
ACIDIC COVE FOREST (TYPIC SUBTYPE) 
 
Concept:  Acidic Cove Forests are low to mid elevation mesophytic mountain and foothill forests 
dominated by combinations of acid-tolerant trees, primarily Liriodendron tulipifera, Betula lenta, 
Tsuga canadensis, Acer rubrum, Halesia tetraptera, or Betula alleghaniensis, with acid-tolerant 
undergrowth lacking the species typical of Rich Cove Forests.  The Typic Subtype covers the 
common examples in most of the Blue Ridge of North Carolina, where neither Halesia tetraptera 
nor Betula alleghaniensis is codominant or dominant. 
 
Distinguishing Features: Acidic Cove Forests are distinguished from the closely related Canada 
Hemlock Forest type by having a mixed canopy in which Tsuga canadensis may be present but 
does not dominate. They are distinguished from Rich Cove Forests by the absence or near absence 
of plants that require richer or less acidic soils. Trees such as Aesculus flava, Tilia americana var. 
heterophylla, Acer saccharum, Fraxinus americana, Magnolia acuminata, and Prunus serotina 
are present in only minor quantities if at all. Likewise, herbs of rich soils, such as Actaea racemosa, 
Caulophyllum thalictroides, Actaea pachypoda, and Adiantum pedatum are absent or nearly so. 
All species of Acidic Cove Forests also occur in Rich Forests, though not as abundantly. Acidic 
Cove Forests are distinguished from Northern Hardwood Forests by the presence of low elevation 
species such as Liriodendron tulipifera, Betula lenta, Rhododendron maximum, and generally by 
a less well developed or less diverse herb layer. 
 
Acidic Cove Forests share many canopy, understory, and shrub species with Montane Alluvial 
Forest and Swamp Forest–Bog Complex.  They are distinguished from the former by lacking 
boggy openings with Sphagnum and lacking appreciable numbers of wetland species such as 
Osmundastrum cinnamomeum.  They are distinguished from Montane Alluvial Forest by lacking 
alluvial species such as Platanus occidentalis and Carpinus caroliniana.   The distinction from 
Montane Alluvial Forest (Small River Subtype) may be subtle, as both may occur on flats along 
large streams and characteristic alluvial species may be present only as minority components. 
Acidic Cove Forests usually have some oaks present in the canopy but are distinguished from oak 
forests by not having these species dominant.   
 
The Typic Subtype is distinguished from the Silverbell Subtype by having Halesia tetraptera only 
in limited numbers, not codominant in the canopy.  It is distinguished from the High Elevation 
Subtype by elevation and by having a canopy with a mix of species that does not include Betula 
alleghaniensis as dominant or codominant. 
 
Synonyms: Liriodendron tulipifera - Betula lenta - Tsuga canadensis / Rhododendron maximum 
Forest (CEGL007543). 
Ecological Systems: Southern and Central Appalachian Cove Forest (CES202.373). 
 
Sites: Acidic Cove Forests occur in sheltered, mesic, low to mid elevation sites, primarily in 
narrow rocky gorges, steep ravines, and low gentle ridges within coves. Local slopes may be 
concave or convex.  Most examples are at 4000 feet or lower, but a few range higher.  A few 
disjunct Piedmont occurrences are below 1000 feet.   
 



Soils:  Acidic Cove Forests occur on a wide range of typical mountain soils, most often on Typic 
Dystrudepts (Ashe, Chestnut, Edneyville,Greenlee) or Typic Hapludults (Cowee, Evard, Tate), 
sometimes on Lithic Dystrudepts (Cleveland), Typic Humadepts (Cullasaja), or other types.  Soils 
are generally very acidic and low in base saturation and in levels of nutritive cations.   
 
Hydrology:  Sites are well-drained but mesic due to topographic sheltering and low slope position.   
 
Vegetation:  Acidic Cove Forest (Typic Subtype) is dominated by a varying mix of mesophytic 
plants tolerant of acidic conditions.  Highly constant species in CVS plot data are Betula lenta, 
Liriodendron tulipifera, Quercus rubra, and Acer rubrum, and Quercus montana, Halesia 
tetraptera, Pinus strobus, Carya glabra, Fagus grandifolia, and Quercus alba also are frequent.  
Tsuga canadensis has high constancy and often is in the canopy but more often has high cover in 
the understory.  Other high constancy or frequent understory species in addition to canopy species 
are Magnolia fraseri, Oxydendrum arboreum, Acer pensylvanicum, Nyssa sylvatica, Cornus 
florida, and Ilex opaca.  The shrub layer usually is dense, with Rhododendron maximum strongly 
dominant.  In a minority of occurrences, Rhododendron is scarce or absent, and the ground cover 
is a dense shrub layer dominated by Leucothoe fontanesiana or shrubs are sparse.  Other frequent 
shrubs include Kalmia latifolia, Hamamelis virginiana, and Euonyumus americana.  Smilax 
rotundifolia, Smilax glauca, and Parthenocissus quinquefolius also are frequent and occasionally 
form tangles.  The herb layer is sparse beneath dense shrub cover and consists primarily of 
scattered individuals of the most acid-tolerant species, such as Galax urceolata, Goodyera 
pubescens, Chimaphila maculata, Mitchella repens, and Viola hastata.  Where shrub cover is less 
dense, more substantial cover of Polystichum acrostichoides, Parathelypteris noveboracensis, 
Athyrium asplenioides, or Eurybia divaricata may be present.  Other frequent herbs in CVS plots 
data are Arisaema triphyllum and Medeola virginica. Small numbers of plants shared with Rich 
Cove Forest may be present locally.   
 
