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Abstract 
 

The last century has been a time of extreme changes in forest habitats in the southeastern United States. 

The southern portion of the Cumberland Plateau has been especially hard hit, with massive alterations of 

dominant disturbance regimes, multiple introduced tree species and tree pests, and a host of other 

anthropogenic influences fundamentally altering forest composition. Despite the conservation importance 

of the region, relatively little work has been done quantifying patterns of composition change at the 

multiple-decade level, and less has been done to relate these patterns to historical anthropogenic influences. 

Using historic forest inventory data and timber harvest records, we were able to build a spatial database of 

historic forest composition and land use from the 1950s to present on the 8,000 acre historic domain of 

Sewanee: The University of the South. Land use patterns were mapped over the whole Domain, as was 

historic forest composition. Change in dominant canopy cover was then analyzed, and current composition 

was related to land use history. Land use history had a significant effect on current forest communities and 

was able to explain a large portion of current forest composition. These findings are discussed in the 

context of narrative accounts of forest change at Sewanee dating back to the 1900s and scientific 

investigations of forest change for the southern Cumberland Plateau in general. 
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Introduction  
 

Anthropogenic activities drive biological community change at a broad range of spatial 

and temporal scales (Vitousek 1992, Vitousek et al. 1997, Evans et al. 2002, Haskel et al. 2006, 

McGrath et al. 2004, Olsen and Dinerstein 2002). The rapidity of anthropogenic community 

change can have worrisome consequences for ecosystem and human health, and assessing human 

influences on biological communities has come to be central to the discipline of ecology (Chapin 

et al. 2000, Vitousek 1992, Vitousek et al. 1997). In the case of forests, changes in forest 

structure and tree species composition are particularly consequential as they fundamentally alter 

the habitat and resources of nearly all forest-dwelling organisms (e.g. Holmes and Sherry 2001, 

Rooney and Waller 2003). 

In eastern US forests tree community change has been particularly dramatic, with major 

changes in the dominance structure of the forests over the last century (Abrams 1998, Abrams 

2003, Oak et al. 1998, Anagnostakis 1987). Anthropogenic influences including exotic species 

introduction, land-use conversion, logging, fire suppression, predator removal, and climate 

change have been the primary drivers of the recent forest change (Foley 1903, Cheston 1953, 

Dale et al. 2009, Evans et al. 2002, Myers et al. 2004, Hiers and Evans 1997, Royse et al. 2010, 

Reid et al. 2008). Logging has been nearly ubiquitous in these forests (Hinkle 1989, Masek et al. 

2008, Braun 1950, Elliott and Swank 2008, McDonald et al. 2002), and indeed on the uplands of 

the southern Cumberland Plateau un-logged forest fragments are miniscule and rare (Hinkle 

1989, Braun 1950). Despite the widely acknowledged importance of timber harvest history on 

forest composition (e.g. Reid et al. 2008, Elliot and Swank 2007), no study has examined the 

comparative effects of varying harvest regimes on eastern US forest composition.  In this study I 

examine community change over 50 years at Sewanee, TN, on the southern Cumberland Plateau 

and investigate the interrelations of current community dynamics and logging history at a 

landscape level. These changes are discussed within the broader context of forest change and 

anthropogenic influence on the Cumberland Plateau and eastern US forests in general. 

Forest Ecology of the Southern Cumberland Plateau: Stretching from mid-Kentucky all 

the way to northern Alabama, the Cumberland Plateau is a major component of southeastern 

U.S. forests. As part of the larger ñAppalachian and mixed mesophytic forestò it is an area of 

global conservation value (Olsen and Dinerstein 2002), and various counties within the Plateau 

have been identified as hotspots of endangered species diversity (Dobson et al. 1997). For 

thousands of years, fire has been the dominant disturbance regime on the Cumberland Plateau 

(McEwan et al. 2007, Delcourt et al. 1998, Foley 1903). It has been hypothesized that fire 

history has been a key determinant of current regional forest composition (McEwan et al. 2007, 
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Abrams 2003, Delcourt et al. 1998); however fire-suppression management has practically 

eliminated fire as a regular disturbance on the Cumberland Plateau. Livestock grazing was an 

important disturbance in the 19
th
 century until free-range livestock became uncommon in the 

southeastern United States (Foley 1903). Recently predator removal has caused explosive white-

tail deer (Odocoileus virginianus) population growth, and deer browse is currently a major 

source of disturbance (Evans et al. 2002). Human timber extraction has been an ongoing but 

spatiotemporally heterogeneous disturbance on the Cumberland Plateau since European settler 

arrival c.1800A.D. (Foley 1903, Delcourt et al. 1998). Windthrow has also been documented as 

an important source of forest gaps in southeastern forests, and in the coves where fire has been 

less common windthrow may be the historic dominant disturbance regime (Greenburg and 

McNab 1998, Foley 1903). 

Changing disturbance regimes have been the primary hypothesized driver for forest 

change in the Cumberland Plateau region (e.g. Abrams 2003, Delcourt et al. 1998, McEwan et 

al. 2007, Myers et al. 2004, Galbraith and Martin 2005). Particularly, fire-suppression has been 

cited as a preliminary driver of succession from Quercus to Acer dominated understories in 

southeastern forests- presumably with future Acer-domination in the canopy (Abrams 1998, 

Abrams 2003, McDonald et al. 2002, Reid et al. 2008). Fire-dominated disturbance regimes have 

been shown to improve Quercus establishment (McEwan et al. 2007, Green et al. 2010, 

Blankenship and Arthur 2006, Royse et al. 2010) while the deer-browse and windthrow regimes 

that have come to replace fire in southeastern forests have been shown to favor Acer (Abrams 

1998, Greenburg and McNab 1998, Bramble and Goddard 1953, Hart and Grissino-Mayer, 

2009). 

In contrast to the extensive research on how deer-browse and windthrow affect forest 

change, little work has examined eastern forest change as a function of harvest history. 

McDonald et al. (2002) investigated oak decline and maple increase among patches of different 

successional state, finding that oak is actually increasing in early successional pine stands. 

Unfortunately, McDonald et al. (2002) do not qualify specific land-use histories. Several studies 

have compared composition of harvested (usually clear cut) areas with nearby virgin forest (e.g. 

Muller 1983, Parker and Swank 1982); these studies merely compare the logged vs. un-logged 

and are thus of limited use on the southern Cumberland Plateau where virgin forests are 

practically non-existent. In addition, the time scales examined in logged vs. un-logged studies 

tend to be short (15-35 years) and thus only capture early successional responses to timber 

harvests. Nowacki and Abrams (1994) examined forest composition as a function of disturbance 

intensity in Pennsylvania, using dendrochronological data to infer gap openings and thus 

disturbance/harvests. Oaks, white pines, and tulip poplar were found to respond well to 

disturbance compared to maples, birches, and hemlock, indicating a role for anthropogenic 

disturbance for maintaining oak populations. Without specific historical data on land-use, 

however, the exact nature of the disturbances cannot be assessed. 
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Land-use and forest dynamics at Sewanee: The unique combination of 8,000 + acre land 

holdings and an academic mission brought modern forestry to The University of the South in the 

earliest days of the science. Accounts of modern forestry date to 1900 (Foley 1903), and 

Sewanee forests were methodically and scientifically exploited under the supervision of a full 

time forester from 1950-1990. Because of this systematic extraction of timber, Sewanee has 

likely sustained more intensive harvesting activity than the opportunistically-logged private 

forests common in the region (Jon Evans, pers. comm.). One benefit of the deliberate nature of 

timber extraction at Sewanee is that record keeping was as methodical as timber extraction, 

allowing us to quantify land-use and forest change for the past half-century. The extensive data 

on forest use at Sewanee provide a unique opportunity to investigate whether there are long-term 

impacts on forest ecology associated with timber harvesting on the Cumberland Plateau. 

Furthermore, with descriptive forest composition and structure data dating back to the turn of the 

century and quantitative composition and structure data from the early 1950s, the university 

Domain (non-campus landholdings) is an ideal location for research on forest change on the 

Cumberland Plateau.  

