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PREFACE 

The Sixth Symposium on the Natural EWory of Lower T e ~ e s s e e  and Cumberland River Valleys was held 
at Brandon Spring Group Camp in TVA's Land Between The Lakes on 3 and 4 March 1995. This biennial 
gathering of naturalists, field biologists, and others interested in related topics was sponsored by The Center for 
Field Biology at Austin Peay State University, the Center for Reservoir Research at Murray State University, and 
Land Between The Lakes. 

The symposium begau Friday afternoon with brief welcoming comments from representative of the three 
sponsoring institutions. Representing Austin Peay State University and The Center for Field Biology was its 
Director, Dr. Beqjamin P. Stone. Dr. David White, Director of the Hancock Biological Station, spoke on behalf 
of Dr. Gary Bogess, Dean of the College of Arts and Sciences at Murray State University. Mr. Richard Lowe, 
Specialist and Team Leader, represented LBL General Manager Ms. AM Wright. Three invited presentations 
related to the theme "Water Quality and the Exotic Biota" followed. The f m t  speaker, Dr. John Barko, U.S. Army 
Corps of Engineers, Waterways Experiment Station, Vicksburg, Mississippi, treated the importance of nutrients 
to growth of submersed aquatic vegetation and the impact of that vegetation on nutrient transport from sediments 
to the water column. Besides effects of submersed vegetation on nutrient dynamics, Dr. Barko also spoke about 
the importance of these plants on the hydrology of aquatic ecosystems and their effect on sediment transport. 
Invasion of Lk7phni.a hmhohzi into Norris Reservoir in east Tennessee was the topic of the second report, presented 

:a by Dr. Ciyde Gulden. Dr. GouMe~f, Pbhlelphia Academy of Sciences, described the rapsd invasion of this exotic 
cladoceran in resemoirs across the southern United States and the concern over its potential impact on the rest of 
the zooplankton community and other aquatic communities dependent on zooplankton. According to Dr. Goulden, 
success of D. lumhohzi as an invader appears to be related to its ability at predator avoidance. This exotic daphniid 
does not appear to be affecting other daphniids adversely. The final presentation Friday afternoon, given by Dr. 
Gerald Mackie of the University of Guelph, Ontario, was an evaluation of the 23 species of exotic mollusks 
introduced to North American. This review included a comprehensive overview of the biological, chemical, and 
physical requirements of these species and the potential impact they have on the ecology and distribution of native 
species. Dr. Mackie evaluated adaptive features of the exotic species that might influence their success in regulated 
streams which have physical, chemical, and biological characteristics that are markedly different from unregulated 
streams and natural lakes. Written reports of all three presentations are included in these proceedings. 

Friday evening Dr. George Folkerts, Auburn University, gave an excellent lecture entitled "Aquatic and 
Wetland Habitats of the World: Fate and Future." While most were enthralled with the lecture content, the 
beautiful photographs illustrahg it, and the style and charisma of Dr. Folkerts, most admitted to a sense of sadness 
and foreboding at seeingthe precatious nature of these habitats. Dr. Folkerts illustrated this precarious situation 
with numerous species of plants and animals from around the world that are at the very brink of extinction due to 
habitat destruction. That it will take only a single disturbance event such as a toxic spill, a drainage canal or a dam 
to destroy some of these special ecosystems is deeply disturbing to most people. Dr. Folkerts left us with a 
p o w e f i  message, to be ever vigilant of political, economic and personal agendas that can lead rapidly to further 
losses of these habitats. It  only takes one time to destroy forever what has required millions of years to evolve. 

Contributed papers were read Saturday morning. The large number of contributions necessitated holding 
three sessions. Session I, entitled "Aquatic Biology and Water Quality" had 11 presentations and was moderated 
by Dr. Steven Hamilton, Austin Peay State University. Session 11, "Aquatic Biology and Zoology," with 12 talks, 
was moderated by Dr. James Sickle, Murray State University. Moderating the 14 reports in Session III, "Botany ," 
was Dr. Edward W. Chester, Austin Peay State University. Contributors were invited to publish an abstract, short 
communication, or full paper in these proceedings. While most opted to publish only an abstract, nine full length 
papers are presented in these proceedings, two from Session I and seven from Session III. 

The style and format of these proceedings follow that established in previous proceedings of these symposia. 
Drs. White and Hamilton organized and edited the Invited Papers; Dr. Hamilton edited abstracts and papers from 
Session I; Dr. Scott, The Center for Field Biology, edited abstracts in session II; and Dr. Chester edited abstracts 
and papers from Session lII. Dr. Hamilton brought all these papers together into the fmal format. 
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EFFECTS OF SUBMERSED AQUATIC MACROPHYTES 
ON SEDIMENT AND WATER QUALITY 

USACE Waterways Experiment Station, Environmental Laboratory, Vicksburg, MS 39180 

SUMMARY. Submersed aquatic macrophytes rely primarily on sediment as a direct source 
of nitrogen (N), phosphorus (P), and micronutrients for their nutrition. The availability of theser, 
elements in sediments is affected markedly by sediment type but also can be influenced by macrophyte 
growth. Results of a variety of studies have indicated that macrophyte species, even with relatively 
diminutive root systems; can significantly deplete sediment N and P pools. From fertilization 
experiments involving sediments from a variety of locations, macrophyte growth on nutritionally- 
depleted sediments has been shown to be limited by the availability of sediment N but not P. 

Through uptake from the sediment, aquatic plants transport nutrients directly to the overlying 
water column. Elevated pH, associated with plant photosynthesis, further enhances nutrient 
(phosphorus) flux from sediments. Water circulation induced by die1 heating and cooling of surface 
water in aquatic plant beds facilitates nutrient exchanges with the adjacent open water of aquatic 
systems. These processes can result in enhanced phytoplankton (chlorophyll) production and 
deteriorated water quality conditions. However, in shallow-high energy environments, these potential 
negative effects on water quality may be overshadowed by the ability of aquatic macrophytes to 
moderate current and wave energies, thereby reducing sediment resuspension, turbidity, and 
concentrations of suspended particulate materials. 

The vigor of submersed macrophyte beds is likely maintained by nominal inputs of sediment 
providing a nutritional subsidy. However, excessive inputs of sediment can result in macrophyte 
declines due to burial or to unfavorable irradiance conditions. Hydrologic factors and watershed 
activities that influence seasonal dynamics and magnitudes of sediment transport in aquatic systems need 
to be evaluated within the context of their effects on submersed macrophyte growth. The effects of 
aquatic plants on water quality conditions in aquatic systems need to be considered within the context 
of basin morphometry, hydrology, and local climate. 

INTRODUCTION 

Submersed macrophytes are unique among rooted aquatic vegetation because they link the 
sediment with overlying water. This linkage is responsible for great complexities in nutrition and 
has potentially important implications for nutrient cycling. It has become clear that, in addition 
to serving as a base for physical attachment, sediments also provide a source of nutrient supply 
to submersed macrophytes. Sediment composition exerts an important influence on macrophyte 
productivity and species composition. Recent attention among aquatic macrophyte ecologists has 
focused on interactions between aquatic macrophyte growth and sediment nutrient status. 
Attention is presently being focused also on specific processes in the l i t tod zone affecting 
sediment nutrient dynamics. 



During the 19701s, accelerated eutrophication of freshwater systems due to excessive 
phosphorus loadings in both North America and Europe lead to interest in the role of rooted 
submersed macrophytes in the nutritional economy of aquatic systems. At that time it was unclear 
whether submersed macrophytes functioned as sources or sinks for phosphorus. Given potential 
access by these plants to nutrients in both the water column (foliar uptake) and sediments (root 
uptake), it has been necessary to quantitatively evaluate nutrient source-sink relationships 
involving both soluble and particulate nutrient fractions. Evaluations have necessitated 
combinations of laboratory and field studies. Results of these studies conducted by the USACE 
Waterways Experiment Station (WES) are highlighted here, as reported during the Sixth 
Symposium on the Natural History of Lower Tennessee and Cumberland River Valleys, "Water 
Quality and Exotic Biota". 

Macrophyte Nutrition and Growth 

For many years, controversy has persisted regarding the role of roots versus shoots and 
sediment versus open water in the nutrition of submersed aquatic macrophytes (reviewed by 
Sculthorpe 1967; Denny 1980; Smart and Barko 1985; Agami and Waisel 1986; Barko et al. 
1986, 1991). Quantification of the relative contribution of sediment and water to nutrient uptake 
by submersed macrophytes remains critical to improved understanding of littoral nutrient cycling 
and littoral-pelagic nutrient exchanges. Based on a variety of information sources (references 
above and personal knowledge), a generalized synthesis of sources of nutrient uptake by rooted 
submersed macrophytes is provided here. 

Phosphorus and nitrogen have been studied most extensively, and for these nutrients 
sediment is the primary source for uptake (Barko et al. 1991). Sediment appears to be the. 
principal site for uptake of iron, manganese, and micmnutrients as well. These latter elements tend 
to coprecipitate and usually ar present in extremely low concentrations in oxygenated surface 
waters. Dissolution products o relatively abundant salts are taken up principally from the open 
water. Among these ions, po ssium and calcium are potentially most important in affecting 
submersed macrophyte growth. Potassium can be obtained from the sediment but is taken up by 
submersed macrophytes most a b  1 ndantly from the open water (Barko 1982, Huebert and Gorham 
1983, Barko et al. 1988). Under some conditions this element may be exchanged by submersed 
macrophyte roots for ammonium ions in sediment (Barko et al. 1988). Calcium is a component 
of the carbonate system and plays an important role in photosynthetic bicarbonate utilization 
(Lowenhaupt 1956, Smart and Barko 1986). 

Given the significance of sediment in supplying N and P to submersed macrophytes, it has 
been important to evaluate the effects of macrophyte growth on sediment nutrient availability. 
Evidence indicates that rooted submersed macrophytes, even with relatively diminutive root 
systems, are capable of significantly depleting pools of N and P in sediments (Prentki 1979, Trisal 
and Kaul 1983, Short 1983, Carignan 1985, Barko et al. 1988, Chen and Barko 1988). Under 
some circumstances, depletion of sediment nutrient pools by aquatic macrophytes can be expected 



to influence macrophyte growth. From fertilization experiments involving sediments from a 
variety of locations, macrophyte growth on nutritionally-depleted sediments has been shown to 
be limited by the availability of sediment N, but not P (Barko et al. 1991). 

Sedimentation provides an important means of nutrient renewal to the littoral zone and, 
in large part, may balance nutrient losses due to macrophyte uptake. Factors affecting 
sedimentation have been studied extensively in the open water (e.g., Hakanson 1977, 
Kamp-Nielson and Hargrave 1978) but to a much lesser extent in the littoral zone of lakes. 
Aquatic macrophyte beds serve as effective traps for inflowing dissolved and particulate materials 
(Wetzel 1979, Patterson and Brown 1979, Carpenter 1 98 1, see also below). Moeller and Wetzel 
(1988) have suggested that sedimentation of algae from macrophyte leaf surfaces may provide an 
important link for tmsfer of nutrients absorbed from the water (by algae) to the sediment surface. 
Similarly, it has been reported that, under conditions of nutrient enrichment, decomposing 
filamentous algae can provide major inputs of N and P to sediment (Howard-Williams 1981). The 
vigor of submersed macrophyte beds is likely maintained by nominal inputs of sediment providing 
a nutritional subsidy. However, excessive inputs of sediment may result in macrophyte declines 
due to burial or to unfavorable irradiance conditions. 

Macrophytes on Sediment P Release 

Great attention to the P economy of submersed aquatic macrophytes reflects the 
unparalleled importance of this nutrient in the eutrophication of lacustrine systems (Schindler 
1974, 1977). Given the demonstrated capacity of submersed macrophytes to take up P directly 
from sediments, vegetation of the littoral zone needs to be viewed as a direct source of this 
nutrient to the water column (Barko and Smart 1980, Carignan and Kalff 1980, Smith and Adams 
1986, Barko et al. 1991). In addition, submersed macrophytes can influence P dynamics in 
aquatic systems by altering the pH of the water column (James and Barko 1991). 

The process of photosynthesis in submersed macrophytes results in oftentimes dramatic 
increases in the pH of the surrounding water column. For example, studies conducted with the 
U.S. Geological Survey in Hydrilla beds in the Potomac River revealed die1 changes in pH 
between values of about 7.0 and 10.0 (Carter et al. 1988). Because pH values are logarithmic, 
the changes indicate large (nearly one thousand-fold) variations daily in hydroxyl and hydrogen 
ion concentrations. From concurrent studies conducted at Eau Galle Reservoir in Wisconsin, it 
has been demonstrated that elevated pH beyond about 9.0 can result in significant increases in 
rates of phosphorus release from surficial sediments (James and Barko 1991). In simple terms, 
the mechanism for release appears to involve chemical exchange of hydroxyl ions for phosphate 
ions in sediment. 

