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Land use history

HSY6& ("H) S+, - -I"0- *SL& (-0 VS 2HB 354K SSB )/ HSE ( )- DHOB )/ HUBS
+.("& 3"$7-R)SD()-/ (B* $&™ (' )- . SH0&")HY%PS:0:5*&(S&/")S™*(0.$("#P. Qbrtt=("$/#%(") ;<P
=" )&, #* SU(HWH# (HH S(HS I SOB( #$: (#52 S (1 ); $@.HSABTBE" #3# ). SH(H) 98 " 84S
(SSRHSE B #B) (0#S- * : IB&H(#$'8..8DUSO" SYLUE #* (BW(H7 #*($&/' )0 385)("H$', $(#
%.& #3-*:$H2#* (.., P&ES("#$) 0:3#%NHB&SBH @S S2KKSH(H) B 43- * $ES/#-)$- )34
0-/(98&-*: $8)S,-% )HS*: $/ .(@- (X $@.#)$>ABC@=..#)$>A?BLEB3620:"-.$5-)7%$
-2#)- 3t $25- SOPWHSF : B 1 $&P2H)- 3HBIMN SEB(#0B-*: S 4H)#: BYP' . (@- (Rx $8$- % )#$
-% SO 4H)P,) 86 H (O 3B™-: St S: &' T #* (# SOB(H$#H).; $OIKPBA ($-)3H$%6 . #3I 489S
"-)2#%($:0:$*&($(-GHSFS*(0.$("#SQH/ & W08 *$,#)0&:$5&..&DO*3$("#$F020.$R-) &2 BLE6S

F&T7#)I0-.$.8330*3$44#3-*§04>27KPY%SDO("$%6#.#/(02#$/ ((0* 38BBSVEDI&*3$
0%QH- 7 98+ : SIPHUBH.; O 3$&SD (NS 9B(#$/' 5$7#-*%S&5S(07 4498(X) ({0&*6$$I#30**0*350*$
("#$>?AKP%<$.-)BHEHI5-*:$)-*30*3$5) & 7 $>BIBESBBKKKS - $DHHS, )/ " - % $4 $R) (" #)*$
(O )BT , -*CB*: $..$7-)GH- 4.4#3Y68H OB HS! (BSQ)&: B H)7 # (# $(H#PR ("$*:
44 - 7 HO( HOI" GBS 7H#* BB * % &) (- (R SB)ER) 7 #).; $0 , ##()-4.#$ J# B ("#)*$
+,,-.-/"'0-6$$Q-0.)& :$.8330*3$,#-G#:$0* S¢S $ABKPASD # $R&).: $R-)$SY )# %: $(#$
HT -* PR)F & .S ( - .., B8 .$Y), - B SO AHSIB(HST-O $* ()-SR )/ #SB()-/ (# $p&7 $
98 ("H)*$+ ,-.-/"OBST)0 3B HSUH (BT, )#%%0&*S&ES("#$>AVKIBES 7+, $D*#. $:-*: %
VH2H) (H#: SRSB2H)* T #°($,)& #)(; SBYS& W-; 7 #* (BB 9198 : S #4S)# MDA HS & 2#) (H: $&S
X-(0&*-. Y &)H%($.- %S(&$44S, ) GEIBTHO, H$ YoH%<$("%$,)8.20:0*3$-$&,,&)(*0(:$58)$
B2 THH($&2H)%03" (SRSS- *- 37 # ($O; H) W45 BB @
Forest disturbance

+*8("H)$0 , &(-* ($0L' #/ HE&P(HEB)HOBER" #5%0 ("#)* B+, , -.-/" O *BD W(HS/ #' ($
4.B" ($@yphonectria parasiticaC6$$Z)0&)$(& S H$B(G$+7#)0/-1$:% (*($@astanea dentata
D-%$5&"*:$0* S 220 (-(#9%0($&5S("#$10%%0%2¢H: 0B BH: SOS#H#2- (Bx ST $% SH#2#.$63
82H)$AKKB 7$REL: % *: B[ - * OFAVRSR" ((- GHSAMHS\ #24) AWK D BT - (# $(- ($($
0(%$,0**-/ #$0*$("#$.- EPo<$("#$/"#PpMIh SZHSKS70.RESH (- )HAS*: $// & * (# $8)S$
BMWIKN$&5$-..$%(-*:0*3$(0Z4B @1 : $R-)#SABESPAE-)/ " $4 $-*: #H)7 - %545~ G BKBS
0:#*(050#:$/"#%(*' (P%$:B@.B/&*() &.$-$7-8KB&ES("#$*:#) % (&)SI("SO*S("#$% &' ("#)*$
+,,-.-/"O OB #B/ HAF' (P4 ($5* 3 WD-%$:0%/&2#)#:$0*$>AKIEBENCIFO(;<$-*:$
E'0/G.;$%,)#-:3%&'("<$DO("$5"..$0*5#/(0&HHRKD* S ("#$J. #$QO0: 3# S ZY&B0*$>ABKFEXS



1953). By 1930, the chestnut blight had reached full infection levels in North Carolina and other
areas in the southeastern United States (Myers et al. 2004). By the 1970’s the American chestnut
was completely gone from the deciduous forests of the eastern United States, except for the
occasional understory sprouts that never reach maturity (Keever 1953, Vandermast et al. 2002,
Myers et al. 2004). As a result, co-occurring understory species that were formerly hindered by
chestnut growth began to take a more dominant role in the forests. !" #$%%$&( ,) &' &%

+$- &, . ,- &% &%., and 1,$02# 230- Y83+ 486%ecame the important species is most areas
of the southern Appalachians, while many shade intolerant species declined because of the lack
of large area disturbance (Clinton and Boring 1994).

