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Quercus and Fagus Forests of Eastern North America

– Elgene O. Box, Georgia, USA –

Abstract
Eastern North America has a large region of temperate deciduous forest (southeastern

Canada to the southeastern coastal plain and west to eastern Oklahoma and Texas), including
a large “warm-temperate deciduous” forest area. Further south is a strip of warm-temperate,
potentially evergreen broad-leaved forest on the coastal plain (North Carolina to Texas),
which however is geologically young and covered by complex vegetation mosaics determined
mainly by topography and substrate. Forests of both regions are dominated largely by species
of Quercus (oak) or Fagus (beech), in various combinations and types. Beech and some oak
species span the full north-south range of the deciduous forests and may extend further south.
Oak-hickory forests cover the largest parts of this region, but other types include beech forests
in the north and south, mesophytic forests with little oak or beech, so-called “southern mixed
hardwoods”, and rich southern bottomland forests. The deciduous region extends unusually
far south, since evergreens are limited by infrequent but quite low temperature extremes.
Questions about vegetation patterns involve the relative advantages of deciduousness and the
role of topography or substrate in various situations. 

Keywords: Absolute minimum temperature, deciduousness, evergreenness, forest types,
southeastern US coastal plain, southern mixed hardwoods, temperate zonation, “wet beeches”

Introduction
Species of Quercus and Fagus occur primarily in the Typical Temperate (nemoral in

Europe) and Warm-Temperate climatic zones (WALTER 1970, 1976; BOX, in press). The typ-
ical temperate zone (denoted VI by Walter) occurs within latitudes 30-60ºN on both the east
and west sides of the Northern Hemisphere continents, while the warm-temperate zone
(denoted Ve) occurs within 25-35ºN only on east sides (BOX 1995a,b; 2002). Quercus species
also occur in Mediterranean-type climates, which are warm-temperate thermally but occur
only on continental west sides.

The zonal vegetation (WALTER 1954, 1970; BOX & FUJIWARA 2013; BOX, in press) of
the typical temperate zone is summergreen (deciduous) broad-leaved forest, as occurred nat-
urally over large areas of East Asia, eastern North America, and (at higher latitude) Europe
(e.g. WALTER 1968). The zonal vegetation of the warm-temperate zone is glossy-leaved,
evergreen (“laurel”) forest, still with mainly temperate taxa, as is best developed in East Asia
but occurs also in small areas of southeastern Brazil, eastern Australia and northern New
Zealand (e.g. TROLL 1948, 1961; SCHMITHÜSEN 1976; KLÖTZLI 1988, TAGAWA 1997).

In the 1940s, though, Tatsu� KIRA (1949) observed that deciduous forests could also form
permanent communities in drier parts of the warm-temperate zone in interior Japan, where
values of his Coldness Index were below about -10ºC, i.e. too cold for broad-leaved evergreen
trees (KIRA 1977, 1991). Such “warm-temperate deciduous forests” occur around the North-
ern Hemisphere (BOX & FUJIWARA 2015) and are significant in the present context because
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they contain many Quercus species, often also Fagus. Such forests occur over large areas of
the southeastern USA, as well as northern China and southern Europe (cf. so-called “ther-
mophilous” and “submediterranean“ forests). 

Zonation and Regions of Eastern North America
Eastern North America has all three of these forest zones: typical temperate (VI), with sum-

mergreen forests involving both Fagus and Quercus; warm-temperate deciduous (Ve-VI),
often dominated by Quercus (but including Fagus); and warm-temperate (Ve), with a climatic
potential for evergreen broad-leaved forests, despite many topographic and substrate compli-
cations. The map of eastern North America (see Figure 1) shows the deciduous forest region 

The lines represent the approximate locations of transitions between the main bioclimatic zones in east-
ern North America, sensu Walter (1970, cf WALTER & BOX 1976), as interpreted by BOX (1988, 2002,
and in press). Notation:

VIII = boreal climate, with boreal conifer forests as the zonal vegetation
VI      = typical temperate climate, with summergreen deciduous forests as zonal vegetation
V = warm-temperate climate (= Ve), with potentially evergreen broad-leaved forests (zonal)
II = tropical summer-rain climate, with tropical raingreen (deciduous) vegetation types

VII = temperate continental climate, with grasslands as zonal vegetation.
Black areas represent mountains. Note that the Ve-VI boundary, between potentially summergreen and
evergreen broad-leaved forests, occurs farther south than in East Asia and farther south than on most cli-
mate maps (e.g. Köppen). This is due to control of potential forest types by infrequent extreme low win-
ter temperatures rather than mean temperatures (see BOX 1995a). As a result, the warm-temperate (Ve)
region is rather narrow and confined to the southeastern coastal plain, leaving a relatively large  interior
region with potential for “warm-temperate deciduous” forests (see main text). The map is from BOX
(1988).
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Figure 1: Bioclimatic Zones in Eastern North America.
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as large and extending quite far south. This is due to the infrequent but quite low extreme tem-
peratures in the southeastern USA (see Table 1), which preclude woody evergreens even
though mean winter temperatures are distinctly higher than at the same latitudes in (evergreen)
East Asia (see BOX 1995a, FUJIWARA & BOX 1994). The warm-temperate (potentially ever-
green) region is restricted to the southeastern coastal plain (excluding subtropical south Flori-
da), which is low-lying, geologically young, sandy, and one of the world’s largest regions
where the substrate does not match the climate.