Phosphorus released from sediments under conditions of elevated pH can account for a 
significant portion of the total mass of this element loaded internally in aquatic systems. For 
example, James and Barko (1994a) demonstrated that about 25 percent of the total seasonal 
internal phosphorus load into Eau Galle Reservoir was derived from littoral sediments. 
Phosphorus released from littoml sediments (i.e., within macrophyte beds) tends to be transported 



directly into the upper mixed layer of lakes and reservoirs (see below). Thus, contributions to the 
phosphorus economy of algal communities in surface waters can be sig&cant. The seasonal 
periodicity of internal phosphorus loadings into the upper mixed layer of Eau Galle Reservoir 
appears to influence not only the nutrient budget but phytoplankton productivity and the vertical 
migratory behavior of phytoplankton populations as well (James et al. 1992). 

Macrophytes on Hydraulic Circulation 

On a daily basis, shallow near-shore regions of aquatic systems typically heat and cool 
more rapidly than deep open-water regions due primarily to differences in mixed volume (Stefan 
et al. 1988). The presence of submersed macrophytes in shallow regions contributes to the 
development of thermal gradients in both the vertical and lateral planes, as foliage near the water 
surface converts solar irradiance to heat. Thermal gradients give rise to density gradients that 
promote hydraulic circulation. 

In Eau Galle Reservoir in Wisconsin and in GuntersviUe Reservoir in Alabama, dye studies 
have been conducted for several years in combination with close-interval thermal monitoring in 
an attempt to evaluate the seasonal dynamics of convective transport phenomena (James and Barko 
1991, 1994b). Implications of these studies directed at P flux are far-reaching, because hydraulic 
circulation driven by convection can affect many kinds of dissolved constituents in water. Dis- 
solved constituents may include contaminants or herbicides in addition to nutrients. As 
emphasized above, hydraulic transport from the littoral zone in combination with nutrient (P) 
release from sediments can contribute significantly to nutrient cycling in aquatic systems. 

Macrophytes on Sediment Resuspension 

In addition to effects on soluble constituents of the water column in aquatic systems, a 
submersed macrophytes also play an important role in mediating the resuspension and transport 
of sediment and associated particulate constituents. Sediment resuspension and discharge of 
sediment downstream in Marsh Lake (Minnesota) were examined during 199 1 and 1992 under a 
variety of wind conditions (James and Barko 1994~). Based on a theoretical wave model, nearly 
the entire sediment surface area of this reservoir (81-100 %) can be disturbed by wave activity at 
wind velocities as low as 15 kmlh blowing from any direction. However, as an apparent result of 
dense submersed macrophyte beds that in 1991 covered nearly the entire lake, measured sediment 
resuspension was much less frequent than expected from wave theory. 

Critical thresholds of wind velocity required to resuspend sediment in Marsh Lake were 
much higher in 1991 than in 1992 when plants were essentially absent. The presence of dense 
submersed macrophyte populations in 1991 resulted in a much lower frequency of resuspension 
events than in 1992. In addition, discharge of resuspended sediment downstream was much less 
in 1991 when submersed macmphytes were abundant than in 1992 when macmphytes were absent. 
In Marsh Lake submersed macrophytes appear to significantly influence water quality conditions 
(e. g . , chlorophyll concentrations and turbidity) by mediating sediment resuspension. Reduced 
discharge of sediment from this system results in water quality improvements downstream as well. 



MANAGEMENT CONSIDERATIONS 

It is apparent that submersed aquatic macrophytes, through a variety of mechanisms, can 
have important influences on sediment and water quality in aquatic systems. The significance of 
these influences can be expected to vary with climate, basin geomorphology, macrophyte density 
and species composition. In systems where sediment and water quality are of concern, resource 
management practices should be devised and implemented with consideration for the influence of 
submersed macrophyte beds. 

Nitrogen is a key element in the growth of rooted aquatic macrophytes. Thus, attention 
to this particular element needs to be elevated to the same level as for P. Advances in our 
understanding of factors regulating sediment N availability may be prerequisite to the development 
of innovative aquatic plant management approaches via ecological means. Towards this end, the 
role of submersed macrophytes in the N economy of aquatic systems needs to be investigated more 
thoroughly. A variety of physical, chemical, and biological processes (e.g., sedimentation, 
minedzation, and particulate movement by benthic invertebrates) that potentially contribute to 
sediment N availability needs to be evaluated within the context of macrophyte nutrition (Barko 
et al. 1991). In addition, hydrologic factors and watershed activities that influence seasonal 
dynamics and magnitudes of sediment (and nutrient) transport in aquatic systems need to be 
evaluated within the context of their effects on submersed macrophyte growth. 

Studies of nutrient cycling and hydraulic transport in macrophyte beds are of great value 
in providing information on rates and volumes of nutrients being exchanged with the open water 
of aquatic systems. Information on littoral-pelagic nutrient fluxes needs to be expanded in 
assessing direct effects (i.e., through uptake) and indirect effects (i.e., through reconfigured 
thermal structure) of macrophyte stands on water quality. Interactions between macrophytes and, 
phytoplankton in aquatic systems need to be examined more fully through consideration of littoral- 
pelagic hydrahlic interactions. 

The goal of aquatic plant management in many cases may be an increase, rather than a 
decrease, in the distribution of submersed aquatic macrophytes. For example, results of studies 
conducted in Marsh Lake (see above) suggest that the development and maintenance of stands of 
submersed aquatic macrophytes may be an effective management tool for limiting wind-driven 
sediment resuspension and sediment discharge in shallow impoundments and lakes. Thus, 
macrophyte growth in some lakes (particularly shallow wind-swept basins) perhaps should be 
encouraged, rather than discouraged. 
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ABSTRACT. During a one year period from late 1990 through 1991, Daphnia lumholtzi Sars, 
a sub-tropical/tropid cladoceran invaded reservoirs throughout the southeastern part of the United 
States. This species was previously known to occur only in Africa, southeastern Asia, and Australia. 
The species is characterized by having a long head spine and smaller lateral spines that are generally 
thought to be defenses against predators. We studied the seasonal pattern of its occurrence during a 
two year period following its invasion into Norris Reservoir, a Tennessee Valley Authority reservoir 
located in north-central Tennnessee. Daphnia IumhoItd was first encountered in the reservoir in late 
1991 in the Clinch River arm near the dam. In 1992, an extensive bi-weekly sampling program 
determined that it was found in abundance in the upper part of the Clinch River arm during August. 
In 1993, it occurred in the same areas of the reservoir but was most abundant in late fall (October and 
November). Collections from 1994 suggest that it again occurred in greatest abundance in the same area 
during the late autumn. It was never found in the stomach contents of Fihes from the Reservoir. It 
does not appear to have replaced other daphniid populations in the reservoir. Based on our study, we 
conclude that the primary characteristics that have made D. l u m h o ~  a successful invader into the 
Reservoir are its defenses against predation. 

INTRODUCTION 

Daphnia lwnholtzi is a tropical and subtropical cladoceran that is an important component 
of the zooplankton of many lakes of Africa, Australia, and Asia. It occurs primarily in large 
lakes although in Australia it also can be found in temporary ponds and reservoirs (Benzie 1988). 
In 1990 and 1991, in the very short time period of 13 months, D. lumholtzi appeared in several 
North American reservoirs distributed from eastern Texas, Missouri, Kentucky and Tennessee, 
eastward to the Carolinas, Florida and the Gulf states. Sorensen and Sterner (1992) first recorded 
it in plankton samples from Fairfield Reservoir (area = 953 ha; mean depth = 6.5 m) located near 
Arlington, Texas in January 1991, and subsequently found it in two other reservoirs, Joe Pool 
Lake and Lake Murvaul. Havel and Hebert (1994) reported fmding it in samples from five 
reservoirs in Missouri and one in Florida in the fall of 1991. Work and Gophen (1995) describe 
its occurrence in Oklahoma, and Havel et al. 1995 reported on its widespread simultaneous 
occurrence in reservoirs in several other states in the southeast. Unfortunately there are few prior 
collections from these reservoirs that enable us to determine when D. lumholtzi first appeared. 
In one of the few exceptions, Sharpe and White (in preparation) determined that the first major 
occurrence of D. lwnholtzi in Kentucky Lake, KY was as early as August 1990. Kentucky Lake 
is a long reservoir that is the last of a chain of reservoirs constructed on the Tennessee River by 
the Tennessee Valley Authority (TVA). By late 1991 this species was reported from several other 
TVA reservoirs. 



Several important ecological and biogeographical questions are immediately asked when 
exotic terrestrial or freshwater species are encountered as immigrants. From where did the 
immigrant forms come? How did they move to a new continent? How were they able to 
successfully invade new environments? More specifically for D. lumholtzi, how could it invade 
reservoirs located throughout the entire southeastern U.S. during such a brief time (13 months)? 
What impact has it had, or will it have, on local reservoir ecosystems; will it persist; and what 
will its future impact be on fisheries? 

Interest in the colonization of D. lwnholtzi is enhanced by its unique morphology (Sorensen 
and Sterner 1992). It is a moderate-sized species of the dapniid subfamily Ctenodaphniinae 
characterized by a long head spine and lateral shell spines, as well as by the usual daphniid tail 
spine (Sars 1885). The head spine can be as long as the body but is variable in length (Sorensen 
and Sterner 1992). Similar head spines or helmets in other daphniids and Cladocera are regarded 
to be defenses against predation by invertebrates or young fishes (e. g. , Barnhisel 199 la, b). In 
the "monacha" form the head spine is missing. Green (1967) reported circumstantial evidence that 
the morphs with long head spines were less susceptible to fish predation than morphs lacking the 
head spine. 

The purpose of this study was to determine how this immigrant could be so successful in 
invading a relatively typical southeastern reservoir, specifically Norris Reservoir located in north- 
central Tennessee. The specific questions we address are (1) what habitats does D. lumholtzi now 
occupy in the reservoir and does its distribution coincide with the populations of other abundant 
taxa in the reservoir; (2) what are the morphological, physiological and ecological characteristics 
of D. lumholtu' that may have made it a successful invader in these habitats; and (3) what will be 
its impact on reservoir ecosystems? 

N o d s  Reservoir 

The Norris Reservoir dam is below the confluence of the Clinch and Powell rivers in 
north-central Tennessee and was constructed in the mid-1930s, the first dam built by the TVA. 
The reservoir covers an area of about 13,850 hectares (34,200 acres). The Clinch River arm is 
more than 115 kilometers long and the Powell River arm is 90 kilometers long. Near the dam the 
reservoir water depth is greater than 40 meters but becomes much more shallow in the head 
waters. 

Water chemistry varies throughout the reservoir and during different seasons, as is typical 
in deep, productive lakes. At Norris Dam in 1993, the reservoir was thermally stratified with 
surface water temperature about 22°C and temperatures of the hypolimnion about 7°C in May. 
In Big Sycamore Creek, an important location for D. lumholtzi in the upper part of the reservoir, 
the water was not as distinctly strat*ed with a surface water temperature of 23°C and bottom 
water temperature of 14°C in May. Dissolved oxygen varied between 8 and 9 mg L-' at the dam 
site. At Big Sycamore Creek, oxygen of water near the bottom declined to between 3-6 mg L-'. 



Later in early August, the epilimnion temperature at the Norris Dam was 29"C, and the 
h y ~ o w o n  remained at 7°C and dissolved oxygen concentration of 8-9 mg L-'. At this time in 
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Big Sycamore Creek, water temperature at the surface was 28°C and bottom water about 24"C, 
with dissolved oxygen 6.3 mg L-' at the surface and almost 0 mg L' near the bottom. Later in 
early November, the reservoir was not thermally stratfied at the dam site; it was about 17°C 
throu~hout most of the water column, with a small decline near the bottom. Dissolved oxygen 
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did vary, however, from about 6.5 mg L-I down to 35 m, and then it dropped to less than 1 mg 
L-' below 40 m. Water temperature in Big Sycamore Creek was 8OC, and dissolved oxygen was 
near 10 mg L-I throughout the water column. 

Reservoir Fisheries. Norris Reservoir is stocked with fishes and has angling seasons for 
the following fish species: walleye, sauger, white bass, crappie, striped bass, catfish, bluegill, 
largemouth and smallmouth bass, and spotted bass. Zooplanktivorous forage fish consist primarily 
of threadfin shad (Dorosoma petenense (Giinther)), gizzard shad (Dorosoma cepedianum 
(Lesueur)), and alewives (Alosa pseudoharengus (Wilson)), although the latter is not as abundant 
as the two smaller species. 

METHODS 

In 1992, an ambitious sampling program was initiated by TVA under the direction of Mr. 
David Tomljanovich. Samples were collected every two weeks from May until December at 
several locations along the Clinch River arm of the reservoir. The sampling program was 
continued in 1993 with the addition of larval fish sampling. 

Station Locations. 

