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Systematics and Biogeography 
of the American Oaks

Paul S. Manos
Department of Biology, Duke University

Durham, NC 90338, USA
pmanos@duke.edu

ABSTRACT

The major groups of American oaks will be discussed with reference to phylogenetic 
patterns and newly resolved species alliances within the sections Quercus (White Oaks) and 
Lobatae (Red Oaks). Recent analyses of the nuclear genome based on extensive sampling 
across approximately 150 species suggest that oak species are mostly cohesive and compose 
geographically defined morphological groups. However, compelling evidence has been 
detected for ancient and current hybridization within section Quercus. Genomic data confirm 
our expectations when localized hybridization is suspected based on morphology and 
geographic proximity, but these data also point to more cryptic scenarios involving historic 
interbreeding among geographically disjunct and distantly related species. The biogeographical 
history of section Quercus in the Americas is highlighted by two independent intercontinental 
disjunctions, with the Eurasian species Quercus pontica to the Roburoid group. Within the 
Americas, sections Quercus and Lobatae share strikingly similar biogeographic histories, 
supporting originations and deeper evolutionary splits at higher latitudes, followed by more 
recent parallel dispersals and diversifications south to Mexico and Central America.

International Oaks, No. 27, 2016

Keywords: phylogeny, Quercus, Lobatae, Protobalanus, Virentes, Ponticae
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Early students of oak morphology were surprisingly astute in their observations. As the 
light of DNA markers has illuminated the world’s oaks, a detailed molecular phylogenetic 
hypothesis now integrates morphological insights. The results enrich our understanding 
of both the origin and biogeographic history of the genus Quercus.

Defining oaks: origins and broader relationships

More than 420 species within the genus Quercus are distributed across temperate and 
tropical regions of the Northern Hemisphere (Nixon 1997). Oaks are united by a suite 
of distinctive floral traits – in particular, pendant male catkins and tricarpellate female 
flowers with linear styles and expanded stigmas – and a signature fruit trait: the circular 
single fruits or acorns seated within an extra-floral accessory structure called the cupule 
or involucre. The cupule is the defining feature of Fagaceae. While other genera of 
Fagaceae feature acorns and cup-like cupules, the combination of floral character states 
among oaks is unique within the family (Forman 1966; Nixon and Crepet 1989).

With respect to classifying Quercus within Fagaceae, DNA-based phylogenies show 
that reproductive character states do not neatly divide the family (Manos et al. 2001; 
Oh and Manos 2008). Floral similarities fail to accurately classify Fagaceae, much like 
fruit type (circular vs. trigonous), and cupule type (valveless vs. valvate). For example, 
the five insect-pollinated castaneoid genera do not form a clade. And wind-pollinated 
Fagaceae (fagoids) are not each other’s closest relatives (Fagus, Trigonobalanus sensu 
lato, Quercus). Instead, parallel evolution in adaptations associated with reproductive 
traits, such as pollination, fruit protection and fruit dispersal, dictate the family’s major 
evolutionary themes. All of this has occurred within a narrow spectrum of morphological 
outcomes among living and extinct Fagaceae (Oh and Manos 2008; Larson-Johnson 
2016).

The oaks appear to be closely related to the chestnut-like or castaneoid genera 
Notholithocarpus, Castanea, and Castanopsis (Manos et al. 2008; Oh and Manos 2008). 
The evolution of a single central pistillate flower seated in a rounded, valveless cupule 
has multiple origins within Fagaceae. But the immediate ancestors to Quercus likely had 
three pistillate flowers, one central and two lateral, arranged in a dichasial inflorescence 
(Oh and Manos 2008). The arrangement is similar to the four-valved cupule bearing three 
flowers and eventually three trigonous nuts that is typical of most Castanea species. 
Therefore, the origin of the acorn in Quercus is the result of a reduction in parts including 
the loss of lateral pistillate flowers in the dichasium, loss of two valves, and fusion of the 
remaining two valves into a rounded cupule (MacDonald 1979; Nixon and Crepet 1989).

