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~2.6 million years) and the tectonic and 
geographical reorganizations that occurred 
before the Pleistocene (1). In their Review 
“Amazonia through time: Andean uplift, 
climate change, landscape evolution, and 
biodiversity” (12 November 2010, p. 927), 
C. Hoorn et al. conclude that the bio-
diversity patterns of the Amazon basin were 
largely shaped before the Pleistocene, facil-
itated by the Andean uplift. The authors dis-
miss Pleistocene diversi� cation by arguing 
that, in the Neotropics, the refuge hypoth-
esis (proposing that species diversif ied 
in isolated forests during glacial periods) 
has already been abandoned, and that fos-
sils and molecular phylogenetics support 
mostly pre-Pleistocene diversi� cation. 

However, Pleistocene diversif ication 
could have resulted from a variety of mech-
anisms other than isolated forest remnants 
(2–4). Furthermore, Hoorn et al. cite my 
meta-analysis (5) in support of the pre-
Pleistocene diversi� cation, yet the conclu-
sions I drew from that study contradict those 
of Hoorn et al.’s Review. I concluded that 
about half of the dated extant neotropical spe-
cies originated during the Pleistocene and the 
other half before it, and that speciation pro-
ceeded in a continuous fashion with no evi-
dent bursts (5). In addition, phylogenetic evi-
dence provided by Hoorn et al. is based on 
the dating of complexes of extant species (the 
crown clades) that in fact records the age of 
the oldest species within each group (6) but 
not necessarily the age of all the extant spe-
cies, which should be necessarily younger. 
This overestimates pre-Pleistocene diversi-
fication. Earth’s biodiversity gradients are 
the result of a long and complex history of 
evolutionary trends, mediated by ecological 
processes and governed by external forces, 
in which not only speciation but also extinc-
tion should be considered, especially in extra-
tropical areas (7). 

The topic requires the synergy of many 
disciplines, in a wide range of spatial and 
temporal scales. Pleistocene speciation is one 
more element and should not be neglected; 
after all, we ourselves are a Pleistocene spe-
cies barely 200,000 years old.
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Response
IN OUR REVIEW, WE LINK THE OUTSTANDING 
species richness in northern South America 
to the cataclysmic changes induced by 
Andean mountain building. Evidence for 
this is the correlation between sedimentary 
records, the paleontological record, dated 
molecular phylogenies, and present species 
distributions. Our conclusions contradict 
the hypothesis that has dominated for more 
than 40 years: that the outstanding levels of 
Neotropical species richness and current dis-
tribution patterns were mainly produced by 
Quaternary climatic � uctuations (1, 2), i.e., 
in the past 2.6 million years. All evidence 
in our meta-analysis points 
toward an older origin of 
Amazonian biodiversity.

Rull argues that we ignore 
Quaternary evidence on spe-
ciation, in part by erroneously 
referring to his previous meta-
analysis (3) as evidence for pre-
Quaternary diversif ication. 
Rull’s � nding that about half 
of all extant species analyzed 
originated during Quaternary 
times (3) is not surprising. 
Assuming the average spe-
cies longevity is some 100,000 
to a couple of million years 
(3–5), at any point in time we 
would expect to � nd that most 
species originated in the past 
few million years. Rull’s evi-
dence that extant species origi-
nated recently does not con-
tradict the idea that the total 

number of species was just as high (and for 
most organism groups higher) before the 
Quaternary, even if the species that existed 
then have since become extinct. Moreover, if 
Pleistocene glaciations had indeed produced 
most of the species richness observed today—
as implied in the original formulation of the 
“refuge theory” (1)—this would unrealisti-
cally imply that all previous diversity was pro-
duced by entirely different mechanisms. This 
realization severely undermines the role of 
glaciation dynamics in accounting for Neo-
tropical species richness. 

Rull’s suggestion that we overestimated 
pre-Quaternary diversif ication by using 
genera instead of species as taxonomic units 
in our meta-analysis is misleading. Extinc-
tion is more likely to affect older lineages 
than younger ones—simply because spe-
cies that have arisen recently have had less 
time to go extinct (6)—meaning that Pre-
Quaternary speciation events were probably 
under estimated in Rull’s meta-analysis (3). 
Stochastic diversif ication models (6) 
can correct for the effect of background 
extinction in diversif ication rate esti-
mates, but these models have proven 
un realistic because of their over simpli� ed 
assumptions (7) and sensitivity to incom-
plete taxon sampling (8), a common 
feature in Neotropical phylogenies. Esti-
mates of crown ages of genera are, argu-
ably, less sensitive to incomplete taxon 
sampling, because in most species-level phy-
logenies, sampling is aimed to cover the geo-
graphic and morphological variation within 
a genus. This should lead to more robust age 
estimation of deeper nodes even when many 
species are missing. 

Angel Falls, Venezuela. 
Debate continues about when 

and where neotropical 
biodiversity developed. 
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The data we assembled show that the 

blueprint of present Amazonia was laid out 

in pre-Quaternary times, but they also have 

the potential to provide us clues on how the 

rainforest may react to future global warm-

ing. It is also clear that Amazonian biota 

withstood large geodynamic (9) and climatic 

fluctuations but that humans, the young 

product of Quaternary evolution, pose the 

biggest threat to this wealth of biodiversity. 
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CORRECTIONS AND CLARIFICATIONS

Perspectives: “The feeding habits of ammonites” by K. 
Tanabe (7 January, p. 37). The legend should read as follows 
with corrected genus names: “(Top) Polyptychoceras sp. with 
Baculites-like lower and upper jaws… (Bottom) Anagaudry-

ceras limatum (a lytoceratid) with a nautilus-like lower jaw.”

Policy Forum: “Boosting CITES” by J. Phelps et al. (24 
December 2010, p. 1752). The heading for the fourth 
potential solution was missing. “A Peer-Review Process” 
should have appeared before the paragraph on the second 
page that begins, “CITES shortcomings may be overlooked 
because the convention lacks internal and external checks 
and balances.” The header has been added in the HTML 
version online.

News Focus: “Will homebody researchers turn Japan 
into a scientifi c backwater?” by D. Normile (10 December 
2010, p. 1475). There is a shift in the increments on the 
vertical axis of the graph indicating the number of individ-
uals making overseas visits. From 0 up to 10,000 individu-
als, the graph uses increments of 2000; above 20,000, it 
uses increments of 20,000.

News of the Week: “U.N. biodiversity summit yields wel-
come and unexpected progress” by D. Normile (5 Novem-
ber 2010, p. 742). The name of Alison Stattersfi eld, head 
of science for BirdLife International, was misspelled.

Letters to the Editor

Letters (~300 words) discuss material published in 

Science in the past 3 months or matters of gen-

eral interest. Letters are not acknowledged upon 

receipt. Whether published in full or in part, Let-

ters are subject to editing for clarity and space. 

Letters submitted, published, or posted elsewhere, 

in print or online, will be disqualifi ed. To submit a 

Letter, go to www.submit2science.org.
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