North = 40º-45º N latitude in East Asia and eastern North America, 
but 60º N in Europe (reference: Uppsala)

South = 30º N latitude (Shanghai) in East Asia and eastern North America, 
but 44º N in Europe (reference: Avignon)

Temperatures are generalized over the respective regions, except for site values at Shanghai, Uppsala and
Avignon.

The temperate zone has been divided classically into two subzones, called cool-temperate
(nemoral, with cool summers) and warm-temperate (with mild winters). Indeed, eastern North
America has various species with northern or southern ranges, such as sugar maple (Acer sac-
charum, northern) and southern red oak (Quercus falcata). In eastern North America, though,
this two-part division leaves a large, subcontinental gap in the middle between the cooler
summer of the north and the mild winters of the south. Many species ranges overlap in this
area. As a result it seems better to recognize three subdivisions (see also Table 2): 

-  a cool-temperate zone mainly in New England, with cooler summers (due to higher     
latitude) and mixed forests involving both non-boreal (Pinus strobus and P. resinosa)
and boreal  (Picea rubens) conifers;

-  a main, generally subcontinental ‘typical temperate’ zone, with four seasons of rough-
ly equal expression and more completely deciduous forests (without conifers at matu-
rity); and

-  a warm-temperate zone with milder winters, quite warm-sultry summers, and the 
potential for evergreen broad-leaved forests, unless absolute minima are too cold or 
other factors intervene.
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Table 1: Winter Temperatures in the main Temperate Forest Regions of the Northern Hemi-
sphere. 

 
        East Asia      Eastern North America          Europe 
           Tmin           low       higher                            [low] 
(mean of coldest month)       -5º to -20ºC in north          -5º to -10ºC in north         -5ºC in north   
               +3ºC at Shanghai     +10ºC at same latitude       [+5ºC at 44ºN]  
 
         Tabmin  not much lower        suddenly much lower        [much lower] 
 (absolute minimum)          -35º to -40ºC in north         -35º to -40ºC in north      -35º to -40ºC in north 

                -12ºC at Shanghai         -20ºC at same latitude       [-15ºC at 44ºN] 
 

Mainland East Asia has largely east-west mountains, while North America has north-south 
mountains and is open in the south much more to invasion by unusually cold air masses from the north. 
Whereas East Asia has a strong monsoon system that depresses winter temperatures in general, 
southeastern North America has a source of warm, wet air to its south in winter, namely the Gulf of 
Mexico. As a result, southeastern North America has higher mean winter temperatures (Tmin) but 
lower extremes (Tabmin) than does East Asia at the same latitude and comparable geographic position 
(e.g. elevation, proximity to coast). The result for vegetation is that especially southern Japan but also 
the East Asian mainland (eastern China) have evergreen broad-leaved forests at latitudes where 
southeastern North America still has deciduous forest (see BOX 1995a and map by Fujiwara, in 
FUJIWARA & BOX 1994, p. 305). The temperate region of Europe is at higher latitude, is not directly 
comparable, and is cooler and deciduous throughout.  
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Warm-temperate deciduous forests, based on species compositions, can be seen as falling into
parts of the warm-temperate zone but also extending into warmer parts of the typical-temper-
ate zone. 

Beech and Oak Species of North America
For better understanding, taxon names for North America follow long-established  termi-

nology (e.g. RADFORD et al. 1968). Beech in North America is represented by only two
species: Fagus grandifolia in the east and the questionably distinct F. mexicana (cf LITTLE

Cool-temperate climates have cooler summers and warm-temperate climates have milder winters. In
eastern North America, however, this leaves a large gap in the subcontinental middle, roughly from New
York to Tennessee to Missouri. Temperature data in eastern North America argue strongly for division
into three parts, as shown above at right. In fact, infrequent extreme cold, plus substrate and topography,
all intervene to preclude evergreen broad-leaved forests across much of the warm-temperate southeas-
tern coastal plain (see Table 1 and main text). As a result, “warm-temperate deciduous” forests occur
across much of the warm-temperate region, not only as successional stages but also as permanent vege-
tation (Box 2015). There is also evidence to support this three-part subzonation in East Asia (cf BOX &
FUJIWARA 2012).

