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Resumen. — Diversificacion en el Neotropico: Patrones filogenéticos y procesos historicos. —
Resumimos los resultados de dos simposios que reunieron un amplio espectro de presentaciones sobre
cémo los datos moleculares estain aumentando nuestro conocimiento de los patrones y procesos de diver-
sificacién de las aves Neotropicales, y del momento en que esta diversificacién tuvo lugar. Los expositores
estan asociados con museos de historia natural, lo que asegura que los datos moleculates esten asociados
con especimenes de teferencia. La sistematica molecular es un campo que avanza rapidamente, y que
resulta muy promisorio para mejorat el entendimiento de los procesos evolutivos en los afios venideros.

Abstract. — We summarize two symposia that brought together a broad spectrum of talks on how molec-
ular data are expanding our understanding of the patterns, processes and timing of avian diversification in
the Neotropics. Presenters are associated with natural history museums, which ensure that genetic data are
associated with vouchered specimens. Molecular systematics is a rapidly evolving field which promises to
bring new understandings of the evolutionary process in the years to come. Accepted 21 December 2007.

Key words: DNA, phylogenetics, birds, diversification, Neotropics.

The earliest naturalists working in the Neo-
tropics contemplated the mechanisms that
could have produced and maintained such a
dazzling array of biological diversity. That gla-
cial/interglacial ~cycles,
riverine barriers, dispersal, and genetic differ-

mountain-building,

entiation were important in the diversification
of Neotropical birds has been known for a
long time (Wallace 1853, Chapman 1917,
Chapman 1923), yet a detailed understanding
of the role of these processes in generating

and maintaining biological diversity remains
poor. This is in part because there are still few
well-supported phylogenies available for Neo-
tropical birds. In addition, historical diversifi-
cation hypotheses have an inherently
temporal component that is difficult to assess
using phylogenies obtained from morphologi-
cal data.

Our understanding of speciation patterns
and processes in the Neotropics is rapidly

progressing with the application of molecular
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data to help address these questions (e.g,
Omland e /. 1999, Burns & Naoki 2004,
Bates e al. 2004, Pérez-Eman 2005, Aleixo ef
al. 2006, Ribas ¢t al. 2005, 2006, Weir 2006,
Barker 2007, Brumfield & Edwards 2007,
Cadena ¢/ al. 2007). Over the last 30 years, the
technologies to gather and study molecular
data have been developed and improved at
dramatic rates. The costs of performing PCR
and DNA sequencing continue to decrease,
making the acquisition of molecular data pos-
sible for a greater number of ornithologists.
The growth of molecular studies of Neotropi-
cal birds has also been facilitated by the cre-
ation and ongoing maintenance of genetic
resources collections (Edwatds ez a/. 2005).
Although molecular data have
advantages over morphological data in the

some

context of making inferences about genetic
relationships, be they familial or phylogenetic,
morphological data still play a vital role in
evolutionary studies — phenotypic characters
are shaped by evolution through direct inter-
actions with the external environment. Refer-
ring to his geneticists
systematists to cooperate, Chapman (1923)
stated that, “After all, both are trying to dis-
cover real relationships and if the latter from
the nature of their material, the limitation of
their methods, and the classifiers’ necessity of
always making some decision infrequently

desire for and

reach erroneous conclusions, their handicaps
should win for them the assistance rather
than the criticism of those who are discover-
ing more certain means for the determination
of affinities than are afforded by most
museum specimens.”

from DNA

sequences also have had an immediate impact

Phylogenies  generated
on taxonomy (e.g., Braun ez a/. 2005, Isler ez al.
2000). The dynamic natute of taxonomy
is illustrated elegantly by the web page of
the American Ornithologists’ Union’s South
American Checklist Committee (Remsen ef a/.
2007), which is updated almost daily with tax-
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onomic changes. Anyone can submit a pro-
posal to the committee to be evaluated. As of
13 June, 2007, 291 proposals have been evalu-
ated, with the last two “passing” proposals
being decisions to transfer Picoides nixtns and
P. lignarins to Veniliornis (Moote et al. 2000)
and a revision of the linear sequence of Tan-
gara tanagers (Burns & Naoki 2004), both
based on recent molecular studies.

