
CANADA HEMLOCK FOREST (TYPIC SUBTYPE) 
 
Concept:  Canada Hemlock Forests are mesophytic mountain and foothill forests dominated by 
Tsuga canadensis, with acid-tolerant undergrowth and low species richness. These communities 
occur in coves, gorges, or on sheltered slopes and share many species with Acidic Cove Forests. 
The Typic Subtype lacks appreciable Pinus strobus in the canopy.   
 
Distinguishing Features: Canada Hemlock Forest (Typic Subtype) is distinguished by having 
Tsuga canadensis constituting more than 60 percent of the canopy, at least before recent mortality, 
in a mesic but not wet environment.  The long term future of Tsuga canadensis in the region is 
uncertain, and Canada Hemlock Forests may lose their distinctive character if a solution to the 
hemlock woolly adelgid is not found, but the identify of this community is retained for the present 
and may be based on the evidence of recently dead trees.   
 
Acidic Cove Forests, especially the Silverbell Subtype, usually have abundant Tsuga canadensis 
in the canopy and often have a Tsuga understory but have a predominance of hardwoods. Tsuga 
canadensis may also be abundant in Swamp Forest–Bog Complex, but that community has 
wetland conditions and wetland plants at least in a series of boggy patches dispersed through the 
forest.  Pinus rigida, Nyssa sylvatica, and a variety of wetland herbs occur in Swamp Forest–Bog 
Complex but rarely in Canada Hemlock Forest. Montane Alluvial Forest, especially the Small 
River Subtype, may have abundant Tsuga canadensis but also contains species indicative of 
periodic flooding and alluvial deposition, such as Platanus occidentalis, and tends to have higher 
species richness.  Rich Cove Forest, Acidic Cove Forest, and Northern Hardwood Forest 
sometimes have small groves where Tsuga canadensis is locally dominant but have hardwoods 
dominant in the stand as a whole.  Carolina Hemlock Forest (Mesic Subtype) may occur in similar 
environments and look similar but is dominated by Tsuga caroliniana.   
 
The Typic Subtype is distinguished from the White Pine subtype by lacking appreciable natural 
occurrence of Pinus strobus. This may be difficult to distinguish, as planting or logging of pines 
may have affected their presence without being obvious.   
 
Synonyms: Tsuga canadensis / Rhododendron maximum - (Clethra acuminata, Leucothoe 
fontanesiana) Forest (CEGL007136). 
Ecological Systems: Southern and Central Appalachian Cove Forest (CES202.373). 
 
Sites: Canada Hemlock 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.  In a few places, such as the area around Highlands and parts of the Great 
Smoky Mountains, Canada Hemlock Forests occupy or occupied larger expanses of the landscape.  
A few examples occur as disjunct patches on north-facing river bluffs in the western Piedmont, as 
well as in more typical mountainous terrain in the foothills.  Elevations range from below 1000 
feet to 5000 feet or somewhat higher.   
 
Soils:  Canada Hemlock Forests occur on the same wide range of Typic Dystrudepts, Typic 
Hapludults, Lithic Dystrudepts, Typic Humadepts, or other types as Acidic Cove Forests do.  Soils 
are extremely acidic because the hemlock litter adds organic acids.   



 
Hydrology:  Sites are well drained but mesic due to topographic sheltering and low slope position.   
 
Vegetation:  Canada Hemlock Forests generally had a dense canopy before the widespread recent 
mortality, with Tsuga canadensis dominant. Betula lenta and Liriodendron tulipifera have high 
constancy in CVS plots, and Acer rubrum, Quercus rubra, and Halesia tetraptera are frequent.  
Betula alleghaniensis, Quercus alba, and other species occur occasionally.  The understory often 
is dominated by Tsuga canadensis as well, but Magnolia fraseri, Nyssa sylvatica, Oxydendrum 
arboreum, and Acer pensylvanicum are highly constant or frequent, along with the other species 
in the canopy.  Ilex opaca or Amelanchier laevis and Sassafras albidum sometimes are abundant.  
The shrub layer may be dense or open.  Rhododendron maximum is universally present and often 
forms dense thickets comparable to those in many Acidic Cove Forests.  Kalmia latifolia also is 
high constant and may have fairly high cover.  Occasionally Leucothoe fontanesiana may form a 
dense thicket.  Other shrubs, generally not dense, include Clethra acuminata, Hamamelis 
virginiana, and less frequently, Symplocos tinctoria, Ilex montana, and Pyrularia pubera.  Smilax 
rotundifolia is highly constant and Smilax glauca frequent.  The herb layer is usually sparse though 
Galax urceolata may occasionally have high cover. Other frequent herb layer species include 
Mitchella repens, Goodyera pubescens, Chimaphila maculata, and Medeola virginica.  Other 
characteristic species include Monotropa uniflora, Arisaema triphyllum, Polystichum 
acrostichoides, and Viola rotundifolia.  Overall diversity is low, with an average of only 25 species 
per 1/10 hectare. A large majority of the constant and frequent species are woody.   
 
Range and Abundance:  Ranked G3G4.  Occurrences are scattered throughout the Mountain 
region, more heavily concentrated south of the Asheville basin.  Sparser occurrences are present 
in the foothills and a few disjunct examples occur on river bluffs in the upper Piedmont as far east 
as Stokes County.  The equivalent association is attributed to South Carolina, Georgia, Tennessee, 
and Kentucky.   
   
