
 
Northern Hardwood Forests  
 
Concept: Northern Hardwood Forests occur at high elevations in the Mountain Region and are 
dominated by several species of mesophytic hardwood trees, particularly Betula alleghaniensis, 
Fagus grandifolia, Acer saccharum, and Aesculus flava.  Examples may be excluded from 
particular slope aspects but extend across a broad range of topography and are not confined to 
concave valleys as Mountain Cove Forests are.   
 
Distinguishing Features: Northern Hardwood Forests are distinguished from Spruce–Fir Forests 
by the predominance of hardwoods over Picea rubens and Abies fraseri under long term natural 
conditions.  They are distinguished from Mountain Oak Forests by the predominance of the 
mesophytic hardwoods over oaks in both cover and basal area. Some Mountain Oak Forests have 
developed mesophytic understories that resemble Northern Hardwood Forests and have greater 
stem density of mesophytic trees than oaks, while basal area remains dominated by oaks.  Placing 
the boundary between Northern Hardwood Forests from Mountain Cove Forests is particularly 
difficult, because many mesophytic species are shared.  In general, Northern Hardwood Forests 
contain a subset of the species typical of Mountain Cove Forests, with at least one of the 
characteristic species very abundant.  These species are generally not dominant over more than 
local patches in Mountain Cove Forests.   Northern Hardwood Forests generally have lower species 
richness and lack a number of low elevation species such as Liriodendron tulipifera and Magnolia 
spp.   
 
Synonyms:  
 
Sites: Northern Hardwood Forests occur on ridges, open slopes, and upper coves at high 
elevations.  Most examples are above 3600 feet, and they range to 5500 feet or higher, the highest 
elevations of any hardwood forests.  In most of this elevational range they are primarily on the 
cooler slope aspects, but at the highest elevations they may occur on any aspect.    
 
Soils:  Northern Hardwood Forests occur on a range of high elevation Inceptisols, particularly 
Humic Dystrudepts, Typic Humadepts, and some Lithic Humadepts.  A special case is the High 
Elevation Birch Boulderfield community, which occurs on very coarse colluvial deposits that are 
relict periglacial features.   
 
Hydrology:  Sites are well drained, but are mesic because of the cool temperatures, high rainfall, 
and frequent fog associated with high elevations.   
 
Vegetation: Northern Hardwood Forests are dominated by varying mixtures of mesophytic tree 
species.  Betula alleghaniensis or Fagus grandifolia may sometimes strongly dominate, almost to 
the exclusion of other species.  In most places, one or both of these species is mixed with Aesculus 
flava, Acer saccharum, or minority amounts of Quercus rubra.  Tsuga canadensis or Picea rubens 
may be present in small amounts.  In the Basic Subtype, Fraxinus americana, Prunus serotina, 
Tilia americana var. heterophylla, Carya ovata, or other species of richer soils may also be 
abundant.   The understory usually consists of the same set of species, but Amelanchier arborea 
and Cornus alternifolia are also characteristic.  Shrubs layers are usually moderate in cover, but 



can range from dense to nearly absent.  The herb layer usually is well developed, sometimes with 
moderate diversity but sometimes consisting of a dense carpet of a few, or only one, species. Carex 
pensylvanica, Ageratina altissima var. roanensis, Oclemena acuminata, Eurybia chlorolepis, 
Athyrium asplenioides, Dennstaedtia punctilobula, Parathelypteris noveboracensis, Angelica 
triquinata, and in the spring, Erythronium umbilicatum var. monostolum and Claytonia 
caroliniana are frequent species that often are very abundant.   
 
Dynamics:  Northern Hardwood Forests are like most of North Carolina’s hardwood forests in 
naturally occurring primarily as old-growth, uneven-aged stands.  Most tree reproduction is in 
small canopy gaps created by the death of one or a few trees, resulting in a fine-scale mosaic of 
tree ages across the forest.  Wind, lightning, and ice damage are important sources of mortality. 
Disease is now a source of mortality for Fagus in particular and may kill larger patches.  Sites that 
were logged or severely burned in the past may have Prunus pensylvanica, Robinia pseudoacacia, 
or increased numbers of Betula alleghaniensis, which presumably will be replaced over time with 
the more typical canopy. Where the canopy has been partially disturbed by wind or ice, Rubus 
canadensis or Rubus alleghaniensis sometimes becomes abundant.   
 
