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This special issue of Tropical Plant Biology features
research articles on phylogeography and population genetic
structure of tropical trees. While studies throughout the
1990s examined the population genetics of a multitude of
tropical tree species (reviewed in Dick et al. 2008), it is
only in the past decade that researchers began to sample
tropical trees across broad parts of their geographic ranges
and use DNA markers to infer phylogeographic structure.
There are many good reasons to focus evolutionary studies
on tropical trees, not the least of which is the sheer number
of species. Despite the fact that the vast majority of the
world’s tree diversity lies in the tropics, most of our genetic
knowledge of trees comes from temperate and boreal
forests, with a heavy emphasis on pines and oaks.

The processes that structure the genetic diversity of trees
in tropical latitudes may differ in fundamental ways from
those of temperate and boreal forests. There is evidence of a
latitudinal gradient in phylogeographic and population
genetic structure in plants and animals, with species near
the equator showing higher levels of divergence (Dick et al.

2008; Eo et al. 2008; Martin and McKay 2004). This may
be due to longer periods of climatic stability in the tropics,
such that species may show range disjunctions around
geological barriers that are much older than the Pleistocene
vegetation changes that have shaped genetic patterns at
higher latitudes. Relatively higher levels of population
divergence in tropical trees may also be associated with the
prevalence of animal pollination (Bawa 1990), which can
produce clumped patterns of gene dispersal and strong
genetic drift compared to wind pollinated temperate zone
trees (Dick et al. 2008)

This special issue provides an in depth look at genetic
structure and process in six tropical tree species, including
three from tropical Africa and three from tropical America
(see cover illustration). The studies relate to broader themes
of botanical exploration, genetic resource management, and
the elucidation of evolutionary processes.

Botanical Exploration

Woody plant diversity in the tropics may be a botanist’s
dream, but it can also be an identification nightmare. A
single hectare of Amazon rain forest can harbor 300 tree
species (Gentry 1986) and up to 22,500 tree species are
estimated to exist in the Neotropical moist forest biome
(Fine and Ree 2006). Compare this to fewer than 200 native
tree species in continental Europe. Systematists have
engaged in the process of describing tropical plant diversity
for more than two centuries, yet many species remain to be
described. Prance et al. (2000) estimate that one in 100
herbarium specimens from remote tropical forests represent
species that are new to science. The few specimens are
often inadequate to describe taxonomic boundaries or
geographic ranges of new species. The dearth of herbarium
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collections is exacerbated by a global decline in taxonomic
expertise, as major universities have replaced systematists
with molecular biologists and downsized herbaria.

Population genetics can contribute to botanical explora-
tion through its focus on intraspecific variation, which may
include geographic populations, cryptic species, or hybrid
intermediates. In their study of chloroplast DNA (cpDNA)
variation in the African rain forest tree Greenwayodendron
suaveolens (Engl. & Diels) Verdc. (Annonaceae), Dauby et
al. (2010) found fixed haplotype differences in two sympat-
ric varieties (var. gabonica and var. suaveolens). This
suggests that the varieties are reproductively isolated, and
that var. gabonica should be elevated to the rank of species
under a biological species concept. The study shows how
phylogeographic data can be used to flag “cryptic species”
for closer taxonomic scrutiny (Dick and Kress 2009;
Duminil et al. 2006) and help to define species boundaries.

Genetic Resource Management

Phylogeographic techniques can be used to explore the
evolutionary diversity of economically important species,
with relevance to conservation and management. Mahoga-
ny, Swietenia macrophylla King (Meliaceae), is the most
economically important native timber tree of the American
tropics, and is listed in CITES after more than 200 years of
predatory logging. Despite the species’ value and silvicul-
tural potential, previous studies have characterized genetic
variation over relatively small parts of the overall range. In
this issue, Lemes et al. (2010) present a cpDNA phylogeo-
graphic analysis of mahogany from natural populations
ranging from Mexico to Panama, in Central America, and
across 2,100 km of the southern arc of the Amazon basin.
Their data show a strong phylogeographic break between
Central and South America, high levels of population
differentiation in the Amazon basin and, in contrast,
relatively low differentiation across Central America.

These data may prove useful for silviculture, because
geographic variation in mahogany has been linked to
adaptive traits such as growth rate and resistance to shoot
boring insects. The provenance trials of mahogany at the
CATIE research institute, in Costa Rica, consist entirely of
Central American trees. The Lemes study suggests that
additional trait variation may be encountered in South
American populations. Furthermore, because there were so
many private haplotypes in the Brazilian populations, the
cpDNA markers can be used to verify timber provenance
within Brazil and identify mahogany that has been illegally
extracted from protected areas. The use of genetic markers for
timber tracking has been facilitated by recent technical
advances in DNA extraction from wood samples (Deguilloux
et al. 2002).