The two symposia we organized brought
together a broad spectrum of talks that illus-
trate the influences of molecular data on our
understanding of the patterns, processes and
timing of avian diversification in the Neotro-
pics. In addition, these symposia illustrated
well that molecular data are being gathered by
an increasing number of Latin American orni-
thologists, often working in Latin American
laboratories. Many of these laboratories are
associated with natural history museums,
which ensure that genetic data are associated
with vouchered specimens. The latter is
important not only for identification pur-
poses, but also to help us to understand the
relationships between genotype and pheno-
type (Bates ez al. 2004, Peterson ef al. 2007).

Remsen, using a large molecular data set
on hummingbirds (McGuire et al. 2007), one
of the most diverse and taxonomically chal-
lenging Neotropical families, discussed the
implications on the classification of hum-
mingbirds at the generic level. New under-
standings of relationships from the molecular
data include the grouping together of a previ-
ously unrecognized clade of hummingbirds
characterized by “knife-like” bills.

No matter what species concept one
favors, molecular data offer important new
insights on speciation and species limits.
Bates presented an overview of several
molecular studies on Neotropical birds and
discussed the patterns from these studies in
the framework of “ecological and genetic
exchangeability” (Crandall e a/. 2000). Com-
paring data sets for groups including Galapa-



gos finches (Sato e al. 1999, Zink 2002),
Galapagos mockingbirds (Nesomimus, Arbo-
gast ¢t al. 2006) and Wedge-billed Wood-
creeper (Gylphorhynchus spirurus, Marks et al.
2002), he emphasized the importance of isola-
tion in addition to exchangeability, citing
Zink’s (2002) assertion that Geospiza and
Camarbynchus finches may best be considered
singles species. In contrast, he argued that
Galapagos with
monophyly on each island sampled, comprise

mockingbirds, reciprocal
more than the currently recognized four spe-
cies.

The pattern of high levels of intraspecific
genetic variation in traditionally recognized
species, particularly in Amazonian birds, was
highlighted by Chesser for lineages of antw-
rens in the genus Myrmothernla, and by Aleixo
for lineages of manakins and woodcreepers.
Results of these studies illustrate the levels of
complexity that exist in the history of popula-
tion subdivision in Amazonian birds. Ribas
presented data on patterns of divergence in
parrots (Ribas ez al. 2005, 2006, 2007), which
included Amazonian and non-Amazonian
taxa. Her data illustrate that parrots display a
complicated set of evolutionary exchanges
with respect to the major biomes (e.g,
Amazonia, Cerrado, the Andes). In lineages
of suboscine birds (e.g., antbirds and oven-
birds), the majority of generic lineages
have invaded another biome only once, but
parrots appear to have had multiple lineages
evolve across the Cerrado, Amazonia, and the
Andes.

Areas of endemism are thought to repre-
sent biogeographic regions that were impor-
tant historically in the diversification of birds.
Vicariance biogeography (Platnick & Nelson
1978) has provided a conceptual framework
for testing such biogeographic patterns in the
Neotropics, by the prediction that biogeo-
graphic patterns shared by a diversity of unre-
lated taxa must reflect a common underlying
vicariant history. While many studies have
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corroborated the importance of large-scale
vicariant events (e.g., Andean uplift) in Neo-
tropical diversification (e.g., Bates ez al 1998,
Ribas ez al. 2007), it is becoming increasingly
clear that dispersal across pre-existing barriers
has also played an important role. Because
dispersal propensity is species-specific, shared
biogeographic patterns are not necessarily
expected. Brumfield & Burney examined the
role of the Andes in the diversification of 40
humid forest species that have populations
isolated on opposite sides of the Andes. Their
preliminary mitochondrial data illustrated that
dispersal propensity of species influenced the
level of genetic divergence across the Andes, a
relationship not expected under a simple
vicariance model.