In this study I use 50 years of management records, forest inventory data, and timber 

harvest records to describe historic patterns of land use and forest change in the woodlands of 

The University of the South in Sewanee, Tennessee. This is integrated with a narrative account 

of forest use and change over millennia to demonstrate the complex interactions of 

anthropogenic influence and forest ecology and provide a complete history of the Sewanee 

forests. To assess overall forest change at Sewanee, change in forest structure and composition 

from 1952-2001 was quantified and compared with other forest change studies with the 

hypothesis that I would see similar trends in oak decline and maple increase observed throughout 

the Southeast. Land-use and timber harvest history for the last 60 years was then documented 

and mapped. I tested whether or not timber harvesting had long-term effects on upland forest 

ecology by comparing both community composition and structure with timber harvest history; 

Given the extensive period of time since last harvest, I hypothesized that forest structure would 

be completely recovered from logging and thus would not be related to land-use history, 

however because logging was the dominant disturbance regime on the plateau for the last 60 

years continuing effects of land-use history would be seen in forest composition.  
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Forest Description and Early History 

 

Site Description and Characteristics of Forests of the Southern Cumberland Plateau 

The Domain of Sewanee: The University of the South is located in southern Tennessee 

on the plateau and escarpments in southern district of the cliffs section of the Cumberland 

Plateau (sensu Braun 1950) in the southwestern Appalachian ecoregion (sensu EPA 2011). By 

Smalleyôs (1982) classification, Sewaneeôs forests lie at the north edge of the strongly dissected 

southern portion of the Mid-Cumberland Plateau, containing weakly dissected plateau surface 

and Strongly dissected margins and sides of the plateau. The ñplateau surfaceò is a comparatively 

flat upland expanse, also referred to as simply plateau or uplands. The ñmargins and sides of the 

plateauò are comprised of escarpments, or coves, which dissect the uplands and form the 

transition between the southern Cumberland Plateau and the lowlands of the Highland Rim to the 

west and the Tennessee River valley to the south and east. 

Physical characteristics: Various Pennsylvanian sandstone and shale formations 

comprise the uplands of the Cumberland Plateau, with the underlying Mississippian limestone 

exposed in the middle and lower slopes of the cove. At Sewanee, upland formations include 

Raccoon Mountain formation, Warren Point Sandstone, Signal Point Shale, Sewanee 

Conglomerate, and Witwell Shale. The plateau is comparatively flat, with topography described 

as ñgently rollingò (Cheston 1953) and with elevations at Sewanee between 550m and 610m. At 

about 550m-560m the plateau ends at a steep bluff line and the cove forests begin; the 

Pennsylvanian sandstone and shale formations continue to underlie the steep, often sheer upper 

ranges of the coves before a transition to Mississippian limestone formations between 450m-

550m. In the mid and lower slopes of the coves the formations include Pennington formation, 

Bangor limestone, Hartsell formation, and Monteagle limestone, with a small corner of St. Louis 

limestone at the bottom of one Sewanee cove (Rowarkôs Cove). Ridges of sandstone often 

extend into the lower slopes where the plateau rock has crumbled into the cove. 

Smalley (1982) describes soils of the region as ranging from very poor to moderate; the 

plateau soils are derived from sandstone bedrock with limited weatherable mineral content, 

leading to poor, often acidic soils with poor water retention capabilities. At the highpoints on the 

plateau erosion works to create shallow, xeric ridges with low organic content, while at the 

opposite extreme swampy drainages and ephemeral wetlands occupy the swales of the plateau. 

The upper escarpments and sandstone ridges in the cove show similarly poor soil, however in 

most of the cove the Mississippian limestone weathers into a rich, fine clay- frequently found 

mixed with sandy wash from the plateau above (Foley 1903, Smalley 1982, Soil Survey Staff 

USDA 2008). 
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The climate at Sewanee falls within Thornthwaiteôs (1948) ñhumid mesothermalò zone. 

Seasonal variation is low, with winter lows averaging around -1
o
C and summer highs averaging 

around 29
o
C (SERCC 2010); the overall mean temperature is about 13

o
C (Smalley 1982). Mean 

annual precipitation is 120cm, with peaks of rainfall in winter and early spring (~14cm/month) 

and a drier period from August-November (~10cm/month; SERCC 2010). 

Regional forest classification and composition: While sporadic treatments of forest 

communities on the Cumberland Plateau can be seen as early as turn of the 20
th
 century (e.g. 

Foley 1903), the first comprehensive description of the region is usually ascribed to Braun 

(1950), who classified the region as belonging to the Mixed Mesophytic Forest Region. 

Although Braun (1950) admits that the forests on the uplands more closely resemble oak-hickory 

and oak-chestnut forests in their composition, she claims that ñIf the whole plateau were 

dissected, as it is farther north, mixed mesophytic forest would be the prevailing typeò (Braun 

1950, p114-115); Nevertheless, Smalley (1982) pointedly observed that characterization of 

current vegetation patterns may be more useful than those which may not be observed for 

millennia, and Reid et al. (2008) made the point that such deterministic theory of forest 

composition is now generally discredited in favor of dynamic, disturbance-based models. Hinkle 

(1989) also objects to Braunôs description of the plateau forests as ñoak-hickoryò due to limited 

hickory component; ñmixed-oakò has been suggested in place of ñoak-hickoryò (Ramseur 1981). 

The coves in most of the southern Cumberland Plateau do support mixed-mesophytic 

communities in the richer, more mesic limestone soils along with oak-hickory forests in the drier, 

poorer-soiled sandstone ridges and upper-escarpments (Braun 1950, Hinkle 1989).  

Hinkle (1989) probably offers the most comprehensive treatment of the composition of 

southern Cumberland Plateau forests; in addition to his own doctoral thesis, Hinkle (1989) 

summarizes findings of 16 other studies on southern Cumberland Plateau vegetation to create a 

comprehensive description of upland and ravine (cove) communities. Hinkle (1989) divided the 

plateau into thirteen communities: Red maple-river birch-holly, hemlock, red maple, red maple-

white oak-black gum, white oak, chestnut oak, mixed oak, scarlet oak, shortleaf pine-white oak, 

post oak-scarlet oak, blackjack oak, and Virginia pine; all but the first two can be found on 

Sewaneeôs domain. The landscape position to which Hinkle (1989) assigns these communities 

can be seen in Table 1, along with Hinkleôs importance values of oak and hickory for each 

community type. 

Fourteen cove communities are also described by Hinkle (1989): river birch, hemlock, 

white pine, white oak-northern red oak, beech-tulip tree, tulip tree-shagbark (hickory), hickory-

northern red oak, beech, northern red oak-sugar maple, sugar maple-white basswood, ash-

buckeye, sugar maple-white oak, mixed oak, and chestnut oak; the first three of these do not 

occur on the Sewanee domain. Again, Table 1 demonstrates the landscape position assigned by 

Hinkle (1989) and importance values given to hickory species in the coves. 
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Prehistoric and Historic Land Use and Forest Composition at Sewanee 

9500B.P -1800s A.D - From early Holocene to settler era: While no studies have yet 

examined prehistoric forest conditions at Sewanee, we may infer general forest characteristics 

from paleobotanical studies conducted elsewhere on the Cumberland Plateau; Delcourt et al. 

(1998) studied sediment cores from plateau upland forests at Cliff Palace Pond in eastern 

Kentucky while Delcourt (1979) looked at cores from lowland ponds adjacent to the plateau 

escarpments in White and Franklin Counties, Tennessee. The Cliff Palace Pond site occupies a 

forest with similar composition to Sewanee upland forests, with the principle exception of a 

strong native pine component (Delcourt et al. 1998). Near the beginning of the Holocene (c. 

9.5kya) plateau forests were characterized by a remaining boreal and cool temperate flora, 

dominated by cedar (Thuja and Juniperus sp.) with a spruce (Picea) component and mixed 

disturbance-adapted hardwoods. These gave way to hemlock (Tsuga)-dominated mixed-

mesophytic vegetation with the wetter climate that characterized the Cumberland Plateau in the 

mid-Holocene (c.7.3-4.8kya), then a resurgence of cedar followed a hemlock-disease outbreak. 

Forests finally took on their present-day characteristics of oak, hickory, and chestnut dominated 

canopies around 3kya with a major increase in anthropogenic (Native American) use of the 

plateau and associated intense fire regimes (Delcourt et al. 1998). 

The sites examined by Delcourt (1979) for valley and cove forests sit on the highland 

rim with one pond (Mingo Pond) to the east and one (Anderson Pond) to the north of Sewanee. 

In contrast to plateau forests, Delcourt (1979) found very little change in lowland and 

escarpment vegetation during the Holocene, with a stable mixed mesophytic forest having 

succeeded the previous spruce-dominated Pleistocene forests at the end of the last glacial period. 

There is evidence from iron-wood (Ostrya and Carpinus spp.) abundance that earlier Holocene 

forests were both cooler and wetter than subsequent mid-late Holocene forest, however since c. 

9.5kya relative abundance of cove tree species appears to have remained constant until European 

arrival and associated change in forest dynamics (Delcourt 1979). 