Zooplankton samples were collected from 15 stations along the length of Norris Reservoir 
(Figure 1, Table 1) from November 1991 to December 1993. Sample stations were selected with 
a major focus on the Clinch River arm of the reservoir where D. lumholtzi was first encountered. 
Larval fish were collected only in the middle and upper Clinch River arm of the Reservoir. 

For purposes of data analysis, the reservoir collection locations were divided into three 
zones (Table 1; Fig. 1). Zone 1 extends from the dam, located at Clinch River Mile 80 (CRM 
80), to below CRM 98. The mean water depth of this zone is 41 m (S.D. = 8.7 m). Zone 2 
includes the middle part of the reservoir from above CRM 98 to below CRM 129 and has a mean 
water depth of 27 m (S.D. = 10 m). Zone 3 extends from CRM 129 to the head waters of the 
reservoir (the last sampling location is CRM 141) with a mean water depth of 12 m (S.D. = 7.8 
m) and includes Big Sycamore Creek (BSC). 
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Figurn 1.  Map of Nor& Rese~oir, TN with numbered mll& stations on the Clinch River arm (see Table 1 for location names). Stations are labeled as CR (Clinch 
River) and the river mile. 



Table 1. Collection locations, station numbers, and years sampled for study of the distribution 
and abundance of D. lumholtzi in Norris Reservoir, Tennessee. 

Sample Collection. 

The zooplankton were sampled from a vertical column of water using a 30.5 cm diameter 
x 91 cm long conical net made of 153 micron mesh opening Nitex netting cloth. All samples were 
collected during daylight hours from an anchored boat. Two vertical tows were taken by lowering 
the net each time to just above the lake bottom and raising the net at approximately 1 m sec-l. The 
zooplankton were washed into the cod-end bucket, and the net contents were rinsed from the 
bucket into a sample jar. Zooplankton were preserved with 5 % formalin. 



Larval fish were collected at night using a 0.5 m diameter net attached to a metal frame 
which was suspended from a winch assembly. The net consisted of Nitex netting with 750 micron 
mesh opening and was tapered with a removable cod-end bucket. Ten-minute surface tows were 
made at each sample site with the net submerged approximately one meter below the surface of 
the water. After each individual tow was completed, the contents were rinsed into the cod-end 
bucket and transferred to jars and preserved with 10 % formalin. 

Sample Transfer and Handling. 

Samples were transferred to the Academy of Natural Sciences of Philadelphia for analysis. 
All CRM 80, 87, 98, 119.5, and Big Sycamore Creek (BSC) samples, were analyzed in 1992 and 
1993. Several additional sites also were analyzed (Table 1). Samples were assigned catalogue 
numbers during processing and data analyses. Sample information recorded on data sheets for 
each sample included the sample location, depth, date as well as species composition and number. 

Daphniids were identified following keys and descriptions in Brooks (1957). Daphnia 
pulicaria Forbes was identified from the description by Forbes (1893). Daphnia lumholtzi was 
identified by reference to Sars (1885). Copepods and rotifers were not identified or counted in 
zooplankton samples. Although copepods were not common in the samples, we found them in 
abundance in fish guts. The abundance of rotifers and copepod nauplii could not be quantified 
because the collection net (150 pm mesh) would allow small rotifers and nauplii to escape. 

The zooplankton in most samples were too numerous to be counted without sub-sampling. 
Each sample was first either concentrated or diluted to a 160-ml volume in a graduated cylinder. 
If samples needed to be concentrated, an inverted 10 ml pipet with a fine mesh netting was used 
to withdraw water from the sample. If dilution was required, clean water with formalin was 
added to the cylinder. The sample was then poured into a two-chambered Folsom-type 
zooplankton sample splitter and divided several times to reduce the number of individuals for 
counting; generally a 1/16 or 1/32 sub-sample was counted. Sub-samples were concentrated as 
described above, and transferred to a Bogorov cell for counting. For samples that did not require 
splitting, the volume was concentrated to 20 ml (to fill the Bogorov cell), and the entire sample 
was counted. 

A minimum of 200 Cladocera was identified and counted for each sample. The abundance 
of the zooplankton sampled in a vertical net tow was calculated by dividing the number of counted 
organisms by the volume of the sampled water column. The volume of the sampled water column 
was calculated by multiplying the cross-sectional area of the sample net by the sampled water 
depth. Because the sample was typically diluted for counting purposes, a relevant dilution factor 
(split) also was applied. 



Lawal Fish Stomach Analysis. 

Larval fish samples were rinsed with de-ionized water to remove excess formaldehyde. 
The sample was then poured into a sieve to rinse off zooplankton from the fish. Larvae were 
identified to species using Lippon and M o m  (1974). The abundance of fish in the sample was 
then determined. If a sample contained fewer than 25 fish, the sample was not used for diet 
analysis. Samples containing fish less than 15 to 20 mm in length also were not analyzed because 
zooplankton were seldom found in their stomachs. 

Twenty-five individuals from each suitable sample were selected randomly for stomach 
analysis. Dissection of fish consisted of making three cuts, below the gill, along the ventral side, 
and above the anal opening. The skin of the dissected area was folded back exposing the body 
cavity. The esophagus was located and followed down to the stomach. The stomach, extending 
from below the esophagus to the intestine, was transferred to a small dish. The stomach was then 
cut open and its contents flushed out with water. Cladocera in the stomach were identified to 
species, copepods to order, and then enumerated. 

Data Analysis. 

Data were entered into a spreadsheet program and formatted for analysis. Calender dates 
were changed to Julian dates for data analysis (Table 2). Because samples had to be collected 
during four to seven days, a mean Julian date was calculated for each collection period. Mean 
population estimates for each species were estimated for each modified Julian date (= one 
sampling period) as the statistical mean and standard error of the mean for individuals in all 
samples belonging to each reservoir zone. 

Table 2. Julian dates for seasons of the year as used in the present study. 

Mean numbers for populations (either as number mS or L-l) for each zone were used for 
further data analysis using either SYSTAT (Ver. 5.0 for Windows) or SAS (Ver. for Windows). 
Zooplankton abundance data were log-transformed before statistical analysis. 

Season 

Winter 

Spring 

Summer 

Dates 

12/21 - 3/20 

3/21 - 6/20 

6/21 - 9/20 

Julian Dates 

9/21 - 12/20 264 - 354 



RESULTS 

Distribution of Daphnia ZumhoZtP': 1991-1993. 

Daphnia lwnholtzi was first found in zooplankton samples collected from Zones 1 and 2 
on November 17 and December 8, 1991 (Fig. 2). No other samples were collected at the time 
nor do prior samples exist for the reservoir. Its abundance was low (0.04 - 0.4 ind. L-I), but 
subsequent collections in 1992 and 1993 indicated that it was seldom abundant at that time and at 
those stations (Fig. 2-4). There was no method by which to determine when this immigrant first 
appeared in detectable numbers in Norris Reservoir. 

Daphnia lumholtzi 

1991 CM) cda 
c97 ,\ 'C87 

0 a ' I  

$ 1993 
C A C135 
Q 
'0 
C 
i 24 1 A BSC n a 

' 1992 

l6a 200 UO tBO 320 

Julian Date 

16 - 

12 - 

8 - 

4 - 

r 

2 0 

Figure 2. Ckammm and distriim (station l d m )  of Daphnia M o k i  in Noms Reservoir, TN during 1991-1993. 
Station locations as given in Table 1. 
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In 1992, D. Zundwlta' was found in almost equal abundance in Zones 2 and 3 with average 
peak densities of more than 7 individuals L-' (ind. I?). Highest densities of 17 to18 ind. I!, 
occured in late August (Fig. 3; Big Sycamore Creek, and at CRM 129 to 116; Fig. 1). The 
population quickly disappeared in early September and was not abundant for the remaining part 
of the year. 

Daphnia lurnholtzi 

I Zone 1 

Zone 2 

Zone 3 

J wlian Date 1992 

Figure 3. Mean abundance (L-') and and zonal dbtfibution of Daphnia hmhoItzi in inorris Reservoir during 19!Z!. 

In 1993, D. Zum3wlta' appeared in Jate July and early August, with an average peak density 
of ca. 4 ind. L-' in Zone 3 CFig. 4; Big Sycamore Creek and CRM 133 to 119), substantially less 
abundant than in 1992, and then declined by mid-August. Its most do- location was CRM 
121. It rebounded, however, in early October and in Zone 2 reached a peak abundance in late 
October of ca. 3 ind. L-'. In Zone 3, again primarily in Big Sycamore Creek and in the Clinch 



River (between CRM 133 and 1 lo), it attained densities from 9 ind. L-' to as many as 24 to 26 
ind. L-I, a very high density for such a large species. It disappeared by early December. 
Although it was present in Zones 1 and 2 in November, it was represented by only one or fewer 
individuals L-'. It did occur at the dam site (CRM80) suggesting that it was found throughout the 
reservoir. Several samples collected during late October and throughout November of both 1992 
and 1993 contained males and resting eggs. 

Daphnia IurnhoMi 

Zone 1 
0 - - - -  - 

I Zone 2 

Zone 3 

Julian Date 1993 

Figure 4. Mean abundance ) and zonal diitniution of Daphnia lumholtzi during 1993. 

Distribution of Other Zooplankton: 1992. 

In 1992, sampling began after Julian date 215 (August 2), Cladocera were the most 
abundant zooplankton group encountered in these collections. Copepods were rare and were not 
counted. The mesh size of the plankton net was too large to quantitatively collect rotifers and 
copepod nauplii. 



Two species of Daphnia were very abundant in Norris Reservoir during the time of this 
study, D. pulicana Forbes and D. retrocuwa Forbes. Both of these species were most abundant 
in the late spring and early summer (Figs. 5 and 6); the samples we analyzed did not include the 
early spring period when they first began to increase so we do not know when either species is 
most abundant in Noms. In 1992, D. pulicaria was primarily distributed in Zones 1 and 2 with 
its greatest average abundance of 3.5 ind. L-' (Fig. 5; range from 0.9 to 5.9 ind. L-') in Zone 2. 
Its abundance remained low throughout the remainder of 1992. Daphnia retrocuwa also declined 
from its highest density in the earliest collected samples to a low by September 11 (Fig. 6). But 
its abundance increased again to 6.3 ind. L-' in late September, followed by a sharp decline in 
October, and then was not a significant part of the plankton in late 1992. 

Daphnia pulicaria 

Zone I 
1.0 4 *. 

Zone 2 

Julian Date 1992 

0.5 - 

Figure 5. Mean abundance (L1 ) and mnal ditnition of Daphniapulicaria during 1992. 
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Daphnia retrocurva 

- -  .I Zone 1 

Zone 2 

Julian Date 1992 
- 

Figure 6.  Mean abundance ( E l  ) and zonal distniution of Daphnia retrocurva during 19Z. 

The other dominant cladoceran present in Norris Reservoir is Bosminu longirostris - 
(O.F.M.). It was at a low density in late July and began increasing in early August to an average 
maximum density of 4 ind. L-' at the end of August (Fig. 7; range 0.1 to 12.2 ind. L-') and after- 
wards declined throughout autumn. Bosminu was most abundant in Zone 2, less common in Zone - 
1, and rare in Zone 3. Diaphanosoma sp. had a low abundance ( < 1 ind. L-') in all zones but was 
most abundant in Zone 3 in late August (Fig. 8). Simocephalus sp., which is normally found on 
littoral weeds, was encountered in the zooplankton but was never abundant ( Fig. 9). - 



Bosmina longirostris 

Zone 3 
0 ,  I I 

2 - 

1 - 

0 

Julian Date 1992 

Figure 7. Mean abundance &' ) and wnal distniution of Bosmina hgirostris during 1992. 
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Diaphanosoma sp. 

I Zone 1 
0.0 . . .* . . 

T Zone 2 

Zone 3 

Julian Date 1992 

Figure 8. Mean abundance &-' ) and zonal distribution of D"phan0soma sp. during 1992. 



Simocephalus sp. 

Zone 1 

Zone 2 

Zone 3 1 , , , j=-..z 
Julian Date 1992 

Figure 9. Mean abundance (I,-' ) and zonal distniution of Simocephalus sp. during 1992. 

Two invertebrate predators were encountered. Leptodura kindn'i (Focke) was most 
abundant in October in Zones 1 and 2 during 1992 (Fig. 10). C;haobom sp. (Insects, Diptera) 
was found during the late summer and early autumn only in Zone 2 (Fig. 11). 



Leptodora kindtii 

Zone 1 

Zone 2 T 

Julian Date 1992 

Figure 10. Mean abundance &' ) and zonal distni ion of Leptodora kindtii during 1992. 



Chaoborus sp. 

Zone 2 

Julian Date 1992 

Figure 11. Mean abundance &' ) and zonal distn'bution of Chuobonrs sp. during 1992. 

Distribution of Other Zooplankton: 1993. 

