
.i'S 

22 
~x 
1669 



A Community Ecology Study of a Disjunct 

Population of Tomanthera a11ric11/ata (Michaux) Rafinesque 

(Scrophulariaceae) in Montgomery County, Tennessee 

A Thesis 

Prese nted for the 

Master of Science 

Degree 

Austin Peay State University 

Jennifer Paige Goodlett 

August 1998 



Copyright 1998 by Jennifer Paige Goodlett 

All rights reserved 



DEDICATION 

This thesis is dedicated to my husband 

Frank E. Goodlett 

and 

my family 

Mom, Dad, and my sister, Shannan 

iii 



ACKNOWLEDGMENTS 

I would like to thank my major professor, Dr. E. W. Chester, for hi s continual guidance 

on thi s project. I would like to recognize my committee members, Dr. William H. Elli s and Dr. 

A. Floyd Scott, Professors of Biology, Austin Peay State Uni versity . I al so would like to thank 

Dr. Steven Hamilton, Professor of Biology, Austin Peay State University , for identifying insect 

specimens. 

Financial support was provided by Austin Peay State University through a Research 

Assistantship in The Center for Field Biology and a Teaching Assistant ship in the Department of 

Biology. 

iv 



ABSTRACT 

A relat ive ly lar0 e population (>3 900 · 199 · 
b , stems Ill 4) of Tornanthera a11nc11lata 

(Michaux) Rafinesque (Scrophulariaceae), an annual hemiparasite, occurs on barrens of the Fort 

Campbell Military Reservation , Montgomery County, Tennessee. The once wide-ranging species 

(over much of middle North America) has been reduced to scattered populations in about 18 

states. 

This study examined community ecology of the disjunct Montgomery County, 

Tennessee, population of T. auriculata , which occurs at seven subsites that are similar in 

topography, elevation, bedrock, and soil s. Stem counts in 1994 and 1995 showed a decrease in 

number of stems from 3900 to 1564 plants. Numbers increased in two subsites burned in winter 

1994-1995, decreased in five subsites not burned, and remained tationary in one subsite that was 

partially burned. 

The floras of the seven subsites were closely related (avg. = 57 .51 %, Sorensen Index). 

Presence calculations showed a greater than normal percentage of constant species. Two species, 

Helianth11s occidentalis and Sc/1iz.achyri11m scopari11111 , had frequencies of I 00 percent and may 

serve as host taxa. Predation did not appear to be a limiting factor for thi s population . This study 

indicates that reoular habitat di sturbance is required for maintenance of this Tomanthera 
i:, 

a11riculata population. 
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CHAPTER I 

INTRODUCTION 

The eared (or earleaf) fal se foxol T I . - · 
c, ove, 01111.1111 ,e , u u11nrnlu1u (Michaux) Rafinesque 

(Scrophulariaceae), is a hemiparasitic an I 1 - I . · · · , nua , \ ascu ar species fom1e rl y categori zed as C2 (under 

rev iew for threatened or endangered li sting) by th e . S. Fi sh and Wild li fe Sef\ ice ( 1993). It was 

first federally li sted in 1985 as Agu /111/s u11r/rnlu1u ( U. S. Fi~h and Wildlife Sef\·ice 1985). 

However, the C'.2 class ificatio n was rev i\ed rece ntly (U . S. Fi~h and Wildlife Service 1996). and 

fom1er C:?. species are now defi ned a~ tho~e for which .. further bio log ical re~earc h and fi eld study 

are needed to resolve the consef\'J ti on ~tatu s of 1he~e 1:ixa." 

To11w111heru u11rlc11 /u1u once occ urred fr m cw Jer\cy wol 10 1innesot:i and south to 

northern Tex:is :ind ce ntral Al:ibam:i (Penne ll 1928) hu1 ha, been ext irpated fro m mos t fom1erly

k11 ow11 sit es. Now it is known from onl y 4 I population, in 12 \!a tes (Foti 1991. R:iwinski 1990). 

Hi storic:il Tennessee record s include J literature report from ~b di\on County (Pennell 1928) and 

J 19.59 co ll ec tion from C:irro ll County ( ,·ouchered by J ~fXcimcn at The ni,·er~i ty of Tenne. see-

Knoxv ille) . Ex t:int Tennessee population\ are known from Bled\oe. Tipton. and Ro:rne counties 

(:il so vo uchered by speci mens JI The ni ve rsity of Tenne~see-Knoxville) and J recent ly 

di scove red disjunct population in 1ontgomery Count (Che. ter el ul. 1996). The species is not 

known from Kentucky (Browne and Athey 1992). 

Description 

· · I ·th ·111ple or sparin°1y branched, four-angled stems To111anrhera a11nc11/a1u 1s :in annua w1 s1 c, 

8 d · h · h (P II 19,.,8) Stems a.re harshly scabrous with mo tly retrorse hairs. up to m m e1g t enne - . 

· · 1 I I t and up to 1 cm broad and 6 cm long. Leaf Leaves a.re opposite. subsessde or sess1 e, anceo a e, -



h;i,c, :ire J() Ullckd :i nd 111;i1 oi11 ~ "r" crit,· 
c- · ·• ... re except th . · e margins of the upper leaves which U\ually 

hc.11 nnc to t\\'O ~111:ill and diveroc nt lane I I 
:::, · eo ate, ateral lobes (auricles). Both stems and leaves 

:ire purnli~h -green in co lor. Flow ,. ~ ers are numerou d ·1 · s an sess1 e Ill the upper axil s, forming a leafy-

br:ic ted spil; e. The calyx is nearly reoular 1 
:::, , campanu ate, 15-20 mm long, and with a densely 

retrorsely-hairy tube; the lobes are unequal lance I -t d 1· h 1 , o a e, an s 1g t y longer than the tube. 

Coroll as are zygomorphic, about 2.5 cm long, and pale to dark purplish with the throat darkly-

dotted . Flowering is in Au 0 ust and Se t b F · · :::, P em er. ru1ts are round-ovoid capsules about 1.5 cm 

long. Seeds are set in September-Octobe d · · ran are numerous m each capsule and reticulate. 

