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ABSTRACT.—Phylogenetic relationships of Corallus caninus phylogeny were examined with DNA samples
from five geographically disparate localities from across the range of the species (Guyana, Venezuela,
Brazilian states of Pará and Rondônia, and Peru). The Peruvian sequence was the most divergent (16.2%) and
the closest relative of a clade including Brazilian, Guyanan, and Venezuelan populations. Within the latter
clade, the most basal lineage was from the state of Pará, followed by the state of Rondônia, which was the
closest relative of populations from the Guiana Shield. Preliminary morphological data paralleled molecular
results, and it is likely that a separate species of Corallus currently included in C. caninus occurs in the
upper Amazon.

The Emerald Treeboa (Corallus caninus) is one of the
most easily recognized snakes in the world. It has an
extensive distribution on the South American mainland
(Fig. 1) that encompasses most of the Guianas, a large
portion of Venezuela, Amazonian Colombia, Ecuador
and Peru, northern Bolivia, and much of the Brazilian
Amazon (Henderson, 1993; unpubl.). In addition,
records of C. caninus in Colombia exist from north of
the Cordillera Central in the departments of Córdoba
(Renjifo and Lundberg, 1999) and Antioquia (J. M. Daza
R., unpubl. data), and on the west slope of the
Cordillera Oriental in Boyacá (W. Lamar, unpubl. data).
Distribution is for the most part confined to rain forest,
and altitudinal distribution for C. caninus over most of
its range (Guianas, Amazonia) is , 200 m a.s.l., but in
Peru, the species occurs at elevations of 850–1000 m
(Schulte, 1988; Lehr, 2001), and in Colombia it occurs up
to 500 m (W. Lamar, unpubl. data).
Corallus caninus has maintained a rather remarkable
taxonomic stability since described by Linnaeus nearly
250 years ago (with type-locality ‘‘America’’). Although
other ‘‘emerald’’ species were subsequently described
(e.g., Boa aurantiaca Laurenti, 1768), all were eventually
relegated to the synonymy of C. caninus. More recently,
Gray (1860) described Chrysensis batesii based on a juvenile specimen from the ‘‘Upper Amazon,’’ and Boulenger
(1893) placed it into the synonymy of C. caninus. Since
then, surprisingly little attention has been paid to C.
caninus, despite its enigmatic juvenile coloration, its eyecatching adult coloration, and its popularity as an exhibit
animal in zoos and among herpetoculturists. The latter
have for many years recognized two or more ‘‘morphs’’
of C. caninus: one from the Guiana Shield and one or more
from the Amazon basin (e.g., Chiras, 1998; Kivit and
Wiseman, 2000).
As part of an ongoing review of Corallus biology, we
investigated the phylogeny of C. caninus by examining
DNA samples from five geographically disparate
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localities. The analysis raises taxonomic questions
based on the population genetics.
MATERIALS AND METHODS
DNA was extracted from specimens of C. caninus
from the following localities (Fig.1): Guyana: unspecified locality (private collection, Joseph Polanco, Cincinnati, Ohio); Venezuela: Amazonas, Neblina (USNM
559977); Brazil: Pará: Agropecuaria Treviso LTDA, approximately 101 km south and 18 km east of Santarem
(LSUMZ H-14433); Brazil: Rondônia: Rio Formosa,
Parque Estadual Guajara-Mirı́m, approximately 90 km
north of Nova Mamore (LSUMZ H-17648-17650); and
Peru: Loreto: Yarinacocha, Pacaya-Samiria Reserve
(private collection, Lima, Peru [upon death, to be
deposited in the Universidad Mayor de San Marcos in
Lima]). Boa constrictor tissue originated from French
Guiana, Piste de Petit-Saut (NV tissue collection). DNA
extraction was performed using the DNeasy Tissue Kit
from Qiagen. Amplification was performed using the
following sets of primers: ND4, 59-TGA-CTA-CCAAAA-GCT-CAT-GTA-GAA-GC-39 (Forstner et al., 1995)
and LEU, 59-TAC-TTT-TAC-TTG-GAT-TTG-CAC-CA39 (Forstner et al., 1995) for the ND4 gene; L14910,
59-GACCTGTGATMTGAAAAACCAYCGTTGT-39
(Burbrink et al., 2000), L14919, 59-AACCACCGTTGTTATTCAACT-39 (Burbrink et al., 2000), and H16064,
59-CTTTGGTTTACAAGAACAATGCTTTA-39 (Burbrink
et al., 2000) for the cytochrome b gene; L4437b,
59-CAG-CTA-AAA-AAG-CTA-TCG-GGC-CCA-TACC-39 (Kumazawa et al., 1996), H5382, 59-GTG-TGGGCR-ATT-GAT-GA-39 (de Queiroz et al., 2002), and
tRNA-trpR, 59–GGC-TTT-GAA-GGC-TMC-TAG-TTT39 (de Queiroz et al., 2002) for the ND2 gene. Both
strands of the PCR products were sequenced using the
BigDye sequencing kit (Applied Biosystems) in the ABI
Prism 3100-Avant Genetic Analyser.
Two strands obtained for each sequence were aligned
using the BioEdit Sequence Alignment Editor program (Hall, 1999). Sequence entry and alignment
were performed manually with MUST2000 software
(Philippe, 1993). Alignment was straightforward for
the three genes as no indels were included.
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FIG. 1. Map illustrating the approximate range of Corallus caninus. Localities from which tissue samples used
for DNA sequencing originated are designated by number: 1. GUYANA: unspecified locality; 2. VENEZUELA:
Amazonas: Neblina; 3. BRAZIL: Para: 101 km south and 18 km east of Santarem; 4. PERU: Loreto: Yarinacocha:
Pacaya-Samiria Reserve; 5. BRAZIL: Rondônia: Rio Formosa: Parque Estadual Guajara-Mirı́m. The enclosed area
associated with locality 5 indicates where specimens of C. caninus exhibit pattern characteristics similar to material
from the Guiana Shield.