Daphnia pulicaria had its maximum density in Zones 1 and 2 in May 1993, when 
zooplankton sampling began that year, and except for a peak in Zone 2 in early July, it remained 
scarce throughout the rest of the year (Fig. 12). It was never a significant part of the zooplankton 
in Zone 3 in 1993. This was the same pattern as seen in 1992. Daphnia retrocurva had its 
greatest abundance in Zone 3 in May and declined thereafter (Fig. 13). Lower in the Reservoir 
(Zones 1 and 2), however, it increased in abundance to maximum densities in mid-July (Julian 
date 205) and then declined for the remainder of the year. This differed from its abundance 
pattern in 1992 by the absence of an autumn peak in October. 
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Nyssa sylvatica 3.0-20.0-.072 

PotentiLla simplex 

Prunella vulgaris 

Prunus serotina 

Pteridium aquilinum 

Pycnanthemum muticum 

Pyrus melanocarpa 

Rhus copallina 

R. radicans 

Rhynchospora capitellata 

Rosa carolina 

Rubus sp. 

Rudbeckia hirta 7-1 -0-.014 
I I I 

Schizachvrium scoparium 340.0-.I38 75-36.0-240 
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I 

Monarda fistulosa 

Nyssa sylvatica 

61-1.0-.043 

6-1.0-.010 

5-1.0-.017 14-1.0-.020 
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P. tenuifolium 5-1.0-.017 



Stylosanthes biflora 1 28-1.0-.023 1 10-1.0-.029 1 71-1.0-.074 

(Appendix 4, cont.) 
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Appendix 5. Frequency, mean cover (where they occur) and Importance Value 200 of species of Plateau barrens. 
Also shown is the frequency and cover (where exposed or present) of rocWgravel and lichens. 

* 

Site (number) 

Plot number size, m2 

US 70 N West 
of Crossville 

(112) 

18 (0.16 

Botrichium dissecturn var. 
obliquum 

Cassia nictitans 

C. fasciculata 

Chrysanthemum leucanthemum 

Chrysopsis carnporum 

C. mariana 

Frequency-Mean cover 

US 70 N at Expt. 
Station (1 15) 

1 7  

6-1.0-.020 

6-1 .O-.020 

11-1.0-.029 

10-75 

RocWgravel 

Lichens 

US 70 N West of 
Crossville (1 14) 

6-30 

5-1.0-.016 

US 70 N at I40 
(113) 

20 0.16 

Frequency-Mean Cover-Importance Value 200 

Acalypha graciliem 

Achillea millifolium 

Andropogon gyrans 

A. temarius 

10-1 .O-,032 

5-1 .O-.017 

5-1.0-.017 

5-1 .O-.017 

30-1 .O-.054 

6-1.0-.020 

6-1 .O-.020 

6-1.0-.020 

5-1.0-.018 
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Sericocarpus asteroides 

Smilax glauca 

Solidago juncea 

S. nemoralis 

S. odora 

6-1.0-.020 

17-5.3-.074 

65-1.7-. 141 

10-6.0-.056 

20-2.0-. 052 

10-3.0-.043 

10-1.0-.032 

5-1.0-.018 

I 
40-1 .O-.069 

10-1.0-.024 

5-1 .O-.017 

5-1.0-.017 
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Vernonia gigantea 

Viola sagittata 10-1.0-.024 



Appendix 6. Frequency, mean cover (where they occur) and Importance Value 200 of species of two xeric Plateau 
barrens. Also shown is frequency and cover (where present) of exposed bedrock, gravel, soil, lichens and 
tree litter. 
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P. sp. 

P. sphaerocarpon 

P. villosissimum 

Parthenium integrifoliurn 

Paspalum laeve 

Phlox amoena 

Physalis , sp. 

4-1 .O-.008 

32-1 .O-.032 

4-1.0-.008 

8-1.0-.012 

12-1.0-.015 

4-1 .O-.008 

4-1.0-.008 
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Viola pedata 

V. sagittata 

V. triloba 

Vitis sp. 

5-1.0--008 

5-1 .O-.008 

5-30.0-.014 

1 

4-1 .O-.008 



Appendix 7. Frequency, mean cover (where they occur) and Importance Value 200 of species of three mesic Ridge 
and Valley barrens. Also shown is frequency and cover (where present) of exposed rock, gravel, soil, and 
the occurrence of bryophytes and tree litter. 

Oak Ridge Fezzell Road 

Plot number size mZ 2 20 0.2 

Frequency-Mean Cover 

Bedrock/gravel 30-36 10-15 

Bryophytes 

Tree litter 

5-50 

20-1 



P. oligosanthes 5-1.0-.013 

P. sp. 10-1 .o-.021 
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Appendix 8. Frequency, mean cover (where they occur) and Importance Value 200 of species of three xeric Ridge 
s and Valley barrens. Also shown is frequency and cover (where present) of exposed bedrock, gravel, and 

soil and bryophytes, lichens and tree litter. 
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Unknown forb 

Viburnum rufidulum 

Vitis vulpina 

48-1 .O-.076 64-1.1-.063 

16-3.3-.042 

12-10.0-.089 

52-1.7-.072 



Appendix 9. Frequency, mean cover (where they occur) and Importance Value 200 of species of three xeric Ridge 
and Valley barrens. Also shown is frequency and cover (where present) of bedrock, gravel, bryophytes, 
lichens, an alga, and tree litter. 

Plot number (size m2) 25 (0.5) 25 (0.5) 25 (0.5) 

Frequency-Mean Cover 

-Bedrock 

Gravel 

Bryophytes 

Lichens 

Alga (Nostoc) 

Tree litter 

32-10.0 

76-36.1 

4-1 .O 

12-5.3 

52-16.0 

36-9.7 

8-1.5 

48-6.0 

28-11.4 

100-53.6 

8-8.0 

8-12.5 
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Appendix 10. Frequency, mean cover (where they occur) and Importance Value 200 of species of two xeric Ridge 
and Valley barrens, and a glade. Also shown is frquency and cover (where present) of bedrock, gravel, 
soil and bryophyteslalgae. 

I 
Bedrock 

Gravel 

Site (number) 

I 

Soil 

Gravelly Soil 

Bryophyteslalgae 

Freque 

Plot number (size m2) 

Agave virginica 

Ambrosia artimisidolia 

Andropogon gerardii 

Anemone virginica 

Adsostichus capreolata 

Aristolochia serpentaria 

Asclepias verticillata 

Aster dumosus 

A. pilosus 

A. undulatus 

Asteraceae, unknown 

Campsis radicans 

Carya ovata 

Cassia nictitans 

Ceanothus americanus 

Cercis canadensis 

Frequency-Mean Cover 

40-8.3 

Rt. 58 x 60 (120) 

20 (0.25) 

cy-Mean Cover-Importance Value 200 

5-1.0-.015 

Eidson (148) 

25 (0.5) 

Fezzell(33) 

20 (0.25) 
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Senecio anonymus 

Silphium asteriscus 4-3.0-.022 

(Appendix 10, cont.) 
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Unknown forb 

Verbesina occidentalis 

Vemonia gigantea 

Viola sororia var. missouriensis 

V. triloba 

Vitis sp. 

20-1.0-.041 

5-1.0-.016 

5-1.0-,016 

4-2.0-.016 

28-1.0-.042 

4-5.0-.032 

55-1 .O-.084 



Appendix 11. Frequency, mean cover (where they occur) and Importance Value 200 of species of the Mascot cedar- 
pine glade herb and herb-moss ecotone communities. Also shown is the mean cover of rock and soil where 
exposed (data from Finn 1968). 
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Appendix 12. Frequency, mean cover (where they occur) and Importance Value 200 of species of three Georgia 
Ridge and Valley barrens. Also shown is the frequency and mean cover (where it appears) of bedrock, 
gravel, soil, bryophytes, lichens and tree litter. 
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1 Viola sp. I 1 5-1.0-.014 



Appendix 13. Frequency, mean cover (where they occur) and Importance Value 200 of species of three Georgia 
Ridge and Valley barrens. Also shown is the frequency and mean cover (where it appears) of bedrock, 
gravel, soil, bryophytes, lichens or tree litter. 

Site (number) 

Plot Number (size m2) 

Powerline Rt. 218 
(128) 

15 (0.5) 

Frequency - Mean Cover 

Powerline Rt. 218 
(128) 

30 (0.5) 

RocWgravel 

GraveVsoil 

Soil 

Bryophytes 

Lichens 

Vinyard Alexander 
Rd. (130) 

15 (0.5) 

7-20.0 

Antennaria plantaginifolia 

Asclepias verticillata 

Aster dumosus 

A. patens 

A. pilosus 

Baptisia australis 

Berchemia scandens 

Bidens sp. 

10-28.3 

3-5.0 

20-13.3 

07-15.0 

27-25.0 

07-05.0 

53-13.4-.239 

7-10.0.079 

9-1 .0-.ON 

6-10.5-.049 

37-8.4-. 112 

7-1.0-.015 

7-1 .O-.015 

27-2.0-.046 

13-1.0-.024 
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Bouteloua curtipendula 3-20.0-.073 40-31.7-.I79 

Campsis radicaas 7-1 .O-.027 7-1.0-.015 

Desmanthus illinoensis 13-5.5-.071 3-1.0-.010 
I I I 

Desmodium ciliare I 1 9-1.0-.024 

Dicot, unknown 07-1 .O-.027 9-1 .O-.024 20-1 .O-.046 
I 1 I 

Diodia teres 13-1.0-.024 

Diospyros virginiana 6-1.0-.017 

Elymus virginicus var. glabriflorus 3-1.0-.010 

Eragrostis spectabilis 3-1.0-.010 

Eupatorium altissimum 3-1.0-.010 

Euphorbia nutans 7-1.0-.015 

Fraxinus americana 07-5.0-.050 
I I I 

Galactia vohbilis 37-1.0-.087 27-1 .O-.046 

Gaura sp. 23-2.9-.062 

Helianthus hirsutus 23-1.6-.057 ' 40-1 .O-.066 
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I 

Lonicera japonica 

Lysimachia lancwlata 

Monarda fistulosa 

Oxalis stricta 

Panicurn anceps 

P. annulum 

P. flexile 

P. lanuginosum 

P. laxiflorum 

P. microcarpon 

P. oligosanthes 

07-1.0-.027 

07-1.0-.027 

3-1.0-.010 

13-2.0-.037 

3-1 .O-.010 

9-8.3-.049 

33-1 .O-.078 

3-1.0-.010 

9-1 .O-.024 

3-1.0-.010 

6-1.0-.017 

6-1.0-.017 

7-1.0-.015 

7-1.0-.015 

7-1.0-.015 

7-1.0-.015 
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37-9.9-. 117 P. virgatum 

Parthenium integrifolium 

100-71.3-.717 

1 3-1.0-.010 

Paspalum setaceum var. 
ciliatifolium 

I I I 
7-1.0-.015 

Petalostemum gattingeri 

Phlox amoena 

Pinus taeda 

Poa pretensis 

6-1.0-.017 

3-1.0-.010 

7-1.0-.015 

Poaceae, unknown 

Potentilla simplex 

7-1.0-.015 

Prunella vulgaris 

Prunus arnericana 

Pycnanthemum tenuifolium 

Quercus phellos 

Q. stellata 

Ratibida pinnata 

17-1.0-.042 

Rhus aromatics 

R. copallina 

R. radicans 

Rosa carolina 

R. setigera 

R U ~ U S  spp. 

7-1.0-.015 

7-1.0-.015 

3-1.0-.010 

17-1.0-.042 

23-1 .O-.055 

17-1.0-.042 

6-15.5-.065 

3-1.0-.010 

Rudbeckia llgida 

7-1.0-.015 

13-3.0-.031 

20-7.0-. 102 

30-2.4-.077 I 
Ruellia humilis 

I I 
1 30-1 .O-.072 1 7-1.0-.015 

Salvia lyrata 

Schizachyrium scoparium 

Scleria sp. 

3-20.0-.073 

3-1.0-.010 

6-3.0-. 024 

57-1.2-.I34 

27-3.2-.073 

I I I 

7-1.0-.015 

9-1.0-.024 

57-34.9-245 

27-1 .O-.065 

80-32.1-242 
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Appendix 14. Frequency, mean cover (where they occur) and Importance Value 200 of species of four Georgia 
Ridge and Valley gladelike sample areas. Also shown is the frequency and mean cover (where it occurs) 
of bedrock, gravel, soil, bryophytes, lichens, or tree litter. 
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VEGETATION RESULTS FROM THE 1807-1810 LAND SURVEYS 
IN THE FIFTH SCTRVEY DISTRICT OF TENNESSEE 

Department of Botany, The University of Tennessee, Knoxville, Tennessee 37996 

ABSTRACT. This is a study of floristic composition of forests extracted from metes and bounds 
survey records from the Fifth Survey District of East Tennessee. The surveys were made during the 
1807-1810 period. It was found that the trees most often serving as survey corners were oaks. The 
moderately stsong associates of the oaks were hickories and pines. On moist lower slopes or in draws, 
beech, maple and tulip poplars represented the mesic forests. Chestnut was not well represented. These 
proportions (except chestnut) are within a few percentages of 1931 or 1946 inventory values following 
which upward or downward trends, caused by disease and modern forest use, modify comparative 
percents. The taxonomic understanding of the red oak species was doubtless faulty among the 
surveyors. Comparison of species abundance between early surveyor records and modern inventories 
also is made more difficult by the reporting of species groups in both the surveys and the inventories. 