Working in the arid and semi-arid landscape of east
Africa, Omondi et al. (2010) examined phylogeographic
structure in Acacia senegal (L) Willd. (Fabaceae) across
Kenya. Acacia senegal is a nitrogen-fixing legume tree,
whose sap has for centuries been harvested for gum arabic,
which is an emulsifying agent used in paints, food and soft
drinks. Acacia senegal is also useful for land reclamation
and its protein-rich leaves serve as fodder for cattle. The
study found two geographic populations located in the rift
valley and in eastern Kenya. This data can form the basis
for establishing provenance trials to examine silvicultural
variation in this high potential species.

A different kind of management question regards the
genetic quality of seeds used in ecological restoration.
Davies et al. (2010) examined genetic consequences of
colonization of abandoned pasture by Vochysia ferruginea
Mart., which is a long-lived tree that colonizes disturbed
areas in Central America. Like other species in the family
Vochysiaceae, V. ferruginea tolerates poor soils and
aluminum toxicity found in pasture and other degraded
tropical landscapes. The authors examined the kinship and
fine scale spatial genetic structure of colonizing seedlings,
and found that remnant old growth forest trees contributed
substantially to the genetic diversity of the colonizing
populations. Without these old seed trees scattered in the
landscape, V. ferruginea would likely suffer reduced genetic
diversity and inbreeding during the colonization process.

Evolutionary Processes

Phylogeographic data can be used to infer the geographic
and ecological processes that lead to population divergence
and speciation. The first step is to distinguish divergence
due to genetic drift and dispersal, under an isolation by
distance model, from divergence caused by geographic
barriers (Guillot et al. 2009). Hardesty et al. (2010) used
nuclear microsatellite DNA to distinguish these two
processes by testing for differences in population differen-
tiation under a stepwise mutation model (RST) and an
infinite allele model (FST). Whereas FST measures the
differentiation as the balance of drift and gene flow, RST

also captures the contribution of accumulated mutations to
the population divergence (Hardy et al. 2003). In their
study of the Neotropical forest tree Simarouba amara Aubl.
(Simaroubaceae), Hardesty and colleagues found signifi-
cant effects of mutations, and hence phylogeographic
structure, in populations sampled east and west of the
northern Andes, such that populations on either side of the
Andes in Ecuador and separated by only 200 km were more
highly differentiated than populations separated by more
than 2,000 km in the Amazon basin. The impact of the
northern Andes on phylogeographic structure in Simarouba
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amara has been shown for a handful of other lowland animal
and plant species (e.g. Burney and Brumfield 2009; Dick and
Heuertz 2008) and is likely to occur in hundreds of lowland
species with the cross-Andean geographic distribution.

Whereas the northern Andes and other tropical moun-
tains rose to modern elevations in the late Cenozoic
(Miocene-Pliocene), some of the most severe vegetation
changes in tropical regions occurred during glacial and
interglacial phases of the Pleistocene. The cool and dry
glacial periods severely constricted broadleaf forests in
North America and Europe, and shaped the genetic
structure of tree species in both of these continents. The
impact of Pleistocene climates on tropical forests, however,
remains poorly understood because of a very sparse
palynological record. Two of the papers in this issue
attempt to interpret Pleistocene forest history on the basis
of the genetic structure of rain forest trees. Lowe et al.
(2010) matched spatial distribution of cpDNA and nuclear
DNA haplotypes with proposed Pleistocene forest refuges
for the bush mango, Irvingia gabonensis Aubry-Lecomte
ex O’Rorke. Dauby et al. (2010) found a north-south phylo-
geographic disjunction in Greenwayodendron suaveolens
that may have been caused by Pleistocene forest fragmen-
tation. These two studies are among the first phylogeo-
graphic studies of Central African rain forest trees.

Future Directions

Thousands of tropical tree species have yet to be sequenced
for a single gene, and even relatively common trees harbor
high levels of geographic variation that remains uncharac-
terized. Range-wide studies of tropical trees pose many
logistic challenges, such as obtaining samples from rapidly
dwindling forests in countries that pose restrictions on
forest access and genetic research. Such studies require
strong international collaborations and agreements about
transfer of materials, even for non-commercial research. As
noted by Lowe et al. (2010) future studies are also likely to
obtain much greater genomic sampling by taking advantage
of next generation sequencing technology.