Fire suppression has been another important influence on the forest composition of the
southern Appalachians. Prior to European settlement, Native Americans used fire to prepare
land for cultivation, clear unwanted vegetation from pasture areas, and to maintain transportation
avenues (Rentch and Hicks 2005). European settlement initially reinforced burning practices for
land preparation, but once large pockets of civilization were established, fire suppression was
implemented (Abrams 2003). Pre-settlement forest composition was dominated by white oak.
Fire was an important factor in the dominance of white oak. It allowed more sunlight to
penetrate the forest canopy, suppressed competing species of red oak ()&# $'&*%$&'$5red maple
("#3$%P&'S&Y, black birch (6#/&BY#8/5%.) and white pine (. ,- &% &), and allowed white
oak seed beds to become established (Abrams 2003, Blankenship and Arthur 2006). In the mid-
19" century, white oak was being cut for charcoal production, which allowed red maple, sugar
maple (! "#F/B"" 75%( ) and red oak to become dominant canopy species throughout much of
the southern Appalachians (Blankenship and Arthur 2006, Rentch and Hicks 2005). Charcoal
production peaked in the 1850s and the commercial harvest of white oak began. Government
regulation of fire regimes began with the establishment of the U.S. Forest Service in 1905. The
Forest Service supported a program of fire suppression from 1910 to 1970, and in 1971 began a
systematic inspection of its fire suppression methods, instead beginning a program of prescribed
burning and fire ecology. The documented benefits of fire have resulted in a policy of fire
management by government agencies, allowing fire to reclaim its role in some naturally
occurring ecosystems (Pyne 1982). Research by Blankenship and Arthur (2006) has shown that

long term prescribed burning reduces competitive species populations in former white oak



dominated forests, but has shown that more intensive silvicultural methods are needed to restore
forests to pre-settlement composition.

Eastern hemlock ("#$%&'%(%)*("¥'ls an important species in the southern Appalachian
Mountains. Recent infestation by the hemlock woolly adelgid (,)*-$*"&."# $%7¥ has resulted in a
decline in hemlock populations and a shift in forest understory composition (Eschtruth et al.
2006). Woolly adelgid infestation eventually leads to wholesale defoliation and mortality of
infected hemlock stands (Brooks 2004). Pre-emptive logging and salvage logging have been
implemented in areas infested with hemlock woolly adelgid, but have done little to curb the rate
of infestation (Kizlinski et al. 2002). Research by Eschruth et al. (2006) has shown an increase
in understory species in areas that have been infested with hemlock woolly adelgid for nine years
or more. Hemlock woolly adelgid infestation is directly correlated to increased light availability
in the understory, and an increase in exotic invasive species, such as the tree-of- heaven
(, *9 ./ #'&%+"0 Y Miller) Swingle) (Eschruth et al. 2006, Klizinski et al. 2002). Due to the
recentness of hemlock woolly adelgid infestation in the southern Appalachian Mountains, it is
difficult to predict the full influence eastern hemlock mortality will have on the forest

composition in this geographic area.

" PR (') *$)++, - - %W +UD. (" (

This literature review contains vegetation occurrence data from a large array of scientific
studies and locations (Figure 1). In general, most of these data were collected using traditional
vegetation sampling techniques. To provide an example of the types of techniques used in these
studies, I have selected the following studies to demonstrate typical sampling methodology. Day
and Monk (1974) sampled vegetation at Coweeta Hydrologic Station, NC. They used a stratified
sampling with a total of 25 vegetation plots (25 m x50 m). Within each plot all individuals with
a diameter at breast height (dbh) greater than 2.5 cm were recorded by species and diameter. All
stems less than 2.5 cm dbh and less than 0.3 m tall were measured in two 5 m x 5 m plots located
at the corners of each vegetation plot. Stephenson and Mills (1999) sampled vegetation at
Mountain Lake Biological Station, VA. A series of 10 m x 10 m quadrants was subjectively
located within a homogeneous region at each topographic position. All species with a dbh
greater than 2.5 cm and taller than 1.37 m were recorded by species and diameter. Callaway et

al. (1987) used 154 previously established plot locations that had been stratified across
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Figure 1. Literature study site locations in the southern Appalachian Mountains9*



