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ABSTRACT 

A fl ori st ic survey was conducted of 14 Western Highland Rim (WHR) seepage fens in 

central Tennessee ranging from circa I 00 m2 to 770 m2 in size. Seepage fens are botanically 

unique ecosystems supporting a di stinct array of vascular plant species, several of which are rare 

and endangered. These small-patch, ground water fed wetlands are characterized by saturated 

soils with an open to semi-open canopy often dominated by herbaceous vegetation (USNVC 

2016). Twenty-four collecting trips were made between March 2012 and May 2016. The 

vascular flora includes 160 species and infraspecific taxa in 121 genera and 58 families. Thirty­

six percent belong to three families: Asteraceae ( 11 ), Cyperaceae (11) and Poaceae (14). Fifty­

one percent are either obligate or facultative wetl and taxa. Forbs and graminoids make up the 

dominant vegetation in all 14 sites. 

Within the 14 federal, state and privately owned study sites, some of the most commonly 

collected species and infraspec ific tax a include Juncus coriaceus ( 11 si tes), Carex lurida ( I 0 

sites), Oxypolis rigidior ( IO sites), lindera benzoin (9 si tes). and Carex atlantica var. atlantica 

(9 sites). Notable species documented include the federally and state endangered Xyris 

tennesseensis (5 sites); and the state li sted: Eleocharis tortilis ( I site), Fuirena squarrosa (2 

sites), Lathyrus palustris ( I site), and Parnass ia grand(fo lia (7 sites). A S0rensen's index 

presence/absence comparison to fe n fl oras of Mi ssouri , Ohio, and North Caro lina indicate that 

while there is a similar fa mily distribution of tax a, the WHR seepage fe n species are flori stically 

di stinct. This may be explained by elevat ional and lat itudinal grad ients. These fens are largely 

intact \ovith a low percentage ( 1.9%) of in vas ive spec ies. 

Vil 
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1 d hi ,hl y lcrti lc soi ls form ed 
or greater (So il Survey Staff 20 I 0). They are moderately lcac ic ' g 

mainly under forest conditions. 

Hydrology 

f th V lley and Ridge province and cast The Highland Rim aquifer system occurs west o e a 

of the Southeastern Coastal Plain aquifer (Brahana & Bradley 1986). In thi s aquifer, secondary 

openings for water flow are created by joints, faults , and karst-induced caverns and fract ures. 

While primary porosity is low, these secondary openings are where most groundwater occurs. 

The lower confining layer for this aquifer is Chattanooga Shale which has relati ve ly weak 

dissolution porosity. On the eastern end of the aquifer, the Upper Mississippian Pennington 

Formation is the upper boundary. Local pockets of ground water near the upper boundary 

contain highly mineralized water. Groundwater flow can vary from concentrated to diffuse, 

depending on local lithology (Worthington & Gunn 2009). Hydrology is more variable in 

dissected areas, forming numerous springs and seeps along dissected escarpments (Fig. 3). 

The WHR contains three watershed basins: ( 1) the Cumberland River Basin and Barren 

River Watershed, which covers much of the northern portion of the WHR, (2) the Middle 

Tennessee River Basin & Conasuaga River Watershed which covers the southernmost part of the 

WHR, and (3) the Lower Tennessee River Basin which covers the western and central portions 

of 
th

e WHR. All three basins are impacted by impounded water resulting from major dams on 

the Cumberland and Tennessee Rivers (TDEC 2016). 
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Fig. 3. Conceptual model of ground-water occurrence in the lime tone of the Highland Rim 

aquifer system from Brahana & Bradley ( 19 6) . 

Cli111ote 

The climate ot'the WHR is Humid , ubtropical Wann Temperate (Thom\,·aite 1948). 

Annual average precipitation is about 127 cm (50 inches),, ith the greate t precipitati on 

occurring in the ,,·inter and earl y spring( . mallcy l 9t 0) . \ erage sea onal snowla ll for 

Columbi a, Tennessee. located in the southem part of the WHR is l-L2 cm (5.6 inches). Soi ls are 

\\·etkst from December to April and driest from .lul y to October. A,·erage \,·indspeed is highest 

( 16 km) in March . The probability or drought days is greatest in August and the length of the 

gro,,·ing season is in the range or 190 to 205 days. i\ lean temperature is about 1-+ .-+°C (58 °F) and 

average relati\e humidity in mid-afternoon is 57°0 . The sun shines 6-+ 0
o of the daylight hours in 

12 



. . . d . n 11 the south . Microclimates are created 
summer and 43% in winter and the prevailing wm ts rot 

· (TFC 2015 USDA NCRS 2000). 
by the hilly terrain which can greatl y affect vegetat10n , ' 

Vegetation 

During the Pleistocene Epoch of the Quaternary period, climatic changes caused a major 

shift in the vegetation of the southeastern United States. Glaciation events allowed northern 

temperate pec ies to migrate outhward . Pinus banksiana (Jack pine), a northern species, grew in 

the outh and a borea l fo re t ex tended from the glacial margin south to the coast (Dyer 2006). 

During time of cool moist interval , the mes ic deciduous vegetation for the no1ih was 

introduced to the outhea t while oak or oak-hickory avannas were established during warmer 

dri er time . A the glacier retreated, and the cli mate warm ed, some co ld-temperate species 

remained in ref'ugia at higher eleva tion or along coo ler river va ll eys and ravines. About 16,3 00 

ybp, the jack pine- ·pruce- fir fore t wa replaced by deciduous forest (Delcourt 1979). During the 

earl I loloeenc. bet\\'ccn 12. 00 and .000 bp, gra sy opening appeared and mi xed mesophytic 

forest tax a such as Cw:rn --p .. Fogus -p .. and Acer saccham m were abundant (Graham 1999). 

The \\ arming H psithermal. hc t\\'t:cn c 000 and 5 000 b • · · · , YP , sa,, an mcrease 111 Quercus sp. and a 

forest compos ition ·imilar to the modern day. 

l~raun ( 194 . 19:0) ·lass iticd the WH R a 
part or a \\'estern mesophyt ic fo rest region. 

Thi s region is a tra n, ition ione hct\\ecn the mixed me I . t' . . . 
· op iyuc 01 e t I eg1on to the east and the 

drier oak- hi ckory l<) rest region to the \\'CSt , . , I . . . , 
~ - . . pcc1 es c 1a1 actens11c of the mi xed mesophytic fo rest 

found in this region arc .-l eer succhum 111 -I ' .. I . I 
• . ( .1( II us I o1·u Fcw11s· . 1·r; I. . · · ,-. · gio11G !10 w, Ha!esw caro/ina, 

.\ /11g110/iu uc11111 i11ure. and Ti/a herem1>!11·//, (G . h 
. c 1eencro ct all 997)O . 

. ::o · • ak-h1 ckory fo rest indicator 
~pcc1c~ that arc commonh· fo und th , WHR ., 0 

· l a, l - uerc11s srellote. Q. ·; d man an ica, and Carya 

13 



tomentosa (Dyer 2006, Greenberg et al. 1997). This region has fewer dominant tree species than 

either adjoining regions. Chester et al. ( 1998) described this region as upland and mesic 

temperate deciduous forests . 

The dry to submesic uplands are composed of forest , woodlands, savannas and 

grasslands. Some of the more important oaks of upland forest are Quercus alba, Q. rubra, Q. 

montana, Q. velutina, Q. falca ta, Q.shumardii, Q. cocciniea, Q. mueh/enbergii, Q. stellata. 

Common hickories are Carya glabra and C. tomentosa (Che ter 1995, Chester et al. 1998). 

Woodlands have similar composition to forest with a more open canopy and a denser herbaceous 

layer characterized by an abundance of member of the teraceae, Fabaceae, and Poaceae 

familes. Hi storically, dry upland avanna wer oak dominated \\'ith a graminoid under tory. Per 

DeSelm ( 1994), grass land , ometime ca ll ed barren , of the HR de eloped during the hot, dry 

Hypsitermal period though it al o po ible that gra land ha\'e been pre ent in the region for 

much longer (D. E tes, per . comm ., Dec. ~, 20 16) . . afford ( I 69) de cribed Highland Rim 

avannas as "barren in great pa rt b ·el and thin! ,,·ooded . ome point ' hrub-oak ' occupy 

, hole quarem iles". Kill ebrew(! ➔ ) de cribedthegra. sland ofLrn·i Countya .. \\'ild 

grasses upon the broad areas or ll at land. gro,,· ,,·ith . pontaneous lu:,;uriance ... The oil. were key 

in the development or gra slands. due to a hardpan created from ,,·ater percolating through the 

limestone-derived clay (DeSclm I 9N). Gra .. land. of the \\ 'I IR ,,ere hi torically maintained by 

wildfire and b atiYe merican burning or gra .. -lands( . tamhaugh ct al. 2016). In addition to 

prairie gras e such as AndrofJodo11 gerordii . . orghos11w11 11111011s. and . chi::ochffi11111 

scopori,,11 , . common herbaceous families arc stcraccac. Fabaccac. Rosaccac. and members of 

the former crophulari accac. 

I-+ 



f . mesic forest communities, whi ch have simil ar 
The ravines of the WHR are areas o mote 

composition to upland forest with the add ition of mesic association species such as Fogus 

grandifolia, Liriodendron tulipifera, and Acer saccharum (Chester et al. l 998). ForeSt slopes 

exposed to less sun light may also include Jug/ans nigra (Braun 1950). 

Swamps, wet forest, marshes, bogs and fens are all types of WHR wetlands. Swamp and 

wet forests are dominated by Q. phellos, Q. lyrata, Q. palustris, with A. rubrum, Liquidambar 

styraciflua, and Q. pagoda. Floodplains are dominated by Platanus occidentalis, A. 

saccharinum, l. styraciflua, A. negundo, and Populus deltoides (El li s & Chester 1989). Marshes 

are home to many Carex and Juncus species and forbs such as Lobelia cardinal is and Hibiscus 

laevis. Seasonall y wet fl oodplain meadows adjoin emergent marshes and are home to Carex ssp. , 

and Juncus ssp. The state rare liparis loeseli i can be found in bogs (Joyner & Chester 1994) and 

the globall y rare Xyris tennesseensis and the state rare Parnass ia grandifolia are fen species 

(Crabtree 201 2). 

Fire i important to the maintenance to some WHR vegetation communities. Oak-pine 

savann as, woodl and , and pra irie are all fire-adapted ecosystems (Nowacki & Abrams 2008). 

Pi1111s echinato depends on tire to encouraoe . o . . . 
:::: ie::::eneiation. Grasslands require fire to control the 

encroachment ol·woody \'eoetati on Th . I . I fl . 
:::: . e i e at, ve y at undi ssected portions of the southern 

WHR probab ly had a frequent tire hi story judgino from the freq f fi 
~ :::: uency o ire reported for the 

southern Eastern Hi ohl and R. t 1 . 
:::: ' 1111 o tie east which Stambauoh et al (2016) . db d 

o · 1 eporte ume on 
an~ragc e,Try 3 yea rs. uch a frequent li,·e · t · ,e urn interval would tend t . o support savanna 
,·egctat1 011 . Killebrew and 1·1· ·d 

a o, ( 1874) repo ·t d 
i e annual fires were used to b I I h 

d
. y oca s on t e 

un 1sscctcd WHR 01-L, .· C . e\\ 1s ounty, T 
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Ph_,•togeograph_,, 

The development of the Lexington peneplain contributed to the mosaic of vegetation 

types in this western mesophytic forest region (Braun 1947). While the WHR remained 

unglaciated throughout the Pleistocene, glaciation of North America did influence the 

phytogeography of the region. Pollen records indicate that, during glaciation events, tundra 

vegetation extended into Tennessee and the modern day, diverse, floral mosaic of this region did 

not occur until the late Holocene (Delcourt 1979). 

Disjunct distributions can occur from changes in the environment, such as climate 

changes (Davis 1983). Pleistocene glaciation events created such disjuncts. The geography of the 

WHR lends itself as a refuge for these populations. Steep ravines are areas of microclimates that 

have cooler summers and offer protection in the winter from harsh weather (Greenberg et al. 

1997). Numerous seeps also provide waters and soils that are cooler in summer and warmer in 

winter than the surrounding area (Amon et al. 2002). Groundwater flow can protect species from 

climatic aridity (Kaul et al. 1988). As per Delcourt and Delcourt's Bluffland Migration Corridor 

Hypothesis ( 1975), rivers and stream valleys may also act as corridors for species migration. 

The WHR has northern and southern affiliated taxa. These taxa may be disjunct from the 

main population, or peninsular (located at the end of the range). Species with low mobility may 

be more likely to become disjunct, relict populations (Kaul et al. 1988). Northern affiliated taxa 

are likely remnants from when cooler vegetation extended more broadly across the region. Some 

strictly northern species moved southward during the Pleistocene to the high elevations of the 

Southern Appalachians whereas other more general northern species were able to advance far 

into the South , including to the cool , moist, forests portions of the WHR. During glaciation, 

relatively few extinctions occurred as northern species migrated southward. Appalachian species, 
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C I Pl ·n (Davis 1983). After the last glac iers 
for example, were displaced to the southern oasta ai 

retreated about 18,000-15,000 ybp, the climate warmed and moSt temperate species rap idl y 

extended their ranges northward from southern refugia, resulting in a continuous range. 

Braun (1937) contended that southern or Coastal Plain species on the Highland Rim and 

Cumberl and Plateau are ancient species that originated in the Appalachian highlands and 

migrated out onto the Coast Plain. Shinners ( 1962), however, posited that they are emigrants 

from the Coastal Plain . This ecoregion bounds the Western Highland Rim and the Cumberland 

Plateau and the moderate gradient from the Coasta l Plain to the Cumberland Plateau in northern 

Alabama offers a con tinuation of streams and wetland communities (Harvill 1984) creating a 

migra ti on corridor for the ·oastal Plain taxa. 

F/oristic re1·ie1r o/the WHR 

Whik atin: American T ,,-ere cnnc see 's ori gi nal botanists , one of the ea rli est European 

botanists to ,·isit Tenncs -cc ,,·as c:-.:plor 'r A d . . M. 1 . 
. . c n re rc iaux 111 the late 131h century. He visited the 

area around Clarks, i I le and the lower Cumh, ·I d R. . 
c, an rver 111 the northern WHR but he, like most 

other early settlers. did not\ cnturc into the cent ral and I 
. soutiem WHR. Most of the early 

botanical clli.1ns ,, ere rn11cc11tratcd in ti , , , . 
. le cas ter n and north-central portions of the state 

( 1J1 chau.:-.:I X05). ThcWIIR\,··1 I . 's 110[ l lC subject or bot . I 
. . . anr ca study until after the 1860s. German 

e1111grc and amateur bo1a11ist Auoustin ( ' · . . 
~ . Jdlt111gcr drd much t d 

-
1
- ~ 0 a vance th e botanical reco1·d ,·n 
e1111csSL'L'. l11 I~ '. , . . . . ,1ltu urg111g lro111 As ·1 C .. . , . 

~ ·' 11 a.>, Gatt1n ger began w -k 
ll isllora.thclirstol'tl, . . , . . ~ 0

' on a fl oraofTennessee. 
le sl.ite. \\ ,Is published in 1887 d 

. an the second edit' . . 
'cry I 111 le dornmentat ion 1. C · . . . ion Ill 190 I. There 1s 

o ic111111gcr, is11 i11g the WHR H . . . 
I) .. . . · e did vrsrt p· d 'I .. 1Lksun nn thL' \\ 'I IR \\ 1 , . , , ica I ly Prame west of 

11.:IL hL doeumcmcd ra·, 
' , L grass land species 

such as Naba!us barbatus 
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(Gattinger ! 887)- He also visited West Tennessee (Carroll Co.) and presumably crossed the WHR 

to get there. Throughout his lifetime, Gattinger focused much of his work in Middle Tennessee 

(TFC 20 15). 

Lucy Braun, circa 1940s, was one of the first modem botanists to study the WHR. Her 

classification of the WHR forests as a western mesophytic forest region was part of her broader 

study of the forest regions of the eastern United States (Braun 194 7, 1950). In 1934, the 

University of Tennessee Herbarium (TENN) collection was lost to fire. In order to rebuild the 

collection, H.M. Jennison, Arron Sharp, Royal Shanks, and others traveled throughout the state 

on collecting expeditions. The rare Crataegus harbisonii was collected by Shanks and Sharp near 

Nashville, Tennessee (Lance & Phipps 2000) as part of these trips. In 1941 , the Austin Peay State 

University Herbarium (APSC) in Clarksville, Tennessee was established by Royal E. Shanks and 

Alfred Clebsch. Clebsch collected widely in the northern WHR and adjacent Pennyroyal Plains 

region until the mid-l 960s. He published one of the most complete references to the bryophytes 

of the Lower Cumberland Ri ver Valley of the northern WHR (Clebsch 1947). Shanks's 

successors, William Ellis, Edward Chester and Dwayne Estes, continued to add to the APSC 

collection (TFC 2015). A curator of the Vanderbilt University Herbarium (YOB) for 30 years, 

Kral made extensive collections throughout the southeastern United States including the WHR. 

Kral di scovered and described as a new spec ies, the globa ll y rare Xyris tennesseensis, found in 

seepage fens in Lewis County (Kral 1978). 

Recent botanical studi es covered a vari ety of land types, including fo rest, barrens, and 

wetlands. These studies include the following inves ti gators: Chester ( 1992, 1995), Chester et al. 