1965) in the Sierra Madre Oriental mountains of eastern Mexico. On the other hand, oaks in
North America number over 200 species (MILLER & LAMB 1985, NIXON 2006). These
include around 40 species in the east, about 30 species are deciduous; 2 species (Q. nigra and
Q. phellos) are “tardily deciduous” (not losing their deciduous leaves until December); 2
species (Q. laurifolia and Q. nigra) can be called semi-evergreen (evergreen only in part of
their range); and 6 species are evergreen (generally hard-coriaceous but sometimes truly scle-
ro-phyllous, i.e. brittle).

Fagus species are, worldwide, generally considered rather demanding. In particular they
appear to require continuous humidity and soil moisture, but also well drained, aerated soils.
As a result, Fagus forests occur often on sites that are persistently humid but also have some-
what sandy or otherwise well drained substrates, as on slopes, especially in cloudy montane
or subalpine belts. Fagus species often produce mono-dominant stands, sometimes over large
areas. Many Fagus forests have relatively sparse understoreys.
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Classic Division into 2 parts (e.g. Japan)   Division into 3 parts (better in eastern North 
America)  

Cooler summers 
in north 

(Tmax < 24ºC) 
“cool-

temperate” 

Summergreen 
forests, 

  with non-boreal and 
a few boreal conifers 

 Cool-Temperate Summergreen forests,  
with non-boreal and 
a few boreal conifers 

     
  Subcontinental 

middle, 
with warm summers 
but still cold winters 

Typical Temperate
 
 
   

Summergreen forests, 
with fewer conifers 
(mainly successional) 

     
Milder winters 

in south 
(Tmin > 8ºC) 

“warm-
temperate” 

Evergreen broad-
leaved forests, 

with some conifers 

+ deciduous 

 Warm-Temperate 
Deciduous 

Deciduous forests with 
southern species (conifers 

successional) 

   Warm-Temperate Evergreen broad-leaved 
forests (potentially), 

unless precluded by fire, 
substrate or topography 

Table 2: Zonation in Humid Temperate Eastern North America
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Quercus, on the other hand, has many more species and some with wide ecological ampli-
tudes. Most oaks require less moisture than does beech, but some can also tolerate consis-
tently wet conditions, including temporary or even seasonal flooding (e.g. Q. bicolor, Q. lyra-
ta, Q. michauxii, Q. laurifolia, Q. nigra). For oaks in North America, though, one must also
recognize differences between:

- white oaks (subgenus Leucobalanus) and red oaks (Erythrobalanus, which occurs only 
in North America); 

-  northern and southern species – as well as species that span the full north-south range; and 

-  deciduous and evergreen species, as well as semi-evergreen and tardily deciduous species.

Oak species in eastern North America can be grouped roughly into four regional sets, plus
wider-ranging species, as shown in Figure 2. Some of these species appear similar to some
European species (BOX & MANTHEY 2005, 2006). For example, Quercus macrocarpa has a
mainly northern-continental range (Great Lakes and Mississippi Valley but not east of the
Appalachians), reminiscent of Q. robur in Europe, which extends eastward in Russia to the
Volga River (see Figure 3). The widest range belongs perhaps to Quercus alba, which occurs
from southern Canada to northern Florida and west to eastern Oklahoma and Texas. Projec-
tion of its climate space to Europe suggests the range of Q. petraea.

Quercus rubra and Q. macrocarpa are more important in the north but do extend far south. Q. velutina
also has a wide north-south range but is more important on drier, often upslope sites, as in the Appalachi-
ans (and further west). Quercus alba spans the full north-south range, from southern Canada to central
Florida; its range also extends westward to (Missouri and eastern Oklahoma. It is probably the most com-
mon and important oak throughout eastern North America. Quercus stellata and Q. marilandica, with
thicker leaves, occur in the east but are more common and become co-dominant in the drier Midwest.
Quercus falcata and Q. nigra are true southern species, occurring commonly in often mixed-oak upland
southern forests. The evergreen oaks are found naturally only on the sandy southeastern coastal plain,
from southeasternmost Virginia to Texas. Quercus virginiana is the potential dominant of upland forests
across the southern coastal plain (where not precluded by fire, soil or topography – in most places) as
well as in maritime forests (on sand). Quercus laurifolia is a bottomland oak, often dominant in flood-
plains (with Q. nigra). Quercus hemisphaerica is a colonizer, abundant and forming secondary forests
after fire or land abandonment but dying out after about 100 years (replaced usually by Q. virginiana, if
no fire).
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Figure 2: Regional Affinities of Major Quercus Forest Species in Eastern North America
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Figure 3: Northern-Continental Ranges of Quercus robur and Quercus macrocarpa.
The ranges of Q. robur (Europe) and Q. macrocarpa (North America) are mapped on their home

continent, and their climate spaces are then projected to the other continent (cf BOX & MANTHEY
2006). Dots represent climate stations (enclosing curves and final graphic drawn by Manthey). Both
species show generally northern distributions that extend well into highly continental interior areas but
also southward to some extent. Q. macrocarpa seems to be the North American species most similar to
Q. robur, perhaps a so-called vicariant species. Interesting to note is that Q. robur is also projected to
fill the southeastern US area not occupied by Q. macrocarpa and to extend all across the continent in
the north, something that no native, truly temperate-zone tree species does.