V. RESULTS AND CONCLUSIONS
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Figure 2. The influence of elevation and latitude on ! " #3/%6 &species distribution in the
southern Appalachian Mountains.
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Much of the current understanding of plant species distribution is based on tracing the
relationship between species presence, soils and topography (Oosting and Billings 1939,
Williams and Oosting 1944, Keever 1953, Madgwick and Desrochers 1972, McEvoy et al. 1980,
Cogbill and White 1991, Burgi et al. 2000). A classic example of this type of research is
Whittaker’s (1956) investigation of species distributions in the Great Smoky Mountains.
Whittaker observed that red oak-hickory forest type dominated the 450 to 750 m elevation range
on the flats and draws, while Eastern hemlock and white oak dominated the 1,000 to 1,600 m
elevation range on the sheltered and open slopes. Pine species were dominant from 400 to 1,200
m on the ridges and peaks (Whittaker 1956). The correlation of topographic position to
vegetation distribution has been applied in many ecosystems, resulting in the better
understanding of species distribution within the landscape (Guarin and Taylor 2005, Abella and
Covington 2006, Rehfeldt et al. 2006, Zier and Baker 2006). Later studies used the same
sampling methods, but examined the influence of other environmental factors or disturbance
events such as aspect, rainfall, disease, and fire (Grimm 1984, Clark 1990, Bergeron 1991,
Everett et al. 2000, Wolf 2004). For example, Boerner (2006) found that mixed oak forests in
Ohio occur on southwest and northeast facing midslope positions in sandstone colluvium parent
material, while in Kentucky the same forest type may occur in northeast facing coves and
footslopes in sandstone or shale parent material (Boerner 2006). While many studies link
species presence with environmental characteristics, recent attempts to account for the impact of
multiple environmental variables, including land use history, on species distribution have also
emerged within the literature. However, while reconstruction of historical land use has added to
our understanding of species distribution patterns across the landscape, these techniques
(correlations between species occurrence and environmental factors and connecting land-use
history with species presence) fail to relate dendroclimatic response with species location on the
landscape.

Recent investigations into climatic response by trees at different topographic positions
indicate that dendroclimatology may be a useful technique for elucidating patterns of tree growth
rates with relation to species presence on the landscape (Jacobi and Tainter 1988, Tardiff and
Bergeron 1997). Dendroclimatology provides a means of studying year to year variations in tree

growth and allows investigators to correlate climatic influence on radial growth rates from trees
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at different sites (Fritts et al. 1965, Oberhuber et al. 1998). Comparing these dendroclimatic
relationships from a species across a range of topographic positions will show patterns in the
variation of growth patterns across that range. The objective of this study was to identify
localized differences in oak dendroclimatic relationships from eight different topographic
positions. In addition to the standard site variables of slope, aspect, site index and elevation, the

depth of the A-horizon and depth to bedrock were added as additional site variables.

IHHP& () *#
IH#$9&()' &

The study area for this study was Virginia Polytechnic Institute and State University’s
Fishburn Forest located in the Ridge and Valley section of southwest Virginia (37! 11’ N, 80!
29’ W) and ranged in elevation from 561 m to 675 m (Figure 1). The Fishburn Forest is a 500 ha
educational and research forest that is comprised mainly of second-growth broadleaved

deciduous stands with mixed pine stands on some of the ridge tops.
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dated cores were measured to the nearest 0.002 mm using a Velmex TA Tree Ring System
(Velmex, Bloomfield, NY). Visual crossdating was verified with the computer dating
verification program COFECHA (available through the Dendrochronology Program Library
http://www.ltrr.arizona.edu/pub/dpl). Any errors detected with COFECHA were examined and
corrected. The eight crossdated series were detrended with a spline 30% the length of the series
(Cook and Peters 1981) using the ARSTAN program (also available in the Dendrochronology
Program Library). These procedures resulted in eight standardized master chronologies- one for
each site (Table 2).
Data analysis

Autocorrelation of ring width indices can occur due to the influence of environmental
variables from the previous growing season (Fritts 1976). Significant first order autocorrelation
occurred in the standard chronologies for all sites except Moon Hollow. Residual chronologies
were used for each of these sites, which removed the significant autocorrelation (Table 2). The
ring width indices (RWI) for the seven residual chronologies and the Moon Hollow standard
chronology were tested for correlation to average monthly regional temperature, precipitation
and Palmer drought severity index (PDSI) data available for 1919 to 2006 from the National
Oceanic and Atmospheric Administration’s southwest region of Virginia regional weather
stations (http://www.ncdc.noaa.gov/oa/climate/climatedata.html). Palmer drought severity index
is a widely used method to classify longitudinal drought. Weather conditions are typically
classified in increments from -4.00 (extreme drought) to +4.00 (extremely wet) (Alley 1984).
The relationship between environmental variables, site characteristics and RWI were analyzed by
canonical correspondence analysis (CANOCO). Aspect was mathematically transformed into
eastness and northness variables. Northness ranges from +1 (due north) and -1 (due south),
while eastness ranges from +1 (due east) and -1 (due west) (Roberts 1986). In addition to aspect,

site index, depth to bedrock and depth of A-horizon were used in the CCA.



Table 2. First-order autocorrelation values for the standard and residual chronologies for

the eight sites in Fishburn Forest.
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Table 3. Chronology length, mean sensitivity, and interseries correlation for each study
site in Fishburn Forest.

