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VECETATION MONITORINC AT KttNNESAW MOUNTAIN NBP ■

AbEtract

IVel-ve O.1 hectare (20 x 5O n) pernanent vegetation plots
uere narked and eanpled in KenneEau llountain National Battlefield
Park. Selection of monitoring sltes waE based on nonitoring
requirements identified by Park pereonnel.

Flve of the plote were situated in exanplee of ttre granite
outcrop habitat. These areas are frequented by large nunberE of
visitors annually and human pressure Day be inpactJ.ng the plant
species.

Three of the plots were located ln wooded lowland areas.
Chinese Privet (Ligustntn sinense) hae been identified ae a
highly euccessful lnvaEive species, particularly in ttre lower and
wetter areas of the park.

The renaining four plots were placed on the wooded slopes
of Kennesaw and Little Kennesaw l{ountain. At these higher
elevations and slope positions, Privet is less abundant, but it
grows well even on the open ridge tops of Kennesaw and Little
Kennesaw ltountains.

Future uork at Kennesav lrlountain National Battlefield Park
should include a complete inventory of the vascular plant species
of each granite outcrop, a larger number of nonitoring plots on
all aspects of Kennesaw and Little KenneEaw UountainE, Dore
extensive sanpling of the lowland sooded areas, and an evaluation
of the extent to which Privet is displacing native species.
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Introduction

Kennesaw l,tountain National Battlefield Park is located near
Irtarietta in Cobb County, Georgia. It was authorized in 1917 as a
National Battlefield Park, to conmeDorate and preEerx/e the site
of the 1864 battle. The prinary resource iE 1 'zOL hectareE of
protected lands adjacent.to the netro.politan areaB of KenneEaw,
itarietta and, further afLeld yet visible from KenneEav and Little
Kennesaw Mountains, Atlanta (Baslc Operations declaration Kenne-
saw lr[ountain National Battlefield Park).

ThiE report iE a detailed account of fleld work conducted
during two tlips to Kennesaw l,lountain National Battlefleld,
betwetn the dateE of ifuly 23 through July 31, 1994, and Augrust 18
through August 26, 1994, respectively.

Project Objectiveg

The purpose of the work uas:

(1) To contribute to a comprehensive long-teru vegetation
monitoring plan for Kenneaaw Mountain National Battlefleld Park

and

(21 To establish permanent pLots ln order to:

traJectorlf of vegetation change,
in vegetation sttlrcture,
dynamics;
particular threatsi

sensitive reaourceai
of vegetation changes for park

management goals;
help define research questions that wiII assess tbe

causes of change;
help define research that vLLL evaluate

ranagenent Etrategiee ;
build an understanding of ecosystea ProceEEeB Bo

future changeE can be better predicted;
establislr field research siteE that will attract

additional research studies;
and promote participation in regional and international

monitoring networks.

The field vork reported here was part of a project carried
out in five NPS units in the Eoutheast: Chickanauga and
Chattanooga National ililitary Parks, Georgia and Tennesseei
Kennesaw Irlountain National Battlefield Park, Georgia; Kingts
I.tountain National l{ilitary Park, South Caro}inat RuEBell Cave
National l,{onunent, Alabamai and Shiloh National }tilitary Park,
Tenne6see. For each area we sought to establish a prelininary
set of nonitoring plots organized around the highest priority

describe the rate and
including change
composition, and

assess the inpacts of
assess the response of
gauge the significance

alterrrative

that
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natural reaource iEeues and to euggest the priorities for fuller
developnent of a vegetation uonitoring program. Inplications for
park nlnagement policLes and practiqeE are aIBo considered.

OnIy the higtrest priority natural resource iEeues could be
addreEEed in thiE prel.iminary phase of vegetation nonitoring,
such as the spread of the exotic shnrb Privet, and the impact of
park viEitors on granite outcrop areaa (Langdonr tlo date). AIso,
in large areas of relatively uniform habitat, such as the lowland
wooded areas and the uooded slopee of Kennesaw and llttle
Kennesaw trlountains, specific threats are not currently the issue,
but nonitoring is required at nany locations in order to detect
changes over time Ln ttrese trabltatE (eee above proJect
objectives) .

