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Abstract: The Neotropical woody bamboos are a monophyletic lineage with three subtribes in the Bambusoideae: Arthrostyli-
diinae, Chusqueinae and Guaduainae. The geographical distribution of these subtribes extends from Mexico, Central America, 
Caribbean Islands, to South America. In order to understand the biogeographical patterns and origin of these bamboos, a phy-
logeny of Neotropical woody bamboos was first inferred. Then divergence time estimation of particular nodes using a Bayesian 
approach and ancestral area reconstruction using S-DIVA were performed. The results suggest a Miocene origin of Neotropical 
bamboos where the subtribe Chusqueinae was the oldest, followed by the Arthrostylidiinae and the Guaduinae. The ancestral area 
reconstruction indicated a complex scenario in which the ancestral area for Chusqueinae was Andean South America followed by 
multiple dispersal events to Atlantic Brazil and Mesoamerica. Overall, the results support the hypothesis of a South American ori-
gin of the Neotropical woody bamboos, corroborated by the molecular dating, ancestral area reconstruction and the fossil record. 
Keywords: Andes, Atlantic forests, Mesoamerica, Neotropical woody bamboos, South America.

Resumen: Los bambúes leñosos Neotropicales son un linaje monofilético dentro de Bambusoideae con tres subtribus: Arthro-
stylidiinae, Chusqueinae y Guaduinae. La distribución geográfica de éstas va desde México, Centroamérica, Islas del Caribe hasta 
Sudamérica. Para entender los patrones biogeográficos y el origen de estos bambúes se realizó un análisis filogenético. Posterior-
mente las estimaciones de los tiempos de divergencia de nodos particulares bajo una aproximación Bayesiana y la reconstrucción 
de las áreas ancestrales utilizando S-DIVA fueron realizadas. Los resultados sugieren un origen en el Mioceno para los bambúes 
Neotropicales, donde la subtribu Chusqueinae fue la más antigua, seguida de Arthrostylidiinae y Guaduinae. La reconstrucción 
de las áreas ancestrales, indican un escenario complejo donde el área ancestral para Chusqueinae fueron Los Andes, seguido 
de múltiples eventos de dispersión hacia el bosque Atlántico y Mesoámerica. Los resultados soportan la hipótesis de un origen 
Sudamericano para los bambúes  Neotropicales, corroborado por la datación molecular, la reconstrucción del área ancestral y el 
registro fósil. 
Palabras clave: Andes, bambúes leñosos Neotropicales, bosque Atlántico, Mesoámerica, Sudamérica.

The bamboo subfamily (Bambusoideae) is one of the thir-
teen known subfamilies in Poaceae (GPWG, 2001; Sán-

chez-Ken et al., 2007; Bouchenak-Khelladi et al., 2008). 
Comprising 80-90 genera and more than 1,500 species 
distributed world wide except in the Antarctica and Europe 
(McClure, 1966; Soderstrom and Ellis, 1987; Judziewicz et 
al., 1999; Ohrnberger, 1999), bamboos grow from see level 
up to 4,000 m in altitude and are economically important in 
Asia and South America (Judziewicz et al., 1999; Bystria-
kova et al., 2003). 
 The latest molecular phylogeny of Poaceae (Bouchenak-
Khelladi et al., 2008) recovered two main supported clades 
where the Bambusoideae in the BEP clade is sister to the 
Pooideae (wheat subfamily) and these two are sister to the 