Major changes were seen in both the cove and plateau vegetation records corresponding 

with the coming of European settlers c. 200ya (Delcourt 1979, Delcourt et al. 1998). Forest 

clearing is evidenced by increases in ragweed (Ambrosia spp.), and invasive European 

herbaceous species show up in the pollen records (Delcourt 1979, Delcourt et al. 1998). Settler 

inhabitation of the Cumberland Plateau at Sewanee included introduction of free-range livestock, 

land clearing for agriculture, understory burning to facilitate livestock grazing, timber cutting for 

heating fires and construction, and intensive chestnut gathering for livestock and human 

consumption (Foley 1903). All human activities had the effect of decreasing tree regeneration, 

especially for chestnuts and hickory species, and generally decreasing forest density and 

coverage across the plateau. The coves, in contrast, were left mostly alone due to inaccessibility, 

with only minimal removal of valuable trees from the upper reaches of some coves (Foley 1903). 



P a g e | 7 

Sean K McKenzie  Land-use and Forest Composition 

1903 - Foley and forest composition at the turn of the century: In 1900 the Bureau of 

Forestry sent John Foley to the University for the purpose of overseeing the management of the 

Universityôs forests. His book, Conservative Lumbering at Sewanee, Tennessee, was the first 

Domain-wide characterization of the Universityôs forests and is the starting point for a Domain-

specific forest history narrative. According to Foley (1903), the forests of the University were in 

ñhorrible conditionò when he arrived. On the plateau, fire, grazing, and overexploitation had led 

to a sparse, ñsicklyò forest with a few old ñunsoundò trees, a great deal of sprouting, and very 

littl e reproduction by seed. In the coves, in contrast, Foley saw an unexploited, ñoverripeò forest 

that needed immediate harvesting. Under Foleyôs direction, the University began a ten-year 

harvest process that would systematically selectively-log the entirety of the University forests. 

What is of particular interest for our study, however, was Foleyôs characterization of the forest 

types and species of the Domain. 

For the plateau, Foley (1903) divided the forest into four types (ordered by increasing soil 

moisture and depth): the chestnut ridge, the hickory slopes, the oak flats, and the bottom. The 

chestnut ridge was obviously characterized by an abundance of Castanea dentata (chestnut), 

which Foley says kept the xeric, hot, shallow soils ñall to themselvesò (although he also 

mentions Quercus montana (chestnut oak) as growing with chestnut in places). Hickory slopes 

were actually said to be dominated by oak species, particularly Q. coccinea (scarlet oak) with Q. 

alba (white oak) and Carya glabra (pignut hickory) being the other common species. The richer, 

damper oak flats are dominated by Q. alba, with Q. coccinea and Q. velutina (black oak, known 

then as yellow oak) occupying prominent places in the community as well. The last plateau 

forest type is the bottom- wet, often swampy swales characterized by streams, ephemeral 

wetlands, and wetland-associated hardwoods like Acer rubrum (red maple), Nyssa sylvatica 

(black gum), and Liquidamber styraciflua (sweet gum/red gum). Liriodenron tuliperifera (tulip 

poplar/yellow poplar) and Salix nigra (black willow) are also described in certain bottom 

habitats, along with more Q. alba and occasionally Q. coccinea.  

Because Foley never described the relative areas of his forest types the structure and 

composition of the plateau forests in general is hard to infer. Nevertheless, certain aspects of the 

plateau forest are clear: the plateau, especially the drier areas, was sparse and badly deforested. 

C. dentata, Q. montana, Q. coccinea, and Q. alba were the major players in the forest, although 

it is unclear which of these held dominance in the sparse canopy. Finally fire, grazing, and 

lumbering were the dominant disturbance regimes and left few large trees or dead timber lying 

around. 

Foleyôs distinctions between cove types are much simpler with only three self 

explanatory forest types: lower slopes, northern slopes, and southern slopes. The first of these is 

comprised of the lowest reaches of Hawkinôs cove along Wigginôs creek and is typified by the 

Juniperus virginiana (cedar) stands, Q. michauxii (cow oak/swamp chestnut oak), Q. bicolor 

(swamp white oak), and Asimina triloba (pawpaw), with mixtures of Aesculus flava (yellow 
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buckeye), Acer sacchrum (sugar maple), N. sylvatica (black gum), and the various Quercus and 

Carya species found in the rest of the Domain. Northern slopes are said to be the best in terms of 

soil conditions and lumber quality, with Carya spp. (especially C. glabra and C. ovata) 

dominating in tandem with Q. alba; Juglans nigra (black walnut), Prunus serotina (black 

cherry), Ulmus spp. (elms), Fraxinus americana (white ash), Tilia heterophilia (basswood), 

Magnolia spp. (cucumber and umbrella trees), Q. rubra (red oak), and Liriodendron tulipifera 

are all described as being largely confined to these  northerly slopes, however relative abundance 

of these species are not described. Southern slopes are said to be drier and hotter, resulting in a 

dearth of ñvaluable treesò (e.g. Q. rubra) and a dominance of Carya spp., Q. alba, and Q. 

montana. 

It is clear from the above that Carya species dominated the coves at the turn of the 20
th
 

century, with Q. alba being the main complement to the hickory dominance. According to Foley, 

the cove forests were also much denser than on the plateau, with limited fire, no grazing, and 

minimal logging except drumming of valuable species (especially from Crownover (Dick) Cove 

and Rowarkôs Cove). Before Foleyôs harvest cycle, then, we can assume the cove forests to be 

nearly pristine and representative of old-growth cove forests in the southern Cumberland Plateau. 

One important caveat to Foleyôs forest description is the lack of spatial reference and 

taxonomic accuracy: Foley seldom references specific areas of the Domain, and much of what 

Foley likely saw was in the heavier settled areas of the forest that are now part of ñcentral 

campusò (i.e. not included in our study). Foley at times refers to the forests out Breakfield Road 

(most of the modern campus forest herein examined) as being in generally better condition than 

the rest of the forest. There is also evidence that Foleyôs identification of certain trees- namely Q. 

michauxii and Q. bicolor- were incorrect; efforts ongoing for more than a decade have failed to 

find either species on the Domain (Jon Evans pers. comm., Dwayne Estes pers. comm.). One 

possibility is that due to the lack of survey precision Foley was counting trees in the valley, no 

longer recognized as part of the Sewanee Domain. Either way, we must bear in mind these 

limitations in considering Foleyôs work. 

The primary purpose of Foleyôs visit was not to classify the forests of the Domain, 

however, but rather to see to their systematic exploitation. Foley oversaw the removal of 

6,000,000 board feet of timber (~15,000 m
3
) from accross the Domain. Foley (1903) creates a 

logging plan which would cut every corner of the historical Domain in ten years, and Wiggins et 

al. (1941) indicate that all areas slated for harvest by Foley were cut by 1920. We have little 

further spatial information about Foleyôs cuts, although according to oral history portions of Dick 

Cove were left untouched (Smith and Suarez 2010). Foleyôs tenure (1900-1910) was the first of 

the mass-scale logging events at Sewanee, and was only outdone for sheer volume by logging in 

the 1950ôs. 

1911-1941 - the in-between years: After the thorough harvesting carried out in the 1900s, 

the forests underwent minimal harvesting for 30 years as the University struggled to find 
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direction for forestry activities. Fire was a more important disturbance than harvesting, with 

anywhere from 100 to 1,000 acres burning annually, and most harvesting was for firewood 

(Cheston 1953, Wiggins et al. 1941). From 1911 through 1920 some ñfirst cuttingsò (probably 

area uncut in the 1900-1910 cycle) remained and the University sold over 1,000,000 board feet 

from the forests (roughly 1/6
th
 of the volume sold under Foley). In the 1920s harvests dropped to 

a mere ~200,000 board feet, and from 1931-1941 the total was less than 100,000 board feet. 

A forest inventory and management plan was initiated near the end of the 1930s; however 

the original data from that inventory have been lost. From the rough data available in the final 

management plan, it appears that the forests were roughly twice as dense (on a tree/acre basis) 

compared to our first true inventory (from 1952), about equivalent to the density of the modern 

forest (c2010) (Department of Conservation and TVA 1939). Species composition was only 

given to species group, and was not broken down spatially or even by forest type. What we do 

know is that the Quercus section Lobatae dominated (red oak group, 28.25% of forest), followed 

by Carya sp. (hickories, 21.32%) and then Quercus section Quercus (white oak group, 11.48%). 

Chestnut had been extirpated from the forests in the region by the end of the 1930s (Delcourt 

1979). 

1942-present - Cheston and beyond: Charles Cheston was hired by the University in 1942 

and immediately set about the methodical exploitation of the Sewanee forests (Wiggins et al. 