The flora and veqetation g.g Kennesaw l,tountain National
Battlefield Park

The current list of vascular plants (inventory) at Kennesaw
Itountain National Battlefield Park haE been compiled from three
sources (Bostick, 1994). Three individuals, Peter (Ed) Bostick,
Scott Ranger and Marie l{ellinger have Bade obeervatione that are
compiled into the current flora liEt. PlantE encountered in our
work that are new to thiE llEt are preceded by the letter trnn in
the SpecieE Code List (Appendix A-10). Additions to thiE list
are likely, however, ae detailed eurrreys of the tlpe deEcribed in
ttris report are carried out, particularly in some of the less
botanically attractive areas, euch ag the lowland woods around,
and south of, tlre Cheathan HiIl area.

There are, broadly, three nain vegetation tlpes within the
park.

First are the wooded lowland areas belov Kennesaw and Little
Kennesaw }tountains and throughout tlre rest of the park. In many
places these areas are quite narrow, being bordered by reeiden-
tial developnent. These areas are further dissected by hiking
trails. l{any visitors, particularly joggere, uae ttrese trailE
but generally reetrlct their activitieE to the trails. The
wooded lowlands are characterized as nature eucceesional standE
dominated by PineE (Pinus taeda and Eone PinuE echinata) and
Tulip poplars (Liriodendron l!$lpifgEg) . There are three perna-
nent monitoring plots dietributed throughout this vegetation
type-

Second, the wooded slopes of Kennesaw and Little KenneEaw
I.{ountains are a large area that is mostly free from recent hunan
impacts. These slopes appear to be Dore successionally mature
than the lowlands and are doninated by Hickories (Carrra alba and
9- glabra) , Chestnut oak (ouercus pfj[!gg) , and Black Oak (A-.
velutina). There are four pernanent nonltoring plots distributed
throughout this vegetation t1pe.
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Third, and perhaps the nost biologically sigmificant, are
area6 on the ridge and slopeE of Kennesaw and Little KenneEaw
Ir{ountain where outcropping granite eupports a fragile but diverse
plant community. The areas of exposed rock or very thin soil
lrevent the eslablishnent of a closed canopy. _Th" elevation and-openness 

of these granite outcrops afford excellent views of the
surrounding landEcape. Several of the larger outcropa are locat-
ed cloEe or adJacent to trails. As euch these areae are.subject-
ed to hearry human pressure. The occurrence of rare species in
these outclops (Bostick, t994) and the preesure of viEitorB on
them is cauEb for conc€trll. The woody vegetation bordering and
sporadically withln the outcrops is do^ninated by Hickories,
W-ingred flu lUlnus alata), Oaks (Q- nTlnus and O. Barilandica),
winged Sunac (Rhus copallina) and Frlnge Tree (Chionanthus vir-
ginicus). llhe open area grades frou e:qrceed rock through Doss
covet to a nostly herbaceous vegetation. There are five Perna-
nent monitoring plots located in these outcrops.

In a general sense, the purpose of the vegetation monitoring
plots is to obtain baseline data so that ctranges in the health
and condition of these natural reEources can be detected (see
project Objectives, above). The inportance of monitoring is well
detailed in Sutter, Rolllns t Livingstone (1994) and Sutter et.
aI. (1994). As hunan inpacts grou, both in tetms of the numbers
of people who use the Park and as such hunan influences aE pollu-
tion of air and water increaEe with the gronth of adjacent hunan
population, it iE anticipated that this vill be reflected in
changes in the natural areas of the park.

The 1994 field work

The renainder of thiE report ie divided into three sections
and accompanying Appendices.

The llethods eection describes the procedures used to carry
out this study. This Eection ie divided into three parts: Site
Selection criteria (basic elements of sampling design) t Saupllng
protocol; and Site Iocations and Descriptions (a description of
the means for relocation of per:manent plots) .

