) absent, white collar
abgent or indigtine from the background dorsum

Staristical analyses

It was not possible to use all the samples for all the analyses
becanse some specdmens were not sxed, had a broken tadl, or had
damage to the pholidoesis Therefore, we ermployed different datasets
for each analytical approach {) the dataset used for the emended
diagnoss and variation comprised &1 individuals (36 fermales and
25 males, of all ages); {#f) the damset wsed for sesxmal dimorphism
and satic allometry analyses comprised only adults (32 females
and 32 males); and {if) the dataset used for ontogenetic allometmy
comprised 72 adults and 41 juvenies with indefinite sex. Since the
analysis of ontogenetic allometry was aimed at identifying the
differences between growith rates between ages, the potental
sexual differences between juveniles were not considered.

Since the mnge of SV0L related to Sescual matnty among Hellops
species is high, ie., between 215 and 387 mm in males (Scartozzoni
200%),* and this information for H. dandell is sdll unknown, we
employed a combined approach hased on Rossman 20024 and
our observations of the white nuchal collar, which is an associ-
ated age-spedfic characeristic (= ontogenetic), for age-class esti-
mation were based on SVL Fossman 2002a determines that
H_dadell individuals with more than 230 mm are subadults and
adults, and highlights the fact that the white nuchal collar may
be a juvenile characteristic, fading with increasing SVL. There-
fore, we used a Kruskal-Wallis test to estimate the effect of age
on the presence of the white nuchal collar using SV0L as a proxy
for age class (see the Results section). Finally, to avaid the incu-
sion of subadults as adults in our analyses, we chose o use a
conservative threshold, Le., we only considered s pedmens with
SVL of mare than 250 mm to be adults.

Before performing the alloretric anal ysis, we imputed 16 miss-
ing values {0 8% of the total dataset), to avoid substantial data loss
by remaoving acomplete set of observations for a given spedmen,
using the MissForest B package (Stekhoven and Buhlmann 2002).
All morphometric varables were log-ransformed to ensured data
nomnality and homogeneity. Prior to the analysis, we test for data
nommality and homescedasticity. Static and ontogenetic allometny
were tested using the slope test funcion on Smatr B package
{Warton et al. 2012). We estimated the allometric coefficient for
each maorphological trait, using the allomettic equation y = a + «
where a is the intercept andb corresponds to the slope of the lin-
ear regression of the trait value against VL Slopes that are not
statistically different from b = 1 indicate isometry, whereas val-
ues significantly higher or lower than b = 1 indicate positive or
negative allometry, respectively (Warton et al. 2006; De-Lima et al.
201%9). We employed ANCOVA tests to identify the differences
between the regression values of adults versus juveniles and the
0% regression values of males versus females (dimaorphism). We
also estimated an index of sexual dimorphism following Shine
{1%54h), which is expressed as pozitive when females are larger
than males and negative when males are larger than fernales. All
analyses and graphics were performed using B environment ver-
sion 3.4 1{R Core Team 2021).

Endemism and potential distriboton mode] ing

We recorded all the geographical coordinates of H dandeli
ooourrences provided by the collections. For spedmens without
geographic coor dinates (< 3006 of the total dataset), we georefer-
enced the specimen’s recordsthrough asearch by collection loca-
tions using Google Earth see Supplementary Table $11." We also
converted allcoordinates to dedmal degrees nsing 84 De% projec-
tonand removed all duplicates. To identify the ecoregions where
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H dandell ocours, we used the shapefile of World Ecoregions 2017
(inerstein 20 7). Furthemmaore, to identdfy the anthropic influ-
ence values on the distribution of H. dandel, we used the Human
Foaitprint (HFP) index. This index & hased on a quantitatve anabyds
af human influence across the globe, where 0 represents no impact
and 50 is the maximum impact value (Venter et al. 2016a, 20060).
We extracted and caloulated the median and modal values of the
hurnan foot print for each region with H dandell ocourmence.

Tio build distributon models, we downloaded 19 climate varia-
bles plus elevation, available on the WaorldClim — Global Climate
Data version 2.1 | hitps:;fewwoworldolimoorg), for the cument period
{between 1970 and 2000), with a resolution of 2.5 arc minutes
{ca. 5kam = 5 kan) (Fick and Hijmans 2017). We then performeda
prindpal component analysis (FCA) and Pearson's correlation
to choose a subset of variables that were not correlated (= < 0.7).
These anabyses were performed udng vegan (Oksanen et al 2008,
dismo (Hijmans et al. 2007), and rgdal packages (Bivand et al. 2005).
We selected the wariahles according to the ecological niche
parameters of Helicops (Avila et al. 2006; Moraes-da-Silva et al.
200149, 2021; Murphy et al. 2020), such as temperamire seasonal ity
(BICHM, annual tempermtire range | BIO O7), precipitation of wettest
maonth (B0 13), predpitaton seasonality (ELO 15), and elevation
{elev).

We used the maximum entropy algorithm *MaxEnt™ (Fhillips
et al. 2006) to identfy the potential distribution of H. dandeli, con-
sidering its high performance and lower sengtvity to posible geo-
grmphical positoning ermors (Hijmans and Gmabham 2006; Fourcade
et al. 2014; Funguist et al. 200 Ooormences were randomly sepa-
rated into 70% of all records for teaining and 20% for validating the
mdel, with 100 bootsirap peudoreplicates To asess the model
performance, we used the area under the receiver operating ¢har-
acteritic (ROC) curve jarea under the curve (AUCH, where values
closer to 1 indicate a better agreement between model outputs and
the test OOOIrTenoes.

Results

Taxonomy
Helicops dandell Arnaral, 1937
(Figs. 1A-10%

womre |uvenile fernale, [BSP 9872, donated by Brother Daniel
of the La Salle Catholic Order, collected on an unknown date,
frorn Carvare River, department of Santander, Colombia. The sped-
men was lost in the accdental fire that affected the Herpetological
Caollection “Alphonse Richard Hoge® of the Butantan Instimte, on
15 May 2000 (F. Grazziotin, personal communication, to M. Citeli,
7 September 2020).

EMENDE T Helirops dandeli can be distinguished from all its
congeners by the following unique combination of characters:
(1) scale rows in series of 20-19/1%20-1%-17; |2) preascilar single;
(3 ) postoculars twe (4) temporal formula 243; eight supralabials;
5) fourth supralabial usually contacting orbit (6) two pairs of
chinshields; (7] posterior chinshields in contact = without inter-
genial scales); (B) 10 infralabials; (%) 130-145 veniral scales in
females and 125~ 5veniral scales in males; |10) 38-71 subcandals
in fernales and 7T3-86 subcandals in males; (11} cdloacal plate always
divided; (12} subcandals divided {throughout the taill (13 keeled
dorsal scales, but weakly in pamveniral region; | 14) eye bigrerthan
its distance to oral border| L4%]; (15) internasal wider than Long, tri-
angular in shape touching the rosiral; (16] nasals semi-divided;
{17) dorsum and tail covered by four or five lines of droular spots;
(18] dorsal spots 2-3 scales long (1) posterior region of the head

R Scartozoni. 2000, Etmtégias reprodutivas & smlogia alimentar de serpentes aqudtias da trba Hydmmin (Dippadidas, Nensdontinas), Tnpublished

PhUIh thesis, Universidade de 830 Paula, S50 Faula, Brasl
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Fig. 1. Morphological vadation of Daniel’s Keelback (Helicops danieli): (A) uncollected specimen from Caucasia, Antioquia, Colombia,
photographed in life; (B, C) dosal and ventral views of the adult preserved specimen UIS-R #464; (D, E) dorsal and ventral views of the
Juvenile preserved specimen IAVH 7757 showing a white muchal collar. Photographs taken by, and reproduced with permission of, Heman
Martinez (A) and Nathalie Greli (B-E). Color version online.
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Fig. 2. Sulcate and asulcate faces, respectively, of the rght hemipenis of specimen AMNH 97461 of Daniel's Keelback (Helicaps danieli).
Scale bar =50 mm In the inset, arrows point to the area between the lobes containing a longitudinal row of papillie at sulcate (top) and

asulcate (bottom) faces.

with a stripe that starts from the junction of parietal scales to first
dorsal spots, forming a dark nuchal band; (20) supralabiak yellow-
ish with the first ones (1-4) brownish; (21) whitish infralabials with
brownish spots in the sutures and in the region of contact with
chinshields; {22) yellowish~<olored venter with two semilinar
marks on each ventral scale; (23) whitish gular region with some
brownspeckled spots.

HEMIPENE REDESCRITION: Hemipenis elongated, bilobed, bicalycu-
lated, and semicapitated (Fig. 2); sulcate and asulcate faces sur-
rounded by lateral spines that increase in size from basal region
toward lobe apices; sulcate face shows 44 spines, arranged on
each half of hemipenial body; intrasulcular region nude; asulcate
face of hemipenial body nude, except for two longitudinal rows
of lateralized spines, each composed of five to six spines; each
lobe swrounded by seven to nine spiral rows of small papillae,
and the area between the lobes with a longitudinal row of papil-
lae; the total length of the organ is 22 mm, and the width, meas-
ured at hemipenial body and before capitation, is 1234 mm; the
mean length of the lobes is 55 mm, corresponding to 25% of the
total length of the organ; the mean width of the lobes, measured
in the middle of the structure, is 4.6 mm; sulcus spermaticus
bifurcates at the first third of hemipenial body (3 mm from the
base of the organ) and centrifugally oriented starting from the
base of the organ, to median portion of sulcate face, lateral of
the lobes and top of the lobes.

vaxumon: Scale rows usually in 1919/17 series (n = 48, about
78.7%), 19/19/19 (n = 11; 18%), and rarely 20119117 (1 = 1) or 20/19/20
{n=1; less than 0.02%); single preocular {n = 60), rarely two {n =1);
two postoculars (n = 61); temporal formula usually 243 (1 = 42),
2+2 {n =15}, and rarely 1+2 (n =2); supralabials usually eight {n = 56
and marely nine {n = 5); fourth supralabial usually contacting orbit
{n = 57), rarely fourth and fifth (n =2) or only the fifth {n = 2}, two

pairs of chinshields n = 61); infralabials usually 10 {n =50}, 11{n = 8),
and rarely 9 (n = 1); first to fifth infralabials contacting anterior
pair of chinshields (# = 57) or rarely first to fourth (n = 3); sixth
to seventh infralabials contacting posterior pair of chinshields
{n = 57) or rarely fifth to sixth (n = 3); posterior chinshields in
medial contact {= without intergenial scales)(n = 61); 130- K5 ventral
scales in females (13761 £ 3.08, n = 36}, and 125-135 ventral scales
in males (1314 £ 334, n = 25); 58-71 subcaudals in females
(6452 * 253, n=24) and 73-86 subcaudal s inmales 77.05 £ 526,
n = 18). cloacal plate always divided (1 = 61); subcaudals divided
(throughout the tail) (n = 61); total length of the smallest (juve-
nile) specimen is 217 mm (male) and of the largest specimen is
909 mm (female); eye is 1.4% bigger than its distance to oral bor-
der (= eye-mouth distance) (n = 55), rarely smaller {n = 6); inter-
nasal wider than long, triangular in shape (n =60), touching the
rostral in =51), or rarelyseparated by nasals {n =9); loreal as long
as wide (n=61); nasals semi-divided (n = 61); dorsum and tail cov-
ered by four lines of drcular spots (n = 40), sometimes five when
a vertebral line of spots is present {n = 21); dorsal spots 2-3 scales
long {n = 61); posterior region of the head with a stripe (starting
from the junction ofthe parietal scales) and extends to first dor-
sal spots, forming a dark nuchal band (n = 60), a single specimen
showed no stripe; white nuchal band evident in juveniles and
almost absent or indistinct in adults (see ontogenetic and static
allometry section);, supralabials yellowish with the first (1-4) brown-
ish (n =42, or with speckled brownish spots on all scales (n = 19);
whitish infralabials with brownish spots in the sutures and in
the encounter with chinshields (n = 56), or with speckled brown-
ish spots on all scales {n = 5); yellowish venter {anecdotal appoint-
ment, in life also with reddish tones) with pairs (1 = 55) or three
(n=6)semilunar marks on each ventral scale, the third line usu-
ally starts from the second third of the body, and rarely forms
two interconnected brownish lines across whole venter (n = 1),
whitish gular region with some brown speckled spots (n = 61)
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Tablel Ontegenetic alemetry in Daniel's Keelback (H o danie).
Difference in Difference in
allowme mic aljusbed it
Al etry apsedTicient (skope) sme i miberoe )

Trait Stage  Mean = 5D b A P Adjusted mean =50 F P F P

Snout—vent length 1 1B L1E — — — 576 — — — —
A 44178 = 1300H 576

Tail length 1 HR05 = 200,09 121 el <0 4.72 =3 750 L7 373 DG
A 14458 = 36.23 073 058 57 478 = 009

Head kength 1 130 =158 052 057 <10 28 = 0uE 1620 <AL DA% (L5
A ZRBZ =572 0.9 083 <Dl 291 = 0ur

Head width 1 Gl = 1.09 063 48 038 224 =006 418 i 143 023
A 13e =17 088 079 LB7 228 =0.E

Head height 1 B3 =081 0.75 i 053 195 = Q52 4.88 (1K1} 799 <.l
A G50 = 304 098 A7 023 193 = ud2

Intergcular length 1 363 =047 054 053 <D 156 = Qui 266 [FR i 316 08
A 589 =135 067 LG <D 156 = Qi

Snoant length 1 2k = L5 (115 ] (1K1 (15 141 = S 2568 (1R [T [13:3]
A 353 =11 0.75 0Le7 <l 141 = 2

Eve-mouth distance ] 118 = 020 054 033 66 43 =007 a72 <.l 0.88 035
A 235 =073 094 [VE ] 037 53 =002

Eye diameter 1 1L =023 053 056 <Dl LB9 = 006 3z 057 024 63
A 2M = DAY 0A7 L1 <10 W LAS = D2

Nutes |, juveniles; A, adults b= 1indica®es isometry, whereas a vale signifiantly higher or lower than 1 indictes posithve or negative allomeary, respactively.

Tradts that showed significant i ferenoes are set in baldfae ope.

that may form a siripe connected to the first ventral semihmar
spots (1 = 3%, and o the lateral spois of the head, forming a
“sickle-shaped” spot around the mowth (5 = 30).

compataoes: Only two other Hellcops spedes have trans-Andean
records: H pastazas, which is found in the Andean foothills, with
one record in the Magdalena River Valley of Colombia (Rossman
1976) and ather records from the southern portion of Maracaibo
Lake (Rosaman 1976 Markezich and Rossman 1992), and H. smlars,
which is resiricted to northwestern Venezuela and adjacent to
Colombiain drainages into Maracaibo Lake Basing Rosaman 20024,
In general, H. dandeli differs from all its congeners due to the oom bi-
nation of the spotted doraim with two lines of semihimar marks
on the venter (Rossman 2002a). Specifically, H. danddi differs foom
H. pastnzae and H smlanis by having scale mows wually in BB
s, 2323251 in H postazes and 21-2519-216—19 in H smlaris),
5871 aubcaudals in fermales (v 72-97 in H postazee and 67-81 in
H zralards), and 73-86 subcandals in males (v 9317 in H patzoe
and K96 in K scalarts), venter with two lines of serdhinar spots fvs.
venter with dark crossbands or alternating checkered pattern in
H._ pastazas and venter with black lateral or medial stripes, some-
times with interconnected checkered pattern in H scalans). Fur-
thermaore, H dasidell differs from H. pastazae by having two pairs
af chinshields in contact {intergenial scales present in H pastazag,
and from H scalars since fernales have [-M5 wenirals and males
have 125135 venirak (v 13-135 in females and 10119 veniraks in
rmales of H scalaris).

emniass: We found a H dandell fernale (lAvH B4, collected on
10 Movember 197 showing six welkdeveloped embryes in the
oviduct, with no sign of eggshell formaton, representing the
first record of litter size and thus confirming viviparity in this

species. The mean size of the largest coiled embryo was 3124 mom
in diameter. The meamrements of the fernale were SVL =730 mom,
tail length = 179 mm, head length = 3524 mm, head height =
1557 mum, head width = 1725 mm, interocular length = 696 mom,
eye—mouth dis tance = 308 mm, and snout length = .04 mm.

Untogenetic and static

We ident fied significant differences hetween presence and ab-
sence of a white nuchal collar between age classes (* = GRDGE,
P 0udi, 1t = 106), where 90% of juveniles showed a cear white
nuchal collar, of which 100 showed a smooth band, and only 4%
af adults showed a white nuchal collar, of which 36% had smooth
hands and &0 completely lacked a collar. The clear white nuchal
oo llar was found to be more related to younger snakes (less than
250 mmj {Figs. 1A-1E; Supplementary Fig. 51').

We foumd that @il ength was the only trait with postive allorme-
try in juvenies Head length, intemcular length, and eye diameter
showed negative allometry for both stages. Snout length only
showed negative allometry in adults. Tail length, head length,
head width, and eye—-mouth distance showed significant differ-
ences in allometric coeffidents between ages (see Table 1 and
Figs. 3A-12H). Despite isometric growth, head height varied accond-
ing to ontegenetic stage, showing different isometnic growth rajec-
tories fior juveniles and adults (Table 1),

Males and females showed the same allometric pattern, with
negative allometry for intercoular kength, snot length, eyve diame-
ter, and head length The latter also showed differences in the allo-
metric cpeffident bebween sexes|see Table 2 and Figs. 4A—4H).

Dimorphism in traims

The largest fermale SV0 was 730 mm and the largest malke SVL
was 490 mim. Femnales were generally larger than rmales, showing
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Fig. 3. (A-H) Regressions of eight log-transtormed morphometric traits vs. log-transformed body size (snout-vent length (SVL)) of Danjel’s
Keelback (Helicops damnieli) for both adults (black squares) and juveniles (gray circles).
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TableZ. Static allometsy in Daniels Keelsack | Haicops danied).