1941). Cheston kept records as meticulously and methodically as he extracted timber, thus we 

have detailed records of the harvest disturbance history starting in 1946 as well as compositional 

data roughly every ten years beginning in 1952. Fire disturbance was mapped yearly from 1951 

through 1956, and based on the declines seen on the maps as well as Chestonôs lack of records 

after 1956 we may infer that post-1956 fire ceased to be an important part of the Domain timber 

stands. Cheston also began the Universityôs experimentation with pine plantation forestry, 

planting dozens of coniferous tree species; most of these would die off, but Chestonôs white, 

loblolly, and Virginia pine stands still dot the forest landscape and have become naturalized and 

even invasive in some cases; all of these plantations were likewise mapped and recorded. 

The extraction-dominated management regime for the Sewanee forest would remain in 

place until the late 1980s; forest management during this period was characterized by almost 

complete fire suppression, intensive selective timbering with some clear cutting, introduction of 

exotic tree species (particularly Pinus taeda and P. strobus), and promotion of game populations 

(Odocoileus virginiana). Several researchers at Sewanee have hypothesized confounding effects 

of land-use on forest composition on the Domain (e.g. Heirs and Evans 1997, Reid et al. 2008), 

however no previous study has quantified and mapped historic management and its effects on 

forest ecology. 
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Analytical Methods 
 

 The Sewanee Forest History Project: The work of analyzing the forest history data began 

in 2008 with the Sewanee Forest History Project. Summer interns digitized all the records from 

the office of Domain Management, scanning over 3,000 documents related to historical forest 

management. These documents range from maps and stocking tables to deeds, contracts, and 

personal correspondences. A computer database was developed to provide access to the scanned 

documents as well as provide easy-to-access basic information about each such as the events 

they refer to, the dates for which they are pertinent, and basic spatial information. In this study, 

our task was to then take these documents and extract spatiotemporal data from harvest records 

and forest inventories to reconstruct the land-use history of Sewanee and its relation to forest 

composition and change over five decades. 

 Changes in forest composition and structure: Three forest inventories were used in our 

analysis: one in 1952 spanning the whole historic Domain, one in 1978 covering mostly just the 

plateau, and one covering the entire modern Domain that was conducted over a period of four 

years from1997-2001 (hereafter referred to simply as the 2001 inventory). Inventory tabular data 

for 1952 and 1978 was obtained directly from the tally sheets and entered into a Microsoft 

Access data base with a record for each tree. For the 2001 inventory the data was already 

digitized in Microsoft Excel in the same format described above. Spatial information was 

obtained by scanning maps where inventory point locations were hand-drawn, georeferencing 

these maps, and placing point objects over mapped locations. A link-code comprised of 

compartment and plot numbers was generated for both the spatial and tabular data, allowing us to 

link data from the Access database directly to the geospatial points. For the 2001 inventory GPS 

devices where used to locate either end of an inventory transect, and GIS was used to create 

point objects for each inventory point along the transect, again linked to the tabular data via a 

compartment-plot link-code. For further discussion of these georeferencing methods and their 

limits/hindrances, see McKenzie and Bradley (2011). 

In all forest inventories, trees were sorted into size classes by English inches, and to 

prevent loss of precision I will continue to use English inches for size class measurements. 

Furthermore, in the earlier inventories sampling methods varied by size class, with smaller 

ñpoleò trees (5in-10in Diameter at Breast Height) tallied separately from the ñsawtimberò trees 

(11in+ DBH); pole trees correspond with subcanopy trees while sawtimber corresponds to 

canopy trees. The 1952 and 1978 inventories were both conducted according to TVA (1951): 

nested plots of 0.2, 0.1, 0.02, and 0.01 acres were drawn out, with all sawtimber tallied within 

the 0.2acre plot and all pole trees tallied in the 0.1 acre plots. The 0.02 and 0.01 acre plots were 
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used to designate ñsample treesò and, in 1978, tally ñsaplingò trees, however these were not use 

in our analysis. For each tree, DBH class (to the nearest even inch) was recorded along with the 

species (or in the case of hickory, genus). In 2001, plot density was favored over plot size and all 

trees over 3inches DBH were tallied within 0.05 acre plots; for compatibility, only trees 5+ 

inches DBH (ñpoleò trees) were considered in our analysis. Again DBH and species were 

recorded for each tree.  

Although the 2001 inventory attempted to ID hickories to species, they are only 

considered to genus in this study because of the extreme difficulty in distinguishing hickory 

species and hybrids. It is also necessary to note that other taxonomical inaccuracies may exist in 

this dataset; in particular, concern has been expressed about the high density of chestnut oak in 

the coves and the very low density of chinquapin oak (Jon Evans pers. comm.). Chestnut and 

Chinquapin are quite similar in appearance, and may easily have become mixed up in 

identification. We also have no way to assess hybridization among oaks or knowledge of how 

these hybrids where identified in the inventories. For more detailed descriptions of inventory 

methods and discussion of their respective drawbacks, see McKenzie and Bradley (2011). 

In order to provide comparable data, plateau forest compartments common to all 

inventories and cove compartments common to the 1956 and 2001 inventories were identified 

for use in this analysis. Thirteen plateau compartments and 12 cove compartments were 

identified, and cove compartments were classified as north or south facing (five north facing, 

seven south facing). Stem density and basal area were found for all sample points within each 

forest type (plateau, north cove, and south cove), then relativized by sample area. Changes in 

basal area and stem density from 1952 to 2001 were then computed for subcanopy trees and 

canopy trees. Size class distributions for each forest type were computed for the 1952 and 2001 

inventories and compared by plotting the changes in relative dominance of each size class 

between1952 and 2001. Composition on the plateau was analyzed for 1952, 1978, and 2001 by 

comparing relative dominance and total stem count for the ten most dominant species within 

subcanopy and twelve most dominant species in the canopy size classes for all three inventories. 

Similar compositional analysis was performed for the ten most dominant subcanopy and canopy 

species for north and south aspect coves in 1952 and 2001. 

Land use and harvest history: Harvest spatial data came from three sources: harvest 

summary maps, timber harvest contracts, and aerial imagery. The harvest summary maps are a 

series of maps drawn yearly from 1946 through 1956 plus one map from 1993 where areas 

contracted for harvesting are hand-drawn as polygons over a generic Domain map (see appendix 

1 for example). Date is always recorded, and usually harvester information and timber quantity 

are likewise indicated. Each of these maps was scanned and georeferenced to compartment 

boundaries, then a geo-vector representation of each harvest was created with tabular data for 

harvest characteristics. Most timber harvesting on the Domain was contracted out to second-

party loggers, and each contract between them and the University contains spatial information in 

the descriptions of where the logger was allowed to cut. Harvest areas where almost always 
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constrained by either the bluff-line, a fire lane, a road, a creek, a historic fence line (around the 

old University Farm), or the University property line; we have geo-vector objects for all of these 

features, allowing us to trace them to create geo-vector representations of the areas specified on 

harvest contracts. Tabular data on harvest characteristics was also created using information 

from the contracts and associated marking summaries, bid-invitations, and receipts. Occasionally 

a map would be associated with the contract which would allow us define harvest boundaries at a 

more precise scale- procedure for digitization of this data follows that given for the harvest 

summary maps. Finally, for certain harvests conducted in the 1980s a generic contract was drawn 

without specification of harvest areas; in most cases these cuts were marked on the 1993 harvest 

summary map, but occasionally it was necessary to locate and delineate the cuts using geo-

referenced aerial imagery (NHAP 1985). In all cases, geo-vector representations of harvests were 

correlated (often contracted harvests were represented on the maps and vice-versa) and then 

compiled to create a spatial vector database of all recorded harvest events on the Domain.  

The harvest spatial database described above was used to map patterns of timber 

extraction across the Domain. For each harvest where information on intensity/volume harvested 

was available (81/110, 74%) this was converted to a rough tonnage of timber removed. Rough 

tonnage and harvest date were stored in the harvest vector objects, and then all harvest vectors 

were split along common boundaries with rough tonnage divided proportionally by area. 

Overlapping harvest areas were subsequently dissolved with a data column counting how many 

dissolved (count, or ñharvest frequencyò), another summing all rough tonnages, and a final 

column recording the most recent harvest date. Finally, rough tonnages were relativized by area 

giving a measure of total harvest intensity. Harvest frequency, most recent harvest date, and 

harvest intensity were mapped over the Sewanee landscape to give a visual representation of 

timber harvest characteristics for the entire Domain from 1945-2000. 