Morphological systematics of Quercus: a short history

With very little fine-tuning, the major clades of Quercus recognized today resemble 
many of the groups described by the early investigators of the genus (Ørsted 1871; 
Engelmann 1876-1877; Trelease 1924; Camus 1936-1954; Schwarz 1936; Muller 1942). 
Modern systematics continues to contribute new findings on molecular phylogeny (Hipp 
et al. 2014; Hubert et al. 2014), pollen ultrastructure (Denk and Grimm 2009; Grimmson 
et al. 2015), anatomy and development (Borgardt and Pigg 1999; Borgardt and Nixon 
2003; Deng et al. 2008), and biodiversity (González-Villarreal 2003; Valencia Avalos 
et al. 2011; Spellenberg 2014). This review outlines the major oak monographs of the 
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20th century, providing a roadmap 
to how such works set the stage 
for evolutionary hypothesis 
testing using modern phylogenetic 
approaches.

In his seminal treatment of the 
American oaks in 1924, William 
Trelease (Fig. 1) classified species 
of the Americas into three major 
subgenera: Erythrobalanus (the 
Red Oaks), Leucobalanus (the 
White Oaks), and Protobalanus (the 
Golden Oaks). He was, however, 
aware of at least two more Old 
World groups. Aimee Camus’s 
(1936-1954) monograph of Quercus 
is the magnum opus of oaks 
worldwide (Fig. 1). Recognizing 
subgenera and sections, she placed 
the three American groups alongside the Cerris oaks, one of two groups endemic to 
the Old World, as sections within subgenus Euquercus. She classified the other group, 
the Cycle- or Rim-Cupped Oaks from tropical regions of Southeast Asia, alone in the 
subgenus Cyclobalanopsis.

Trelease and Camus, working within an evolutionary framework, considered character 
state variation across groups. They also hypothesized species-level relationships as 
smaller groups or species complexes recognized as series and subsections. Trelease 
provided a diagram depicting the interrelationships of the three American groups, 
including hypotheses of species relationship at the taxonomic rank of series (Fig. 2). He 
also speculated that Protobalanus formed an ancestral link to both Erythrobalanus and 
Leucobalanus. Camus recognized the White Oaks of the Americas as section Lepidobalanus 
within subgenus Euquercus, along with sections Cerris, Erythrobalanus, Macrobalanus, 
Mesobalanus, and Protobalanus. This classification has a strong geographic component, 
as only Lepidobalanus White Oaks span the Northern Hemisphere. Camus’s treatment 
in particular provided the next generation of students, armed with new perspectives and 
tools, evolutionary hypotheses to test.

Kevin Nixon (1985, 1993) conducted the first morphological analysis of Quercus using 
phylogenetic principles, a worldwide taxonomic sample, and macroscopic morphological 
characters. Using explicit analyses emphasizing shared and derived (specialized) traits to 
define clades, he supported Camus’s two subgenera – Cyclobalanopsis and Quercus. But 
he subsumed Camus’s sections Macrobalanus and Mesobalanus into a broader concept of 
Lepidobalanus White Oaks. He also recognized that certain subsections (e.g., Ilex, Q. ilex 
L.; Englerianae, Q. engleriana Seemen) that Camus placed within section Lepidobalanus 
were more likely close relatives of species now placed in Cerris and Ilex. Nixon used 
other derived character states, like the basal position of abortive ovules (Fig. 3), which 
adhere to the umbilical complex in the mature fruit (see Borgart and Pigg 1999), to 
support a more broadly circumscribed concept of section Quercus. His reclassification of 
subgenus Quercus provided nomenclatural updates and reduced the number of sections to 

Figure 1/ Original cover plates from the monographs of 
W.L. Trelease and A. Camus. Photo of Trelease courtesy of 
the Missouri Botanical Garden.
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Figure 2/ The system of oak classification presented by Trelease (1924) modified to highlight subgenera 
and series discussed in the text: Red Oaks (red); White Oaks (blue); Protobalanus (gold); Virentes 
(green); Sadlerianae (orange)
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Figure 3/ The various positions of abortive ovules shown with arrows in select oak species and clades. a) 
basal, Quercus acutissima (Cerris); b) basal, Q. alba (Quercus); c) apical, Q. phellos (Lobatae); d) lateral, 
Q. palmeri (Protobalanus).

three: Lobatae (Red Oaks), Protobalanus, and Quercus (Lepidobalanus-like White Oaks 
with glabrous endocarp, and Cerris and Ilex oaks).