Mean Interseries

Location Number of Trees  Chronology Length  Sensitivity Correlation
Creek 20 1919-2006 0.29 0.48
Viola 20 1902-2001 0.18 0.45
Stroubles 20 1883-2003 0.21 0.43
Moon Hollow 20 1900-2002 0.25 0.49
Midslope 20 1872-2006 0.25 0.45
Radio Tower 20 1885-2003 0.25 0.62
Price Mountain 20 1828-2003 0.24 0.44
Water Tower 20 1802-2003 0.25 0.49

L "H#ER ()F +,)' -%(+,)&./ )0.

The growing season for the study area occurs from May to September, with signs of oak
leaf emergence in late April to early May and the start of leaf fall in mid-October. No significant
(non-zero) correlations were observed between the Creek site RWI and temperature (Figure 3).
Significant negative relationships occurred between temperature and RWI during July of the
current growing season for the Viola, Midslope, Water Tower, Price Mountain and Radio Tower
sites. Water Tower, Price Mountain and Radio Tower were the sites with an observed significant
positive relationship between RWI and temperature during the winter preceding the growing
season. Significant, negative correlations between precipitation and RWI were observed during
May of the previous growing season for the Midslope and Water Tower sites, and May and June
of the previous growing season for the Creek site (Figure 4). A significant, positive relationship
was observed between precipitation and RWI during May and June of the current growing
season. Significant positive correlations were observed in a portion of the previous growing
season for Moon Hollow, Viola, Midslope, Water Tower and Radio Tower. A significant
positive relationship between RWI and PDSI was observed for the current growing season
(Figure 5). Viola, Price Mountain and Radio Tower had significant, positive correlation between
RWI and PDSI for the winter following the current growing season, and Moon Hollow had a
significant positive relationship between RWI and PDSI for the preceding winter.

I



Canonical correspondence analysis

The relationship between site characteristics and RWI was evaluated using canonical
correspondence analysis (Figure 6). Site index and eastness were the most influential on all sites
and slope was the least influential. The depth of the A-horizon, depth to bedrock, elevation and

northness appear to have the same influence on all study sites.
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heavily influence the Moon Hollow site, while the remaining six sites appear to be similarly
influenced by all of the site characteristics. These sites had similar tree ring response to climate
and could be grouped together into a single chronology. The Moon Hollow and Creek site
responses were not analogous to any of the other sites and thus would remain as separate master
chronologies.

This study illustrates the importance of climate to radial growth rates in ! " ##/6&in the
southern Appalachian Mountains. Although climate alters growth, it does not have a limiting
effect on ! "#3%&distribution, and the species appears to survive under a wide variety of
environmental conditions. Although the eight sites had similar responses to climatic events, the
results of the canonical correspondence analysis indicate that the chronologies could be grouped

into three separate groups based upon tree ring response and site characteristics.
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APPENDIX A

Table 1. Species occurrence by elevation according to study site location. Elevation ranges
are defined as: low elevation range (200-400m), middle elevation (401- 800m) and high
elevation (800+m). Middle-high elevations span the middle and high elevations.

Species Elevation  Study Site State Reference
. . . Great Smoky Mountains . .
Abies fraseri high National Park NC/TN  Cogbill and White, 1991
Great Smoky Mountains
National Park NC/TN  Golden, 1981
Great Smoky Mountains N Wwhittaker, 1956
National Park
Acer .
. high Bedford County VA Johnson and Ware, 1982
pensylvanicum
Mountain Lake, Giles VA Mills and Stephenson,
County 1999
Salt Pond Mountain VA Stephenson, 1986
Nantahala National Forest  NC Carter, et al., 2000
Nantahala National Forest  NC McNab, et al., 1999
middle- . .
high Shenandoah National Park VA Harrison, et al., 1989
Great Smoky Mountains
National Park NC/TN  Golden, 1981
Great Smoky Mountains ey whittaker, 1956
National Park
Gregt Smoky Mountains NC/TN  Woods and Shanks, 1959
National Park
Highlands NC Keever, 1953
Acer rubrum high Jocassee Gorge SC Abella, et al., 2003
mlddle— Lower Bluestone River WV Rentch, et al., 2005
high Gorge
Fernow Experimental WV Schuler and Gillespie,
Forest 2000
Beanfield Mtn, Giles VA McCormick and Platt,
County 1980
Mountain Lake, Giles VA Mills and Stephenson,
County 1999
Salt Pond Mountain VA Stephenson, 1986
Shenandoah National Park VA Harrison, et al., 1989
Mou and Warrillow,
Montgomery County VA

2000
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Table 1 (cont.) Species occurrence by elevation according to study site locations.

Species Elevation Study Site State Reference
I "#$% .

. middle- . Stephenson and
& & high Giles County VA Mills, 1999
(cont.)