Mature seeds are dormant when shed in autumn and require cold stratification (l 2 weeks at about 

5 ° C) to break dormancy, and then light for germination. This corresponds to cold stratification 

test results in which the optimum thermoperiod for stratification was 15 ° C day tirne/6 ° C night 

time. Seeds normally germinate in March and April (Baskin et al. 1991, Cunningham and Parr 

1990). 

Tomanthera auriculata is a hemiparasite whose delicate root system forms haustoria 

usually smaller than 1 mm in diameter within the roots of other vascular plants. Distinctions in 

host specificity in Scropbulariaceae are described as restricted, narrow, or indiscriminate, and T 

auriculata best fits the narrow range (Cunningham and Parr 1990). One early study providing 

insight into T. auriculata' s possible hosts comes from a Chicago, Illinois, population discovered 

by Musselman (1972). Limited excavations revealed haustoria on unknown roots with monocot 

anatomy thought possibly to be Poa compressa. He also germinated cold treated seeds with 

young Poa pratense and Helianthus annuus, but the seedlings died prematurely without forming 

haustoria (Musselman 1972). Replicate experiments by Cunningham and Parr (l 990) revealed 

two successful hosts, Helianthus occidentalis and Rudbeckiafulgida, out of eight potential hosts. 

Pl · h · 11 the absence of pollinators produced viable seeds, ants grown 111 a green ouse 1 

G h 'ants Produced 40-50 seeds per capsule as compared to 
indicating self pollination. reen ouse P 
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fi e Id grc)\\ 11 pl:! 111 s. which produce 50- 180 
per capsule. Also, the greenhouse pollen-ovule ratios 

fo ll in ::i r::i nge for species thought to typicall If - . 
Y se -pollmate but with some capac ity for 

oulcross lllg. The fl ower buds have well-dev I -
e oped stigmas, and the anthers dehisce before 

an1hesis, but further study of bud fonnation is d d (C • 
nee e unmngham and Parr 1990). Throughout 

its evolution , Tomanthera has remained a bee poll' t d I h ma e p ant t ough probably not completely 

dependent on the insect for pollination. It has adapted I 1- ·1 b - · evo u 10nan y to ee polhnalion, however, 

by changing from its proto-Aureolarioid plain yellow corolla to a purple one with dark purple-red 

spots located anteriorly within the throat (Pennell 1928). 

Taxonomy 

The genus name Tomanth era was established by Rafinesque in 1837; the name literally 

means "split anthers," probably in allusion to one pair of anthers being smaller than the other. 

This small genus with only two species is probably of considerable antiquity and may have been 

derived, with Agalinis and Virgularia , from a remote Nearctic proto-Aureolarioid stock (Pennell 

1935). Tomanthera auriculata , the plant of interest in this study, is considered more primitive 

than the bipinnatifid-leaved Tomanthera densiflora , which is di stributed in the midwestem 

United States. Tomanthera auriculata has retained the proto-Aureolarioid features in its erect 

stem, opposite, ample leaves, foliaceous sepals, glabrous capsules, and unwinged seeds (Pennell 

1928). Tomanthera is most closely related to the genus Agalinis, but differs primarily in flower 

structure. Flowers of Tomanthera are sessile rather than pedicellate as in Agalinis, have unequal 

th II ( I · A 1· · ) d have blunt anther bases (awned in Agalinis) (Cunningham an er ce s equa 111 ga mis , an 

and Parr 1990). 

S f T 
. lata include Agalinis auriculata (Michx.) Blake, Gerardia 

ynonyms o . auncu 

_ _ . . (M. hx ) s reno Tomanthera lanceolata Raf., 
auncu!ata M1chx. , Seymena aunculata IC · P e, ·, 
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()tof!ln-/lu 111/clww:ii Benth ., Otophylla auricula (M. 
la 1chx.) Small , and A11reolariu a11ric11/a1u 

( 1ichx .) Farwe ll (Foti 1993). 

Habitat and Distribution 

Based on label data from herbarium specimens and published reports (e.g. Knoop 1988), 

the habitats of T. auriculata historically included dry oak woods II · d , grave y morames, an 

dolomitic glades to mesic prairies and marshy borders of prairies ponds. Today, the plant more 

typically inhabits degraded dry prairies and floodplains, fallow fields, and borders of upland 

sterile woods and thickets (Watson 1991 ). Geographically , the species is found mostly in the 

Prairie Peninsula of the Central Lowlands Province and in the Great Plains Province. Al so, there 

are a few sporadic records from the eastern United States, including some from the Interior Low 

Plateau, Appalachian Plateaus, Coastal Plain, and from along the Fall Line from New Jersey to 

Virginia (Orzell and Summers 1983). 

Tornanthera auriculata's limited occurrence is exemplified by some recent surveys and 

status reports. For example, in 1983, the only known extant population in Missouri was in the 

14-ha Gravois Creek floodplain in southeastern St. Louis County (Orzell and Summers 1983). 

The only Oklahoma site (as of J 990) was in Choctaw County where a small population of 10 

· d" ·d I d · "5 1 o square yard" area (Watson 1991 ). A population of about 50 
111 1v1 ua s occurre 111 a -

· · · · th etropolitan Chica0 o area (Musselman 1972). plants occurred on a degraded moist prame 111 e m e, 

Several "large" populations of about 200 individuals occurred in 40 ha of a prairie glade in 

Southern Brushcreek Township, Adams County , Ohio (Knoop 1988)-

Li sted Status 

. . . 1 in the 18 states where it occurs or occurred 
The formal status designat10ns of T. aw icu ata 

. nknow~ status, Kansas-critically imperiled, 
are: Illinois- imperiled, Indiana-exttrpated, Iowa-u 

4 



~I.in 1:rnd -nti rpatcd. Michigan-ex tirpated M. 
, innesota-unknow t M. . . · n s atus, 1ss1ss1ppi-proposed 

end:111 gcrcd . Mi ssouri-watch li st critically · -1 ~ ' impen ed New J · , ersey-ext1rpated, Ohio-endangered, 

Oklahoma-cri ticall y im periled, Pennsylvania-h · • . 1st0ncal [rediscovered in 1987 (Regan and Smith 

J 988) and ex tant in 1989 (Rawinski 1990)] T 
' ennessee-endangered, Texas-historical , Virginia-

hi storical, West Virginia-historical Wisconsin h" t · 1 (W ' - is onca atson 1991 ). 