191

Dimepluism Dirmoaplizm in
in allommetric adpsed trait
Alloamer y coeflicient (slope) sime (imlencept)

Trait Sex  Mean £ 5D b i+ F Alugedmean = 500 F P F F

Enout-vent length F dARTE = A0 2 — —_ _ 591 _ _ _ _
M 33841 = Bk 4D 591

Tail length F 13173+ 4203 a4 L85 020 474 =00 189 LERES JAA9 <001
M 13635 = 3750 L0 076 12 499 = J.029

Head kength F 2402 = TAD [LE.)] 097 <. 303 = Quir4 4.57 (111 002 [15:5:3
M 1942 = 350 G B3 <000 303 = uid4

Head width F 1138 = 4.86 A9  OBS [T 242 = 0028 045 0S50 0.05 LE1
M 1039 + 2 57 [LE.)] L1173 [15:F 3 240 = Q)

Head beight F 969 = 168 093 (88 87 209 = (23 175 [ENE] 003 (1573
M TATI= 16d [Virl 21 240 = 0000

Interocular length F 592 =157 62 87 <. 167 = M6 027 (11 020 65
M 4.98 = (L75 053 079 <=0 166 = 06

Enout length F 35 =17 079 094 <.l 157 =5 M4 il i [T
M 467 =085 66 GBI 0.0 161+ 006G

Eye-mouthdistance F 13 + (A5 (1] 87 076 070 = (s 122 027 1040 iz
M 1.7 =037 [V 072 007 66 = 025

Eve diame ber F 172+ 065 51 073 <. 092 = 2l 056 6 065 42
M 245 =036 042 058  <0.Mr 094 = 0021

Note: F female; M, male; b = 1 indicaies isometry, whersas a2 wlue significant]y higher or ower than 1 indi@tes positive or negative dlomeary, res pectivel: Trats
that showed a significant difference for sexual dimorphism are setin baold face type.

larger VL, head length, head width, head height, interocular
length, and eye-mouth distance (Table 2). However, tail length
was the only dimorphic irait when using 5V0 as a covariate (F=
40452, P = <00, # = &4), and head length was equal for malkes
and females also when wsing $V0 as a covariate (Table 2 and for
data compiltion on Helicops spp. see Table 3). The index of sexual
dimorphism for K dadell was 032,

Distribution and conservation

We obtained 43 undque reconds of H. dondel] distributed through-
ot five Colombian ecoregions, with 65% of the records located
in Magdalena-Urabd maoist forests, 168% in Sind Valley dry for-
ests, 7% in ChoofDarién moist forests, 7% in Magdalena Valley
maontane forests, and 3% in Amazon-Orinoco—southern Carib-
bean mangroves (Fig. 5A). This species oocurs from sea level up
to MRS m above sea level.

Chr H dandell samples were collected between the years 1950
and 2018, and distributed across the following depart ments: Anti-
oquia, Atlinton, Bolivar, Boyacd, Caldas, Cesar, Chocd, Cérdoba,
Magdalena, Santander, and Sucre. The highest HFF values were
found in the departments Atlintco (median 14, mode K, Caldas
(median 10.7, mode 11), Sucre {median 1003, mode 17), and Cordoba
(median 1W027, mode 13} (Fig. 58], whereas the less impacted
deparonents were Magdalena (median %6, mode 15), Cesar (me-
dian 95, mode 16), Santander (median B2, made 10), Antoguia
(median 7.4, mode 4}, Boyacd median 7.3, mode 3), Bolivar jme-
dian 6, mode 4), and Chocd {median 3.7, mode 4).

The generated disiribution model showed high statstical per-
formance, with a higher mean AUC = 0963 = 0000 The area of
suitability for the ocourrence of H deidell was found to be re-
sivicted to bwlands and moderate highlands in northwestern
Colombia, in the surroundings of the Andes Mountain ranges,

with two well-demarcated regions in the ecoregion Magdalena—
Urabi moist forests and other portdons around the Lake Mara-
caibo, in Venezuela (Fig. 3CL The variables with the greatest
contributon to the model were temperamre seasonality (36% of
contribution) and elevation 274 %), followed by precipitation sea-
sonality (10.8%), anmal temperatre range (13%), and precipita-
tonof the wettest maonth |2.5%).

Discussion

In this study, we used a multidisdplinary approach to improve
the taxonomic, morphological, distribution, and conservation
efforis for a poorly undersiood aguatic snake, restricted to a
small biegeographical region of South America. We update the
species’ diagnosis, investigate two types of growth rates (e,
ontogenetic and static allometry), and report on sexual dimor-
phism in H. dandel. We also reassessed this spedes’ distributon,
detected anthropic impacts on its range, and indicate suitable
areas withinits distribution range.

(ur data confirmed most of the morphological variation
obtained by Bossman (2002a), with the exception of greater am-
plitude of variation for ventrals in fermales | B0-145 vs. 130-141 in
Rossman 2002a) and subcandals in females (38-T1 vs. &1-70) and
males [T3-B6 v, Te—B6). Helicops dandell is part of the Hellmps
species cluster, which has 1% dorsal scale rows in the middle
of the body (sensu Moraes-da5ilva et al. 2021} This group also
includes Leopard Keelhack (Hlops kopardins (Schlegel, 1837 and
H angulaus complexes (both widely distributed in South America),
Wied's Keelhack (Helirops anisdonides (Wied-Nenwied, 1824)) {south-
eastern and southem Brazl), Hélops imfrotaendatis Jan, 1865 (south-
ern and centrml-western Brazil), Sao Paulo Keelhack (Heliogs gotred
Arnaral, 1921, and Olive Keelback (Hdimps modstis Gunther, 1861)
feeniral-western Brzl), Hdlops phamtasma Moraes-da-Silva, Cedlia

+& Published by Canadian Sdence Publishing



B2 fan. | #Foal Val W00, B

Fig. 4. |A-H) Begressioms of eight logtmnsformed morphome ric raits v logrmansdomed body size Enout-vent kngh (5VL]) of Daniel’s
Keelback (Helioops dardeli) for both females (black squares) amd males jgray circles).

Tail length A Head length B

LOG Head length
w w
[ =] [

L
Lir]

24
50 5.5 6.0 6.5 &0
LOG SVL
Head width c
324 5 28
£ 287 =24
§ =)
z 2
h=]
:E 24 E 20
8 g
| 1 -l
20 - 16
. & i Ml
%o 5.5 6.0 6.5 5D 5.5 8.0 65
LG SYL LOG 5VL
Snout length E Interocular length F
211 225 =
B
= [
Em- 57
"
= .
g 1.5 g
=2
q
0.4l
50 5.5 6.0 6.5
LG SVL
Eye-mouth distance G
1.4
g
2] 4 = 1.2
1 1.0 i
=
£ L 1.0
g 0.51 £
E Sng
g
§ o D&
50 %45 5.5 6.0 6.5
LOG 5L

= Published by Canadian Soence Publishing



Citeli ot al

Table 3. Comparisons of el dimorphism in morphometric waits, snout-vent length (1), head length (HL, and tail length|TL) among the

speciesol the watersma ke genis Helioope,

Seual dimorphism
Species Morphometric bais 5VL HL TL Belerences
Mousntain Keelback, Haiops angulalis Yes F=M F=M F«<M Scartomon 20° Murphy e al 2020°
Helicops agrioka KawashitaRibeim, fvil and Morais, 2003 7 ? ? ?
Helicops boilaia MoraesDa-Sika, Cecilia Amare, Sales-Nunes, 7 ? ? ?
Srrissmann, Teixeira, Andrade, Sudnd, Recoder,
Rodrigees, Cuncia, 2019
Wied's Keelback, Helimps oo i dus Tes F>M F=M F«M Scartoeon X690
Damiels Keelback, Helioops danieli Yes F=M F=M F<M HRodiman 224" present study
Sa0 Pauly Keelback, Hicops goomes Yes F=M F>M F<M Scartoeson 200°
Hagmann's Keelback, Hebicops hagmanmd Tes F>M F=M F«<M Scartoeron 309°
Helicops infalaenias Tes F=M FeM F<M deAguinramd DiBermardo 2004,
Seariozroni 2006
Leopard Keebhack, Heioops koprardinmis Tes F>M F>M FoM Avilaet al 2006 Scamomson 2057
Olive Beelback, Helioops modestis Yes F=M F>M F<M Scartoeron 200075 Maiaet al 205
Helicops nertur ? ? ? ?
Shreve's Keelback, Haiops padame Tes F>M FxM F<M Rosasman 87 GaciaxColsos et al. 2020
Spiml Keelback, Helicops peiers Tes ? ? F«M Rossman B76*
Hedicops phunlasma ? 7 ? ?
MNorman's Keelack, Heiops pollepz Yes F>M FxM FoM Scamorsen 3097 Camargoet al. 207
Ladder Keelsack, Helimps scalaris Yes F=M F=M Fo<M Rossman 2020
Helicops tajpajonios Yes ? ? F<M Frota 265"
Equatorial Keelback, Helicops trviliaie Tes F>M F>M F<M Scartoeron 309°
Peru Keelback, Heliops yao ? ? ? ?

Mot F, female: M. male

*Aunthors presented only des oriptive data.
T4 fferences in head size were mnsidered subtle by the author.

Amaro, Sales-Nunes, Rodrigues and Curdo, 2021 (Tocantns—
Araguala Basing, and Helkops fapajoidcus Frota, 2005 (Amazonia
Basin} {Mogueira et al. 2001%; Murphy et al . 2020; Moraes-da-Silva
et al. 2021). However, with the exception of the H. kopardinus
complex {sensu Moraes-da-Silva et al. 2021), the spotted dorsal
pattern of H. dadell mainly appears in Helicaps species that are re-
siricted to the northern portion of South America, Le., Hagmann's
Keelback (Hdioops hagmannd Rousx, 1910), H. pastazae, Spiral Keelback
(Hallomops peters Rosaman, B76), Norman's Keelack (Helioops pohdepds
Gunther, 1861}, and Peru Keelhack (Heliopes yacu Bossman and [ixon,
1975) fpenan Moraes-dabibva et al 2021} The black sermdlunar ventral
marks of H dasddi are shared with H @dsdoefus, Hélops tehe
Costa Santana, Leal, Koroiva and Garda, 2006 (both from southeast-
ern Brazl), and Equatorial Keelback [Helicops trivifianes (Gray, 18449])
(A rmazon and Tocantins—-Araguaia basins) (Rossman 206; Nogueim
etal 2009 Costaetal 2006).

The presence of a white nuchal collar in B dandell juveniles
may play a disruptive role against visually oriented predators,
depending on the background of the niches exploited by develop-
ing individuals {Stevens et al. 2006; Stevens 2007). Other color
traits act more strongly on small individuals, as smaller rings
increase the effect of bhordng with the background for visually
ariented predators (Pough 1976). Hellops dasdell and many other
aquatic snakes hawe bright aposematic colors that are concen-
trated on the helly (Batistaet al. 2020), these characteristics likely
act as a defense mechanism against predation by carnivorous
fishes in aguatic environments (Batista et al. 2020). Thus, we
hypothesize that the presence of the white muchal collar in
H_dandeli, together with bright ventral coloration, may be driven
by selective forces, thereby reinforcing aposematichkdisruptive
nonconflicting strategies see Titcomb et al. 20 ) against terres-
trial and visually oriented aquatic predators.

The sexual dimorphism detected in H. dandel, where females
are larger than males, is widely domumented in snakes and is
cormman in aquatic species (Shine 1978; Shine 1994h; Fitch BEL;
for Helicops spp. see Table 3). Larger fernale body size is likely not

anly related to litter size and fat acoumulation for embryo devel-
aprment, but also for the use of different niche parameters (Shine
1986, 19494 4). Unlike many other studies with aquatic snakes jeg.,
Shine 1986, Houston and Shine ®©93; Shine et al. 2002) and with
Helicops (Table 3}, we did not detect fernales with proportionally
larger heads than males. However, our results are simi ar to those
found for the other three Helkops spedes: H angulabus fwhich
likely represents a spedes complex according to Murphy et al.
20, H hagmantd, and H catindeaidus (Table 3] Considering that
this trait may be triggered by ecological pressares related to diet
and habitat use(Shine W86 Camilleri and Shine 1990), ar by phylo-
menetic conservatsm (Westeen ef al. 2020), we believe that filling
in gaps in the knowledge of the natural history of Helloops spp.
through a phylogenetic approach can clarify the morpholegical
evolution of the group. The poportionally larger tails in males
mmay be due to three clasdc and non-excluding lypotheses: (1) *The
Morphological Comstmint Hypothesis® — to acoommaodate the
hemipenis jeg, King 198%: Shine, et al. 1998 Sivan et al. 2000
2] “The Fermale Repmoductive Outpit Hypothesis® — fermnales have
relatively shorter tails as a secondary result of natural selection for
increased reproductive capadty; or (3 “The Mating Ability Hypaoth-
egs” — an increased reproductive ability inmales jsexal selection)
(King ®E9; Shine et al 19949). However, we did not detect significant
differences in the allometric coeffident between adults from baoth
sexes for tai length, suggesting that malkes are born with a propor-
tonally larger tai, or acquire this ait during the juvenile stage,
thus both hypotheses should be tested in the future with neonates.

Although head height showed isometric growth in adults and
Juweniles, the differences in the growth coeffident of this trait
(Table 1) and for the allometric coeffident of head length and
head width between ages was ex pected, according to the propor-
tonal decrease in relative brain size during develo prment | Gould
1966; Phillips and Shine 2006).

Paradecdically, the area with the highest concentration of H dasde
records is ako one of the moest threatened regions in South America
due to the gold mining industry, in addition to other faciors such as

« Published by Canadian Sdence Publishing



Fig. 5. Distribution maps of Daniel's Keelback (Hebicops danieli),
including (A) occurrence in five Colombian ecoregions (ecoregions
base map: Dinerstein et al. 2017), (B) anthropic impact index on

H. danidi range distribution (buman footprint base map: Venter et al
20164), and (C) suitable aress for H. danieli potential occurrence in
Colombia and Venezuehl (elevation base map: Fick and Hijmans 2017).
Color version enline.

deforestation and river pollution & a result of agricultuml practices
{Sdnchez-Cuervo et al. 2012; Alvarez-Berrios and Aide 2015). Aquatic
snakes can act as bioindicators along River Basns (Haskins et al.
2021), as they are susceptible to wastewater and siltation. Conserva-
tion strategies for H. dandeli should be espedially directed toward the
Atlantic Caribbean region, which is ako the region with the highest

Can. } Zoal Vol 300, 2022

HFP values. As owr records were associated with nivers, we suggest
that H. dandeli populations should be monitored and that physiologi-
cal studies on this species should be performed, with the aim of
contributing to the management of water and bioaccumulation
(Fontenot et al. 2000; Haskins et al. 2021}

Finally, we found that H. daniell occwrrence in the Amazon Ba-
sin region was not suitable, even though one record (ICN-R 242)
in Mitd, Vaupés, Colombia, was reported by Yuld and Castano
{1998). Rossman (20024) confirmed the identification of this spec-
imen as H. daniell and commented that is probably wrong in ori-
gin. However, we cannot simply discredit the possibility of the
correct origin of the specimen, based on the possibility of human
transportation from trans-Andean locations or even the chance
that this specimen may represent an unknown species to science
with a general phenotype similar to H. danieli. Unfortunately, we
did not find the specimen in the ICN-R collection, but all our
records are from Caribbean drainages and at most ca. 1000 m
above sea level. We believe that the Colombian Andes (Cordillera
Oriental and the Sierra de Perijd) act as important physical bar-
riers to this spedes, which may also explain why we identified a
high suitability for H. danidi around Lake Maracaibo Basin, in
asociation with the absence of records there. A similar endemism
pattern is found in other Hydropsini snakes, such as H. salaris and
the South American Pond Snake (Pseudoeryx relictualis Schargel,
Rivas-Fuenmayor, Barros, Péfawr and Navarette, 2007), that are
restricted to the Lake Mamcaibo Basin (Rossman 2002b; Schargel
et al. 2007).
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Material suplementar de Citeli et al., 2021 — Helicops danieli

absent

smooth

present

0 200 400 600 800
SVL

Comparison between three categories of white nuchal band and age estimated by
Snout-vent length (SVL) in mm of Helicops danieli. Absent = white collar absent or
indistinct from the background dorsum — smooth = white collar not clearly visible and poorly
defined — present. white collar conspicuously visible and well defined.
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Table S1. List of records.
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Institution 2020)
Instituto de Investigacién de PFecursos Bicldgicos Alesander von Humbaldt IAwH
Instituta de Investigacidn de Recursos Bioldgicos Alexander van Humbald: lawH
Muzeo Javeriano de Historia Matural “Lorenzo Uribe, 5.7, Pontificia Universidad. P
Muzeo Javeriano de Historia Matural “Lorenzo Uribe, 5.7, Pontificia Universidad. P
Institute de Investigacidn de Recursos Bicldgicos Alexander van Humbaldt lauH
Instituta de Investigacidn de Recursos Bioldgicos Alexander van Humbald: lawH
Universidad Industrial de Santander us-R
Instituto de Ciencias Maturales, Univerzsidad Macional da Colombia ICH-R
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICM-F
Instituto de Ciencias Maturales, Univerzsidad Macional da Colombia ICH-R
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICM-F
Instituto de Ciencias Maturales, Univerzsidad Macional da Colombia ICH-R
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICM-F
Instituto de Ciencias Maturales, Univerzsidad Macional da Colombia ICH-R
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICH-F
Instituto de Ciencias Maturales, Univerzsidad Macional da Colombia ICH-R
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICH-F
Muzeu de Zoologia da Universidade de 5S40 Paula MZUSP
Museu de Zoologia da Universidade de 580 Paula MEUSF
Muzea de Historia Matural, Universidad de La Salle MLS
Instivuro de Ciencias Maturales, Universidad Macional da Colombia ICH-R
Universidad Industrial de Santander UIS-R
Universidad Industrial de Santander UIs-R
Muzea de Historia Matural, Universidad de La Salle MLS
Instituto de Ciencias Maturales, Univerzsidad Macional da Colombia ICH-R
Instituta de Investigacidn de Recursos Bioldgicos Alexander van Humbald: lawH
Instituto de Ciencias Maturales, Univerzsidad Macional da Colombia ICH-R
Instituta de Investigacidn de Recursos Bioldgicos Alexander van Humbald: lawH
Instituto de Ciencias Maturales, Univerzsidad Macional da Colombia ICH-R
Instituto de Ciencias Maturales, Univerzidad Macional da Colombia ICH-R
Instituta de Investigacidn de Recursos Bioldgicos Alexander van Humbald: lawH
Muzeo Javeriano de Historia Matural “Lorenzo Uribe, 5.7, Pontificia Universidad. P
Muzeo Javeriano de Historia Matural “Lorenzo Uribe, 5.7, Pontificia Universidad. P
Universidad Industrial de Santander UIS-R
Universidad Industrial de Santander UIS-R
Universidad Industrial de Santander us-R
Universidad Industrial de Santander UIS-R
Universidad Industrial de Santander UIs-R
Universidad Industrial de Santander UIS-R
Universidad Industrial de Santander UIs-R
Instituto de Ciencias Maturales, Univerzsidad Macional da Colombia ICH-R
Instituto de Ciencias Maturales, Univerzsidad Macional da Colombia ICH-R
Instituto de Ciencias Maturales, Univerzsidad Macional da Colombia ICH-R
Instituto de Ciencias Maturales, Univerzsidad Macional da Colombia ICH-R
Inztituto de Ciencias Naturales, Universidad Macional da Colombia ICH-F
Instituto de Ciencias Maturales, Univerzsidad Macional da Colombia ICH-R
Inztituto de Ciencias Naturales, Universidad Macional da Colombia ICH-F
Instituta de Investigacidn de Recursos Bioldgicos Alexander van Humbald: lawH
Instituto de Investigacidn de Recursos Bioldgicos Alexander van Humboldt 1AwH
Instituta de Ciencias Maturales, Universidad Macional da Caolombia ICN-R
Instituta de Investigacidn de Recursos Bioldgicos Alerander von Humbald: lauH
Instituto de Ciencias Maturales, Universidad Macional da Colombia ICH-R
Instituto de Ciencias Maturales, Universidad Macional da Colombia ICN-R
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICh-R
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICh-R
Instituto de Ciencias Maturales, Universidad Macional da Colombia ICH-R
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICh-R
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICh-R
Instituto de Ciencias Maturales, Universidad Macional da Colombia ICH-R
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICh-R
Muzeo de Historia Matural, Universidad de La Salle MLS
Museao de Historia Matural, Universidad de La Salle MLS
Muzeo de Historia Matural, Universidad de La Salle MLS
Muzeo de Historia Matural, Universidad de La Salle MLS
Museo de Historia Matural, Universidad de La Salle MLS
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICh-R
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICh-R
Instivure de Ciencias Maturales, Universidad Macional da Colombia ICH-R
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICh-R
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICh-R
Instivure de Ciencias Maturales, Universidad Macional da Colombia ICH-R
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICh-R
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICh-R
Instituto de Ciencias Maturales, Universidad Macional da Colombia ICH-R
Instituta de Ciencias Maturales, Universidad Macional da Caolombia ICN-R
Instituta de Investigacidn de Recursos Bioldgicos Alerander von Humbald: lauH
Instituto de Investigacion de Recursos Bioldgicos Alexander van Humboldt 1AwH
Instituto de Ciencias Maturales, Universidad Macional da Colombia ICN-R
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICh-R
Instituto de Ciencias Maturales, Universidad Macional da Colombia ICH-R
Instituto de Ciencias Maturales, Universidad Macional da Colombia ICN-R
Universidad Industrial de Santander UIs-R
Universidad Industrial de Santander UIs-R
Museo de Historia Matural, Universidad de La Salle MLS
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICh-R
Inztituto de Ciencias Maturales, Universidad Macional da Colombia ICh-R
Instituto de Investigacidn de Recursos Bioldgicos Alexander van Humboldr I&wH
Muzeo de Historia Matural, Universidad de La Salle MLS
Instituta de Investigacidn de Recursos Bioldgicos Alerander von Humbald: lauH
Instituto de Investigacidn de Recursos Bioldgicos Alexander van Humboldr I&wH
Instituto de Investigacidn de Becursos Bioldgicos Alexander von Humboldt 1AwH
Instituta de Investigacidn de Recursos Bioldgicos Alerander von Humbald: lauH
Universidad Industrial de Santander s -R
Instituta de Investigacidn de Recurzos Bioldgicos Alerander van Humbald: lauH
Instituta de Investigacidn de Recursos Bioldgicos Alerander von Humbald: lauH
Instituta de Investigacidn de Recursos Bioldgicos Alerander von Humbald: lauH
Instituto de Investigacidn de Recursos Bioldgicas Alenander van Humbald: 1AuH
Instituta de Investigacidn de Recursos Bioldgicos Alerander von Humbald: lauH