Main Forest Types of Eastern North America
The main forest types of the deciduous region of eastern North America were identified

by Lucy BRAUN (1950), and these regions are still used (see Figure 4). Detail for the north-
ern and southern transitions was added by GRELLER (1980, 1989), based partly on the con-
cept of “Southern Mixed Hardwoods” forest (QUARTERMAN & KEEVER 1962). Beech-
magnolia forests were recognized as a type by DELCOURT & DELCOURT (1974, 1977), and
live oak-magnolia forests were identified as an association by DAUBENMIRE (1990). Some
other types of evergreen broad-leaved forest and woods across the southeastern coastal plain
were described by BOX & FUJIWARA (1988), including topography-dependent situations.
These ideas are combined in the regional organization of main forest types shown in Table
3, which includes the Braun types by name as well as transitional and topographically deter-
mined situ-ations on the southeastern coastal plain.
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Forests co-dominated by deciduous Quercus species occur primarily in the regions WM, OC, OH and
OPH; both deciduous and evergreen oaks may co-dominate in the DEC region, with evergreen Quercus
virginiana a potential mono-dominant in uplands and on coastal dunes, and evergreen Q. laurifolia a
potential mono-dominant in many floodplain forests. Beech (Fagus grandifolia) forests occur primarily
in the BM region, but beech can also be an important canopy component in the WM, MB, OPH and DEC
regions. Quercus rubra and Fagus grandifolia also extend into some mixed forests of the CD region.

Tabel 3: Main Forest Types of Eastern North America

Sub-Boreal Mixed Forest Northern broad-leaved deciduous trees (Acer, Betula, etc.)
+ temperate conifers (Pinus strobus, P. resinosa)
+ boreal conifers (Picea rubens, P. glauca, Abies balsamea) 

Deciduous Forests Northern Hardwood [Mixed] Forest
(Acer saccharum, Betula spp, Fagus, etc. + Pinus strobus)

Beech-Maple Forest (Fagus grandifolia + Acer saccharum)

Maple-Basswood Forest (Acer saccharum + Tilia americana)

Mixed Mesophytic Forest (Fraxinus, Tilia, Liriodendron, etc.
(no clear dominant, Quercus less importamt)

Western Mesophytic Forest (Quercus + Fraxinus, Tilia, 
Liriodendron, Acer)

Appalachian Oak-Chestnut Forest (Quercus + Castanea)
(eliminated by chestnut blight: became mixed Quercus forest)
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Figure 4: Main Forest Types of Eastern North America. 
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Table 3: continuation
Piedmont Oak-Hickory Forest (Quercus + Carya)
(with Pinus important in successional stages)

Mid-western Oak-Hickory Forests (Quercus + Carya)
(S: mainly Q. stellata + Q. marilandica, N: Q. macrocarpa)

Deciduous-Evergreen "Southern Mixed Hardwoods" Forest (Quarterman & Keever)
Transition (southern deciduous + few evergreen broad-leaved trees)   

Topogenic:               Bottomland forests, especially Quercus michauxii, Quercus nigra

Warm-Temperate region Beech-Magnolia Forest – “climatic climax” but rare
(potentially evergreen (Fagus grandifolia + Magnolia grandiflora)
broad-leaved forests)

Upland Live Oak-Magnolia Forest 
(Quercus virginiana, Magnolia  grandiflora)

Topogenic: Bottomland forests, especially Quercus laurifolia, Quercus nigra
Laurophyll forests in moist depressions 
(Persea, Magnolia virginiana, Gordonia)

Maritime Live Oak Forest on coastlines (Quercus virginiana)
Sandhill Oakwoods: evergreen (Quercus virginiana, Quercus

geminata)
deciduous (Quercus laevis, with Pinus

palustris

The classic description of deciduous forest types and regions in eastern North America was given by
BRAUN (1950). For the subsequent additions, especially in the warm-temperate region, see main text.
Contributions by Fagus and Quercus species are shown in boldface type (live oak = evergreen Quercus
virginiana)

Northern Forests
The treatment by Braun showed a Maple-Basswood region (MB: Acer saccharum-Tilia) in

the western Great Lakes area and a Beech-Maple region (BM: Fagus-Acer saccharum) fur-
ther east – but no region where Fagus alone should be dominant. On the other hand, relevés
(see Table 4) and some literature suggest that a more complete list of (deciduous) forest types
in the north should include:  

- Fagus-Acer forests, in the Beech-Maple region 

-  Quercus forests (especially Q. rubra) with significant Fagus in the canopy or understorey 

-  some localized Fagus forests, dominated overwhelmingly by beech (in particular situations)

- Tsuga stands (usually small) with Fagus as a consistent companion or subdominant species

- Fagus woods on older, stabilized coastal dunes (sometimes mixed with oaks)

Some examples of northern beech forests have been described by GRELLER (1989).