The Results section presents preliuinary Bummaries of each
plot (rarr data are incLuded in Appendlx A). lfhe location of each
plot is illustrated in annotated sketch diagrans, EB figures,
that accompany the text. Soil sanples infotmation is included in
Appendix C.

The Discussion section draws togrether the findings for each
of the areaa studied and suggests priorities for future work.
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Uethods

The design for thls proJect consists of stratified random
sanp l ingr .us ing  a  p lo t  E ize  o f  2o  x  50  m (0 .1  ha) .  Th is
rectangrular plot is further divided into ten standard 10 x 10 m
subplots (in this report, the 2O x 5O m units yill be termed
rplotsi, the 10 x 10 n unitE will be terued xsubplotEi and the
smaller units (e.9., 1 x 1 n) wil l be terned iquadratei) . This
general plot deeign has been widely used in the woodlandE of the
eaEtern United States, in all but the loseet denslty o1d growth
standE, where plot  e izeE of  O.4 to 1.O ha are uEed (e.9. ,  the
work of P. I{trite and R. BusJ.ng Ln old-gronth henlock-bardvood
standE of Great Snoky llountaine National Park), and Ln the high-
eet density etands, shere plot sizee of O.O1-0.O4 ha have been
uEed (e.9., in the plots desigmed by P. Thlte and ottrere for the
sprrrce-fir acid rain studieE in the Suokies). We note that even
the studieE that used larger or smaller overall plot sizes,
employ the 1O r 1O n subunits employed in the current studyr as
well aE sinilar methods of measurenent for theEe units.

bhe rationale for the basic sanpling strategy is developed
in l{trite and Bueing (1992). Ttre importance of nested sanpling
for species presence and for documentatlon of the variouE scale
dependencieE that are comDon in vegetation data is described by
Palmer and White (1994), Busing and l{hite (1993), and Reed et al.
( l e e 2 ) .

The plot desigm used here is ginilar to that ridely
implemented by ttre North CaroLina Vegetation Sur:rrey, but iE more
completely monumented and nore intenEively sanpled.

site S+esgirn criteria

The process used to detemine sites for monitoring follows
three steps.

The first step in the eeLection of study sites is
consideration of park nonitoring obJectiveE as identified in
various aources.

The second etep, if appropriate for a particular lonitoring
sltuation, Ls stratifieation of the factore thought to control
the variation in the reaourceE to be nonitored.

fn the last step, the available sanpling effort is
arlocated to the potentiar sampling Eites identified by the
stratification parameters and sanple Locationa are choien in the
f  ie ld.

These steps are described in nore detail below.

Monitoring objectives. The initial selection proceaa ya6
based upon threats to park resources or nonitoring requirenents

5
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outlined in the parkrs ReEource llanagement Plan, the Regional
Action Plan, and the Inventory and ltonitoring NeedE Assessnent
(Langdonr no date), and frou consultation with regLonal agencies
(State Heritage Prograns and Ttre Nature Conserivancy, South East
Regional office), Iocal experts (Bostick, pers. comm.), park
personnel (Cissel and Hanks, per6. coun.), and obsenrationE nade
duri4g reconnaisaance of the park. Certain elteE were selected
for their inportance as natural resourceE, regardless of the
presence of innediate or Euspected threate. NonetheleEs, they
were considered inportant as part of a conprehenEive surrrey of
all a parkrs natural areas, in line with Project Objectives.

The inventory and nonitoring needs aegeeEnent (Langdon, Do
date) and park personnel identified two naJor nonitorlng objec-
tives at the Kennesav ltountain (Ciesel and ltanks, per6. comn.).
The first uaJor concern is the rapld spread of Privet (Licrustnrm
sinense) and Japanese HoneysuckLe (Ipnicera laponica), both
exotic woody plants that are Bpreading rapldly through areaE of
the park. Both are diepersed by birds. This presentE the great-
est problem in lowland areas, particularly in the nesic zones
around creeks and j,n floodplaine (Langdonr no date). It does,
however, occur throughout the park, even in the much more xeric
ridgetop granite outcrops. JapaneEe Honeysuckle is widespread,
particularly affecting Bome of the dry ridge top areaa (Langdon,
no  da te) .