Voucher Latitud Longitude
number Locality Department  Country e [CN) (7)) Coordinate source
3512 Acandi Chocd Colombia  8.510058 77.2753583 svivmadbeshe cofiacein
3522 Acandi Chocd Colombia  8.51008 77.2753583 svbwmadbeshe cofiacein
283 Agustin Codazzi Cesar Colombia  3.31667 7325 Loaghs Farth
288 Agustin Codazzi Cezar Colombia  9.91667 T3.25 Foogle Earth
8514 Barrancabermeja Santander Colombia 712105 73595567 svbrmadbeshe cofacsion
3243 Barrancabermeja Santander Colombia 712105 73535567 svivrmad e e cofbosion
4243 Barrancabermeja Santander Colombia 712105 73.595567 Loogle Earth
1545 Barrancabermeja Santander Colombia 712105 73535567 svivrmad e e cofbosion
1550 Barrancabermeja Santander Colombia  7.12105 73595567 svivmedde she coflacsing
1547 Barrancabermeja Santander Colombia 712105 73535567 svivrmad e e cofbosion
1553 Barrancabermeja Santander Colombia  7.12105 73595567 svivmedde she coflacsing
1551 Barrancabermeja Santander Colombia 712105 73535567 svivrmad e e cofbosion
1549 Barrancabermeja Santander Colombia  7.12105 73595567 svivmedde she coflacsing
1544 Barrancabermeja Santander Colombia 712105 73535567 svivrmad e e cofbosion
1546 Barrancabemmeja Santander Colombia 712105 73539567 swbwmedeshe codaonin
1552 Barrancabermeja Santander Colombia 712105 73535567 svivrmad e e cofbosion
1543 Barrancabemmeja Santander Colombia 712105 73539567 swbwmedeshe codaonin
2144 Barranquilkha Atlantico Colombia 110027 T4.807014  svfmrmead e e coflacsion
2145 Barranquilha Arldntico Colombia 110027 74807014 sadmmede o codaemiang
T36 Barranquilkha Atlantico Colombia 110027 T4.807014  svfmrmead e e coflacsion
16 Barranquilha Arldntico Colombia 110027 74807014 sadmmede o codaemiang
3625 Betulia Santander Colombia 712269 73.455506 Foogle Earth
376D Betulia Santander Colombia  7.12804  73.454073 Faagle Earth
2132 Caucasia Antioquia Colombia 797352 7513856  svimad e she cofbcsion
1552 Cereté Cérdaba Colombia 8.88868 75.78I628 svirmad e she cofbesion
TTET Chimichagua Cezar Colombia 9.20083 73876383 svivmad e she cofbosion
11551 Chimichagua Cezar Colombia 9.20083 73876383 svivmad e she cofbosion
3821 Ciénaga de Betanci Cérdaba Colombia  8.43331 75966537 svirmad e she cotbcsion
320 CienagalaRaya Bialivar Colombia 7.74223 T3.405513 svimad e she cofbosion
2N Cimitarra Santander Colombia  B.31513 73348313 sviormad e she coflacsion
3636 Cuatrovientas Cezar Colombia  9.7018 73733783 svimad e she cofbacsion
471 ElBagre Antioquia Colombia 7.77032 74.78372 Foogle Earth
470 ElBagre Antioquia Colombia 7.77032 74.78372 Foogle Earth
924 ElBanco Madaglena Colombia  8.99d4 73365664 Loagls Farth
435 ElBancao Madaglena  Colombiz  5.3344 73363664 Foogle Earth
122 ElBanco Madaglena  Colombia  5.9344 73963664 Foaghe Earth
raz ElPasa Cezar Colombia  9.53641 7365511 Foogle Earth
4374 ElPaso Cezar Colombia 2.63651 73.68356T1 Foogle Earth
35814 ElPasa Cezar Colombia  9.66612  73.703254 Foogle Earth
3525 ElFasao Cesar Colombia  39.66612  73.703234 Faagle Earth
11548 ElPasa Cezar Colombia  9.66612  73.703254 Foogle Earth
11543 ElPasa Cezar Colombia  9.66612  73.703254 Foogle Earth
11553 ElPaso Cesar Colombia 9.66612  73.7032934 Loaghs Farth
1550 ElPasa Cezar Colombia  9.66612  73.703254 Foogle Earth
1560 Guarinocito, LaDorada Caldaz Colombia  5.34331 74.733225 sfarmadfeshe cofacsin
2024 slade Salamanca, SantaMart  Madaglena  Colombia 109667 74413675 svdwemedde the codiaceion
1334 slade Salamanca. SantaMart Madaglena  Colombia 1009667 T4 419678 sidwmend et coliacsian
5833 LaDOarada Caldaz Colombia 547207 T4.66TE56 svivmad e she cofbcsion
2001 LaDorada Caldaz Colombia 547207 T4.667356 sioemad b the cofaciiang
0512 LaDarada Caldaz Colombia 5.47207 74667856 svivemac' e sha codachian
5813 LagunalaPalagua Boyacs Colombiaz B.06226 74503783 svivemad by the codachian
0z62 Lorica Cardoba Colombia 3237568 79813714  ivformad e the cofiaciiang
0265 Lorica Cérdaba Colombia 9.23756  75.81371  svbemad'beshe codiachion
0264 Larica Cérdoba Colombia 9.23756  T5.81371  svivemad' by the codachian
0263 Larica Cérdoba Colombia 9.23756  T5.81371  svivemad' by the codachian
0250 Lorica Cérdaba Colombia 9.23756  T5.81371  svdmamac'fe s codachian
0266 Larica Cérdoba Colombia 9.23756  T5.81371  svivemad' by the codachian
0253 Larica Cérdoba Colombia 9.23756  T5.81371  svivemad' by the codachian
0260 Lorica Cérdaba Colombia 9.23756  T5.81371  svdmamac'fe s codachian
0243 Larica Cérdoba Colombia 9.23756  T5.81371  svivemad' by the codachian
T34 Magangue Balivar Colombia 9.24033 74752736 sviemad by the codachian
2235 Monteria Cérdaba Colombia 874824  TE.87845  svdbamec'fo s codachian
2343 Monteria Cérdoba Colombia 8.74824  TE.87845  svbemad by she codachion
2234 Monteria Cérdoba Colombia 8.74824  TE.87845  svbemad by she codachion
2183 Monteria Cdrdoba Colombia 874024 TS.87045  svbemed'beshe cofachin
0243 Maonteria Cérdoba Colombia 8.74824 7587845  sviemadbe tha cofaciion
0736 Monteria Cérdoba Colombia 8.74824  TE.87845  svbemad by she codachion
0255 Monreria Cdrdoba Colombia 574524 T73.87545 sviemad'be she codacmkang
0263 Maonteria Cérdoba Colombia 8.74824 7587845  sviemadbe tha cofaciion
0245 Monteria Cérdoba Colombia 8.74824  TE.87845  svbemad by she codachion
0ZET Monreria Cdrdoba Colombia 574524 T73.87545 sviemad'be she codacmkang
0244 Maonteria Cérdoba Colombia 8.74824 7587845  svfemadbe tha cofaciion
0257 Monteria Cérdoba Colombia 8.74824  TE.87845  svbemad by she codachion
0255 Monteria Cdrdoba Colombia §.74524 T795.87545 avormad e the cofaciiong
0256 Monteria Cérdoba Colombia 8.74824  TE.87845  sdvemad' e she codachian
123 Parque lzlade Salamarca Madaglena  Colombia  11.00dd 74685664 svimemad'fe s codachian
16 Parque |sla de Salamarca Madaglena Colombia  11.0044 74685664 ivfonmad bt cofiaciiag
0253 Pusblo Nuswa Cérdaba Colombiz 850413 75507475 sviemad' e the codiachion
0251 Puebla Nuswa Cérdoba Colombiz  5.50413  7S.50747S  svimemad' by the codachian
0252 Pueblo Nuswo Cardoba Colombia 5.50413  7S.50747S  ivformad bt cofaciiag
7340 uerto Romero, Puerto Boyac: Boyacs Colombia 5.83749 74.340733 sviemad'bethe codiachion
28 Puerta 'Wilches Santander Colombia 745727 73.746237 Faaghe Earth
FET Puerta 'Wilches Santander Colombia 745727 73.746237 Faaghe Earth
T35 Cuibdd Chocd Colombia 5.639524  76.643701 svbvmec' v she cofachin
1332 Cluibdd Chocd Colombia 5.69524  7E.643781 e b sha codiachin
1330 Cluibdd Chocd Colombia 5.69524  7E.643781 e b tha codiachinn
4115 Remedios Antioquiz Colombia 7.02743 T4.6350M  svioemea'be she codacmkang
2085 RioPonce (Porce] Antiogquia Colombia 683034 75110483  svivemad' by she codachian
5832 Fio Partana Caldaz Colombiz  5.5511 74673834 svivemad' by the codachian
2004 Riosucio Chocd Colombia 743753 7719175 svioemad'be she codacmang
2005 Riosucio Chocd Colombia 7.43783  TT1E1TS  sivfaemadbe tha cofaciion
2003 Riosucio Chacd Colombia  7.43783  TTI1E1TS  svbvemadbeshe codachian
1663 Sabanade Torres Santander Colombia 7.34573 73.433125 Googhe Earth
5561 San Benito Abade Suecre Calombiz 9.34 T4 907358 sfonmac'Se tha codiachion
5523 Sian Benito Abade Sucre Colombiza 9.34 T4.A0TI5E  simemad v tha codachian
5520 Sian Benito Abade Sucre Colombiza 9.34 T4.A0TI5E  simemad v tha codachian
5533 San Benito Abade Sucre Colombia 9.34 T4 A0TIEE  sedamodfo e codiachian
5533 Sian Benito Abade Sucre Colombiza 9.34 T4.A0TI5E  simemad v tha codachian
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Table S1. List of records.

(follows Sabaj Voucher Latitud Longitude
Institution 2020) number Locality Department Country e N) W Coordinate source
Instituta de Investigacidn de Recursos Bioldgicos Alerander von Humbald: lauH 5530 Sian Benito Abade Sucre Coalombia 9.34 Td.A0TISE  ivimemad b s codachian
Instituta de Investigacidn de Recursos Bioldgicos Alerander von Humbald: lauH 5535 Sian Benito Abade Sucre Coalombia 9.34 Td.A0TISE  ivimemad b s codachian
Instituto de Investigacion de Recursos Bioldgicos Alerander von Humbold: 1AuH o524 Sian Benito Abade Sucre Colombia 9.34 Td.A0TIDE  svbvmad e o cofacin
Instituto de Investigacidn de Becursos Bioldgicos Alexander von Humboldt 1AwH 5528 San Benito Abade Sucre Colombia 9,34 T4.907358 svbemad b tha coflackion
Instituta de Investigacidn de Recursos Bioldgicos Alerander von Humbald: lauH g8az2 Sian Benito Abade Sucre Coalombia 9.34 Td.A0TISE  ivimemad b s codachian
Instituto de Investigacidn de Recursos Bioldgicos Alexander van Humboldt 1awH 5521 San Benito Abade Sucre Colombia 9.34 Td.I0TISE  avonmad it cofaciiag
Instituto de Investigacién de Recursos Bioldgicos Alerander van Humbald: lauH 5525 San Benito Abade Sucre Calombia 9.34 Td.A0TISE  invioemac'be tha codachion
Universidad Industrial de Santander us-R 3128 Sian Martin Cezar Colombia  7.86026 T73.471365 Faaghe Earth
Instituta de Investigacidn de Recursos Bioldgicos Alerander von Humbald: lauH G4 Sector Las Cocos Madaglena  Colombia 10,1334 T4EI1525  avimemad'fe s codachian
Instituto de Investigacién de Recursos Bioldgicos Alerander van Humbald: 1AuH 38 Sector Las Cocos Madaglena  Colombia 10,1334 T4EIS2ZS  svdmemacibo she codachian
Instituto de Investigacidn de Becursos Bioldgicos Alexander von Humboldt 1AwH 39 Sector Loz Cocos Madaglena Colombia 10,1394 T4EI5Z5  ivdsemadbe e collactian
Universidad Industrial de Santander us-R 4536  ietor Puerto Matilde, Cantagall Balivar Colombia  7.03333 74.133233 Faaghe Earth
Universidad Industrial de Santander UIs-R 4613 ietor Puerto Matilde, Cantagall Bolivar Colombia  7.05007 74202513 Gogghe Earth
Instituto de Investigacién de Recursos Bioldgicas Alenander van Humbald: 1auH ETE6 Tierralta Cérdaba Colombia 817003 TE.OG257TE  mdsemadthe she coflastiong
Instituta de Investigacidn de Recursos Bioldgicos Alerander von Humbald: lauH ETE0 Tierralta Cérdaba Colombia 817003  TE.OG25TE mdsemaudhe the coflaction
Instituta de Investigacidn de Recursos Bioldgicos Alerander von Humbald: lauH ETE5 Tierralta Cérdaba Colombia 817003  TE.OG25TE mdsemaudhe the coflaction
Instituto de Investigacion de Recursos Bioldgicos Alerander von Humbold: 1AuH G754 Tierralta Cdrdoba Colombia 817003 TE.0G257TE  swiseme’bu st coftacning
Instituto de Investigacidn de Becursos Bioldgicos Alexander von Humboldt 1AwH a0z Tierralta Cérdoba Colombia 817003  TE.OB257TE svismadbe e collactian
Museo de Historia Natural, Universidad de La Salle MLS 7T Turba Antioguia Colombia  8.03368 T76.728583 mésmadhy the coflaction
Instituto de Investigacidn de Recursos Bioldgicos Alexander van Humboldt 1awH =1 Wia Parque de Salamarca Madaglena Colombia  11.0044 74655664 mvdmmeabe shs cofaciion
Instituta de Investigacidn de Recursos Biolégicos Alerander van Humbaldt lauH 122 ViaParquelslade Salamarca  Madaglena  Colombia  11.0044 74685664 sdaemadhe sha cotlaction
Instituta de Investigacidn de Recursos Bioldgicos Alerander von Humbald: lauH 173 ViaParquelslade Salamarca  Madaglena  Colombia  11.0044 74685664  mdasmadbe the cotlaction
Instituta de Investigacidn de Recursos Bioldgicos Alerander von Humbald: lauH 33 ViaParquelslade Salamarca  Madaglena  Colombia  11.0044 74685664  mdasmadbe the cotlaction
Instituto de Investigacién de Recursos Bioldgicas Alenander van Humbald: 1auH 3 WiaParquelslade Salamarca  Madaglena  Colombia  11.0044 74685664 mdaemathe she sofiastionn
Museo de Historia Natural, Universidad de La Salle MLS 181 *arumal Antioguia Colombia  11.0044  T4.685664 mdaemadhe the coflaction
Instituto de Inuestisacién de Flecur_sos Biolégicos Alerander van Humbaold: IF\iH 4212 Zaﬂbrano Balivar Coloﬁ 9. 75364 T4.597506  mdaemadtbe the cotiaction

115



Apéndice |

116



Zoologischer Anzeiger 256 (20ZZ) 91108

journal hamepage: www.elsevier.com/locateljez

Contents lists available st Scienceliect

Zoologischer Anzeiger
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ABSTRACT

We describe a new walersnake species of the gemnus Helicops Trom the left bank of the upper Madeira
Eiver, southwestern Amaronia, Brazil Due bo il spotbed dorsal pattem, it redembles the sympatric
spedes H hagmam, H leopardinus, amd H. palylepis, but a combination of Eatures inchiding, scale
counts, prominence of dorsal keels, and hemi pendsl mor phaology allows its unequivocal recogmition The
e & pecied il 50 @xhibils ovi pamus reproduction, represéenting the ourth egg-Lnying linesge re ported in
the genus. The evolution of viviparity among the linesges of Helicops comprises an important debate in
the field of the natural history of repriles, sspecially regarding the highly unlikely possibilivies of re-
versals from viviparly 1o ovipanty due to constraints of genetic, eonlogical, and physiological natune
Baied on such premises we reconsiructed the reproductive modes within the genus uSing 4 precon-
ceived topology and disarsded hypothe tical Soenarios for the @ mergence of viviparity depending on thres
peisgible positions of the new Laxon Finally, we alio provide condider stions on the 2 pparent restrction of
this snake tothe lel bank of the upper Madeira in the light of clasic biogeographic evidenoe that points
o the peoie mitial rode of this major river 25 2 vicardant element berween [aunss on it oppsite marging.