An example of a forest dominated by Fagus is shown in Relevé 1, from near Québec city.
Such forests can be quite shady, and the overall species richness may not be high. Even so, in
this example one can see good regeneration of both Fagus and Acer species. Also common
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throughout the northern “beech-maple” and “northern hardwoods” regions are Quercus rubra
forests, usually with Fagus. An example is shown in Relevé 2, from near the coast of Maine.
Here there is little apparent regeneration by the oaks, but there is a significant Fagus under-
storey and overall diversity is higher. One wonders if such forests will develop eventually into
Fagus forests.

In areas with warmer summers (more continental or further south), Fagus may be mixed
also with tall Liriodendron tulipifera, as in the so-called “Carolinian forests” of southern
Ontario. Fagus, often mixed with Quercus, may also form stands on stable, old but undulat-
ing coastal dunes, as for example on Long Island (New York) and the Outer Banks of North
Carolina. Finally, Fagus grandifolia may also occur (e.g. southern Indiana) as “wet beeches”
in what are essentially flatwoods, i.e. woods on low-lying, flat areas with seasonally high
groundwater if not actual flooding during extended periods in winter or early spring. This
locally known phenomenon seems not to be well known in the scientific literature.
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Appalachian Forests – Mainly Oak
In the Appalachians the windward west side is wetter and the leeward east side drier, with

only about 700-1000mm of precipitation per year. Braun’s original description recognized two
forest regions: Mixed Mesophytic Forest (MM) on the west side, with little representation by
Fagaceae; and Appalachian Oak-Chestnut Forest (OC: Quercus-Castanea) on the east side.
The mesophytic forests are tall and species-rich, co-dominated in individual stands by up to 10
straight-growing canopy trees such as Liriodendron tulipifera, Liquidambar styraciflua, Frax-
inus spp., Tilia spp., and Acer saccharum, with little Fagus or Quercus. Some of these forests,
in especially humid concavities called “coves”, may reach 40m or more in height.

The characteristic oak forests of the Appalachians are found on the drier east side (and
were the basis for local furniture industries). When Castanea dentata disappeared in the ear-
lier 1900s, its place was taken especially by Quercus prinus, the most representative oak of
dry upland sites. The composition of a typical Appalachian Quercus prinus forest is shown in
Relevé 3, from a steep upper slope in north Georgia. This stand is very species-rich and shows
some regeneration by the canopy oaks, as is common on drier upland sites. Although it is not
in this stand, the wide-ranging Q. velutina also appears commonly in most Appalachian oak
forests. 

Less dry forests in the Appalachians may include significant amounts of Fagus, but pure
beech stands are limited mainly to two topographic situations: “beech gaps” in concave situ-
ations between other slopes, and dense low scrub on especially windy locations (as at Crag-
gy Gardens, in N Carolina).

Midwestern Forests – also Mainly Oak
In addition to the Maple-Basswood region, BRAUN (1950) also recognized an Oak-Hickory
Forest region (OH) covering much of Illinois, Missouri and Arkansas, plus eastern Oklahoma
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and Texas. In this drier area, the oakwoods are usually not taller than about 15m and are co-
dominated by just two species, Quercus stellata and Q. marilandica. Both occur throughout
the deciduous forest region but are more xeromorphic (e.g. thicker leaves) and dominate only
in the west. Carya is only a subordinate element. These oakwoods have been summarized in
BRYANT et al. (1993; cf BRUNER 1931, KÜCHLER 1964). Woodland mosaics called “cross
timbers” represent the transition to the Great Plains grasslands (DYKSTERHUIS 1948).

Forests of the Interior South
This region includes the southern piedmont, from Maryland to Georgia, and its counterpart

west of the Appalachians (Kentucky and Tennessee, plus northern Alabama and Mississippi),
but not the coastal plain, which is treated in the next section. The region has a typical tem-
perate (VI) climate that becomes “warm-temperate deciduous” (VI-Ve) to the south. The pied-
mont in particular has gently rolling terrain and reddish clay soils formed during earlier warm-
temperate or subtropical conditions. These soils were described as somewhat stratified before
plowing and are thus sometimes called podzolic, although most of the A-horizon is now in the
Atlantic Ocean or Gulf of Mexico.

BRAUN (1950) recognized two main forest regions: a Western Mesophytic Forest region
(WM), along a gradient of increasing dryness westward from the humid Appalachians; and an
Oak-Pine-Hickory Forest region (OPH) over most of the piedmont. The WM region covers
most of Kentucky and Tennessee and involves still species-rich forests that include significant
Quercus, usually co-dominating with several other canopy trees, such as Liriodendron. The
OPH region includes the classic oak-hickory forests (Quercus-Carya) of the piedmont, which
do not always have so much Carya (cf WARE 1992). Pines are common in these forests but
are successional and do disappear in older stands. The northern boundary of some “southern
pines” such as Pinus taeda occurs in Tennessee and was attributed to cold soil in winter,
which hinders water uptake by evergreens (HOCKER 1956). 