Objectives 

The objective of this study was to investigate ecological relationships of the T. auricul~ta 

population in Montgomery County, Tennessee, over a two-year cycle (1994 and 1995). The 

results will help explain why this is a rare species, and provide information that can be used in the 

development of management and recovery plans. 

The following specific questions were addressed: 

1. What is unique about the seven subsites in Montgomery County that allows this disjunct 

population to grow there, and what physical factors, such as soils, bedrock, and elevation, do the 

subsites have in common? 

2. What is the current status of the Montgomery County population of T. auriculata , and what 

are the effects of landscape modification, such as periodic burning and usage by heavy 

equipment, on population size over the two years of this study. 

3. What is the vascular flora of the seven subsites; what species are shared among them; and are 

the subsites part of the same community based on standard indices of community similarity? 

· I · · th a coherent 0 roup of species that always 4. What are the associates of T. auncu ata , 1.e., is ere 0 

grows close enough to provide the required host root syStem? 

) that might be observed by careful field 
5. Are there other factors (pollinators, browsers, etc. 

. . ? 
. . ·ty ecology of this species. 

observat10n s that are important m the commum 
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CHAPTER 2 

METHODS AND MATERIALS 

The Study Sites 

The Tomanthera auriculata population stud· d · · M 
te 1s 111 ontgomery County, Tennessee, 

within the Fort Campbell Military Reservation (FCMR) a u s D f D • , . . epartment o e1ense 

installation occupying parts of four counties in Kentucky and Tennessee . The training areas of 

the Reservation harboring the population are within the Pennyroyal Pia.in Subsection , Highland 

Rim Section, Interior Low Plateaus Province of Quartennan and Powell ( 1978). The Pennyroyal 

Plain Subsection is a level to rolling upland extending across Kentucky into northern Tennessee 

and is characterized by upland flat s and depressions, sinking streams. upland swamps. and 

extensive areas referred to as barrens. In fact. the Subsec tion is nearly coincident with the historic 

"Big Barrens" of Kentucky and Tennessee (Baskin et al. 1 99➔ ). Barrens are deep-soil. culturally-

derived and maintained grasslands dominated by nati ve pe renni al grasses. but al so known to 

harbor numerous midwestem prairie species. Except for those within the FCMR. most barrens of 

the Subsection are now used for agricultural production. mostly wheat , soybeans. com, or 

pasturing (Baskin et al. 1994 ). 

The Montgomery County population of T. v11rirnlv1a consists of seven known 

· Th b ·1 upportino the e subpopulations compri e subpopulations within a radius of 2 km. e su s, es s o 

· ed f · al photooraphs) but the area occupied by an approximate total area of 98.4 ha (denv rom aen o · 

h · t" of the even subsites are as 
T. auriculara is much less. Names, locations, and c aractenza ,on 

follows: 

. 1 f d by the junction of Ghost Corp Trail and 
Subsite I: Ghost Corp Trail Site. In the tnang e onne 

. ~ 0 m elevation, level to rolling topography. 
Jordan Spnngs Road; about 1) .8 ha, 174-18 
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Subs ite 2: Oriental Village Road Site. A 
large site J. ust f h . . 

west O I e 111tersect1on between Hellcat 
Road and Oriental Village Road cont . · · 

' ammg a firebreak- ab ,3 , h ' out - -- a. 183 -1 89 111 elevation, 
leve l to rolling topography. 

Subsite 3: Oriental Village Road, Northeast Site. 
Direc tly no rth of and separated from subsite 2 

by Oriental Village Road; about 5_, ha 180 181 . 
- ' - · 111 elevation. mostl y leve l topography. 

Subsite 4: Oriental Village Road, North-Midd l s· J . . 
e ite. ust west of subs1te 3 on the north side of 

Orient al Village Road; about 14 9 ha 177 181 I · 
1 . , - . me evat1on. eve! to rolling topography. 

Subsite 5: Oriental Village Road North wes tern s·1 J f · 
, · 1 e. u~t we~ t o ~ubs1te -+ and north of a 

firebreak on south side of Oriental Vill age Road: about 15.8 ha. I 7-l-177 111 elevation. mos tly 

leve l topography. 

Subs ite 6: Oriental Vi ll age Road. Southern Site . South of ,ub~itc 2 and 011 ea~t side of Oriental 

Vill age Road: about 7.5 ha. 183-186 111 elevation . m ~ti)· l•·v•·I r h ... ... grap y. 

Subs ite 7: Hellcat Barren Site. Easternmo\t site. s uth of Hell at Road : about 13 .5 ha. 177- 1 O 

111 elevation. mostly leve l topograph . 

The soi ls present 0 11 the \ub. ires arc f the Di k, 11. I untYicw. Arrington. and rider 

series (so il s in fom1a ti o11 derived from Lampley,., ul. 1975 ). The Dick 11 --erie~ i~ a moderate! 

\\'e ll -dra ined silt loam so il wi th a medium a,·ailable water apacity and a fragipan in 111 q area . . 

Without liming. the soi l is strongly to very strongly a idic. There arc tw Dick. n ii ~ubtypes 

represented in the study sites. One. Ds . is f und in . ub ires I and - and i. chara terized b +8 

perce nt slopes on broad uplands. The fragipan is gravelly in a few Jf'CJ • • but it i. mo. ti _ a light 

silty clay loam that becomes hard and bri11le when dry. cau. ing re . tri tion of root and water 

1110 Th D C ·1 · d ht·, 1·11 uninier and •rn ceptible to erosion. The . econd Dick. on vement. e s so i 1s roug ) · · 

subty D B I f I , percent and is found in subsites I. 2. 3. 5. 6. and 7. The · pe . s . occur · on s opes o -~ · 

f · I I b r ·11 a few areas re ulting in moderately low rag1pa11 is mostly gravelly. though compete Ya se n 1 · · 

drai nage . 
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The Mount view series is a dee well d . . 
P, - ramed silt loam fo nned in a 2-3 foot layer of loess 

o\·er old :ill uvi um or cherty residuum deri ved f r . . . 
rom 1mestone. This sotl 1s found mainly on 

bro:id ly ro unded tops of low, rolling hills and co 
I 

h . 
nsesquent y as a deep root zone and high 

available water capacity. The depth to bed k · h 
roe 1s more t an 10 feet. This soil also is strongly to 

very strongly acidic. Two Mountview soil subtypes a. d · h d · o 
re represente 111 t e stu y sites. ne, 

MoB , is found in subsites 3 and 4 and occurs on slopes of,., 5 t · h II h · -- percen wit sma areas avmg a 

fragipan at about 2 feet . Subtype MoC" occ d d 5 J" · - urs on era e , - !. percent slopmg hillsides in 

subsites I, 2, 3, and 4. 