© 2021 Bsevier GmbH All rights reserved.

1. Introdudion

two latter genera( Grazziotinet al, 2012; Costa et al., 2016; Moraes-
da-Silva et al., 2019, 2021)

The tribe Hydropsini Dowling, 1975 comprises a clade of
watersnakes belonging to three widespread South American
generm, Helicops Wagler, 1828 (30 species), Hydrops Wagler, 1830
{three zpecies), and Pseudseryx Fitzinger, 1826 (bao species)
{Peters & Orejas-Miranda, 1970; Costa et al_, 2016; Moraes-da-Silva
et al., 2019, 2021; Uetz ef al, 2020; Murphy et al. 20230). Recent
molecular studies cormborate the current @xonomic system (e
Wallach et al, 2014), consistently recovering a component formed
by Helicops terminals as the zister group of a dade including the

* Correspandi ng authar.
E-mail addrecs: suellemwaltermantii@zmal loom (5 Walierman ).

hrtpes: [ aalarg I N4 | e 202112000
O044-527 i A121 Elsevier CmbH. All rights resemved.

Reganding the affinites among Helicops taxa, recent twpologies
recovered three well-supported clades revealing counterintuitive
evolutonary tendencies at leas concerning colour paterns
{Momes-da-Silva et al, 2019, 2021; Murphy et al, 2030) For
instance, the species exhibiing rounded spots  [namely
H hogmanni Roux, 19%, H leopandinus (Schlegel, 1837), and
H polylepis Gunther, 1861, and stripes |H. connicaudues (Wied,
1825), H infratoenizies Jan, 1865, and H. modesius Ginther, 1861]
do not reflect independent monophyetic groups, denoting homo-
plasies azzociated with the nao most common dorsal patterns in
the genus; by contrast, the taxa with dorsal zaddles zampled in
these studies [namely H angulates (Linnasus, 1758), H oeclops
Cope, 1868 and H. gomesi Armaral, 1921] did cluster in a clade, also
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sharing subcaudal keels as an additional putative synapomaorphy
(Costa etal, 2016 ; Moraes-da-Silva et al., 2019, 3021; Murphy et al.,
2120

Besides colour pattems, reproductive modes aleo reflect ho-
moplasies among Helicops lineages. In a comprehensive study
regarding the reproductive biology of Hydmopsini, Bazet al. (2016)
demonsirated that (i) the existence of oviparous and viviparous
species of Helicops implies up to three independent orgins of
viviparity in the tribe, and (ii] at least one Helicops speces
(H. angulanes) exhibited abimodal reproduction, possibly reflecting
o cryptc entities yef undistinguished by raditonal @xono iy
MNonetheless, the conclusions of Braz et al. (2016) relied on phy-
logenies which only inchided five Helicops taxa (H. angulzius,
H carinicaedus, H. gomesi, H hapnanni, and H inframsenianes ), while
the combined zam plesof the most recent topolo gies com pute more
than twice this number { Costa et al., 2016; Momes-da-Sikva et al,
20149, 2021; Murphy et al, 2020)

Among the 15 Helicops specieswith known reproductive modes,
viviparity predominates |nine lineages: H. cannicgedes, H. dameli
Armaral, 138, H. mfratoeniotes, H leopardinus, H  modesies,
H phantasma Moraes-da-%Silva et al, 2021, H. polylepis, H scaloris
Jan, 1863, and H. rivittoies (Gray, 18449 )], while oviparity appears
lesz  dizzeminated (three lineages: H. cpclops, H. gomesi
H hagmanni, and H pastozae Shreve, 1934) (Braz et al_, 2016, 2018;
Garca-Cobos and Gomez-Sanchez, 2019). In addition, theexistence
of at least one nominal species with bimodal reprduction |ovip-
amus and viviparous populations documented for of H. angulones |
indicates that this genus may become informative in smdies
regarding the ewvolution of repmoductive modes among reptiles
{Braz et al, 2016; Murphy et al., 2030

The long-standing dehate on the evolution of viviparity in
sguamates sup ports independent origins of viviparoustaka asmaore
likely than rewersals to oviparity (Lee & Shine, 1998; Griffith et al.,
2015). This reasoning considers that such reverszals would require
the re-ewolution of features in the machinery of the eggshell pro-
duction involving integrated morphological, physiclogical, and
genetic parameters that could hardly be redeveloped at the zame
time, comprising a far more complex process than multiple tran-
sitions to viviparty |Lee & Shine, T998; Griffith et al., 2015, but see
Pyron & Burbrink (2004) for an alternative point of wiew].

Regarding the tribe Hydropsini, by considering that the genera
Hydrops and Psepdoeryx are oviparous, ac well as the biological
restrictions of reversals from viviparity to oviparity ( Griffith et al_,
H015), it can be assumed that the emergence of viviparous spe-
cies within the genus Helicops occurred multiple times and inde-
pendently from an ovipamus ancestor. In that sense, the more
comprehensive zampling and the resulting topologies of recent
phyogenetic studies (e.g., Momes-da-Sibva et al., 2019, 2021) paved
the way to novel ezzays of reconstructing the reproductive modes
of Helicops, allowing for more accurate interpretatons of their
evolution

Considering the aforementioned knowledge on the reproduc-
tive hiology of Helicops and the recent advances in the systematics
of the genus (Kawashita-Ribeimo et al, 2013; Costa et al, 2016;
Momes-da-Silva et al, 2019, 2021), a new finding reported here
adds further elements to the discussion. While examining spotted-
patterned Helicops specimens housed in regional Brazilian collec-
tons, we recovered a sample con@ining 27 individuals from the
influence area of the Santo Antonio Dam (upper Madeim River,
western Braziliam Amazonia) sharng the checkered venter, 19
midbody dorzale, and moderate dorsal keels with H. leopandinus,
but exhibiting a light riangular enout spot that does not ooour in
thiz species. More curiously, and in additon to field observations,
our zample inclided one hatchling preserved with its egeshell

Foalsgivher Anreiger 296 (2022) 91109

indicating oviparity, which contrasts with the viviparous repmo-
duction of H. leopandines.

The only oviparus species ooruming in the region poszessing
dorzal and ventral colour patterns that resemble the one of our
zample is Helicops hagmanni, but the high midbody dorsal counts
(23 ) and srong keels of this tazoon did not match the pattern of our
specimens (19 dorals at midbody and moderate dorsal keels)
Thus, after detailed comparnisons with zamples of the most similar
congeners as well as literature data, we concluded that what we
had at hand represented a new egg-laying species of Helicops,
clearly distinguishable from all other counterparts. Here we
describe this species and explore its possible implications far the
evolution of reproductive modes in the genus. Finally, given the
importance of the Madeira River as a vicariant element in south-
western Amazonia (Wallace, 1852; fAvila-Pires, 195; Silva et al.,
2005 Dias-Terceiro et al_, 2015: Ferrao et al., 2018: Peixobo et al_,
2020}, we albo discuss biogeographical aspects assocated with
the distribution of Helicops taxa in the area, hopefully encouraging
future research efforts in the field of systernatics, taxmnomy, and
phylogeography focused on widespread species of these
watersnakes.

2 Material and methods
21, Specimens examined

Our zample includes the 27 specimens of our new species
candidate ( hereafter Helicops sp. nov.) as well a= 339 additional
znakes belonging to 18 Heboops taxa |[H. anguloms (N = 37,
H apiakn Kawashita-Ribeiro etal., 2013 (N = 1), H. bodnrer Moraes-
da-Silva et al, 2019 (N = 6], H. carinicaudus (M = 23], H danief
(N = 2], H gomesi (N = 4), H. hagmanni (N = 51], H. infretoeniones
(N = 17), H leopandinus (N = 68, H. modesms (N = 21), H nenmr
Costa et al., 2016 (N = 1), H. postazoe (N = 2), H peterd Rossman,
19% (M = 1), H phantasma (N = 2], H. palylepis (N = 56,
H scaloris (N = 2}, H. tapgjonicus Frota, 2005 (N = 3), and
H mrivittzmes (N = 16]]; sincewe did not have access o specimens of
H yrcu Bossman & Dicon, 1975, comparizons involving this species
rely on data from the orginal description (Rossman and Dison,
1975] The list of specimens examined appears in the Appendix
and institutional acronyrms follow Sabaj (2020), except for Colecio
Herpetoligica da Universidade Federal do Oeste do Para (URJPA-R,
Santarém, Para State, Brazil L

22 Geographic data

We obtained geographic data {coordinates and elevation of lo-
caliies) directly from the institutional catalogues (when available
therein) or estimated such information based on gazetteers (e.g.,
Paynter and Traylor, 1991) and the software Google Earth Pro
version 733 699, We constructed maps with the aid of the soft-
ware QGIS 3 4 Madeim (0G5 Development Team, 2019] using the
danuirn SIRGAS 3000,

23 Scalotion, tooth counts, and morphomemic data

‘We follow Moraes-da-Silva er al. (2019, 201 ) in @king all
measurements (5L and tail length to the nearest L0 mm, and head
proportions to the nearest 001 mm), tooth counts (on the right
rmiaxillary bone ), and scale counts [@ccept for ventrals, for which we
followr Dowling (1951)]. The *right side [left side” notation denotes
counts of both sides of head, while the *+~ zignal appears in ocular
and ternporal formnulas oneach ane of the head sides (e.g, “oculars
1+2°, “termpaorals 1+2+3%). Monetheless, instances of asymmetry
reganding oculars and temporals may also appear in the *right side
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{left side™ sy=temn (eg., “oculars 141 [14+27). Character states asso-
dated with keel prominence follow Momes-da-Sikva et al. (2019,
2021 ), with dorsal keels defined as “strong™ (as for H anpuelanes],
“weak” {as for H. modestus) and “moderate” (all intermediate levels
of prominence ).

24. Colour pattern

Information on colour patterns in life (e.g, details regarding the
tonality of spots and dorsum f'venter background colouration) relies
on photographs and field abservations of uncollected specimens
that were rescued from the influence area of the Santo Antonio
Darr, on the left hank of the Madeira River (vicinities of Porto Velho,
state of Rondania, Brazil] These specimens include one adule and
all 12 hatchlings of a clutch that, following the legal requirements
aszociated with wildlife rescue operations, were released in water
environments of the region, presumably free from flooding im-
pacts. We must emphasize that only a minor proportion of the
znakes obtained in the rescue operations (eg. severely hurt or
already dead individuals) were zent to the scentific collections, as
it hap pened to most specimens of the type series. Attribution of the
uncollected specimens mentioned herein to Helicops sp. nov. de-
rives from features of scale counts (19 dor=als at midbody), col-
ourmtion presence of a pale triangular snout spot), and prom inence
of keels {moderate) @ken in the field, before meleazing the
EpeCiMens.

Cualitative colourafion parameters in our analyses include
znout pattern (uniformn or exhibiting a mughly tdangular light
snout spot], general tonality of the dorsum back ground, and venitral
pattern. Meristic feanires of co louration refer to the number of spot
rows at midbody, number of black spots on trunk (counted
throughout the right lateral spot row, from nec k o vent), num berof
spots on tail (counted on the right flank, from a point immediatehy
posterior to went untl tail dp). number of hlotches on venter
{counted on the right margin of ventrals, rom neck to vent), and
number of blotc hes on venitmal surface of tail {counted on the right
subcaudal scales, from a point immediately posterior to vent untl
tail tip).

25 Sex determinabion and hemipenia momholagy

Specimens with externally exposed hemipenes were prompthy
recognised as males. Monetheless, to determine the sex of the
znakes that had no externally visible genitalia we performed a
chaort incision between the anteriomnost subcaudals to check for
the internal presence of inverted hemipenes. We everted and filled
the organs using the protocols of Manzani & Abe | 1988], Pesantes
(1934), and Zaher (1999), and used the techmiques of Lzzell
(1973) and Munes et al. (2012) to stain calcareous structures.
Anatormical termminckegy of hemipenial shape and omaments fol-
lonas Dhoneding & Savage ( 1960) and Faher (1999).

26, Swmbsticonl analyses

We performed statistcal analyses to compare means of
contnuous variables and assess sexual dimorphism, as well as o
imvestigate possible meristc differences between Helicops sp. now.
and the most similar and possibly sympatric congeners | Helicops
hagmanni, H lsopandines, and H. polplepis ). We treated these four
Eroups as operational taxonomic units, searching for statistcal
evidence that could corroborate the gualitative distinction of Hel-
icops sp. nov. from the other spotted-patterned Helicops ooouming
in sympatry. Since most other Heloops taxa differ remarkably from
Helicops =p. now. regarding evident qualitative (e.g., color pattemn
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and meristic {i.e dorsal counts) features, we did not include these
species in our statistical analyses.

The variables submitted to statistical tests for sexual dimor-
phizm included segmental counts (venirals and subcavudals), and
tail lengthitotal length rabdo. For comparisons among operational
groups, we used segmental counts, number of spots on unk,
snout-vent length (SVL) tail length, head length, and head width.

Our  first  approach  ireolwved  the  applicadon  of
Kalmogomv—Smirnoy and Levene tests to assess assumptons of
normnality and homoscedasticity. When such tests confirmed the
respective assumptions (P = 0.05), we used the parametric Analysis
of Variance (ANDOVA] to compare means; altematively, ifany of such
assumptons were violated (P < 005 ], we recumed to the Welch's
AMOVA test (Sokal and Rohlf, 1995; Lix et al., 1296; McDonald,
J008; Zar, 19949). We used Tukey's HSD (for AMOWVA) and Games-
Honeel] { for Welch's ANOVA) post hoc tests to express differences
bensesen groups in painwise companisons

We alzo performed the multivarate data-reduction procedures
of Principal Compaonent Analysiz (PCA) and Discriminant Function
Analyiz (DFA] wsing meristic (scale and =pot counts] and
marphometric (head and body measurements) variables to assesc
variations that could support the distinction of Hellcops =p. now
from other spotted congeners. With the PCA — an explorabory
technigue withouta prion definitio n of groups — we generated a set
of principal components ( hereafter PCs) that acoount for most of
the wariance in our original dataset and produced scatterplots
revealing the distibution of individuals in the multvarnate space
{Manhy, 2000). Monetheless, we employed the DFA to assess ifthe
variations in our meristc and maorphometric features allowed the
atribution of individuals to our operatonal groups defined a priori
(Manhy, 2000, and produced scatterplots revealing the segregation
levels in the multivariate space. For multvariate treatments, we
exc luded juveniles (to avoid problems associated with allometry),
and all adult specimens missing data for any of the variables. Bazed
on the similar zsize of full-grown adults of our spotted -pattemed
taxa, we used Helicops leopandines as a parameter for the mini-
mmiurn size of mature specimens |Le. all males with SVL =230 mm
and fernales with SVL »255 mm are considered adults { Avila et al.,
2006]). We express descriptive s@atstcs as *mininmwumm— .2 o m
(X + 50, sample size]", where ¥ = mean value, and 50 = standard
deviation. We used the sofnware SPSS Statistics TRO (SP55 Inc,
Z008) to caloulate descriptive statistics and perform tests of com-
parizon of means (ANOVA and Welch's ANOVA) while the multi-
variate procedures were developed in the R environment (wersion
362 R Core Tearn, 2019 We tested multivariate normality using
MVM packages (Korkmaz et al, 2014, while the PCAs and DFAs
employed respectively the *proomp™ function from STATS package
{wermion 362; R Core Teamn, 2019) and the *lda® function from
MASS package (Venables and Ripley, 2002)

2.7, Reconstruction of reproductive modes

We used the topology of Momes-da-Silva et al. (2021 to
reconstruct the evolution of repmductive modes within the gnus
Hehoops employing linear pasimony with the aid of the software
Me=squite 3,61 (Maddizon and Maddison, 2019 ). Besides the mpal-
ogy of Moraes-da-Silva et al. (2021), we infemred three distinct
hypothetical scenarios in which the posidons of Helicops sp. now
differ (zee Resultz). In that sensze, based on similarties that include
general colour pattemn (eg., presence of small rounded spots, a
chequered venter, and a light riangular snout =pot) and scalation
(e, presenceabsence of intergenial scales, dorsal counts, and
prorminence of dorzal keels), ourscenarios 111 respectively azzume
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the species H. hagnanni, H. kopardinus, and H polyepis az potential
sister groups of the new species candidate.

We followed Braz et al (2016 36) in considering *rep roductive
made” as a binary unordered chamacter, coding oviparity as %0° and
viviparity as “1°, with the bimodality of H angulenes reflecting bero
closely related lineages. Monetheless, we hemin attributed *¥
(mizsing entries) to H. boitata and H nentur (both with unknown
reproductive modes). Thus, based on Harbeeg & Oliver (1940: 25),
Garca & Ceballos (1994: 153 ) and Suazo-Ortufio et al. (2018) |all
reporting oviparity to Manolepis putnami (Jan, 1863 )], Margues etal.
(2M5) [for Xenopholis scalans (Wucherer, 1861) and our terminals
of Xenodontinae], Braz et al. (2016), and Moraes-da-Silva et al.
(2021) (both for Hydrmopsini), we obtained the following final
codification: Helicops angulanes (bwo terminals respectively coded
as 0 and 1), H boirata (7], H corivicawedes (1), H gomesi (0],
H hagmanni (0], K infreteenianes (1), H lsopandines (1), H modestus
{1} H nentur(?), H phantasma (1), H polelepis (1), Hydrops mian-
Fularis (Wagler, 1824) (0 ), Prewdoeryx plicanlis (Linnasus, 1758) (0),
Hydrodynastini Zaher et al, 2009 (0), Maonolepis putmami (0],
Peeudabaini Bailey, 1967 (0], and Xenophobs soalans (0 ). Finally, we
follows Lee & Shine (1998) in employing the terminology of *for-
wiard transitons™ (i.e., transidons from oviparty to viviparity) and
“reverse transitions™ (i.e. transitions from viviparity to oviparity ]

3. Results
31, Dorsal counts and qualitotive chanocters

Qualitative characters and dorsal counts supported the recog-
niticn of four distint operational taxenomic units among the
spotted-patterned Helioops of the upper Madeira River, three of
which attributable to the names Helicops hagmanni, H. leopandins,
and H poldepiz, while the fourth ane included all the 27 specimens
aof Helicops sp. nov. The maost informative features that distinguizh
the latter from these three valid taxa (character states in paren-
thezes/brackets) incude (i) the presence of a roughly triangular
light sniout spat (shared with H. kagmanni; absentin H lsopardinues
and H. polylepis), (ii] 19 dorsal scales at midbody |shared with
H leopandines; 23 or more in H. kagmann and H. paldepis, but see

Tabie 1
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Costa et al (2016) and Tahle 1 for the possible reconds of 21 dorsals
in H hagnaneei]; (iii] moderate dorzal keels (chared with
H leopardinus; strong in A hagmanni and H. pelylepis ), and (iv) the
presence intergenial scales (chared with H hogmanni and
H polvlepis; abzent in H leopandinus ).