Ehrhartoidaeae (rice subfamily) (see also GPWG, 2001). 
Bouchenak-Khelladi et al. (2008) found that the bamboo 
subfamily is monophyletic but found paraphyly in the Bam-
buseae (woody bamboos), while the Paleotropical and Neo-
tropical woody bamboos are sister to the Olyreae (herba-
ceous bamboos), and this clade sister to temperate woody 
bamboos. These results were later confirmed by a multi-gene 
phylogeny of the Bambusoideae (Sungkaew et al., 2009). 
In the paraphyletic woody bamboos with nine recognized 
subtribes, only three subtribes, (Chusquineae, Guaduinae 
and Melocanniinae) have been recovered as monophyletic 
groups (Kelchner and Clark, 1997; Clark et al., 2007; Ruiz-
Sanchez et al., 2008; Fisher et al., 2009; Sungkaew et al., 
2009), and the rest of the subtribes are not monophyletic 
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groups (Guo et al., 2001, 2002; Guo and Li, 2004; Clark 
et al., 2007; Yang et al., 2008; Bouchenak-Khelladi et al., 
2008; Peng et al., 2008; Sungkaew et al., 2009; Triplett and 
Clark, 2010).
 The Neotropical woody bamboos form a monophyletic 
lineage represented by three subtribes: Arthrostylidiinae, 
Chusqueinae, and Guaduinae (Clark et al., 1995; Judzie-
wicz et al., 1999; Zhang and Clark, 2000; Bouchenak-
Khelladi et al., 2008). The subtribe Arthrostylidiinae has 12 
genera and more than 157 species and is distributed in South 
America, Mesoamerica and the Caribbean Islands, from sea 
level up to 3,700 m. The Chusqueinae has only one genus, 
Chusquea, with more than 155 species distributed from 
Mexico to Brazil. Chusquea species grow from sea level 
up to 4,000 m in altitude and is one of the most speciose 
genera in the Poaceae. The Guaduinae has five genera and 
more than 40 species, is distributed from Mexico to Brazil, 
but never grows above 2,500 m in altitude. In some parts of 
Mesoamerica (Mexico and Costa Rica) and South America 
(Brazil and Colombia) species of the three subtribes are 
sympatric (Judziewicz et al., 1999). The three Neotropical 
subtribes have distributions in three main areas of highest 
bamboo diversity and endemism; Brazil, the Northern and 
Central Andes, and Mexico. Brazil (including the Amazon 
basin and the Atlantic forests) has the greatest diversity of 
genera and species, followed by the Andes (Venezuela to 
Bolivia), and Mexico and Central America (Soderstrom et 
al., 1988; Clark, 1990; Judziewicz et al., 1999). 
 The Poaceae originated in the late Cretaceous (c. 96 Ma) 
and the center origin was either African or South Ameri-
can regions of Gondwana, based on three plastid markers 
and four fossil calibration points (Bouchenak-Khelladi et 
al., 2010). The BEP clade has been inferred to have origi-
nated in the early Eocene in closed habitats in Africa, ac-
cording with the results of the ancestral area reconstructions 
of Bouchenak-Khelladi et al. (2010). The diversification 
of bamboos occurred during the Miocene (23.7 to 5.3) as 
documented by macrofossils or pollen fossil records (Ber-
ry, 1929; Thomasson, 1987; Crepet and Feldman, 1991; 
Worobiec and Worobiec, 2005; Brea and Zucol, 2007; 
Worobiec et al., 2009). However, the crown node of the 
Bambusoideae originated 30 Ma in the middle Oligocene 
(Bouchenak-Khelladi et al., 2010). Clark (1997) proposed 
that the woody bamboos, arose in the Southern Hemisphere 
in lowland, tropical areas and then radiated into tropical 
montane habitats. 
 The uplift of the Andean in the Miocene had a profound 
impact on the history of South America; it changed the 
course of the Amazon river system from northwestwards 
to the Atlantic side (Hoorn et al., 1995). The Andean uplift 
acted both as a dispersal route and as driver in promoting 
rapid diversification, via allopatric speciation and ecological 
displacement, in highland and montane habitats (Antonelli 
et al., 2009). On the other hand, the climatic fluctuations 