. Stephenson and
Giles County VA Saxena, 1994
Giles and Allegheny VA Stephenson, et al.,
Counties 1991
Grigal and
Walker Branch Watershed TN Goldstein, 1971
Great Smoky Mountains
National Park NC/TN Golden, 1981
Great Smoky Mountains Woods and Shanks,
National Park NC/TN 1959
Great Smoky Mountains o pn yyhittaker, 1956
National Park
Great Smoky Mountains Callaway, et al.,
National Park NC/TN 1987
Coweeta Hydrologic NC Clinton and Boring,
Laboratory 1994
Nantahala National Forest NC McNab, et al., 1999
Nantahala National Forest NC Carter, et al., 2000
Coweeta Hydrologic NC  Elliott, et al., 1997
Laboratory
Coweeta Hydrologic NC  Elliott, etal., 1999
Laboratory
Coweeta Hydrologic NC Parker and Swank,
Laboratory 1982
Coweeta Hydrologic NC Monk and Day,
Laboratory 1985
Coweeta Hydrologic NC Davis, et al., 2004
Laboratory
Coweeta Hydrologic NC  Bolstad, et al., 2001
Laboratory
Coweeta Hydrologic NC Day and Monk,
Laboratory 1974
Highlands NC Keever, 1953
. Oosting and
Highlands NC Billings, 1939
middle North Fork of Anthony Creek WV Abrams, et al., 1995
Little Laurel Run wv Hicks and Frank,
1984
Peters Mountain VA Adams and

Stephenson, 1983
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Table 1 (cont.) Species occurrence by elevation according to study site locations.

" HER (#+%." 1,/01' ot I +# 2 #H3HMt B
I "#$% .
& (") %+ % high Bedford County VA Johnson and Ware, 1982
Potts Mountain VA McEvoy, et al., 1980
Salt Pond Mountain VA Stephenson, 1986
Great Smoky Mountains e whigtaker, 1956
National Park
middle-high Montgomery County VA Mou and Warrillow, 2000
Coweeta Hydrologic NC Parker and Swank, 1982
Laboratory
Great Smoky Mountains - e 1\ Wwoods and Shanks, 1959
National Park
| H&++&0 . .
109 % high Potts Mountain VA McEvoy, et al., 1980
Great Smoky Mountains
National Park NC/TN Barden, 1980
Great Smoky Mountains
National Park NC/TN  Callaway, et al., 1987
Great Smoky Mountains
National Park NC/TN Golden, 1981
Great Smoky Mountains - e whittaker, 1956
National Park
middle-high Great Smoky Mountains 11\ Wwoods and Shanks, 1959
National Park
Coweeta Hydrologic e Elliott, et al., 1997
Laboratory
b, #) A . . Adams and Stephenson,
B, $) % high Peters Mountain VA 1983
Beanfield Mtn, Giles VA McCormick and Platt,
County 1980
Mountain Lake, Giles VA Mills and Stephenson,
County 1999
Salt Pond Mountain VA Stephenson, 1986
Nantahala National NC McNab, et al., 1999
Forest
middle-high Montgomery County VA Mou and Warrillow, 2000
. Stephenson and Mills,
Giles County VA 1999
Giles County VA Stephenson and Saxena,
1994
Giles gnd Allegheny VA Stephenson, et al., 1991
Counties
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Table 1 (cont.) Species occurrence by elevation according to study site locations.

Species Elevation Study Site State Reference
Carya ovalis mlddle_ Shenandoah National Park VA Harrison, et al., 1989
(cont.) high
Gregt Smoky Mountains NC/TN  Woods and Shanks, 1959
National Park
Coweeta Hydrologic NC Davis, et al., 2004
Laboratory
Highlands NC Keever, 1953
middle Bedford County VA Johnson and Ware, 1982
Great Smoky Mountains - \opy Whittaker, 1956
National Park
Carya ovata high Little Laurel Run wVv Desta, et al., 2004
Lower Bluestone River WV Rentch, et al., 2005
Gorge
Beanfield Mtn, Giles VA McCormick and Platt,
County 1980
Salt Pond Mountain VA Stephenson, 1986
middle- Great Smoky Mountains
high National Park NC/TN  Woods and Shanks, 1959
Carya . Mou and Warrillow,
tomentosd high Montgomery County VA 2000
Montgomery County VA Y\;}gl:ney and Johnson,
Nantahala National Forest NC McNab, et al., 1999
middle- Great Smoky Mountains .
high National Park NC/TN  Whittaker, 1956
Gregt Smoky Mountains NC/TN  Woods and Shanks, 1959
National Park
Carya spp. high Giles County VA ?;egllhenson and Saxena,
Walker Branch Watershed TN i}9rl7g1al and Goldstein,
Jocassee Gorge SC Abella, et al., 2003
middle- Fernow Experimental WV Schuler and Gillespie,
high Forest 2000
Jefferson National Forest VA Madgwick and

Desrochers, 1972




Table 1 (cont.) Species occurrence by elevation according to study site locations.