Puzzling out the oak tree of life: DNA-based systematics 

The impact of molecular systematics has been profound across the tree of life. This is 
especially true for organisms with obscure morphology and characters that trend toward 
multiple origins. The Fagaceae, and Quercus in particular, are prime subjects for applying 
DNA markers from both chloroplast and nuclear genomes. An early molecular hypothesis 
by Manos et al. (1999) using chloroplast and nuclear data supported the American oaks 
sensu Trelease as a clade. This evidence ended speculation surrounding the connections 
between the American species of Protobalanus and certain sclerophyllous Eurasian 
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species classified within Cerris or 
the Ilex group (e.g., Axelrod 1983). 
It also strengthened overall support 
for parallel evolution across the 
oaks in response to similar climatic 
conditions (e.g., Tucker 1974). 
Under this phylogenetic hypothesis, 
basal abortive ovules appear to have 
originated twice (Fig. 3), once to 
define the clade of widespread White 
Oaks with glabrous endocarp, and 
again to define a clade composed 
of Cerris and Ilex oaks. Further 
sampling of species and molecular 
markers produced a completely 
resolved oak tree of life – with a 
few more surprises – early in the 
21st century. 

Advancing the phylogenetics of 
the genus Quercus required new sets 
of markers to increase the number 
of differences among taxa while 
maintaining our ability to detect 
their shared history. With adequate 
sampling and just a few new genes, 

a basic geographic split between Nearctic (New World) and Palearctic (Old World) oaks 
gained support (Oh and Manos 2008; Denk and Grimm 2010). And with the recognition 
of a Palearctic oak clade containing Cyclobalanopsis, Cerris and Ilex, came the rejection 
of the standing subgeneric classification of Quercus (Fig. 4).

At the species level, phylogenetic relationships among oaks species remain difficult to 
resolve with confidence. But recent studies using DNA markers suggest that hybridization 
will not pose an insurmountable barrier to achieving that goal (Muir et al. 2000; Pearse 
and Hipp 2009; Cavender-Bares et al. 2015; Hipp 2015; Hipp et al. 2015). Population-
level sampling is critical to establishing that oak species show genetic cohesion, and 
the use of numerous DNA markers has provided robust evidence for the existence of 
species boundaries even among closely related species occurring in sympatry (e.g., 
Craft et al. 2002; Hipp and Weber 2008; Lepais et al. 2014; Gailing and Curtu 2014). A 
species-level analysis of the Virentes clade stands out as the first study to use a complete 
sample of species, including multiple accessions throughout the range of each species, to 
generate the phylogenetic context needed to guide a range of comparative investigations 
(Cavender-Bares et al. 2015).  

Broad-based phylogenetic analyses based on thousands of nuclear sequences strongly 
support previous molecular hypotheses (Hipp et al. 2015). But they go further by 
identifying eight major oak clades, including compelling phylogenetic hypotheses for 
some of the world’s most distinctive oaks (Figs. 2 and 4). One example is the Virentes 
oaks, long considered one of the best-demarcated species groups of American White Oak 
(Muller 1961; Nixon 1985). Virentes now appear to be the sister group to the extensive 

Figure 4/ Phylogeny of the eight major oak clades with 
species numbers in parentheses. Triangles are drawn to 
scale with species diversity.
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radiation of the White Oak clade (Quercus). Another interesting case is Q. sadleriana 
R. Br. ter. (series Sadlerianae sensu Trelease, see Fig. 2) from Western North America. 
Traditionally placed within the White Oaks, this species is often ascribed affinities 
to shallow lobed-leaf or “prinoid” White Oak species of Eastern North America and 
Asia (Camus 1936-1954; Nixon 2002). The Asian White Oak hypothesis appears to be 
supported by recent analyses (Denk and Grimm 2010; Hipp et al. 2015). Q. sadleriana is 
the sister species to Q. pontica K. Koch, a narrowly distributed species of Western Asia, 
but with a similar history of taxonomic reservation. One of the most surprising findings 
is that this pair of widely disjunct species, provisionally named Ponticae, represents a 
distinct evolutionary branch of the American oak clade.

Oak phylogeny: adaptive and biogeographic insights 

An overview of the two basic lineages of Quercus reveals strong parallel tendencies 
towards adaptive traits associated with drought tolerance. Examples include sclerophylly 
in Mediterranean and desert biomes, and deciduousness in seasonally dry and cold 
environments. For the Old World clade, the deciduous habit is localized within the Cerris 
oaks. Nearctic oaks express a complex array of morphological adaptations, especially in 
the two main species-rich groups, Lobatae and Quercus (Fig. 4).