The oviparous mode of reproduction [confirmed by one hatch-
ling preserved with its respective egeshell (UFRO-R 2749), as well
as field obsenatons (see notes an the section about habitat and
natural history)] represented compelling evidence supporting the
recognition of Helicops sp. nov as an independent entity; in this
region of the Amazonia, H. hagmaen comprizes the only other
spotted species with the zame reproductive mode, but the afore-
mentioned marphological characters (e, dorsal counts and keels
prominence) render both entities different. Finalby, Helicops sp. now.
has a unique hernipenis with asymmetrical lobes, unlike ary other
species of the whole tribe Hydropsini with known male genitalia
(zee Resultz on hemipenial morphokogy].

32 Sranstical analyses

The AMOVA andfor Welch’s ANOVA tests confirmed sexual
dirnarphizmin all the four operational taxonomic units. Males and
fermales  differed in subrawdal counts (Hebicops =p. now.
Fizz = 1307, P = 648 = 10-"; H. hagmanni: Fyzy = 6952,
P= 985 « 107" H leopardinus: Fss = 56.06, P = 892 « W,
H poldepis: Fy37 = TT206, P = 412 « W0-"") and tail length/total
length ratio (Helicops sp. nov.: Fim = 7382 P = 257 = W=
H hagmmni: Fjzs = 13785, P = 164 = W-% H leopandinus:
Fizsa = 5549, P = 468 = 0% H pddepis: Fiia = 2767
P = 450 = 10-%). Regarding ventral counts, only three of our
operational units exhibited differences between sexes ( Helicops sp.
nov: Fips = 688, P = 150 = 10-% H hagmanni: F; 34 = 2818,
P=7.00 = W05 H polylepis: Fy 27 = 823, P =790 = W *); while
our sample of H. kopardines showed no sexual dimorphism
regapding thizs parameter (H [eopandinus: F ss = U002,
P = 989 = 10~} Therefore, we performed all statistical compari-
=zons for males and fernales separately.

Reganding the PCA applied only to male specimens, the first bano
PCe accounted for 5502% and 2640% of the total variance,

Comparisons of the mast informative feamnes that distinguish Hedicops aoenguesy sp. nov. among all ather congeners. The indo rmation oomibines our origing] dataset with the
data prowvided by Kawashita-Ribeiro et al (2013), Costa etal (2016), Moraes.d a-&ila et a (3019, 3021), and Murphy =t 2l (2020). Bald fonts indicate parameters thar difier
Ibetwesn the new species and each of its counterparts. Asterisks denoe aounes fram the litemoure thar we consid et doubeful |21 dorsals at midbod yfor H hegmannd, see Cosg
etal (2016); 22 dorsals & midbody for H bepandinus, see Kawashis-Ribeino et ol (3013)) and the =7 indica® unlknown parameters for panticular taa.

Spedes Daorsal patern  Triangular snout spot Dorsals ar midbody  Supraldhials infralshislc Intergenizls Daorsal keels Reproductve mode
Halirqps arangusoy Sp. nov. Spom Yex 18- ] 10 Yex Modetaz Oviparous
Haliraps angularus Saddles Mo &) 29 2-1 Mo Srong Himodal
Halicaps gpigks Saddies o 189-21 24 a-12 Mo srong T
Haliraps baitam Hotches o 25 10 12-13 Mo Modeta® T
Haliraps ozriniomudus Sripes Mo &) 78 210 Mo WeakiMadetae Vivi paro s
Helirqps cydlops Sl dles L] k] ] 4 Mo Srong Himndal
Haliraps damsh Spos Na 1= -8 10-11 No Modetae Viviparo s
Halicqps gomes S dlex Mo = E] 10 Mo HErong rvipamous
Halirqps hagmanni Spos Yex 21+-27 ] 1012 Yex Srong hwipamons
Halicaps infromemisns HATipes o 1718 ] 10-12 Mo Modeta® Viviparous
Helirgps beopardinus Spom Mo 19—22e 210 -0 Mo Maodetae Vivi paro s
Halirqps modecius Hripes L] = ] a-11 Yex Wieak Wivi parn s
Haliraqps nentur Unifiorm o 7 S a-10 Mo Wieak T
Halicaps pesome pos o n-m3 10 10 Yes srong Owiparous
Helirqps petersi Spos S n-m S ] e Srong i
Halirqns phanizcma Hands L] 1= E 10 Mo Modetae Viviparo s
Heliraps polplepic Spom Mo -5 29 m-1z Mo Srong Vivi paro s
Helirqps soslkeds Hoiches L] 18-21 ] B-3 Yex Srong Wivipano s
Helirqps impajomia L ifiorm L] 1= ] a-11 Mo Wieak T
Halicaps mrivigan sripes o -z g4 1m-14 Yo MadeTae Viviparos
Hadirgps jocu o 7 528 g4 mn-1z Yo 7 7
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respectively. Tail length represents the most related variable with
PC1L while the number of dorzal spots on ounk represented the
mast related variable with PC2 Considering females, the PCA
resulted in the first wo PCs accounting for 50.52% and 30 68X of
the total variance, respectively. Head length and number of dorsal
spots an trunk represented the most related variables with PC1 and
PC2 respectively. For both sexes (Fig. 1 A—B), the graphic combi-
nation of the first two axes derived from scores of PCAs shows
considerable segregation of Helicops leopandinues and H polylepis,
while H hagmanni and Helicops sp. now. appear as entirely owver-
lapping clusters.

Regarding the DFAs (e, with operational groups determined a
priori], the scatterplot combining the two Arst awes derived from
soores of discriminant functions (Fig. 1 D) maintained the
identity of Helicops leopandinus and H. polylepis as independent
groups. Monetheless, although the scaterplot of fernales differed
little from the one of the pertinent PCA (Fig. 1 C), most males of
H hagmanni and Helicops sp. now. appear slightly discriminated in
the pertinent graphic representation (Fig. 1 D) In both DFAs, the
variables explaining the major proportion of the variance incude
head length (in males), tail length (in females), and number of
domal spots on trunk (both seces).

3.3 Taxonomic decision

(ualitative parameters and dorsal counts allow for the un-
equivecal distinction of Helicops sp. now. not only from the three
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et sirmilar and potentially sympatric congeners but also from all
other counterparts. Also, although our multvariate analyzes have
maostly failed to show segregations between H hagmanni and Hal-
icaps sp.nov., their results confirm the distinction of the latter from
atleast H leopandinus and H polyepiz Finally, although Helicops sp.
nov. and H. hagmanni share the oviparous mode of reproduction,
they differ unequivocally at least in dorsal counts {1 vs, 23-27)
and prominence of keels {moderate vs, strong), representing clearhy
dizstinct morphological entities. Therefore, we herein formally
recognise Helicops sp. nowv. as a new species thatwe describe inthe
following section.

331, Helrops acmegusy sp. nov

Holotype (Figs. 2 and 3L— An adult fermale (UFRD-R Z74E)
collected on Se;tenber?_?", 2011 {unknown collector], in the re-
gion of the municipality of Porto Velho, left bank of the upper
Madeira River, section Il of the inund ation areaof the Santo Anténio
Dam (9=2"56.0375% 64718 1T7.70°W, 86 masl ), Ronddnia state, Brazil.

Paratypes.— UFROD-R Z736, 273040, 2743, MPEG 25581,
25584, 2558788 (adult fermales); UFRO-R 2737-38, IR1—42,
FM5—4T MPEG 2557780, 2558283, MPEG 25585 (adult males);
UFRO-R 3070, 2744, 2740, 2750 (young males) All paratypes wene
collected in the same region of the holotype, from June 219 to
Movemnber 26® of 2011 (precise coondinates available in the
Appendix).

Diagmosis.— Helicops acmgusu sp. nov. differs from all con-
geners by the following unigue combination of characters: (1)
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Fig- 1. Scatterplots of multieariate an alysss (PCAx and DFAs ) app liad 1o e four operanional toeomom ic units of spoted- Heticeqps moogmised in tihis stody (bladk rlangles:

Helireps 5. now; grey ardes: H hgmen; grey squares: K. bopatioes; and imeerted grey mangles: . palylapis ) On o, the bisaniate plots wath 952 oonfi den oe reggions for the fime
two axes derived from soores of PCAS for females (A ) and males (| B); beldow, the branate plot with 353 confiden o= regeons for the first two Do desved from soones of DFA for

females (C) and males (D)
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Fig. 2. Dorsal and ventm! views of e holotype of Heliop arangussy sp. now Scale bars — 45 mm.

Fig. 3. Dorsal, Leeral (night and keft), and venwal views of head of the holotype of Halicops acongussy <p. now (URO-R ZA48). Scale bars ~ 0 mm.

dorsals 19-21/19/17-18 with moderate dorsal keels throughout 4™ with orbit; (6) infralabials 10/10; (7) intergenials separating the
the whole body length; (2) ventrals 121129 (121-128 in males, 2™ pair of genials (8) nasal semidivided; (9) one preocular; (10)
124-129 in females); (3) subcaudals 40—-67 (52-67 in males, two postoculars; (11) maxillary teeth ¥6—18 + 2; (12) hemipenis
#0—43 infemales); (4 ) subcaudal keels absent; (5) supralabials 8/8, semicapitated, lobes asymmetrical (one of the lobes distinctly
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lomger its counterpart], with medium-szed spines dispersed on
lateral surface of body; { 13 | snout exhibiting a tiangular light spot
(light tan in life] usually covering the mstal, intemasals, pre-
fromtals, and anterior borders of frontal and supraocculars; (14)
dorsum greenish grey, with five rones of black rounded spots,
smaller on flanks and increasing in size towards wvertebral lewvel ;
(15) 35—47T dorzal zpots on trunk (35—47 in males, 36—42 in fe-
males), and W—23 dorsal spots on tail (13—23 in males, W-15 in
fernales); (16) venter background yellowish cream, checkerad with
asyrmmetrical black squared blotches, mostly divided at midline
with their halves altemately displaced in opposite directions, and
(17) 37-52 black bands on venter (3752 in males, 38 —44 in fe-
males), and W—20 black bands on tail (13—20 in males, W0—14 in
fernales).

Comparisons.— Helioops acangussy sp. now. is distinguishahble
from 11 out of the 20 congeners by having small and rounded black
spots on dorsum (vs. saddles, in H. angularws, H. apiaka, H. gyclaps,
and H gomes; stripes, in H corincowedes, H infroomenisies,
H maodestus, and H mrivittaies; irregular bands, in H phanfasma, and
uniform, in A neniur and H. fapajonioes ). That leaves nine nominal
taxa with rmounded dorsal spots or blotches (H boitata, H. danieli,
H hagmanni, H leopardinus, H pastazoe, H petersi, H. polylepis,
H scalaris and H. yaow), which distinction from the new species
miust rely on other character sources (Tahle 11

Dor=al counts of 19 scale mws at midbody distinguish Helbioops
acangussy sp. now. at least from H bodsta (25%), H. hagmanni
(23—2T), H. pastazae (21-23), H petersi (21-23), H poldepis
(22-25), and H. yocu (25—28 ] Among the species charing the same
number of dorsals (H damel, H. leopandines, and H. scolaris),
H acmpussue sp. nov. is readily mecognizable by the presence of
intergenials (absent in H. danieliand H. leopardinus ) and absence of
subcaudal keels (present in H. soalons). In addition, the moderate
dorsal keels of the H. acangussu sp. nowv. differ unequivocally from
the strong keels of H. hggmanni, H. pastazae, H petersi, H. polyle pis,
and H scolars. Regarding infralabial counts, H. acanguse sp. nowv.
{10 scales) appears to differ from H. boibata { 12—13), H. petersi (8],
H paldepis (11-13), H scalaris (8—9), and H. yacu (11-12 ).

Although the features compared in Table 1 already allow for the
identification of Helicops acmgu sy sp. nov. among all other spotted
congeners, some of these species differ rernarkably from the former
in gualitative parameters (eg.. H boitaba, with a unigue ventral
pattern and head chape; see Moraes-da-Siha et al., 2019), while
others may reguire closer examinaton when one has mixed zam-
ples at hand. Thiz applies more specifically to the H. hagmanni,
H leopandinus, and H. pelyepiz, all ocourring in the region of the
new species.

The moderate keels of Helicops acangusse =p. now (Fig. 4 A;
similar to those of H. leopardinus, Fig. 4 B] also differ from
H hagmanni (Fig. 4 C) and H polylepis (Fig. 4 DL In addition, the
presence of a mughly miangular light snout spat (Fig. 5 A)in the
new species (similar to the one of H. hagmanni, see Fig 5 C) dis-
tinguishes it from H. leopandinus (Fig. 5 B) and H. polylepis (Fig. 5D
(both bearing a uniform brown snout). Finally, although the cheg-
uered ventral pattern of Helicops acangusue sp. nov (Fig. 6 A). re-
sembles the patterns present in H [esopandines (Fg. & B) and
H hagmanni (Fig. 6 C), it differs remarkahbly from the mostly black
venter with sparse pale spotsof H. paldepis (Fig 6 D)

Additionally to the number of dorsal rows at midbody, Table 2
shows other merigic parameters of the new species that differ
fram the three spotted congeners oocurning in the region of the
upper Madeim River. Amaong the four spotted congeners, Helicaps
acangussy sp.nov. has (i) the lowest counts of subcavdals, (i | more
ventrale than H leopardmus, (iii) less dorzal spots on trunk than
H leopardinus, and (iv) more spots on trunk than H. kagmanni. The
ANOVA alzo detected differences in ventral counts of H aompusu
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=p. mov. and H hagmanni, but these differences remained restricted
to fernales.

Lastly, the hemipenesoffive specimens of Heicops acangusse sp.
nov. examined herein had one of the lohes slightly atrophied,
resulting in an asyrmmetric morphology (Fiz. 7). Such a condition is
unique amang the species of the whole tribe, although it ooours in
at least one semi-aguatic snake of the family Colubridae (sensu
Zaher et al., 2009; see Dizcussion ). Mevertheless, among the most
similar congeners, the hemipenis of H hagmanni (Fig. & A) differs
fram the organ of the new species sirictly due to the asymmetric
nature of the later, while H. polylepis (Fig. & B] and H [eopandinus
|zee Fig. 7 of Momes-da-Silva 3019, 2021] exhibit major differences
aseociated with capitation (stronger in K polplepis and much less
pronounced in H leopardinus), shape (e.g. proportional length of
body and lobes) and ormamentation (size of spines and depth of
cahyoes].

Desoription of holotype (Fizs. 2 and 31— Adult fermale, hody
moderately stout{ midbody diameterSVLE = (W03 ); @il length about
one-fourth of total length (tail lengthitotal length = 0L1); head
raughly elliptical, almost bwice as long as wide (head width head
length = LG4), distinct from neck (neck width/head width = 0.59);
snout shaort, rounded in dorzal view, slightly widerthan long { snout
width znout length = 1.36), one-fourth the length of head, dighthy
acuminate { snout length fhead length = 0.24); eyes relatively small,
slightly displaced dor=ally; eye diameter much shorter than head
length (eye diameterhead length = (13 ) and slightly longer than
ane-half the distance from its anterior margin to nostril center (eye
diameterfeye-nosiril distance = 098], pupil rounded; rostral
rounded, visible from above, roughly pentagonal in fronial views,
not projecting over lower jaw; internasal single, triangular, dighthy
wider than long, lateral margins concave, posterior Margin Comex;
internazal contacting dorsal wertex of rostral, dorzal margins of
nazals, and anterior margine of prefrontals; prefrontals paired,
wider than long, asymmetrical in size (left scale larger), roughhy
quadrangular, posterior margin in *5° shape; frontal pentagonal,
longer than wide, itslarger width almost one-halfits length; frontal
contacting posterior marging of prefrontals, medial margins of
supraoculars and anterior margine of parietals; suprmoculars long,
terice as kong as wide, moughly pentagonal contacting posterior
miargin of prefrontal, lateral margin of frontal, anterior margin of
parietal, dorzal margin of upper postocular and dorsal margin of
eye; paretals paired, roughly trapercidal; parietals longer than
wide, their largest width slightly shorter than the length of their
mintual suture; lateral margin of right paretal notched; parietals
contacting posterior margins of frontal supraccular and upper
postocular, dorsal margin of upper temporals and anteriormnost
dorzale; nasal semidivided, mughly hexagonal in contact with
lateral margin of rostral internazal, and prefrontals, anterior
margin of loreal, and dorzal margine of 1% and 2™ supralabials;
nazal suture perpendicular to ventral margin of nazal, not con-
tacting nostrl; nostril posidoned near dorsal margin of nasal,
entirely visible from above; loreal quadrangular, slightly higher
than long, contacting posterior margn of na=al, lateral margin of
prefrmntal, anterior rna&in of preacular and dorsal margins of 2™
(right side). and 2™—3™ (left side) supralabials; ooulars 142 pre-
ocular ruch higher than long, irregular in shape, longer an upper
and lowrer areas and distinctly nammow in front of eye; preccular
contacting posterior margin of loreal lateral margin of prefrontal,
anterolateral margin of supraccular, anterior margin of eye, and
upper margin of 3rd supralabial; upper postocular roughly
pentagonal almaost terice as high as long, in contact posterolateral
margin of suprmoccular, anterior margin of parietal and primary
termpaoral, upper margin of lower postocular, and upper posterior
miargin of eye; lower postocular pentagonal, slightly longer than
high, contacting loveer marginof upper postocular, anterior margin
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Fig. 4 Uncolleced speamens of Heliops arongusas <p. now (A), K. kopordines (8} K. hgrmannd (C} and H. pobyiepis (D) photographed n |, aliowsng for compansons of coloar
pattern and proménence of keels Speamens of she three Sormer speces re from the margins of the Madara River, area of mflumce of the Santo Antdmio Dam, in e regon of the
municpality of Parto Velho, Rondon ste, Brazl while $he speamen of K. polykpis is from she BR-319 Road, in the Madeara Puras mnerfluve, Amazonas stare, Brazl Phoms: FE
Curcio (A-C) and R. Nunes (D} (For merpretaion of the references to color in this figum legend, $he mader is refered to the Web wersion of this arscle )

Fig. 5. Detaslof the head of the speamens shown m Kz 4 | Helioops ccongussy sp.now (A), K. kapardimus (8), H. hagmannd (C ) and H. polykpiz( D) phoographed m ife, Jlowing for

comparisons of snout pagtern. Phatos: #F. Curco (A-C) and R Nunes (D)

of primary temporal, dorsal margins of 4"—6™ supralabials, and
upper posterior margin of eye; temporals 14+2+3 [1+3+3, primary
temporal slightly higher than long, contacting posterior margins of
upper and lower postoculars, anterolateral margin of parietal,
anterior margins of secondary temporals, posterior upper vertex of
5th supralabial (left side) and upper margin of sixth supralabial
(both sides of head); secondary and tertiary temporals roughly

pentagonal, positioned between posterolateral margin of parietal
and dorsal margins of 6™—8™ supralabials; supralabials 8/8; 4™
3rd—4th with orbit; 6 largest; mental triangular, as long as wide;
two pairs of chinshields, anterior pair three times as long as second
pair; intergenials present between second pair of chinshields;
infralabials 10/10, 1¥-5 contacting anterior chinshields, 55—6™
contacting posterior chinshields; 6% infralabial largest, roughly
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Fig. 6 Venrrad views of preserved speamensdiuszasn g the smilyr colour prerns of Helicops acongessy sp. nav. (A), K. leqpardinus (B ) and H. hagmannd (C ) 35 well 3sthesr genenl
differences fom the mostly black vener with sparse pale spots of K. podylepis (D).