" 4R (pr+%. " 1,/01'" 9%t I +# 2 #3HMt. S
" #5" %pp. middle- Giles and Allegheny
(cont.) high Counties VA Stephenson, et al., 1991
Nantahala National NC Carter, et al., 2000
Forest
Coweeta Hydrologic NC Elliott, et al., 1997
Laboratory
Coweeta Hydrologic NC Elliott, et al., 1999
Laboratory
Coweeta Hydrologic NC Parker and Swank, 1982
Laboratory
Coweeta Hydrologic NC Monk and Day, 1985
Laboratory
Coweeta Hydrologic NC Bolstad, et al., 2001
Laboratory
low-middle ~ Pilot Mountain NC Williams and Oosting,
1944
I & ()%8#-"%  high Peters Mountain VA 1{&9(1;;11 s and Stephenson,
%
mlddle— Lower Bluestone River WV Rentch, et al., 2005
high Gorge
Fernow Experimental WV Schuler and Gillespie,
Forest 2000
Beanfield Mtn, Giles VA McCormick and Platt,
County 1980
Montgomery County VA g/([)%l(l) and Warrillow,
Montgomery County VA }K;}éliney and Johnson,
Shenandoah National VA Harrison, et al., 1989
Park
. Madgwick and
Jefferson National Forest VA Desrochers, 1972
Giles County VA Stephenson and Mills,
1999
Giles gnd Allegheny VA Stephenson, et al., 1991
Counties
Walker Branch TN Grigal and Goldstein,
Watershed 1971
Great Smoky Mountains o\ whittaker, 1956
National Park
Great Smoky Mountains Woods and Shanks,
National Park NC/IN 1959
Coweeta Hydrologic NC Clinton and Boring,

Laboratory

1994




Table 1 (cont.) Species occurrence by elevation according to study site locations.

I " H9%8 (¥+% ' 1,/01!9%f I, +# 2 H#3HAM. B
Cornus florida  middle- . . Williams and Oosting,
(cont.) high Pilot Mountain NC 1944
Nantahala National Forest NC Carter, et al., 2000
Coweeta Hydrologic NC Day and Monk, 1974
Laboratory
Coweeta Hydrologic NC Elliott, ct al., 1997
Laboratory
Coweeta Hydrologic NC Parker and Swank, 1982
Laboratory
Coweeta Hydrologic NC Monk and Day, 1985
Laboratory
Coweeta Hydrologic NC Bolstad, et al., 2001
Laboratory
Highlands NC Keever, 1953
middle North Fork of Anthony WV Abrams, et al., 1995
Creek
F agus high Lower Bluestone River WV Rentch, et al., 2005
grandifolia Gorge
Walker Branch Watershed TN ?;;glal and Goldstein,
Great Smoky Mountains
National Park NC/TN  Barden, 1980
Nantahala National Forest NC McNab, et al., 1999
Jocassee Gorge SC Abella, et al., 2003
middle- Fernow Experimental WV Schuler and Gillespie,
high Forest 2000
Giles z'ind Allegheny VA Stephenson, et al., 1991
Counties
Great Smoky Mountains
National Park NC/TN  Callaway, et al., 1987
Great Smoky Mountains
National Park NC/TN  Golden, 1981
Great Smoky Mountains ;i\ whittaker, 1956
National Park
Great Smoky Mountains et Woods and Shanks, 1959
National Park
Coweeta Hydrologic NC Elliott, et al., 1997
Laboratory
Coweeta Hydrologic NC Parker and Swank, 1982

Laboratory
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Species Elevation Study Site State Reference
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Table 1 (cont.) Species occurrence by elevation according to study site locations.

Species Elevation Study Site State Reference
IHSY& %% ( middle- Great Smoky Mountains .
)*+, "-&% (cont.) high (cont.) National Park NC/TN - Whittaker, 1956
Great Smoky Mountains Woods and Shanks,
National Park NC/IN 1959
Coweeta Hydrologic NC Bolstad, et al., 2001
Laboratory
Nantahala National Forest NC Carter, et al., 2000
Coweeta Hydrologic NC Clinton and Boring,
Laboratory 1994
Coweeta Hydrologic NC Davis, et al., 2004
Laboratory
Coweeta Hydrologic NC Day and Monk, 1974
Laboratory
Coweeta Hydrologic NC Elliott, et al., 1997
Laboratory
Coweeta Hydrologic NC Elliott, et al., 1999
Laboratory
Coweeta Hydrologic NC Parker and Swank, 1982
Laboratory
Coweeta Hydrologic NC Monk and Day, 1985
Laboratory
Highlands NC Keever, 1953
. Oosting and Billings,
Highlands NC 1939
middle Little Laurel Run \\VAY% Hicks and Frank, 1984
Bedford County VA Johnson and Ware, 1982
Giles County VA Stephenson and Mills,
1999
Great Smoky Mountains .
National Park NC/TN  Busing, 1995
low-middle Pilot Mountain NC Williams and Oosting,
1944
| $F
/ 1*2 $ )(( high Little Laurel Run A% Desta, et al., 2004
Lower Bluestone River WV Rentch, et al., 2005
Gorge
Mountain Lake, Giles VA Mills and Stephenson,
County 1999
. Stephenson and Saxena,
Giles County VA 1994
Salt Pond Mountain VA Stephenson, 1986
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Table 1 (cont.) Species occurrence by elevation according to study site locations.