due the Milankovitch cycles caused global changes in the 
distribution of tropical forests during the Cenozoic (Tertia-
ry-Quaternary) and before (Haffer and Prance, 2001). The 
Andean uplift and the climate change are responsible for 
Amazonian forest refugia, where many extant plant and ani-
mal species probably originated (Haffer and Prance, 2001). 
Almost at the same time during the late Miocene in Cen-
tral America the migration of the magmatic front from the 
Cordillera del Aguacate to the Cordillera Central resulted in 
relocation of the Pacific-Caribbean drainage divide, forma-
tion of the Valle Central basin, and reorganization of fluvial 
networks (Marshall et al., 2003), making a complex topo-
graphic scenario for plant divergence. South America was 
the primary center of origin for the New World woody bam-
boos, and dispersal to Mesoamerica (Central America to 
Mexico) occurred after the Panamanian land bridge formed 
about 2.8-2.9 Ma (Judziewicz et al., 1999; Bartoli et al., 
2005). 
 Due to the limited sample of neotropical woody bam-
boos (three and four respectively) in previous phylogenet-
ic and biogeographic studies (i.e. Sungkaew et al., 2009; 
Bouchenak-Khelladi et al., 2010), we used the molecular 
data from Kelchner and Clark (1997) and Ruiz-Sanchez 
et al. (2008) to reconstruct a dated phylogenetic tree of 
the Neotropical woody bamboos. This paper aims to study 
the temporal patterns of Neotropical woody bamboos bio-
geography and temporal evolution: (1) producing a dated 
phylogenetic tree of the subfamily Bambusoideae and the 
Neotropical woody lineage, (2) inferring the evolution of 
geographical range and reconstructing ancestral areas, and 
(3) inferring biogeographical patterns of dispersal-vicariance 
from South America to Mesoamerica based on fossil and 
Yule based divergence estimation and ancestral area recon-
struction. 

Material and methods

Phylogeny of the Neotropical woody bamboos. In order to 
infer the most complete Neotropical woody bamboo species 
phylogeny, 46 taxa were used. The plastid rpl16 intron was 
used to infer the phylogeny, the sequences were Genbank 
downloaded <http://www.ncbi.nlm.nih.gov/genbank/> 
(consulted August 25 2010) following the previous phyloge-
netic analyses of Kelchner and Clark (1997) and Ruiz-San-
chez et al. (2008). Bayesian analyses were conducted using 
MrBayes 3.2.1 (Huelsenbeck and Ronquist, 2001; Ron-
quist and Huelsenbeck, 2003). First, jMODELTEST.0.1.1 
(Posada, 2008) was run to identify the model of evolution 
using the AIC values. The best model for the rpl16 intron 
was TIM1+G. Then the model’s parameters were used in 
MRBAYES v. 3.1.2 (Ronquist and Huelsenbeck, 2003). 
Two parallel BMCMC were executed simultaneously with 
default options and each was run for 107 generations. Trees 
were sampled every 2,000 generations yielding 1,000 trees 
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saved per run. Stationarity was verified graphically by plot-
ting the number of generations versus –ln L values. Trees 
prior to stationarity were excluded (10%) and the remaining 
trees were used to generate a majority consensus tree with 
the Bayesian posterior probabilities of the clades.

Divergence time estimation. The estimation of divergence 
time was done under a Bayesian  approach as implemented 
in BEAST v. 1.5.4 (Drummond and Rambaut, 2007). Two 
different estimations of divergence times were run. First, we 
estimated the divergence time of the Bambusoideae subfam-
ily using five plastid regions (trnL intron, trnL-F intergenic 
spacer, atpB-rbcL intergenic spacer, rps16 intron, and matK 
gene) and 64 taxa of Sungkaew et al. (2009). This first es-
timation was done, due the majority of the Bambusoideae 
and Neotropical woody bamboo taxa (52 and 4) and plastid 
(five) markers used in the Sungkaew et al. (2009) study, in-
stead the 25 and three bambusoids and three plastid mark-
ers used by Bouchenak-Khelladi et al. (2010). The finality 
was to obtain the best divergence estimation times for the 
Neotropical woody bamboos and to use it to calibrate the 
Neotropical tree priors. 
 BEAST v. 1.5.4 has three substitution models (HKY, 
GTR and TN93) and three site heterogeneity models (gam-
ma, invariant sites, or gamma + invariant sites). We used the 
model of selection GTR + G based on the result of AIC from 
jMODELTEST 0.1.1 to the subfamily Bambusoideae under 
an uncorrelated lognormal relaxed clock model. We con-
strained five nodes to be monophyletic according to Sung-
kaew et al. (2009) and Bouchenak-Khelladi et al. (2010): 
BEP-P, Ehrarthoideae, Pooideae, Bambusoideae and Pani-
coideae. The Yule speciation process was used to model the 
tree prior. Five calibration points were used to determine 
specific nodes prior, and lognormal distributions following 
the results of Bouchenak-Khelladi et al. (2010). The diver-
gence time of BEP-P (57 Ma, 51-75 Confidence Interval) 
[lognormal mean 4.04, SD 0.14, zero offset 0] was used to 
calibrate the root node. The Ehrarthoideae crown group was 
(53 Ma, 49-66 CI ) [lognormal mean 3.97, SD 0.12, zero 
offset 0]. The Pooideae crown group was (44 Ma, 40-57) 
[lognormal mean 3.78, SD 0.14, zero offset 0]. The Bam-
busoideae crown group was (29 Ma, 26-48 CI) [lognormal 
mean 3.36, SD 0.26, zero offset 0]. Finally, the Panicoideae 
crown group was (24 Ma, 22-35 CI) [lognormal mean 3.17, 
SD 0.2, zero offset 0]. 
 A second estimation of divergence times was conducted 
for the Neotropical woody bamboos. Sequences for both 
analyses were aligned manually using the program Se-Al 
v. 2.0a11 (Rambaut, 2002). We used the HKY + G model 
of sequence evolution for the 46 data matrix of the rpl16 in-
tron, under an uncorrelated lognormal relaxed clock model 
and Yule speciation process was used to model the tree prior. 
The three Neotropical subtribes and the genus Guadua were 
constrained to be monophyletic according to (Ruiz-Sanchez 