( I 997, 1998), Elli s et al. ( 1971 ), Estes (2005), Estes & Walak (2005), Gunn (2003), Joyner & 

Chester ( 1994), Souza ( 1987), and Kelly ( I 989). Chester conducted numerous floras, 
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· f the WHR especiall y Land Between the 
concentrating primarily in the northernmost portion° ' 

· · · II t tland-focused floras were conducted: ( I) 
Lakes, and the Pennyroya l Plain . Add 1t1ona y, wo we 

Joyner and Chester's 1994 flora of Cross Creeks National Wildlife Refuge in Stewart County and 

(2) Gunn's 2003 fl ora of the Tennessee National Wildlife Refuge's Duck Ri ver Unit in 

Humphrey County in the centra l WHR. Subsequently, Souza 's flora of Dickson County and 

Kell y's fl ora of Williamson County (western portion of county on ly) was also in the central 

WH R. Two fl ora of the outhern WH R were conducted, one of Rattl esnake Fal Is in Maury 

County (Este & Walck 2005) and another of Giles County (Estes 2005), of wh ich about half of 

the county i in the WH R. In 1983, the Tennessee Department of Conservation Natural Heritage 

Program pub Ii hcd a report or WHR potentia l natura l areas (S mith et al. 1983) that included a 

stud y or t\\'o Lewi · Count eepage fen ite . one at Langford Branch adj acent to Highway 99 

and the ot her on Little . " ·an ·reek at the intersection or the atchez Trace Parkway. Langford 

13ranch species inclutk .hris IC'1111es.H' l!11s is. J1111rns hrachrcephalus. and Parnass ia grandifolia. 

In 19< c' . lk el 111 inciude a kn .-ite at Langrord Branch in hi s study of 18 barrens of the Western 

I lig.hlancl Ri111 ol'Tennessee. 

l .1111t!- 11se l, is fo/'\' 

lkfore European settlement the WI IR . .· . . . . ,, as p1 I man I y occupied by the S ha\\·nee and 

Chickas:I\\ ati, L' .i\111erica11 tribes. ati,eAmcricans\\ ' "'k . · cic nm\ 11 to use fire to clea r land and 

keep i1 oprn (\\ .itthnlt & lluntcr 19"") -r1 . . . . · - · 11s p1act1cc ,,as c 1· db 
c • on inue Y European settlers until 

till' mid-20'1, CL'ntur~. Killcbre,, (I < 
-+) said nr fires in Le,\ is C .. . . ount y, In sp ite of the damaoe 

donL' tn thL' timber and th, I· . . . . o L l Lst1 llll1011 to the mast . . .. 
. . · · man) persons lmng in the county hav ino 
mhented thL' 11, · · .· . . . . ' 

0 

LllltL1nu:-. p1act1ce lrn111 th ,· - 1: I . 
Lil at 1crs still p~. · · - . 

• • t:J SIS! 111 tiring the \\·oods every fa ll ". 
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Anecdotally, most fanners in Hickman County were known to bum the rangeland and 

occasionally the woods, every spring, to encourage new grass growth for li vestock. This is a 

practice that Forrest Redden participated in for most of hi s adult life ( 1888-1966). It was said 

that he would light a broom sedge field on fire, regardless of who owned it, because it needed 

burning (R. Redden, pers. comm., Dec. 4, 2016). 

Current land use consists primarily of agricul ture and timber production . Cultivation of 

com, cotton, soybeans and tobacco contributed to de fore tat ion (TFC 2015). In add ition, grazing 

patterns by both li vestock and wi ldlife are important to b tanical richne . De elm ( I 994) 

est imated that continuou h a ing grazing may have reduced ri hne b up to 71 percent. The e 

factor have led to a decrea e in natural land and th ir b tanica l di\'er it . 

Hi torically, due to the abundance or w d and ra \\' mat ri al , the HR \\'a utili zed for 

the mining and melting or limonite iron r . It i c. ti mated that a I 0. metric-ton-per-da ( 12-

ton-per-day) iron production \\'Ould u e _o_ hectare ( ~ 0 acre:) or forc. t per year and in I 3 

there \\'ere 11 furnace . producing about -Vi. :9 metric ton: (:0 .000 ton. ) per year (Luther, 

1977 ). Timber \\'as al o u ed a fuel fo r team boat. on the ·umhcrland and Tennc .. cc ri\'cr . 

Iler the demi c or the iron . melting indu. try the lorc. b rco, crcd and in I 9 'O. the ... 

Department of griculture estimated that al ou t 68°0 of the region ,, as forested( . mallcy 19 0) . 



CHAPTER Ill 

METHODS 

. . hland Rim (WHR) Physiographic Subsection 
Fourteen seeps located m the Westem Htg 

bl I) Th study sites varied from forest and wood land 
in Tennessee were selected for study (Ta e · e 

. 1 . d sparsely woody vegetation, surrounded by 
to open canopy with a dominant herbaceous ayet an 

· c (G b t al 1997) Both publicly and an oak-hickory dominate mixed mesophyt1c 1orest reen erg e · · 

privately owned sites were selected based on a di versity of vegetation and a lesser amount of 

anthropogenic di sturbance. 

The boundary of each seep was mapped using a Garmin handheld GPS navigator 

(accurate to IO m) . The soil pH was measured at two representative points within each site using 

a Rap itest soil pH test kit, where pH was determined by combining one-half teaspoon of so il , the 

pH reagent and di stilled water and comparing it wi th the provided color chart after I minute. 

Each site was mapped in ArcGIS, additional map layers included the Environmental Protection 

Agenc y Level IV Western Highland Rim ecoregion (EPA 2014) shapefile and USGS Tennessee 

geologic map data shapefi le (F ig. 2) (Nicholson et al. 2007). The soil map for each site was 

determined from the US DA, NRCS Web Soil Survey (2016). A photograph of each site was 

taken and included in Appendix C. Field indicators of hydric so il in the United States version 
' 

7.0 (Vasi las et al. 20 I 0) protocol was used assess the soil organic (0) horizon. 

Sites were visited a total of24 times from April 2013 throuoh May 2016 T · h 
b . axa urnque to eac 

site were collected in duplicate and when .bl . . . 
posst e wtth mflorescence or mfrutescence. Based on 

data from Tennessee Natu. I H .· p 
ta e11tage rogram (Crabtree 2014) and a review ofWHR fl oras, 10 
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tate Ii ted rare plants were identified as possible seepage fen pecies (Table 2). Specimen were 

identified u ing the Guide lo the Vascular Flora of Tennessee (TFC 2015), Flora of the Southern 

and Mid-Atlantic States (Weakley 2015) and the Flora of North America North of Mexico (Flora 

of North America Editorial Committee, eds 1993+). The Austin Peay State University Herbarium 

(APSC) and the University of Tennessee 's on line Database of Tennessee Vascular Plants images 

and maps (TENN 2016) were used for comparison to identify collected specimens. From the 14 

sites, 430 specimens were collected and deposited at the APSC herbarium and duplicates sent to 

the Vanderbilt Herbarium (VDB) housed at the Botanical Research Institute of Texas in Fort 

Worth. Wetland delineation codes were determined for each species and infraspecific taxon 

using The National Wetland Plant List for Eastern Mountains and Piedmont region (Table 3) 

from Lich var (2016). Rare plants and their status were detennined from data provided by the 

Tennessee Natural Heritage Program (Crabtree 2014). Each species and infraspecific taxon were 

classified with a growth habit using classifications from the USDA, NRCS (2016). 

~-diversity, a measure of dissimilarity between sites was calculated using presence-

absence data via 1-Jaccard's index as follows: 

1-Jaccard's index == I - S 1 :d(S 1 + S2 - S 12) 

S1 - count of site I taxon 
S2 - count of site 2 tax on 
S12 - count of taxon common to both sites 

F II · h d. th·s method is used to calculate ~-diversity when there is little o owmg numerous ot er stu 1es, 1 

· f I 2003 Ha· ·ison et al 2006 J accard 19 I 2). A change in the latitudinal gradient (Kolef et a • , 11 · ' 

11. h b (b 0 d 1) eqLials oreater A-diversity (less similarity between sites) and a 1g er num er etween an b I-' 

I · · . greater similarity between sites (Ha1Tison et al. 2006). 
ower number equals less ~-d1vers1ty 01 a 
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Table I. Description. so ils. location, a rea, so il pH, county, and owne rship stat us of seepage fen s ites in the Weste rn Highland Rim ofTennessee. 

Site N ame Detailed Soil Map Unit Location 
Area 

pH Category (M2) County Status 

Al Auntney Ho llow stream side seep 1 Tarklin-Humphreys complex, 35 .5 1392 1N 203.69 ci rcumne utra l Lewi s TN Natura l Area 
5 to 12% s lopes, eroded 87.439420W (7) 

A2 Auntney Hollow stream side seep 2 Tarklin-Humphreys compl ex, 35.514137N 124.44 c ircumneutral Lewis TN Natural Area 
5 to 12% s lopes, eroded 87.439423 W (7.25) 

A3 Auntney Hollow stream side seep 3 Tarklin-Humphreys compl ex, 35.5 1430\N 101.09 circumne utra l Lewis TN Natural Area 
5 to 12% slopes, eroded 87 .439452W (7.1 25 ) 

BC Brush Creek stream side sloping seep Lindside cherty si lt loam 36.003670N 295.93 ca lca reo us William son Pri vate 
87. 104420W (7.5) 

D\ Dry Branch woodland circumneutral Tarklin-Humphreys compl ex, 35.6 11 570N 225.36 c ircumne utral Lewis TN Na tu ra l Arca 
seep 5 to 12% slopes, eroded 87.629070W (6. 75) 

D2 Dry Branch Parnass ia seep Tarklin-Humphreys complex, 35 .6 12 190N 168.40 circ umne ut ra l Lewis TN Natura l Arca 
5 to 12% slopes, eroded 87.629240W (6.875) 

D3 Dry Branch perched woodland seep Biffle grave lly si lt loam, 30 to 35.609250N 374.95 ac id Lewis TN Na tu ra l Arca 
60% slopes 87.63 1969W (6.3 75) 

D4 Dry Branch graminoid seep Biffle grave ll y si It loam, 30 to 35.602060N 619.09 circu mnc utra l Lewis TN Na tural Arca 
60% slopes 87 .639700W (6.5) 

LB Langford Branch Parnass ia seep Bi ffl e-Sulphura-Rock outc rop 35.5688 19N 767.09 circumncutral Lewis Non-profit Trust 
association, very steep 87.333559W (6.875) 

N \ Natchez Trace seep \ Bi ffle-Sulphura-Rock outcrop 35 .584580N 302 .84 circumncut ra l Lewis Na ti onal Park Service 
association, very steep 87.425 1 I0W (6.625) 

N2 Natchez Trace ac id seep 2 Biffle-Sulphura-Rock outcrop 35 .584460N 452 .70 aci d Lewis Na ti ona l Park Serv ice 
assoc iation, very steep 87.4244 1 ow ( 6.25) 

PM Powdermill Branch woodland seep Greendale cherty silt loam 35.3777 10N 470. 73 circum neutra l Gi les Pri vate 
87.200420W (6.625) 

RI Rattl esnake Falls Impatiens cliff seep Rockland , steep 35.448722N 187 .1 8 circumncutral Maury Pri va tc 
87.262667W (7.25) 

R2 Rattlesnake Fall s perched seep Bodine cherty silt loam, steep 35.449722N 237.60 eircumneutra l Maury Private 
phase 87.256722W (7. 125) 

23 



Table 2. State li sted rare plants identified as poss ible seepage fen spec ies in the Western Hi ghland Rim 
of Tenne see. _G loba l_ rank G2 is imperiled, G3 is vulnerable, G4 is apparently secure, GS is secure. 
State status S is special concern species; E is endangered species . State rank SI is extremely rare and 
critica ll y imperil ed, S2 is very rare and imperiled, S3 is rare and uncommon, in Tennessee. Federal 
status LE is li sted endangered. 

Scientific name Common name Globa State Fed. State 
Habitat Counties I rank rank status status 

Fuirena squarrosa Hairy Umbrella- G4GS SI s Stream And Lake Lewis 
sedge Margins 

Juncus Small-headed Rush GS S2 s Seeps And Wet Bluffs Lewis, Maury, 
brachycephalus Williamson 
Liparis loeselii Fen Orchid GS SI T Calcareous Seeps Lewis 
Marsha Ilia Broad-leaved G3 S2S3 T Rocky Ravines Lewis 
trinervia Barbara's-buttons 

Minuartia Godfrey's GI SI E Wet Meadows And Lewis 
godfreyi Stitch wort Marshes 
Parnassia Large-leaved G3 S3 s Calcareous Seeps Lewis, Maury, 
grandifolia Grass-of-pamassus Williamson 
Scleria verticillata Low Nutrush GS S2 s Wet Prairies And Fens Lewis 
Spiranthes lucida Shining Ladies'- GS SIS2 T All uvial Woods And Lewis 

tresses Moist Slopes 

Stellariafontinalis Water Stitchwort G3 S3 s Seeps And Limestone Giles, Lewis, 
Creek Beds Maury, 

Wi lliamson 
Xyris Tennessee Yellow- G2 SI LE E Calcareous Seeps Lewis 
tennesseens is eyed Grass 

Table 3. Plant indicator status categories from Lich var (20 16) 
Indicator 

Indicator Category Symbol 
OBL Obligate Wetland Plants 
FACW Facultative Wetland 

Plants 
FAC Facultative Pl ants 

FACU Facultative Upland 

UPL Obligate Up land Plants 

Description 

Plants that occur almost always in wetlands. 
Plants that occur usually in wetl ands. 

Plants with a si mil ar likelihood of occurring in both wetlands 
and nonwetlands. 
Plants that occur somet imes in wetl ands, but occur more often 
111 

nonwet lands. 
Plants that occur rarely in wetlands, but occur almost always 
in nomvetlands. 
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1 
A d·ver ity estimation wa~ u~ed calcu late 

Fo ll owing Valverde et al. (2006), the results t ,e ,.,-
1 

. to show the relationship bet ween the 14 
a hierarchical cluster and represented as dend1 ogram 

. . . " 
1
-d n" commonl y used in cluster 

sites. The distance matnx measure parameter was euc 
I 

ea , 
" ·tty" or WPGMA (R Core Team 

analysis, and the agglomeration method parameter was mcqui 

201 6). 

The Floristic Quality Index (FQI) was calculated for each site, first by ass igning 

Coeffi cient of Conservati sm values (CC) for wetland species from Gianopulos (20 13) and 

assigning all other species CC values following Estes (Unpublished manuscript). The CC va lue 

is a score from Oto 10, where 0 is assigned to a non-native; a I to 10 rank is then ass igned to 

each nati ve species based on the level of disturbance tolerated by the species, with a higher 

number being less tolerant of di sturbance (Table 4). The FQI for each site was then calculated as 

the sum of that site's CC divided by the square root of native species count: 

FQI = L CC -c- J .v Na t iveSpec ies 

T~ble 4. Coeffi cient of Conservati sm ranges and definitions from Taft et al ( 1997) d 
G1anopulos(201 3). · an 

Value 

0-1 

2-3 

4-6 

7-8 

9- 10 

Description 

Non-nati ve spec ies. 

Spec ies adapted to severe di sturbances. 

Species assoc iated with somewhat more stable, thouoh de r . 
Dominant or ~11atri x spec ies for several habitats· th c g ad~d, env1~onments. 
occu1:rence within given community types. ' ey have a high consistency of 

Species assoc iate mostl y with natural areas 
where the habitat has been deo1· d d ' but that can be fo und persisting 

. b a e somewhat. 
Spec ies restri cted to hi oh-quality 11at . I b uia areas. 
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Study sites were compared to the USNVC (2016) Interior Low Plateau Seepage Fen 

ecological system and associations based on characteristic and association taxa. Seven sites were 

compared qualitatively to three USNVC ecological systems based on six abiotic characteristics: 

spatial pattern, so il pH , canopy cover, landscape position, so il s, and moisture. Sites were given a 

Vegetation of Tennessee community classification following E tes (20 15). 

The WHR fen flora was compared to four fen flora from the Midwestern United States 

by family. The WHR fen flora was also comparted to three imilar fen floras from other tates 

using a S0rensen's Simi larity Index, a measure of P-di ver ity using pre ence/absence data . The 

indexed is calculated as two time the number of common tax a di vided by the um of the taxa 

from each flora (S0rensen 1948). The 0ren en' imi larit y Index fa ll between 0 and I, where a 

va lue closer to 0 indicates di s imilarity of ite and a va lue clo er to I signifie higher imilarity. 

Phytogeographic affi niti es were determined from Bl y\'ci and haw (20 11 ), U DA, RCS 

PLA TS Database (2016), and BON P (Karte z 2015). 



Site characteristics 

CHAPTER IV 

RESULTS 

All sites are underlain by Mississippian bedrock (Nicholson et al. 2007) within the 

Western High land Rim ecoregion. Sites ranged in area from I 02 1112 to 768 111 2 for a total area of 

0.45 hectares. Seven soil maps units were identified for the 14 sites; Greendale, Rockland, Biffle, 

Bodine, Tarklin-Humphreys, Biffl e-Sulphura, and Lindside (Table I) (Soil Survey Staff2016a). 

So il va ri ed from muck, mucky peat to cherty gravel (Vasi las et al. 20 I 0). All sites had apparent 

hydro log ical input from groundwater sources and were located adjacent to or near (within 75 m) 

a so lid lime tone-bottom trcam. The Williamson county si te (BC) is in the Harpeth Ri ver 

\\'alcrshcd . Dry Branch sites (DI, D2 , DJ, D4) are in the Buffalo River watershed. All other sites 

arc in the Lm,w Duck Ri,·c1· \\·atcrshcd (TDEC 20 16). 

IJascd nn a strict intcrrrctation or oi l pH, t,,·o ites are ac idic (02 , I), one is alkaline 

(IK) and the remaining 11 sites arc circumneutral (Tab! I ) p d . ·11 e . ow e, 1111 Branch was observed 

as being the driest site and became nuitc d,·y by lat 
"1 c summer. 