Effects of land use on current forest composition: In order to isolate land use effects, 22 

ñharvest-trajectory-areasò (HTAs) were identified with homogenous cutting histories (same 

logging events over the entire area). Within each area 15 sample points from the 2001 inventory 

and 4 sample points from the 1952 inventory were chosen as a function of proximity to area 

inner centroid. For the 1952 inventory sample area thus totaled 0.8 acres per HTA, while for the 

2001 inventory, sample area totaled 0.75acres per HTA. Forest composition in terms of 

stems/species of all pole and sawtimber trees was then computed for each HTA, and an 

ordination using Non-metric multi-dimensional scaling (NMDS) was run on all HTAs for both 

years. Two axes were extracted in our NMDS. Introduced coniferous species (Pinus taeda, Pinus 

strobus, and Pinus virginia) were excluded from the analysis as their presence was entirely a 

factor of human planting and survival-promotion (McKenzie and Bradley 2011). Two 

individuals with questionable identification/position in the canopy were excluded (one 

chinquapin oak and one serviceberry). A Minimum Variance Cluster Analysis was performed 

and the dendrogram overlayed on a map to check for clustering by geographic location. 
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Harvest frequency, years since last harvest, and harvest intensity (tonnage removed/acre) 

were recorded for each HTA, and relative site moisture at each sample point was calculated and 

averaged over the 15 sample points in each HTA. Site moisture was obtained from a 

Topographical Relative Moisture Index model calculated from the USGS 10m Digital Elevation 

Model for the Sewanee Quad. Each of these variables was in turn used in a multidimensional 

linear regression model for the two NMDS axes. Stem density, basal area, and mean DBH were 

calculated for each HTA and compared to all combinations of land-use variables via 

multidimensional linear regression. 

Software and technical specifications: All GIS work was conducted using Manifold 

System 8.0 (Manifold 2007). Areas were calculated from a WGS84 datum using the UTM zone 

16 projection. Maps were rectified using polynomial affine; polynomial degree varied according 

to what gave best results, but was usually between 1
st
 degree and 3

rd
 degree. Minimum Variance 

Cluster Analysis was conducted using MSVP 3.1 (Kovach 1999). NMDS and Multidimensional 

linear regressions were performed using R 2.12 (Team R. D.C. 2011); NMDS analysis used the 

vegan library metaMDS algorithm with two-axes extraction specified and all other parameters 

set to default. 
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Results 
 

 Forest Structure: Both basal area and stem density decreased between 1952 and 2001 in 

all forest types for both size-class groups (Figure 3, Figure 4). The most marked change in basal 

area was in the plateau subcanopy category (+212%), with the least change in north-aspect cove 

subcanopy trees (+134%). For stem density, the largest increase was again seen in plateau 

subcanopy trees (+509%), however the least change was observed in the south-aspect cove 

canopy (148%). One average, the plateau change was higher than in north or south-aspect coves 

(+584%, +445%, and +422% respectively). 

 Relative size class distribution showed change in plateau, north-aspect coves, and south-

aspect coves (Figure 5, Figure 6, Figure 7), with the greatest diverge being in south-aspect coves 

(correlation=97.3%), followed by plateau (correlation=97.8%), with north-aspect coves showing 

least change (correlation=99.3%). In plateau forests and south-aspect cove forests, a visible shift 

was seen towards smaller size classes, while in north-aspect cove the relative size class shifted 

towards larger trees (Figure 5, Figure 6, and Figure 7). 

 Forest composition: On the plateau canopy in 1952 was completely dominated by 

Quercus coccinea, with strong Nyssa sylvatica, Q. montana, and Q. velutina components (Map 

4, Figure 8). Plateau subcanopy composition in 1952, in contrast, was dominated by Q. montana 

with Carya sp. and Q. velutina being the second and third most abundant species, respectively 

(Figure 9). Q. coccinea density sharply decreased in 1978, however continued to hold dominance 

alongside increasing amounts of Q. montana, Q. alba, and Carya sp.; Nyssa sylvatica canopy 

experienced a drastic drop in abundance between 1952 and 1978 (Map 5,Figure 8). Q. montana 

maintained subcanopy dominance with a slight drop in density, while Q. alba and Q. coccinea 

both increased in density to take the place of slightly decreasing Carya sp. and Q. velutina as 

second and third most abundant subcanopy species (Figure 9). Canopy in 2001 was characterized 

by an increase in stem density for all of the most abundant species compared with 1978, with a 

particularly massive increase in Q. montana as it recruited from the subcanopy class to become 

the dominant plateau canopy species. Quercus alba also increased substantially to catch up with 

Q. coccinea as equally second-most dominant canopy species (Map 6, Figure 8). In the 

subcanopy class most species experienced similar density increases, with the noteworthy 

exception of Q. coccinea, Pinus taeda, and Q. velutina; Quercus alba and Oxydendron arboreum 

showed particularly marked increases and each ranked just behind Q. montana in subcanopy 

stem density (Figure 9). 
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 In north aspect coves Carya sp. was the most abundant canopy species in 1952, followed 

by Q. rubra, Q. montana and Liriodendron tulipifera (Map 4, Figure 10). In the N. cove 

subcanopy classes Carya likewise held dominance, however Acer sacchrum formed a prominent 

part of the forests alongside L. tulipifera and Q. montana (Figure 11. By 2001 massive increases 

in L. tulipifera and moved it into the dominant position in the canopy, while a relatively even 

greater increase in A. sacchrum had moved it to third after Carya sp.; Q. rubra was the only 

common canopy species to experience density declines between 1952 and 2001 (Map 6,  Figure 

10). A. sacchrumôs dramatic rise in canopy density from 1952 to 2001 was exceeded only by its 

rise in subcanopy density over the same period, coming to dwarf the other subcanopy species in 

stem density. Meanwhile, Carya sp., Q. montana, Q. rubra, and Cornus florida all experienced 

decreases in subcanopy density, with L. tulipiferaôs density increase allowing it to edge out Q. 

montana for third most abundant subcanopy species after A. sacchrum and Carya sp. (Figure 

11). 

 In 1952 the canopy in south-aspect coves consisted primarily of Carya sp., with Q. alba, 

Q montana, and Q rubra each sharing second place (Map 4, Figure 12). Identical trends were 

seen in the subcanopy class, although dominance of Carya sp. was more pronounced (Figure 13). 

Carya sp. was downgraded to second-most abundant canopy species by 2001 in south-aspect 

coves as in north-aspect coves, however in the case of south-aspect coves Q. alba rose to 

dominance with Q. montana rising to third behind Carya sp.; L. tulipifera and A. sacchrum were 

seen to increase but not to the levels observed in the north-aspect coves (Map 6, Figure 12). A. 

sacchrum did show similar dramatic increases in the south-aspect cove subcanopy class, 

however, coming to dominate ahead of Carya sp. and the dramatically increased Robina 

psuedoacacia and Q. montana (Figure 13). 

Land use and harvest history: A total of 110 timber harvest events were identified 

between 1946 and 2000 with an associated removal of at least 100,000 tons of timber (Appendix 

2). Compartment 19 and the upper reaches of compartment 23 were harvested most frequently 

(10 occurrences per area), while compartment 1 and compartment 20 had the fewest harvests 

with zero and one occurrence respectively (Map 1). The areas of greatest harvest intensity were 

compartment 5 (172tons/ha), the upper reaches of compartment 23 (157tons/ha), and the 

southern portion of compartment 10 (186ton/ha), while the most recent harvest recorded was the 

southern portion of compartment 10 in 1999 (Map 2 and Map 3). The earliest harvests (pre-1952) 

focused on ash, hickory, and white oak (including chestnut oak), while later harvests included 

gum, red oaks, tulip poplar, maple, cedar, dogwood, and ñotherò tree species (Appendix 2). 

Harvest frequency was highest in 1951 (16 occurrences), followed by a steady high state 

of 6-11 occurrences/year until the end of the decade. The years from 1959 to 1972 are 

characterized by relatively low harvest frequency with only one to three harvests per year, 

followed by an entire decade with only two harvests. Finally, a resurgence of harvest activity can 

be seen from 1982 to 1986 with one to three harvests annually (Figure 1). There is one final 

harvest on record after 1986, which took place in 1999 (this was excluded from Figure 1 for less 
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confusing axis scaling). A similar trend can be seen in harvest intensity by year (Figure 2), with 

some obvious outliers representing particularly intense harvest events and harvest events with no 

associated intensity data. 