A boid (B. constrictor) was used as an outgroup. The
two C. caninus samples from the Brazilian state of Pará
yielded only one cytochrome b haplotype as did the
three C. caninus samples from the Brazilian state of
Rondônia. Therefore, we used only one sample from
each of these localities in phylogenetic analyses.
Alignment (six unique haplotypes) resulted in 1053
cytochrome b sites (276 variable sites; 89 were informative for parsimony), 672 ND4 sites (175 variable
sites; 62 were informative for parsimony), and 540 ND2
sites (135 variable sites; 37 were informative for
parsimony). Because mtDNA evolves as a single
linkage unit, we concatenated the different gene
sequences for each specimen and analyzed the data
jointly (2265 sites, 586 variable sites; 188 were informative for parsimony).
We built phylogenies using Minimum Evolution
(ME), Maximum Parsimony (MP), and Bayesian methods of inference. ME and MP analyses were performed
with PAUP*4 (D. L. Swofford, Vers. 4. Sinauer
Associates, Sunderland, MA, 1998). Bayesian analyses
were performed with MrBayes 3.0b4 (Ronquist and
Huelsenbeck, 2003; Nylander et al., 2004). For MP

analyses (random option with TBR branch swapping,
2000 bootstrap replicates), all sites were weighted
equally. For ME analyses (TBR branch swapping, 2000
bootstrap replicates), we chose the Kimura’s twoparameter (K2P) model, following guidelines described
in Nei and Kumar (2000); the K2P model is recommended when the Jukes-Cantor estimate of the number
of nucleotide substitution per site (d) is between 0.05
and 1 and the transition/transversion ratio (R) is above
5. For Bayesian analyses, we followed the strategy
advocated by Mueller et al. (2004) in partitioning our
dataset by codon position across the three genes.
Bayesian analyses were then run with model parameters estimated as part of the Bayesian analyses, and the
best-fit model as inferred by Modeltest (Posada and
Crandall, 1998) for each codon position across the
three genes (GTR model for the first codon position,
HKY model for the second and third codon positions). Bayesian analyses were performed by running
two million generations in four chains, saving the
current tree every 10 generations. The last 170,000
trees were used to construct a 50% majority rule consensus tree.
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RESULTS