,\untnry llollow State \atural rea L .· C 
' e\\ ts ounty, Tennessee 

:\ untnc:, 1 lnlln" . talc 1 atura Arca is pri ,·atcly O\\· d . 
ne and des ignated as a state natural 

:trL'ain 1 0(P(Fi" ➔ ) I ; . 
1

. - - :::· . 10111t1c111tcrscctionorH· I 
· l !2l \\'ay ➔ l 2andtl N I .. , ~ ie ate 1ez Trace Parkway, 

t1.1,LI . I kmsouthnn atchc1Tnc'P• -k . . 
. . , L a1 \\ ay to Little S,, an Creek Bridoe. From Little Swan 

C. 1wk lh1d"L' tr·" ,1 1 ➔ k 
0 

::: ' L · 111 upstream to Co ll · , . B· let I anch and ➔00 
\\ 'ith . \ 111 upstream on Collier Branch. 

in .- lllllllL': 1 lnllo\\ Stat, N· t .. I . 
L ti u1a Area . . Ile I (A l ) I 

' ocated at coordinates 35 .513921 N, 
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7.439420W, is a 204 111
2

, circu111neutral (pH 7) woodland seepage fen. Site 2 (A2), located at 

coordinates 35.5 14137N , 87.439423W, is a 1241112, circu111neutral (pH 7.25) woodland seepage 

fen . Site 3 (AJ), located at coordinates 35.5 1430 1 N, 87.439452W, is a l 01 m2, circu111neutral 

(pH 7 .125) woodland fen . All Auntney Hollow sites have a Tarklin-Humphreys complex, 5 to 

12% slopes, erode detailed soil map unit. 

Auntney Hollow 

~ ..... 
0 0025 005 0 1 

A3 
• A2 . 

A1 . 

. . (A I A2 A") at Auntney Hollow in Lewis County, Tennessee. Fig. 4. Three seepage fen sites , , -' 
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I 
~I 

Brush Creek, Williamson County, Tennessee ~

1 

Brush Creek is privately owned (Fig. 5). From Fairview, Tennessee at the intersection I 

T -96 and TN- I 00 trave l east I. 9 km. Tum right on Horn Tavern Road. Trave l 0.2 km. and then I ;
1 

a left on Hi 11 Hughe Road for I. 7km to Gro Wi Id, Inc. This site (BC) (Fig. n) is c. 662 m I 1~ 

up trcam from GroWi ld on Bru h Creek. Thi ite is a 767.09 m2, calcareous (pH 7.5) stream I ~ 
ide fen , located at 36.00"6 0 . . I 04420W on the east bank of the stream. The so il map unit [~ 

wa. identified a Lind. idc chcrty ilt loam. 

I. I 

I 

I 
J 

Brush Creek 

BC 

' ' 

.... . 

1/ 

. I" 

Fi11 , rli . . . . 
,.. . - . 'l P·' t!. I '11 ,111.· ( n( l al 11 I . . \~~~~~=~=----------ru , 1 l re ·k in \\ .. II · 

I 1,1111so11 Coun t\· T, 
J • cnncssec . 
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Ory Branch State Natural Area, Lewis County, Tennessee 

Dry Branch State atural Area is state owned and was designated in 2007 as a natural 

area (Fig. 6). From Hohenwald, Tennessee travel 9.0 km west on US-412, tum right on Brush 

Creek Road. Travel 4.0 km turning right onto unnamed dirt road. After traveling through the gate 

tum right at the fork. Then continue on for 3.5 km turning left onto a dirt track. Continue, on 

foot , following the trail in a northwesterly direction for c. 320 m. Site 1 (DI) (Fig n.) is on the 

left c. 85 m from Dry Branch Creek (35.61157N, 87.62907W). DI is a 225.36 ni2, circumneutral 

(pH 6.75) woodland fen. Site 2 (D2) is on the left c. 38 m from Dry Branch Creek (35.612190N, 

87.629240W). Site 2 (D2) is a 168.40 m2 circumneutral (pH 6.875) Parnassia seep. After 

reaching Dry Branch Creek from the trail , travel c. 345 m upstream. Site 3 (D3), an acid (pH 

6.375), wooded perched seep, is c. 47 m from the stream on the south bank (35.609250N, 

87.631960W) and 374.9 m2 in area. D4, the largest seep at Dry Branch is c. 1.5 km upstream 

from the trail and on the south fork. Site 4 (D4) is a circumneutral gentle sloping seep on the SE 

bank of Dry Branch (35 .602144 , 87.639778W) and 619.09 m2 in area. Three Dry Branch sites 

(01 , 02, 04) have a Tarklin-Humphreys complex, 5 to 12% slopes, erode detailed so il map unit. 

One site (03) is on Biffle grave ll y silt loam, 30 to 60% lopes. 
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Dry Branch 

I 
I 

/, 

,.. 

I I "I .. 
f / 

I It 

Fig. 6. Four seepage fens site (DI , D2, D3, D4) at Dry Branch in Le\\'i s Count y. ·1 cnnc-..-,cc. 

Langford Branch, Lewis County, Tennessee 

Langford Branch became a part of the Swan Conservation Trust in 2002 (Fig . 7). hom 

Hohenwald, Tennessee trave l east 23 .0 km on US-4 12. The site (L B) ( Fi g. 7) is 20 111 -..outh or 

US-412 near Langford Branch. Located at 35.5688 19N , 87.3335 59W . the site i.., a ..,loping ,ccr 

with a circumneutral pH (pH 6.875) and 767 m2 in area. Thi s si te has a Hi m c-Sul phura -Roc~ 

outcrop assoc iation, very steep deta il ed so il map unit. 
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Langford Branch\ 
~i -. 

I - _'19(Jrr• - - - - - - -

195,n 

~ .. ,., 
D 0.05 0.1 0.2 

SouOl!!5 : Esr~ HERE. Dti..01'~. lntermap, ina ?Cap., GEBCO, USGS, FAO, NPS, 
NRCAN, G«>Bue. IGN. Kadular NL, Ordn.l~ Swvey, Esr i Japa,. METI, Esri China 
(Hong Korol , sw&slopo, Mapmy lnda. e C)penSltHthUp contributOff , and th~ GIS Us« 
Communiy 

Fig. 7. A seepage fen site (LB) at Langford Branch in Lewis County, Tennessee 

Natchez Trace Parkway, Lewis County, Tennessee 

The Natchez Trace Parkway is a part of the National Parks system (F ig. 8). From 

Hohenwald, Tennessee head east on US Highway 412 for 13.4 km. Tum right onto the Natchez 

Trace Parkway and trave l north fo r 1.5 km to the Fall Hollow Fa ll s parking area. Take the Fall 

Hollow Trail to the bridae then travel upstream c. 300 m then travel north fo r 65 m. to the first 
t:,, 

site. This site (N I) (F ig. 8), located at 35 .584580N, 87.425 11 OW, is a circumneutra l woodland 

site and 302.84 rn 2 in area. The second site (N2), located at 35.584460N, 87.4244 1 OW, is c. 65 m 

east by southeast ofN I and is an ac idic woodland site and 452 .70 m
2 

in area. Both sites have a 

Biffle-Sulphura-Rock outcrop assoc iat ion, very steep detailed so il map uni t. 
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'•· Nate ez Trace 

Fig. 8. Two seepage fen sites (NI , N2) on the Natchez Trace Parkway in Lewis County, 
Tennessee 

Powdermill Branch, Giles County, Tennessee 

The fen at Powermill Branch is privately owned (Fig. 9). From Summertown, TN, head 

south on US highway 43. Turn left onto Alexander Springs Rd. for I. I km. Tum left onto 

Marcell a Fall s Road fo r 1.9 km. Continue onto Marcella Falls Road for 8.3 km. Tum left on 

Woodward Hollow Road and travel 1.6 km . Continue 0.8 km on Powdermill Branch Road. This 

site (PM ) (Fi g. 9) is a pri vately owned, 47 I 111 2 in area, streamside circumneutral (pH 6.625) seep 

and is c. 70 111 southeast of road (35.3 777 1 ON , 87.200420W). This site has a Greendale cherty 

silt loam detailed so il map unit. 

,..,,.., 
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Powdermill Branct, 

Ml Hc,ei, Ra 4 ,,· 
Souat'S : Esr l HERE. Delorme, lnter rrw.p. ina~t P<;j_tp., GEBCO, USGS F>&> ,lpg/ 
NRCAN. GeoBase. IGN. Kadasler NL. Ordnance 5Yrvd°Esr iJapsl. METI. B,iC~ • 
(Hong l<orG) , swlss lopo. Mapmy lnda. e 0penStree1Mip o:>ntributcn and the GIS us lr 
Communiy ~ ' ~ 

Fig. 9. A seepage fen site (PM) at Powermill Branch in Giles County, Tennessee. 

Rattlesnake Falls, Maury County, Tennessee 

Rattlesnake Falls is pri vately owned (Fig. 10). From the intersection of 1st Ave and US-

43 in Mt. Pleasant, Tennessee, travel south on US-43 for 13.04 km . After crossing to the 

northbound lanes take the dirt track to south for c. 25 m and park. Take the trail for c. 600 m to 

Rattlesnake Fall s on Fall s Creek. Site I (RI) (Fig. I 0) is a steep cliff-side circumneutral seep on 

the nonh bank just below the fall s (35.448722N, 87 .262667W) with an area of 187.18 m
2 

and a 

Rockland , steep detail ed so il map unit. Site 2 (R2) is 720 m downstream from the falls. The site 

is a 237 .60 m2, circumneutral Parnass ia seep perched on the east bank c. 75m from Fall Creek. 

Th is site has a Bodine cherty silt loam, steep phase detailed soil map unit. 
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Fig. 10. Two seepage fens (RI, R2) at Rattlesnake Falls in Maury County, Tennessee. 

Floristic analyses 

Four hundred and thirty-one site specific species and infraspecific taxa were collected 

and identified from the 14 study sites. Of these, there were 160 unique spec ies and infraspec ific 

taxa across all sites. An annotated checklist of taxa documented in this study is provided in 

Appendix A and checklist by site is provided in Appendix B. A summary of the tax a by 

evolutionary group including a count of families, genera, and species or infraspecific taxa is 

found in Table 5. The eight most abundant families comprised 49% of the total number oftaxa 

and are Poaceae ( 14 % ), Cyperaceae ( I I%) Asteraceae ( I I o/r) E · (
40

1 ) F b , e (3 % ), 
' o , ncaceae 1 0 , a ac ea 
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Juncaceae, (3 %), Lamiaceae, (2%), and Rosaceae (2%) (F ig. 11 ). The remaining 51 % of the total 

taxa the remaining taxa are distributed among 50 families. 

Table 5. A summary of vascular plant specimens collected in 14 fen sites in the Western Highland 
Rim of Tennessee. 

Evo lutionary Group Families Genera 
S pecies/lnfraspeci fie 

Taxa 

Acrogymnospermae 

Eudicotyledonae 

Magnoliids and Primitive Angiosperms 

Monilophyta 

Monocotyledonae 

Totals 

16 

1-1 
~ 
,'. 

3 12 
~ 
3 10 
C 
'.) 8 :IJ 
J 
C 
'.) 6 '.) 

~ 
-I 

2 

0 

39 

4 

5 

9 

58 

Fami li c~ 

72 

5 

9 

34 

12 1 

· · · I - ·1· , ll '"'ctcd from I-+ seepage lens in the Western Highl and Fig. 11. Eight most ta.\a nc 1 la1111 1es co .._ -

Rim of Tennessee 
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. h d h h. hest percentage of obligate wetland taxon (OBL 
Auntney Hollow Site I (A I) a t e 1g , 

50%), and Powdermill Branch (PM) had the least (OBL, 5%) (Fig. l Z). Across all sites, the 

highest percentage oftaxa (30%) were categorized as facultative (FAC). However, 52% of the 

specimens were either facu ltat ive wetland plants (FACW, 25%), or obligate wetland plants 

(OBL, 27%). In addition, 13% were facu ltative upland plants (FACU), 2% were obligate upland 

plants (U PL), and 3% were not cla sified ( /A). Non-classified taxa are listed in Table 6. Of the 

431 taxa co ll ected for all ites, forb/herbs accounted fo r 291 (47%) taxa; graminoids, 139 (32%) 

taxa; tree/ hrub , 36 ( %) taxa; tree , 30 (7%) taxa; vines, 15 (3 %) taxa; shrubs, 9 (2%) taxa. 

(Fig. I"). Taxa richne at elev n ite (A l, A3, BC, DI , D2, D3 , D4, LB, PM , RI , R2) was 

dominated by forb/herb , two ite I, 2) were dominated by graminoids, and one site (A2) 

was dominated equally by lorb/herb and graminoid . 

,00°.0 I 
!)()O O 

80°0 

~ (i()O O 

~ 50° 0 

~ 
_._, ..j ()O n 

20° 0 

I 0° O 

I 

I I 
• ■ • 

I I I ■ NIA 

UPL 

■ FACU 

■ FAC 

FACW 

OBL 

Fig. 12. Pcrccnta!..!c or !'1\:.~1 ,~- ~~---~ . . ~ ' · ' nr ,,ciland d,1· . 
I ➔ scq1agc lens in the \\. , . , . t: 1neat1on code b . ------------
·1· h l:--11.:m H1 ohland R. y Site for v I . a k I. OBI. Ohl (l • , \ . :::- 1111 or Tenn . ascu ar plants collected in 

':::-•111.: \ L'tl :.rnd Pl · .. essee. Site d am~. F AC W == Fa 
1 

. co es con-es pond to those in 
cu tat1\·e w etland Pl ants; F AC === 
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I 
t' e Plants; F ACU = Facultative Upland; UPL = Obligate Upland Plants. Site identifiers 

facu ta i . 

d cribed 111 Table l . 
are es 

Table 6. Taxa from WHR seepage fens without 
wetland delineation codes. 

Species or lnfraspecific taxa 

Agalinis gattingeri 

Antennaria parlinii ssp. parlinii 

Clinopodium glabellum 

Cuscuta compacta 

Danthonia spicata 

Desmodium cuspidatum 

Doellingeria infirma 

Elephantopus tomentosus 

Hydrangea cinerea 

Melica mutica 

Phlox amoena 

Pseudognaphalium obtusifolium 

Rhododendron alabamense 
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Fig. 13. Growth habit class1ficat1on by count o . . d ·bed in Table I 
in the Western Highland Rim of Tennessee. Site identifiers are escn . 

f vascular plant taxa collected in 14 seepage fens 

Rare and noteworthy taxa 

Six of the co ll ected taxa, li sted in Table 7, had state status as special concern or 

endangered. 

Eleoc/wris tortilis (Link) Schult., Twisted Spike-Rush (Cyperaceae): State status is 

(S) and state ranked as S 1. The global rank is GS and there is no federal status for this species. 

Thi s coastal Plain di sjunct is known from onl y one other county (McNairy) in Tennessee and is a 

ne\\· county record for Lewis County. It was observed in one site (DJ), a wooded circumneutral 

seep in the Dry Branch atural Area. 

Fuirena squarrosa Michx Hairy U b • II S · (S) 
·, m • e a- edge (Cyperaceae): State status 1s 

and ranked as SI. The global rank is G4G5 and th . · . Th . 
eie 1s no federal status for thi s taxon. 15 

Coastal Plain affi li ated spec ies is known fi · , . N · ·y 
rom six counties (Benton, Henderson, Lewi s, Mc an ' 

White, and Polk) in Tennessee It was coll d . 
· ecte In two sites, a circumneutral Parnassia glade 
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sc i (D~). and a circu mncut ra l graminoid (D 
eep 4) in the Dry Branch Natural Area in Lewis 

County. 

J1111c11s brachycephalus (E ngelm ) Buch S Ith d R 
· ., ma ea ush (Juncaceae): tate status i 

) and the state rank is S2 . The global rank is GS and there· .- d I c h' 
1s no 1e era status 1or t 1s taxon. 

This graminoid is known fro m I 2 counties across Tennessee. It was co ll ected fro m 4 sites (A3, 

BC, DI , and LB); seeps of various so il pH and plant composition. 

lathyrus palustris L., Marsh Pea (Fabaceae): State status is (S) and the state rank is SI. 

The global rank is GS and there is no federal status for thi s species. This northern di sjunct is 

previously known fro m 6 counties (Anderson, Bledsoe, Coffee, Knox, Monroe, and Warren) in 

Tennessee and is a new county record for Williamson County (TENN 201 6) and the onl y known 

specimen fro m the Western Highland Rim ecoregion (Kartesz 2015). It was collected from one 

site (BC), a sloping ca lcareous, stream-side seepage fen. 

Parnassia grandifolia DC., Largeleaf Grass of Parnassus (Parnassiaceae): State status 

is (S) and the state rank is S3 . The global rank is G3 and there is no federal status for thi s taxon. 

This herbaceous perennial is known fro m 11 counties in middle and east Tennessee. It was 

co ll ected fro m seven sites (A I, A2, A3, DI , D2, LB, R2), in vari ous types of circumneutral 

isa seeps. 

al X · · K I Tennessee Yellow-Eyed Grass (Xyridaceae): State status is yns tennesseens1s ra , 

(E) and the state rank is S I. The global rank is G2 and the federal status is LE. This monocot 

d · · · T nessee with onl y 14 known populations world-wide en em1 c 1s known from one county m en 

· · (A I A2 A3 D2 D4 LB) all Lewis (USFWS 1994). Thi s species was documented at six sites ' ' ' ' ' ' 

airY, County herbaceous circum neutra l seeps. 

40 



, rth observations include ei ght county record.., 
In addition to rare taxa, 0ther notev. 0 y 

. uni/us a Coastal Plain di junct, was rrcviously 
(Table 8). Andropogon g!omeratus vai · pi ' 

. . hi d R·m of Tennessee. Eleocharis ervthropoda is lounct 
undocumented m the Western H1g an 1 

· h W stem Highland Rim (TFC 2015, TENN 20 16 infrequently in Tennessee and rarely 111 t e e , 

Kartesz 2015, USDA, NRCS 2016). 

