Global Ecology and Biogeography, (Global Ecol. Biogeogr.) (2015) 24, 1433–1442
bs_bs_banner

RESEARCH
PA P E R

The geography of snake reproductive
mode: a global analysis of the evolution
of snake viviparity
Anat Feldman1*, Aaron M. Bauer2, Fernando Castro-Herrera3,
Laurent Chirio4, Indraneil Das5, Tiffany M. Doan6, Erez Maza1,
Danny Meirte7, Cristiano de Campos Nogueira8, Zoltán Tamás Nagy9,
Omar Torres-Carvajal10, Peter Uetz11 and Shai Meiri1

1

Department of Zoology, Tel Aviv University,
Tel Aviv, Israel, 2Department of Biology,
Villanova University, Villanova, PA, USA,
3
Departamento de Biología, Universidad del
Valle, Cali, Colombia, 4Département de
Systématique et Evolution, Muséum National
d’Histoire Naturelle, Paris, France, 5Institute of
Biodiversity and Environmental Conservation,
Universiti Malaysia Sarawak, Kota
Samarahan, Malaysia, 6Department of
Biology, University of Central Florida,
Orlando, FL 32816, USA, 7Department of
African Biology, Royal Museum for Central
Africa, Tervuren, Belgium, 8Herpetologia,
Museu de Zoologia da Universidade de São
Paulo, São Paulo, Brazil, 9OD Taxonomy and
Phylogeny, Royal Belgian Institute of Natural
Sciences, 1000 Brussels, Belgium, 10Museo de
Zoología, Escuela de Ciencias Biológicas,
Pontificia Universidad Católica del Ecuador,
Quito, Ecuador, 11Center for the Study of
Biological Complexity, Virginia
Commonwealth University, Richmond, VA,
USA

*Correspondence: Department of Zoology, Tel
Aviv University, Tel Aviv 69978, Israel.
E-mail: anatfeld@post.tau.ac.il

ABSTRACT

Aim Although most reptiles are oviparous, viviparity is a common mode of reproduction in squamates and has evolved multiple times in different lineages. We test
two prevailing hypotheses regarding the biogeography of reptile reproductive
modes to evaluate the selective forces driving the evolution of viviparity in snakes.
The cold climate hypothesis posits that viviparity is selected for in cold climates,
whereas the climatic predictability hypothesis predicts that viviparity is advantageous in seasonal climates.
Location Global.
Methods We collated detailed distribution maps and reproductive mode data for
2663 species of the world’s terrestrial alethinophidian snakes. We studied the relationship between snake reproductive mode and environmental predictors. We
applied both an ecological and an evolutionary approach to study snake reproductive mode by performing the analyses at the assemblage level and species level,
respectively. We analysed our data at the global and continental scales to learn
whether tendencies to viviparity are similar world-wide.
Results We found strong support for the cold climate hypothesis and the assumption that viviparity is an adaptation to cold environments. There was little support
for the climatic predictability hypothesis. Nonetheless, viviparous species are not
restricted to cold environments.
Main conclusions We conclude that viviparity is adaptive in cold climates, but
not necessarily in unpredictable/seasonal climates. Current distributions may
not reflect the climate at the time and place of speciation. We suspect many viviparous snakes inhabiting warm climates are members of lineages that originated in
colder regions, and their occurrence in maladaptive environments is a result of
phylogenetic conservatism.
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INTRODUCTION
Squamates reproduce either by laying eggs (oviparity) or by
giving birth to live young (viviparity). Most squamate species
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are oviparous (c. 80–85%; Sites et al., 2011), and reproductive
mode is generally phylogenetically constrained [e.g. all
homalopsids are considered to be viviparous (Murphy, 2007)
and all anoles are oviparous (Vitt & Caldwell, 2009)]. NonetheDOI: 10.1111/geb.12374
http://wileyonlinelibrary.com/journal/geb
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