Recently described fossilized pollen grains from the middle Eocene, approximately 40 
million years old, show that the oak lineages diversified early in the Cenozoic (Grímmson 
et al. 2015). These fossils were recovered from deposits at high latitudes in western 
Greenland. Although an approximate center of origin for the oaks is difficult to assign 
with confidence, an origin in the middle to higher latitudes of the Northern Hemisphere 
seems reasonable (Denk et al. 2012). From thereabouts, the major oak lineages sorted out 
geographically and diversified within the Americas and Eurasia, respectively.

Combining phylogeny with fossil and modern distributions suggests an initial and 
continued diversification of the American oak clade within North America (Figs. 4 and 
5). The contrasts between the clades Protobalanus, Ponticae and Virentes, and the main 
radiation of White Oaks (Quercus) are striking in several ways. These early-branching 
lineages are species-poor, restricted in distribution, and evergreen to wintergreen in 
habit. The largest clade, Quercus, with approximately 150 species of White Oak, has the 
broadest distribution of all forest trees in the Northern Hemisphere. This may be owing 
to the evolution of deciduousness and other traits associated with a range of continental 

Figure 5/ The distributions of the five major lineages within the American oak clade.
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climates. The sister group to these lineages is the second largest clade, Lobatae, a 
strikingly parallel radiation to the White Oaks with respect to distribution, habit, and 
morphology. If there is one point of ecological distinction, it’s that Lobatae show lower 
levels of diversification in Western North America, especially in the California Floristic 
Province and the xeric woodlands of the American Southwest (Nixon 2002).   

The American oak clade: five major lineages 

The American oak clade comprises three Nearctic lineages, Lobatae, Protobalanus and 
Virentes, and two Holarctic or transcontinental lineages, Ponticae and Quercus (Figs. 4 
and 5). Preliminary molecular data provide strong support for their common ancestry and 
interrelationships, including new evidence for subclades formed by species complexes 
and alliances within four of the five lineages (Hipp et al. 2015). One new hypothesis 
is that section Quercus sensu stricto (sensu Manos et al. 1999), or the Holarctic White 
Oaks, as defined by basal abortive ovules, glabrous endocarp, and annual fruit maturation 
consists of three distinct lineages, Ponticae, Virentes, and Quercus.

1) Lobatae 
Approximately 120 species of Lobatae occupy a range of habitats throughout the 

Americas, with just one species, Q. humboldtii Bonpl., extending into northern Colombia 
(Valencia 2004; Nixon 2006; Fig. 5). Lobatae are defined by their long styles and skirt-
like perianth or perigon surrounding the base of the styles (Nixon 1985, 1993). They 
share ancestral features, like a tomentose endocarp with Protobalanus, Cerris and Ilex 
oaks, and apical abortive ovules with Cyclobalanopsis oaks (Fig. 3). Most of the species 
of Lobatae have biennial fruit, but there are exceptions (e.g., Q. agrifolia Née and Q. 
emoryi Torr.). 

Photo 1/ Quercus humboldtii has the most southern distribution of the American oaks, extending into 
northern Columbia.
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Preliminary phylogenetic analyses reveal that the early evolutionary branches of 
Lobatae include many of the lobed-leaf species groups of North America (Hipp et al. 
2015). The first branch, however, comprises the seven California taxa (Agrifoliae sensu 
Trelease, see Fig. 2), followed in turn by several groups containing mostly temperate 
species that sort out into well-defined subclades. While Trelease placed Agrifoliae closer 
to certain Mexican species, Nixon’s (2002) hypothesis of a closer relationship to Eastern 
North American species appears to be supported by the new data

The 25 or so Eastern North American species are resolved into three subclades, 
provisionally named Coccineae, Laurifoliae, and Palustres. The largest of the three is 
Laurifoliae with 15 species. It includes both lobed-leaf species (e.g., Q. falcata Michx., 
Q. georgiana M.A. Curtis, Q. ilicifolia, Wangenh. and Q. laevis Walter and entire-leaf 
species, e.g., Q. imbricaria Michx., Q. laurifolia Michx. and Q. phellos L.) suggesting 
additional complexity in the evolutionary pattern of lobed leaves across the temperate 
Red Oak subclades. The Laurifoliae are in turn sister to a large group of about 90 Mexican 
and Central American species whose distributions suggest at least two major hotspots 
of species richness, the Northern Sierra Madre Orientale and Serranías Meridonales of 
Jalisco (Torres-Miranda et al. 2011).