Table 7. Rare plant species found in 14 Western Tennessee Highlan? Rim seepage fen s. Global 
rank G2 is imperiled, G3 is vulnerable, G4 is apparently secure, GS 1s secure. State statu sis 
special concern species; E is endangered species. State rank SI is extremely rare and critically 
imperi led, S2 is very rare and imperi led, S3 is rare and uncommon, in Tennessee. Federal statu 
LE is li sted endangered. s 

Species Common Name Global State State Federal Sites 
Rank Status Rank Status 

Eleocharis tortilis Twisted Spike-Rush GS s SI DI 
F11irena squarrosa Hairy Umbrella-Sedge G4G5 s SI 04, 02 
J11nc11s brachycephalus Smallhead Rush GS s S2 A3, BC, LB, DI 
lath_rrns pa/11s tris Mar h Pea GS s SI BC 
Parnassia grandifolia Large leaf Grass of G3 s S3 Al, A2, A3, DI , 

Pama sus 
Xrris tennesseensis Tennessee Yellow-

02, LB, R2 
G2 E 

Eyed Gra s 
SI LE 02, LB, A3, A2, Al 
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Table 8. ew county records for taxa found i . 
11 seepage fens m the Western Highland Rim in Tennessee. 

Species or lnfraspeci fie Tax on County Frequency (TFC 20 l S) 

Andropogon glomeratus var. 
pumilus 

Lewis Common in the Cumberland Plateau and 
Mountains, unknown in the Western Highland 
Rim. 

Antennaria parf inii 

Coleataenia anceps 

E/eocharis erythropoda 

Eleocharis tortilis 

Lathyrus palustris 

Platanus occidentalis 

Lewis Apparently common statewide but exact 
distribution in need of further documentation. 

Lewis Common statewide. 

Lewis Infrequent across northern half of TN but 
extending south throughout most of the 
Cumberland Plateau and Mountains. 

Lewis Rare in the Coastal Plain (McNairy Co.) This is 
one of Tennessee 's rarest species of Eleocharis. 

Williamson Rare Eastern Highland Rim and East TN. 

Lewis Common statewide. 

Schizachyrium scoparium Lewis Common statewide. 

In vasive species 

The three non-native species, collected from eight sites, were class ified as in vas ive by the 

Tennessee Exotic Pest Plant Council (TN-EPPC 2009). They compri se 1.9% of the total taxa. 

Arthroxon hispidus is ranked as a significant threat by T -EPPC. Lonicerajaponica and 

Microstegium vimineum are ranked as a severe threat (Tabl e 9). 

· c din 14 Western Hi 0 hl and Rim fens with Table 9. Exotic invasive vascular plant species ,oun ::: 
TN-EPPC rank. 

Species 

Arthraxon hispidus 

Lonicera japonica 

Common name 

Small Carpet-Grass 

Japanese 
Honeysuckle 

Microstegi11111 vimineum Nepalese Browntop 

Family Sites 

Poaceae BC 

Caprilo li aceae D3, RI 

Poaceae 
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Ecological indices 

I lated between all 14 sites for a total or 91 
. . d' . ndex was ca cu 

p-divers1ty, usmg 1-J accar s 1 ' 
. . . sites in terms of tax on composition based on 

indices (Table I 0). The highest similanty between ' 

. . ntne Hollow sites A I and A2 (0.5758) (Table J 0). 
estimates of p-d1vers1ty, was found fo r the Au Y 

. Ad . ·t between sites was found fo r Powdermill Branch 
The most di ssimilar, or the highest I-'- 1vers1 Y, 

(PM) and a Dry Branch site (D2) (0.9833). An Auntney Hollow site (A I) had the greatest 

· ·1 ·t t th t ·t (A2 A3 LB RI and R2) and Powdermill Branch (PM) had the s1m1 an y o e mos s1 es , , , , 

highest P-diversity fo r the most sites (A I, A2, A3 , 0 2, 0 3, LB, and R2) (Fig. 14). 

A cluster ana lys is of the 1-Jaccard 's indices was used to demonstrate the similarity 

between the 14 sites. The resul ts are plotted as a dendrogram (Fig. 15). Sites were clustered in 

four major di stinguishable groups: ( I) A I/A 1/A3/LB/BC, (2) N l/N2/0 3/R2/D2/04/D I, (3) RI 

and, (4) PM. With in these clusters, two of the adjacent Auntney Hollow sites are clustered, the 

two adjacent Natchez Trace ites are clustered, two of the Dry Branch sites, located on separate 

fork s of the stream and separated by I 46 km are clustered and o. B h · · 1 d · , , a I y ranc site 1s c ustere 

with a Rattl e nake Fa ll site. 

The Fl oristi c Quality Index (FQ I) a d th C . · n e mean oeffi c1ent of Conservati sm (CC) was 

ca lculated !'or each site. Dry Branch 4 (D4) the 1 ' argeSt seep located on the headwaters of Dry 

Branch. had the highest FQ I (37) and Powd .. 1 eim i I Branch (PM) had the lowest FQ I (24). All 14 

sites ha, e a CC greater than 3.5 and s· . t' h . ix o t e 14 SIies (A,., BC ., , , DI , 0 2, 0 3 and 04) have a FQI 
of 35 or higher (Table 11 ). ' 
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Fig. 14. 1 li ghcst and lowest ~-diversit y, us ing I .laccard's index , for each of th e 14 seepage le n s ites in th e Western Highl and Rim of 

Tenn essee. 1 lori;,.on ta l ax is lahcls a rc site idcnti fie rs described in Tab le I . 
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rJhlt: I 0 . (3-di , ·ers i1 y . us ing I - Jacca rd 's index for 14 seepage fen s ites in the W estern Highl and Rim of T ennessee shown below the 
Jiagnnal. A highe r number equa ls a hig he r dive rs ity between s ites and a lower number equa ls a greater s imil arity between s ites. T he 
diago nal sho ,Ys in bo ld the tota l number of spec ies from each flora. Above the di ago nal shows in itali cs the total number of shared 
ta , a. Site identifi e rs a re described in Tab le I . 

Site A I A2 A3 BC DI D2 03 D4 LB NI N2 PM RI R2 

Al 23 14 15 10 8 JO 12 6 13 5 9 2 8 14 
A2 0 .5758 24 14 8 7 7 13 10 JO 6 7 4 5 13 
A3 0.6809 0.7143 39 10 9 11 12 10 14 10 12 5 8 16 
BC 0.8000 0 .8491 0.8485 37 7 6 13 9 8 3 4 4 5 14 
D l 0 .8298 0.8571 0 .8548 0.8871 32 10 13 12 7 JO 8 3 I 9 

D2 0 .8 148 0.8793 0.8406 0.9167 0.84 l 3 41 9 15 8 5 5 l 3 fl 

D3 0 .7447 0 .7234 0.8095 0.7833 0.7636 0.8676 36 13 8 JO JI 5 6 16 
D4 0.9032 0.8305 0.8649 0.8767 0.8154 0.7887 0.8088 45 9 13 8 6 4 12 

LB 0.6579 0.7619 0 .7358 0.8596 0.8679 0.8689 0 .8571 0.8594 28 6 8 I 4 JO 

N \ 0 .8718 0.8462 0.8000 0 .9455 0.7674 0.9123 0.7872 0.7547 0. 8605 21 13 5 4 12 

N2 0.7692 0.8333 0.7692 0 .9310 0.8367 0 .9180 0.7800 0 .87 10 0.8222 0.6061 25 7 7 12 

PM 0.9512 0.9000 0.9074 0.9245 0.9388 0.9833 0.9020 0.8983 0.9787 0.86 1 I 0.8158 20 I 7 

RI 0.8000 0.8864 0.857 1 0.9123 0.9821 0.9524 0.8909 0.9394 0.9184 0.9048 0.8372 0.9773 25 /(} 

R2 0.7083 0.7400 0.7419 0.7742 0.8548 0.8406 0.7288 0.8333 0.8246 0. 7500 0. 7692 0.8654 0.8 148 39 
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. ti 111 (CC) as . f Conser va 
T bl 11 Mean Coeffici ent o d (FQ I) fo r I 4 seepage a e • . . Q ality In ex 
compared to Flonst1c . u d R·m of Tennessee. 

Highlan 1 
fens in the WeStern FQ I 

Taxon Mean CC 
Site cc count 

27.50 6 
Al 129 22 

27.32 6 
A2 131 22 

36.82 6 
A3 227 38 

35.02 6 BC 213 36 
35.02 6 Dl 195 31 
36.08 6 D2 231 41 
35.33 6 D3 212 35 
36.97 44 6 D4 248 

LB 161 27 6 30.43 

NI I 12 20 6 24.44 

N2 144 25 6 28.80 

PM 109 20 5 24.37 

RI 134 23 6 27.15 

R2 217 38 6 34.75 

Comparison to similar floras 

Families with the highest percentage of total taxa, Cyperaceae, Poaceae, and Asteraceae 

are compared with four fen floras from the Midwestern United States (Fig. 16) (Amon et al. 

2002). The total unique taxa of WHR fens ( 160) was compared to three fen floras: ( 1) 

Southwestern Missouri Ozark prairie fens (Orzell & Kurz 1986), (2) Cedar Bog, Ohio (Frederick 

1974), and (3) a Bog-Fen Community on Bluff Mountain, North Carolina (Tucker 1972). 

Common taxa from the three compared fl oras numbered 50 for ( 1) Missouri Ozarks Fens, I 6 for 

(2) Bluff Mountain, orth Carolina and 58 for the (3) Cedar Bog, Ohio (Table 12). Similarity 

was evaluated using S0rensen 's Similarity index (Table 13). 

47 



0 
(1J 
oD 
Ill 

25 

20 

c 10 
(1J 

~ 
(1J 
0.. 

5 

0 
Asteraceae Cyperaceae 

Family 

Poaceae 

■ Tennessee WHR fens 

■ Southeastern Missouri Ozark 
Prairie Fens 

■ Wisconsin Fens 

■ Michigan prairie fen 

Northwestern Iowa fen complex 
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four Midwestern fen floras (Amon et al., 2002) and a flora of Western Highland Rim of 

Tennessee fen s. 
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Table 12. Plant species and infraspecific taxa in common to 14 seepage fen s in 
the Western Highland Rim ofTennessee as compared to ( I) Ozark Prairie Fens 
(2) Bluff Mountain, North Carolina Bog-Fen, and (3) Cedar Bog, Ohio. A ' I' ' 

indicates the presence of a taxon. 

Species or lnfraspecific Taxon 

Acer rubrum 

Acer saccharum ssp. saccharum 

Adiantum pedatum 

Ageratina altiss ima var. altissima 

A/nus serrulata 

Amphicarpaea bracteata 

Apios americana 

Asarum canadense 

Cardamine bulbosa 

Carex crinita var. brevicrinis 

Carex granularis 

Carex lepta/ea 

Carex /urida 

Carex stricto 

Carex torto 

Carpinus carat· . 111/0170 

Che/one g/obra 

Cirn10 111oc11/oto 

Ci11110 omndinaceo 

Cirsi11111111111irn111 

ColeO!oenia onceps s c sp. anceps 
o11ocli11i 11111 coel . . e:-; 1111 11111 

Co m11.1· oltemifo lio 

Corn11s 0111011111111 

Comusflorido 

Con-/11s c1111er,·c 0170 

C\'pems st·· , igosus 

C1-s10p1eri~ l IL . . · JI/ J1/ero 

Ozark 
Prairie Fens 

0 

0 

0 

0 

0 

I 

0 

I 

0 

I 

0 

I 

0 

0 

0 

0 

I 

0 
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Bluff 
Mountain, 
North 
Carolina 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

l 

I 

l 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Cedar Bog, 
Ohio 

I 

0 

I 

0 

0 

0 

1 

0 

0 

I 

I 

I 

0 

0 

0 



Table 12 . continued 

Dioscorea villosa I 0 
Eleocharis ery thropoda 0 0 
Eupatorium pe,fo liatum I 0 
Fraxinus americana 0 0 
Galium triflorum I 0 
Geum virginianum 0 0 
Glyceria striata I 0 
Helenium autumnale I 0 I 
Houstonia caerulea 0 I 0 
flex decidua 0 0 
Impatiens capensis I 0 
Juncus brachycephalus 0 0 
Juncus effi,sus 0 I 

Juncus subcaudatus 0 0 
Juniperus virginiana I 0 0 

Kalmia /atifolia 0 I 0 

lathyrus palustris I 0 0 

Leersia virg inica 0 0 

lindera benzoin 0 0 

Liriodendron tulipifera 0 0 

Lobelia puberula 0 0 

l obelia siphilitica 0 

Mimulus ringens I 0 

Muhlenbergia svlvatica 0 0 

Osmunda regalis var. spectabilis I 

Osmundas trum cinnamomeum 0 I 

Oxypolis rig idior I I 

Panicum jlexile 0 0 I 

Parnass ia grand(fol ia I I 0 

Pedicularis canadensis 0 0 I 

Phlox divaricata var. divaricata 0 0 I 

Phlox glaberrima I 0 0 

Pi/ea pumi/a 0 0 
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-
Table 12. continued I 

0 

Platanus occidentalis 0 0 

Paa sylvestris 0 I 
0 

Polystichum acrostichoides 0 0 

Potentilla simplex 0 0 
Pycnanthemum tenuifolium 

I 
0 

Quercus alba 
I I 0 

Rhynchospora capitellata 
0 0 I 

Rudbeckia laciniata 
0 I 

Rudbeckia palustris 
0 0 

Salix caroliniana 
0 I 

Salix sericea 

Salvia ~yrata 
0 0 

Schizachyrium scoparium var. 
0 scoparium 

Scirpus atrovirens I 0 

Smilax rotundifolia 0 0 

Solidago caesia 0 0 

Solidago patula 

Solidago rugosa var. rugosa I 
Spiranthes cernua 1 0 
Symphyotrichum lareriflorum 0 0 
Thefrpteris palustris var. pubescens 0 0 
Viola cucullata 

0 I 
Xl"ris torta I I 0 
Zi::ia aurea 

0 
Totals 

0 I 
50 16 58 

5 I 



Table 13. A comparison of total taxa (160) of 14 . 
ofTennessee to similar plant communities in M. seep_age ~ens 111 the Western Highland Rim 
s

0
rensen's Similarity Index. issoun, OhIO, and North Carolina with a 

f]ora Total Taxa Shared S0rensen's 
Species Index 

Ozark Prairie Fens 243 50 0.25 
Bog-Fen Community, Bluff Mountain, 
North Carolina 57 16 0.15 

Cedar Bog, Ohio 546 58 0.16 

Phytogeography 

There are seepage fen taxa with both northern and southern phytogeograph ic di stributions 

from this flora (Table 14). Nine taxa (5.63% of the 160 total taxa), were identified with a 

northern di stribution, of which Juncus subcaudatus and larh.1 rus pa/11 rris were di junct. Fifteen 

taxa (9.38%) were identified with a southern distribution, of wh ich Eleochari rorrili. Pama ia 

grandifolia, and Xyris tennesseensis were di junt. wide pread di tribution \\·a attributed to 

133 taxa (83 .1 3%), and three exot ic in va ive specie ( 1.9%) \\'Crc ob erved. 



Table 14. Southern and northern biogeographic di stributed va cular pl ant taxa with W•ll 
status from 14 Western Highland Rim ofTennessee seepage fens. Highlighted taxa a c •nd 

d

. . re 

1SJunct populations. 

Biogeographic 
distribution 

Northern 

Southern 

Species or infraspecific taxon 

Antennaria parlinii ssp. parlinii 

Carex bromoides ssp. bromoides 

Cystopteris bulbifera 

Danthonia spicata 

Eleocharis erythropoda 

Juncus subcaudatus 

Lathyrus palustris 

Thelypteris noveboracens is 

Valerianella umbilicata 

Total: 9 

Andropogon glomeratus var. pumilus 

Eleocharis tortilis 

Elephantopus tomentosus 

Fuirena squarrosa 

Juncus coriaceus 

lobelia puberula 

Melica mutica 

Parnassia grandifolia 

Phlox amoena 

Rhododendron al b a amense 
Rhododendron canes 
R d cens 

u beckia palustris 

Saccharum al . . opecuroides 
Vi t1s rotundifolia 

Xyris tennesseensis 
Total: 15 

Grand total: 24 
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Wetlan~ 
status 

n/a ----
FACW 

FAC 

n/a 

OBL 

OBL 
FACW 

FAC 

FAC 

FACW 

FACW 

n/a 

OBL 

FACW 

FACW 

n/a 

OBL 
n/a 

n/a 

FACW 

FAC 

FAC 

FAC 

OBL 

----------

I 

I 



Comparison to USNVC communities 

Using the USNVC (2016) ecological systems classification, the l 4 study sites would fit 

·nto four ecological systems (Table 15). Eight sites (Al A2 A3 BC Dl 02 LB d R2) 
1 , , , , , , , an are a 

good match for the Interior Low Plateau Seepage Fen ecological system. One site (R l) best fits 

the Highland Rim Limestone Cliff/Talus Seep ecological system. Five sites (NI , N2, PM, 03 , 

and D4) fit equally well into two ecological systems, the Cumberland Seepage Forest or the 

Interior Highlands Forested Acidic Seep. 

In addition, a qualitative classification for the 14 tudy ite i offered. Thi clas ification 

emphasizes landform position, pH, and phys iognomy, imilar to the landtype a oc iation 

classification of Smalley (1980). This classification fit within E te ' (20 15) egetation of 

Tennessee developing scheme of community cla ificati n. Ba ed on th i 

seepage fens are recognize (Table 15) and de crib d below. 
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----------------- ------- --- --- --

Table JS. A qualitative assess m e nt /4 seep age fens in th e Wcs lc r·n Hi g hl a nd Rim ot'Tenncsscc as corn n'"luniti cs w ith compa rison to 
the USNVC classification standards (Jennings e t a l. 2009). 

