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Abstract

We compared mitochondrial DNA sequences of portions of
the cytochrome b (cyt b) and the NADH dehydrogenase
subunit 2 (ND2) genes from samples of ten bird species that
occur in both extremes of the Cerrado region (eastern Bolivia
and Amapa, Brazil). The species include a wide sampling of
taxa from several avian families: Tinamidae (1), Apodidae
(1), Dendrocolaptidae (1), Furnariidae (1), Thamnophilidae
(1), Tyrannidae (1), Turdidae (1), and Emberizidae (3). The
taxa also exhibit a variety of distribution patterns in Neo-
tropical open lands. Levels of genetic divergence within all
taxa were low compared to comparable intraspecific values
in many other widespread birds. In particular, these data
suggest that there is much less genetic differentiation within
these Cerrado birds than exists in birds of neighboring
Amazonian forest. We suggest this implies the non-mutually
exclusive possibilities that these open country birds have
maintained higher levels of gene flow than forest understory
birds, and that the Cerrado may have expanded to parts of
its present-day distribution fairly rapidly. These data also
suggest that hypothesized forest connections between
Amazonia and Atlantic forest did not isolate open country
bird populations from one another to a great extent.

Keywords: Cerrado, genetic diversity, birds, biogeography,
Bolivia, Brazil.

Introduction

Although species diversity is the most commonly employed
measure of biological diversity, it is not the only measure.

Genetic diversity, measured as the level of intraspecific
genetic variation, has provided valuable information on
levels of genetic variation, gene flow, population subdivision,
historical patterns of population fragmentation, and the evo-
lutionary history of populations (Moore et al., 1991; Ball &
Avise, 1992; Bermingham et al., 1992; Zink & Dittmannn,
1993; Zink, 1994; Gibbs, 1998; Schneider et al., 1998; Gill
et al., 1999; Macey et al., 1999; Bates, 2000; Patton et al.,
2000). However, genetic diversity is not generally measured
because appropriate data are considered difficult and expen-
sive to gather. In spite of these potential drawbacks, measur-
ing genetic diversity may be especially important for
conservation (Moritz & Faith, 1998). Among other things,
evolutionarily significant units may be identified and these
units may be more strongly supported than those used in
traditional species diversity which, in ornithology, is many
times based on arbitrary decision making using the
Biological Species Concept (Mayr, 1963; but see Johnson et
al., 1999). We present the first data on genetic diversity in
birds from Cerrado, the large savanna region that occupies
much of central South America south of the Amazon. Our
data set is a simple one in that we have sequenced mito-
chondrial DNA from only a few individuals of ten biologi-
cal species; however, our samples come from two regions that
are 1800km apart and separated by the lower reaches of the
Amazon River. These data provide a first view of levels of
genetic differentiation in birds of the Cerrado region. We
have sampled a variety of taxa representing three avian orders
(Tinamiformes, Apodiformes, and Passeriformes) and eight
families (Table 1). The chosen taxa also occur in a range of
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Table 1. Voucher information for tissue samples used in this study.