 Effects of land use on current forest composition: Non-metric multi-dimensional scaling 

showed clear compositional changes between 1952 and 2001, with the directionality of change 

dependent of harvest history (Figure 14); while no clustering was observed before most harvests 

took place (i.e. in 1952), HTAs were seen to stratify according to harvest frequency by 2001 

(Figure 15) Minimum variance cluster analysis revealed two main clusters, one characterized by 

4-harvest, 5-harvest, and 6-harvest HTAs, the other primarily containing 2-harvest and 3-harvest 

HTAs with one 4-harvest and two 5-harvest HTAs nested within (Figure 16). Geographic 

overlay of this dendrogram revealed only minimal geographical clustering (Map 7). 

NMDS joint plot (Figure 15) revealed 1952 plots where characterized by an abundance of 

hickory, black oak, scarlet oak, chestnut oak, and black gum. In 2001 HTAs which experienced 

fewer harvests showed compositions more similar to 1952 site compositions, while areas more 

frequently harvested were characterized by higher white oak, red maple, sweet gum, yellow 

poplar, sassafras, black locust, and sourwood. 

Multidimensional linear regression of NMDS axis scores showed that land use history 

has a statistically significant effect on current forest composition. Axis one was best explained 

by a model of harvest frequency and harvest intensity (Figure 17 ; R
2
 = 0.62, P < 0.001). Axis 1 

score decreased with increasing harvest frequency and decreasing harvest intensity, with a 

stronger relationship between Axis 1 score and frequency (P = 0.0001, slope = -0.18) than with 

intensity (P = 0.14, slope = -0.0026). No model was able to statistically significantly explain axis 

two. Regression also showed that current forest structure is independent of past land-use as no 

land-use model was able to predict stem density, basal area, or mean DBH (P > 0.1 in all cases). 
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Discussion 
 

Change in Forest Dynamics 

Our findings demonstrate that the forests of Sewanee are spatiotemporally dynamic at a 

multi-decade landscape scale, characterized by long-term shifts in forest composition and 

structure. This is in agreement with dynamic equilibrium theory and is consistent with other site-

specific studies in the region (e.g. Heirs and Evans 1997, Reid et al. 2008, Reid 2006). Trends in 

forest change largely parallel those described at other sites in the region (e.g. Reid et al. 2008, 

Reid 2006, Galbraith and Martin 2005, Myers et al. 2004), however several landscape-level 

trends in forest composition change seem to be unique to Sewanee. 

 The increase in both basal area and stem density for all forest types in both size classes is 

consistent with a forest regenerating after logging (Muller 1983, Arthur et al. 1997), although 

old-growth forests in the region have shown parallel trends (Galbraith and Martin 2005). 

Interestingly, I did not find major differences in relative size class distribution between 1952 and 

2001; size class distribution has been used as a proxy for recovery from logging (Muller 1983), 

however our results show little difference between size class distribution in the middle of a 

logging regime (1952) and size class distribution after 20-50 years of recovery. Analysis of size 

class distributions broken down by harvest trajectory (e.g years since last harvest, harvest 

frequency) may further elucidate this trend. I also did not observe the significant changes in size 

class distribution observed for the Sewanee forests by Reid et al. (2006), however this is likely a 

function of our not examining the smallest size classes (0-2.5cm) where Reid et al. found the 

greatest change. 

Forest composition change from 1952 to 2001 was dramatic, with a change in dominant 

species for each forest type and size class except plateau subcanopy (Figures 8-13). Several 

trends in forest change at Sewanee matched those described elsewhere including general increase 

in stem density and basal area, Quercus sect. Lobatae (red oak) decline, loss of Cornus florida in 

the north-aspect coves, and proliferation of Acer spp. Interestingly, white oak decline does not 

seem to yet be concern at Sewanee, with every indication of successful recruitment of white oak 

into both ñsubcanopyò (5in-10in DBH) and ñcanopyò (>11in DBH) size classes. Increase in pine 

species on the plateau is expected given the extensive planting of Pinus spp. in the 1960s, and 

increases in Liriodendron tulipifera and Robinia psudeoacacia demonstrate the heavy, large-

scale logging disturbance experienced between 1952 and 2001 (Busing 1995, Boring and Swank 

1984, Parker and Swank 1982, Nowacki and Abrams 1994). Some trends I observed which are 

not prominent in the literature include dramatic decreases in plateau canopy Nyssa sylvatica with 

similar increases in plateau subcanopy black gum (Figures 8 and 9), massive increases in plateau 

subcanopy Oxydendrum arboretum (Figure 9), possible recruitment failure for north-aspect cove 

hickory (Figure 11), and large increase in Cercis canadensis in the south-aspect cove subcanopy 

class. 
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 Scarlet, black, and northern-red oaks showed distinct trends of decline at Sewanee. Red 

oak decline is a phenomenon seen in Quercus sect. Lobatae throughout the eastern United States 

and has been attributed to a complex interaction of environmental and biological stresses, 

particularly drought and insect defoliation, contributing to secondary invasion by oak pathogens 

(Staley 1965, Wargo et al. 1983, Oak et al. 1988, Dwyer et al. 1995). Additionally, fire 

suppression has been hypothesized to contribute to oak decline in general (Abrams 2003, 

McDonald et al. 2002, Reid et al. 2008), and there is evidence that scarlet oak regeneration is 

particularly enhanced by fire (Green et al. 2010). It should be noted that the scale of scarlet oak 

loss in the canopy size class relative to white oaks is biased by differential cutting history; large-

scale white oak cuts began two years before the 1952 inventory while scarlet oak cuts had not 

started until after the 1952 inventory (appendix 2). Nevertheless, white oak cuts were ongoing 

throughout the period that scarlet oak was being harvested, so the failure of scarlet oak to 

regenerate compared to white oak- particularly evidenced by the decline in scarlet oak in the 

subcanopy size classes from 1978-2001 (Figure 9), is clear evidence of a failing scarlet oak 

population, indicating that scarlet oak will no longer be ñpredominate on the plateauò as it was at 

the turn of the century (Foley 1903). Similar declines in northern red oak can be seen north and 

south aspect coves, although a small increase in south-aspect subcanopy density may indicate 

future regeneration of northern red oak in south coves (Figure 11). While some increase in 

plateau canopy black oaks was seen as a function of recruitment from the subcanopy size class, 

steady decrease of this species from the subcanopy size class indicates future declines (Figures 8 

and 9). It is interesting to note that our NMDS joint plot showed scarlet oak and black oak 

corresponding to lower harvest frequency on the primary axis even though scarlet oak is usually 

classified as a disturbance-loving species. One possible explanation for this is that harvesting 

intensifies environmental stress on scarlet oaks, exacerbating secondary pathogen invasion as 

observed with drought and insect defoliation (Staley 1965, Wargo et al. 1983, Dwyer et al. 

1995). Also possible is that scarlet oak recruitment failure is unaffected by harvest characteristics 

but areas with fewer harvests simply have more remaining old scarlet oaks. 

 In the 1900s Foley (1903) writes that red maple is confined to moist bottom habitat and 

sugar maple to good soils, however maple increase is quite apparent at Sewanee in all forest 

types and size classes (Figures 8-13). This is in keeping with trends described elsewhere (e.g. 

Reid et al. 2008, Abrams 1998), and usually attributed fire suppression and selective deer browse 

(Abrams 1998). Sugar maple increase has been most dramatic in north-aspect coves, likely due 

to higher nutrient soils and wetter conditions (Reid et al. 2008). Fire suppression is an unlikely 

contributor to oak decline/maple proliferation in north-aspect coves as fire has historically played 

little role in forest dynamics of these wet, isolated areas (Foley 1903). Other mechanisms which 

might explain sugar maple increase here are increased deer browse (Abrams 1998), dieback of 

competing dogwood from Anthracnose (Heirs and Evans 1997), red-oak decline (Oak et al. 

1988), and recruitment failure of north-cove hickories observed in this study. To our knowledge, 

recruitment failure of hickory has not yet been documented in southeastern forests and bears 

further investigation. Maple increase was slower in drier, more nutrient limited plateau and 
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south-cove forests. As in Reid et al. (2008), red maple was largely confined to the plateau while 

sugar maple was largely confined to the coves. 

 Black gum decreased greatly in plateau canopy after 1952, with only minimal recovery 

between 1978 and 2001 (Figure 8); no trends in black gum changes have been discussed in the 

literature. The cause of the immediate black gum decrease can be seen in the harvest record- 

black gum had been spared prior to the 1952 inventories but was harvested alongside scarlet oak 

in the later 1950s. However, while other species harvested concurrently with black gum (e.g. 

white and chestnut oak, hickory) have recruited back into the canopy from the subcanopy size 

class, black gum has not copied this feat and actually decreased in the subcanopy size class from 

1952-1978 (Figure 9). Black gum has since rebounded in the subcanopy size class, however it is 

unclear whether it will regain its position in the canopy. Two possible scenarios may explain 

black gum canopy recruitment failure: 1) Forest conditions such as moisture, light, competition, 

etc. may have changed enough since black gum originally recruited into the canopy that it is now 

permanently relegated to the subcanopy or 2) black gum saplings not recorded in our study may 

have suffered damage during various harvests not sustained by white oaks and hickories, thus 

recover for black gum will simply be a longer process. As black gum is not a particularly 

valuable timber species, it is possible that intentional removal or deadening of black gum 

saplings was conducted by forest managers to increase valuable white oak growth- a process 

known as ñTimber stand improvementò or TSI. 