Site codes 

A l , A2, A3, 
DI , LB, R2 

D2 

R\ 

N1 , N2, PM 

D4 

BC 

Proposed seepage fen 
community for the 
Vegetation of Tennessee 
(Estes 2015) 

W estern Highl and Rim 
Circumneutral Grave l 
Seepage Fen 

Western Highland Rim 
Limestone Glade Seepage 
Fen 

W estern Highland Rim 
Seepage C I i ff 

W estern Highland Rim 
Seepage Forest 

Western Hi ghland Rim 
Seepage Woodl and 

Western Highland Rim 
Stepped Seepage Fen 

M ost s imil a r USNYC 
(20 I 6) eco logica l 
system(s) 

Inte rior Low Pl ateau 
Seepage Fen 

Inte ri or Low Plateau 
Seepage Fen 

Hi ghl and Rim Limestone 
C li ff/Ta lus Seep 

( I) C umberl a nd :::;cepage 
Forest 

2) Inte ri o r Highlands 
Forested Acidic Seep 

·umberl and Seepage 
Forest 

Interior Low Plateau 
eepagc Fen 
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M ost s imilar US NVC (20 16) ecologica l assoc iation 

Carex lurida - Carex lep ta/ea - Parnass ia grandifolia -
Juncus brachycephalus - (Xvris tennesseensis) 
He rbaceo us Vege tation 

Carex lurida - Carex lep ta /ea - Parnassia g rand(/olia -
Juncus brachycephalus - (Xyris tennesseensis) 
Herbaceo us Vegeta ti on 

11'drangeo arhorescens I !111pa tiens (cape nsis , rc.11/ida) 
- /-/ e 11c h e ra l'i!/o.,·a Shrub lc.1nd 

r ruhr11m var . lrilohum - A ~l'.l'Sll .\y l vutica I 
·, c innomomea - C lwsmanthium la.non - Care.r 

int11mescens I Sphog ,111111 lescurii Fores! 

r r11hr11111 var. trilohum - Liquidam hor 
[/7110 - /11/ax,110/io tripetala I Os 1111111do rex,olis -

~,pripedium kentuckiense) Forest 

Acer r11hr11111 , ar tri/oh11111 - .\ ·n,o 11-h ·otico 
,111111ulo ci1111c11110 111 ,·o - ( ·1,,11 111c111thi11111 lor11111 - ( ·orer 

i11 t11111 c•H e n, S11lwg1111111 lc•1c11rii I· on.: ... 1 

arex /11rida - Corex leptaleo - Parno.uio x,rwuli/olio -
J1111cu.\ hrachyceplw/11.\ - ()(, ·ri., tenne.1.,eensi.1) 
I lcrbaceou~ Vegetation 



Western Highland Rim Circumneutral Grav IS . 
e eepage Fen: This was the proposed 

ominunity for seven sites (Table 15). These com .. 
c mumties were small-patch, circumneutral , 

Slopina communities with a semi-open canopy located k b 0 near roe - ottomed streams. The 

substrate contains muck and cherty gravel and is saturated b d T . . 
Y groun water. yp1cal species were 

Parnass ia grandifolia, Rudbeckia palustris Carex atlantica var ritl r· C 1 •d C , · • . ~, an .1ca, arex un a, arex 

prasina, Impatiens capensis, Oxypolis rigidior, and Xyris tennesseensis. 

Based on characteristic species, the USNVC Interior Low Plateau Seepage Fen 

association Carce lurida - Carex lepta/ea - Parnassia grandifolia -Juncus brachycephalus -

(Xyris tennesseensis) Herbaceous Vegetation was a good match for these study si tes (Table 16). 

Association taxa, Carex lurida occurred in fi ve sites, Carex lepta/ea in one site , Parnassia 

grandifolia in six sites, Juncus brachycephalus in three sites, and Xyris tennesseensis in four 

sites. 

Western Highland Rim Limestone Glade Seepage Fen: Thi wa the proposed 

community for one site (D2) (Table 15). This community was small-patch, circumneutral , near 

· · · I t d 1ea1· rock-bottomed stream s. The ubstrate, level community with a semi-open canopy oca e 1 

· · · · I 1· b d ·ock exposed in some areas. Typical fo r the most part, was thm, mucky so t! wit 1 1mestone e 1 · 

. . . . . bl d F irena squarrosa. J1111c11s coriace11s. species are Parnassia grand{/olw, Care.\ an a. 11 

Spiran rhes cernua and Xvris rennesseensis. 

VC Interi or Lo\\· Plateau Seepage Fen 
Based on characteristic species, the US 

. . arandi/o/ia - J1111c11s hrochrcepha/11s -
ass . . C I .d C . /opralea - Pa, 11ass10 L.., . oc1at1on arex urt a - are., cc 

. d 111atch for thi s study sites (Table 17) . 
X . 11 \\·as a ~00 ' ( _\'rts tennesseensis) Herbaceous Vegetauo -
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Association taxa, Carex fepta fea, Parnassia grandifolia, and Xyris tennesseensis occurcd in thi s 

site. 

Table 16. A comparison of USNVC characteristic species for Interior Low 
Plateau Seepage Fen community to eight seepage fen sites in the Western 
Highland Rim of Tennessee. A 'I' indicates presence of a tax on. Association 

taxon are highlighted. 

Species or Infraspecific taxon 
Al A2 A3 BC DI D2 LB R2 Total 

Acer rubrum 

A/nus serrufata 

Cardam ine bufbosa 

Carex atfantica ssp. atfantica 

Carex lurida 
Carex lepta/ea 

Cornus amomum 

Impatiens capensis 

Juncus brachycephalus 

Juncus coriaceus 

Juncus ejfusus 

Oxypolis rigidior 

Parnassia grandifolia 

Phlox glaberrima 

Rhl'nchospora capitellata 

Rudbeckia palustris 

Salix caro/iniana 

Scirpus atro ,·irens 

Solidago paflila 

Thelypleris pa/11s1ris var p11b . · escens 
Xyr, tenne seensis 
Total 

0 

I 

0 

0 

I 

0 

I 

0 

1 

0 

0 

I 

0 

0 

I 

0 

11 

0 0 0 

0 0 

1 

1 1 l 

I 0 I 

0 0 1 

0 

I I I 

0 1 1 

I I 0 

0 0 0 

I I 0 

1 1 0 

0 I 0 

0 0 0 

I I 

0 0 

0 0 

0 0 

0 I I 

1 0 
10 12 12 

1 0 I 0 4 

1 I 0 0 5 

0 0 I 0 6 

I 0 0 I 9 

1 0 1 1 10 

1 1 0 0 5 

0 0 0 0 3 

0 0 1 8 

1 0 1 0 4 

1 I l 11 

0 0 0 2 

0 10 

1 1 1 1 7 

0 0 I I 4 

I I I 0 4 

0 I I 8 

0 0 0 0 I 

0 0 I 0 2 

I I 0 I 7 

0 0 I 0 3 

0 1 1 0 5 
11 9 14 9 

Western Highland R" S tm eepaoe crrr . 
(R 1 - "' , . This was the ro 

) (Table 1:, ). This cornmuni·t p posed community for one site 
Y was as 11 ma -patch ·. 

canop I ' cu cum neutral . Y ocated near a rock-bottomed community with a semi-open 
stream and d. a Jacent to a wat erfall. This site had a steep 
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slope and thin , saturated soil s with areas of deeper muck. Typical species were Impatiens 

capensis, Hydrangea cinerea, Kalmia latifolia, and Cornus alternifolia. 

Based on characteri sti c species, the USNVC Highland Rim Limestone Cliff/Talus Seep 

assoc iation Hydrangea arborescens I Impatiens (capensis, pa/Iida) - Heuchera villosa Shrubland 

was the be t match fo r thi site. The association pecies Impatiens capensis occurred in this ite. 

Western Highland Rim Seepage Forest. Thi v a the propo ed community for four 

site (D3, I, 2, and PM) (Tabl 15) . The e v ere mall-patch , circumneutral to acidic 

communities with a clo ed canopy located near rock-bottom d tream . The ub trate wa 

saturated muck. Typica l taxa were All1yri11111 _filix:femi11a \'Cir. a plenioide , arex debili var. 

debilis. Osmundastrum cinnamome11111 and O·munda regali . 

The be t ystem match for ite D3 wa the Interior Highland For ted idic 

Seep located in the Ozark and Ouachita Mountain f rkan a , a di tance of at lea t 4 5 km. 

Si te D3 matched thi y tern for . pati al pattern . pl I. canopy co,-cr. land cape po ition, and 

moisture (Table 17). Ba cd on characteristi . pecie . . Interior Hi ghland. Fore ted idi eep 

association Acer rnhn1111 rnr. triloh11111 - Liq11ida111har styraci/l110 - .\ fug.110/io tripetolo I O 1111111da 

regalis - ((r; ,ri;,edi,1111 ke11111ckie11seJ Fore. t \\ a. the best match !or thi .. ite. The a . . oc iation 

species Orn11111do regolis occurred in this si te. 

. ite I 111 atched the C Cu111berland . eepage Forest :) stem on spatial pattern. pH . 

canopy cm er. and 111oisture . . ite l 111at ·hes the Interior II ighland. Fore. ted ·idic . eep 

located in the ();ark and Ouachita 11Hn111tains or :\ rkan~a~. a di~tance or at lea l ➔ 5 kill. on 

spatial pa ttern. canopy co, er. landscape I nsi tion. and 111nisture ( Table I, ) . . ite l matched both 

systellls 011 four characteristics. ho\\e, er "hen the ,egetation ,,as co111pared to each ·y tern 

· · I · • -· , · ··t · , . t ,, ·1s 111or, ,i111ilar to the Interior Hi 0 hlands based on charnctcnst1c and co111111anl ~Pl'Lio. ~, L •" , • L · ' := 
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. . ·es Interior Hi ghlands Forested /\ cidic S 

Forested Acidic Seep. Based on charactensuc speer , . CCp 

.

. 
1 

b Li·quidambar styraci/!110 - Magnolia tripeta/ 1 
· · A b, var tn o um - · a 

system assoc1at1on cer ru I um · · · 
. . . . k. nsel Forest was the best match for thi s site . The 

Osmunda regalts - (Cypnpedwm kentuc te 1 

. . . d 
O 

da regalis occurred in this site. 
assoc1at1on species Acer rubrum, an smun 

The best USNVC system match for site N2 was the Interior Hi ghlands Forested Acidic 

Seep located in the Ozark and Ouachita Mountains of Arkansas, a distance of at least 4 75 km 

(Table 18). Site N2 matched this system for spatial pattern, pH , canopy cover, landscape 

position, and moisture. Based on characteristic species, the Interior Highlands Forested Acidic 

Seep association Acer rubrum var. trilobum - Liquidambar styraciflua - Magnolia tripetala / 

Osmunda regalis - (Cypripedium kentuckiense) Forest was the best match for thi s site (Table 

19). The association species Osmunda regalis occurred in this site. 

;able I?. A comparison of abiotic characteristics for a seepage fen at Dry Branch in Lewis Countr I 

ennessee (D3) to three USNVC Ecological Systems. .· 
I 

USNVC Ecological Systems 

Site characteristics for Dry Branch (D3) Cumberland Interior 

Seepage Highlands East Gulf Coastal Plain 

Forest Forested Northern Seepage Swamr 
Acidic Seep 

Spatial pattern small patch yes yes no 
pH ac idic no yes yes 
Canopy cover open 

perched on ephemeral 
yes yes yes 

Position dramage no yes no 

Loamy res iduum 

So ils 
weathered from ch . erty 
limestone; muck no 

Moisture satu rated 
n/a no 

yes yes yes 
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Table 18. A comparison of abiotic h · · 
T c aractenst1cs for a seepage fen at Natchez Trace in Lewis 

County, ennessee (N 1) to three US NYC Ecological Systems. 

USNVC Eco logical Systems 

Site characteristics for Natchez Trace (N 1) Cumberland Interior East Gulf Coastal 
Seepage Highlands Plain Northern 
Forest Forested Seepage Swamp 

Acidic Seep 
Spatial 

small patch 
pattern yes yes no 

pH circumneutral ye no no 
Canopy cover closed yes ye yes 
Position footslope no ye ye 

Soils Loamy colluvium deri ved no n/a 11 0 

from cherty Ii mestone 

Moi sture saturated ye ye ye 

Table 19. A compari son or abiotic characteristics for a seepage fen at atchez Trace in Lewi 
County, Tennessee (N2) to three U. VC Ecological . y. tern . . 

Site characteri sti cs for atchez Trace ( 2) 

Spati al 
pattern 

pl I 

Canopy CO \ er 

Positi on 

Soils 

Moisture 

small patch 

acidic 

closed 

roots lope 

Loamy col lu\ ium deri\ cd 
from chcrty limcswne 

sa turated 

Cumberland 
. cepage 
Forest 

110 

110 

110 
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VC Ecological . y tern 

Interior 
East Gulf Coastal 

Highland 
Plain orthern 

Fore. tcd 
Acidic . ccp 

. cepage wamp 

yes 110 

yes yes 

yes yes 

\ 'CS yes 

11 a no 

yes 



. · · ·th the USNYC Cumberland cep 
Site PM shared the most abiot1c characteristics wi age 

. • ti . 1· I pattern pH canopy cover so i Is and 
Forest system. Site PM matched this system 01 spa ia , ' ' , 

moisture (Table 20). The Cumberland Seepage Forest is located in the Cumberland Plateau or 

Ridge and Valley ecoregion, not in the WHR. However, the WHR bounds the Cumberland 

Plateau on its southern boarder (Nicholson et al. 2007). Based on characteristic species, the 

Cumberland Seepage Forest association Acer rubrum var. trilobum - Nyssa sylvatica I Osmunda 

cinnamomea - Chasmanthium /axum - Carex intumescens I Sphagnum lescurii Forest is the best 

match for this site (Table 15). The association species Osmundastrum cinnamomeum, and Carex 

intumescens occur in thi s ite. 

Table 20. A comparison of abiotic characteristics for a seepage fen at Powdennill Branch in Lewis 
County, Tennessee (PM) to three US YC Ecological Systems. 

USNYC Ecological Systems 

Site characteristics for Powdem1ill Branch 
(PM ) 

Cumberland Interior Highlands East Gulf Coastal 
Seepage Forested Acidic Plain Northern 
Forest Seep Seepage Swamp 

Spatial 
pattern small patch yes yes no 

pH Circumneutra l yes no no 
Canopy cover open yes Yes yes 
Position foo ts lope no Yes yes 

Soils Loamy allu\'ium derived 
from lime tone, yes n/a no 
sandstone. and shale 

Moi ture aturated yes Yes yes 
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Western Highland Rim Seepage Woodl d . . 
an • This 1s th 

e proposed community fo r one 
·t (D4) (Table 15). This is a small -patch circum t 

1 st e ' neu ra ' gentle sloping community with a semi-
en canopy located near a rock-bottomed stream. The . . 

op saturated substrate 1s composed primari ly 
f muck. Typical species are Juncus subcaudatus Rudb k. 

1 
. . 

o · ' ec ta pa ustns, Carex atlantica ar. 

aflantica Carex granularis, Carex lepta/ea Carer Jurida and L ti 
1 

. 
· · ' ' , , a 1) rus pa II tns. 

D4 share the most abiotic characteri sti cs with the Cumberland 
epage Fore t col gical 

system located in Cumberland Plateau or Ridge and Valle cor gi n. D'' mat h d thi 

for spatial pattern, pH, canopy cover, landscape po ition and moi tur (Tabl 1 ). Ba d 
0 11 

characteristic species, the Cumberland Seepage For ta iati n A r rubrum mr. rriloh11111 -

Nyssa sylvatica I Osmunda cinnamomea - Cha manthium larnm - ar x imum 

Sphagnum lescurii Forest is a good match for thi tud 

Carex lurida and Juncus brachycepha/11 o cur in thi it . 

iati n taxa ar x lepta/ a. 

Table 21. A compari son of io · · · fi r a epage fen at Dr Bran h in Le" i. ount . 
Tennessee (D4) to three US 

Site characteri ti cs fo r Dry Branch (04) 

Spati al 
pattern small patch 

pH circumneutra l 

Canopy cover open 

Position side slope or stream 

Loamy res iduum 

Soi ls 
\Yeathered fro m chert)' 
limestone: muck 

Moisture satu rated 

umberl and 
eepag 

Fore t 

ye 

ye. 

yes 

yes 

no 

w s 
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. . S d Seepage Fen. This is the proposed community for 
Western Highland Rim teppe one 

site (BC) (Table 15). This is a small -patch, alkaline, stepped sloping community with a semi-

open canopy located near a rock-bottomed stream. The saturated subStrate is composed primarily 

of muck. Typical spec ies are Juncus subcaudatus, Rudbeckia palustris, Carex atlantica var. 

atlantica, Carex granu/aris. Carex lepta/ea, Carex lurida, and Lathyrus palustris. Parnassia 

grand[fo /ia is notably ab ent from this site. 

Based on characteri tic spec ies, the Interior Low Plateau Seepage Fen association Ca rex 

lurida - Carex lepta/ea - Parnassia grandifolia - Juncus brachycephafus - (Xyris tennesseensis) 

Herbaceou Vegetati on i a good match fo r this study sites. Association taxa Carex feptalea, 

Care.r l11rida and J1111rns hrachycepha/11s occur in this ite. 
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HAPTER y 

DISCUSSION 

The WHR seepage fens which range in H fro 
p m 6.4 to 7.5, fit the classification of 

rich fen (Nelson 20 I 0, Bedford & Godwin 2003 A 1 a ' mon et a · 2002). These fens are dominated 

by forbs and graminoids, with most classified as either obligat f'. 1 . e or iacu tative wetland taxa. They 

are intact communities as indicated by the (1) presence of rare and 1 • 1 d . . eco og1ca en em1c species, 

(2) high vascular plant diversity relative to area, and (3) low percentage of invasive species. Of 

the ten rare taxa identified as possible seepage fen taxa, five were observed. Missing from the fen 

flora were Liparis loeselii, Marshallia trinervia, Minuartia muscorum, Scleria verticillata, and 

Spiranthes lucida. These species may be absent from the fens, or may have been undetected due 

to small population size or their ephemeral nature. However, Marshallia trinervia was observed 

near the Auntney Hollow sites on Little Swan Creek and Spiranthes lucida was observed 

downstream from the Brush Creek site. 