Table 2
—Comparison of quanatagve characers amang Helioops acangussy sp. now and the three mast similar and symparic congeners. F and WS F correspond mspectively to the
stagsocs of the ANOVA and Welkchs ANOVA wsts; bold fonss indicate paramesers thx difier between tha new species and exch of its counerparts (Tukey HSD and

Cames -Howdll probabih oes fallow).

Helicops Helicops leopardinus Helioops hggmanni Helicops polylepis Overall
ooEngussy 5p. comparison of
nmy means
Ventals
females 124129 113123 121-138 119132 B o5~ 077
126884 188 (116824 306 1P —174x1077) (130274 362 22, P~ 800« 107%) (127484361, 16;P - 980 «107") P-845 < 10°™
8
Males 121128 11125 120128 120-130 W kg
124504199 (11660 £ 538 10; P —=500x10 ) (12457 217,14, P~100) 12400 + 261, 13; P~948 x 107 ") na - 652
14 P-230x107
Subcaudals
females %0-43 6074 %664 72-85 Wik
416341198 6764+ 446 1P —214x10 ") (52275 367, 2;P—1000x10 '%) (77944 399 16 P—850x10 ") oo - 43095
P-148 w1078
Males 52-67 70-87 54-67 29104 B o= 21600
S6144398 (7900 £519 1P —-572x 10 ") (6257 £ 35214 P—171x 10 ") (9538: 48913 P-572x10 ) P12 077
14
Dorsal sposs
aon trunk
females %542 46 65 7-39 %36 B s - 10093
2235 L 1658 (2351 +51G1LEP—659x 10°") (2546 1 GIR 22 P—450x 10°)) (2603:73416;P~-770x10"") P-665 « 1072
Males 35-47 44 64 237 3546 Wi ¥y
N L273,  (SIG0:TTI0P—1L18x10Y) (W23 14 P-110x 105 (B946L 27813 P-995 107" 45, 2899
14 P—-a87 210"

pentagonal; 1¥ pair of infralabials in contact at midline, separating Measurements of the holotype.— Total length = 502 mm

mental from chinshields; dorsals 21/19/17, mostly keeled (keels
virtually absent on 1¥-3™ dorsal rows), without apical pits; keels
intensity week in anterior one-third, and moderate on posterior
two-thirds of body; anal plate divided; ventrals 128; subcaudals 43/
43; maxillary teeth 16+2 diastema present; postdiastemal teeth
ungrooved, digtinctly larger than prediastemal ones.

(SVL = 403 mm, tail length = 99 mm ); head length = 2034 mm;
head width = 1302 mm; snout length = 496 mm; snout
width = 532 mm; right eye diameter = 278 mm; eye-nostril
distance = 282 mm; neck width = 775 mm; diameter at
midbody = 1363 mm.
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Fig. 7. Asulcxe (A), kxeral (8) and sulae (C) Goes of the aghthemipenss of paatype UFRO-R 2742 of Helioops acongucsy p. now. Scae bar - 0 mm.

Variation of meristic and mor phometric characters.— Largest
specimen a female with 695 mm in total length (MPEG 25587;
SVL = 587 mm, tail length = 108 mm); largest male { MPEG 25578)
with 563 mm in total length; (SVL 431 mm, tail
length = 132 mm), smallest juvenile (UFRO-R 2749) a hatchling
malewith (SVL= 115 mm, tail length = 34 mm); preoculars 1/1(16
specimens), 1/2 (three asymmetric specimens), and 2/2 (seven
specimens); postoculars 2/2 (25 specimens), and 1/1 (one spec-
imen); supralabials 8/8 (23 specimens), 8/9 and 7/8 (respectively
two and one asymmetric specimens); 4% supralabial witheyein 20
specimens, 3"“—4th in four specimens, and two asymmetric spec-
imens have 4% [45-5% (MPEG 25580), 3°—4%/49-5" (MPEG
25585) with eyes; 6 supralabial the largest in 24 specimens, 6™/
7 in two asymmetric specimens; infralabials 10/10(n = 25), 10/11
(MPEG 25585; one asymmetric specimen); infralabials in contact
with first pair of chinshields 1¥-5 (22 specimens), and 19-4%
(four specimens); intergenials present only in the second pair of
chinshields (n = 21), rarely absent (five specimens); dorsals 19/19/
17 (n = 17), 19/19/18 (n = 1), 20/19/17 (n = 6), 21/19/17 (n = 2);
ventrals 121-129 [males: 121-128 (1246 <= 2.09, 17); females:
124-129 (1268 = 188, 8)]; subcaudals 40-67 |males: 52-67
(56 = 3.71, 16); females 40-43 (41.4 = 1.24, 9)]; dorsal spots on
trunk 35-47 [males: 3547 (398 + 272, 17); females 36-42
(391 =+ 208; 9)); dorsal spots on tail in 10-23 [males: 13-23
(163 + 255, 16); females: 10-15 (120 = 173, 9)]; number of
ventral blotches 37-52 [males: 37-52 (42 = 418, 17); females:
38—44 (395 £ 2.0, 9)]; number subcaudal blotches 12—-20 [ males:
13-20(15.75 = 1.65; 16); females: 1014110 =232, 9)]; maxillary

100

teeth 16+ 1 (five specimens), 17+2, ( 16 specimens), and 18 +2 (three
specimens). Characters that do not vary in our sample include the
condition of the nasal scale (always semi divided), presence of lo-
reals, and infralabials contacting second pair of chinshields.
Hemipenial Morphology (Fg. 7).— Description based on the
fully everted organs of five specimens [UFRO-R 2737 (right organ,
partlyexpanded ), UFRO-R 2742 (right organ, fully expanded; Fig. 7,
UFRO-R 2745 (leftorgan, fully expanded), UFRO-R 2746 (left organ,
partially expanded), and UFRO-R 2747 (right organ, partly
expanded)]. Inverted organ eight or nine subcaudals in length,
distal end of retractor magnus divided. Hemipenis strongy bilobed,
bicalyculate, semicapitate, with very shallow capitular groove;
body conical, nearly two-thirds the total length of organ; lobes
elongate, asymmetrical (one lobe always shorter than its counter-
part), without apical disk; short lobe slightly acuminate, long lobe
club-shaped and globase on tip; short lobe slightly divergent; long
lobe parallel to respective margin of body; basal pocket absent;
small spinules sparsely covering base, increasing in size towards
lobes on asulcate face, unning divergently until midpoint of body,
and then converging until interobular crotch; central area of
asulcate face mostly nude, comprising an elyptical surface with
sparse and very small spinules; flanks of body and outer areas of
sulcate and asukate faces ornamented by medium and large-sized
spines; intrasulcar area of body lacking spines and omamented by
sparse small spinules; lobes encircled by five prominent spinulate
flounces; lobe calyces shallow, imegular in shape, papillate; papillae
ornamented by very small spinules; sukus spermaticus deep,
bifurcate, centrifugally oriented, dividing at a proximal point of
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Fig. & Asulcate (left) and sulcte (nght) Goes of the fully evested and maomally

expanded right hemipenis of Helicgps bagmannd (MPEG 12371 ), from Bom jesus, Bra-
ganga, stawe of Pard (A}, and K. palylepis (MPEG %6715), from Cpo-Pranga ksland, Baia
de Sowred, Xingu Rneg, stawe of Pard, Brazl (B). Scde bars = 90 mm.

haze, munning thmughout the median suface of bodyand assuming
a centrifugal direction at a point proximal to lobes hase to end
laterally at lobe tip.

Colowration of holotype in preservative (Fgs. 2—-3 7 A)l.—
Head dorsurmn greenish grey to copper brown, with dark brown
pigment irregulady concentrated on parietals and interocular re-
gion; snout dorsum with a riangular light spot covering inter-
nasale, medial area of prefrontals, and borders of adjacent scales
including lateral margins of rostral and anterior margins of nasal
and 1¥ supralabial; anteriormost spots of pamvertebral and

1m
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verebral rowsconnected at midline, the latter pmjectinganteriorhy
unfil parietals; two anteriomost pairs of spots of lateral spot mws
respectively positioned on temporal region and gquadrate-
mandibular articulation; spots on temporal region disdncty ligh-
ter than the ones of guadrate-mandibular region and dorsum;
supralabiak mostly brown, 55—7% les pigmented on central and
anteroventral areas of scales; infralabials cream on background,
conspicuously and irregularly marked with brown; head wenter
hackground cream, chinshields sparsely pigmented with hrowem,
gular scales with brown pigrment predominantly concentrated on
posterior tips; dorsum background predominanty greenizh light
grey progressvely fading to cream on paraveniral region, at level of
the three first dorsal moars; dorsum with five (bwo lateral, bero
paraveriebral and one vertebral] rows of rounded black spots;
black spots increasing in size from neck to midpoint of body, and
then decreasing in size towands @il dp; largest lengrh and width of
midbody dorsal spots up o 20 and 25 =scales respectively; dorsal
spots separated from each other by 1.5—20 (in a same row) and
LO—1.5 (between mows) scales; 54 spots counted longinudinally on
right lateral =pot row (41 on trunk, 13 on @il ); venter background
light cream with alternated rectangular black blotches extending
from neck to @il tip; ventral blotches covering LO—2.0 venirals in
length, and vusually wider than half the width of one ventral shield;
hlotches on ventral surfice of tail covering 1525 subcaudals in
length; 55 blotches counted longitudinally on right side of venter
and tail {44 on trunk, 11 subcandals).

Colouration in life [based on unoolected specdmens |one
adult and one juvenile)] from the left margin of the Madeira
River, region of Porto Velho, state of Rondonia.— One adult
specimen photographed in life exhibited a yellowish light green
dorsum background, and the black spots exhibited a non-uniform
disribution of black pigment, more concentrated in the sumire
region than on the surbce of the scales (Fig 4 Al Head pattern
(Fig. 5 A) consisted of a greenish marmomted cap covering parie-
talg, ternpaorals, posterior tip of frontal, supralabials, oculars, loreal,
and most of the nazal scales, with a distinctly darker tonality on
interocular region; the snout exhibited a light tan and roughly
triangular spot covering the upper tp of rostral, anterior border of
nazals and 1% supralabials, most of the central area of internasal,
almost the whole surface of prefrontals, az well as the anterior
borders of frontal and suprascular. The nape region had a faine light
collar incomplete at vertebral level and extending from the
quadrate-mandibular region to the vertebral regon, contacting a
long black spaot that extends from nape to parietals” tips (Fig. 5 A).

Juveniles have a dark browem dorsum hackground and the black
pigrment of dorsal spots more concentrated than inadules (Fig. 9 A)L
The head cap is distinctly darker than the dorsum background
colour, with the nape collar and snout spot evident and light tan;
the nape collar exhibits a pair of faint tan projections covering the
temporal region on both zides of head, with its anterior limnit
hehind the postoculars (Fig. 9 B

Habitat and MNatwral History.—All specimens were ohserved
and/or collected in forest environments with water bodies and
=mall creeks nearby the Madeira River, during the wildlife rescue
operations associated with the Santo Antbnio Dam. On Sepremmber
28™ of 2011, a clutch with 12 eggs was found in the field (same
region of collection of the holotype; Fig. 9 O) and then kept in the
lab for five days until nine spotted individuals eventually hatched;
all the hatchlings had 1 dorsal rows and an evident light tan
triangular snout spot (Fig. 9 A=), comoborating their atribution o
Helicops acangussu sp. nov. One of the paratypes (UFRO-R 2749) isa
newborn hatchling preserved with its respective eggshell. The
adult individual responded aggressively to manipulation, prormpthy
biting when handled for the photographic records.
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Fig. 9. Recomis of oviparous reproducson and desals of juventle colourason fezures of Helioops acongessy sp. nov. A five-day old specimen exhibiting the geneml colouraion
fezuresof juveniles (A-8); 2 juvendle araficially removed from $ie egg. stall connected to the yalk sac (C), 2 12-egg chutch found in the fidd (D) from whach the speamensi lusrared
on A-C emerged. All harch lings of this duxch were rdeased i the fidd Sllowinga requirement from the wildide rescue procedures in $he area of influence of the Santo Antonio
Dam, ; the munia paity of Parto Veho, sae of Rondoniq, Brazl Scale bars ~ 20 mm.
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Fig. 10. Locaty recards of the Helicops speamens with spaed dorsal pastern in our sample: whete triangle: Helioops aconguccy sp. now (type Jocal ny ) black ardes: K. hgrmanni;
white damonds: H. legpardimus; white crosses: H. palykpis. Cay shading mpresents the bmits of Braziian legd Amazoni, induding the Madesra (1) and Puriis (2) Basins. The
localties of the paratypes of H. arangussy sp. now do not appex = the map, but be on the keft bank of the Madedra Riwer, very close to the type locality ( see Appendix for pease
coordm es ).

10z
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E .— The zpecific epithet iz a noun in apposition
derived from the Tupi-Guarani (akdow'se; a'lkign meaning “head”,
wse meaning “large®), a vernacular designation to the Jaguar
| Pantheny onca (Linnaeus, 1758 )], a spotted South Amercan big cat
Herein, it represents an allusion to the spotted pattern of the new
species, as well as to the aggressive behaviour of most Helboops
species that promptly bite when disturbed.

Distribution { Fig. 10 )L—All specimens of Helicops aoangussu =p.
nione. come from the left bank of the Madeim River, in the region of
the municipality of Porto Velho, state of Rondénia, northern Brazil,
inthe limit zone between the Madeira and Punus hasins. Thewhaole
type series was obtained during the wildlife rescue operations in
the area of influence of the Santo Antonic Dam, from june to
Movemnber of 3011, The localities of the pamatypes lie very close to

Moraes-da-Silva et al, [2021]
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each other, and the type locality serves as a reference to the
distributional area of the whaole mmple Precize coordinates of all

collection localities appear in the Appendix

34, Reconstruction of reproductve mades

Fig. 11 shows the reconstructions of reprodudive modes in
Helicops on the srict topology of Moraes-da-Siva et al (3021)
(Fig. 11 A), as well as in three hypothetical scenarios derived from it
in which H. acanguss: sp. nowv. appears respectively as the sister-
group of H. hagmanni (scenario [; Fig. 11 Bl H. leopardinus (sce-
nario 0I; Fig. 11 C), and H polylepis (scenario I0; Fig 11 D). Far the
sakeof clarty, we used the reconsructions on the original topology
of Morags-da-Silva et al. (2021) az a comparative parameter to
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assess the evolutionary unfoldings on the preconceived scenarios
derived from it. All descriptions assume forward and reverse
transitions as equally likely, although evolutionary constraints
associated with the redevelopment of the oviparous conditon will
be considered in the Discussion section

Original topology [Moracs-da-Siha et al (2021); Fig. 11 Al.—
The ACCTRAM and DELTRAM optimization systems render beo
equally parsimonious reconstructions (four steps). Considering an
ovipamous ancestor for the genus Helicops (DELTRAM system ),
viviparity must have emerged at least four times within the genus,
respectively in H. carimicawdus, H. polyleps, one lineage of
H angelans, and the most recent ancestor of the clade
(H. phantesma (H leopardines, H modestus, H infrafaeniafes) )
Altermnatively, if viviparity has already emerged in the comrmaon
ancestor of all Helicops lineages (ACCTRAN system ), one should
expect at least three reverse ransitons (H. kagmanni, H. gomest,
and one lineage of H angulones) also computing four steps.

Soenario 1 (Fig. 11 BL— Application of DELTRAN and ACCTRAN
systems tothe preconceived topology of scenario | render virtualhy
identical reconstructions to those described to the original topal-
oy ( bath with four steps). The only difference that deserves notice
concerns the reverse transition in the most recent ancestor of the
clade {Helicops acanmese spnov., H. kagmanni) if one assumes a
viviparous origin for the genus (ACCTRAN system ), while in the
ariginal topology such a meversal should be redgricted to
H hagmanni Morphological similarties that might support the
sister-group relationship between H. acangusse and H hagmanni
include the spotted dorzal pattemn, the chequersd ventral colour-
ation, and the presence of a triangular light snowut spot, while the
aviparus reproduct ive mode represents a plesiomorphic condition
at keast when considering the DELTRAN optimization system.

Scenario I (Fig. 11 O).— A presumed sister-group relationship
between Helicops acongusu sp. nov and H. leopardinus may find
support on the presence of 19 dorsals at midbody, moderate dorsal
keels, and similar colour pattemns (dorsum and venter), assuming
that at least one of such features represents an apormarphic char-
acter state. In this context, both DELTRAN and ACCTRAM optimi-
zabon systems imply less parsimonious assumptions when
compared with the original topology and scenario L If oviparity
represenits the ancestral condition of the genus Heloops (DELTRAMN
syetemn), forward transitions to viviparity should have ocourred up
to seven Hmes, in H. connicoedwes, H. poldepis, H phantesma,
H leopandinus, H modestus, H. infrataeniones, and in the viviparous
lineage of H. mgulanes. In contrast, although the ACCTRAN systern
results in fewer steps (with the emergence of viviparity in the
Helicops ancestor and reverse transitions in H. hagmanni, H gomesi,
the oviparous lineage of H angulanes, and Hacangusse sp. now. ), the
final reconstruction of scenario 11 (with five steps) also eflects a
less parsimonious assumption when compared with the beo pre-
ViGls ones.