Taxon/specimen number' Collector Locality
TINAMIDAE
Crypturellus parvirostris
MPEG CH043 J. M. C. Silva Brazil: Amap4, Tartarugalzinho, Fazenda Casemiro.
LSUMNS B13927 T. J. Davis Bolivia: Santa Cruz: Serrania de Huanchaca, 45km E Florida.
TROCHILIDAE
Eupetomena macroura
MPEG CHO17 J. M. C. Silva Brazil: Amapa, Porto Grande, Fazenda Teimoso.
MPEG CHO18 J. M. C. Silva Brazil: Amap4, Porto Grande, Fazenda Teimoso.
MPEG CH204 J. M. C. Silva Brazil: Amapa: Tartarugalzinho, Lago Cujubim.
LSUMNS B14454 A. Castillo Bolivia: Santa Cruz: Serrania de Huanchaca, 21 km SE Catarata Arco Iris.
LSUMNS B14858 A. Castillo Bolivia: Santa Cruz: Serrania de Huanchaca, 21 km SE Catarata Arco Iris.
DENDROCOLAPTIDAE
Lepidocolaptes angustirostris
MPEG CH206 J. M. C. Silva Brazil: Amapa: Tartarugalzinho, Lago Cujubim.
MPEG CH207 J. M. C. Silva Brazil: Amapa: Tartarugalzinho, Lago Cujubim.
MPEG CH241 J. M. C. Silva Brazil: Amapa: Tartarugalzinho, Lago Cujubim.
LSUMNS B15282 J. M. Bates Bolivia: Santa Cruz: Velasco, Parque Nacional Noel Kempff Mercado, 30km E
Aserradero Moira.
LSUMNS B15292 A. Castillo Bolivia: Santa Cruz: Velasco, Parque Nacional Noel Kempff Mercado, 30km E
Aserradero Moira.
FURNARIIDAE
Synallaxis albescens
MPEG CHO062 J. M. C. Silva Brazil: Amapa, Tartarugalzinho, Fazenda Casemiro.
LSUMNS B14438 A. P. Capparella Bolivia: Santa Cruz: Serrania de Huanchaca, 21 km SE Catarata Arco Iris.
THAMNOPHILIDAE
Formicivora rufa
MPEG CHO001 J. M. C. Silva Amapa: Porto Grande, Fazenda Teimoso.
MPEG CH166 J. M. C. Silva Brazil: Amapa: Amapa, Fazenda Itapoa.
MPEG CH167 J. M. C. Silva Brazil: Amapa: Amapa, Fazenda Itapoa.
MPEG CH239 J. M. C. Silva Brazil: Amapa: Tartarugalzinho, Lago Cujubim.
LSUMNS B14601 J. M. Bates Bolivia: Santa Cruz: Serrania de Huanchaca, 21 km SE Catarata Arco Iris.
LSUMNS B14602 C. A. Marantz Bolivia: Santa Cruz: Serrania de Huanchaca, 21 km SE Catarata Arco Iris.
TYRANNIDAE
Elaenia chiriquensis
MPEG CH217 J. M. C. Silva Brazil: Amapa: Tartarugalzinho, Lago Cujubim.
MPEG CH245 J. M. C. Silva Brazil: Amapa: Tartarugalzinho, Lago Cujubim.
MPEG CH246 J. M. C. Silva Brazil: Amapa: Tartarugalzinho, Lago Cujubim.
LSUMNS B15284 A. Castillo Bolivia: Santa Cruz: Velasco, Parque Nacional Noel Kempff Mercado, 30km E
Aserradero Moira.
TURDIDAE
Turdus leucomelas
MPEG CH069 J. M. C. Silva Amapa: Porto Grande, Fazenda Teimoso.
MPEG CH224 J. M. C. Silva Brazil: Amapa: Tartarugalzinho, Lago Cujubim.
MPEG CH303 J. M. C. Silva Brazil: Amapa: Tartarugalzinho, Fazenda Sao Bento.
LSUMNS B14694 C. A. Marantz Bolivia: Santa Cruz: Serrania de Huanchaca, 21 km SE Catarata Arco Iris.
LSUMNS B14719 M. D. Carrefio Bolivia: Santa Cruz: Serrania de Huanchaca, 21 km SE Catarata Arco Iris.
EMBERIZIDAE
Tangara cayana
MPEG CH216 J. M. C. Silva Brazil: Amapa: Tartarugalzinho, Lago Cujubim.
MPEG CH233 J. M. C. Silva Brazil: Amapa: Tartarugalzinho, Lago Cujubim.
MPEG CH234 J. M. C. Silva Brazil: Amapa: Tartarugalzinho, Lago Cujubim.
MPEG CH235 J. M. C. Silva Brazil: Amapa: Tartarugalzinho, Lago Cujubim.
LSUMNS B14840 A. Castillo Bolivia: Santa Cruz: Serrania de Huanchaca, 21 km SE Catarata Arco Iris.
LSUMNS B14853 A. Castillo Bolivia: Santa Cruz: Serrania de Huanchaca, 21 km SE Catarata Arco Iris.
Cypsnagra hirundinacea
MPEG CHO007 J. M. C. Silva Brazil: Amapa: Porto Grande, Fazenda Teimoso.
MPEG CHO14 J. M. C. Silva Brazil: Amapa: Porto Grande, Fazenda Teimoso.
LSUMNS B15289 J. M. Bates Bolivia: Santa Cruz: Velasco, Parque Nacional Noel Kempff Mercado, 30km E
Aserradero Moira.
LSUMNS B15290 J. M. Bates Bolivia: Santa Cruz: Velasco, Parque Nacional Noel Kempff Mercado, 30km E
Aserradero Moira.
Sporophila plumbea
MPEG CH175 J. M. C. Silva Brazil: Amapa: Tartarugalzinho, Fazenda Hiane.
LSUMNS B13878 T. J. Davis Bolivia: Santa Cruz: Serrania de Huanchaca, 45km E Florida.
LSUMNS B13986 J. M. Bates Bolivia: Santa Cruz: Serrania de Huanchaca, 45 km E Florida.