With the accumulation of studies of individual species
and increased genomic sampling, it will become possible to
perform multi-species tests of shared biogeographic history
(e.g. Hickerson et al. 2006). Such methods have not been
widely applied to plants due to the slow rate of cpDNA
evolution and the lack of homologous nuclear genomic
markers for diverse plant lineages. It should be easier to
detect relatively old events (such as impacts of mountains)
on widespread species because older events are associated
with higher levels of DNA sequence divergence. Future
studies should also be able to more specifically characterize
geographic patterns in adaptive genetic variation. The

present studies lay out hypothesis-testing frameworks in
which such future studies will be conducted.

References

Bawa KS (1990) Plant-pollinator interactions in tropical rainforests.
Annu Rev Ecol Syst 21:399–422

Burney CW, Brumfield RT (2009) Ecology predicts levels of genetic
differentiation in Neotropical birds. Am Nat 174:358–368

Dauby G, Duminil J, Heuertz M, Hardy OJ (2010) Chloroplast DNA
polymorphism and phylogeography of a Central African tree
species widespread in mature rainforests: Greenwayodendron
suaveolens (Annonaceae). Tropical Plant Biol 3(1):4–13

Davies SJ, Cavers S, Finegan B, Navarro C, Lowe AJ (2010) Genetic
consequences of multigenerational and landscape colonisation
bottlenecks for a neotropical forest pioneer tree,Vochysia ferruginea.
Tropical Plant Biol 3(1):14–27

Deguilloux MF, Pemonge MH, Petit RJ (2002) Novel perspectives in
wood certification and forensics: dry wood as a source of DNA.
Proc R Soc Lond B Biol Sci 269:1039–1046

Dick CW, Heuertz M (2008) The complex biogeographic history of a
widespread tropical tree species. Evolution 62:2760–2774

Dick CW, Kress WJ (2009) Dissecting tropical plant diversity with
forest plots and a molecular toolkit. Bioscience 59:745–755

Dick CW, Hardy OJ, Jones FA, Petit RJ (2008) Spatial scales of pollen
and seed-mediated gene flow in tropical rain forest trees. Tropical
Plant Biology 1:20–33

Duminil J, Caron H, Scotti I, Cazal SO, Petit RJ (2006) Blind population
genetics survey of tropical rainforest trees. Mol Ecol 15:3505–3513

Eo SH, Wares JP, Carroll JP (2008) Population divergence in plant
species reflects latitudinal biodiversity gradients. Biol Lett
4:382–384

Fine PVA, Ree RH (2006) Evidence for a time-integrated species-area
effect on the latitudinal gradient in tree diversity. Am Nat
168:796–804

Gentry AH (1986) Tree species richness of upper Amazonian forests.
PNAS 85:156–159

Guillot G, Leblois R, Coulon A, Frantz AC (2009) Statistical methods
in spatial genetics. Mol Ecol 18:4734–4756

Hardesty BD, Dick CW, Hamrick JL, et al (2010) Geographic influence
on genetic structure of the widespread Neotropical tree, Simarouba
amara (Simaroubaceae). Tropical Plant Biol 3(1):28–39

Hardy OJ, Charbonnel N, Fréville H, Hueuertz M (2003) Micro-
satellite allele sizes: a simple test to assess their significance on
genetic differentiation. Genetics 163:1467–1482

Hickerson MJ, Dolman G, Moritz C (2006) Comparative phylogeo-
graphic summary statistics for testing simultaneous vicariance.
Mol Ecol 15:209–223

Lemes MR, Dick CW, Navarro C, et al (2010) Chloroplast DNA
microsatellites reveal contrasting phylogeographic structure in
mahogany (Swietenia macrophylla King, Meliaceae) from Ama-
zonia and Central America. Tropical Plant Biol 3(1):40–49

Lowe AJ, Harris D, Dormontt E, Dawson IK (2010) Testing putative
African tropical forest refugia using chloroplast and nuclear DNA
phylogeography. Tropical Plant Biol 3(1):50–62

Martin PR, McKay JK (2004) Latitudinal variation in genetic
divergence of populations and the potential for future speciation.
Evolution 58:938–945

Omondi SF, Kireger E, Dangasuk OG, et al (2010) Genetic diversity
and population structure of Acacia senegal (L.) Willd. in Kenya.
Tropical Plant Biol 3(1):63–74

Prance GT, Beentje H, Dransfield J, Johns R (2000) The tropical flora
remains undercollected. Ann Mo Bot Gard 87:67–71

Tropical Plant Biol. (2010) 3:1–3 3


	Phylogeography and Population Structure of Tropical Trees
	Botanical Exploration
	Genetic Resource Management
	Evolutionary Processes
	Future Directions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