Fire was not frequent in these communities. The mesophytic hardwood litter is not very flammable 
and the moist conditions limit times when fire will spread.  The characteristic trees have thin bark 
and are not well equipped to survive any but low intensity fires.  Their prevalence over large areas 
even before the advent of effective fire suppression suggests little fire spread into these areas, 
despite frequent fire at lower elevations.  Any fire that did occur might be a significant natural 
disturbance, much more than in oak forests, but the ability of the dominant hardwoods to sprout 
would limit changes in dominance resulting from rare fires.   
 
The ecotones of Northern Hardwood Forests with adjacent communities may be affected by 
changing forest dynamics.  The boundary with High Elevation Red Oak Forests likely was 
determined at least partly by fire behavior.  Since the advent of effective fire suppression, many 
High Elevation Red Oak Forests have developed substantial mesophytic understories, which limit 
oak regeneration and appear poised to take over the canopy.  If this trend continues, more areas 
that have been High Elevation Red Oak Forest may become indistinguishable from Northern 
Hardwood Forests.   
 
The transition to Red Spruce–Fraser Fir Forest is a very gradual shift in tree dominance, generally 
occurring with increasing elevation but in a patchy, irregular pattern.  There has been concern that 
the widespread logging of spruce forests in the early 1900s led to replacement of spruce with 
hardwoods, as happened over large areas in West Virginia.  This is difficult to document at 
elevations much below 5800 feet, because the pattern of the transition is irregular and occurs over 
a range of elevations even in areas that were never logged.  As the climate becomes warmer, this 
boundary between Northern Hardwood Forests and Spruce–Fir Forests presumably will shift to 
higher elevation; however, if frequent fog persists, warming may be less extreme at higher 
elevations than lower.  Conversely, if warming leads to less fog and especially if it leads to severe 
drought, wild fire may cause rapid loss of spruce and lead to its replacement by Northern 
Hardwood Forests.  At present, individual spruce trees may be observed establishing in Northern 
Hardwood Forests and High Elevation Red Oak Forests below the elevations where they dominate, 
suggesting they do not yet suffer from the present climate.  Increased rainfall in the late 1900s, 



suggested by McEwan et al. (2011) as a driver of mesophication of oak forests, could possibly lead 
to such downhill expansion of spruce.   
 
Comments:  Northern Hardwood Forests are named for their resemblance to mesophytic 
hardwood forests of New England, the upper Midwest, and Canada.  Like those northern forests, 
they occupy a climatic zone roughly between oak forests and spruce–fir forests.  However, the 
analogy is only general.  The Northern Hardwood Forests of the Southern Appalachians contain 
some regional endemic species and lack characteristic widespread northern species such as Betula 
papyrifera and Populus tremuloides. The catastrophic natural disturbances that favor such 
successional species also seem to be rare in the Southern Appalachians, giving our Northern 
Hardwood Forests a different ecological character from those in the north.   
 
While the concept of Northern Hardwood Forests in our region has been widely used, it has also 
been widely considered problematic.  Some authors of regional vegetation studies have specifically 
rejected the name or have not attempted to distinguish it from cove forests. Whittaker (1956) called 
it upper cove forest, even while describing numerous ways in which it differed from the classic 
cove forests.  McLeod (1988) did not use the name and distinguished only the low diversity beech 
and birch forests above 4800 feet as distinct.  Newell (1997), however, distinguished communities 
clearly comparable to these. Ulrey (2002) analyzed rich cove forests data that appear to include at 
least part of the concept of Northern Hardwood Forest (Rich Subtype), based on elevation ranges.  
While Northern Hardwood Forests and Rich Cove Forests do share much flora and extensively 
intergrade, the tremendous range in composition and environments between both, spanning some 
5000 feet of elevation, calls for a division even if the transition is gradual.  The reduced species 
richness, the shift in dominance, and the change in relationship to topography seem sufficient 
reason to create a break approximately where it is recognized here.  It should be remembered, 
though, that the boundary is necessarily arbitrary, and examples on both sides of the boundary may 
closely resemble each other.   
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