 The major increase in sourwood observed in the subcanopy in 2001 is likely also best 

explained by intentional removal of saplings from the forest to decrease competition with 

valuable white oaks; sourwood and chestnut oak grow on similar sites at Sewanee (Foley 1903) 

and following chestnut death and logging we should expect to see sourwood densities rising 

alongside chestnut oak by at least the 1978 inventory. Records do indicated that TSI was carried 

out extensively in the Sewanee forests (Smith 1983a, Smith 1983b), however as these were 

considered standard and not related to the economics of forestry, no specific data on intensity of 

these efforts or what species where targeted was recorded. This may also explain low levels of 

redbud in south-cove forests in 1952 with dramatic recovery in 2001 (Figure 13) and may be 

partly responsible for the slowness of red and sugar maple invasion in heavily harvested plateau 

and south-cove forests. 

 In contrast to trends seen throughout the southeast (Abrams 2003), white oak seems to be 

currently holding its own at Sewanee having successfully rebounded from low post-harvest 

densities in 1952 with continued increases in both canopy and subcanopy. Unlike red oak, white 

oak decline seems to be tied less to disease and environmental stress and more to fire suppression 

and light requirements (Royse et al. 2010). Fire suppression has come to Sewanee later than 

most regions (Cheston 1953), thus white oak decline may simply be delayed here; this would 

seem to be indicated by the comparatively low presence but steady increase in red maple in the 

plateau subcanopy (Figure 9). Additionally, white oak decline has been described as lowest on 

xeric, nutrient limited sites (Abrams 2003), and the plateau uplands at Sewanee seem to match 
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that description. Finally, given that white oak recruitment is limited by light requirements, it is 

possible that the intensive harvest history of the Domain has actually staved off white oak 

decline. Quercus spp. including white oaks have been shown to respond favorably to logging 

disturbance compared to Acer spp. (Nowacki and Abrams 1994), and in our study white oak was 

characteristic of areas with higher harvest frequency (Figure 15). It should be noted that, on a 

smaller, more recent time scale Reid et al. (2008) did observed drops in white oak from the 

lower size classes, indicating that white oak decline may soon catch up to Sewanee. 

 

Current Forest Composition as a Function of Land-Use History 

 Human impact, especially in the form of land-use, has been recognized as having 

important long-term impacts on forest ecology (Christensen 1989, Foster et al. 2003, Turner et 

al. 2007); however the focus of land-use ecology has overwhelmingly been on post-agricultural 

systems (e.g. Flinn and Vellend 2005, Katz et al. 2010, Flinn and Marks 2007). When 

researchers do assess logging effects on forest ecology, it is usually as a simple Boolean function 

of old-growth vs. logged (e.g. Duffy and Meier 1992, Muller 1983) rather than comparing the 

composition of areas with varying historical harvest trajectories (e.g. harvest intensity and 

frequency). This is the first study to compare to composition of areas with varying harvest 

histories in southeastern US forests. Our results show that harvest trajectory variables have a 

significant impact on community composition. Furthermore, time since last harvest was not a 

significant factor in determining community composition, indicating that after 40 years effects of 

harvests on forest composition have not significantly diminished. This is consistent with logging 

vs. old-growth studies (Duffy and Meier 1992, Muller 1983). 

 The effect of harvest history on forest composition is visible in the non-metric multi-

dimensional scaling graphs (Figure 14, Figure 15) and Cluster Analysis (Figure 16) and 

statistically demonstrated in regression of 2001 NMDS scores by harvest-trajectory variables. 

Harvest frequency and intensity combined was able to explain over 60% of variation along 

NMDS axis 1 (Figure 17). Paradoxically, it appears that decreased harvest intensity has a similar 

effect on composition as increased harvest frequency, although harvest frequency has a much 

stronger effect on composition than intensity (slope = -0.18 compared with 0.0026) and the effect 

of frequency is less likely to be due to chance variation (P = 0.0001) than with intensity (P = 

0.14). It also appears that logging events are the causal factor; stratification is not seen in 1952 

NMDS points, showing that subsequent clustering of 2001 NMDS points is not due to historical 

forest compositions and indicating that the clustering is not due to edaphic conditions or pre-

1945 land-use/disturbance. 

Variation in species importance may simply be due to direct removal of some species in 

harvesting and thus transient, with community homogeneity expected to be returned after 

sufficient time; however, I believe this unlikely based on the following lines of evidence: 1) as 

previously mentioned, time since last harvest was a non-significant indicator of current 



P a g e | 21 

Sean K McKenzie  Land-use and Forest Composition 

composition indicating that forests are not converging in composition with age. 2) No aspect of 

forest structure was significantly predicted by any model of harvest trajectory variables and thus 

it appears that all forests have return to pre-disturbance structural characteristics. 3) Several 

species intensively harvested (e.g. white oak, tulip poplar) are actually characteristic of higher 

harvest-frequency sites and thus appear to have recovered from previous harvests. All of these 

factors lead us to believe that increased harvest frequency sets forest communities on distinct 

successional trajectories with no compositional convergence in sight. The accords with the non-

equilibrium dynamics previously described for southern Cumberland Plateau upland forests 

(Reid 2006). 

There has been considerable global discussion in the literature about whether plant and 

animal communities in logged areas ever return to pre-logging conditions (e.g. Duffy and Meier 

1992, Muller 1983, Brown and Gurevitch 2004, Adams et al. 1996, Chapman et al. 1999, 

Kavanagh and Stanton 2003, Flaspohler et al. 2002, Johnson et al. 1993, Bratton 1994). There 

appears to be geographical and taxonomic variation in recovery from logging, and the debate 

about the scale of permanent change from logging is likely to continue. For plant communities in 

the Appalachians, however, it appears that community change is at least semi-permanent (Duffy 

and Meier 1992, Bratton 1994, Muller 1983). Duffy and Meier (1992) found that in secondary 

forests herbaceous species richness and cover do not approach those of old-growth forests even 

after 87 years since last harvest event. Muller (1983) found that tree species richness was 

unaffected by harvests, however relative importance of various tree species remain different 

between secondary and primary forests even after 35 years. Our findings similarly demonstrate 

that effects of logging on tree communities are not ameliorated after as much as 43 years. 

Furthermore, the non-significance of time since last harvest as a factor in community 

composition indicates that effects of logging are semi-permanent, with recovery unlikely in the 

near future. 

One noteworthy difficulty with our study is the lack of a ñvirginò control area; no upland 

forest exists at or near Sewanee which we can confirm has not been cut in recent history 

(specifically the last 60 years). Choosing a plateau compartment which has seen minimal recent 

anthropogenic disturbance (e.g. Compartment 40) and excluding it from future management 

might prove useful for future ecological studies. Further difficulties in our study include possible 

taxonomic error in the historical studies and incomplete knowledge of the intensity of some 

harvests. A more careful sorting of the scanned receipts in the Sewanee Forest History Project 

may amend the latter of these. 
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Conclusions 
 Sewaneeôs forests have seen considerable change over the last century in both land use 

and disturbance patterns and species composition. Complete fire suppression in the 1950s, 

coupled with increased deer browse, environmental changes, and almost 40 years of systematic 

timber exploitation has drastically altered the dominance structure of nearly every site on the 

Domain, with future forest change highly likely. In particular, patterns of Quercus replacement 

by Acer are similar to those described throughout the region, although white oak decline appears 

to not yet be an issue at Sewanee. Acer proliferation is most advanced in the coves, with Acer 

saccharum already having achieved dominance in north facing cove sub-canopy and existing in 

the canopy in almost as great abundance as the dominant hickory and tulip poplar, while on drier, 

more nutrient limited sites Acer increase is slower though apparently no less inevitable. Scarlet 

oak has seen the most drastic declines of any species in either the coves or plateau consistent 

with patterns of red-oak specific mortality in the Southeast. All of these show Sewaneeôs forests 

to be operating under spatiotemporal non-equilibrium dynamics at a multiple decade, landscape 

level. 