The WHR fens are botanically diverse as exhibited by the high number of taxa for the 

· 1 d for the Tennessee WHR is 0.45 comparatively small area surveyed. The tota area surveye 

h h th tern Missouri Ozarks prairie fens , 
ectares comprising 160 taxa, as compared tot e sou wes 

· · 242 taxa from all sites. The WHR 
where the smallest of the 7 sites was 0.6 hectares, compnsmg ' 

. .· h The ratio of family to species is 
fens are also taxonomically diverse in terms of family nc ness. 

. . n) as compared to other fen floras 
close to I :2 (58 families , 160 species and mfraspecific taxo ' 

. h. h has as a ratio closer to I :4 ( 60 
such as the southwestern Missouri Ozarks praine fens, w ic 

fa · • . ) (Orzell & Kurz i 986). 
milies, 242 species and infraspec1fic taxon 
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. . • ( 1 9o/c ) is parti cularl y low compared lo olher 
The small percentage of in vas ive species · 0 

. from other fl oras are 3.8% (Rodgers in 
southeastern fl oras. Examples of invas ive percentages 

· & W I k 2005) 13 3% (Blyve is & Shaw 20 11 ) prep.), 8.1 % (A nderson in prep.), 13% (Estes a c , · , 

and 16.9% (G unn 2003). The wide range of invasive percentages for the compared flo ras may be 

ex plained by fl ora type. The Tennessee Ri ver Gorge fl ora (Blyveis & Shaw 2011 ) contained 12 

communities. Gunn (2003 ) descri be 16 communities including an agriculture community that 

likely included in vas ive agric ul ture weeds. Este and Walck's (2005) flora compri sed six 

commun iti es. Targeting specific communities may influence the relativel y low percentage of 

inva ive species fo r a nora . Another infl uential factor could be the generally isolated nature of 

the WHR fen site . With few exception , the ites are remote and not eas ily access ible by roads 

or tra il , which would act a a corridor fo r in as ion by non-nati ve species. 

The WI-IR lcn tudy . ite exhibi t a wide range of P-di versity. Cluster analys is indicates 

that ·patial sca le is the most irn rortant fac tor in determ ining ri di vers,·ty O t. · h 
1.r . ne excep 1011 1s t e 

D3/R2 cluster. The t,, n :i tcs arc seraratcd by J km H , . b I · · · . o,, eve1, ot 1 sites share similar 

landscarcs. small rerchcd seer .. urrou ndcd by ,,·o di d ·I . . 0 an , '' 11ch may contribute to similar 

srccics comros iti nn . 

II site. coul d he categori1ed as high quality . 
lie based on their hi gh mean CC and FQI. 

The highest quali t,· sites. classilied ·is nat . 
1 

. . 
• L , u1 a area qualny ite ld h s, \\'OU ave a CC of 3.5 or higher 

or a FQ I or 35 or higher ( \\' ilhclm & Ma t , 1999 . . 
< • er. ). S 1:,; Site . h' • . . . · s meet t 1s cntena (Table 11 .). Fi ve 

ol these sites arc state natural areas ,,·h ·1 , . . 
• • • 

1 
1:: one 1. pm·ately o,,·ned. The pri vate site at Brush 

(_ reek (13C) in Will iamson Count,·. has an FQI . " 
. ol -'5 .02. Lathrr I . . . 

. . , . . • us pa ustns, a spec ies of special 
cnncu 11 lor thL' sta te,, as ohs,, ,., 'd I . 

· · ~ l lCI C. 
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Western Highland Rim fens share similarities with Midwestern and notthern fens 

including hydrology, varying soil composition, and saturation (Godwin et al. 2002). Likewise, 

the vascular flora of the WHR fens have similar family composition to other fen floras. The three 

families with the highest percentage of total taxa; Cyperaceae, Poaceae, and Asteraceae are 

consistent with four fen floras from the Midwestern United States (Fig. 17) (Amon et al. 2002). 

The WHR fens are floristically distinct when species are compared to other floras. A 

Sorenson's Similarity Index comparison of species to three fen floras was quite low, with the 

unglaciated Ozark Prairie Fen flora being the most similar. A similar comparison between Ohio 

fens to fens in Indiana, Illinois, Wisconsin, and Iowa had a comparatively high S0rensen's 

Similarity Index (0.472 to 0.675) (Amon et al. 2002). Also noteworthy, carnivorous taxa such as 

Drosera spp., and Utricularia spp. observed in a Wisconsin fen, Ohio bog-fens, and North 

Carolina bog-fens are noticeably absent from thi study. The low similarity of the WHR fen 

species to other fen floras may be due to the latitudinal or elevation gradient, sampling 

differences, or dissimilarity of fen types. Glaciation during the Pleistocene likely has played a 

substantial role in flori stic differences. 

The southeastern United States contains area of endemism and endangerment (Estill & 

Cruzan 200 I) in hot-spots such as those found in the Central Basin of Tennessee and areas of the 

Coastal Plain. The WHR is not a hot-spot of floristic endemism, but the study sites contain 

ecological endemics, that is, species that require a specific hab itat. Two such fen species, di sj unct 

from southern populations, are X,•ris tennesseensis. which has a limited distribution, and 

Parnassia grandifolia which has a widespread scattered distribution . 

Like the surrounding forests and woodlands, the WHR fens have probably existed since 

the mid-Holocene. Comparison of phytogeographic patterns for thi s flora is problematic. Other 
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h eography and regionall y al'lili atcd 
. . · fi (on about p ytog 

than DeSelm ( 1988), there 1s little m orma 1 

d h resence of western (2.5%), northern 
taxa in other WHR floras. DeSelm ( 1988) indicate t e p 

. . WHR barrens. Notably absent in the WHR 
(5.7%), and southern (28.8%) affiliated taxa W

1thtn 

. can be explained by the following: (I) western 
fen flora are western affiliated taxa. This absence 

. . . · h dr Hypsithermal and are typ ically found in 
affiliated species 1mm1grated eastward durmg t e Y 

• • • • • (K 1 1 ! 988) and the continuously saturated fen substrate so il s did dner prame communities au et a . 

not create favorable habitat for the more xeric western species, and (2) a higher percentage of 

western taxa occurred on loess (3 .8%) versus limestone substrate (1.6%), and the fen study sites 

have limestone substrate. 

The WHR fens are, however, influenced by northern (5.63%) and southern taxa (9.38%). 

The northern influence is likely aided by a substrate continuously saturated by cold groundwater 

and the di ssected nature of the landscape. Northern taxa move south during glaciation events and 

then migrated northward a the glac iers retreated (Braun I 94 7). This back and forth continued 

throughout the Pleistocene glac ial cycles. While there was a poss ibility of northern refugia 

during glac iati on proce ses (A nderson et al. 2006), it is widely held that after the last glaciation 

event ( 18,000-1 5,000 ybp ), if not during previous glaciation cycles, these northern taxa dispersed 

from the unglac iated south to the current northern terminus (Delcourt & Delcourt 1979, Braun 

1947). Motofth WHRfentaxademonstrateap · I d. · · 
emnsu ar 1stnbut1on pattern indicating that 

the taxa are the result or di spersa l. not vicariance (K I I 
9 au et a· I 88). However, two of these 

northern taxa are di sj unct populati ons, Juncus subcaud . 
atus and Lathyrus palustris, suggesting 

they are poss ible relics of glac ial or earl y postal · 1 · ~ "' ac1a times (Kaul et al 1988). 

The number of southern tax a is twic 
· e as great as the northern taxa, consistent with 

DeSelm ( 1988). There is eYidence that sorn h 
e sout em taxa e . 

' xpenenced a south-to-north 
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Jlligration pattern (Liu et al. 20 13), although Braun ( 19 3 7) contends that the migration occurred 

11011h-to- outh. Both patterns of dispersal are poss.bl 0 . .b . 1 e. 1stn ution patterns also indicate that 

most southern taxa are a result of dispersal except fi th d' • . . or ree tSJunct species. Some and Weakley 

(200 I) recognize a widespread, disjunct distribution patt f S8 C • em o oastal Plam taxa to central 

Tennessee and Kentucky including Eleocharis tortilis observed in th · fl Th' d' · ' IS ora. IS ISJ unct 

species, as well as Xyris tennesseensis, and Parnassia grandifolia may be relictual resulting from 

Pleistocene glaciation events. 

More phytogeographic studies based on morphology, population variability, habitat, rates 

of evolution, genetics, and breeding systems are needed to better understand the connection 

between the southern affiliated taxa of this flora and the Coastal Plain ecoregion and likewise the 

relationship between the northern affiliated taxa and the glaciated north (Thome 1989). 

USNVC (2016) recognizes a single fen ecological system for the WHR (Interior Low 

Plateau Seepage Fen). Five forested sites, not a good match for this system, were compared to 

three similarly forested ecological systems, the Cumberland Seepage Forest located in the 

Cumberland Plateau or the Ridge and Valley, the Interior Highlands Forested Acidic Seep located 

in Ozark and Ouachita Mountains of Arkansas, and the East Gulf Coastal Plain Northern 

Seepage Swamp located in the Coastal Plain. It is recommended that a similar ecological system 

for the Interior Low Plateaus be described for the Western Highland Rim Seepage Forest and 

Western Highland Rim Seepage Woodland communities (Table 15). The USNVC Interior 

Forested Acidic Seep ecological system also includes examples from the Shawnee Hills of 

Kentucky. As part of this process, consideration should be given for inclusion of the Shawnee 

Hill s f K k 
1 

'th th WHR forested seepaae fens . Vegetation plot surveys would 
o entuc y examp es wt e 0 

need to be conducted for determination of new ecological system associations. 
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Conclusions 

h . oundwater and improve stream quality 
These fens are important wetlands that rec aige gr 

c mall and are not identifi ab le via 
(Amon et al. 2002, Winter 2000). Because seepage 1ens are so s ' 

f h · communities in the WHR is 
remote sensing, it is likely that the number o t ese unique 

underestimated. Because these sites currently have a low percentage of invasive taxa, prevention 

is critical and caution should be used in management practices that might contribute to invasion 

by non-native taxa. 

Seepage fens are dependent on complex water hydrology and this may be a key 

component to mai ntaining an open fen (Amon et al. 2002). Three sites (PM, 04, and NI), had 

large downed trees around the perimeter of the site. One hypothes is for this phenomenon could 

be that the hydrology assoc iated with eepage fens contributes to root system fai lure of large 

trees in aturated so il . Tarklin oil , as fo und in ix sites, are subject to windthrow during wet 

peri ods (Table I) ( oil Survey taff 20 16b). 

Because these fen depend on groundwater to maintain saturation, the hydrology of the 

tudy site may be particularl y precari ou if the area l extent of the ground-water-flow system is 

loca l (Winters 2000). Increase in human population could put anthropogen ic pressures upon 

groundwater. Thi s could re ult in a lo\\·er water tab le and thLis el· · t h , , 1mina e t e water source 

required fo r fen (Bedford & God,,·in ?003) B /." · . . - · ecause ,en species compos1t1011 can be co1Telated 

to \\'ater chemistry. and ,·a cul ar herbaceous specie in pa •t · I . • 
1 1cu a1, are coITelated to nutrient 

tatu , fen may be susceptible to degradati on by anthropoo · . . 
~ tcoen 1c eutroph1cat1 011 , in the form of 

sewage or agri culture fe rtili zer runoff (God,,·in et al 2002) A .. 
· · n add1t1onal threat to these sites 

may be ,,·oody encroachment. had ing by trees and shrubs i 
suspected to be harmful to Xyris 

rennesseensis (USFW 199-+). Measuring canopy cover ma h . 
Y elp monitor this poss ibility. The 
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isolated nature of fens makes them vulnerable to rare plant population loss and restoration of lost 

taxa cou ld be problematic. 
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Appendix A 

Annotated checklist of the vascular flora from 14 seepages fens in the Western Hi ghland Rim of 
Tennessee 
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Annotated checklist of the vascular flora 

The annotated checklist taxa are arranged per famil y within fi ve major groups: 

Monilophyta, Acrogymnospermae, Magnoliid and Primitive Angio perms, onocot ledonae, 

and Eudicotyledonae. omenclature fo llow Tenne ee Flora ommitt (20 1 ). Field Ii ted fo r 

each taxa are in order: sc ientific name, common name, " ' tland delin ati n ode. oe fTt ient f 

Conservatism (CC), and the col lection numb r( ) for \'Oucher p im n . 

* _ on-nati ve taxa 

1 - Rare at the tale or fed ral level 

t - ounty record 

i\ 1 nil phyto 

Dryoptcridaccac 
. Pl,ll •1rdc, mall (l og r cm).( Bl . . . 

. I n · P· I , ·r) Km,"lt Pal mer 0 

01:\'l>/ J/('J'I.\' Cl' Sll ( v, 111 . ,I 11 ,l .. 

I 1 cm). L.\(T . . . 
. . \1 . ·I ) chl,tt (Cnmml,n Cm tma 

Poli ·.,·tic/111111 acm .,·11clioulc., (. 1 1' · · 

. (11 '< . 

.I \ l'9. \ \ 90. \ \ 9 \ . I 192. I \9] . l \l} .t \ ll} ~) 

Osmundaccac 



. F ) CC=7 ( 1297, 1307, 1308, 1309, 1310 
Osmundastrnm cinnamomeum L. (C innamon ern , ' , 

1312, 1313, 1314, 1478) 

Pteridaceae 

Adiantum pedatum L. (Northern Maidenhair), FAC, CC=7, ( 1396) 

Thelypteridaceae 

Phegopteris hexagonoptera (M ichx.) Fee (Southern or Broad Beech Fem), FAC, CC=7, 

(1438, 1439) 

The~ypteris noveboracensis (L.) Nieuwl. (Marsh Fem), FACW, CC=7, ( 1440, 1510, 1522) 

Thefypteris palustris Schott var. pubescens (Marsh Fem), FACW, CC=7, ( 1440, 1510, 1522) 

Woodsiaceae 

Athyri11111.filixJemina (L.) Roth ssp. asplenioides (Southern Lady Fem), CC=6, (1447, 1448, 

144 9, I 4 5 0, 14 5 I , I 4 5 2, I 5 I 2) 

C,·stopteris Im/bi/era (L.) Bernh. (B ul blet Bladder Fern ), FAC, CC=8, ( 1524) 

Acrogymnospermae 

Cupressaceae 

J1111iperns 1·ir~i11io110 L. (Eastern Red Cedar) FACU CC .., ( - , , =., , 11 25 , 11 26, 11 27, 11 28) 

l\ lagnoliids and Primitive Ano1·osp 
e erms 

Annonaceae 
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Asimina triloba (L.) Dun al (Pawpaw), F AC, CC=6, (I 005) 

Aristolochiaceae 

Asarum canadense L. (Canadian Wild-Ginger), FACU, CC=6, ( J 023) 

Lauraceae 

Lindera benzo in (L.) Blume (S picebush), FAC, CC=6, (1265 , 1266, 1267, 1268, 1269, 1270, 

127 1, 1272, 1273 , 1274, 1275) 

Lauraceae 

Sassafras albidum ( utt.) ees (Sassa fra ), FAC , CC=4, ( 1276, 1277) 

Magnoliaceae 

Liriodendron 111 /ip(fera L. (Tulip Poplar), F ,C =5,(12 , 12 9, 120, 12 I) 

l\ lon ocotyledonae 

Cyperaceae 

· kl B d ) F CW,CC= . (1129. 1130, 11 .,1, Carex otlontico Bai ley ssp. at/011tico (Pnc ' Y og · c gc · 

11 32. 11 33. 11 34. 1135. 11 I . 1503) 

C. c.·c.· 1 (11'6 11' . 1513 . 1516, n · di d S •d<1 c) FA . = -t -' · Corex h/011 clo Dc,,·cy (Ea. tern v, oo an · 1.: =- · · · 

1518) 

··11d ~-- ~11 . hro111oicll's (13 roornlike . edge). FACW. CC= . Corn hronwicles Schkuhr e.\ ~ 1 • 

(1526) 

. . . ,- · •d •dn ') OBL CC=6. ( 113 l . 11 5 Corex cri11 ito Lam. ,·ar. hn,,·,cm 11s ( -r,ng1.: · 1.: =-1.: · · 



. . . . 
0

) FAC CC=7, ( I 139, 1140, 1497, 1517, 
Carex debilis M1chx. var. deb,/1s (White-Edge Sedoe , ' 

1141) 

· · M d Sedge) FACW, CC=5, ( 11 42, 1143, 
Carex granularis Muhl. ex Willd. (Limestone ea ow , 

11 74) 

Carex intumescens Rudge (Greater Bladder Sedge), FACW, CC=7, (I 144, 1459) 

Carex lepta/ea Wahlenb. (Bristly-Stalked Sedge), OBL, CC=8, (1145 , 1146, 1147, 1148, 

1149, 1172) 

Carex lurida Wahlenb. (Shallow Sedge), OBL, CC=5, ( 1150, 1151 , 1152, 1153 , 1154, 1155, 

1156, 1157, 1173, 1494) 

Carex prasina Wahlenb. (Drooping Sedge), OBL, CC=7, (1159, 1160, 1161 , 1162, 1163 , 

1164, 1165, 1166, 1529) 

Carex stricta Lam. (Upright Sedge), OBL, CC=8, (1167, 1168) 