The most characteristic southern forest is the Piedmont oak-hickory forest, an example of
which is shown as Relevé 4, from central North Carolina (see also BOX 2015). This stand
shows moderate species richness and the typical oak dominance (with some regeneration) in
this drier, leeward piedmont area of the Carolinas. Other dry-site species are also apparent,
including Oxydendrum arboreum (Ericaceae) and Viburnum spp., but there is little Fagus. In
less dry areas, Fagus commonly forms a distinct understorey in oak forests over much of the
southern piedmont. This becomes apparent in winter, since Fagus keeps its dead, brown
leaves all winter (marcescence). This has been interpreted as protection against browsing by
deer. Again here, one wonders if beech is the potential dominant of such forests at maturity. 

Especially in the Carolinas and Georgia, the boundary between the coastal plain and the
piedmont is marked by the “fall line” (first impassible rapids encountered by colonists) and
by “sandhills” (old, stable dunes now far from their original coastline locations). The sand
may have a good humic content or be quite white and sterile. The only trees that grow on the
sterile sands are short, deciduous Quercus laevis (called ‘turkey oak’ because the leaves, seen
at a distance, suggest flying turkeys); evergreen Quercus geminata (similar to Q. virginiana
but shorter and with true sclerophylls); and the main sandhill pine Pinus palustris. The rela-
tive topographic positions of these species are illustrated by WHARTON (1978).

Forests of the Southeastern Coastal Plain
The southeastern coastal plain extends from Maryland and Delaware through the Caroli-

nas and Georgia to Florida, and westward to coastal Texas. The climate is warm-temperate
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and the vegetation potentially evergreen broad-leaved forest. Such moisture-demanding
forests are restricted to small areas, though, due to the mostly sand substrates and the fact that
much of the region is covered by pine savannas that are caught in a fire cycle and burn fre-
quently. The vegetation of the coastal plain is in fact a mosaic, due to the further complica-
tions of low-lying topography, with rapid vertical changes from wet in depressions (1m or
less) to dry (on slightly higher sand) (cf WELLS 1942, WHARTON 1978, CHRISTENSEN
1988).

The amplification by GRELLER (1980) of Braun’s original regionalization called most of
the coastal plain the Deciduous-Evergreen-Conifer Forest (DEC) region (see Figure 4). At
least four types of forest involving Fagus or Quercus can be recognized:

-  Fagus-Magnolia grandiflora forests 

-  a Quercus virginiana-Magnolia grandiflora forest association 

-  “Southern Mixed Hardwoods” forests (varying mixes of deciduous and evergreen trees) 

-  “bottomland” forests in the broad floodplains and their adjacent, broader lowlands.

Other types include the wide expanses of pine savannas and woodlands, controlled by fre-
quent ground fires that do not damage the pines but maintain a fire-tolerant ground layer
(largely palmettos) and keep out more sensitive trees, such as oaks and beech.

Beech-magnolia forest (Fagus grandifolia-Magnolia grandiflora) was recognized as the
climatic potential vegetation of the coastal plain (DELCOURT & DELCOURT 1974, 1977) but
occurs only in small areas that are protected from fire. The example shown as Relevé 5 is from
the loop of a protecting river, in Louisiana (WHITE 1987). The trees grow very straight and
can reach 40m in height, but the total number of species is often not high. Regeneration of
beech and magnolia is reduced in this case by the dense shrub layer of evergreen Illicium
floridanum, which produces an aromatic oil and may have allelopathic effects. Species-rich
beech-magnolia forests, with additional canopy trees, occur especially in “steepheads” 
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(slightly upslope, concave seepage areas) (see BOX 2015, Table 12; DELCOURT & DEL-
COURT 1977).

A potentially more widespread forest type over the broad humic-sand uplands, as well as
on stabilized coastal dunes, was recognized by DAUBENMIRE (1990) as the Quercus virgini-
ana-Magnolia grandiflora association (see example in Relevé 6). Both co-dominant species
have somewhat harder but shade-tolerant evergreen ‘lauro-sclerophylls’, grow slowly, and
tolerate infrequent short-term exposures to temperatures a bit below the usual -15ºC limit for
broad-leaved evergreens (cf WOODWARD 1987, BOX 1995a, 1997). These live-oak forests
typically have slightly open canopies that may include deciduous Carya glabra and are usu-
ally festooned with epiphytic Tillandsia usneoides (Bromeliaceae). Branches may also be
covered with epiphytic Polypodium polypodioides. Live-oak forests are usually not species-
rich but usually do show continuous regeneration by Quercus virginiana. All across the South
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these forests have a quite consistent composition that includes mostly evergreen Ericaceae
(Lyonia, Vaccinium, Gaylussacia), Osmanthus americanus (Theaceae), palmettos (Sabal,
Serenoa), Ilex opaca, Persea borbonia, and deciduous Quercus spp. Many stands have been
initiated, after burning or other land abandonment, by the evergreen colonizer Quercus hemi-
sphaerica, which has a shorter lifespan of about 100 years and is replaced eventually by Q.
virginiana. Live-oak forests become simpler westward and can be especially species-poor on
coastal dunes and along the Texas coastal plain. 

