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and yet, is one of the most biologically diverse territories on the planet [1–3]. The origin and
maintenance of its tremendous diversity is attributed not only to Mesoamerica’s geographical
location between two major continental masses but also to the intricate geological and climato-
logical history that shaped the region since the late Cretaceous [4–6].

Among the myriad of events that resulted from these dynamics, perhaps the most signifi-
cant was the rise and final connection of the Lower Central American Isthmus (LCA, but also
known as the Isthmus of Panama). The uplift did not occur as a single incident but instead
resulted from a series of geological and climatological events that started in the Oligocene and
continued until the mid-Pliocene when the unbroken connection finally emerged [5–10, but
see 11 for a different view]. This process allowed not only the evolution and redistribution of
organisms in Mesoamerica [12, 13] but also was crucial in the exchange of species between the
Northern and Southern continents, often referred as the Great American Biotic Exchange
[14–18]. Despite its importance, there is still considerable debate about the timing of the final
LCA connection, and whether pre-closure dispersal or vicariant events mediated the cladogen-
esis and biological diversification observed in the region [19, 20].

Several studies have shown the effectiveness of molecular phylogeographic approaches com-
bined with robust estimations of divergence time to assess the role of putative geological events
in the cladogenesis of species inhabiting Middle America [20–22]. This has allowed scientists to
address questions about how historical divergence occurred across landscapes, especially in
regions where there is little consensus on historical processes, as is the case of Middle America.

Pitvipers have been used to elucidate fine-scale historical biogeographical patterns, [19, 23–
25] because most species have lower vagility than other vertebrates, which make them more
prone to genetic isolation via vicariance. Moreover, the intrageneric relationships of pitvipers
in Middle America are well known [26–30], and it seems that Mesoamerican pitviper lineages
exhibit coincident temporal patterns of divergence that match major geological events that
shaped the region. For instance, the tropical rattlesnake �������� 	��
���� (����� ����) has a
northern origin [31], but its phylogeographic pattern is consistent with a gradual range expan-
sion south that corresponded to the final uplift of the LCA isthmus, followed by a rapid dis-
persal into South America [32].

The effect of the LCA uplift and final closure on tropical snake lineages of South American
origin is far less understood, although it is believed that most dispersed north only after the
uplift of the Isthmus [29]. To assess the effect of the LCA uplift on South American taxa, we
focus on the Central American lancehead pitviper, ������� �����. This species has close affini-
ties with members of the . ����� complex [sensu 27] a group mainly distributed east of the
Andes [33], and is thus nested deeply within the genus ������� that is otherwise confined to
South America [26, 27, 34]. However, . ����� extends its distribution from Colombia and
northwestern Peru in South America to lowland Mexico and Central America. Given these
affinities and its current distribution well into Middle America, it appears that ������� �����
expanded its range rapidly northward once the LCA isthmus was finalized [34]. Thus, we pre-
dict that . ����� populations in Middle America will be more recent and exhibit lower diver-
gence than those in South America.

To test this, we assess the phylogeographic pattern of . ����� using mtDNA markers across
the species range and evaluate the time and mode in which the species colonized Mesoamerica.

Materials and methods

Specimens and laboratory methods
������� ����� individuals were collected from 70 localities throughout the species distribution
(Fig 1 and S1 Table). Genomic DNA was extracted mostly from blood or shed skin following
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