The eecond major threat to the parkrs natural resources is
hunan inpact on the granite outcrope. The excellent viese of
Atlanta and the eurrounding area, and the vantage point for
birders, nake these areas r"ry popufar. As early ls g 6.D, on
reekend days people.can be found eettling in for a days birding
here. Unmapped tralls can be seen neanderlng through the out-
cropE tbat attract some of the more adventurous visitors. The
wear and tear of feet on the outcrop vegetation ie probably why
there is so nuch open rock in theu. This reduces the area avait-
able to colonization by outcrop speciee. Bogtick (1994) invento-
ried, mapped and established monitoring for the populations of
Arabis missouriensiE, Draba aorica- Pycnantheuun currripeE and
Zanthoxylum eSgEigAMg.

Stratification and plot olacenent. once the resourcea to be
monitored are selected, the next step ie to deteruine the range
of natural variation in thoEe reeourceg and to develop a sampling
scheme that encompasseE that variation. Stratlfication is used
to block the variation present Lnto levelE or categories, thus
ensuring the range of variation ie sanpled and the sanple varia-
tion is distributed among plots. Plots are then randonized
within stratification blocks.

Stratification is used to produce an efficient EaqFling.
scheme in the sense that plots are allocated to the range of
variation present ln a systenatic way. This also allows for a
straightforyard approach to replication, eince replicates are

6
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chosen within the stratification paraneters. Stratification
nornally employs variables that influence vegetation couposition,
structuie, lnd-dlmanics, including topographlc variables (eleva-
tion, slope aspect, sl,ope steepness, slope shape, elope
position), soils, and disturbance historY.

Stratification waE used at Kennesaw l{ountain for Privet
nonitoring by sanpling in the lowlandE and at nid and high
elevation on the slopes of Kenneeaw and Little Kennegaw
I.tountains. Characterlzation of the vegetation of the slopes of
Kennesau and Little Kennesaw lrlountains is begun, with plote at
low and high elevation on the northwest and eoutheast clope, but
should be conpleted with more plots at low and hlgh elevation on
the northeaEt and eouthwest slopes.

Plot locations. once the etratification blocks are
established, generalized plot locations are selected on
topographic naps. The actual position of each plot is randomized
within the area that fitE the Etratification criteria. Hovever,
many factorE conetrain the tnre randonnees of the application of
the plot.

First, the Eize of the sanple area uay be no larger, or
possibly smaller, than the ELze of the plot (2O x 5O n). In such
cases it is then only possible to center the plot on ttre sample
area.

I{here the sanple area ie Eufficiently large to allow a
random plot site assignment there are still constraints that must
be considered. For example, the stratification asEumes that the
plot itself is characterized by the Etratification
;raraneters--e.gt., lt has one dominant elope aspect and doee not
have najor breaks in topogrraphy, diEturbance historlr, or soils.
In this study, we position plots in intact forest not recently
disturbed by tornado damage or other large windEtoms.

Another factor ln the positioning of the plot is slope
inclination. We eought to position plote such that plot long-
axis be close to paraLLel with the elope contours.

Sanplinq Protocol,

The technigue uEed to surivey the 0.1 ha plots is deecribed
in this section (see aIEo White and Brrsing 1993). It is similar
to the sanpling procedures of tlre North Carolina Vegetation
Sunrey. The current protocol is a Dore detailed sutxrey nethod
that more precisely depictE the connunity structure. The in-
creased detail allous greater resolution of the changes that take
place through time. One naJor difference is the assignrnent of an
abEolute value to diameter-at-breaet-height (dbh) of all treeE,
as opposed to a viEual egtinate of tree dianeter and the grouping
of trees into Eize classeE. The diarueter values are obtained
using a steel tape measure graded in centimeters nultlplied by
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pi, such that a direct reading could be taken from the tape.
btner differences from the North Carolina Vegetation Sunrey plot
technique Ls the sanpling of all ten of the 10 x 10 meter
subplo€s for herb and shrub cover, rather th?t jus! four, and the
sanpling of al} stem sizeE for trees--€.![.7 including tree
seeatings and saplings. trlore effort is epent to uark the plots
in the iieta and to nap plot locatione from landmarkE.