Species Elevation Study Site State Reference
Nyssa sylvatica  high Little Laurel Run A% Desta, et al., 2004

Peters Mountain VA f;; ;n s and Stephenson,
Mountain Lake, Giles VA Mills and Stephenson,
County 1999
Montgomery County VA g/(l)%l(l) and Warrillow,
Walker Branch ™™ Grigal and Goldstein,
Watershed 1971
Jocassee Gorge SC Abella, et al., 2003

npddle— Shenandoah National VA Harrison, et al., 1989

high Park

. Madgwick and

Jefferson National Forest VA Desrochers, 1972
Giles gnd Allegheny VA Stephenson, et al., 1991
Counties
Great Smoky Mountains
National Park NC/TN  Golden, 1981
Great Smoky Mountains - ey whittaker, 1956
National Park
Great Smoky Mountains Woods and Shanks,
National Park NC/IN 1959
Coweeta Hydrologic NC Bolstad, et al., 2001
Laboratory
Nantahala National Forest NC Carter, et al., 2000
Coweeta Hydrologic NC Elliott, et al., 1997
Laboratory
Coweeta Hydrologic NC Parker and Swank, 1982
Laboratory
Coweeta Hydrologic NC Monk and Day, 1985
Laboratory
Highlands NC Keever, 1953

middle North Fork of Anthony WV Abrams, et al., 1995
Creek
Potts Mountain VA McEvoy, et al., 1980
Giles County VA Stephenson and Mills,

1999

Great Smoky Mountains NC/TN  Callaway, et al., 1987

National Park
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Table 1 (cont.) Species occurrence by elevation according to study site locations.

" 4R (H+%. " 1,/011 9% I +# 2 #H3HM. BH
I "H98$ () * . .
¥ ﬁlidz‘;m 0 E;);Z) con Hydrologic NC Bolstad, ct al., 2001
(cont.) & ) Yy
Nantahala National Forest NC Carter, et al., 2000
Coweeta Hydrologic NC Elliott, et al., 1997
Laboratory
Coweeta Hydrologic NC Parker and Swank, 1982
Laboratory
Coweeta Hydrologic NC Monk and Day, 1985
Laboratory
Highlands NC Keever, 1953
middle g;i?;niTgﬁiMountams NC/TN  Callaway, et al., 1987
Great Smoky Mountains
National Park NC/TN  Golden, 1981
| A%* (, %2  high 8:)13; t?:sd Allegheny VA Stephenson, et al., 1991
Great Smoky Mountains
National Park NC/TN  Barden, 1980
Great Smoky Mountains . .
National Park NC/TN  Cogbill and White, 1991
Great Smoky Mountains
National Park NC/TN  Golden, 1981
Great Smoky Mountains - ey whittaker, 1956
National Park
middle- Great Smoky Mountains NC/TN Woods and Shanks,
high National Park 1959
[ B 23(84982  high Montgomery County VA ?;};jney and Johnson,
Great Smoky Mountains
National Park NC/TN  Golden, 1981
Great Smoky Mountains 10 whittaker, 1956
National Park
middle- Great Smoky Mountains
high National Park NC/TN  Callaway, et al., 1987
Great Smoky Mountains Woods and Shanks,
National Park NC/TN 1959
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Table 1 (cont.) Species occurrence by elevation according to study site locations.

" 4R (H+%. " 1,/011 9% I +# 2 #H3HM. BH
I "HSHI& . .
C(Sp $- H middle- Great Smoky Mountains NC/TN Woods and Shanks,
T high National Park 1959
(cont.)
| "#$H980"0LS, & high Montgomery County VA g/([)%l(l) and Warrillow,
. Stephenson and Mills,
Giles County VA 1999
Salt Pond Mountain VA Stephenson, 1986
Great Smoky Mountains
National Park NC/TN  Barden, 1980
Great Smoky Mountains
National Park NC/TN  Golden, 1981
Great Smoky Mountains - ey whittaker, 1956
National Park
Nantahala National Forest NC McNab, et al., 1999
Pilot Mountain NC Williams and Oosting,
1944
middle- Fernow Experimental WV Schuler and Gillespie,
high Forest 2000
Beanfield Mtn, Giles VA McCormick and Platt,
County 1980
Giles gnd Allegheny VA Stephenson, et al., 1991
Counties
Great Smoky Mountains
National Park NC/TN  Callaway, et al., 1987
Great Smoky Mountains Woods and Shanks,
National Park NC/TN 1959
Coweeta Hydrologic NC Parker and Swank, 1982
Laboratory
. Oosting and Billings,
Highlands NC 1939
middle North Fork of Anthony WV Abrams, et al., 1995
Creek
Little Laurel Run WV Hicks and Frank, 1984
Bedford County VA Johnson and Ware, 1982
" . Monongahela National Collins and Carson,
2#(".#%8*3,&  high oo & Y 5004
Little Laurel Run WV Desta, et al., 2004
Lower Bluestone River WV Rentch, et al., 2005

Gorge
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Table 1 (cont.) Species occurrence by elevation according to study site locations.