The Anington series is a deep, well-drained silt loam soil found in flood plains, bottoms 

of limestone sinks, and uplands with slopes less than 2 percent. The soil has a high available 

water capacity with a depth to bedrock of over 8 feet , and though moderately permeable, it is 

subject to brief flooding in late winter and early spring. This also is a highly fertile soil of neutral 

to medium acidity with a deep root zone. The Arrington soil is found only in subsite 4. 

The final type, Crider, also is found only in subsite 4. This soil is a deep, well-drained 

silt loam soil which occurs on 2-8 percent sloping uplands with a depth to bedrock more than 10 

feet. The upper 2-3 feet were fanned in loess and the lower 5 feet or more were formed in 

residuum or old alluvium. It is a moderately permeable soil of medium to strong acidity with a 

high available water capacity and a deep root zone. 

All sites are underlain by bedrock of the Ste. Genevieve Fonnation, an Upper 

M. · · · L" h t · t·c of the Pennyroyal Plain Subsection. This is a cavernous, 1ss1ss1pp1an unestone c arac ens 1 

I. h · f h rty and with some oreen shale and fine-grained sandstone (Wilson gray 1mestone t at 1s o ten c e · o 

"thin the Subsection (Baskjn et al. 1994). 1986). Few surface exposures occur w1 
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Field Sampling and Data Analyses 

Each of the seven subsites known to . 
support T. aunculata was examjned throuohout 

b 

t 994 and 1995 to determine if any landscape m d'fi · 
0 1 1eat1ons, such as burning or other 

di sturbances, bad occurred. Land-use records on · . 
previous usage of the sites were obtained from 

the FCMR Environmental Office. D · s 
unng eptember of 1994 and 1995, at the peak of flowering 

for the species, each field was visited and a count made of II T I 
1 a 1 omant 1era p ants present. Data 

were tabulated and variations in counts between the two years determined. 

Each field was sampled with m2 quadrats on 3, 8, 15 September and 6 October 1994, to 

obtain data on (I) the flora of the sites and (2) associated species. Quadrats were haphazardly 

placed throughout each Tomanthera population, except that each quadrat included at least one 

healthy Tomanthera plant. The number of quadrats per site was based on the relative size of the 

To111anthera population. Thirty quadrats were taken in subsite 1, 20 in subsite 2, 15 in subsite 3, 

25 in subsite 4, 13 in subsite 5, 7 in subsite 6, and IO in subsite 7, fo r a total of 120 quadrats. 

Within each quadrat , all species present were recorded and their coverage values, including bare 

ground, if any, recorded. Coverage classes, based on the methods of Oosting ( 1956), are on a 

scale from 1-5 with coverage class I representing less than 5 percent coverage of ground surface; 

coverage class 2 from 5-25 percent ; coverage class 3 from 25-50 percent ; coverage class 4 from 

50-75 percent ; and coverage class 5 from 75-100 percent. 

A fl · · 1· ed for each of the seven sites and the li sts combined to develop onst1c 1st was prepar 

a flora for the FCMR Tomanthera community; nomenclature follows Wofford and Kral (1993). 

, . s· .1 ·1y was calculated for all pairwise combinations to Sorensen s Index of Commumty uru an 

h ommunity (Barbour et al. determine if the seven sites represent t e same c 
1987). This index is 

A _ the number of species in site 1, B = the 
based on the equation IC

5
=(2C/A+B)l00, where -

h ber of species in common. 
number of species in site 2, and C = t e num 

9 



Prese nce. or the percent of sites· h. h . . in w tc each sp . 
ec1es occurred, was computed. Presence 

cl:isses were de tem1ined fo llowin o the sch f 
0 

emes ° Cain and Castro (1959) and Oosting (I 956): 

presence class (PC) I = all species occurrino · 1 ,-, 0 tom -- percent of the stands; PC 2 = 21-40 percent; 

PC 3 = 41-60 percent ; PC 4 = 61-80 percent· d PC 5 _ 
' an - 81-100 percent. Presence class 

di stributions were determined and compared with th I d" . . 
e nonna 1stnbut1on reported by Oosting 

(I 956). 

Frequency, or the percent of sampl I t · h. h · e P o s m w 1c a species occurred, was computed. 

Frequency classes were determined as outlined by Oosting (1956): frequency class (FC) A = all 

species occurring in 1-20 percent of plots ; FC B = 21-40 percent; FC C = 41-60 percent; FC D = 

61-80 percent; FC E = 81-100 percent. Associates and possible host tax.a of T. auriculata at the 

FCMR population were determined from frequency data. 

The plant community type supporting T. auriC11lata at FCMR was quantitatively 

detennined by computing an importance value (IV) based on frequency (the percent of quadrats 

with a species), relative frequency , cover, and relative cover for each species. Summation of the 

relative values (total possible= 200) allowed for a numerical ranking of importance (Barbour et 

al. 1987). 

On 8 and 15 September I 994, possible pollinators and herbivores were collected by 

netting over and hand-collecting from T. a11riC11lata plants in four of the sites. Insects captured 

were transported to the laboratory and identified by Dr. Steven Hamilton , entomologist in the 

B. J D A t· p State University A larval-insect herbivore, observed heavily 10 ogy epartment, us 111 eay · 

d . 
1 

f T . 1 ta was collected and maintained on foliage in the laboratory amagmg many p ants o . auncu a , 

until pupation when Dr. Hamilton provided identification. 