INTRODUCTION 

Vegetation ecologists seek to understand the causes of species and community distribution 
patterns using known environmental and historical facts (Mueller-Dombois and Ellenburg 1974). 
Present distributions may be markedly different from those of the recent past and reflect species 
and community range and structural disruption caused by modem and presettlement human land. 
uses. The environmental relationships between species and community distributions may be 
logically sought from landscape records where disturbances have been minimal. This need for 
minimal disturbance records has fostered the use of species abundance data from old land surveys. 
These are of two types. The most commonly used are those of rectilinear surveys, including those 
of the Congressional land survey of the middle west (cf. Shanks 1953) and southeast (cf. DeSelm 
1994). Metes and bounds surveys, with little or no chronological or geographic pattern between 
entries and with the difficulty in knowing the location of survey starting points, have been used 
less. Thus the latter survey records constitute a great untapped source of information about plants 
and community distributions of the survey period (DeSelm and Rose, in press). 

This paper reports vegetation results gleaned from land surveys in the 1807-1810 period 
of East Tennessee and compares them with modem inventories. The area is the Fifth Survey 
District, which lies between the Tennessee and French Broad rivers and the Kentucky border 
(Crouch 1968; Figure 1). 



Figure 1. Part of East Tennessee showing the location of the Fifth Survey District. District boundaries 
are from Crouch (1968). Base map is interpreted from that of Lucas (1822). Boundaries 
are somewhat approximate, being based chiefly on legislation rather than a comprehensive 
survey. Some boundaries have changed by legislative action or by treaty since 1822. 

CHARACTER OF THE SURVEYED AREA 

The Fifth Survey District was an approximately 2200-square-mile area centered at 
36"15'N/83"3O'W. It included all of the present Claiborne and Union counties, most of 
Grainger, Jefferson, and Knox counties, the eastern portions of Anderson and Campbell counties, 
and the western portions of Hamblen and Hancock counties, Tennessee. This is a moderately 
rugged area topographically, composed partly of the Cumberland Mountains and partly of the 
Ridge and Valley Provinces (Fenneman 1938). Elevations rise above 3500 feet on the west and 
northwest side in the Cumberlands; in the Ridge and Valley, elevations rise to above 2200 feet 
on Clinch and Powell mountains to about 1400 feet on most other ridges and fall to 800-1 100 feet 
in the valleys. 

Bedmcks of the Cumberland Mountains are chiefly Pennsylvanian sandstones and shales. 
Ridges in the Ridge and Valley extend northeast-southwest and are underlain by several Silurian, 
Ordovician, or Cambrian sandstones or Ordovician and Cambrian dolomites. Several Ordovician 
and Cambrian shales weather to knob, rollhg, or valley topography. The Ordovician 
Chickamauga limestone also weathers to valleys (Rodgers 1953, Hardeman 1966). 

Soils of the Cumberlands are mainly Dystrochrepts and are usually steep, rocky, sandy, 
often shallow, and acid. Soils of the Valley sandstone ridges are similar. Soils of the limestone 
valleys are chiefly Hapludalfs--some of these are very shallow and stony. Soils of the dolomitic 



ridges and rolling lands are chiefly Paleudults--usually very deep but they may be cherty. Rolling 
to valley landscapes derived from shales are Eutrochrepts, Hapludults, and Paleudults and may 
be steep to shallow sloped, stony or not so, loamy or clayey, shallow or deep, and acid or 
calcareous (at least at depth). Everywhere the major and most minor streams have deposited 
alluvial flood plains and terraces where soil materials are deep enough that bedrock does not 
influence the soils. These soils are Paleudults, Haplaquepts and Haplaquents; they may be quite 
fertile and moist but may be poorly drained (Springer and Elder 1980). 

Climate is of the warm tempefate type (Dickson 1960). Tornado winds are rare 
(Vaiksnozas 1971) but winter and spring flooding (Tennessee Valley Authority 1957) and growing 
season droughts are common (Safley and Parks 1974). 

The flora of the area is well known (Wofford and Kral 1993). General descriptions of 
the vegetation are found in Bzaun (1950), DeSelm (1984), Hinkle et al. (1993), and Stephenson 
et al. (1993). The forest communities were examined in detail in Knox and adjacent counties 
(Hmkle 1975, Martin 1971, 1978, Martin and DeSelrn 1976). Barrens and glades were studied 
by DeSelm (1993) and Finn (1968). Most forests examined were dominated by oaks (Quercus 
spp.); of these Q. prinlls dominated ridges and Q. alba dominated open slopes. On some ridges, 
oaks were replaced by pine forests (Pinus spp.). On shallow or pan soils, Q. stellata was 
dominant and such stands vary, with shallower soils, to stands dominated by Pinus and Juniperus, 
and these, on even more shallow soils, were replaced by open glades and barrens. Also 
sometimes barrens occurred as the result of regular fires. Ravine forests were dominated by mesic 
species such as Fagus grandifolia, Liriodendron tulipifera, Fraxinus americana, and others. 
Floodplains and flat terrace were forested by swamp taxa of several kinds. 

HUMAN HISTORY OF THE AREA 

The area was occupied by Native Americans not long after the end of the last Pleistocene 
cold period. Hunter-gatherers (Paleoindians) were replaced by more sedentary types who 
established villages, fields, and cemeteries and moved over land from place to place using the 
large animal trails already in existence. While habitat destruction occurred near the villages, 
which were chiefly along major rivers, hunters and herb gatherers ranged widely and employed 
the use of fue which modified habitats on slopes above the river terraces (Hudson 1976, Lewis 
and Kneberg 1958, Williams 1989). 

Eumpean-Americans entered the area about 1780 to establish settlements. Treaties with 
Native Americans during the period 1770-1791, the First Treaty of Tellico of 1798 and the Third 
Treaty of Tellico of 1805, made land available (Folmsbee et al. 1969). Bottoms and other gentle 
topography were cleared and drained for agricultural use. Most slopes were logged for farm 
wood, pastured, and burned (surface fires) in the spring to increase stock forage (Killebrew et al. 
1874, DeSelm 1993). Surveying and settlement of the best lands proceeded rapidly; surveys were 
registered in the District Survey Office in Knoxville. By 1790, the human population of the State 



was only 35,691, but by 1950, it had risen to 3.2 million--with proportional land use conversions 
(Brunsman 195 1). 

NATURE OF THE RECORDS AND METHODS 

The Survey Book for the Fifth Survey District for the period 1807-1 8 10 was found in 
the Special Collections of the Library, University of Tennessee, Knoxville. Surveyors recorded 
topography but it was seldom linked to a particular plant species. Trees were recorded by name, 
m l y  as dead, as a stump, as being forked, or rarely as "a bunch of" (probably) stump sprouts. 
"Bunches" of sycamores, poplars, lynns, maples, and dogwoods were noted. Trees already 
"marked" (chopped) sometimes were recorded at the adjacent property line. Surveys ran to 
Walker's line, the Kentucky border, and across an Indian path. 

Surveys were of the metes and bounds type. Irregular shapes were usual and starting 
points were generally relative to a previous survey boundary point. Mostly surveying was done 
from tree to tree, but some stakes were recorded instead of trees. Distances were in poles or 
chains and apparently both 33 and 66 foot chains were used (Rose 1993). Distances between 
named tree comers were generally so large that rarely did all trees fall within one community 
type. Occasionally it was noted that when two surveys were sequentially recorded, the comer 
trees from the first survey were repeated in the second. These duplications were eliminated from 
the data. No tree diameters nor point-to-tree distances were given. Since the precise location of 
so few surveys is known, no attempt was made to follow survey lines on the ground. Fifty species 
or species groups are recorded in the data. About 70 % can be distinguished to a single, modem, 
known species; the other survey names represent groups of species. A total of 455 surveys were 
used, yielding 3143 named plant stems. These records form the basis of this study. 

Using stem density per acre in Hinkle (1975) and McCarthy (1976), an average stemB 
density of 101,000 per square mile is calculated. The survey sample of 3143 stems in 2200 square 
miles of the Fifth District calculates to 1.4 trees per square mile. Surely this is a very small 
sample of the forest trees. 

RESULTS 

For many species andlor species groups, no modem abundance data is available in the 
=* District (Appendix). Such species as Asimina triloba, which are generally common understory 

small trees, are not sampled in timber inventories because of their size. Uncommon species, as 
Aesculus octandra, are reported as part of "other" or "other hardwoods." Such survey taxa as 
Malus pmila (apple) and Prunus persica (peach) were probably planted but Prunus (cherry and 
plum) includes nearly a dozen native and now naturalized shrub and tree taxa (Wofford and Kral 
1993), but I have no good basis for knowing which taxa were included in the surveyor names. 

In some taxa percentages have changed little between the survey and the last inventory 
used here; these include Fraxinus, Liquidambar, Carya, and Platanus. The beech-maple (Fagus- 



Acer) combination used by Peterson has also varied only slightly but this is the result of the 
canceling of the loss of Fagus by the gain in Acer rubrum. 

Another group of taxa had one to a few percentage increases between the surveys and later 
inventories. These were Junipem virginiana, Pinus spp., and Liriodendron tulipifera, which all 
increase with forest disturbance or enter in old field succession (Burns and Honkala 1990, Smith 
1968). Other increasers are Nyssa sylvatica, Robinia pseudoacacia, and Acer rubrum. The 
second of these (like Pinus spp.) may have been planted--but all increase with forest disturbance 
(Burns and Honkala 1990). The "increase" in Quercus prinus, a ridge dominant, may reflect the 
increased proportion of ridge forests among all sites available to modern inventories as other 
landforms pass into agricultural use, or it may reflect the low numbers of early surveys on the 
often stony ridges. It is also possible that the Q. prinus category includes Q. muhlenbergii, a 
species of shallow limestone soils. These forests, near cedar-pine glade and barren communities, 
may get little use and may be increasing proportionally as deeper soil sites are converted to 
agriculture. On the other hand, the "increase" in Tsuga canadensis may reflect the low numbers 
of narrow ravines surveyed. They may have been seldom surveyed because of their lack of value 
as crop fields. The ravines persist today and may form a larger proportion of available-to-sampla 
forest land now than formerly. 

The taxa which have declined in prominence, in the face of the increasers noted above, are 
the oaks (Quercus spp.). Both red and white oak group percentages have decreased. The 
percentage of Juglans nigra may have decreased because of its preference as furniture and gun 
stock wood. The large increase in the much-favored Castanea by 1931 was followed by its 
demise due to fungus disease (Hepting 1971). 

Barrens were recorded in Grainger County between the Holston River and both Buffalo and 
Richland creeks. B&k here is Knox dolomite and certain calcareous shales and limestones onxg 
which barrens occur--though rarely (DeSelm 1993). These may have been fire-caused forest 
openings. In ClaiborneCounty, west of Tazewell, the Taupak (spelling?) glade was recorded. 
Barrens and glades are known in the Tazewell area (DeSelrn 1993), but this place-name cannot 
be located. 

DISCUSSION 

Based on probable community presence from detailed studies by DeSelm (1993), Hinkle 
(1975), and hhrth (1971), certain general classes of vegetation may be discerned from the survey 
data (Appendix). Surveyors were doubtless seeking out good land, sites with flat or low slope 
topography--so one could expect swamp and mesophytic taxa to be well represented. Indeed there 
were 5.4% swamp taxa and 17.2% mesophytes counted among the total. 

The surveyors actually saw mostly oak forests; 50.9 % of the trees were oaks; post oak and 
white oak suggest forests of gentle topography. The black oak category may have included scarlet 
oak common here on ridges and the mesophyte or xero-mesophyte northern red oak. In studies 



on mostly second growth forest stands in the Cumberland Mountains, Hinkle (1975) reported that 
53% of community types there had black, scarlet, or northern red oaks as first or second 
dominant. The same kind of number from similar Ridge and Valley stands was 19%. In the 
Ridge and Valley, these species occurred on 80% of all landforms (Soil-Parent Material Units) 
and 90% of landforms above the bottomland hardwoods (Martin 1971). Clearly these were 
impo&mt and widespread species (then and now). A study of Middle Tennessee (DeSelm 1994) 
suggests that certain communities known from modern studies can be interpreted from survey 
records, indicating their long continuity. But the grouping of oak species, such as "black" oak 
in the surveys, impedes such understandings. 