Scemario I {Fig. 11 D).— A putative relationship between Hel-
Toop s anangussu sp.nov. and H. poldepis could rest primarily on the
superficial similarity of the dorzal pattern shared by both taea,
while most other features of colour (ventral and snout pattems)
and zcalation (number of dorzals at midbody and prominence of
keele] of these species differ remarkably Monetheless, re-
construcdons of reproductve modes for scenanio 01 result in more
parsimanious assumptons when compared with those of scenario
II, irrespective of the optimisation systemn adopted. Assuming an
ovipamus Helicops ancestor (DELTRAM gystem ) implies four inde-
pendent  origine  of  wviviparity  (foreard  transitions]  in
H carimicaudus, H palylepis, one lineage of H angulanes, and in the
commaon ancestor of the cade (H. phantesma (H. leopandines,
H maodesmes, H. infrotae nianes) . Altematively, considering a recent
arigin of viviparity in a common Helicops ancestor (ACCTRAM
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systern)  implies  four meverse iransitions mespectively  in
H hagmanni, H gomesi, the oviparous lineage of H. angulams and
H acangusse sp. now. rendering a final account of five steps (as
parsimonious as the ACCTRAN reconstucton for scenario 11, and
one step more oostly than both reconstructions for scenario 1

4. Discussion

Az any new species assumptbon, the recognition of Helicops
acangusy sp. nov. a8 a full species depends not only on demaon-
strating that it differs unarmbiguously from its most similar con-
geners (e, an unequivocal diagnosis), but also on ohjective
argurments supporting its association with theoretical species
concepts (Rosen, 1978; 1W79; Cracraft, 1983; Donoghue, 1985;
Queiroz, 2007). Therefore, in the absence of explicit phylogenetic
reatments incuding terminals of H. goangusu sp. nov, we recur o
the recent topology of Moraes-da-Silva et al (2021) to discuss our
new species assumption based on its potential affinites.

Altogether, the most recent phylogenetic gudies have almeady
included 12 out of the 20 valid Helicops taxa in their analyses,
covering 60X of the genus conbent (CGrazziotin et al., 2012; Costa
et al, 2016; Momes-da-Silva et al, 2019, 2021). In that sense, the
topology of Momes-da-Silva et al (2021) suppornts the following
lines of reasoning: (i) the widespread dor=al patterns of small
rounded spots (sevwen species) and longitudinal stripes { four spe-
cies) oocur each in at least two independent clades; (ii) the pres-
ence of dorsal caddles represents a synapomorphy of a component
including the species H. mpulanes and H gomes, both aleo exhib-
iting subraudal keels supporting their chose kinship, and (iii) a
major clade comprising the spotted-patterned H. hagmanni and
H polylepis, as well as the zaddled-patterned H. angulomes and
H pomesi share strong dorsal keels as a putative (and highhy
consistent) synapomarphy.

The presence of a light snout spot, intergenial scales, 19 dorsals
atmidbody, and moderate dorzal keels comprizes an unambiguous
diagnosis of Hellcops aangussu sp. nov. allowing its prompt
recognition among all ather congeners. Monetheless, such external
morphological features do not include unambiguous autapomor-
phiez of the new species, failing to accommodate the parameters
defended by Rosen (1978, 1979) and Donoghue (1985) in attrib-
uting species status to minimal rmonophyletc custers. Forinstance,
intergenials and a light triangular snout spot are both shared with
H hagmanni, while the presence of 1 domals at midbody and
maderate keels are &r from unigue amaong all congeners. Therefore,
any assessments of such features as potential autapomorphies of
H acangusse sp. nov. would only make senze in a phylogenetic
frarmewrark.

Considering the lack of explicit phylogenetic teatments
including zarn plesof Helicops acangussw sponow, any considerations
about its relationships with other congeners are necessarily spec-
ulative. Monetheless, bazed on the topolegy of Moraes-da-Sila
etal (2021), one may discuss the evolutionary unfoldings associ-
ated with our reconstmuctions of reprmductive modes (Fig. 11; cee
Results section] considering (i) potential synapormo rphies reflected
by morpholegical similarites shared by the new species and other
Helicops taxa and (ii] the biclegical constraints that would hamper
transitions from viviparty to oviparty (e.g. Lee & Shine, 190E;
Griffith et al., 2015).

The topology of Moraes-da-Silva et al. (2021] implies three in-
dependent origins of small dorsal spots in the genus Helicops
(namely in the taxa Heliops hagmanni, H. polyleps, and
H leopardinus). In that sense, since a fourth origin in H. ac@mgussu
sp. now. would result in loss of parsimony, our phylogenetic dis-
cussion assumes three scenarios in which, based on similarities of
dorsal pattem, the new species could represent the sisterdineage of
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any of the three spotted taxa. Nonetheless, we concede that future
studies that include terminals of H aoongusse sp. nowv. may reveal
different topologies that would require new interpretatons.

When dea ribing the reconstructons of reproductive modes, we
considered forwand and reverse ransitions equally likely in a strict
parsimony context Monetheless, the litmmre demonstrates that
transitions from oviparty to wiviparity must be much more
frequent than the mverse among squamates, suggesting that line-
ages that acquire the viviparous mode of repmducion would
hardly redevelop the oviparous condition, reflecting a mild verzian
of Dolles law (Dollo, 1893, 1922; see Lee and Shine, 1998 1446]
Furthermare, armang other highly compelling argurments, Griffith
et al. (2015 497) claim that the biclogical constraints that would
prevent transitions from viviparity to oviparity would indude the
neceszary — and unlikely — redeveloprment of a series of maorpho-
logical and physiological feamimes related to the deposition of the
eggshell, as well as the re-evolution (not the simple re-expression )
of oviparity-specific genes. Thus, despite the ambiguous nature of
the early reproductive condition of Helicops indicated in our re-
constructions, we assume that the DELTRAN systemn ( considering
an oviparous Helicops ancestor) renders generally more likely as-
sumptions than those assuming viviparity as the ancestral state
{i.e., ACCTRANM systermn).

A possible sister-group relationship of Helicops acangussu spo
niov. and H. hagmanni(Fig. 11 B, scenario |y may find suppart an the
presence of intergenials and features of colour pattem (a chequered
venter and a light riangular snout spot ] if such character states
appear as apamorphic in a global congruence analysis. Nonetheless,
such a topology would imply at least one reverzal event of the
strong dorsal keele — prezent in the more comprehensive clade
including H. hagmanni, H palylepis, H. angulanes and H gomesi — to
the moderate condition, that would then represent an autapo-
rmorphy of the new species. Finally, in this context, the oviparous
condition shared by H acongussy and H. hagmanniwould represent
a sym plesiormorp hy.

Considering an altemative scenario inwhich Helicops acmpusu
sp. nov. figures as the zister group of H. leopardinus (Fig. 11 C, sce-
nario I}, the only potentially apormorphic features of external
morphology that could support their relationships incude the
number of dorsals at midbody (19) and the superficial similarity of
dormsal and ventral patterns. Monetheless, such atopology denotes a
less pamimonious scenario than the one imvolving H. hagmanni
(Fig. 11 B), implying up to seven independent origine of viviparity.
Furthermaore, even if one assumed the unlikely possibility of
reverse ransitions { ACCTRAM systern, with a viviparous Helicops
ancestor) the final cost of such a reconstruction ( five steps) would
still overcome the one of scenario | (four steps ). However, ong mmiust
mention that ecenario 0| reflects one of the few instances inwhich
lee & Shine (1998 M43, M45) consider reverse transitions
strongly supported because the oviparows terminal (H acmpusa
sp. nov.] would appear nested within a set of viviparous lineages
(H. phantaana, H leopandinus, H modestus and H. infraree nigms).

Helicops palylepis represents our third potential sister gmoup of
Helicops acangussu sp. nov (Fig. 9 D; scenaro 10). based strictly on
similarities of dorsal pattern, since the ventral colouration (mosthy
black with pale spots vs. cheguered), dorsal counts { 23—25 ws. 19],
and the prominence of keels (stmong ve moderate] of both taxa
differ remarkably. As it happens in scenario L such a hypothesic
would imply four independent arigins of viviparity from an early
Helicops ancestor, with the modemte dorzal keels representing an
autapormorphy of the new species.

In contrast with extemnal characters, hemipenial morphology
corroborates more objectively our taxonomic decision because it
reflects a putative unigue autapommorphic condition sup parting the
rmonophyly of Helicops acangusy sp nowv. as an independent
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lineage. Although possibly suggestive of a malformation at a first
sight, the asymmetric structure of the hemipenial lobes iz consis-
tently present in the five males of which we weme able to examine
hemipenes, representing an odd and highly peculiar feature A
similar — and rmuch maore pronounced — instance of asymmetry
aleo ooours at least in the semi-aguatic natricine Naricireres fuli-
gingides Ginther, 1858 (Bogert, 1940: 33}, and one group of alo-
poglossid lizards (Harmis, ¥94; Hemandez-Morales et al, 20240)
exhibits asymmetric ornamentatons. Thus, these distanthy related
taxa indicate that genitalia asymmetries may reflect a maore wide-
spread phenomenon among  squarmnates, requiring  further
irvestigations.

From a spatial perspective, the discovery of Heicops arangussu
sp. now. apparently limited to few localities in the southwrestern
Amazonia may reflect not only the lack of long-term surveys
thmoughout the Amazonian lands (Duellman, 2005; Avila-Fires
et al., 200#) but also hiogeographic assumptons in which the
Madeira River plays a role as a major vicariant agent { fwila-Fires,
1995; Silva et al, 2005; Ferrdo et al, 2017). Among amphibians
and reptiles, the long-known relevance of the Madeira River as a
barmrier separating distinct faunas in the eastern and westem por-
tons ofthe Amazonia (M allace, 1852 ; Siha etal, 2005; Ferrao et al.,
2018) receives suppaort from recent studies focused on anurans
{[vas-Terceim et al, 2015) and lizards (fwila-Pires, 1995 ; Peixoto
et al, 2020) Although anurans include a larger proportdon of taa
restricted to ane of the riverbanks, Peixoto et al (2020) arge that
part of this tendency could reflect a taxono rmic bias resulting from
higher study efforts in this group, while many lizard taxa await
taxonomic and phylogeographic studies that might reveal unde-
srribed and allopatric entities in the region

The discovery of Helicops acangussu sp. nov. in only one of the
rmargins of the Madeira River suggests that snakes might also
include lineages restricted to opposite margns of a large rverine
bamier. Az it happens to lizards, H. leopandinus, H hogmanni and
H polyleps — herein considered potentially related to the new
species bazed on global similarity — comprize widespread nominal
taxathat may represent species complexes to beidentified with the
aid of taxwonomic revisions [e.g., populatons tentatively attributed
to H. hagmanni from the state of Acre, northem Brazil; see also
distributional maps of Nogueira et al. (2019) and comments of
Moraes-da-Silva et al., 2019, 2021]]. Thus, long-term sampling ef-
farts of specimens and tssue samples in this particular area of the
Amazonia may comprise an important source of information o
assess the geneml distributional pattern of Helicops species in the
region, as well as the biogeographic relevance of the Madeira River
and its minor mibutaries in the Madeira basin

Laztly, we must emphasize that disoussing riverine bamiers as
distributional limits to watersnakes implies a matter of =cale.
Although we concede that aguatic environments may favour the
dizperzal of such organisms, large and deep rivers may hamper the
free exchange of small-sized individuals between two margins with
at least 1,000 m of distance from each other, as it happens in this
region of the upper Madeim River. Nonethelesz, the gealogical
dynamics assodated with the formation of the major hydrograp hic
hasinz, as well as the results of these processes in the final envi-
ronmental structure could also promote events of speciation even
for taxathat use aguatic environments as dispersal routes { Moraes-
da-Silva et al, 2019, 2021 The finding of H. scangusu sp. nov. in
such a unigque geogmphical context should stimulate further
research and also contribute to the debate on the conservation of
the Amazonia in one of its most emblematic areas.
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APPENIE - SPEQMNS Exusl D

All specimens of Helicops aomgusy sp. nov. com e from different
lpcalides, although very cloze o each other. For this species, we
provide instiutional nurmbers of each woucher, as well as the
respective coondinatesin parentheses, although these points do not
appear as independent marks in the map (see captions for Fig. 10).
Far all other taxa, we provide data on localides as “COUNTEY:
DepartmentStateProvince: Locality: institutional identifier (lati-
tude, longitude]”.

Helicops acongussu sp. nov. (n = 27 . BRAZIL: Rondonia: Left
hank of upper Madeirm River, region of Porto Velho: UFRO-R 2736
(97035175647 18°467W); UFRO-R 2737 [(9F0B°5575/647 222 °W )
LFRO-R 2738 (P08 50756472 218" W ), UFRO-R 2739 (P084975)
BT ZE165W); UFRO-R 2740 (970848 ™5 /647 221 7T°W); UFRO-R 2341
(=08 325 /64 2200 "W); UFRO-R 2742 (9°08"ZE"S/64=22'11°W);
UFRO-R X743 (008 3075 /647 22" 1M"W), UFRO-R 2744 (97083175
BT 2200 | LUFRO-R 2745 (9P08 4375 /6472 2" 24™W); UFRO-R 2746
(0B T0RS /647 22°01°W); UFRO-R 2747 (9F 080975 647 220050 );
LUFRO-R 2748 (holotype; 9°02°5675/64718°17°W ), UFRO-R 2749
(903'0ES /6418 T7°W); UFRO-R 2750 (9F 030875647 18" T7°W);
UFRO-R 3070 (9=090 3275 /64 22 285W);, MPEG 25577 (OrO03975]
B4 T17W ) MPEG 25578 (P07 W0 5647 2115°W); MPEG 25579
(9=0F45"5/64°16'T7 "W, MPEG 25580 (90813756472 208°W);
MPEG 25581 (07439647 21°32°W ), MPEG 25582 (97074375
B =21 325N MPEG 25583 (907 4475 /6411 "33°W ), MPEG 25584
(907475647 21°35"W); MPEG 25585 (9POT3IT5/64721°4T°W);
MPEG 25587 (rOB0I™H64721°53°W), MPEG 25588 (9=0733°5)
5 = 21 "6

Helicops angulatus (n = 27 . BRAZIL: Maranhao: Santa Luzia
do Parua, BR-316 Road: MPEG 12815, 1282021, 13552, 1363436
(27353475 45444 BW. Mato Grosso: Apiacas, lzarapé do Bruno:
LFMT-R 7437, M40 (B 4684075 /5T48'48"W); Amputanga, PCH
Ombreiras: UFMT-E 2806 (15707507558 4948"W); Aripuand,
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Cachoeira dos Patoz UPMT-R GROG (97 520M S /60FIE"TE™W);
Aripuand, Camego Bota Fora, right bank of Arpuana River: UFMT-R
BEED (P54 278 60F 1B 21™W ), Aripuana, Mining Company Geo-
minas: UFMT-R 7201 (95507 %/60F1E30°W); Alto Alegre dos
Parecis, Santa Rita Farm: UFMT-R 7092 (12207 2575 /61°51%41°W);
Braznorte, PCH Bocaitiva: UPMT-R B0 (127314275 /ST 52 24"W);
Caceres, Sepotuba River: UFMT-R 920 (157582675 57 30°5T°W);
Campo Verde, ALT Sadia: UPMT-R 11807 { 157341875 557 1019°W);
Chapada dos Guimaraes, APM Manso: UFMT-R 516 ( M4e532875)
S54T14™W ) Clawdia, Continental Farm: UPMT-R 3676
(11726055502 20°W); Colniza, zmall stream at camp site:
UFMT-R 7212 (9 24175/59°0509°W); Colniza, Rio Roosevelt
Ecological Staton: UFMT-R 7815 (90575875 /6041 "23°W |; Cuiabd,
Fio Caro: UPMT-R 6783 (1572873575557 53 28"W). RONDONIA:
Machadinho d'Oeste, M6 Pedral: MZUSP 21683, 21684 (245775
G20"037W); Porto Velho, Jirau Hydmelecric Power Plant, left
bank of Madeira River: MZUSP 20733 (97155775 64740 04™W);
Porto Velho, Jimu Hydmoelectric Power Plant, Abund: MZUSP 21119
(P16 64738 38"W);  Rio Mulum-Pamana: MZUSP 3227
(P36 0575645655 W ).

Helicops apiaka (n = 10). BRAFIL: Mato Grosso: Alta Floresta:
UFMT-R 5482, TT10 (97 30°4875/57 19°06™W'); Guaranti do MNorte:
LIFMT-R 4473, 5714 (97 56°51 5547 56'08"W); Paranaita, left margin
{downstream | of Rio Teles Pires: UPMT-R 7975, 7983, 8004, 5169,
B180, B244 (97322475567 24" 47T "W).

Helicops boirata (m = 6) BRAZIL: Mato Grosso: Poconé,
Transpantaneim Road: UFMT-R 11940 (1672572175 /56740 27W ],
Pocong, Tmnspantaneim Road, *Paszagem do Boitata®, Pouso Alegre
Lodme: UPMT-R 1250406, 12530—21 (167 20° 275/ 5644337

Helicops coriniooudus (n = 23). BRAZIL: Espirito Santo: Ara-
cruz, Assombro, near Carretas Road: MNE] 23844 (04170075
AFTT00W ), Aracruz, Barra do Sahy, Imetame: MNE] 23840
(19° 52 00°5 407 05007, Cachoeira de ltapernirim: MMR] 4942
(2075003 5/41°06°22 "W, Cariacica: MZUSP 18046 (20714'37°5)
AF2A5TW); Jaguaré: MME] 23843 (187540075 4004 005W);
Linhares, Goytacazes Mational Forest: MNE] 23847 (19°26°537%)
40 4'517W); Linhares, Linhares—Regéncia Road: MNE] 23848
(19 240075 /407 0'00™W); Linhares, Road to Pontal do lpimnga,
near detour to  Agrovila: MNR]  Z3B41—42 (190240075
A 0300°W); Pedm Candrio, Cristal do Morte: MNR] Z3B46
(182050075 /407 05'00™W); Presidente Kennedy, Restinga Praia das
Mewves: MME] 18712 (21°06'0075%41 02"00°W); Aracruz, Retiro:
MME] 23845 { 0=40° 0075 407 16°00°W ), Santa Teresa: MZLUSP 5033
(197 56" 00F5/40° 3600 W); 530 Mateus, BR-101 Road, near bridge
over Rio Sao Mateus: MNR] 2 3840 ( 222 160075 /4175 2'00°W). Goias:
Goiania: MPEG & (167380075 497 15'00°W). Minas Gerais: Cabe-
ceim Grande MMNE] TO20—30( 15° 591475 /47 11°53 "W ); Rio Grande
do Sul: Unknown locality: MZLSP 1323, Rio de Janeir o Magé, Km
1335 from BR-116 Road: MMR] 19159 (22 300075 42500 0°W);
Cachoeiras de Macacw, Guapiagu Ecological Reserve: MME] 18085
(Z2=IT0075; AF4'00°W ), Mova lguagld, Adriandpolis: MME]
23R (IFI0RETLMIIORTW) 580 Paul: Guarpja: MZLSP
12213 (Z3F5036TS46°15°23°W).  ltanhaém: MZUSP 1301
{247 10" 5075 /4647 " 21°W).