The potential “climax on the southeastern coastal plain” was declared by QUARTERMAN
and KEEVER (1962) to be Southern Mixed Hardwoods, a mixed-canopy forest involving
broad-leaved evergreen and deciduous trees plus some conifers. Such forests may have much
deciduous Quercus and some Fagus but can be quite variable in their actual composition. The
authors identified 13 potentially co-occurring canopy species (see list in Table 5), including
two Carya species, Liquidambar styraciflua (a classic warm-temperate deciduous species),
Nyssa sylvatica, and evergreen Magnolia grandiflora. The deciduous oaks are Quercus alba
(white oak), Q. falcata (southern red oak), and Q. nigra, a “tardily deciduous” species of
immature upland woods as well as mature bottomland forests. The evergreen oaks are Quer-
cus laurifolia (semi-evergreen further north) and the colonizer Q. hemisphaerica. The
conifers are Pinus taeda, which is very light-demanding and thus successional, but also Pinus
glabra, a shade-tolerant pine that indicates relatively mature forests. Also identified as com-
mon components were understorey trees Ilex opaca and Vaccinium arboreum (both ever-
green) and Cornus florida. The example in Relevé 7 is from a lower slope in northwestern
Florida, where a relict conifer Torreya taxifolia still has a small area. The stand is species-
rich, has a well mixed canopy, and contains most of the requisite species, but it does not show
obvious regeneration by the canopy trees. One wonders also why Quercus virginiana is
absent from such forests. Stands of Southern Mixed Hardwoods have been described and ana-
lyzed from various locations (e.g. MONK 1965, WARE 1988, HARTNETT & KROFTA 1989,
GIBSON 1992, WARE et al. 1993).
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Table 5: Species of “Southern Mixed Hardwood” Forests

Mixed-canopy forests called Southern Mixed Hardwoods were proposed by QUARTERMAN and KEEV-
ER (1962) as the potential “climax in the southeastern coastal plain” of the USA (see main text). Includ-
ed as potential components in this quite variable mix are both evergreen (in boldface) and deciduous
broad-leaved tree species and two conifers; three understorey tree species are also expected consistently.

Finally we come to the forests of the ‘bottomlands’, i.e. the broad, low-lying areas adja-
cent to actual floodplains (which may also be quite wide on the flat terrain). Various types of
Southern Mixed Hardwoods may occur in bottomlands, but the most characteristic floodplain
forests are dominated by Quercus laurifolia, often with Q. nigra (which may also dominate)
and sometimes other oaks. Bottomland forests vary widely in species richness, from quite rich
to quite simple, depending mainly on length of inundation periods. The example in Relevé 8
is quite species-rich but shows no obvious regeneration by Q. laurifolia (which may howev-
er require particular circumstances). Also in the canopy here are several (regenerating) species
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characteristic of floodplains and other low-lying areas, including Carya aquatica (often in
swamps), Quercus phellos, Celtis laevigata, and Liquidambar styraciflua; understorey Q.
lyrata is also a floodplain species. An especially good example of a southern floodplain for-
est complex, with Gleditsia and a 30m canopy, can be seen near the Morris Bridge northeast
of Tampa (Florida).

Mexican Beech Forests
In montane belts in the Sierra Madre Oriental of eastern Mexico there are forests that

involve several of the same main summergreen tree genera as in the piedmont region of the
eastern USA, especially Liquidambar, Carya, Carpinus, Fagus and Quercus (MIRANDA &
SHARP 1950, RZEDOWSKI 1978, GRELLER 2000, VELÁZQUEZ et al. 2000). Some species
are the same, such as Cornus florida in understoreys. There are too many Quercus species to
treat here, and they occur in montane belts throughout the subtropical mountains of northern
Mexico, especially further west (see VELÁZQUEZ et al. 2000). There are also Fagus forests
(albeit over small areas), occurring often as pure stands on mid-slopes, as also in the sub-
tropical mountains of China (see Figure 5; cf CAO et al. 1997, PETERS 1997; FUJIWARA et
al. 2008). The beech is described as Fagus mexicana or as F. grandifolia ssp. mexicana, and
is not so distinct from Fagus grandifolia further north. Its period of leaflessness in winter,
though, is different, lasting only 2-3 weeks (see PETERS 1995).

Figure 5: Fagus Belts in Mountains (as seen in China, Mexico and the southern Appalachians).