"MPEG: Museu Paraense Emilio Goeldi; LSUMNS: Louisiana State University Museum of Natural Science.
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Cerrado habitats from ‘campo limpo,” a grassland with
few or no tall woody plants to ‘gallery forest,” an evergreen
forest that occurs as narrow belts along rivers and streams
(Silva, 1995a; Table 2). We compare our results with levels
of genetic differentiation found between populations of
Amazonian birds, and between pairs of lowland taxa
separated by the northern Andes (Brumfield & Capparella,
1996) and the Bering Strait (Zink et al., 1995).

Materials and methods

A total of 42 tissue samples of ten species of Cerrado birds
were studied (Table 1). These species are Small-
billed Tinamou (Crypturellus parvirostris), Swallow-tailed
Hummingbird (Eupetomena macroura), Narrow-billed
Woodcreeper (Lepidocolaptes angustirostris), Pale-breasted
Spinetail (Synallaxis albescens), Rusty-backed Antwren
(Formicivora rufa), Lesser Elaenia (Elaenia chiriquensis),
Pale-breasted Thrush (Turdus leucomelas), Burnished-buff
Tanager (Tangara cayana), White-rumped Tanager (Cypsna-
gra hirundinacea), and Plumbeous Seedeater (Sporophila
plumbea). The samples included one to four individuals of
each taxon from each of the two studied regions. Samples
were available because of general collecting and inventory
research in two widely separated regions of Cerrado (sensu
Ab’Saber, 1977; Silva, 1995a).

The Serrania de Huanchaca, Department of Santa Cruz,
Bolivia, is a large raised plateau of Brazilian Shield that lies
on the western edge of Cerrado, and on the eastern edge of
Bolivia (Bates et al., 1992; Killeen & Schulenberg, 1998).
The Bolivian portion of the plateau is protected within
Parque Nacional Noel Kempff Mercado. Inventory work here
was conducted by the Louisiana State University Museum of
Natural Science in collaboration with the Museo de Historia
Natural Noel Kempff Mercado in Santa Cruz, Bolivia.

The Amapa savannas occupy 17,000 km? on a narrow and
mainly flat, north-south oriented belt composed of Tertiary
sediments parallel to the Atlantic Ocean (Silva et al., 1997).
These savannas are isolated from the Cerrado region and
from other islands of Amazonian savannas by different types
of tall, evergreen Amazonian forests and the Amazon river
itself. Tissue samples were collected in buffer solution (pre-
pared according to Seutin et al., 1991) within the general
research program of the ornithology section of the Museu
Paraense Emilio Goeldi, Belém, Para.

A small (ca. 0.05 g wet weight) portion of tissue was used
for DNA extraction using a Puregene Extraction kit (Gentra
Systems, Minneapolis, Minnesota, USA) following the
manufacturer’s directions. The final pellet was resuspended
in 100l of sdd H,O. Fragments of the cytochrome b gene
(cyt b), the spacer, and a small portion of the threonine t-
RNA were amplified in 50l total volumes via the poly-
merase chain reaction (PCR) (Palumbi, 1996), with primers
L15656 and H16065 (Helm-Bychowski & Cracraft, 1993;
Lanyon & Hall, 1994). The mitochondrial NADH dehydro-
genase subunit 2 (ND2) fragment was amplified via PCR

Table 2. Uncorrected pairwise percent sequence divergence (MEAN + SE) among mtDNA sequences within and between sites in the Cerrado region.