Carex torta Boott ex Tuckerman (Twisted Sedge), F ACW, CC=8, ( I 170) 

Cyperus strigosus L. (Straw-Colored Flat-Sedge), FACW, CC=3, (1175 , 1176, 11 77, 11 79, 

1470) 

t Eleocharis erythropoda Steud. (Red-Rooted Spike-Rush), CC=7, (1527, 1528) 

!t Eleocharis tortilis (Link) Schult. (Twisted Spike-Rush), GS , SI , F ACW, CC=8, ( 1499) 

!Fuirena squarrosa Michx. (Hairy Umbrella-Sedge), G4G5, SI , OBL, CC=7, ( J 181 , 1474) 

Rhynchospora capitell ata (M ichx.) Yahl (Brownish Beak-Rush), OBL, CC=7, ( 1182, 1183, 

11 84, 1514) 

Scirpus atrovirens Willd. (Green Bulrush), OBL, CC=5, ( I 185 , 1493) 

Dioscoreaceae 

Dioscorea vi//osa L. (Wild Yam), FAC, CC==6, (1461) 
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lridaceae 

Sisyrinchium albidum Raf. (White Blue-Eyed Grass), FAC, CC=7, (1231 ) 

Sisyrinchium angustifolium Mill. (Narrow-Leaved Blue-Eyed Grass), FACW, CC=4, (1232, 

1234) 

Sisyrinchium atlanticum E.P. Bicknell (Eastern Blue-Eyed Grass), FACW, CC=6, (1233) 

Juncaceae 

!Juncus brachycephalus (Engelm.) Buch. (Smallhead Rush), GS, S2, OBL, CC=9, (1238, 

1239, 1240, 1464, 1491 ) 

Juncus coriaceus Mackenzie (Leathery Rush), FACW, CC=6, (1235, 1236, 1237, 1241 , 1244, 

1245 , 1246, 1248, 1249, 125 1, 1463) 

Juncus ejfusus L. (Common Rush), FACW, CC=4, (1242, 1500) 

t Juncus subcaudatus (Engelm .) Coville & Blake (Woodland Ru h), OBL, CC=8, ( 1247) 

luzula echinata (Small ) F.J. Herm. (Hedgehog Wood-Rush), F ACU, CC=5, ( 1243, 1250) 

Melanthiaceae 

Chamaeliriu111 l11te11111 (L.) Gray (Fairy-Wand), F AC. CC= , ( 1282) 

Stenanthium gra111i11e11111 (Ker-G3\Yl.) Morang (Eastern Feather-Bell ), FACW, CC= , ( 12 3, 

1284) 

Orchidaceae 

Platanthera ciliaris (L.) Lindi. (Ycllo\\ Fringed Orchid). FACW. CC=8. (1291) 

Spironthes cem110 (L.) Rich. (Nodding Ladies ·-Tresscs), FACW. CC=6, ( 1292) 
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Poaceae 

U I d B t Grass) FACU CC=6, ( 15 11 ) 
Agrostis perennans (Walt.) Tuckennan ( p an en - , ' 

'/ (B shy Bluestem), FACW, CC==4, t Andropogon glomeratus (Walt.) B.S.P. var. pumt us u 

(1330, 133 1, 1332, 1333) 

Andropogon virginicus L. (Broomsedge Bluestem), F ACU , CC=2, ( 1334) 

*Arthraxon hispidus (Thunb.) Makino (Small Carpet-Grass), Significant Threat, F AC, CC==0, 

( 1335) 

Chasmanthium /atifolium (M ichx.) Yates (Broadleaf Woodoats), FACU, CC=6, (1504) 

Chasmanthium sess iliflorum (Poir. ) Yates (LongleafWoodoats), FAC, CC=6, (1336, 1337, 

133 8, 1340, 1498, 1504) 

Cinna arundinacea L.(Sweet Woodreed), FACW, CC ==5, ( 134 1, 1342, 1343) 

t Coleataenia anceps Michx. ssp. anceps (Beaked Panic-Grass), CC=4, ( 1344, 1367) 

Coleataenio rigidula (Bose e.x Nees) LeBlond ssp. rigidula (Redtop Panic-Grass), CC== 5, 

( 1520) 

Danthonia spirnto (L. ) P. Beau\ . e.x Roem. & Schult. (Poverty Oat-Grass), CC=5, ( 1345) 

Dicho111heli11111 dicl,01011111111 ( L.) Gould ssp. /11cid11111 (Shin in o Forked Panic-Grass) F AC 
::, ' ' 

CC ==5, ( 1489) 

Dichanthel i11111 dicl,01011111111 ( L. ) Gou Id ssp. 111 icrocarpon (S rn all- Fru ited Forked Pan ic-Grass), 

FAC,CC ==5.( l3-l6. l3-l 7.1 3-l8, 1350, 135 1, 1352, 1482, 1485, 148 7, 1488) 

Dicha111hel i11111 /oxi/lom111 (Lam.) Go uld (So tt-Tufted Panic-Grass), FACU, CC=5, (1483 , 

148-l ) 

G!rcerio strioto (Lam.) Hitchc. (FO\\ I Manna-Grass), OBL, CC==5, (1353 , !354, 1355 , 1458) 

Leers io 1·irgi11 ico Willd. (White Cut-Grass), FAC W, CC==4, (1356, 135 7) 
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Melica mutica Walt. (Two-Flowered Melic-Grass), CC=6, (1358) 

*Microstegium vimineum (Trin.) A. Camus (Nepalese Browntop), Severe Threat, FAC, 

CC=O, (1359, 1360, 1361 , 1362, 1363, 1364) 

Muhlenbergia sylvatica (Torr.) Torr. ex A. Gray (Woodland Muhly), FAC, CC=7, (1365, 

1366, 1465) 

Panicum dichotomiflorum Michx . (Fall Panic-Gra ), FACW, CC=2, ( 1525) 

Paa sylvestris Gray (Woodland Bluegrass), FACW, CC=6, (136 1369 1370 13 I) 

Saccharum alopecuroides (L.) utt . (S il er Plume-Gra ), F 

t Schizachyrium scoparium (Michx.) a h ar. .-coparium (Litt! Blu tern), F 

(1373) 

d ) BL = , ( 1"' 4, 1 Sphenopholis pensylvanica (L. ) Hit he. ( wamp e ge- ra , . 

1376, 13 77, 1492, 1519) 

Smilacaceae 

Smilax hona-nox L. (, a,,. C:irccnhricr). F 

Smilax rot1111d(folio L. ( ornmon Round-Lea, cd Circcnhricr). F C. '(- . (143_,l -1 "' .1-1"'4. 

1435, 1436. l-+37) 

Xyrid aceae 
. Jc· ·) c·• tE 1 OBL.CC 10.(1-1 --1 . . , . I -1- , , ·· " Ycl lcrn-1: ,·c ,rass. , __ ·· · · !X\'/"is te11 11essee11s1s K1 a ( 1.:1111c..:ssn: • 

1.+55) 

OBI CC -.(1-1:6) 
(s l,,11<l•'1· Yclln\\ -h_ c<l Crass). -· Xrris /OrW . m. ~ ~ 

Eudicotyledon ar 



ltingiaceae 

Liq11idambar styraciflua L. (Sweetgum), F AC, CC=4, ( I OO 1) 

Anacardiaceae 

· · (P · I ) FAC CC=3 ( I 002 I 003 I 004) Tox1codendron rad1cans (L.) Kuntze 01son vy , , , , , 

Apiaceae 

Cicuta maculata L. (Spotted Water Hemlock), OBL, CC=6, ( I 006) 

Oxypolis rigidior (L.) Raf. (StiffCowbane), OBL, CC=7, (1007, 1008, 1009, 1010, 1012, 

1013 , 1014, 1015, 1016, 101 7, 1018) 

Zizia aurea (L.) W.D.J. Koch (Golden Zizia), FAC, CC=7, (1019, 1020) 

Aq u ifoliaceae 

!lex decidua Walt. (Possum Haw), FACW, CC=6, ( I 021) 

Araliaceae 

Aralia spinosa L. (Devil 's Walking Stick), FAC, CC=5, (1022) 

Asteraceae 

Ageratina altissima (L.) King & H. Rob var ft . . (C . 
· · 0 · 1ss 1111a ommon White Snakeroot), F ACU, 

CC=3, (1024) 

Antennaria par/inii Fernald ssp. parlinii (D .tt' 1 p 
. . . . ece1 u ussytoes), CC=7, ( I 025) 

C1rs1u111 mut1cu111 M1chx . (Swamp Thistle) OBL C 
, , C=7, (1026) 

Conoclinium coe/estin11111 (L.) DC (Blue M. fl 
. ist ower), F AC, CC=J , ( I 027) 
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Doellingeria infirma (Michx.) Greene (Comel-Leaved Fl t T d A ) CC a - oppe ster, =7, (1028, 
1029, 1030) 

Elephantopus tomentosus L. (Devi l's Grandmother), CC=7, (1031) 

Eupatorium perfoliatum L. (Common Boneset), F ACW, CC=5, ( 1032) 

Helenium autumnale L. (Common Sneezeweed), FACW, CC=4, (1033 , 1034) 

Helianthus angustifolius L. (Swamp Sunflower), FACW, CC=5, ( I 035) 

Packera anonyma (Alph. Wood) W.A. Weber & A. Love ( mall ' Ragwort), PL CC=5, 

( I 036) 

Pseudognaphalium obtusifo /ium (L.) Hilliard & Burtt ( a tern Rabbit-Tobacco), CC=6, 

( I 03 7) 

Rudbeckia laciniata L. (Cut-Leaved Coneflower), F , cofc=6, (1039, 1521 ) 

Rudbeckia palustris Eggert ex C.L. Boynt. & Beadle(, ecp Orange oneno\\'er). 

( 1038, 1040, 1041 , 1042, 1043, 1044, 1045, 1046, 104 , I 49, 10 0) 

Solidago caesia L. (Blue- tcrnrncd or rcath Goldenrod). F C . '=6. ( I 052) 

( Id d) OBL C.' . (10~" . 1054, Solidago palltla Muhl. ex Willd . (Rough-Lea, cd 10 cnro . . = 

1055 , 1056, 105 7, 105 c, 1059. 1060. 1061. 14 I) 

Solidogo m gosa Mill. \'ar. m gosa (Wrinklc-Lca,cd ' oldcnrod). F C. C- · (106-. I06 , 

1064, I 065 , 1066. 1509) 

Srmphrotrich11111 /ater!floru111 (L.) . Lo,c · D. Lo,c (Calico). C \\' . · < . ( I 06 . I 06 ) 

Balsaminaceae 

(_·\·\ · c_·c_· ,.(l()69. I0 0. 10 1.10 __ 10, . M t (J '\\' -1,, ,,,,J ) FA V -t !111potie11s CCI/J<! ll.1'1.1' ccn. L L ---- • · 

1074. 1075. 1076. 107 . 10 8. 10 9. I0 RO) 
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Betulaceae 

A/nus serrulata (Ait.) Willd. (Hazel or Smooth Alder), OBL, CC=6, ( I 08 I, I 082, I 083, I 084, 

I 085) 

Carpinus caroliniana Walt. (American Hornbeam), FAC, CC=6, (1086, 1087, 1088, 1089, 

1090, 1091, 1092, 1093) 

Cory/us americana Walt. (American Haze lnut), F ACU, CC=6, ( I 094) 

Bignoniaceae 

Camps is radicans (L.) Seem. ex Bureau (Trumpet Flower or Creeper), F AC, CC=2, ( 1496) 

Brassicaceae 

Cardamine bulbosa ( chreb. ex uh!.) B.S.P. (Bulbous Bitter-Cress), OBL, CC=6, ( I 096, 

1097, 109, 1100, 1101, 1102, 146) 

Corcla111ine pensr/l'(lnico uhl. ex Wil ld. (Penn ylvania Bitter-Cress), OBL, CC=4, 

(1095,145 7) 

Ca mpanulaccac 

Lohelio 1mhernlo Mich.\ . (Do\\'ny Lohclia). FACW. CC=6, ( 11 03. 11 04, 1475) 

Lohelio si1>hili1irn L. (Crcat 131uc Lobclia). F ACW. CC=5. ( 1105 , 11 06, 1107, I I 08, 11 09, 

1110. 1111) 

Caprifoliaceae 

*Lo11icem _1·a1w11irn Tht.111l1 . ( , ,, 11 . ,,rancsc r OllC \ 'SUCI. I ') s T 
• • • " t:: • • e\ ere hreat, F AC, CC=0, ( I I 12, 

I I 13) 

l 'o/aio11el/u 11111hilicura (Sulli , ant) \\ 'nod (N ,1 C . 
a,1..: o,n Salad). FAC, CC=4, ( 111 4) 
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Celastraceae 

Euonymus americanus L. (Strawberr B 
y ush), FAC, CC==6, (1115, 1116, 1117) 

Convolvulaceae 

Cuscuta compacta Juss. ex Choisy (Co t D dd mpac o er), CC==7, (1118) 

Cornaceae 

Camus alternifolia L. f. (Alternate-Leaved Dogwood), F AC, CC==7, (11 l 9) 

Cornus amomum Mill. (Silky Dogwood), FACW, CC==6, (1120, 1121 , 1122, 1124) 

Cornus florida L. (Flowering Dogwood), F ACU , CC==5, ( 1123) 

Ericaceae 

Kalmia latifolia L. (Mountain Laurel), F ACU, CC==6, ( 1196, 1502) 

Oxydendrum arboreum (L.) DC. (Sourwood), UPL, CC=5, (1197, 1198, 1199, 1200, 1201 , 

1202, 1203, 1479) 

Rhododendron alabamense Rehd. (Alabama Azalea), CC=7, ( 1204, 1205, 1207, 1460) 

Rhododendron canescens (Michx.) Sweet (Southern Pinxter Aza lea), FAC W, CC=7, (1206) 

Vaccinium arboreum Marsh. (Farkleberry), FACU, CC=7, ( I 208, 1209) 

Vaccinium corymbosum L. (Highbush Blueberry), FACW, CC=7, (1 210, 1211 , 1212) 

Fabaceae 

Amphicarpaea bracteata (L.) Fern. (American Hog Peanut), FAC, CC=5, (1213 , 1214, 1215, 

1216, 121 7) 
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. . d t) FACW CC=5,( 1218, 1219, 1220) 
Apios americana Medtk. (American Groun nu , ' 

. . I d r k-Trefoil), F ACU , CC=5, ( 122 1) 
Desmodium paniculatum (L.) DC. (Pante e IC 

!t lathyrus palustris L. (Marsh Pea),G5 , --, SI , FACW, CC=9, ( 1222) 

Vicia caroliniana Walt. (Carolina Vetch), FACU, CC=7, ( 1223) 

Fagaceae 

Quercus alba L. (White Oak), FACU, CC=5, (1224, 1225, 1226, 1227) 

Hydrangeaceae 

Hydrangea cinerea Small (Ashy Hydrangea), CC=6, ( 1229) 

Hypericaceae 

Hypericum prol{ficum L. (Shrubby St. Johnswort), FACU, CC=5, ( 1230) 

Lamiaceae 

Clinopodium glabe/111111 (Michx.) Kuntze (Ozark Calamint), CC=9, (1252) 

Lycopus virginic11s L. (Virginia Water Horehound ), OBL, CC=5, ( 1253 , 1254, 1255, 1256) 

Pycnanthemum tenuifo lium Schrad . ( a1Towleaf Mountain Mint) , F ACW, CC=5, ( 1258, 

1259, 1480) 

Salvia ll'rata L. (Lyre leaf Sage), FACU, CC=3, ( 1260, 126 I, 1262, 1263 , 1264) 

Nyssaceae 

Nrssa srll'Otica Marsh. Yar . . 1Tlrntica (Black Gum), FAC, CC=6, ( 1285, 1286, l 287) 
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Oleaceae 

Fraxinus americana L. (White or American Ash), FACU, CC=6, (1288, 1289, 1290) 

Orobanchaceae 

Agalinis gattingeri (Small) Small (Roundstem False Foxglove), CC=7, (1293) 

Pedicularis canadensis L. (Canadian Lousewort), FACU , CC=7, (1294, 1295) 

Parnassiaceae 

!Parnassia grandifolia DC. (Largeleaf Grass of Parnassus), G3 , S3 , OBL, CC=9, ( 1315, 

1316, 131 7, 1318, 1319, 1320, 1321 , 1322, 1323, 1324, 1325, 1508) 

Phrymaceae 

Mimulus ringens L. (A llegheny Monkey-Flower), OBL, CC=6, ( 1515) 

Plantaginaceae 

Che/one glabra L. (White Turtlehead), OBL, CC=7, (1327, 1328) 

Platanaceae 

t Plat anus occidentalis L. (Sycamore). FACW, CC=-t ( 1329) 

Polemoniaceae 

Phlox amoena Sims (Hairy Phlo.\), CC=7. ( 13 78) 

. . . . . · (S\\·eet Wil li am). FACU. CC=7, (13 79) 
Phlox divaricata L. \ at. dn en tea ta 
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Phlox glaberrima L. (Smooth Phlox), FAC, cofc=7, (1380, 1381, 1382, 1383, 1462) 

Polygonaceae 

Persicaria sagittata (L.) Gross. (Arrow-Leaved Tearthumb ), OBL, CC=6, ( 13 84, 1385, 1386, 

1387) 

Persicaria virginiana (L.) Gaertn . (Jumpseed), FAC, CC=5, (1388, 1389, 1391 , 1392, 1393, 

1395, 1506) 

Ranunculaceae 

Ranunculus abortivus L. (Early-Spring Buttercup) , F ACW, CC=2, ( 1394) 

Trautvetteria caroliniensis (Walt. ) Vail (Carolina False Bugbane), FACW, CC=8, (1397, 

1398, 1399, 1400, 1401 , 1472) 

Rosaceae 

Amelanchier arborea (Michx. f.) Fernald (Common Serviceberry), FAC, CC=6, (1402, 1467) 

Geum virginia1111m L. (C ream Avens), F AC, CC=6, ( 1403) 

Potentilla simplex Michx. va r. simplex (Common Cinquefoil) , FACU, CC==6, ( 1404, 1405, 

1406) 

Rubiaceae 

Gali11111 rr[flon1111 Mi chx . (Fragrant Bedstraw), FACU, CC ==6, ( 1407, 1408, 1409, 1410, 1411 , 

141 2) 

Ho11sronia caemlea L. (Azure Bluet), FACU , CC ==4, ( 1413, 1414, 141 6, 14 17) 
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Salicaceae 

Salix caroliniana Michx. (Carolina Willow) OBL cc-6 , , - , (1418) 

Salix sericea Marsh. (Silky Willow), OBL, CC=7, (1419, 1420) 

Sapindaceae 

Acer rubrum L. (Red Maple), F AC, CC=4, (l 507) 

Acer saccharum Marsh. ssp. saccharum (Sugar Maple), FACU, CC=4, (1425, 1426) 

Saxifragaceae 

Tiarella cordifolia L. (Allegheny Foamflower), FAC, CC=7, (1427, 1428, 1429) 

Urticaceae 

Pi/ea pumila (L.) Gray (Canadian Clearweed), FACW, CC=4, (1441 ) 

Violaceae 

Viola cucullata Ait. (Marsh Blue Violet), FACW, CC=6, (1442, 1443) 

Vitaceae 

. . G· e) FAC CC=5 (1444, 1445) 
Vitis rotundifo/ia M1chx. (Muscadine tap , , ' 
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Appendix B 

Checkli st by site for 14 seepage fens in the Western Highland Rim of Tennessee 
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All va cular plant species and infraspecific taxon identified are listed. Presence 

of a tax on for a specific site is indicated by a 1 in that site's column. 