Range and Abundance:  Ranked G5.  The Typic Subtype is widespread throughout the Mountain 
region and foothills. The equivalent association also occurs in South Carolina, Georgia, Tennessee, 
Virginia, and in West Virgina. 
.   
Associations and Patterns:  Acidic Cove Forest (Typic Subtype) is one of the communities 
making up the typical landscape mosaic in most low to mid elevation areas. It generally grades 
into Chestnut Oak Forest, Montane Oak–Hickory Forest, or other Mountain Oak Forests uphill 
and in drier settings.  It may grade to Rich Cove Forest downhill or on more concave slopes.  
Sometimes Acidic Cove Forest is on spur ridges within larger coves filled with Rich Cove Forest.  
In other places, it may be on slopes of sharp ravines, with Rich Cove Forest on gentler and more 
concave slopes uphill of it.  If variable geology is present, Acidic Cove Forest may also transition 
abruptly to Rich Cove Forest on less acidic substrates with similar topography.  Acidic Cove Forest 
may also be associated with Canada Hemlock Forest. Less frequently, it may be associated with 
Swamp Forest—Bog Complex, Southern Appalachian Bog, Montane Alluvial Forest, or small 
patches of rock outcrop or seep communities.   
 
Variation: Distinct variation is recognizable in the dominants of the lower strata.  Three variants 
are defined based it. A fourth variant is recognized based on a division described by Ulrey (2002), 
and a fifth is recognized to parallel units accepted for related communities.   



  
1.  Rhododendron Variant has a dense shrub layer dominated by Rhododendron maximum.  This 
is the most common and widespread variant.   
 
2.  Dog Hobble Variant has a dense shrub layer dominated by Leucothoe fontanesiana.  It is 
uncommon but appears to be widespread in the Great Smoky Mountains.  This variant often occurs 
on flatter valley bottoms.   
 
3.  Herb Variant has limited shrub cover and usually has a well-developed herb layer, most often 
dominated by ferns.  It usually occurs on flatter valley bottoms.  Widely scattered throughout the 
range of Acidic Cove Forest, it is less common than the Rhododendron Variant.  
 
4.  Submesic Variant has more oak present, somewhat less Rhododendron maximum, and more of 
several understory and shrub species such as Ilex opaca and Gaylussacia ursina.  This variant was 
found distinct in Ulrey’s (2002) regionwide analysis of Acidic Cove Forest plot data, at a level 
comparable to the Silverbell and High Elevation subtypes. It appears to be transitional to drier oak 
communities, but it is unclear if it occurs as extensive patches or only as a narrow ecotonal zone. 
It is recognized as a variant rather than a subtype until its ecological significance can be clarified.  
Its plots were lower in elevation on average. Given the wide elevational range of Acidic Cove 
Forests, it should be investigated as a possible lower elevation community. .  
 
5.  White Pine Variant contains appreciable amounts of Pinus strobus in the canopy.  This variant 
is parallel to the White Pine Subtype recognized for Canada Hemlock Forest.  Investigation is 
needed into whether it is distinctive enough to recognize as a subtype.   
 
Dynamics:  Most of the dynamics of Acidic Cove Forests likely are similar to those of Rich Cove 
Forests, including naturally occurring primarily as old-growth multi-aged forests, tree regeneration 
primarily in small canopy gaps, and limited influence of fire.  As with Rich Cove Forests, the 
widespread and fairly frequent occurrence of fire in oak forests implies an ability of fire to cross 
the Acidic Cove Forest bands that often dissect them, but the low intensity of fire in these locations 
limits its ecological effects. However, if more intense fire occurs, it may be a significant natural 
disturbance.  Rhododendron maximum is easily top-killed by fire and is slow to sprout.  The 
mesophytic tree species also are not adapted to surviving appreciable fire, though their ability to 
sprout would limit the likelihood that infrequent more severe fires would change the forest 
composition.   
 
Carter, et al. (2000) described successional patterns in the high rainfall southern escarpment area, 
including in mid elevation mesic sites that appear to be Acidic Cove Forest (Typic Subtype) sites.  
They described early successional sites dominated by Liriodendron tulipifera, Robinia pseudo-
acacia, and Quercus rubra; mid successional sites dominated by Quercus alba, Nyssa sylvatica, 
and Robinia pseudo-acacia, and later successional sites by Quercus rubra, Tsuga canadensis, and 
Betula lenta.  It is not clear how general this pattern is, even in that region, as mature stands with 
abundant Liriodendron and younger stands with abundant Betula lenta may be observed.   
 