et al., 2008 and Fisher et al., 2009). Two fossil calibration 
points were used to determine specific node priors. For 
Chusqueinae-Chusquea crown group, the age of Miocene 
macrofossil from Colombia (Berry, 1929) was used, ap-
proximating a median age of 14 Ma [lognormal mean 2.63, 
SD 0.1, zero offset 0] and for the Guadua crown group, the 
age of a Pliocene macrofossil from Argentina (Brea and Zu-
col, 2007) was used, approximating a median age of 4.5 Ma 
[lognormal mean 1.5, SD 0.1, zero offset 0].
 To calibrate the root we used the results of the first di-
vergence time estimation of the Bambusoideae, using the 
estimated 19.37 Ma [lognormal mean 3.23, SD 0.26, zero 
offset 0; range of 6.7-22.6 Ma] divergence time for the Neo-
tropical woody bamboos lineage crown group.
 For both divergence time estimations we performed four 
independent 107 generation runs with random starting trees, 
sampling every 2,000 generations. Results were analysed 
using TRACER v. 1.5 (Rambaut and Drummond, 2007) 
Available from the BEAST site at <http://tree.bio.ed.ac.uk/
software/tracer/> to assess convergence and effective sam-
ple sizes (ESS) for all parameters and the tree files from the 
four runs of BEAST were combined. Finally, these results 
were summarized in a single tree and the two resulting trees 
were visualized in FIGTREE v. 1.5.4 (Drummond and Ram-
baut, 2007). Available from the BEAST site at <http://tree.
bio.ed.ac.uk/software/figtree/>

Ancestral area reconstruction. Four areas were defined for 
the biogeographic analysis based on three main biogeo-
graphical areas with highest bamboo diversity and ende-
mism identified by Soderstrom et al. (1988); Clark (1990); 
Judziewicz et al. (1999) and following the biogeographic 
areas of Antonelli et al. (2009). The four areas were coded 
as follow: Meosamerica (including Mexico and Central 
America) (A), Andes (B), Amazonian basin (C) and Bra-
zilian Atlantic forests (D). Dispersal–Vicariance Analysis 
(DIVA) is one of the most widely-used methods for infer-
ring biogeographic histories (Ronquist, 1997, 2001). DIVA 
reconstructs the ancestral distribution in a phylogeny using 
a three-dimensional step matrix, while allowing for disper-
sal and extinction to occur. One problem with the current 
implementation of DIVA is that it ignores the uncertainty 
in phylogenetic inference: ancestral areas are reconstruct-
ed onto a fixed tree topology assuming that the phylogeny 
is known without error (Nylander et al., 2008). A second 
source of uncertainty in DIVA is associated with ancestral 
area optimization: multiple equally parsimonious optimal 
distributions are often suggested at ancestral nodes, par-
ticularly if there are many widespread extant distributions 
(Ronquist, 1997, Nylander et al., 2008). To avoid the prob-
lems with DIVA the S-DIVA (Statistical Dispersal–Vicari-
ance Analyses) was used integrating 10,000 trees from the 
Bayesian analysis. S-DIVA determines statistical support 
for ancestral range reconstructions (Yu et al., 2010). The 
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Figure 1. Bayesian consensus tree where posterior probabilities are shown below the branches. Brackets identify subtribes: ART, Arthro-
stylidiinae; GUA, Guaduinae and CHU, Chusqueinae.