IO 



CHAPTER 3 

RES UL TS AND DISCUSSION 

The Study Sites 

The seven study sites supportin T, . g omanthera aunculata on the Fort Campbell Military 

Reservation, Montgomery County Tenn . , essee, reveal physical similarities in a number of ways: 

( l) the sites exhibit level to slightly rolling to h . ,., . pograp Y' (-) elevations range from 174-186 m with 

an average elevation of 180 m (U. s. Dept of th 1 . 19 . · e ntenor 57); (3) all sites are underlain by 

bedrock of the Ste. Genevieve Formation with D B ·1 f h D. · s soi o t e 1ckson senes the most prevalent 

soil type. The DsB soil approximately accounts for 60 percent of the study site soils. Of the five 

other represented soils, only MoC2 in the Mountview series accounts for a large portion, 

approximately 25 percent. 

Landscape Modification and Stem Counts 

The total stem counts of T. auriculata in September 1994, were in excess of 3,800. The 

same counts, made in September 1995, showed that the population had decreased to less than 

one-half of that of the prior year, approximately 1,500. One explanation for this decrease is the 

three-year bum cycle for fields at FCMR to maintain a level of openness for military operations. 

Based on habitat descriptions for T. auriculata , the consistent bum program at FCMR should 

help to continually provide disturbed areas for growth and seedbed maintenance. Table I 

represents the total r. auriculata counts made at each subsite in September 1994 and 1995, and 

the corresponding bum dates. It was expected that September counts after a spring bum in the 

same year would be more substantial than counts in the following year(s). While this expected 

pattern held true for subsites 1-6, the population increases following a spring bum varied greatly. 

11 



T:ihlc I. To11wn1hcru wiric11!u1u stem 
. . I counts Septemb 1994 1 Rcscrv:111 on wit 1 bum years. ' er - 995, at Fort Campbell Military 

Subsites 1994 1995 Spring Bums 

2 
3 
4 
5 
6 
7 

*partial bum 

1,926 
604 
370 
800 
-75 
-30 

92 

47 1994 
746 1995 

17 1994 
296 1994 

38 1994 
329 1995 

91 1995* 

The lack of population-size change in subsi te 7 could be d t · 1 b · ue o an mcomp ete unung of the field 

to which subsite 7 belongs. Bush-hogging is a know11 but rand d d d , om an un ocumente 

occurrence in the fields, as is the use of heavy equipment and training maneuvers. The 

mechanical and bum disturbances also may affect T. a11ric11/a1a 's unknown host plant(s), thereby 

complicating reasons for the variable counts between years. 

Flora and Floristic Summary 

The floristic list (appended) shows that the flora of the seven subsites, based on sampling 

data, consists of 23 families, 56 genera, and 77 species. Only 4 specie5 (5.2%) are non-native. 

Three famj\ies, the Asteraceae (20 tax.a), Poaceae ( 13 taxa), and Fabaceae (IO taxa), comprise 

55 .8 percent of the flora. The major genera are Lespedeza (4 species), Aristida (3 species), Asler 

(3 species), and Helianthus (3 species). 

Community Coefficients 

· bl ") h hioh deoree of similarity between the 
The Sorensen community coefficients (Ta e - s ow a O 0 

b 
. 

44 4 66 7
) Only l 4.3 percent of the 21 comparisons have a 

su sites (avg.= 57.51 , range = - - · · 

12 



r.,hlc ~- Sorrnscn · ~ comrnunity coefficient s • 
1 

. 
. ,or I 1e seven populat10 b . · 1 . To11

1//1llh1.,-,1 ,11ir1c 11/u1u at Fort Campbell M·l ·t R . n su s1 es supporting 1 1 ary eservat1on . 
S1 :111d 

2 
3 
4 
5 
6 

2 

62 .8 

3 

61.5 
57.5 

4 

54.3 
72.3 
53.3 

5 6 

45 .5 49.2 
58.8 53.7 
60.0 57.6 
66.7 61.3 

59.6 

7 

44.4 
55.4 
52.6 
60.0 
66.7 
54.5 

similarity of less than 50 percent. Of the 85.7 percent with a higher degree of similarity, 38.I 

percent have a similarity greater than 60 percent. According to Barbour et al. (1987), values 

greater than 50 percent indicate that different sampling units belong to the same community type. 

Therefore, it can be inferred that the Tomant'1era auriculata subpopulations at FCMR are part of 

the same community type. 

Presence 

Table 3 indicates that the T auriculata subpopulations at FCMR do not closely follow 

the normal presence class distribution (Oosting 1956). Presence classes 2-5 contain 65 percent 

T bl 3 P t f . from the seven Tomant'1era auriculata subsites at Fort Campbell 
a e . ercen o species f b 

I 
t. s ,., - ,., 1-40% 3 = 41-

. . . . 1 (l - 1-"0% 0 su popu a 1011 , - - - , Military Reservat10n m each presence c ass - . - . . . 
0 195

6) 
60%, 4 = 61-80%, 5 = 81-100%) and a *nonnal d1stnbut1on (Oostmc, . 

Presence Class 

2 
3 
4 

5 

*approximated from diagram 

Normal Distribution(%) 

56.0 
16.0 
9.3 
9.3 
9.3 

13 

FCMR Distribution(%) 

35.0 
19.0 
13.0 
16.0 
17.0 



rather than the normal 45 percent of the species s· •ti 

· igni icantly, presence class 5 (-constantly 
present) and presence class 4 (usually present) far ex d h . . . 

cee I e norm s. More species w11b higher 

presence points to a high degree of similarity in stands comprising the FCMR T. awicu/ara 

community. A presence table for the known fl o f h b · · . . 
ra o I e seven su sites 1s gl\·en 111 Appendix 2. 

Frequency 

Table 4 shows the expec ted or nom1al percentage~ for each frequency cla .. ,s versus the 

actual percentages. While the frequency class distribution for the FCMR popula1iom is more 

skewed toward FC A and thus seems to indicate a lack of ohesi\·ene,s among the plant 

associates, the prese nce class di stributions arc higher than expected in pre,rncc la,\C, .1. 4. and 5 

(Tab le 5), thereby indicating a more stable community ,tructurt· profile: . Frequency cla,~ E i, 

important for its sugges ti on of pos!--ible ho,t ta.xa for T. ,1111irnlt1tt1 . Thi~ la" con tain, 

Schi;.cJc/,_rri11111 scapCJri11111 and flclianr/11u occidalfu /n. both of\\ hi h occur in I percent of the 

plots. 