Helicops danigi (n = 2). COLOMEIA: Atlantico: Barranguilla
MZLISP 204 —a45 (17 "00°54"M 4 48 0 05w

Helicops gomesi (n = 4). BRAZIL. 530 Faulo: lapura: MZLSP
13970, 1398 (20FP4000275/51°3102°W); Rio Pasza Cinco: MZLSP
16 139 (2223 00F5 4T 5100 S50 Joaquirn da Bara, Rio Sapucal
Mirim: MZLUSP 14186 (207350075047 5100 "W).

Helicops hogmanni (n = 51). BRAFIL: Acre: Mancio Lima,
Colania MZUSP 8001 (77 36°5875 /727 54 01°W). Amapd: Rio Maraca,
maouth of lgaraps Camaipi: MZUSP 11796 (0F26' 177551 "26027W L
Amaronas: Barcelos, Uougui, lgarapé [avar, left bank of Rio Amaca,
tributary of Rio Negro: MMNE] 100127 (07451675 /63 11" 147W ); INPA-
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WWF 6 Reserve: MZIUSP 7615 (2=2525%5/50°43°02°W); Novo
Airao: IBSP 80504, BT354, 8TI56 (37 175/60°56'30 "W ); Manaus,
Reserva Ducke, Riparia 020: INPA-H 20152 (2574775
SP5519°W); Manaus, Reserva do 41, BR-174, KM 41: INPA-H 2174
(3=06075/60°01"30"W ). Pamue Macional Mascentes do Lago Jar,
Igarapé do Sabd: INPA-H 2ZBE24 (5°4441°5/62-3T55%W). Para:
Augusto Corréa, Cacoal: MPEG 6501 (170171875467 38067W);
Belém: MPEG MIO08 (1727 21 5[4 82 30ME6™W); Bom Jesus, Braganga:
MPEG 12371 (1°04'07°5 46= 41 "22"W ), Capitio Pogo, Sap Pedro:
MPEG 104 84—10485, 0407 { 17444775 4703"34™W); Castanhal,
Boa Vista, Apen: MPEG 541 198, 5923 (1°TF5175/ 4750 167W )
Curugu, Maraua: MPEG 4803 (0°44 075 /4751 '07°W ); Dom Elizew,
Km 222 Bela Vista Ranch, old PA 70 road: MPEG 13370, 17300
(4 1706754730 E"W); Fordlandia: MZUSP 5128 (34972075
S5°294T°W); Jurud, Mutum, Barroso: MPEG 22488 (2000875
S6°0532°W); Melgago, Caxinaud Mational Forest: MPEG 22403
(1T R0/ 51° 2607 W ), Orixirmind Aviso Plateaw, Saracd-Taguera
Mational Forest, Porto Trombetas: MME] 16833 (01 =20°0075)
56230070, Ourém, Puraguequara: MPEG 4907, 7020, 7024
(173307547 0652"W); Peixe-Boi: MPEG 1820 {1°11°3175)
477 18'44™W); Santarém, Lago do Jacundd, Alter do Chao: MPEG
18701 (273011375 /54°5T09°W); Santarém MNowvo, Trombetinha:
MPEG 3462, 3464, 4784, 7053, 7059-60, 7959 (0°58'4675/
AT M W), Tomé-Agi, Moju-Acara Road, Ipitinga: MPEG 13350,
15515 (FI50B7SME-000E™W); Vigia, Santa Rosa, Vigia Road
(1°11°48 "5 467 08" 247, MPEG 4013, 8533); Vizeu, Carupatd: MPEG
BETA (1711 4875 467 08" 24™W ); Visew, Km 2200of BR-316, old km 74,
Contagern de Capanema: MPEG 5250 (17114875467 082470 )
Rondonia: Porto Velho, Jirau Hydroelectric Povser Plant, right bank
of Madeim River: MZUSP 18869 (9F26"1475/64°4T'58"W ), Porto
Velho, Jirau Hydroelectric Power Plant: UFRO-R 308 090 (82472175
GBI 56'267W |approcdmate coondinates]); Porto Velho, Jiran Hy-
droelectric Power Plant MPEG 26056 (916187564738 255W);
Porto Velho: CEPE 980 (£ 454375/63°5414°W) COLOMBILA:
Vaupes: Capard Station, Taraia Lake, northern bank of Apaporis
River: IAVH-R 3215 (0P 510675 T0F 48" 4070,

Helicops infratoeniotus (n = 17 ). BRAZIL: Goias: Aparecida de
Goidnia: MPEG 2423043 (16751 °0075/40"1500%); Aporé, Cor-
rente River: MZLSP 1088 7—88 { 18758155517 56°05 "W ); Goiania:
CEPE 2370 (67400075407 14°00% ). Mato Grosso do  Sal:
Anaurilandia, Parand Farmm: MEUSP W0615-16 (2270904375
S2ZF300ETW ), Madeira Island: MEUSP 11670 (unknown oo-
ordinates). Rio Grande do Sul: Taim Ecological Station: MZLSP
TA30 (3272670675527 31057W); Viamao, Granja Pimenta: MPEG
19602 {30r04'007%/51°02'00°W); Dom Pedro de Alcantara, Canto
da Leffa: MPEG 19603 {20FX200%5/40°51°00°W); Sao0 Leopoldo,
Sinos River: MEUSP 4760 (20P470475/51°0W000M “W). Santa Cata
rina: Lages: MZLSP 966667 (27 405075 50F 18" 507W).

Helicops leopardinus (n = 68). BRAZIL: Amapa: DMER.
Reserve, Tracajatuba River: MPEG 58 (0F41°007551°2200°W);
Macapd: MPEG 347, 426 (0FO0 1775 51°4'00°W). Amazonas: Care-
im, Jacaretinga Lake MZUSP 8204 (37285475627 557237, Man-
aus: MZUSP TETE (307007560701 "48™W'); Urucara: MPEG 23773
(27 30r3675 577 48" 367W). Mato Grosso: LIFMT SESC Scientific Base:
UFMT-RE 1118 (16715185567 36'50°W); Caceres, Sepomba River:
UFMT-R 298 (6" 4'0075/57°41'00°W); Ciceres, Point AN); Module
Baia de Pedra: UFMT-R 790102 (16730507557 50'13"W ); Cotri-
guany, 530 Micolaw Farm, Peungeot: UPMT-R E25T (973005175
SEA43™W ), Cuiahd, 08 de Abril Avenue, strearn Mané Pinto:
UFMT-R 1966 (15734505 56°04°507W); Cuiaba, Porto: LUFMT-R
1504 (1522075 55°53° 22°W); Taiama [sland: MZLUSP 62324
{16755 0075 /56 465'40°W); Juina: MZUSP 207TE—80 ( 12460875/
5406 TT™W); Mosza Senhora do Livramento, Pirizal: UFMT-R
TTO2-04, TEOI—O4, 8344, BATO-T2 (157463075567 200467 );
Poconé  (16°15°0175/56°37°00°W,; UFMT-R  11939); Poconé,
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Transpantaneira Road: UFMT-R 58, 1796; 4665 (16470675
SE°SE'54™W); Porto Estrela, Serra das Araras Ecological Station:
UFMT-R 10686 {15719 28%5/57°13'44"W); Santo Antomio do Lew-
erger, Repouso Ranch: UPMT-R TTED (15°51° 5075 56704 407W);
Transpantaneim Road: MEUSP 8053 (671535756737 377W);
Virzea Grande, Crzto Rei: UPMT-R 19907 (157384075
S6F0TROW); Mingu Indigenous Pade MZUSP 5511, 5516
{(1PO503"5 /52 59°58"W ). Para: Almeirim, Canal do Navio, Projeto
Araima: MPEG 16377, 19500 (1°3149% /52 34°08°W); Almeirim,
Canal do Mavio, Projeto Araima, Varzea, Amazonas River: MPEG
19591 (0PI013°5/40°00°407W); Aweimo (37 W5975/55°09°507W,
MPEG 25737); Cachoeir do Arari, do Marajd Island, Tia Bita Island:
MPEG 636, 639 (17005875 4825701 "W'); Belém, MPEG Campus:
MPEG 24539 (1°25'57%548°2303°W); Benevides: FUNED 1048,
2000 (1=220375 /48 1509°W); Chaves, Tijuguara Farm, Tijugquara
River, Marajd Island: MPEG 17T18—10 (0F50°6075 407 540607 );
Gumipd, Gurupd Canal: MPEG 15157 (17139047551 733197,
Juruti: MPEG 22487, 24063 (203175 /567521 W), Marajd, [gampé
Taperebd: MZLSEP 3605 (1°00°5575/40°30°00°W); Melgaco,
Caxiuand Mational Forest, Ferreira Pena Scientific Station, Curui
River: MPEG 19950 (1°50°4575/51 43" 26%W); Melgago, Caxiuana
Mational Forest, Ferreira Pena Scentific Staton: MPEG 21191
(1750 2175/51°4 T 08°W);  Oriximind MZUSP 4793 (17455675
S5F515W), Oridimind, church: UFMT-R 11078 (17455375
S5°51°35"W ), Oniximind, Sapucud Lake, UFMT-R 19076 { 1737 0075
S5°5E'00°W); Salindpolis: MPEG 18066 (0365075 47 1 405W);
Santa Cruz do Arari Mamjo lsland: MPEG 19619 (0P40°2375]
407015 and MPEG 19618 (0740067549 10M19°W); Santarém:
MPEG 26527 (FFTPI3°S53°38°25"W);, Santarém, Camriaca:
UFOPA-H T2, T30—40 (27134075547 510 2"W); Santarém, Tapajds
River MPEG 18828 (2°24'327°5/54°42°40°W). Fondonia: Costa
Margues: MCP ET12 (12F°24'4575/64708°23"W); Costa Margues,
Guaporé River: MCP G258 (12°25°2275/64°11°39°W ), Porto Velho,
Jirau Hydroelectric Power Plant, right bank of the Madeira River:
MZLSP 10695 (0F28 0175 /6374102 "W )

Helicops modestus (n = 21). BRAZIL: Goias: Cabeceiras, Lagoa
Formosa: MZLUSP 3848 (1574708546757 50 ), Aporé, Espom
Hydroelecric Power Plant  MNE 35760 (1874000075
51°52°00°W ). Minas Gerais: Pogos de Caldas, Alooa: MELUSP 14063
(Z1°4TE™5467 3343 °W); Santana do Riacho, Serra do Cipd: MNE]
12590 { 19 2000075/4 37 3700°W); Perdbes, José Mendes Janior Hy-
droelectric Power Plant, left bank of Rio Grande: MMNRE] 9447
(2170832754502 11°W). Santa Catarina: BR-101 Road, 116 km
from detour to ltapod: MZUSP 19577, Sa0 Panlo: Cotia, Caucaia do
Alto: MZLUSP 13238 (237410775 470107 "W; Cotia: MPEG 19204
(237400075 4T 0100"W); Igaratd: MPEG 19201-02 (237124075
46°08'46°W ), Interlagos: MPEG 10203 (237421375 4674 2 247W);
Ipemi: MZUSP 1308182 (2372170175 47°4119°W); S50 Roque,
Valparaizo Ranch: MNR] 1046 (Z3°31°007547°0800°W); Rio
Claro: MME] 25000 (237230075 47736007 ); Anhembi, Rio Fira-
cicaba: MNR] 21920 (22420075 427 00°W ), Anhernbi, Barreir-
inho Ranch: MNE] 21621 —22 (21380075 (46751007 ).

Helicops nentur (n = 1). Brazil Minas Gerais: Murias, District of
Macuco: ZUFMS 2201 (2108 0075 427 2 3005w

Helicops pasteree (n = 2). COLOMEBEIA: Meta: Guejar River,
north of La Macarena: MIUSP 611102 44°00°N (73754007 ).
ECUADDE: Pastaza: Huiyayacu River, upper Corrientes River:
MZLSP 1108 (27220075 76725005 ).

Helicops petersi (n = 1). ECUADOR: Mapo: right hank of Rio
Mizahualli ((F5926°5/TT-4T48"W; USNM 196360).

Helicops phantesma (n = 29). BRASL: Maranhao: Camlina,
Estreito Hydroslecmic Power Plant: MZLUSP 1030030 (72071475
47°3T157W). Mato Grosso: Barra do Garcas: UFMT-R E290
(152175527581 5°W . Toantins: Darcindpolis, Estreito Hy-
droelectric Power Flant: MZUSP 10308 (675172275 45-30040°W )
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lajeado, Luiz Eduardoe Magalhdes Hydroelectric Power Plant:
MELSP 14906—07, MZLUSP 14911-12, MZUSP M917 (OP44°5875)
482 2357T°W); lajeado Hydroelectric Power Plant: IBSP 65824,
66206 (9°450575/48°21°20"W ), Palmas, Lajeado Hydroelectric
Porer Plant: [BSP 65823, 66413, ( W0° 1274675/ 4687 21°37°W ), CHUNB
16176 (10°1T°2175/48°06'31°W); Porto MNacional, Lajeado Hydro-
electric Power Plant: IBSP 65502-03, 66080, 66446, GHGSE
(102 20 AR = 2502 "W).

Helicops polyepis (n = 56). BOLNIA: Beni: Trinidad: MZUSP
8314 (147 4T 0ES 64747027 ). BRAFIL: Acre: Rio Branco, Km 23 of
road AC 00 MPEG 20516 (°58°20°5/ 6748367 ). Amazonas:
Apui: CHUNB 38502 (07115075597 53" 29°W); [tacoatiara: MNE|
7940 (3000075 587 2300°W), Novo  Airao: MPEG 24374
(2737175 /60-56'30°W ); 530 Sehastido, Abacaxis River: MTR 12961
(4°1832°5/58°38'11"W); Maruim, Abacaxis River MTR 13320
(470 "3075 /587 20527 ). Matn Grosso: Chapada dos Guimaraes:
MELSP 11961, UPMT-R 50607, 1218—10 (4751575554707
Colniza: UFMT-R 6683, TTO6 (B°5504°559°XT58"W); Coocdm:
MELSP B367 (18 202575/54°45'40%W); MNova Mawvantina, Das
Mortes River: MMNE] T8, 932 (14740007552 2110°W ), un-
knioem locality: MME] 215, 9285 Para: Ananindeua, Pirelli Farm,
Uriboca Biver: MPEG 18535 { 1721 "5675 (487 2 2°20°W ); Belém: MPEG
13572 (1°27°21°548°30°w"W); Bamcarema: MPEGC 16440
(01" 32175 /487 3T733°W);  Belém: MPEG 18520 (17270075
482 200007W); Belém, Lauro Sodré passage Temra Firme: MPEG
18160 (17270075487 27007 ; Belém, Jararaca Island, near loor-
aci: MPEG 17680 (1720000754873 200" ); Cipo-Pitanga Island,
Souzel Bay, XMingu River: MPEG 16715 (unknown coordinates) Faro:
MPEG 18359, 1852 3 {2101 7755674 4°42°W); Mamjd Idand: MPEG
17720 (075642754097 38" 20"W), Jacundd, left bank of Tocantins
River, 7—8 Km south from Jacunda: MPEG 16754 (4°270375)
4970859 ); Jumuti, Capiranga Base: MPEG 21203, 22672, 23248,
23250 (090875567053 2°W); Melgaqo: MPEG 21855, X140
(1°48° 5175 /517204 4™ W), Melgago, Caxivana Mationmal Forest,
IBAMA Administrative Center: MPEG 21855-57 (17475275
S1°259"W); Melgaco, Caciuand, Marinat: MPEG 22140 (1°48 5175/
51720044 "W, Melgago, Catinand Mational Forest: MPEG 21188—30
(1743755172 6'05°W); Porto de Moz: MZUSP 18645 (17450075
EX 14007, Visew Coldnia Nowva: MPEG 15091, 15105, 1510910,
15115, 15118, 15120 (17114875 467 08°2 4™W). Rondonia Cachoeira
de Nazaré, Machado River: MZUSP 9037 (97450075 /61°5507°W);
Candeias do Jamari, Samuel Hydmelectric Power Plant: CEPE 981
(B=450375/63°2T714°W); Porto Velha, firau Hydroelectric Power
Flant, left bank of Madeira River: MZUSP 18893 (97155175
BT ETW). COLOMBIA: Amazonas: Leticia, Armacayacu Natural
National Par: UNC/MLC 8524, 8570 (37273175 70° 0843 5w

Heficops sonleris (n = &), COLOMBIA: Norte de Santander:
Cucuta, Pamplinita River: CBE 755, 72, 767 (7°5320°%/
TEMC4E™W); El Zulia, Zulia Riwer, west of Cucuta: CBBE 761
(77561475 [T I6TW). VENEFUELA: Fulia: Maracaibo: MBLLUZ
012, 285 { Wr4000™5/21 "3700"W [approximate coordinates])

= tapajjonicus (n = 3 ) Brazil. Para: Braszilia Legal: MPEG
2573536 (355" 2075 /557 35°30W ); Santarém, Tapar Village: MPEG
26524 (2264875 /54753 36°W )

Helicops trivittotus (n = ¥6). Brazil Maranhao: Carolina,
Extreito Hydroslectric Power Plant MZLUSP 10309300 (707 1475/
473T157W). Mato Grosso: Barra do Tapimpés: MZUSP 3815
(10P 390075 /50 36'007W); Coronel Vasconcelos, Mingu: MNR] 7784
(MFI225/53°44°50°W ), Diavarum, Xingu Indigenous  Park:
MELSP 5506 (11°15°00°5/53°12°00°W). Parda: Belém, Aumsto
Montenegro Road: MPEG 186090, 18843 (17270075 457 20°007W');
Belém, Lagn da Bolonha: MPEG 19207 (1727007548 2000°W);
Maraba, PA 15 Road: MPEG 25933 (5° 15" 135497 3'55W); Melgaco,
Caxiuand Mational Forest, Marinad: MPEG 2185850 (1°48 5175/
51720044 ™W); Melgago, Caxinana Mational Forest, Estacao Ferreira

Foalagisher Anredger 296 022) 91— 108

Pena Scentific Station: MPEG 10071, 20482, D187 (1°4T52°5)
5172606 ). Tocantims: Palmas: MEUSP 14300 (107 124875
A8 21" 38W); Luiz Eduardo Magalhles Hydmelectric Power Plant:
MZLUSE 1303 (9745 2075 /4872 F567W )
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