EDUARDO RUIZ-SANCHEZ

frequencies of an ancestral range at a node in ancestral re-
constructions are averaged over all trees and each alterna-
tive ancestral range at a node is weighted by the frequency 
of the node occurring, or by some other measure of support 
for the node (Yu et al., 2010). 

Results

Phylogeny of neotropical woody bamboos. The total number 
of base pairs of the aligned rpl16 intron matrix was 1,075, 
where 43 bp were variable and 1,032 were constant. Bayes-
ian majority consensus rule retrieved a topology where two 
(Guaduinae and Chusqueinae) of the three Neotropical sub-

tribes show posterior probabilities  0.85 (PP) (Figure 1). 
However, the sister relationships of Guaduinae and Arthro-
stylidiinae are well supported (PP : 1.0). Within the Guadui-
nae, three genera (Eremocaulon, Guadua, and Otatea) have 
PP > 0.9, and the Otatea subclade is part of the Olmeca (O. 
clarkiae and O. fulgor) clade but with low PP support. In 
the Arthrostylidiinae only the Rhipidocladum pittieri and R. 
racemiflorum subclade are well supported (PP : 1.0) and the 
clade of Aulonemia laxa and A. patula subclade has 0.87 
PP support. In the Chusqueinae subtribe there are several 
subclades well supported (PP > 0.93; Figure 1).

Divergence time estimation. Results from divergence time 
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Figure 2. Chronogram based on a Bayesian approach of the 
Bambusoideae and related subfamilies. Gray bars indicate 95% 
confidence intervals of node age estimations. Brackets identify 
subfamilies and bamboos lineages: BAM, Bambusoideae; EHR, 
Ehrhartoideae; PAN, Panicoideae; POI, Pooideae; HB, herbaceous 
bamboos; NWB, neotropical woody bamboos; PWB, paleotropical 
woody bamboos and TWB, temperate woody bamboos. Black ar-

rows indicate calibration points.
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estimations for the Bambusoideae subfamily using the Yule 
speciation process are visualized in Figure 2. The four main 
lineages (Temperate, Paleotropical and Neotropical woody 
bamboos, and herbaceous bamboos) of the Bambusoideae 
showed different divergence times. Herbaceous bamboos 
have a divergence time of 22.3 (95% HPD) Ma. Paleotropi-
cal woody bamboos have 19.6 (95% HPD) Ma. Neotropical 
woody bamboos 19.3 (95% HPD) Ma, this date was used to 
calibrate the root. Finally the Temperate woody bamboos 
are the younger with 10.6 (95% HPD) Ma (Figure 2). 
 The divergence time estimation for the Neotropical 
woody bamboos showed that the Chusqueinae was the old-
est with divergence times of 14.2 Ma (11.6-16.8 CI, 95% 
HPD), followed by the Arthrostylidiinae with 9.1 Ma (4.9-
14.2 CI, 95% HPD); the Guaduinae is the youngest subtribe 
with 8.8 Ma (5.3-13.1 CI, 95% HPD) (Figure 3). Chusquea 
is the oldest genus in Neotropical woody bamboos, but 
with diversification during the Pliocene to Pleistocene (4.6-
0.5 Ma) (Figure 3). In the Arthrostylidiinae, Aulonemia 
and Rhipidocladum diverged in the Pliocene (4.4 Ma) and 
Pleistocene (1.2 Ma) respectively. In the Guaduinae, Gua-
dua and Eremocaulon diverged in the Pliocene (4.1 and 3.2 
Ma), Otatea during the Pleistocene (1.9 Ma) and Olmeca 
species including O. clarkiae in the middle Pliocene (4.3 
Ma) (Figure 3). 