ND2
Amapa vs Within Within Amapa vs Total
Huanchaca Amapa Huanchaca Huanchaca divergence*

Cyth
Within
Huanchaca

Within
Amapa

Subspecies®

Forest
dependence?

Taxa'

0.27 £ 0.08
0.29 £ 0.09
0.32 £ 0.02

0.46 —

0.28 £ 0.15
0.34 £0.08
0.40 £ 0.04

0.80 —

0.45 £ 0.06
0.00 £ 0.00
0.11 £0.06

0.25+0.14
0.25+£0.11
0.25 £ 0.00

0.13 -

0.49 £0.14
0.00 £ 0.00
0.00 £ 0.00

No

Elaenia chiriquensis (3, 1)

0.34 -

0.49 —

Yes
No

1

Lepidocolaptes angustirostris (3, 2)

Eupetomena macroura (3, 2)
Sporophila plumbea (1, 2)

0.00 —

0.00 —

0.00 —

0.25 -

Yes

0.52 —

No 0.50 — 0.54 —

Crypturellus parvirostris (1, 1)

0.00 — 0.00 — 0.54 £ 0.00 1.01 £ 0.00
1.09 £ 0.05

1.47 £ 0.00
0.49 £ 0.07

0.00 —

0.00 —

Yes

Cypsnagra hirundinacea (2, 2)

Tangara cayana (4, 2)
Formicivora rufa (4, 2)

1.68 + 0.04
1.92 £ 0.03
1.77 £ 0.05

0.14 £ 0.06 0.00 —
3.07 -

0.09 £ 0.04
0.00 £ 0.00

0.25 -

0.17 £ 0.05
0.17 £ 0.05
0.00 £ 0.00

Yes

1.76 £ 0.02
2.18 £0.00

0.34 -

1.60 £ 0.05
2.60 £ 0.06

1.96 —

0.49 —

Yes
Yes

Yes

0.28 —

0.74 —

Turdus leucomelas (3, 2)

2.52 —

Synallaxis albescens (1, 1)

'Sample size per locality is in parentheses.

*Forest dependence (from Silva, 1995a). (1) Independent: species that occur in open vegetation (marshlands, campo limpo, campo sujo, campo cerrado, Cerrado sensu stricto, and

‘campos rupestres’); and (2) semi-independent: species that occur in open vegetation and forest, including gallery forests.
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* Subspecies status of the populations at each locality (following Peters, 1931, 1951; Mayr & Paynter, 1964; Paynter, 1970; Traylor, 1979).

*Total percent sequence divergence between localities was calculated from combined gene sequences.
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using one of two sets of primers; L5215 (LMet)-H5802, or
L5204-H5578 (first set designed by S. Hackett; second set
from Hackett, 1996). These two primer sets amplified frag-
ments that included portions of the methionine t-RNA gene
directly 5’ to the ND2 gene. Numbers refer to the 3’ base of
the primer referenced to the complete mtDNA sequence of
Gallus gallus (Desjardins & Morais, 1990). ‘H’ and ‘L refer
to the primers located in the heavy and light strands of the
mitochondrial genome, respectively. PCR profiles were:
initial cycle of 2min at 94°C, followed by five cycles of 20
s at 94°C, 15s at 48°C, and 45s at 72°C, and then 30 cycles
of 20s at 94°C, 15s at 50°C, and 45s at 72°C, with a final
extension of 2min at 72°C. For certain taxa it was necessary
to lower the annealing temperature to facilitate the PCR
amplification. PCR products were purified with GeneClean
Kits (Bio 101, La Jolla, California, USA) and both strands
were directly sequenced with the respective primers using the
D-rhodamine (Perkin Elmer, Foster City, California, USA)
cycle sequencing kits for dye-terminator chemistry follow-
ing the manufacturer’s instructions. Products of sequencing
reactions were separated on a 5% polyacrylamide/6 M urea
gel by fluorescent electrophoresis on an ABI 377 automated
DNA sequencer. The resulting sequences were aligned
to the cytochrome b and ND2 sequences of the chicken
(Desjardins & Morais, 1990) using Sequencher (version 3.1)
(Genecodes, Ann Arbor, Michigan, USA). Uncorrected
pairwise percent sequence divergence among samples were
determined using PAUP* (Swofford, 1998).