Community Structure 

Based 011 im po rt ance va lue, (IV)(Tablc 6. the plant c mmunity harboring T 1111ncularo 

at the FCM R is dom111ated 111 pan y I e . ~pcci • -. . b h l 1 ·e\ in pre-en c cla ' : "hi h arc am ng the t p 

I I I fon Campbell fili ta.ry . f I 110 Ti Ill mtliaa wmcu u111 p t, J 
Table4._Per_centofspec1e:- rom t_ie -_ ~,O~c B=

2
I 'r , =-+1-6if'c- .D=61- O"i: . E= I-

Reserva 11011 1n each frequency class (A - I - · 
100%) with the *nom1al FC distribution (OoS tJng 1956). 

Frequency Class 

A 
B 
C 
D 
E 

*approx imated from diagram 

omial Di . tribution( ~) 

52 
15 
9 
8 

16 

F ~fR Diqribution("b ) 



Table 5. Presence class distribution (5 == 8 I - I 00%, 4 == 6 I -80%. 3 == 41 -60%, 2 == 2 I -40%. I == 1-
20%) for spec ies in the seven To111antltera auricufatu subsites, Fort Campbell Mi litary Reservati on. 

Ta~x~a ___________ ----~----_______ Pre_\~e~n_c_e~C~l_a_s_se_s ________ ---:_ 

5 4 3 2 Agalinis tenuifo/ia X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Aster d1m1osus 
Cl,a11 ,aecrista fasicu lata 
Desl!iodium ci/iare 
Diodia teres 
Helian t/111s occiden tulis 
Lespede ::,a procu111hens 
Lespede::,u stip11/aceu-striutu 
Lespede::,u l'irginica 
Potentilla si111plex 

P\'Cnant!t e11111111 ten11ifo li11111 
. . 

Schi-::.uchrri11111 .l'COfJU/'ll//1/ 

Solidugo nnnorulis 

Allihrosiu hidentatu 
A,·ra linllriifolius 
Chllll llll'l'risru nictittlns 
Corcopsis 11w1or 
Frugllrill 1·irginiww 

ll_ipcric11111 gentillnoidt' s 
Polrgll fll 1·enicillur" 
Rl,11.1 co111illinu 
Rul///sjlllgcllllris 
Sclaill 111111cijloru 
S111ilu., glllucu 
Srmiilw.,·t_\'lcs 11111hcllltu 

: \s/1'/' pi!0.\'/1.\' 
Erugrosris spectllhilis 
£1111" tori11111 !1Ys.rnpifolit1Jn 
llt'liunr/111.1' hir.rnr11s 
l-{_l pc ric11111 dn1111111011dii 
Lim1111 1·irginit11111111 
Liurris Sl/1111/TOSLJ 
Loniccru jllponica 

Prc1111nthc1111 11 11 pilos111n 
Ros11 l·uro/inu 

Agulinis Jiuic11/utt1 
Arisridu diclwro11w 
Arisrid11 p11rp11rasce11s 
Diosprros 1·irgi11 ia11a 
Gnupltu/i11111 p111p11re11111 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

15 

\ 

\ 

' 
\ 

' 
' 
' 
' 
' 
\ 

\ 

\ 

X 

X 

X 



Taxa 

Gy111 nopogo11 a111big1111s 
Ho11stonia plllJJllrea 
L,obelia p11bemla 
Panic11n1 /axiflorum 
Polygala incarnata 
Sassafras albidwn 
Solidago juncea 
Sorghastrum nutans 
Spiranthes lacera 
Tri dens jlavus 

Achillea millefoliwn 
Allium vineale 
Ambrosia artemisiifolia 
Aristida oligantha 
Bidens polylepis 
B11chnera americana 
Conyza canadensis 
Des111odi11111 sessilifoli11rn 
Digitaria sanguinalis 
Ely111us virginicus 
E11patori11111 ultissi111w11 
Euphorbia corollata 
Ga li11111 pilosum 
Gwira biennis 
lf eliant/111.5 mollis 
Hieraci11111 gronovii 
Lespedeza c1111 eata 
Liatris sq11arr11losa 
Orn /is stricta 
Punirn111 depa11perat11111 
Pu.1·siflora incarnata 
Prnnellu l'lligaris 
Rl111s glabra 
Seta ria purviflora 
Sy111phoricarpos orbic11lat11s 
Tephrosia virginica 
Triclwstema dichoto1111m1 

5 4 

16 

Presence Classes 
3 2 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 



Table 6. Ranked importance values (IV) for 
5 

· f 
subsites at Fort Campbell Military Reservaf pec.iehsl r~m the seven To111anthera a11ric11lata 

ion wit Y s greater than 0.999. 

Taxa 
IV Value 

Rank 
Schiz.achyriwn scoparium 

16.115 Helianthus occidentalis 
14.625 

Solidago nemoralis 2 
6.402 3 Potentilla simplex 
5.157 4 Agalinis tenuifolia 
4.995 5 Lespedeza virginica 
3.614 6 Diodia teres 3.494 7 Des111odiw11 ciliare 3.484 8 Lespedez.a stipulacea-striata :U06 9 Aster dumosus 3.100 10 Cha111aecrista nictitans 2.850 11 Lespedeza procumbens 2.440 12 

C/10111aecrista fasiculata 1.952 13 
Coreopsis major 1.709 14 
A111hrosia bidentuta 1.662 15 
S111ilux gluuca 1.662 15 
Solidugo juncea 1.298 16 
Rosu curolina 1.237 17 
Pycnunthe11111111 ten11ifoli11111 1.206 18 
A.Her linari1foli11s I .17-+ 19 
Heliunth11s hirs11t11s 1.0+4 20 
R11b11s jlugellaris 1.008 21 
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J ~ r:i11"-i11g~. The 77 plant associates' ranked IV' 
s range from I to 36, with 28.6 percent , or rank 

11 urn hcrs 1-21 h:n-ing !V' s greater than 0.999. Th 
e two species with I 00 percent frequencies in 

all 120 plots are Scl1i~acl,yri11111 scoparium and H 1· 
1 

. . 
e wnt 1115 occidentalts; these species have IV 's 

of 16 .1 15 and 14.625 and rank 1 and 2, respectively. R 
ank 3, Solidago nemoralis, drops to 6.402 

JV and only occurs in 60.8 percent of the plots (freque 1 D) R · • 
ncy c ass . ephcate expenments by 

Cunningham and Parr O 990) showed Helianthus occidentalis to be a successful host for T. 

auriculata . Schizachyrium scoparium was not part of this host experiment, but data here indicate 

a high possibility that this species is a host species. 