The basic layout of the plot iE a 50 x 20 meter rectangle.
See the plot tree Daps in Appendix A-g for a graphic description
of the plot layout. It is marked along the center-LLne by 3O cn
metal stakes placed evel? ten neters. The perineter of the plot
is not narked except temporarily at ttre corners and 1O neter
points during the eurnrey. The plot is slope corrected ln the
iieta. The following elenents of the auryey technique rtil! be
deecribed individual,ly: neeted Butivey, herb cover and tree
seedling density surirtey, Ehnrb cover and tree sapling density
surr/ey, and tree aurvey

The layout of the plot, including how the different quadrat
sizes are nested within each other, and a brief description of
how data fron the plot are recorded, is provided in Appendix D.

Plant names and codes. In the field, plants were identified
using the checklist of Kennesaw llountain National Battlefield
Park prepared by Bostick (1994) and Radford et. al. (1968) r or
were collected for later exanination. Unknovn plante were as-
signed a temporary ldentification that often included key charac-
teristics of the plant. Plant identificatione yere carried out
in the herbariun at the Univereity of North Carolina at Chape}
Hill (Nctt), using Radford et. al. (1968), Gleason and Cronquist
(1991),  Cronquist  (1991) and Ieely (1991).  Voucher specimens
will be stored at NCU and have Barnett-Lawrence collectioD nun-
berE. The taxonony used throughout thie study is that of Kartesz
( ] . e e 4 ) .

Species codes sere used throughout the Eurxteys. These are
derived fron the scientific name of the species obsenred. The
species code usea the firet four letterE of the genua followed by
the first three lettere of the species epithet from this narne. A
liEt of the species codes uEed is in Appendix A-1o

Nested sampling for specLes presence. Vascular plant
pr€sence in the plot is recorded using a nested series of
quadrats in four of the 10 x 1O subplots, finally expanding to
the full 2o x 50 m plot area. See Figures 1 and 2 in Appendix D
for a visual representation of this.

The sunrey begins in the snallest quadrat of each of four 10
x 1O m subplot, and continuee through successively larger quadrat
sizes, with species added in the aequence that they are
encountered. Each species is recorded (by code), along with a
nuneric denoting the quadrat size or level in which it iE first
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found.  P■ ants that are not found in any of the ■ o x ■ o n

subp■ ●ts but first encountered in the renaining area of the C.■

ha p■ ot after sanp■ ing of the ■ O x ■ 0 コ  units, are then recorded.

Th●  nunerics for quadrat sizes are:

x ■ 0 し叫)              `
に 32 cn)
■ ■)
2 x 3 . 2 ■)
Ox■ 0■ )
x 5 0 ■) .

In this nanner′  six area■  orders of nagnitude are s● 。red for

species presence,  Variab■ es are:  subp■ ot nuber (i.● ・, Which ■ 0

x ■ O n subp■ ot the quadrat is in), speCies code, and qttadrat size

nuneric (-2 to 3 aS described above).

The nested survey of th●  0.■  ha p■ ots begins in th●  ■o x ■ o

subp■ Ots nuコ bered 4, 5, 6 and 7, (See Figures ■  and 2 in Appendix

D′ and Appendix A-3, Pユ oと Tree Maps, for diagrans of the ■ ayout

of these nested quadrats)and proceeds fron sna■ ■ to ■ arger

quadrat s■ zes.

Nested survey data are ■ isted in Appendix A-9.