Problems also exist with the yellow pines. In 1807 the pines probably would have been 
prominent in glade and barren borders, and on steep slopes or ridges and in disturbed areas. The 
low percentage of cedar, chinquipin oak, redbud and red elm suggests that glade and barren 
borders were rarely surveyed. Thus, the pines probably occurred chiefly in pine or oak-pine 
communities; Hinkle (1975) and Martin (1971) saw pine as the first or second dominant in seven 
percent of the communities that they sampled. Dr. Thomas Walker had seen ridge pine in 1750 
in upper East Tennessee (Walker's Journal, in Williams 1928). Also, lands disturbed by lightning 
and by fires set by Native Americans, where pines invade, are well known (Williams 1989). 

The hickory group, composed of species that range from wet mesic to xeric sites, doubtless 
occurred across the landscape as they do today. Martin (1971) and Hinkle (1975) found them first 
or second dominant in 19 and 20 % of their community types, respectively. 

The low percentages of chestnut oak, sounvood and blackgum argues for little surveying 
on the xeric ridgetops. In the Cumberlands, Hinkle (1975) found 27% of the stands with chestnut 
oak fist or second dominant. In the Ridge and Valley, the comparable figure was 31 % (Martin 
1971). But chestnut was seldom used as a corner in the early surveys (1.9 % , only 17 % of hickoryz+ 
and 28 % of pine). This suggests that chestnut and chestnut oak grew together on the little 
surveyed,ridges. But in second growth Ridge and Valley stands, Martin (1971) found chestnut 
stumps or sprouts in 68 % of his types which had a much wider site distribution than ridgetops. 
This disparity of percentages is not understood. 
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Appendix. Data showing percentages of species and species groups for Survey District 5; the average 
of Anderson, Grainger and Hancock counties from Peterson data of 1931 in Woolrich (1934) and 
Woolrich and Neeley (1934a, 1934b), the average composition in Anderson, Campbell, 
Claiborne, Grainger, Hamblen, H a n d ,  Jefferson, Knox, and Union counties in Cowan (1946) 
and average composition in Campbell County (Tennessee Valley Authority 1967), the Anderson- 
Knox-Union county unit (Tennessee Valley Authority 1964), Grainger County (Tennessee Valley 
Authority 1961a), Hancock County (Tennessee Valley Authority 1961b) and Claiborne County 
(Tennessee Valley Authority 1960). 
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ABSTRACT. Metes and bounds surveys from the 1806-07 and the 1824-30 period were used 
to reconstruct forest composition in northern Sevier County, Tennessee, during those periods. 
Percentage cumpition agreement between those and modern inventories is relatively good. Oak, oak- 
hickory, and oak-pine forests prevailed on most upland sites. Ravines contained mixed mesophytic 
forests seen in the coves of the Ridge and Valley, and stream and river border forests are suggested by 
some surveys. Non-forested corners occurred but were rare. 

INTRODUCTION 

The cover of vegetation on the landscape at or near the time of settlement is of interest to 
field scientists. Information of this type is used by anthropologists (Chapman and Shea 1981), 
historians (Williams 1989), palemmlogists (Delcourt et al. 1986), pedologists (Jenny 19803, and 
vegetation biomass modelers (Waring and Schlesinger 1985). The information is of particular 
interest to vegetation ecologists who interpret present vegetation in terms of known environmental 
and historical factors (Mueller-Dombois 1974). Old land surveys are useful in establishing 
vegetation pattern (Shanks 1953, Lindsey et al. 1965) because of line descriptions and the naming 
of trees or recording of other vegetation features at prescribed regular intervals. 

Congressional Land Survey records have been used extensively in e.g., midwestern 
vegetation, with considerable success (Gordon 1969, Inverson et al. 1989, Lindsey et al. 1965). 
Somewhat similar surveys have been used in the Southeast, as in Alabama (Jones and Patton 
1966), Florida (Delcourt and Delcourt 1977), Georgia (Plummer 1975), Kentucky (Bryant and 
Martin 1988), Louisiana (Delcourt 1976), and Tennessee (DeSelm 1994). These rectilinear 
surveys are relatively easy to use compared to metes and bounds surveys, which records have less 
chronological and geographic pattern. Metes and bounds survey records have been little used in 
early vegetation study and, as such, constitute a great untapped wealth of knowledge of plant 
distribution during the survey period. 

This paper reports the vegetation results from early metes and bounds surveys in a 45- 
square-mile area of northern Sevier County, Tennessee, and compares them to those of modern 
systematic inventories. The survey district is that area "South of the French Broad and Holston 
Rivers" (Crouch 1968). The study area centers at about 35' 15' N and 83'37' W and is included 
in the Boyds Creek, Douglas Dam, Pigeon Forge, Shooks Gap, Walden Creek and Wildwood 
U. S . G. S . 7.5 minute quadrangles (Figure 1). Reported here is the average forest composition 
seen by surveyors in the study area. They are compared with results from more modern 
inventories. 



Figure 1. Map of Sevier County, Tennessee, showing approximate location (hhured) of surveyed area (after Rose 
1993). Boy& Creek is the Boyds Creek-Dry Creek-Gap Creek drainages. Slate Knobs and Blue Ridge 
boundaries are from Rodgers (1953). S is location of Sevierville. Base from Tennessee Department of 
Transportation map of Sevier County, 1990, scale 1/125,000. 

Character of the Surveyed Area 

The study area is within the Ridge and Valley Province (Fenneman 1938). The surveys 
lie south of the French Broad River and Bays Mountain and extend south toward the edge of the 
Blue Ridge Province. Elevations vary from about 870 to 1170 feet, but higher elevations occur 
to the north (Bays Mountain to 1340 feet), and to the south (Great Smoky Mountains to 6643 
feet). Drainage is to the north and east to the French Broad River by way of the Pigeon River and 
smaller streams. The northern half of the area is the Boyds Creek-Dry Creek-Gap Creek valley 
and the southern half is called the "slate knobs. " 

Geologic beds in the Boyds Creek-Dry Creek-Gap Creek valley are the Knox Group 
consisting of five named dolomitic limestone members, and the Conasauga Group consisting of 
six named limestone, and calcareous and dolomitic shale members. Most of these members are 



narrow beds with little topography and are partly overlain by alluvium of various ages (Swingle 
et al. 1967). The knobs to the south constitute a much dissected topography underlain by 
calcareous shale with some sandstone and calcareous sandstone, the Tellico Formation (King 
1964). 

The Dandridge silt loam and shaley silt loam cover the slate knobs; slopes are 12-60 %, 
profies are 10-30 inches deep, are well to excessively drained and are about neutral. This series 
is an Alfic Fiutrocrept. In the Boyds Creek-Dry Creek-Gap Creek valley lie the Fullerton silt loam 
and silty clay loam soils which may be cherty; slopes are 5-60 % , profiles extend to 40 or more 
inches, and they are generally well drained and acid. Occurring with the Fullerton is the Dewey 
silty clay loam derived from old limestone alluvium or valley fills; it is a well drained acid soil 
with low slope angles. The Decatur silty clay loam is a similar soil derived from old limestone 
valley fill; it has slopes of 12-60 %. The above three soils series are Paleudults. Other soils of 
this area include high river terrace soils, the Cumberland silty clay loam, the Waynesboro loam, 
and the Holston loam--all Paleudults. Low terrace and flood plain soils (of the knobs and 
northward) are the Whitesburg silt loam, Hamblen silt loam, Congaree loam, Staser fme sandy 
loam and Sequatchic fine sandy loam. These soils are Eutrochrepts, Hapludolls and Hapludults 
(Hubbard et al. 1956). 

Woody floras of the study area are well known (Wofford and Kral1993). Studies of forest 
vegetation include the general statements of Braun (1950), DeSelm (1984), and Stephenson et al. 
(1993). The Tennessee Valley Authority (1941) maps upland hardwood (chiefly oak forests), 
yellow pine hardwood, and cedar-hardwood types in the area. Martin (1971, 1978) and Martin 
and DeSelm (1976) sampled forests in a six-county area of the Ridge and Valley, including Sevier 
County. Martin (1971, 1978) found white oak and chestnut oak forests commonly on upland 
landforms similar to those of the study area. He also found mixed mesophytic, white pine, 
Virginia pine, northern red oak, southern red oak, black oak, and swamp community types on 
landforms somewhat similar to those of northern Sevier County. 

Parts of the Ridge and Valley, in and around the study area, were occupied by Native 
American cultures at least 10,000 years PB (Archaic culture) but these were preceded by 
Paleoindian hunters. Later cultures had settlements along major streams while the uplands were 
used for hunting and gatherhg (Hudson 1976). Small bands of Cherokee apparently livedlcamped 
in the study area (Matthews 1960). Following the Battle of Boyds Creek in 1780, white settlement 
began (Matthews 1960). An Entry Office (land claim) was opened in Knoxville in 1806 (Rose 
1993) and settlement followed. Forests were cleared in the valleys and row crops were cultivated. 
Slopes were logged for farm timber and the forests were grazed (DeSelm 1993). 

METHODS 

Rose (1993) acquired the land survey records for this area from the Tennessee State 
Archives and Library, Nashville, in photocopy form. Using natural landform features and 
adjoining ownership on the several distance and angle calls per survey, Rose was able to 



reconstruct the location of 195 surveys chiefly from the 1806-1 807 and 1824-1830 periods (Rose 
1993). These are supplemented here by data from 53 other surveys, locations of which were 
known less precisely. The citation of tree names at survey corners makes compilation of an 
average forest composition possible. Tree (and some shrub) stems totalled 2438 in 148 surveys. 

The study area has been part of the land of four separate governments since 1780, each 
selling land: the State of North Carolina, the State of Franklin, the Territory South of the Ohio 
River, and the State of Tennessee. Conflicting and missing records abound but hand copying of 
surveyors' records in the office of the Secretary of State has saved many from destruction--as from 
the Sevier County Courthouse fire in 1855 (Rose 1993). 

In each survey, generally recorded at corners was a tree, or rarely a rock, or more than 
one tree, or the edge of a stream or river. At about three corners per survey, a stake was 
recorded. Surveyors used the tools of the period, compass and a 33 or 66 foot chain. Nothing 
is known of the botanical qualifications of the surveyors. No point to tree distances nor tree 
diameters are given. No attempt has been made to find survey lines on the ground. 

Percentage composition from all surveys is compared with composition of later inventories. 
U. S. Forest Service inventories have not been used because of "differences in standards of tree 
measurement" (Hedlund and Earles 1971) between the 1971 and earlier inventories. Also there 
are few "species " categories. 

RESULTS 

The surveys record most of the streams currently mapped and named some which cannot 
be verified on available maps. The "poor valley" in the Gap Creek area of the survey is - 
apparently Union Valley. Their geographicltopographic vocabulary included: branch, creek, fork,' 
hill, hollow, knob, lick, mudlick, ridge, river, and spring. Trees were recorded simply by name 
though occasionally described as large, or sapling (saplin), or double, o r  stump, bushlsprout, or 
dead. Dead and burned trees are so rare in the surveys, however, as to suggest that they were not 
used as corners probably by reason of lack of permanence. Plants named in the surveys were 
usually overstory trees, but a few understory tree names appear in the records (as dogwood, 
Cornus jZorida). Shrubs as Lindera benzoin, " spicewood" appear rarely. Most individual surveys 
crossed landforms and a variety of soil series and are not expected to represent a single community 
type. Some surveys, however, included trees suggestive of upland oak, ravine, and river border 
communities. 

The Appendix contains the probable scientific name corresponding to the plant names used 
by surveyors; spelling variations are noted. Note the high percentage composition of oak 
(Quercus spp.), pines (Pinus spp.), and hickories (Carya spp.) in the forests of the period. Oak 
percentage exceeds the sum of hickory and pine by more than two. The high percentage of 
Quercus alba and Q. velutina suggests the possibility of the occurrence of the Quercus alba-Q. 
velzdna community type (as seen by Martin 1971) or of separate types dominated by each of these 



taxa (both also seen by Martin 1971). The percentage of Quercus stellata is nearly as high as that 
of Q. velutina suggesting its importance in the types noted above (seen by Martin 1971). Pines 
and hickories were also important associates of the oaks (as seen by Martin 1971). Taxa, such 
as Fagus, Liriodendron, Acer saccharum, and Fraxinus amen'canu, which dominate more mesic 
sites, have percentages which reflect the restricted development of these sites. Taxa with even 
more restricted site requirements, Aesculus, Tilia and Tsuga are ever less common. Mesic types 
with these taxa were seen by Martin (1971). Other mesophytes, as Lindera, also occurred. 
Stream and river border taxa are uncommon but include Acer negundo, Celtis sp. Platanus, Salix 
sp. and Ulmus sp. in the survey records. 

Comparison with percentages h m  later inventories are appended (probably none of these 
inventories included data from the Great Smoky Mountains National Park). Species which usually 
increase in abundance after forest disturbance appear in this record: Acer nrbrum, Carya 
(apparently recovery is occurring), Jmpems, Liriodendron, Pinus and Robinia. Increase in Pinus 
and Robinia (1956, 1971) also may be due to planting. Castanea, Quercus prinus and Tsuga also 
appear to increase but this represents the difference in sampling area: The Surveys were chiefly 
from the less rugged landforms north of Sevierville, the later inventories through 1971 included 
the mountainous Blue Ridge southward to the edge of the Park. 