The phylogenetic pattern described above suggests an initial diversification of Red 
Oaks in the north, followed by movement south and increase in speciation starting about 
15 million years ago (Hipp et al. 2015). This was likely in response to the combination 
of tectonic movement, volcanism, and climatic oscillations that generated a mosaic of 
seasonal montane habitats in Mexico (Torres-Miranda et al. 2013). One major barrier to 
the Lobatae diversification was the Nicaraguan Depression. As with other Nearctic taxa, 
including the White Oaks, species diversity is considerably lower southward to Costa 
Rica.

2) Protobalanus
The five species of Protobalanus are the only truly evergreen American group, with 

leaves persisting up to three years (Photo 2). Other defining features include a mostly 
lateral position of abortive ovules 
(Fig. 3) and apiculate stamens 
(Manos 1993a). Protobalanus share 
ancestral features of biennial fruit 
maturation and tomentose endocarp 
with most Lobatae, Cerris, and 
Ilex oaks. Trichome variation 
is especially informative in this 
species complex (Manos 1993b). 
The most widespread species, Q. 
chrysolepis Liebm., is also one of 
the most variable North American 
oaks. Its leaf morphology and 
branching habit – present on juvenile 
growth, sucker shoots, shade forms, 
or in ecologically extreme habitats 
– often resemble other species 
of the complex (Manos 1997). 
A noteworthy endemic species, Photo 2/ Quercus palmeri
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Q. tomentella Engelm. is present on five of the California Channel Islands plus Isla 
Guadalupe. One of the oldest woody plants on the planet, a 13,000 year-old Q. palmeri 
Engelm. clone, is also among Protobalanus’s distinctions (May et al. 2009). 

It is clear from both the fossil record and studies of ancestral niche requirements for Q. 
chrysolepis that Protobalanus were once more widely distributed (Bouchal et al. 2014; 
Oretego et al. 2015). A center of diversification in Western North America suggests a 
long-term presence in the region prior to the development of the Mediterranean-type 
climate. Interestingly, phylogeographic studies of this complex show a north-south 
discontinuity in California, perhaps related to an ancient disjunction within the complex 
that limited seed dispersal (Manos et al. 1999).

3) Ponticae
These two species, Q. sadleriana and Q. pontica (Photos 3 and 4) were considered 

related by Camus, but placed with other Lepidobalanus-like White Oaks into monotypic 
subgroups. Ponticae are quite similar in their shallowly lobed, chestnut-like leaves 
and shrubby, rhizomatous habit, although Q. sadleriana is truly evergreen whereas Q. 
pontica is deciduous. Both species have basal abortive ovules and glabrous endocarp. 
The distribution of Ponticae is an extreme example of Holarctic disjunction: two narrow 
endemics, one from the Siskiyou and Klamath Mountains of Western North America, and 
the other from the Caucasus Mountains of Western Asia (Fig. 5). Given the phylogenetic 
position of the clade, it seems reasonable to hypothesize an origin in the Americas followed 
by dispersal to Eurasia. Undoubtedly, the Ponticae are relicts of a once more widespread 
group. The two species occupy similar latitudes and ecological zones that broadly overlap 
in the mean values of most climatic variables, despite being longitudinally separated by 
165 degrees. Preliminary analysis of genomic data suggest ancient hybridization between 
Q. pontica and Eurasian White Oaks (Roburoids, see below). However, there is limited 
evidence of natural hybridization between Q. sadleriana and the few American White 
Oaks that occur within its range (Nixon and Muller 1997).

4) Virentes
The seven species of Virentes are mostly wintergreen and vary widely in range size 

(Fig. 5) and in the degree of contact with other species in the lineage; three have broad 
distributions (Q. fusiformis Small, Q. oleoides Schltdl. & Cham. and Q. virginiana Mill.) 
and four are geographically isolated and narrowly distributed (Q. brandegeei Goldman, 
Q. geminata Small, Q. minima (Sarg.) Small, and Q. sagrana Nutt.). Virentes are defined 
by leaf undersurfaces with fused stellate trichomes and seed with fused cotyledons and a 
unique pattern of development in the seedling stage (Nixon 1985). The lineage is unusual 
within the oaks in being restricted to low-elevation habitats, occurring largely on well-
drained sandy soils or volcanic tuff (Muller 1961).