Ancestral area reconstruction. The statistical dispersal–vi-
cariance analyses reconstructed the ancestral distributions 
of all Neotropical woody bamboos as being restricted to one 

or a few areas. The ancestral distribution area of Neotropi-
cal woody bamboos is restricted either to Mesoamerica + 
Andes + Atlantic forests (53.35%) or to Mesoamerica + 
Andes (46.65%). S-DIVA infers rather complex scenarios 
with wider ancestral ranges being inferred for increasingly 
interior nodes (Figure 3). Of the 44 cladogenic events in 
Figure 3, S-DIVA required 24 dispersal events to explain 
the observed pattern of distribution. Dispersal rather than 
vicariance appears to have been of key importance in 
shaping Neotropical woody bamboos distribution patterns 
(Figure 3). The ancestral distribution area of the Chusquei-
nae are the Andes (71.88%), or Andes + Atlantic forests 
(28.12%); for the Guaduinae is Mesoamerica (100%); and 
for the Arthrostylidiinae are Mesoamerica (46.90%), Andes 
+ Atlantic forests (21.06%), Mesoamerica + Atlantic for-
ests (16.71%) or Mesoamerica + Andes + Atlantic forests 
(15.31%) (Figure 3).

Discussion

The close relationships between the Arthrostylidiinae and 
Guaduinae as sister groups and the absence of node sup-
port for the Arthrostylidiinae subtribe has been found in 
previous phylogenetic analyses (Kelchner and Clark, 1997; 
Guala et al., 2000; Zhang and Clark, 2000; Bouchenak-
Khelladi et al., 2008; Ruiz-Sanchez et al., 2008; Sungkaew 
et al., 2009). The Chusqueinae is corroborated as sister 
to the Arthrostylidiinae+Guaduinae clade, with good node 
support as in previous phylogenetic analyses (Kelchner and 
Clark, 1997; Ruiz-Sanchez et al., 2008; Sungkaew et al., 
2009; Fisher et al., 2009). 
 According to molecular dating of the Bambusoideae 
(Figure 2) the ancestral bamboo lineage originated in the 
late Eocene (37 Ma [26.5-48.7 CI, 95% HPD]), eight Ma 
older than the Bouchenak-Khelladi et al. (2010) estimates, 
but with the same confidence interval. This change could 
be due the inclusion of five plastid markers in the Bam-
busoideae dating instead of three plastid markers used by 
Bouchenak-Khelladi et al. (2010).
 The oldest Neotropical woody bamboo lineage estimat-
ed in our analyses is the subtribe Chusqueinae with 14.2 
(11.6-16.8 CI, 95% HPD) Ma in the middle Miocene, at the 
same time in South America when extensive lakes and in-
land seas in the foreland basin in western Amazonia were 
developed (Lundberg et al., 1998) and the newly-formed 
montane habitats must have acted as an ecological barrier to 
lowland taxa (Antonelli et al., 2009). The fossil record from 
Colombia dated to the Miocene and assigned to Chusquea 
(Berry, 1929) corroborated the molecular dating found for 
the Chusqueinae. However there is a bamboo fossil record 
older than Berry's fossil dated to the Eocene from Argentina 
(Frenguelli and Parodi, 1941). This fossil indicated an older 
origin (Eocene) of Neotropical woody bamboos than the 
molecular dating (Miocene) here presented. If this bamboo 
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Figure 3. Combined chronogram and biogeographic analysis of Neotropical woody bamboos. Gray bars indicate 95% confidence intervals 
of node age estimations. Node charts show the relative probabilities of alternative ancestral distributions obtained by integrating Statistical 
Dispersal-Vicariance Analyses (S-DIVA). The first five areas with highest probability are colored according to their relative probability in 
the following order: white > light gray > gray > dark gray > black. Black arrows indicate clades with a posterior probability > 0.85. Present 
range for each species are given after the species name. Brackets identify subtribes: ART, Arthrostylidiinae; GUA, Guaduinae and CHU, 
Chusqueinae. Areas used in the biogeographic analysis. A, Mesoamerica (Mexico and Central America), B, Andes, C, Amazon basin and 

D, Atlantic forests. Black stars indicate fossil calibration points.
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fossil record could be confirmed as Eocene in origin, the 
history of the Bambusoideae would change, with an South 
American bamboo origin and prior dispersal to Europe or 
Asia. Other bamboo fossils have been reported in Europe, 
since the Oligocene through the Pliocene (Worobiec and 