The relatively constant pine percentage (Survey versus 1931 and 1945 inventories) during 
the period of settlement, forest cutting and conversion of much of the landscape to agricultural 
uses, suggests that there may have been some forest disturbances, as by Native Americans, prior 
to the surveys. The use of fire has been suggested (Delcourt et al. 1986) but fire evidence 
reported by surveyors was extremely rare. 

Species whose abundance which have decreased are Juglans nigra, Quercus alba, Q. 
stellata, red oaks, all oaks, and hickories. These changes probably represent increased severity 
of logging in the slate knobs. Comparison of species and species groups between columns 
sometimes shows non-trend numbers for the 1931 and 1945 inventories; it seems possible that 
those were based on few sample plots compared to those later. The high red oak percentage in 
1946 may be an example. 

Non-forest vegetation was rarely seen in the surveys. The 1841 survey for G. W. Rogers 
and H. L. Andes note a "rock in an old field. " While Indian old fields were occasionally seen by 
early explorers and settlers (Putnam 1859), this one is late enough to be a turned out (abandoned) 
field - a result of common agricultural practices of the period (Killebrew et al. 1874). The 1778 
survey for Samuel Loomips notes a spot where, "the Indian Pathe crosses the same" (Boyds 
Creek). The path is the north-south Great Indian Warpath (Myer 1928). Abraham Swaggerty ' s 
survey of 1784 notes, "a long grassy glade above the spring" on Sinking Creek. Non-forested 
springs and licks are reported elsewhere (Putnam 1859) - the openings are believed to be the result 
of heavy use by large animals, Native Americans, and early American hunters. 



DISCUSSION 

The absence of rectilinear Congressional type land surveys in Tennessee has limited 
attempts to reconstruct vegetation cover at the time of these early surveys (roughly the time of 
settlement). The 1807 survey data (DeSelm 1994) in southern Middle Tennessee is an exception; 
no such records have been found in East Tennessee. The use of metes and bounds surveys in this 
study is the first attempt at reconstruction of early forest composition in East Tennessee. 

But what is there available with which to compare such information representing modem 
truth? Modem surveys are produced by two types of scientists for different purposes. The 
foresters (State and TVA) placed plots in all types of forest lands at rigidly determined distances. 
Martin (1971), on the other hand, sampled only selected old growth forests - the least disturbed 
that he could find. These represent the forest closest to those of the early survey. Martin 
recorded trees, overstory and understory, to species for a total of 23-40 taxa. The Tennessee 
Valley Authority reports data for some species and species groups for a total of 15-19 categories 
including two "other." Numbers of tree taxa of about 46 occur in the surveys and up to 40 per 
community occur in the Martin study; clearly these are the most comparable. But the survey 
includes categories (species groups) such as pine, hickory, red oak, willow, and elm; each of these 
contain multiple species making comparison with detailed studies difficult. Some of these 
categories are used in modern forest inventories making them more comparable to the surveys. 
Clearly it is fortunate to have both kinds of modern studies available for comparison. 
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Appendix. Plant taxa seen in the early survey with their percentage occurrences, and with 
percentages from four later inventories. 



Appendix (cont.) 

11 Mamolia acwninata (cucumber) 

Moms cf. rubra (mulberry) 

Nyssa sylvatica (blackgum) 

11 Ostrya virginiana (ironwood) 

Oxydendrum arboreum (sourwood, 
sowerwood) 

1 Pinus spp. (yellow pines) 

Q. marilandica (blackjack) 

Q. prinus (chestnut oak) 0.2 10.0 

This 
Survey 

Q. velutina (black oak) 16.4 1 All red oaks 18.2 

All oaks 

Oaks and ines 

Oaks and hickorv 68.6 

193 1' 

Robinia seudoacacia (locust) 

Salix spp. (willow) 

Sassafras albidum (sassafras) 0.4 

; 0.3 - 
Tsuga canadensis (spruce pine) 0.2 

19462 19563 19714 



Appendix (cont.) 

'percent of commercial board feet, Peterson data 1931 (Woolrich and Neely 1934) 
2 Percent volume (Cowan 1946) 
3Percent of trees 2 5 inches (Tennessee Valley Authority (1956) 
4 Percent of trees 2 5 inches (Tennessee Valley Authority (1971) 

Ulmus spp. (elm) 

Viburnum prunifolium, V. rufidulum 
(blackhaw) 

This 
Survey 

0.9 

0.2 

1931' 1946' 19563 19714 



CHARACTERISTIC NATIVE PLANTS OF TENNESSEE BARRENS 

Department of Botany, The University of Tennessee, Knoxville, Tennessee 37996 

ABSTRACT. The extensive flora of the Temessee barrens has been listed in several papers,* 
mostly by physiographic region. This paper consolidates some of the 1095 known taxa into one list of 
113 characteristic taxa which have been selected in more or less equal numbers from several of the 
State's physiographic-geologic regions. The list includes 16 woody taxa, a few weeds, several midwestern 
Tallgrass Prairie dominants, and some species that also occur on cedar and cedar-pine glades. 

INTRODUCTION 

Vegetation is characterized by site, floristic composition, and structure, among other 
attributes. The Tennessee barrens occur widely across the State--known in all physiographic areas 
except the Mississippi Alluvial Plain and the Blue Ridge (DeSelm and Murdock 1993). The 
absolute floristic composition is large, being about 39.3 % of the State's vascular flora (DeSelm 
1993). The barrens flora from specific physiographic a t a s  is known from several studies (e .g . ,  
DeSelm 1993). In the papers listed below the site location known for each species was coded to 
the species name. However, the sites of some physiographic units differ in their geology (and thus 
have somewhat different floras) so the extraction of characteristic taxa is best accomplished using 
physiographic-geologic units, as is done herein. 

METHODS 

The published papers on the Tennessee barrens used herein include: West (DeSelm 1989), 
western and northern Rims (DeSelrn and Chester 1993), Central Basin (DeSelm 1992a), eastern 
Rim @eSelm 1990), Cumberland Plateau (DeSelm 1992b), and Ridge and Valley (DeSelm 1993). 
From these papers, native species with a presence of at least 50% were compiled into a composite 
list using the physiographic units as above except the western Rim was separated as upland and 
Silurian limestone parts, the Plateau as sandstone and limestone, and the Ridge and Valley as 
barrens and glades. This produced a list of over 700 taxa which was consolidated to a list of 346. 
This list contained only taxa which had at least 50% presences and at least one physiographic- 
geologic subunit. Representation of all physiographic-geologic subunits eliminated the bias that 
would result from only choosing species from many sites since the Plateau and Ridge and Valley 
had about two-thirds of the sample sites. 



To make the final list more manageable, cut-offs were used for ultimate inclusion. These 
were: 

West, 6 sites, 33 taxa, cutoff at 67% presence = 15 taxa 

Western Rim upland, 6 sites, 37 taxa, cutoff at 67 % = 14 taxa 
Western Rim Silurian limestone, 12 sites, 53 taxa, cutoff at 67 % = 24 taxa 
Northern Rim, 6 sites, 82 taxa, cutoff at 83 % = 26 taxa 
Eastern Rim, 6 sites, 100 taxa, cutoff at 67 % = 34 taxa 

Total Rim, 30 sites, 183 taxa consolidated to 88 taxa 

Basin, 4 sites, 146 taxa, cutoff at 75 % = 25 taxa 

Plateau surface, 19 sites, 46 taxa, cutoff at 63% = 29 taxa 
Plateau limestone, 2 sites, 104 taxa. Number of sites here is too few to extract a smaller 

representative group. 

Ridge and Valley barrens, 39 sites, 65 taxa, cutoff at 69 % = 18 taxa 
Ridge and Valley gladey sites, 6 sites, 120 taxa, cutoff at 83 % = 27 taxa 

Barrens on limestone, 57 sites, 255 taxa consolidated to 84 taxa. 

Lists are compared using the Sorenson species presence coefficient (2c/a+b) (Mueller- 
Dombois and Ellenberg 1979). Nomenclature follows Gleason and Cronquist (1 991) or Wofford 
and Kral(1993). 

RESULTS AND DISCUSSION 

The procedure detailed yielded a list of 113 most characteristic species of Tennessee 
barrens, including some regularly-occurring woody taxa (Appendix). Five Tallgrass Prairie 
dominants or characteristic species (Weaver 1954) are included, i.e., Andropogon gerardii, 
Panicum anceps, Schizachyrium scoparium, Sorghustrum nutans, and Sporobolus asper. 

Certain taxa characteristic of cedar glades occur in the barrens (and on Ridge and Valley 
glades). From the glade lists (Baskin et al. 1968, Baskin and Baskin 1975) 57 native herbaceous 
taxa were found to co-occur. This is a Sorenson species presence coefficient of 31.6 % . When 
compared to the Basin cedar glade plot study flora (Somers et al. 1986), the coefficient is 21.9 % . 
The Ridge and Valley glade flora here compares with the Basin cedar glade plot study flora 
(Somers et al. 1986) at 23.2 % . Some of the characteristic barrens flora are weeds (Underwood 
1965); the coefficient is 11.4 % , but these and other taxa persist on mown roadsides, on road cuts, 
and on field and forest borders. 



The effort to keep the total taxa list near 100 by using stringent presence cutoffs has 
produced a modest length list but it has also unfortunately excluded low percent presence species 
characteristic of the largest and most floristically rich barrens sites. Excluded are such families 
as the Orchidaceae, such characteristic genera as Liatris and Silphium, and such widely occurring 
species as Solidago rigida. Rare plants (Somers et al. 1989), except for a few cedar glade 
endemics (Baskin and Baskin 1986), are excluded, as are western taxa (Bridges and Orzell 1986) 
and many southern taxa (as in DeSelm 1993). 

Seventy-seven percent of the characteristic species occur on the Highland Rim. The 
northern Rim has a rich barrens flora (Chester 1988, DeSelm and Chester 1993)--much of it part . 
of the Big Barrens of Kentucky (Baskin et al. 1994). Overland movement of the barrens flora 
from the north to the eastern and western Rims, with their small barrens, is hypothesized. A 
nearly equally large percent (75) of the barrens taxa occurs on limestone. Most of these taxa also 
occur on the Rim so movement between most limestone areas may be relatively easy. However, 
21 limestone taxa do not occur on the Rim and their mechanism of movement between the (1) 
Silurian limestone of the western Rim (on the Tennessee River), (2) the Basin, (3) the upper 
Mississippian limestones of the Plateau, and (4) the Chickamauga limestone and calcareous shales 
of the Ridge and Valley, is unknown. Migration routes between the Basin and the western Rim 
barrens are unknown but the Elk or Duck River basins may be involved. Piercing the Highland 
Rim and Plateau, each with acid surface soils, would seem to be formidable. Direct access to the 
limestone Plateau slopes and valleys of the Ridge and Valley is possible, however, by way of the 
Tennessee River slopes and bluffs. Paucity of barrens sites from the Plateau limestone (only two, 
DeSelm 1992b) has made the understanding of this migration difficult (migrations such as western 
taxa eastward, DeSelm et al. ms.). Locating and examining Plateau limestone barrens is a prime 
future objective of the writer. One cannot rule out, however, the possible role of long distance 
dispersal in migration of taxa. A barrens species less common than those on the Characteristic 
Species List, Sporobolus heterolepis, is disjunct from the west to the Edge and Valley by about? 
400 krn. Other examples are known (DeSelm et al. ms.). 

CONCLUSIONS 

The procedw used produced a list of 1 13 characteristic taxa of Tennessee barrens. While 
this is a useful list for reconnaissance and study, it should be used in conjunction with other more 
extensive published lists that include less common species, especially rare, western, southern and 
endemic floristic elements. 
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Appendix. List of characteristic taxa of Tennessee barrens. Numbers are presence percentages (most have 
presence > 50% in at least one physiographic region); maximum possible presence sum for all AR and BL 
each is 400. Location notations are arranged west to east with the following abbreviations: AR (all Rim 
units); B (Basin); BL (Barrens on limestone, excludes RVG); ER (eastern Rim); NR (northern Rim); PL 
(Plateau on limestone); PS (Plateau on sandstone or shale); RVB (Ridge and Valley barrens); RVG (Ridge 
and Valley glades); W (West Tennessee); WRS (western Rim on Silurian limestone); WRU (western Rim 
upland). 