Phylogenetic analysis supports two main groups of species (Cavender-Bares et al. 
2015). One group includes Q. fusiformis and Q. brandegeei and discontinuously spans 
central Mexico and Texas, and the southern tip of Baja California. A second group 
comprises species of the Southeastern coastal US, including the widespread Q. virginiana, 
Q. geminata and Q. minima, and its sister group, the Cuban oak, Q. sagrana, and the 
widespread Q. oleoides that extends from northern Mexico to Costa Rica. The close 
relationship between the only Antillean oak and Q. oleoides rather than Virentes from the 
Southeastern US is consistent with previous taxonomic treatments (e.g., Muller 1961), 
suggesting an under-appreciated capacity for long distance dispersal in the oaks (see 
Nixon 1985). The age of the ancestor to modern Virentes species is estimated to be about 



33

Systematics and Biogeography of the American Oaks

International Oaks, No. 27, 2016

Photo 3/ Quercus sadleriana (Shasta County, CA, USA). 

Photo 4/ Quercus pontica (Karagöl, Turkey).
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11 million years old, indicating a fairly recent pattern of diversification for the species 
within the complex (Cavender-Bares et al. 2015).

5) Quercus
The White Oaks of the Northern Hemisphere stand out as the most species rich and the 

most broadly distributed of all oak clades (Fig. 5). Like the Lobatae, the center of species 
diversity occurs in Mexico (Nixon 2006), but their impressive spread across Eurasia, 

where they reach the highest latitudinal occurrence of any oak species, raises several 
important questions regarding White Oak phylogeny and biogeography. While it is 
difficult to morphologically delimit this clade to the exclusion of the species of Virentes 
and Ponticae, the molecular data clearly define this lineage and provide evidence for 
species groups within it.

Preliminary phylogenetic analyses show some uncertainty at the base of the clade, 
specifically regarding the position of the Eurasian White Oaks or Roburoid subclade. 
Previous treatments of the 20 or so Roburoid species suggested affinities to certain Eastern 
North American species, like Q. montana Willd., based on a similar (e.g., prinoid) leaf 
morphology (Axelrod 1983). However, Hipp et al. (2015) resolved the Roburoids as 
sister to the main radiation of American White Oaks, in agreement with an earlier study 
by Pearse and Hipp (2009), a position that stands at odds with recent palynological data 
(Denk et al. 2010). Pollen records identify the appearance of White Oaks in Iceland by 
the Late Miocene, and there seems to be limited evidence of macrofossils assignable 
to this group in older sediments throughout Eurasia. Recent episodic migration from 
North America to Europe across the North Atlantic Land Bridge would instead favor the 
hypothesis that the Roburoids are more closely related to Eastern North American White 
Oaks. The question of whether the Roburoids migrated to Eurasia before or after the 
diversification of the New World White Oaks remains unsettled. Ancient hybridization 
between Roburoids and Ponticae is one possible source of potentially misleading 
phylogenetic data (McVay et al. 2014). 

For the American radiation of White Oaks, preliminary analyses suggest a pattern of 
diversification that mirrors the Red Oaks (Hipp et al. 2015). The first branch to split off 
comprises California White Oaks, specifically a group of about nine species including 
lobed-leaf and scrub species (Q. berberdifolia Liebm., Q. cornelius-mulleri Nixon & K.P. 
Steele, Q. douglasii Hook. & Arn., Q. dumosa Nutt., Q. durata Jeps., Q. lobata Née, Q. 
garryana Douglas ex Hook, Q. john-tuckeri Nixon & C.H. Mull., and Q. pacifica Nixon & 
C.H. Mull.). As with the Lobatae clade, the next three branches include about 17 species 
of Eastern North American White Oaks that sort out cleanly into subclades provisionally 
named Prinoideae, Albae, and Stellatae. A geographic pattern of diversification in the 
north followed by movement south is remarkably parallel to that inferred for the Red 
Oaks, resulting in a clade of about 100 Mexican and Central American White Oak species 
that appear to have rapidly evolved within the last 15 million years.

Conclusions

The systematics and biogeography of the American oaks has been advanced by a 
rapidly developing molecular toolkit, increasing our ability to understand the biology 
and relationships of species. Progress to date includes defining the major oak clades, 
delimiting alliances of temperate species, and revealing the connections between 
geography and diversity. Future challenges will require an intensified effort to focus on 
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the radiations of tropical Red and White Oak species in Mexico and Central America.
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