Worobiec, 2005) where they are now extinct. 
 The Guaduinae subtribe has an origin of 8.8 Ma (5.3-13.1 
CI, 95% HPD) in the late Miocene.  Brea and Zucol (2007) 
describe a fossil species assigned to Guadua (G. zuloagae) 
from Argentina. This fossil species was recorded in sedi-
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ments of the Pliocene and coincided with the diversification 
of Guadua during the Pliocene according to the molecular 
dating (Figure 3). The guaduoid genus Otatea originated 
during the Pleistocene (1.96; 0.33-4.09 CI, 95% HPD).
 Based on the results of the ancestral area reconstruc-
tion, the Neotropical woody bamboos have wider ancestral 
ranges (Mesoamerica + Andes + Atlantic forests). However, 
taking into account the older node of the Neotropical woody 
bamboos that correspond to Chusqueinae lineage, where 
the ancestral area corresponds to Andean South America. 
This scenario is in agreement with the hypothesis of Clark 
(1997) that the Neotropical woody bamboos have a South 
American origin and this is in accord with the fossil re-
cord of Chusquea from Colombia in the Miocene (Berry, 
1929) and the correct identity of the fossil of Frenguelli and 
Parodi (1941), is needed to corroborate this scenario. The 
migration from South America to Mesoamerica after the 
completion of the Panama isthmus (Judziewicz et al., 1999) 
is valid only for the Chusqueinae, because the ancestral 
area reconstruction for the Arthrostylidiinae and Guadui-
nae indicate a Mesoamerican origin. However, the Guadua 
zuloagae fossil found in Argentina in sediments of the Plio-
cene contradicts these results. The limited Guadua samples 
used in the molecular divergence time estimations and in 
the ancestral area reconstruction could be the responsible 
of this contradiction.
 Bouchenak-Khelladi et al. (2010) postulated two scenari-
os of bamboo spread from the Old to the New World one via 
the North America Atlantic Land Bridge (NALB) and Ber-
ing Land Bridge. The African + European + North America 
bamboo fossils (Thomasson, 1987; Strömberg, 2005; Woro-
biec and Worobiec, 2005) give more support for the first via. 
The spread to South America, could have occurred along a 
dispersal route via the NALB until the late Eocene–early 
Oligocene, and finally to South America, which was con-
nected by the Greater Antilles, the Bahamas platform, the 
Aves Ridge and perhaps the site of the present Lesser Antil-
les (Bouchenak-Khelladi et al., 2010). Under this scenario, 
the fossil of Frenguelli and Parodi (1941) from the Eocene 
corroborated this hypothesis. The scenario of NALB could 
be explained for the presence of bamboo-like grasses in the 
fossil record of North America in the early Oligocene and 
have been proposed for other angiosperm lineages (Chand-
erbali et al., 2001; Donoghue, 2008; Antonelli et al., 2009). 
On the other hand, the same fossil from Argentina and our 
divergence time estimations for the Bambusoideae with an 
Eocene origin on this subfamily supported the contrary hy-
pothesis of a South American origin of the bamboos. The in-
clusion of more herbaceous, Neotropical and Paleotropical 
bamboos samples that represents the complete geographical 
distribution of the bamboos in a new phylogeny, and to es-
timate the divergence times and reconstructing the ancestral 
area distribution could give new light in understanding the 
evolution and the biogeography of the bamboos. 

Conclusions

The results here presented, indicate a Miocene origin of the 
Neotropical woody bamboos with an ancestral area in An-
dean South America with multiple dispersal events to At-
lantic Brazil and Mesoamerica. However, to corroborate the 
scenarios of spread from the Old to the New World or a pos-
sible South America origin of bamboos followed by disper-
sals to the Old World, a complete phylogeny is needed. This 
is a first approximation to understanding the biogeography 
and divergence times of the Neotropical woody bamboos. 
However the addition of more molecular markers (cpDNA 
or nrDNA) and more taxa of Arthrostylidiinae from South 
America and the Antilles as well as Guaduinae (Guadua and 
Apoclada) and Chusquea species and the corroboration of 
the Frenguelli and Parodi’s fossil will improve our under-
standing of the evolution and biogeography of the Neotropi-
cal bamboos.
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