Fagus species seem to need persistent humidity and moist soil but also drained, well aerated soil. This
combination is often found especially on some mountain slopes, near the most frequent cloud levels,
especially in humid-subtropical montane belts as in central to southern China. A similar situation appears
to occur in the Sierra Madre Oriental of (subtropical) northeastern Mexico, which also has localized
Fagus forests in montane belts (see PETERS 1995). In subtropical China, zonal evergreen broad-leaved
forests usually cover larger areas both below and above the topographically limited Fagus forest stands.    
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Summary and Questions
In summary, it appears that American beech may not be so completely different from other

beech species, even though it does not form mono-dominant forests over large areas. Fagus
grandifolia can grow up under other trees but may enter relatively late into Quercus stands,
due to dryness. The occurrence of the “wet beeches” on flat, seasonally inundated terrain does
suggest that American beech, at least, may not require well aerated soil outside its growing
season. Are there analogous “wet beeches” elsewhere? On some slopes American beech also
shows behavior quite similar to that of other beech species, including the formation of small,
topographically determined mono-dominant stands at mid-slope. The lack of Fagus in sup-
posedly suitable areas of northern China was attributed by GUO and WERGER (2009) to
springtime dryness, but this appears not to play any role in eastern North America.

For Quercus in eastern North America there are many more species, ecological types, for-
est types, and perhaps questions:

-  What are the advantages of the “tardy deciduousness” of Q. nigra und Q. phellos?

-  Are there similar patterns in other regions?

-  How similar are apparently vicarious Quercus species in Europe and North America?

-  Why has Q. rubra penetrated so successfully into European forests? 

Other Quercus-related questions involve more general vegetation patterns. For example, are
oak-forest stands with beech understoreys likely to develop into beech forests? And what are
the advantages of the marcescence shown by Fagus grandifolia and by some but not all Quer-
cus species? In southern Europe this has been linked to transitional submediterranean climates
(SÁNCHEZ DE RIOS et al. 2009, cf GARCÍA-MIJANGOS et al. 2015).

A more global question concerns why deciduous forests go so far south in eastern North
America. The infrequent incursions of unusually cold air and resulting low absolute minimum
temperatures in the subcontinental southeastern USA would seem to explain this (BOX 1995a),
and indeed climate-based global vegetation models show much better agreement with geo-
graphic patterns of temperate deciduous and evergreen broad-leaved forests when absolute
minimum temperature is included (BOX 1995b). The relative advantages of evergreenness and
deciduousness, in various climatic situations, have been considered by numerous authors (e.g.
GIVNISH 2002, BOX 1997, DHAILA et al. 1995; cf HILDEBRAND-VOGEL 2002, VAN
AUKEN et al. 1981, MOORE 1980, MONK 1966). Advantages of deciduousness include
avoidance of seasonal cold or dryness; the possibility to evade late-summer drought (if enough
reserves are stored); reduced water loss in the off-season, leaving more soil water for the next
growing season; better tolerance of anaerobic soil (e.g. in floodplains, high groundwater); the
generally softer leaves (malacophylls) of deciduous species, with higher photosynthesis and
potential growth rates; and the fact that many malacophylls are more shade-tolerant and can
grow up under the canopies of more light-demanding trees, including most conifers.

Disadvantages include the fact that deciduous species are “not present“ at the start of the
growing season and may lose their space to evergreens; must produce new leaves each year
and thus do not use the whole growing season for photosynthesis and growth; generally need
more water than do species with “harder“ evergreen leaves (except laurophylls); generally
require more nutrients (especially nitrogen) to build their leaves than do most evergreens; may
lead to more nutrient loss from local ecosystems, since the softer leaves decompose faster;
and usually have intermediate levels of shade tolerance and so may be replaced by highly
shade-tolerant laurophyll species.
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The location of the deciduous-evergreen transition in the southeastern USA lies suspi-
ciously close, however, to several other boundaries:

- fall-line boundary between the coastal plain and piedmont topographies

- boundary between sand (coastal plain) and clay (piedmont) substrates

- 5ºC isotherm for mean minimum nighttime temperatures in January (cf GRELLER 1989), 
and

- boundary between potential litter-decomposition and litter-accumulation climates.

This last (BOX, unpublished map) is based on the climatic model for potential litter decom-
position rates by MEENTEMEYER (1984) and suggests implications for soil organic content.
One wonders what role these factors might play in placing the northern limit for potential
evergreen broad-leaved forests, both now and in a global-warming future.

One final question remains, which seems not to have been raised frequently. On flat terrain
between Tallahassee and Tampa in northwestern Florida, for example (but also further south),
one can see, at least from the highway, surprisingly wide areas of deciduous forest. This is
well south of the northern boundary of evergreen broad-leaved forests. Why do deciduous
trees and forest stands reach so deep into this true warm-temperate, potentially evergreen zone
of Florida? What advantage does deciduousness have here?

Acknowledgement: Many thanks to Kazue Fujiwara, who has helped with fieldwork and
ideas over many years. 
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