Phylogenetic trees were well resolved with strong
statistical support for all nodes (Fig. 2). The Peruvian
haplotype was the most divergent and was the sister
group to a clade including Brazilian, Guyanan, and
Venezuelan populations. Among the latter clade, the
most basal lineage was from the state of Pará, followed
by the lineage from the state of Rondônia, which was
the sister group to the populations from the Guiana
Shield (Guyana and Venezuela in our study). Pairwise
sequence differences were estimated using the K2P
model. Mean levels of sequence divergence between
Boa and Corallus was 20.2 6 1, whereas sequence
divergence within Corallus ranged from 1.7 6 0.3 (between Guyana and Venezuela) to 16.2 6 0.9 (between
Peru and the remaining Corallus) (other pairwise
sequence differences are 3.1 6 0.4 between Rondônia
and the Guiana Shield and 6.3 6 0.5 between Pará and
the clade including Rondônia and the Guiana Shield).
The sequence divergence between Peru and the
remaining Corallus (16.2%) was well above the range
of values for sequence divergence between other closely
related snakes, 1.6–5.3% (Zamudio and Greene, 1997;
Burbrink et al., 2000; Ashton and de Queiroz, 2001;
Keogh et al., 2001; Rawlings and Donnellan, 2003).
DISCUSSION
Corallus caninus from the Guiana Shield (Hoogmoed,
1979, 1982) and those from elsewhere across the range
are discernible from each other (based on usually
obvious scale and color pattern characters), but the
results of the DNA sequence analysis indicate a major
dichotomy between our sample from the upper
Amazon in Peru and the rest of the samples. That C.
caninus displays geographic variation, or that it may
comprise more than one species, is not surprising based
on its extensive geographic distribution. According to
Bush (1994), pre-Quaternary vicariance events (e.g.,
formation of major rivers) in Amazonia probably
established the major regional divisions of species
complexes, and he concluded that any Amazonian
speciation model ‘‘will almost certainly be complex and
to some extent species-specific.’’
Based on examination of 120 C. caninus from
throughout the range, the results of our genetic analysis
parallel the morphological data collected to date. The
close relationship between samples from Guyana and
Venezuela was not unexpected, because both occur in
the Guiana Shield and share scale (e.g., enlarged scales
across the top of the snout) and pattern (e.g., no or very
few white lateral blotches; no middorsal striping)
characteristics. Individual C. caninus from eastern
Brazil south of the Amazon have conspicuous lateral
blotches and a middorsal stripe connecting the white
triangle-like markings that lie on either side of the
dorsal midline. Snakes from Rondônia and western
Mato Grosso, like those from the Guiana Shield, either
lack lateral blotches or have them greatly reduced, and
the middorsal stripe is absent. Snakes from the upper
Amazon (Peru, Ecuador) always have lateral blotches
and they are more numerous than elsewhere in the
range, as are the dorsal triangles; a middorsal stripe
may or may not be present. The scales across the top of
the muzzle are more numerous here than elsewhere in
the range. Based on molecular and preliminary
morphological evidence, it is likely that a separate

FIG. 2. ME tree obtained from the combined
cytochrome b, ND4, and ND2 dataset. Values are ME
bootstrap values (2000 replicates), MP bootstrap values
(2000 replicates), and Bayesian posterior probabilities
(two million generations).

species of Corallus currently included in C. caninus
occurs in the upper Amazon. Examination of additional
preserved material is ongoing (R. W. Henderson and M.
S. Hoogmoed, unpubl.) and should provide critical
insights regarding geographic variation and possible
taxonomic partitioning.
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