Subspecies status was examined from the literature and
when possible assigned to the samples. In order to assess
diagnosability of subspecies, JMB and JGT compared
subspecific characteristics from original descriptions using
specimen series from The Field Museum collection.

Results

Sequences of the studied individuals are deposited in
GenBank (Accession Nos. AY115390-AY 115473). The gene
regions (numbering follows the chicken [Gallus gallus]
Desjardins & Morais, 1990) we compared in this study are
positions 5205-5577 (Crypturellus parvirostris, Turdus leu-
comelas, Sporophila plumbea, Cypsnagra hirundinacea, and
Tangara cayana) and 5216-5801 (Eupetomena macroura,
Lepidocolaptes angustirostris, Synallaxis albescens, Formi-
civora rufa, and Elaenia chiriquensis) in the methionine
t-RNA-ND2 fragment, and 15657-16035 in cyt b,
16036-16038 representing the spacer between cyt b and the
threonine t-RNA, and 16039-16064 in the threonine t-RNA.
Thus, the data set contained 586 or 373 bps for ND2, 379 bps
for cyt b, 0 to 4bps for the spacer, and 25 to 26 bps for the
spacer-t-RNA piece. Cytochrome b sequences of one of the
species, Crypturellus parvirostris, lacked the last two bases
of the terminal (stop) codon and the spacer preceding the
threonine t-RNA. Presumably, this incomplete stop codon is
completed via polyadenylation as has been proposed for
mammals (Quinn, 1997).

Levels of sequence divergence between samples from the
same site were low for all comparisons for both genes (Table
2). Levels of uncorrected divergence (both gene regions
combined) between the Huanchaca and Amapa samples vary
from 0.3% or less in Eupetomena macroura, Lepidocolates
angustirostris, and Elaenia chiriquensis, to values of above
2.0% for Synallaxis albescens and Turdus leucomelas. Levels
of divergence for the two genes separately exhibit patterns
that largely are consistent with combined levels of diver-
gence. The ND2 sequences exhibited slightly higher levels
of divergence in all but two species. As has been commonly
observed in avian mtDNA sequencing studies at the popula-
tion level, the majority of the changes represented third-
position transitions (Edwards, 1997).

Discussion

In straight-line distance, the two regions we studied are sep-
arated by ca. 1800 km of mostly Amazonian forest. Based on
the current paleoecological and biogeographic data, an his-
torical connection between these two savanna sites must have
been indirect, through the northern border of the Cerrado
region to the Atlantic Coast and across the Amazon estuary,
rather than directly through Central Amazonia (Silva et al.,
1997, Silva & Bates, 2002). Thus, the actual biogeographic
distance between these two sites is likely much more than the
straight-line distance separating them (>2300 km, see Fig. 1).
In spite of this substantial separation, the levels of genetic
divergence between samples from the two sites are low com-
pared to values between populations of Amazonian forest
understory birds (Aleixo, 2002; Bates, 2002; Marks et al.,
2002). For the same gene regions, understory birds from
southern Amazonian forests can exhibit differences of up to
6% across rivers 200-400 m wide (Bates, unpub. data). Bates
et al. (1999) found 6% sequence divergence between popu-
lations of Warbling Antbird, Hypocnemis cantator, separated
by 300km of Amazonian forest (ca. 600km north of
Huanchaca) with no obvious barriers to gene flow. Compari-
sons of protein electrophoretic data from bird populations
separated by the Andes found genetic distances (Nei, 1978)
to average 0.056 (Brumfield & Capparella, 1996); reviews of
the avian literature find mean values between avian species
to average 0.044 (Barrowclough, 1980); thus these trans-
Andean values are high. Zink et al. (1995) used restriction
fragment length polymorphisms to look at genetic structure
of several avian taxa separated by the Bering Sea. They found
up to 6% of genetic differentiation between taxa occurring
on opposite sides of Beringia. Levels of divergence in the ten
taxa we examined did not exceed 2.6% in spite of the
substantial geographic distances separating the sampling
localities (including a substantial water barrier).