Acer rubrum L. : WRU-50, NR-83, ER-50, PS-79, AR-183 
Agalinus tenuifolia (M. Vahl) Raf.: NR-100, PL50, RVG-50, AR-100, BL50 
Allium cemuum Roth: B-100, PL50, BL150 
Ambrosia artimisiifolia L. : W-50, NR-50, B-50, PS-63, PL50, RVB-67, RVG-83, AR-50, BL167 
Andropogon gerardii Vitman: W-83, WRU-50, WRS-75, NR-50, ER-67, PS-68, PL50, RVB-49, RVG-50, AR-282, 

BL174 
A. gyrans Ashe: WRU-50, NR-83, AR-133 
Anemone virginica L. : WRS-58, B-50, RVB-77, RVG-100, AR-58, BL185 
Arenaria pafula Michx. : B-100, RVG-67, BLlOO 
Aronia melanocalpa (Michx.) Elliott: ER-67, AR-67 
Aristida dichotoma Michx. : NR-67, B-100, AR-67, BLlOO 
Ascbpias verticillata L. : WRS-58, B-100, RVB-67, RVG-83, AR-58, BL225 
A. viridis Walter: B-100, BLlOO 
Aster d u m u s  L.: NR-67, B-50, PS-89, PL50, AR-67, BLlOO 
A. hemisphericus Alexander: WRV-50, ER-67, PL50, AR-117, BLlOO 
A.patens Ait.: W-83, WRU-67, WRS-50, B-50, PS-65, PL100, RVG-67, AR-117, BL200 
A. pilosus Willd.: W-67, B-50, PL50, RVB-59, RVG-50, BL159 
A. solidagineus Michx. : WRU-50, NR-67, ER-67, AR-184 
A. undulatus L.: PL50, RVG-83, BL50 
Astragalus tennessensis A. Gray: B-100, BLlOO 
Carex hirsutella Mackenzie: WRU-83, NR-67, B-75, RVB-72, RVG-67, AR-150, BL147 
Chamaecrista fasciculata (Michx.) Greene: W-67, NR-67, B-75, ER-67, RVB-51, AR-134, BL126 
C. nictitans (L.) Moench.: W-50, WRU-50, NR-50, PS-63, AR-100 
Celtis tenui$olia Nutt. : WRS-75, RVG-50, AR-75, BL75 
Cercis canadensis L.: WRS-75, B-100, PL50, RVG-67, RVG-83, AR-75, BL292 
Chasmanthium larum (L.) Yates: ER-67, AR-67 
Chrysopsis mariana (L.) Ell.: ER-67, PS-74, AR-67 
Coreopsis major Walt.: WRU-50, NR-50, PS-63, PL50, AR-100, BL50 
C. tripteris L.: NR-83, B-50, AR-83, BL50 
Croton monanthogynus Michx.: WRS-67, B-50, PL50, RVG-8E, AR-67, BL167 
Daba gattingen (A. Heller) Barneby: B-100, BLlOO 
Danthonia spicata (L.) Beauv. ex R. and S.: WRU-83, WRS-58,NR-50, B-75, PS-74, PL50, RVB-74, RVG-83, 

AR-191, BL257 
Desmanthus illinoensis (h4khx.) MacM. ex Robin S.: B-100, BLlOO 
Desmalium ciliare (Willd.) DC. : W-67, WRS-50, B-75, ER-50, PS-63, RVB-59, RVG-67, AR-100, 

BL184 
Diospyros virginiana L.: W-50, WRU-67, WRS-58, NR-83, B-50, PL50, RVB-67, RVG-50, AR-150, 

BL225 
EZymus virginicus L. var. glabriflorus (Vasey) Bush: NR-50, B-100, PL50, RVG-50, AR-50, BL150 
Eragrostis spectabilis (Pursh) Steud. : W-83, B-100, RVB-51, RVG-50, BL151 

Erigeron strigosus Muhl. ex Willd.: WRU-50, WRS-50, NR-83, B-100, ER-67, PS-74, PL50, RVB-82, RVG-67, 
AR-250, BL282 

Eupatorium altissimum L. : NR-50, B-100, RVB-51, AR-50, BL151 



E. rotundijolium L. : WRU-67, ER-67, PS-79, AR-134 
Euphorbia corallata L. : W-67, WRU-67, WRS-67, NR-100, B-100, PS-74, PL50, RVB-59, RVG-67, 

AR-234, BL276 
E. maculata L.: PS-67, RVB-64, RVG-67, AR-67, BL131 
Gulactia vohbilis (L.) Britt.: W-50, WRS-83, B-75, PL50, RVB-79, RVG-83, AR-83, BL282 
Guliumpilosum Ait.: WRU-50, NR-83, PS-68, RVG-75, AR-133 
Gaurafllipes Spach.: WRS-75, B-75, PL50, AR-75, BL200 
Gnaphulium obtus~olium L. : WRU-50, B-100, RVG-50, AR-50, BLlOO 
Helianthus hirsutus Raf.: W-50, WRU-50, NR-50, B-75, ER-75, PL50, RVB-56, RVG-50, AR-175, 

BL181 
H. mollis Lam.: W-50, NR-50, ER-75, AR-125 
Houstonia nigricans (Lam.) Fem. : B-100, BLlOO 
H. purpurea L. var. calycosa Gray: WRS-75, B-75, PS-53, RVG-75, AR-75, BL150 
Hypericum gentianodes (L.) BSP. : NR-50, ER-75, PS-63, AR-125 
H. stuns (Michx.) P. Adarns and Robson: ER-75, AR-75 
Ipomoeapandurata (L.) Meyer: PL50, RVB-59, RVG-83, BL109 
Isanthus brach&s (L.) BSP.: WRS-75, ER-50, PL50, RVB-67, RVG-100, AR-125, BL192 
Juncus scirpodes Lam. : ER-75, AR-75 
Juniperus virginiana L. : WRU-50, WRS-50, NR-83, B-100, PL50, RVB-85, RVG-100, AR-183, BL285 
Lespedeza hirta (L.) Homemann: ER-75, PS-53, AR-75 
L. procumbens Michr. : WRU-50, WRS-58, NR-50, PL50, RVB-77, RVG-75, AR-158, BL185 
L. repens (L.) Bart.: NR-50, B-50, ER-50, PS-68, RVG-56, AR-100, BL50 
L. virginica (L.) Britt. : W-67, NR-100, B-100, ER-83, PL50, RVG-51, RVG-50, AR-183, BL201 
Linum sukatum Riddell: WRS-83, B-75, PL50, AR-83, BL208 
Lithospemm canescens (Michx.) Lehmann: WRS-83, PL50, RVG-75, AR-83, BL133 
Lobelia appendiculata A. DC. var. Gattinger (A. Gray) McVaugh: B-100, BLlOO 
L. pubemla Michx.: NR-83, ER-50, AR-133 
L. spicata Lam. : WRS-83, B-50, PL50, RVB-72, RVG-83, AR-83, BL255 
Manfrda virginica (L.) Rose: WRU-75, WRS-92, NR-50, B-75, ER-50, PL50, RVB-69, RVG-100, 

AR-267, BL296 
Monardaflstulosa L.: WRU-50, WRS-75, B-50, RVB-64, RVG-100, AR-125, BL189 
Nothoscordum bivalve (L.) Britt.: B-100, BLlOO 
Nyssa sylvatica Marsh.: NR-50, ER-50, PS-68, AR-100 
Panicum anceps Michx.: W-67, NR-83, B-75, ER-50, PL50, RVB-62, RVG-50, AR-133, BL187 
P. flexile (Gatt.) Scribner: B-75, RVB-72, RVG-100, BL147 
P. lanuginosum Ell.: W-50, NR-50, B-100, ER-83, PS-74, PL50, RVB-69, RVG-83, AR-133, BL219 
P. microcarpon Muhl. : NR-100, ER-50, PS-68, AR-150 
P. sphaerocarpon Ell. : WRU-75, B-75, ER-50, PS-58, PL50, AR-125, BG125 
Paspalum laeve Michx. : W-67, ER-50, AR-50 
Penstemon brevisepalus Pennell: RVG-83 
Physostegia virginiana (L.) Benth.: WRS-75, RVG-75, AR-75, BL75 
Polygala verticillata L. var. ambigua (Nutt.) A. W. Wood: WRU-50, NR-83, B-50, ER-50, AR-183, BL50 
P. curtissii Gray: ER-67, AR-67 
Potem.lla candensis L.: W-50, PS-74 
P. simplex Michx.: WRS-50, NR-83, B-50, ER-67, PS-74, RVB-79, RVG-75, AR-200, BL179 
Pnrnella vulgaris L. var. lanceolata (Barton) Fern.: WRS-50, PS-63, RVB-77, RVG-83, AR-50, BL127 
Pediomelum subacaule (Torr. and Gray) Rydb. : B-100, BLlOO 
Pycnanthemum muticum (Michx.) Pers. : ER-67, PS-63, AR-67 
P. tenuijolium Schrader: WRU-75, NR-100, B-50, ER-100, RVG-83, AR-275, BL50 
Quercus marilandica Muenchh.: WRU-75, WRS-58, ER-83, PL50, AR-166, BL108 
Q. muhlenbergii Engelm.: WRS-67, B-50, PL50, RVB-67, RVG-75, AR-67, BL234 
Q. shumardii Buckl. : WRS-50, B-50, PL50, RVB-59, RVG-83, AR-50, BL209 , 



Q. stellata Wang. : WRU-75, WRS-58, NR-67, B-75, ER-67, PL50, RVB-62, RVG-75, AR-159, BL245 
Rhamnus caroliniana Walt.: WRS-75, B-50, RVB-51, RVG-75, AR-75, BL176 
Rhexia m a r i m  L.: NR-50, ER-67, AR-117 
Rhus copallina L.: WRU-50, WRS-50, NR-83, B-75, ER-67, PS-53, PL-50, RVB-69, PG-75, AR-250, 

BL244 
R. glabra L.: W-67, B-75, RVB-51, RVG-50, BL126 
Robiniapseudoucmia L.: WRS-67, NR-100, B-50, PL50, RVB-56, RVG-83, AR-167, BL223 
Rudbeckia fulgida Ait. : PL50, RVB-72, RVG-75, BL- 122 
R. hirta L.: WRU-75, AR-75 
Ruellia humilis Nutt.: WRS-83, B-75, PL50, RVB-64, RVG-50, AR-83, BL272 
Salvia lyrata L. : WRU-50, WRS-50, B-50, RVB-74, RVG-50, AR-50, BL-187 
S. urticaefolia L.: RVG-83 
Schizachyrium scoparium (Michx.) Nash: W-67, WRU-100, WRS-100, NR-100, B-100, ER-83, PS-89, 

PL-100, RVB-72, RVG-83, AR-383, BL-372 
Scutellaria australis (Fassett) Epling: B-100, RVG-50, BLlOO 
Senecio anonymus A. Wood: B-75, ER-50, PS-79, PL50, RVB-87, RVG-100, AR-50, BL221 
Sisyrinchium albidum Raf.: WRS-75, NR-50, B-50, ER-50, PL50, RVB-67, RVG-83, AR-175, BL242 
Smilax g h c a  Walt. : PS-84 
Solidago erecta Pursh: ER-75, AR-75 
S. nemoralis Aiton: W-100, WRS-75, NR-75, B-50, ER-75, PS-74, PL50, RVB-72, RVG-83, AR-225, BL2.47 
S. odora Aiton: ER-75, PS-53, AR-75 
Sorghastnrm nutans (L.) Nash: W-100, NR-50, ER-75, PS-79, PL50, AR-125, BL50 
Sporobolus mper (Michx.) Kunth. : B-100, PL50, RVB-49, RVG-100, B L  179 
Stylosmthes bzflora (L.) BSP.: WRU-50, WRS-50, NR-83, ER-83, PS-74, AR-266, BL50 
Tephrosia virginiana (L.) Pers. : WRU-83, WRS-58, ER-83, PS-63, AR-224, BL58 
Ti-idensfivus (L.) Hitchc.: B-50, PL50, RVB-69, RVG-83, BG169 
Ulmus alata Michx. : WRS-75, B-50, RVB-64, RVG-50, AR-75, BL189 
Verbena simplex Lehmann: WRS-50, B-75, RVG-61, RVG-100, AR-50, BL186 



USE OF THE TERM "CEDAR GLADES" FOR A TYPE OF VEGETATION 
IN THE CENTRAL BASIN OF TENNESSEE: AN HISTORICAL 

PERSPECTIVE AND SOME MISINTERPRETATIONS 

JERRY M. BASKIN AND CAROL C. BASKIN 

School of Biological Sciences, University of Kentucky, Lexington, KY 40506 

ABSTRACT. Use of the term "cedar glades" by geologists, botanists, zoologists, and soil 
scientists to describe a type,of vegetation in the Central Basin of Tennessee from 1851 to present is 
reviewed. Originally, the tkim referred to the rocky openings-redcedar forest complex (primarily) on 
the Lebanon limestone. However, "cedar glades," "limestone glades," and "limestone cedar glades" 
increasingly are being used by botanists and plant ecologists for the rocky openings only, which have 
a C, annual grass-C annuaVperennial forb-cryptogarn-dominated vegetation. Some erroneous 
statements in the literature that resulted from misinterpretation1 misunderstanding of "cedar glades" 
and other terms will be discussed. 
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