Comments:  The name Acidic Cove Forest apparently was new with the First Approximation.  
Earlier literature referred simply to cove forests or mixed mesophytic forests and appears to have 



meant either both Rich and Acidic Cove Forest or only Rich Cove Forest (e.g. Cooper and Hardin 
1970, Dumond 1969). Something recognizable as Acidic Cove Forest is described by Wentworth 
(1980), who noted the absence of more typical Rich Cove Forest species in the mesophytic forests 
of the Thompson River gorge, and by Callaway, et al. (1987) in the western Great Smoky 
Mountains. Whittaker (1956) described only a rich cove forest and a hemlock forest.  However, 
he described the hemlock forests of the Smokies as merging with cove forests below 2500 feet and 
becoming mixed with hardwoods.  Given the abundant of both kinds of communities and the 
striking difference in appearance, diversity, and composition in all strata, the lack of early 
recognition is surprising.  McLeod (1988) distinguished cove forests with hemlock and oaks from 
those without, as well as recognizing a hemlock forest.  Other literature that used Whittaker (1956) 
as a primary reference tended to name communities as hemlock forests even when they appear to 
be more mixed forests more like Acidic Cove Forests.  Later studies are much more likely to 
recognize something analogous to Acidic Cove Forest.  Newell (1997) had such communities in 
all three of her study areas (Linville Gorge, Shining Rock Wilderness, and Joyce Kilmer-Slickrock 
Wilderness).   
 
Ulrey (2002) focused analysis on the distinction between Acidic Cove Forest and Rich Cove 
Forest, using plot data from across the North Carolina mountains and adjacent areas. He also 
analyzed variation within Acidic Cove Forest, and his work is the basis for the three subtypes.  He 
showed significant correlations of vegetation with elevation and soil richness even within the 
narrow range of conditions represented by Acidic Cove Forests.   
 
The relationship of Acidic Cove Forest to Canada Hemlock Forest may benefit from further 
investigation, though this may be difficult after the widespread hemlock mortality. In North 
Carolina, Canada Hemlock Forest and Acidic Cove Forest appear to occupy very similar sites.   
Whittaker (1956) emphasized the strong effect of Tsuga canadensis dominance, which would now 
be called a keystone role, modifying the environment with its heavy shade and acidic litter.  He 
believed it excluded many species of his (rich) cove forest.  However, such effects would present 
less contrast with typical Acidic Cove Forest, where moderate amounts of Tsuga canadensis may 
be present and where Rhododendron maximum similarly produces dense shade and acidic litter 
even without Tsuga.  The two communities share most of their species and may differ only in 
dominance.  Tsuga appears to dominate larger areas in the Great Smoky Mountains than elsewhere, 
though it is also abundant on the Highlands Plateau and is present as a minority species in forests 
throughout the region.  
 
Tsuga is often regarded as a later successional tree in the north, coming to dominate only after 
years free of disturbance.  A similar impression can be gotten in North Carolina from the dense 
Tsuga understory that develops in some hardwood communities.  However, in North Carolina 
mixed Acidic Cove Forests are more abundant than Canada Hemlock Forest even in virgin forest 
areas.  The two community types appear similar enough that it may be as appropriate to treat 
Canada Hemlock Forest as a subtype of Acidic Cove Forest.   
 
Acer rubrum - Betula (alleghaniensis, lenta) - Magnolia fraseri / (Rhododendron maximum, 
Kalmia latifolia) Forest (CEGL008558) is an association that appears to represent heavily 
disturbed versions of all three subtypes of Acidic Cove Forest.  
 



Rare species:  Vascular plants – Calystegia catesbiana ssp. sericata, Cardamine rotundifolia, 
Carex woodii, Coeloglossum viride var. virescens, Corallorhiza maculata, Geum geniculatum, 
Hexastylis contracta, Hexastylis rhombiformis, Isotria medeoloides, Liparis loeselii, Listera 
australis, Lygodium palmatum, Lysimachia fraseri, Meehania cordata, Panax trifolius, 
Platanthera orbiculata, Shortia galacifolia, Stewartia ovata, Trichomanes petersii, Trientalis 
borealis. Nonvascular plants – Brachymenium andersonii, Brachymenium systylium, 
Brachythecium rotaeanum, Bryocrumia vivicolor, Bryoxiphium norvegicum, Ditrichum 
ambiguum, Drepanolejeunea appalachiana, Entodon sullivantii, Lophocolea muricata, 
Macrocoma sullivantii, Mnium carolinianum, Nardia lescurii, Plagiochila austinii, Plagiochila 
caduciloba, Plagiochila echinata, Radula sullivantii, Schlotheimia lancifolia. 
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