Herb cover and tree seedユ inc annsttv samD■ ing.  This is

conducted in a ■  x ■  neter quadrat in each of the ■ O x ■ o'
subp■ ots according to the ■ ayout in Appendix■ ―■0・  Tree
Seett■ings are considered to be stams of tree species ■ ess thttn ■
neter in height.  Variab■ es are: subp■ ot nl・硫her tice・ , Which ■ O x
■o ■ subp■ ot the quadrat is in), Species code, and either herb
cover c■ ass (for herbs)。 r nuコ ber of stOmミ  (for tree seed■ ings)。

Cover is estinated by gauging the tota■  a■ount of bare

grOund 。 ゎscuFed by a particu■ ar species.  Even if there is コ ore
than one ■ ayer of a p■ ant′ the area of overlap within the spec■ es
is not added to the tota■  area.  cover c■ asses are used.
Presence of a species that has neg■ igib■ e cover te.g., <0・ 0■培 if
neasured accurate■ y)iS Sti■ ■ counted in the base cover c■ ass of
3を.  Overa■ ■ tota■ s for cover nay exceed ■ ooを .

The percent cover of ■ osses and lichens, rock, bare area,
fa■■en ■ ogs, and standing water is a■ go estinated.  unaccounted
for area iS assuned to be ■ eaf ■ itter.

cover c■ asses are:

0-5暑  cover =  3

5-25暑       = ■ 5

25-50暑       = 37

50-75培       = 62

75-95培       = 85

95-■ 00培      = 97
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Herb cover data sumnaries are llEted in Appendix A-7, tree
seedling data sumnaries i.n Appendix A-8.

Shrub cover and tree Eaplino denEitv samplincr. This is
conducted in t 3.2 * 3.2 neter quadrat, neEted upon that which is
used for the herb cover 6unfey, in each of the ten 10 x 10 meter
subplots. VariableE are eubplot number (i.e., rhich 10 x 1O n
sufpfot the quadrat is ln), species code, and Ehnrb cover cLaEs
(fol shnrbs) and nunber of eteus (for tree eaplings) . Cover
classes are the 6ame aa for herbs.

Tree eaplings are recorded in two el.ze classes; tlrose be-
tween l. neter and 1.4 n tall (breaet hel.ght' bh) and tlrose
greater than 1.4 m tall but less than 1 cm in dianeter at this
height (<1 sn dbh).

shrub cover data Eummariea are lieted in Appendix A-4,
below-breast-height sapling data Eunnaries are listed in Appendix
A-5, and above-breast-height eapling data summaries in Appendix
A-6 .

Tree samplincr. All live voody plants greater than or equal
to 1 cm at breast height (>-1 cn dbh) are Deaaured ueing a steel
tape measure narked off in centimeters x pl. Standing dead trees
greater than or egual to 10 cn at breast height (>=1O cn dbh) are
recorded. All trees, dead or a1ive, greater than or equal to 1o
cn at breast height are Dapped ae circles (sized approxinately
proportional to dbh) on a diagran of the O.1 ha plot. Dead trees
are marked vith an rxi in the circle. Fallen logE )=1o cm in
diameter are aleo sketehed in on the naps. other features, Euch
as rock outcrops or pools of rater, are added to the sketch naps.

The tree sanplLng is conducted one 10 x 10 u subplot at a
tine. This aids in the napping of the trees and also for the
calculation of ttre frequency of occurrence of each voody plant
species.

As weII as being napped, all treeE >=10 cn dbh are aEsitmed
a dominance claEs between 1 and 5:

1 - dominant canopy tree rising weII above averagre canopy
height

2 - co-doninant canopy tree reachLng average canopy
height

3 - subdominant tree below average canopy height
4 - strongly suppressed, unhealthy or danaged tree
5 - standing dead tree

Raw tree data are listed in Appendix A-2, tree data 6uD-
mariee are listed in Appendix A-1, and plot tree Daps are in
Appendix A-3.

■0
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SoiI sanples. Soil samples are taken bY collecting
approffi-atEFO-o-graDs of soil from five poingg along the plot
clirter-fine.- It il very important that the EoiI not be taken
tron within the nested EerieE of quadrats that begin at the
"!"["i-fi"" in each 10 x 10 subplot. Rather, eoil should be
taken from the eide of the center-Iine oppoelte the one vhere
species presence uas scored.