Levels of divergence do not necessarily provide an indi-
cation of taxonomic rank. Zink et al. (1995) stressed that
mtDNA data could constitute a gene tree embedded in the
organismal phylogeny, thus other characters (and more
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Amazonia
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500 km

Fig. 1. Location of the study sites in the Cerrado region relative to the distribution of other major South American morphoclimatic domains

(following Ab’Saber, 1977).

complete geographic sampling) should also be considered
before making taxonomic decisions (Davis & Nixon, 1992).
Among other things, our data do not rule out the possibility
of genetic breaks between the regions we sampled even
within species with little differentiation, and additional sam-
pling of intervening regions is needed. Recognizing the
limits of our data, we make no taxonomic recommendations
based on the sequences we present.

Although most of the species we studied are typical of the
Cerrado region (Silva, 1995a), their complete distributions
and habitat requirements represent a variety of patterns that
do not clearly correlate with levels of genetic differentiation
(Table 2). One species, Turdus leucomelas, inhabits several
different types of habitats ranging from borders of evergreen
forests to deciduous woodlands and gallery forest and has a
wide range encompassing northern South America, eastern
Amazonia and tropical regions south Amazon (Table 2,
Ridgely & Tudor, 1989). Two species, Synallaxis albescens
and Elaenia chiriquensis, are widespread and occupy differ-
ent types of open habitats (Silva, 1995a), but only the later
species is known to make long-distance migrations (Marini
& Cavalcanti, 1990). Tangara cayana inhabits several types
of savannas and forest borders, presenting a ‘circum-

Amazonian’ distribution pattern (Remsen et al., 1991). Six
other species possess a ‘peri-Atlantic’ pattern (Silva, 1995b),
which means they occur throughout the Cerrado and north
of the Amazon in northern and/or eastern South America.
Crypturellus parvirostris, is known from isolated savannas
north (only Amapa) and south (Santarém) of the Amazon.
Lepidocolaptes angustirostris also is found in isolated
Amazonian savannas north (Amapa, Monte Alegre and
Sipaliwini) and south of the Amazon (Santarém). Cypsnagra
hirundinacea is found within Amazonia only in patches of
savanna located north (Amapa and Sipaliwini) of the
Amazon (Silva, 1995b). In the east, Formicivora rufa is
found in several Amazonian savanna patches south
(Santarém) and north (Amapa, Monte Alegre and Sipaliwini)
of the Amazon, but there also is an isolated population west
of Amazonia in the Marafion Valley in Peru. Eupetomena
macroura and Sporophila plumbea have populations above
and below Amazonia and some populations in isolated savan-
nas within Amazonia (Silva, 1995b).

The savannas of Amapa are located on Tertiary sediments
and therefore are possibly more recent with respect to other
Cerrado areas including the Serrania de Huanchaca, which
are mostly on the old crystalline and sedimentary rocks of
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the Brazilian Shield (Cole, 1986). For birds, a mixture of
Cerrado species with taxa typical of northern South
American savannas (e.g., Crested Bobwhite [Colinus
cristatus] and Eastern Meadowlark [Sturnella magna))
demonstrates that the Amapa avifauna has been formed by
contributions from both regions, although the Cerrado
element is numerically dominant (Silva et al., 1997). Peri-
Atlantic species probably arrived in Amapa from the south
by crossing the lower reaches of the Amazon (Silva, 1995b;
Silva et al., 1997). Although dispersal is possible, so is
passive transport by ‘rafting’ across on an island in the ever-
changing mouth of the river. No matter what the ultimate
mechanism, for largely terrestrial taxa such as the tinamous
Crypturellus parvirostris, this is an impressive feat. Two
study species, Formicivora rufa and Cypsnagra hirundi-
nacea, have not been recorded from the islands in the mouth
of the Amazon (Pinto Henriques & Oren, 1997), but neither
are obvious candidates for long-distance dispersal.