. s or Infraspecific taxon Specie 

Acerrubrum 

Acer saccharum var. saccharum 

Adiantum pedatum 

Aga/illis gatti11geri 

Agtradna aldssima var. altissima 

Agrosds pere1111a11s 

r A/nus serru/ata 

Ame/a11cJ,ier arborea 

A,nphicarpaea bracteata 

Alldropogo11 glomeratus var. 
11111i/11s 

Andropogon virginicus 

A11te1111aria parli11ii var. parli11ii 

I Apios americana 

Aralia spi11osa 

Arthraxon hispidus 

Asamm ca11ade11se 

Asimina triloba 

Athyrium jilix-fe111i11a var. 
as le11ioides 
Campsis radicans 

Carda111i11e bulbosa 

Cardamine pensylvanica 

Carex atla111ica var. atlantica 

Carexblanda 

Carex bromoides var. bromoides 

Carex crinita brevicrinis 

Carex debi/is debilis 

Carex granularis 

Care.r i11111111esce11s 

Carex lepta/ea 

AI 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

A2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

A3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

BC 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

DI D2 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

D3 D4 

0 

0 0 

0 0 

0 0 

0 

0 0 

0 0 

0 

0 

0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 

0 0 

0 

0 0 

0 

0 

0 

0 0 

0 0 

LB 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

O 0 

0 

O 0 

0 

0 

0 0 

0 

2 PM 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 

0 

0 0 

0 0 

0 

O 0 

O 0 

O 0 

0 

0 0 

0 0 

0 

RI R2 

0 0 

0 

0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

O 0 

0 

0 

0 

0 

0 

0 

0 

0 0 0 

0 0 0 
0 0 

0 0 

0 0 0 

0 0 0 

0 0 

0 

0 

0 

0 0 
0 

0 0 0 0 

Carextorta 

Care.\· srricta O 

0 0 

0 
0 0 

0 0 0 0 0 0 0 0 

0 0 
Carpi1111s caru/i11ia1111 0 0 0 0 0 
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Totals 

4 

5 

2 

5 

2 

2 

6 

6 

2 

9 

2 

3 

5 

10 

8 
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11ccies or lnfrnspccific taxon 

Chamaelirium lute11m 

Clw.mu1111/ri11111 latifoli11111 

Chasmanthium sessilijlorum 

C/1e/011e glabra 

Cicuta macu/ata 

Ci1111a ar111uli11acea 

Cirsium muticum 

C/i11opodi11111 glabe/111111 

Coleataenia anceps var. anceps 

Coleatae11ia rigidu/a var. rigidula 

Conoclinium coelestin11m 

Com us altemifolia 

Cornus amomum 

Com us florid a 

Cory/us americana 

Cuscuta compacta 

Cyperus strigosus 

Cystopteris bulbifera 

Danthonia spicata 

Desmodi11111 pa11ic11la111111 

Dichant/1elium diclwtomum var. 
lucidum 

Diclumt/reli11111 dic/101011111111 var. 
111icrocarpo11 

Dic/1a11theli11m la.xijlorum 

Dioscorea villosa 

Doelli11geria i11jirma 

Dr_ropteris celsa 

Eleocl,aris eryt/1ropoda 

Eleoc/raris tortilh 

Elephalllopus tome11tosus 

E11011_r11111s americ1m11s 

Eupatorium perfoliatum 

FriLd1111s a111erica1111 

F11ire11a squarrosa 

Gali11111 triflorum 

Geum virgi11ia1111111 

Glyceria striatu 

Helenium a11tw1111ale 

A l A2 

0 0 

0 0 

0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 

0 0 

0 0 

0 0 

0 

0 0 

0 0 

0 0 

0 0 

0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

A3 BC DI D2 

0 0 0 

0 0 0 

0 0 0 0 

0 0 0 

0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 

0 0 0 

0 0 0 0 

0 0 0 

0 0 0 0 

0 0 0 

0 0 0 

0 0 0 0 

0 0 0 0 

0 0 

0 0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 

0 0 0 

0 0 0 0 

0 0 0 

0 0 0 0 

0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 0 

0 0 

0 0 0 
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D3 D4 LB NI N2 l'M I{ I 

0 0 0 0 0 0 0 0 

0 0 0 0 () () () () 

0 0 0 0 0 4 

0 0 0 0 0 I) () 

0 0 0 0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 4 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

0 0 0 0 0 0 0 



pccies or lnfraspecific taxon Al A2 A3 BC DI D2 D3 D4 LB NI N2 PM RI R2 Totals 
Helia11t/111s a11g11stifoli11s 0 0 0 0 0 0 0 0 0 0 0 0 0 
Houstonia caerulea 0 0 0 0 0 0 0 0 0 0 4 
Hydrangea ci11erea 0 0 0 0 0 0 0 0 0 0 0 0 0 
Hypericum prolific um 0 0 0 0 0 0 0 0 0 0 0 0 0 
flex decid11a 0 0 0 0 0 0 0 0 0 0 0 0 0 
Impatiens capensis 0 0 0 0 0 0 8 
J1111cus bruchycep/111ills 0 0 0 0 0 0 0 0 0 0 4 

Juncus coriaceus 0 0 0 II 

J1111c11s ejf11s11s 0 0 0 0 0 0 0 0 0 0 0 0 2 

Juncus subca1ulatus 0 0 0 0 0 0 0 0 0 0 0 0 0 

J1111ipert1s virgi11ia11a 0 0 0 0 0 0 0 0 0 0 0 3 

Kalmia latifolia 0 0 0 0 0 0 0 0 0 0 0 0 2 

lathyrns palllstris 0 0 0 0 0 0 0 0 0 0 0 0 0 

l eersia virginica 0 0 0 0 0 0 0 0 0 0 0 0 2 

li11dera beuzoi11 0 0 0 0 0 9 

liquidambar styracijlua 0 0 0 0 0 0 0 0 0 0 0 0 0 

liriode11dro11 111/ipiferu 0 0 0 0 0 0 0 0 0 0 0 

Lobelia puberula 0 0 0 0 0 0 0 0 0 0 0 

l obelia siphilitirn 0 0 0 0 0 0 0 

lonicera japo11ica 0 0 0 0 0 0 0 0 0 0 0 0 2 

l11z11/u echi11 ata 0 0 0 0 () 0 () 0 0 0 0 0 

lycopus virgi11ic11S 0 0 0 0 0 0 0 0 0 0 -t 

Melirn 11111/ica () 0 0 () () 0 () 0 0 0 0 0 0 

Microstegium vimineum 0 0 0 0 0 0 0 0 0 

Mi11111/11s rillJ:l' IIS 0 () () () () () () () () (J 0 0 () 

Mu/1/enbergia sylvatica 0 0 0 0 0 0 0 0 0 0 0 3 

Nyssa .\rlmtirn sylrntirn () () () (J () () () (J () 0 0 0 

0 0 0 0 0 0 
Osmunda regalis var. spectabilis 

(I () II () 6 
Os1111111dastr11111 ci11m1111()/ll l' IIIII () () () () 

0 0 0 0 7 
O.\ydendrun, arbore11111 0 0 0 ___ () ___ () 

() () 10 

Oxypolis riJ:iifi()r 
0 0 0 0 0 

0 0 0 
Packera a11011yma 0 0 0 0 0 

(1 (l (1 (l (1 
() (I I ll (l (I 

Pu11irn111 fl exile () () () 

0 0 0 0 0 7 
0 0 

Parnassia gra11difolia 
(1 (1 (I (I (1 ll 

() () () 
() () () 

Pedic11/aris c1111111/e11sis 
0 0 0 0 0 

0 0 0 0 0 0 
Persicaria sagittata 

() (l 
(I 

() () (l (l 

Persicaria rirginit11ll1 
0 0 0 0 0 2 

- 0 0 0 0 0 
0 I 0 Pt,egopteris /1exago11optera 

II () () () 0 0 
() () (1 (l 

Phlox a111()e1111 () () () 
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02 03 04 LB NI N2 PM RI IU To1a11 Species or I nfraspccific ta xo n Al A2 A3 BC DI 

0 0 0 0 0 0 0 0 0 ,-
Phlox divaricata var. divaricata 0 0 0 0 

0 0 0 0 0 0 0 0 4 -
Phlox gl11berrim11 0 0 

0 0 0 0 0 0 0 0 0 0 
Pilea pumila 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 
Plata11thera cili11ris 0 0 

0 0 0 0 0 0 0 0 0 0 0 
Platanus occidentalis 0 0 

Po11 sylvestris 0 0 0 0 0 0 0 0 0 0 4 

Polystichum acrostichoides 0 0 0 0 0 0 0 0 0 

Pote11tilla simplex simplex 0 0 0 0 0 0 0 0 0 0 0 

Pseudognaphalium obtusifolium 0 0 0 0 0 0 0 0 0 0 0 0 0 

Pyc11a11them11m te1111ifoli11m 0 0 0 0 0 0 0 0 0 0 0 

Quercus alba 0 0 0 0 0 0 0 0 0 0 0 

R(ll11111c11llls abortiv11s 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rhododendron alabamense 0 0 0 0 0 0 0 0 0 0 0 

Rlwdode111lro11 ca11escens 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rhynchospora capitelluta 0 0 0 0 0 0 0 0 0 0 4 

R11dbeckiu /11ci11i11t11 0 0 0 0 0 0 0 0 0 0 0 0 0 

Rudbeckia pal11stris 0 0 0 0 0 0 8 

S11cclum1111 11/opec11roides 0 0 0 0 0 0 0 0 0 0 0 0 0 

Salix caroliniana 0 0 0 0 0 0 0 0 0 0 0 0 0 

S11/ix serice11 0 0 0 0 0 0 0 0 0 0 0 0 

Salvia lyrata 0 0 0 0 0 0 0 0 0 0 0 

S11ssafras ulbid11m 0 0 0 0 0 0 0 0 0 0 0 0 0 

Schizachyrium scoparium var. 0 0 0 0 0 0 0 0 0 0 0 0 0 
divergens 

Scirp11s atr,Jl'irens 0 0 0 0 0 0 0 0 0 0 0 0 

Sisyrinchium albid11m 0 0 0 0 0 0 0 0 0 0 0 0 0 

Si.1yri11chi111111111gustifo/i11111 0 0 0 0 0 0 0 0 0 0 0 0 

Sisyrinchium atlanticun, 0 0 0 0 0 0 0 0 0 0 0 0 0 

S111i/1Lt ho1111-1wx 0 0 0 0 0 0 0 0 0 0 0 0 0 

Smilax rotu11difolia 0 0 0 0 0 0 0 0 0 0 4 

So/idago rnesill 0 0 0 0 0 0 0 0 0 0 0 0 0 
Solidago patula 0 0 0 0 0 0 0 
Su/itla,:o n,gosa r11,:osu 0 0 0 0 0 0 0 0 6 
Sphe11oplwlis pensylvunica 0 0 0 0 0 0 0 0 0 0 0 
Spira111hes cer111111 0 0 0 0 0 0 0 0 0 0 0 0 
Stenanthi11m grami11e1m1 0 0 0 0 0 0 0 0 0 0 0 0 0 
.S)·111ph_1·mrich11111 /111erijlorw11 0 () 0 0 0 0 0 0 0 0 0 0 
Thelypteris 11ovehorace11sis 0 0 0 0 0 0 0 2 0 0 0 0 0 
The(Jpteris p11/us1ris var. 0 0 0 0 0 0 11hesce11s 0 0 0 0 0 
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Species or lnfraspecitic taxon Al A2 A3 BC DI D2 D3 D4 LB NI N2 PM RI R2 Totals 

Tiarella cordifolia 0 0 0 0 0 0 0 0 0 0 0 0 2 
Toxicode11dro11 rndica11s 0 0 0 0 0 0 0 0 0 0 0 3 

Trautvetteria caroliniensis 0 0 0 0 0 0 0 0 0 0 4 

Vacci11i1111111rhore11111 0 0 0 0 0 0 0 0 0 0 0 0 2 

Vaccinium corymhosum 0 0 0 0 0 0 0 0 0 0 0 0 2 

Valeri1111el/11 11111hilic11ta 0 0 0 0 0 0 0 0 0 0 0 0 0 

V,cia caroliniana 0 0 0 0 0 0 0 0 0 0 0 0 0 

Viola c11c11/lat11 0 0 0 0 0 0 0 0 0 0 0 0 2 

Vitis rotu11difolia 0 0 0 0 0 0 0 0 0 0 0 0 2 

Xyris 1e1111e.uee11sis 0 0 0 0 0 0 0 0 0 

Xyris torta 0 0 0 0 0 0 0 0 0 0 0 0 0 

Zizia aurea 0 0 0 0 0 0 0 0 0 0 0 0 2 

Totals 22 23 3 37 31 -II 36 -I 20 24 3 431 



Appendix C 

Photographs of study sites 
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STUDY SITE PHOTOGRAPHS 

Auntney Hollow stream side seep I (Al), 6-May-2015 

Auntney Hollow stream side seep 2 (A2) , 6-May-20 15 
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Auntney Hollow stream side seep 3 (A3), 6-May-2015 

Brush Creek stream side slop ing seep (BC), l 2-May-2014 
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Dry Branch woodland circumneutral seep (DI), 29-Sep-2014 

Dry Branch Parnassia seep (D2), l l-May-201 5 
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Dry Branch perched woodland seep (03)., l l-May-2015 

Dry Branch graminoid seep (D4), l 1-May-2015 
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Natchez Trace seep I (N I), l l-May-2015 

Natchez Trace acid seep 2 ( 2) , 11-May-20 15 
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Powdermill Branch woodland seep (PM), 2l-Jul-2014 

Ratt lesnake Fall s / · 
' 111par1 e11s cli ff seep (RI ), 6-May-2015 

109 



Rattlesnake Fall s perched seep (R2), 6-May-20 15 

110 



VITA 

Judy Annette Redden was born in Dickson, Tennessee. Judy graduated from Hickman 

County High School in 1980, where she received a scholarship from her high schoo l as the 

outstanding senior athlete. In the fall of I 980, she enrolled as a freshman at The University of 

Tennessee at Martin. She was a pre-Forestry major and a member of the Natural Resource 

Management Club. The following year she left UTM and enrolled at Columbia State Community 

Co llege as a Computer Science major where she was a member of the Lady Chargers basketball 

team. She graduated from Columbia State Community College, Columbia, Tennessee in the 

spring of 1983, obtaining an Associate of Science with high honors. She worked for more than 

20 years as an Infonnation Technology professional until returning to the University of 

Tennessee at Martin in the fa ll of 20 I 0. She was a charter member of the University of 

Tennessee at Martin Ecology Club. Her undergraduate research project was a study of oak 

masting in the Beach Ridge Unit of the Obion Ri ver Wildlife Management Area in Weakley 

County, Tennessee. She graduated from the Uni versity of Tennessee at Mai1in in December 

20 12, obta ining a Bachelor of Science in Ecology and Environmental Biology. In January 20 14, 

she entered the Graduate School of Austin Peay State University in Clarksville, Tennessee. Judy 

attributes her interested in plant and the natural world to her childhood spent roaming the hills 

and holl ow of middle Tennessee. 

111 


	000
	000_i
	000_ii
	000_iii
	000_iv
	000_ix
	000_v
	000_vi
	000_vii
	000_viii
	000_x
	000_xi
	000_xii
	000_xiii
	011
	012
	013
	014
	015
	016
	017
	018
	019
	020
	021
	022
	023
	024
	025
	026
	027
	028
	029
	030
	031
	032
	033
	034
	035
	036
	037
	038
	039
	040
	041
	042
	043
	044
	045
	046
	047
	048
	049
	050
	051
	052
	053
	054
	055
	056
	057
	058
	059
	060
	061
	062
	063
	064
	065
	066
	067
	068
	069
	070
	071
	072
	073
	074
	075
	076
	077
	078
	079
	080
	081
	082
	083
	084
	085
	086
	087
	088
	089
	090
	091
	092
	093
	094
	095
	096
	097
	098
	099
	100
	101
	102
	103
	104
	105
	106
	107
	108
	109
	110
	111