Pollinators/Herbivores 

Most of the insects captured on T. auriculata plants are species of bees and beetles 

functioning as pollinators (Table 7). The only certain herbivorous insect caught is the caterpillar 

of Precis coenia, the buckeye butterfly, which is known to feed on species of Gerardia (fonner 

generic synonym of T. auriculata)(Klots 1951 ). Heavy herbivorous activity characterized by 

large bite marks is attributed to deer known to inhabit the area. However, predation does not 

appear to be a limiting factor for this population. Even predated plants usually produced flowers 

and fruit with seeds. 

18 



T:ible 7. In sects captured from Tomanthera auriculata plants in three subsites at Fort Campbell 
Mil itary Reservation on 8 and 15 September 1994, and possible relationships between the insects and plants. 

Order 
Coleoptera 

Diptera 

Hemiptera 

Hymenoptera 

Lepidoptera 

Famil 
Chantharidae 

Chrysomelidae 

Syrphidae 

Pentatomidae 

Anthophoridae 

Apidae 

Halictidae 
Megachilidae 

Arctiidae 

Nymphalidae 

Genus s ecies/common name 
Chauliognathus poss. pennsyl
vanicuslgoldenrod soldier 
beetle 

Diabrotica unideci111punctata/ 
spotted cucumber beetle 

unknown 

Oebalus pugnaxlrice stink bug 

unknown 
Xylocopa sp./carpenter bee 
Apis 111elliferu/honey bee 
Bo111bus sp./bumble bee 
Lassioglo.rn1111 sp./sweat bee 
Megachile sp. 

Cisseps Juli ·icollislye llow-
collared scape moth 

Precis (Jun oniu) coeniu/ 
buckeye butterfly 

19 

Function 
pollen feeder 

nectar or 
pollen feeder 

nectar feeder 

all insects 
co llec ted in 
Hymenoptera 
likely nectar 
feeders & 
pollen 
co llec tors 

nectar 
feeder 

herbivore 
(co llec ted as 
caterpi llar) 



CHAPTER 4 

SUMMARY 

Based on publi shed reports, the seven fluctuating subpopulations of Tomanthera 

011 ,-iwlata (Michaux) Rafinesque (Scrophulariaceae) at the Ft ( -.n1 b II M·1 · R · . ......, p e 1 1tary eservat1on 

barrens, Montgomery County , Tennessee, are among the larges t in ex istence. The seven subsites 

exhibit strong similarities in topography (leve l to slightly ro lling). eleva tions ( I 7+ 186 m above 

sea level ), bedrock (Ste. Genevieve Limestone), and so il s (Dickson series pre\·alent ). The typi cal 

habitat for T. a11riwlata generally corresponds to some type of dis turbance . and thi, site is \ Cry 

obliging with regular burning sc hedul es. tra ini ng maneu\·ers. ere. While stand:- of T. u11nrn/1110 

were often found in fairl y small areas regardles. of amount of sui table ,p:ice. the plant w:is 

predictabl y abse nt from th ic ker. taller. and , rubbier ,tand, . There \\ a, , me b:irc g und in 

-.8. 1 % of the 120 quadrat plots taken. Thi . i, :ill indicati\·e of the need f rm re diqurbcd ,ite, 

whi ch is at least parti all y due to the seed:-' ligh t requirement for gem1inati n. 

Total stem co unt s in eptember 199-+. re\·calcd :i popul:ition fa ut .1. planh. In 

d ut 1 . 56➔ . Population numhcr in rea,ed September 1995. the population had dec rea,e to a 

99 c 61' IO 5). dccrea -.ed in four itc, not bu med greatl y in two subsi tes burned in farch 1 -1 ( - -. 1 

. h · th t e ei,ed :i pa.r1i:il bum (9~ to 91 ). 
(> 171 to >98) . and remained about the same 111 t e one site a r • 

r d ta on,i'-1 f ,I familie, . 5 genera. 
The fl ora of the seven subsites. ba. ed on sa.mp lllg a · - -

. Th b ·1 s are related at an a,·erage and 77 speci e s(➔ 11on-11at1\'e). e su -1 e. • 
ren<,en ·, mrnunity 

. . . la, ' ➔ and 5 than nom1ally found 
coefficient of 57.51. There are more . pec1es 111 presence · · · 

, ,o me qua.drats di . tributed o\"er the ~ve n 
(>We \·ersus 18.6%). Frequency data. based on -

. . S ·I ·-ucln-ri11111 scopuri11111 and Heliu111h11s 
. . . . . I ly two specie:-. c II . subs1tcs. are 111conclus1ve. except t 1at on 

II ·\·e f requenn- data for e\·en some of the 
I. lots Inconc u • 0 ccidrnralis. occurred in all samp ing P · 

20 



110 , 1 11rc\·alen t spec ies does not necessarily diminish the stabi·1·
1
ty of th · 

t · e commumty structure 

profile since the plots, containing T. auriculata, and therefore disturbed habitat by definition, 

were often sparse with some bare ground. 

Based on importance values (relative frequency plus relative cover), the seven subsites are 

domjnated by Schizachyriwn scoparium , little bluestem (16.12 of IV '.!00) and Helianthus 

occidentalis, sunflower (14.63 of IV 200). These two species were constant associates of T. 

auriculata , and may well serve as host taxa for the hemiparasite. 

Predation on plants in this population was minimal, although the larval stage of the 

buckeye butterfly often damaged some plants. 