The degree of sequence divergence between populations
is largely consistent with the presence or absence of
described geographic variation (subspecies) for the study
taxa (Table 2). Thus, the five species with levels of genetic
divergence above 1% have subspecific differences recog-
nized between the regions we sampled, and we suspect that
these different taxa are Phylogenetic Species (following the
definition of Zink & McKitrick, 1995). Three of the five
species with less than 1% divergence have no recognized
geographic variation (Crypturellus parvirostris, Eupetomena
macroura, and Elaenia chiriquensis). Lepidocolaptes angu-
stirostris and Sporophila plumbea have described geographic
variation, but little or no divergence (only a single Sporophila
plumbea was available from each region).

The geographic boundaries between subspecies of differ-
entiated taxa vary, suggesting that there is not a simple
history of vicariance. In Formicivora rufa, populations
inhabiting the Amazonian savanna isolates are recognized as
a separate subspecies (chapmani), although known speci-
mens from Maranhdo and Piaui (Silva et al., 1997) are inter-
mediate between chapmani and the nominate subspecies,
which is widespread south of Amazonia. Synallaxis
albescens has one subspecies that is widespread south of
Amazonia (albescens) and four described subspecies within
Amazonia (Pinto, 1979). No intermediate specimens
between Amazonian and extra-Amazonian subspecies are
known. Synallaxis albescens is found in the savannas of the
Amazon estuary whereas Formicivora rufa is not. The other
differentiated taxa have forms in the east and west that may
intergrade where they meet in the central Cerrado. In Turdus
leucomelas, our examination of specimens indicates more
population differences than those accounted for in the cur-
rently accepted subspecies. Turdus leucomelas from central
Bolivia (including the Serrania de Huanchaca) are distinct in
plumage from other Cerrado populations south of the
Amazon, and these are distinct from populations north of the
Amazon including Amapa; however, only two subspecies
have been described across this distribution.

Our data provide insight into the effects of long term
expansion and contraction of forest and open country habi-
tats across the landscape of central South America (Silva,
1996). In examining the biogeography of South American
forest birds, various authors (Haffer, 1985; Willis, 1992),
have postulated that over the past 7-10 million years, various
connections between Amazonia and Atlantic forest must have
existed to permit exchange of forest species between regions
that are isolated from one another today by Cerrado and other
open country habitats. The timing and degree of connection
are largely speculative. The low levels of genetic differenti-
ation in the Cerrado taxa suggest that the paleoecological
conditions which must have permitted the exchange of forest
species between Amazonia and Atlantic forest did not isolate
populations of the Cerrado birds we studied. This could be
because the forest corridors were never particularly wide
or completely continuous, but another possibility is that
the distribution of Cerrado was historically much more
limited (perhaps confined to the central portion of its current
range) making gene flow possible. In this sense, savanna
birds inhabiting the northern Cerrados (Amapa) may be the
result of a more recent expansion from the ‘core area’ of
Cerrado. Connections may have been possible through the
savannas located along the Atlantic coast (Silva, 1995b, Silva
et al., 1997, Silva and Bates, 2002). This is supported by the
distribution of four of the study taxa (Lepidocolaptes,
Eupetomena, Crypturellus, and Cypsnagra) in which most of
their ranges are found within the Cerrados southeast from
Amapa.

These data provide an initial view of levels of genetic
diversity in Cerrado birds. We find relatively low levels of
genetic divergence even within taxa that would seem to be
poor dispersers (e.g., a tinamou), especially when compared
to levels of genetic divergence in birds of the Amazonian
forest understory. These low levels do not rule out the possi-
bility that genetic structure exists across the Cerrado, and
additional data from intervening regions need to be incorpo-
rated. However, for the taxa we studied it appears that any
genetic structure that may exist evolved recently, and it would
appear unlikely that many Cerrado bird species would have
levels of population subdivision that approach those seen in
many Neotropical forest birds.
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