I " H9%8 (W¥+% ' 1,/01"9%¢F +# 2 HHAH. B
[l *
HHIRE()( middle North Fork of Anthony \VAY Abrams, et al., 1995
(cont.) Creek
Little Laurel Run \\VAY% Hicks and Frank, 1984
low-middle  Pilot Mountain NC Williams and Oosting,
1944
I "HPh & . . Adams and Stephenson,
%% #( ' high Peters Mountain VA 1983
Montgomery County VA Mou and Warrillow,
2000
Montgomery County VA f\;}éjney and Johnson,
Walker Branch N Grigal and Goldstein,
Watershed 1971
Great Smoky Mountains
National Park NC/TN  Golden, 1981
Nantahala National Forest NC McNab, et al., 1999
Jocassee Gorge SC Abella, et al., 2003
mlddle— Shenandoah National VA Harrison, et al., 1989
high Park
. Madgwick and
Jefferson National Forest VA Desrochers, 1972
Beanfield Mtn, Giles VA McCormick and Platt,
County 1980
Potts Mountain VA McEvoy, et al., 1980
Giles gnd Allegheny VA Stephenson, et al., 1991
Counties
Potts Mtn, Craig County VA Meiners, et al., 1984
Great Smoky Mountains
National Park NC/TN  Callaway, et al., 1987
Great Smoky Mountains - e pn - whittaker, 1956
National Park
Gregt Smoky Mountains NC/TN  Woods and Shanks, 1959
National Park
Coweeta Hydrologic NC Bolstad, et al., 1998
Laboratory
Coweeta Hydrologic NC Bolstad, et al., 2001
Laboratory
Coweeta Hydrologic NC Clinton and Boring,
Laboratory 1994
Coweeta Hydrologic NC Davis, et al., 2004
Laboratory
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Table 1 (cont.) Species occurrence by elevation according to study site locations.

" 4R (H+%. " 1,/011 9% I +# 2 #H3HM. BH
" Vo . Monongahela National Collins and Carson,
| HIRES (9 high Forest ¢ wv 2004
Little Laurel Run A% Desta, et al., 2004
Lower Bluestone River WV Rentch, et al., 2005
Gorge
Peters Mountain VA f;; ;n s and Stephenson,
Bedford County VA Johnson and Ware, 1982
Mountain Lake, Giles VA Mills and Stephenson,
County 1999
. Stephenson and Saxena,
Giles County VA 1994
Salt Pond Mountain VA Stephenson, 1986
Walker Branch N Grigal and Goldstein,
Watershed 1971
Great Smoky Mountains
National Park NC/TN  Barden, 1980
Nantahala National Forest NC McNab, et al., 1999
middle- Fernow Experimental WV Schuler and Gillespie,
high Forest 2000
Shenandoah National VA Harrison, et al., 1989
Park
. Madgwick and
Jefferson National Forest VA Desrochers, 1972
. Stephenson and Mills,
Giles County VA 1999
Giles gnd Allegheny VA Stephenson, et al., 1991
Counties
Great Smoky Mountains Woods and Shanks,
National Park NC/IN 1959
Coweeta Hydrologic NC Bolstad, et al., 1998
Laboratory
Coweeta Hydrologic NC Bolstad, et al., 2001
Laboratory
Coweeta Hydrologic NC Clinton and Boring,
Laboratory 1994
Coweeta Hydrologic NC Davis, et al., 2004
Laboratory
Coweeta Hydrologic NC Day and Monk, 1974
Laboratory
Bent Creek Experimental NC Doolittle, 1957
Forest
Coweeta Hydrologic NC Elliott, et al., 1997

Laboratory
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Table 1 (cont.) Species occurrence by elevation according to study site locations.

Species Elevation Study Site State Reference
I n l $B$:l
PR . middle- Fernow Experimental Schuler and Gillespie,
O+ "& &R . A%
(cont.) high Forest 2000
Shenandoah National VA Harrison, et al., 1989
Park
. Madgwick and
Jefferson National Forest VA Desrochers, 1972
Beanfield Mtn, Giles VA McCormick and Platt,
County 1980
Giles gnd Allegheny VA Stephenson, et al., 1991
Counties
Great Smoky Mountains e ry whittaker, 1956
National Park
Great Smoky Mountains Woods and Shanks,
National Park NC/TN 1959
Coweeta Hydrologic NC Bolstad, t al., 1998
Laboratory
Coweeta Hydrologic NC Bolstad, et al., 2001
Laboratory
Nantahala National Forest NC Carter, et al., 2000
Coweeta Hydrologic NC Elliott, et al., 1997
Laboratory
Coweeta Hydrologic NC Parker and Swank, 1982
Laboratory
Highlands NC Keever, 1953
middle Bedford County VA Johnson and Ware, 1982
low-middle Pilot Mountain NC Williams and Oosting,
1944
&235%2&) high Little Laurel Run WV Desta, et al., 2004
Peters Mountain VA fgd; ;n s and Stephenson,
Montgomery County VA 12\/([)%1(1) and Warrillow,
Walker Branch ™ Grigal and Goldstein,
Watershed 1971
Great Smoky Mountains
National Park NC/TN  Golden, 1981
Nantahala National Forest NC Carter, et al., 2000
Nantahala National Forest NC McNab, et al., 1999
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Table 1 (cont.) Species occurrence by elevation according to study site locations.

" HE (p+%. " 1,/01! 9% I +# 2 #HH4H. S

I "H#S98U N *("+  middle- Coweeta Hydrologic

(cont.) high (cont.) Laboratory NC Parker and Swank, 1982
Coweeta Hydrologic NC Monk and Day, 1985
Laboratory
Highlands NC Keever, 1953
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