 Forest change is apparently mediated by harvest history, with harvest history 

characteristics significantly explaining current forest composition on the Domain. In particular, 

frequency of harvest event was found to strongly influence composition with contributions from 

harvest intensity. Long-term convergence of forest compositions seems unlikely as time since 

last harvest was not a significant factor in species composition. Forest structure was unrelated to 

harvest history, indicating that Sewaneeôs forests have structurally recovered from past logging 

events. That forest areas were not seen to compositionally converge with time since last harvest, 

even though a return to pre-disturbance structural characteristics was observed, indicates that 

composition variation from harvest history is not merely a factor of successional state. It appears 

that harvest regimes significantly change forest dynamics over large scales of time, launching 

forests down separate successional trajectories in accordance with non-equilibrium dynamics. 
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Figures 

 
scientific name Species code 

Acer rubrum rm 

Acer saccharum hm 

Aesculus flava bu 

Carya sp. hic 

Cercis canadensis rbd 

Cornus florida dog 

Fagus grandifolia be 

Fraxinus sp ash 

Liquidambar styraciflua sg 

Liriodendron tulipifera yp 

Nyssa sylvatica bg 

Oxydendrum arboreum swd 

Pinus strobus wp 

Pinus taeda lp 

Pinus virginia vp 

Prunus serotina bc 

Quercus alba wo 

Quercus coccinea so 

Quercus montana co 

Quercus muehlenbergii cho 

Quercus rubra nro 

Quercus stellata po 

Quercus veluntina bo 

Robina pseudoacacia bl 

Sassafras albidum sas 

Tilia heterophylla ba 
Key 1: Species translation key for figures and maps. 
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Figure 1: Harvest event frequency at Sewanee for each year from 1946-1986 (n=109). Not shown is the single recorded harvest 

after 1986, which took place in 1999. Data was extracted from harvest contracts, summary maps, and aerial imagery as part of the 

Sewanee Forest History Project. 

 

 

Figure 2: Harvest intensity per year from 1946-1986. Not shown the single recorded harvest after 1986, which took place in 1999 

and extracted 7059 tons. Data was extracted from harvest contracts, summary maps, receipts, marking summaries, and bid 

invitations as part of the Sewanee Forest History Project. 
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Figure 3: Change in basal area between 1952 and 2001 for saw-timber (canopy) and pole (subcanopy) tree species in plateau and 

north and south facing cove forest types. 

 

 

Figure 4: Change in stem density between 1952 and 2001 for saw-timber (canopy) and pole (subcanopy) tree species in plateau 

and north and south facing cove forest types. 
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Figure 5: Size class distribution of plateau trees at Sewanee, TN showing change in relative frequency between 1952 and 2001. 

The negative trend in change in relative frequency indicates a shift towards smaller size classes. 

 

 

Figure 6: Size class distribution of north-aspect cove trees at Sewanee, TN showing change in relative frequency between 1952 

and 2001. The positive trend in change in relative frequency indicates a shift towards larger size classes. 

 

Figure 7: Size class distribution of south-aspect cove trees at Sewanee, TN showing change in relative frequency between 1952 

and 2001. The negative trend in change in relative frequency indicates a shift towards smaller size classes. 
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Figure 8: Plateau ñsawtimberò (canopy- DBH>11ò) stem density of the 12 most abundant plateau sawtimber species for the 1952, 

1978, and 2001 forest inventories at Sewanee, TN. Species are according to Key 1. 

 

 

Figure 9: Plateau ñpoleò (subcanopy- 11ò>DBH>5ò) stem density of the ten most abundant plateau pole species for the 1952, 

1978, and 2001 forest inventories at Sewanee, TN. Species are according to Key 1. 
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Figure 10: North-aspect cove ñsawtimberò (canopy- DBH>11ò) stem density of the ten most abundant N. cove sawtimber species 

for the 1952 and 2001 forest inventories at Sewanee, TN. Species are according to Key 1. 

 

 

Figure 11: North-aspect cove ñpoleò (subcanopy- 11ò>DBH>5ò) stem density of the ten most abundant N. cove pole species for 

the 1952 and 2001 forest inventories at Sewanee, TN. Species are according to Key 1. 
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Figure 12: South-aspect cove ñsawtimberò (canopy- DBH>11ò) stem density of the ten most abundant S. cove sawtimber species 

for the 1952 and 2001 forest inventories at Sewanee, TN. Species are according to Key 1. 

 

 

Figure 13: South-aspect cove ñpoleò (subcanopy- 11ò>DBH>5ò) stem density of the ten most abundant S. cove pole species for 

the 1952 and 2001 forest inventories at Sewanee, TN. Species are according to Key 1. 
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Figure 14: Vector plot of non-metric multidimensional scaling (NMDS) scores for 1952 (diamonds) and 2001 (circles) forest 

inventory compositions in harvest trajectory areas. Colors are according to harvest frequency. Tree sampling done in 1952 and 

from 1997-2001 on the domain of The University of the South, Sewanee, TN. 

 

Figure 15: Non-metric multi-dimensional scaling joint plot showing community position of each HTA in 1952 (diamond) and 

2001 (circle) relative to individual tree species. Ellipses surround all points from a given inventory and harvest frequency to show 

clustering. HTA point colors are according to harvest frequency. Tree sampling done in 1952 and from 1997-2001 on the domain 

of The University of the South, Sewanee, TN. Species are according to Key 1. 
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Figure 16: Minimum variance cluster dendrogram for each harvest-trajectory-area (HTA) showing harvest-frequency group. Tree 

sampling conducted from 1997-2001 on the domain of The University of the South, Sewanee, TN. 

 

Figure 17: Three-dimensional scatter plot of NMDS axis 1 score for 2001 inventory as a function of harvest intensity and harvest 

frequency showing planer regression surface. 
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Table 1: Community types described by Hinkle (1989) and the associated importance values of hickory (cove and plateau) and 

oak (plateau) species. Adapted from Hinkle (1989). 

  

Community Lanscape Posit ion Type C. c C. g C. o C. p C. t C. v Q. a Q. c Q. f Q. i Q. maQ. moQ. r Q. s Q. v

RM-RIB-HO* Floodplain terrace Plateau  -  -  -  -  -  -  -  - 6.7  -  -  -  -  -

RM Poorly drained swales Plateau P  -  - P  - 23.7 1.3  -  -  - P  - 1.6 2.6

RM-WO-BG Poorly drained swales Plateau 1.8 P  - 2.4  - 39.3 4.1 1.1  -  - 3.5  - P P

Hem* Streamside slopes Plateau 27.2  -  -  -  - 26 1.8  -  -  -  - 1.8  -  -

WO Lower slopes Plateau 2.5 P 1 8.4 P 94.8 23.5 2.7  -  - 7.1 P 3.5 12.5

MixO Broad ridges-upper slopes Plateau 1.1  - 3.4 1.9  - 34.2 38.7 1.7  -  - 8.4  - 2.2 66.1

SP-WO Broad ridges-upper slopes Plateau 1.8  - 6.5 1.1  - 29.3 18.4 1.7  -  - 3.9  - 7.1 14.3

CO Middle-upper slopes Plateau 3  - 11 P  - 15.7 28  -  - P 102  -  - 13.2

VP* Narrow ridges to cliff edgesPlateau 2  - 2.8 4.4 P 23.3 9.3 P  - P 5.8 P 8.8 4.2

SO Broad ridges-upper slopes Plateau  -  -  - 3.7 P 13.1 113 3.4  - 3.5 P P 10 16.4

PO-SO Middle slopes Plateau 3 P  - 2  - 17.9 46.8 18.6  - 5.1  -  - 73.9 12.6

BJO Narrow ridges Plateau  -  -  -  -  -  - 18.8 6  - 129  -  - 28.8 1.3

RIB* Floodplain terrace Cove  -  -  -  -  -  -

BE Middle-lower slopes Cove  - P 8  - 2.4 P

BE-YP Lower slopes Cove 2.1 1 10.5  - 19.4 2.2

Hem* Streamside slopes Cove  - P 1.3  - P  -

HM-BA-ASH Middle-lower slopes Cove 7.3  - 7.2  - 1.2 2.1

HM-WO Middle slopes Cove 6.5 3.1 22.6  - 3.7 3.5

YP-SHIC-NRO Lower slopes Cove 2.8 6.7 15  - 3.3  -

NRO-HM-SHIC Middle-lower slopes Cove 3.9 4.5 20.6  - 6.1 4.5

WO-NRO Lower slopes Cove  - 15.4 7.7  - 5.1 2.1

WP* Streamside slopes Cove  - 1.5 1.8  - 3.4  -

MixO Upper slopes Cove  - 10.1 2.6 P 20.9 1.6

CO Upper slopes Cove  - 7.8 3.5 P 5.8 2
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