Pérez-Eman & Cadena presented data on
population structure in taxa that live in two
major highland regions, the Tepuis and the
Andes. Pérez-Eman has found major genetic
breaks between populations from the eastern
and western Tepui regions, including redstarts
(Myioborus, Pérez-Eman 2005) as well as a rela-
tionship  between Andean
Pantepuian taxa. Cadena presented data on

central and
the complex evolutionary patterns in a num-
ber of Andean lineages, including tapaculos
(Seytalopns), wood-wrens (Henicorhina) and
brush-finches (A#apetes). These studies dem-
onstrate the exciting prospect of uncovering
sets of lineages that have responded differ-
ently to the same historical events. Studies on
both the Andes and the Tepuis reveal that the
history of many lineages is complex, such that
current patterns of distribution and differenti-
ation are the result of an interplay of various
events of dispersal, vicariance, and impot-
tantly, extinction.

One of the most intriguing prospects for
molecular data is their value in dating diver-
gences on evolutionary trees. Dating molecu-
lar data is controversial because it relies on the
assumption of a comparable molecular clock
across different lineages. Although new ana-
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Iytical methods allow one to relax this
assumption, there is still the challenge of
deciding what represents an appropriate
calibration. For Neotropical birds, little is
known about the fossil record of most lin-
eages; thus, hypotheses based on molecular
clocks are the first data-rich methods to look
at the timing of splits, and they are challeng-
ing some traditional views, such as the
Pleistocene being the primary period of diver-
gence at the species level. Klicka e a/ pre-
sented data on genetic from
throughout the distribution of the House
Wren (Troglodytes aedon complex) and their

structure

results provide evidence that extremely wide-
spread taxa can be comprised of multiple lin-
eages hypothesized to have diverged before
the Pleistocene.

Tello and colleagues dated deep diver-
gences throughout the New World subos-
cines, the lineage that contributes the most to
the high levels of endemicity in the Neotro-
pics, using penalized likelihood (Sanderson
2002). In uncovering the temporal patterns of
lineage diversification, they tested if the
resulting pattern fits a model of gradual lin-
eage accumulation. The results supported a
global pattern of constant diversification with
low extinction for the New World suboscines
in the time between 60 to 10 MYA. However,
when partitioned by families, the results
showed a more complex pattern with cases
of increase and decrease in diversification
rates at different times. Their results will
help our understanding of the history of
suboscine diversification in the region beyond
5-10 MYA (i.e., the time when most intrage-
neric diversification is suggested to have
occurred).

In a recent paper, Weir (2006) reviewed
DNA sequence studies on a wide variety of
Neotropical taxa and concluded that rates of
lineage divergence (speciation) were greater in
the Andes than in the lowlands. As interesting
as this approach is, Ribas’ analyses of multiple
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lineages of lowland parrots suggests the over-
all patterns reported by Weir may be the result
of a number of biases, including a lack of rec-
ognition of the degree of intraspecific genetic
structure in the lowlands. Again, given that
the fossil record is exceedingly sparse for
Neotropical avian lineages, these data and the
new analytical techniques being employed to
analyze them are revolutionizing our under-
standing of the timing and patterns of Neo-
tropical divergence. This new understanding
has implications for all other aspects of avian
biology.

Looking to the future, these symposia
illustrate where the field is now, but we are
only scratching the surface of what these data
can ultimately tell us about avian diversity in
the Neotropics and the processes that have
shaped such diversity. Most taxa have yet to
be included in any molecular study. Phylogeo-
graphic analyses ate still in their infancy, and
many more detailed studies are needed at
both regional and local scales using multiple
types of markers to understand the role of
barriers to gene flow and the prevalence and
influence of dispersal. To date, most of the
studies on Neotropical birds have studied
mitochondrial DNA sequences. The breadth
of concordant, well supported results with
analytically tractable and useful amounts of
variation across a fairly broad evolutionary
scale suggests that mtDNA genes continue
to be the most broadly comparable type of
sequence data, but it is still desirable to gather
independent molecular data sets and to com-
pare and contrast molecular results with
other types of data. In the future, our ability
to work with additional types of molecular
sequence data from the nuclear genome will
allow researchers to uncover the molecular
underpinnings of  phenotypic  variation
(Cheviron et al. 2006). While there is still
much to learn, molecules are unraveling pre-
viously unassailable mysteries about Neotro-
pical evolution.
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