Associations and Patterns:  Canada Hemlock Forest occurs in large or small patches.  It often 
grades to Acidic Cove Forest in mesic areas.  It grades to various oak forests on drier slopes and 
may occasionally grade to Northern Hardwood Forest or Red Spruce–Fraser Fir Forest.  The 
boundary of occurrences sometimes is a typical gradual transition but sometimes is abrupt.   
 
Variation: Whittaker (1956) and others have described two different kinds of hemlock forest.  One 
has a dense heath shrub layer, and the other has more open and herb-dominated undergrowth.  
These may be worthy of recognition as variants if they are a result of different environments.   
 
Dynamics:  In most ways the natural dynamics of Canada Hemlock Forests have been similar to 
other cove forests.  Tsuga canadensis is considered very intolerant of fire, but this community, like 
other mesic forests, could potentially allow low intensity fire to spread through it without being 
greatly affected.  This may be less likely in Canada Hemlock Forest, given the likelihood of even 
higher humidities than in the other cove forests, with the dense evergreen canopy and understory.   
 
The spread of the hemlock woolly adelgid (Adelges tsugae) through North Carolina from 1995-
2005 has severely disrupted almost all Canada Hemlock Forests and leaves the future of these 
communities and their dominant species in doubt.  This introduced insect kills both adult and 



juvenile trees. Except where protected by systemic insecticides or occasionally successful 
biological controls, the hemlock trees in most examples are dead or dying.  Living infested or 
uninfested trees may still be observed in some places, but it is unclear if these represent natural 
resistance or merely not yet complete spread of the aldegid.  All examples of Canada Hemlock 
Forest therefore are now in a heavily disturbed state, with only a sparse canopy of other tree 
species.  It remains to be seen if natural resistance may develop or if an effective lasting control 
measure may be found. In the absence of a resurgence of hemlock, it is likely that mesophytic 
hardwoods will come to be dominant, and that Canada Hemlock Forests will become 
indistinguishable from Acidic Cove Forests.   
 
The natural relationship of Canada Hemlock Forests to Acidic Cove Forests is unclear.  Hemlock 
is often regarded as a late successional or climax tree, coming to dominate in forests that are long 
undisturbed.  Oosting and Billings (1939) suggest that the marked acidity of the soil caused by the 
hemlocks may exclude other species.  Whittaker (1956) emphasized the competitiveness of the 
species, noting that hemlock forests often corresponded to a gap in their otherwise continuous 
distributions of other tree species on environmental gradients.  He suggested that, once established, 
hemlock excludes other species through its dense shade and acidified soil.   
 
Hemlock is extremely shade-tolerant, and the understory of saplings that often is present suggests 
it could capture all canopy gaps that form above it.  The presence of such a hemlock understory in 
many Acidic Cove Forests might suggest that they too are succeeding to Canada Hemlock Forest. 
Yet, even before widespread mortality, hemlock did not seem to be rapidly taking over mixed 
forests.  Hemlock widely coexists with other tree species, including ones such as Liriodendron that 
are not considered tolerant of shade.  Whittaker’s study area on the Tennessee side of the Great 
Smoky Mountains apparently had much Canada Hemlock Forest, but in North Carolina hemlock 
more often occurs in mixed stands of Acidic Cove Forests than as a strong dominant. As in other 
cove forests, the fall of one or a few large old-growth trees may open a gap large enough to allow 
shade-intolerant species to reproduce. Both Canada Hemlock Forests and Acidic Cove Forests 
with varying amounts of hemlock exist as old-growth forests that were never logged.   
 
In the more widespread second growth forests, land use history may further confuse interpretation.  
Hemlock was not a desirable wood, and the species often was left when other trees were cut.  Some 
sites may be seen to have old hemlocks embedded in younger hardwood forests, suggesting that 
hemlock was mixed with more desired species at the time of selective logging.  Given the 
abundance of hemlock saplings and seedlings, logging might be expected to increase rather than 
decrease the species.  However, slash fires may have eliminated hemlock from some second 
growth forests and may even have destroyed some unlogged forests.  At a later time, hemlock bark 
was desired for tanneries, and so hemlock was selectively removed at some locations.   
 
The varying abundance of Canada Hemlock Forests may offer clues to its ecological drivers, but 
it is not yet clear how to interpret these clues.  Hemlock is abundant at higher elevations in parts 
of the Smokies, more so than elsewhere. The Highlands plateau is an area of high rainfall and 
relatively gentle slopes at moderate elevation, but other areas of high rainfall do not have extensive 
Canada Hemlock Forest.  
 



It is possible that rare penetration of fire could determine the difference between Canada Hemlock 
Forest and Acidic Cove Forest, with the former developing only in sites that are more sheltered 
from fire, or in longer fire-free intervals.  This would warrant investigation.   
 
Comments:  Canada Hemlock Forests appear to have been recognized in many local studies, e.g., 
Oosting and Bordeau (1955), Valentine (1983), Feil (1988), and McLeod (1988). They were found 
in Whittaker’s (1956) study in the Smokies and in Newell’s (1997) analysis of Linville Gorge and 
Joyce Kilmer but not Shining Rock. Because of the lack of the concept of Acidic Cove Forest in 
earlier years, it can be hard in qualitative site descriptions to tell if what was identified would be 
classified as Canada Hemlock Forest here.   
 
 Rare species: 
Vascular plants -- Hexastylis contracta, Hexastylis rhombiformis, Meehania cordata. 
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