This study indicated that burning and/or other habitat modifications are required to 

maintain a healthy population of T. auriculata at thi s site. Further studies are required to 

elucidate the extent and kinds of habitat modifications required. 
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A GIOSPERMS--MONOCOTYLEDONS 

Cyperaceae 
Selena pc111cijlow Muhl. ex Willd . [7 ] 

Liliaceae 
*A lli11111 1•ineale L. [I] 

Orchidaceae 
Spiranrltes lacew (Raf.) Raf. var. gracilis (Bigelow) Luer [3] 

Poaceae 
Arisrida dichotoma Michx. [3] 
AristiJa oligantha Michx . [2] 
ArisriJa p111p11rascens Poir. (3] 
*Digiraria sanguinalis (L.) Scop. [I] 
Ely11111s virginicus L. [6] 
Eragrostis spectabilis (Pursh) Steud. [8] 
Gy111nopogon ambiguus (Michx.) Britton, Stems & Poggenb. [3] 
Panicwn depauperatum Muhl. [2] 
Panicu111 laxiflorum Lam. [3] 
Schiz.achyrium scoparium (Michx.) Nash (120] 
Setaria parviflora (Poir.) Kerguelen [1] 
Sorghastrum nutans (L.) Nash [4] 
Tridens flavus (L.) Hitchc. [5] 

Smilacaceae 
Smilax glauca Walter (20] 

Anacardiaceae 
Rlws copallina L. [11] 
Rhus glabra L. [2] 

Asteraceae 

ANGIOSPERMS--DICOTYLEDONS 

Acltillea 111illefolium L. [I] 
Ambrosia artemisiifolia L. (8] 
Ambrosia bidentata Michx. [20] 
Aster dumosus L. [69] 
Aster linari1foli11s L. [ 14] 
Aster pilosus Willd. (6] 
Bidens polylepis S. F. Blake [2] 
Conyw canadensis (L.) Cronq. [2) 
Coreopsis fllajor Walter [21] 
Eupa!orium altissifllum L. [I] 
E11purori11 111 hyssopifolium L. (4] 



Gnu11huli11111 p11rp11re11111 L. [2] 
Hd ii111/lt11., !tir.rnt11s Raf. [ 12] 
Hclio11 1!t11s 1110/lis Lam . (2] 
Helion1/111s occidentalis Riddell ( 120] 
Hieraci11111 gronovii L. [I] 
Liatris squarrosa (L.) Michx. (8] 
Liatris squarrulosa Michx. [5] 
Solidago juncea Aiton [ 16] 
Solidago nemoralis Aiton [73] 

Campanulaceae 
Lobelia puberula Michx. [3] 

Caprifoliaceae 
*Lonicera japonica Thunb. [5] 
Symphoricarpos orbiculatus Moench [ 1] 

Clusiaceae 
Hypericum drummondii (Grev. & Hook.) Torr. & Gray [9] 
Hypericum gentianoides (L.) Britton, Stems & Poggenb. [7] 

Ebenaceae 
Diospyros virginiana L. [2] 

Euphorbiaceae 
Euphorbia corolla ta L. [ 1] 

Fabaceae 
Chamaecristafasciculata (Micbx.) Greene (24] 
Chamaecrista nictitans (L.) Moench [35] 
Desmodium ciliare (Muhl. ex Willd.) DC. [42] 
Desmodiwn sessilifolium (Torr.) Torr. & A. Gray [I] 
*Lespedeza cuneata (Oum. Cours.) G. Don [6] 
Lespedeza procwnbens Micbx. [30] 
Lespedeza stipulacea-striata Maxim.-(Thunb.) H. & A. [37] 
Lespedeza virginica (L) Britton [44] 
Strophostyles umbellata (Muhl. ex Willd.) Britton [9] 
Tephrosia virginiana (L) Pers. [2] 

Lamiaceae 
*Prune/la vulgaris L. [I] 
Pycnanthemum pilosum Nutt. [3] 
Pycnanthemum tenuifolium Scbrad. [14] 
Trichostema dichotomum L. [ 1] 

Lauraceae 
Sassafras albidum (Nutt.) Nees [6] 

Linaceae 
Linum virginianum L. [6] 

Onagraceae 
Ga11ra biennis L. [ 1] 

Oxalidaceae 
Oxalis stricta L. [ 1] 

Passifloraceae 
Passiflora incarnata L. [ l] 

Polygalaceae 
Polygala incarnata L. [3] 



Polygala verricillata L. var. amhigua (Nutt A 
Rosaceae .) .W_ Wood [6] 
fragaria i·irginiana Duchesne [9 ] 
Potenti/la simplex Michx. [6J] 
Rosa carohna L. [ 15] 
R11h11s jlagellaris Willd. [ l 2] 

Rubiaceae 
Diodia teres Wa lter [-H J 
Ca /1 11111 piln.1w11 A i ton [ I J 

//011 11n11 ia 1m1p1ireu L. [.1] 
Scrophu lari aceae 

:1r;ull11i1 fuscirnlotu (IJ liotr ) Raf. [2] 
_,1 r;u/111/ I f l' llllifo liu ( V :ih I ) Raf. r 6 I l 
/l{/( ·l,11 cru ll ll ll'f"i Cll /1 (/ I ,. [ I ] 



d
. "' Procncc li st for the 77 tax.a found in the seven subsites where To111anthera 

\ -X:11 I"\- · 
: Pl / i-., known to occur , Fort Campbell Military Reservation (x = species present) . 
,111n i" II uru . 

T:n:.a . 
Achi//ea ,11illefo /111111 
Agalinis Jasic11lata 
Agalinis ten11ifolw 
A//illlll vin ea le . _ . 
A,,,brosia artemis1ifolw 
A,,,brosia bidentata 
Aristida dichotoma 
Aristida oligantlw 
Aristida purpurascens 
Aster dwnosus 
Aster linariifolius 
Aster pilosus 
Bidens polylepis 
Buchnera americana 
C/ramaecrista fasic11lata 
Clwmaecrista nictitans 
Conyza canadensis 
Coreopsis major 
Desmodium ciliare 
Desmodium sessilifolium 
Digitaria sanguinalis 
Diodia teres 
Diospyros virginiana 
Elynws virginicus 
Eragrostis spectabilis 
Eupatoriwn altissimum 
E11patori11m hyssopifoliwn 
Euplwrbia corollata 
Fragaria virginiana 
Gali um piloswn 
Gaura biennis 
Gnap/10/iwn purpureum 
Gymnopogon arnbiguus 
Heliant/1Us hirsutus 
Heliantlllls mollis 
Helianthus occidentalis 
Hieracium gronovii 
Houstonia purpurea 
Hypericwn drwnmondii 
Hypericum gentianoides 
Lespedeza cuneata 
LespeJeza procumbens 
Lespec/eza stip11lacea-striata 
Lespedeza virginica 
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