The humus layer and that part of ttre eoil eurface with large
amounts of re-ognizable organiL debrls are reDoved and the soil
sanpte taken. ih"s" layeri should be replaced after eoil renov-
;t:--Ttre soil should be stored ln either pap?r or clottr bags' -
Plastic bage do not allow efficient drying of th9 sanples' -After
ir"i"g-iir-6"f"a the five sampLes lron a single plgt are pooled'

ri*"6, and a tnf""t of thlE ient for analyel'e..-The eoil-aamples
must not be ove-n-arfed since this will change the composition of

the sample.

Soil sample data are located in Appendix C'

Site Locations and Descriptions

This section describes the nean6 used to mark plots and

docunents proi rocations for resarnpring. The process of nnapping

intr a plot is also outlined'

where possible (e.g., except on roclc outcrops--exceptions
are noted on ;;p; and aiti sheels), plote are marked at the 0 u

end of the centlr-Ilne sittr a one neter 19tg piece of 1'9 cr

steel re-bar. At least two feet of this bar project above the

Iitter layer. ;ih";;-;;"tiUt", a 30 _cn length of steel tubing ie

piicea in-the grguna it tfre 5O n end. 30 cm long oieceE of PVC

;ip" ire p1acefi in the ground at the 10, 20, 30 and 4O m PointE
along tfre ceni"t-fitt", tinles" the eubEtrate at that point pre-

vent6a it. A cornbinaflon of steel and P\IC uarkers are used to

control costs and to ensure that, in the event of a fire, th9

rocation or ine plot is not obliierated. The nature and poeition

of the stakes is-always indicated on ptot laps and data Eheets.

t{hen plots are located far from any easily_located landnark,
trees are tafg"a rittr 2.5 cn nunbered aluninun disks and rnapped"

to the plot. 
--Thi" 

requiree taking a bearing fron-the tagged, or
xwitnessf,, tree--[o a-specified polnt yithin the plot. Thie is

usually tne o-n ctnter--rine Etake. The distance from tbe sitness
tree to the stake is loeaEured and lncluded with the bearing in

the vector (note that no correction to tnre North was used;
"orp""t angits uere recorded directty from nagnetic North) '
witness trees are tagged and vectors calculated as necessarlz-to
;;;-i ctrain finfing-i permanent landnark sith the plot. This

!r-"""t is known as rmapping inn the plot' '

the event that witness trees falt it is stlll possible to
Uearings and distances to find the points fron which to

■■
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that the neans of 工 ocating one of the plota is a neans to ■ ocate
the others.

多t=脱
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Results

In thiE section each of the twelve 20 x 5O m plots is brief-
ly described. The plot descriptionE include all permanent mark-
ers and detailed inEtructionE on how to locate each plot. The
vegetation is briefly characterized based on the data summaries
in Appendix A. Dominant species are thoEe with inportance values
and relative importance values of at least ten percent. Species
are listed from most doninant to least doninant.

Plot Descriptions

Figures 1 and 2 are Ecanned portions of USGS topographic
map: Dtarietta quad (USGS 7.5 ninute series). For additional plot
information, such as photograph fraues shot, canopy height and
inclination, see Appendix B.

PIot KEI{OI

In this plot the canopy is domlnated by Pinus taeda. Lirio-
dendron tulipifera and Liquidanbar stvraciflua. The sub-canopy
is mostly Cornus florida. ThiE plot is located in a wooded
lowland area cLose to l{ard creek. ft yaE selected as a site for
the nonitoring of Privet (Licrustrun Einense) . See figuree 2 and
3 for 1ocation lnstructions.

Plot KEII{O2

In this plot the canopy is doninated by Pinus taeda and
Ouercus prinus. The Eub-canopy is noEtly Cornus florida. ThiE
plot ie located in a lowland wooded area north of Old Hlghway 41.
This area receives very little hunan preasure, but uay develop a
high Privet density. A sapling of Magnolia acuminata occur6 in
the plot. See fJ,guree 1 and 4 for location instlalctions.

PIot KEII'O3

This plot is located in a granite outcrop. As one yalks
from the parking area on the l{ountain Road, along the trail south
to Little Kennesaw l.tountain, it is the first large outcrop en-
countered on the east eide of ttre trail. The outcrop is -asily
accessible with an easily detected trail. The outcrop is strbJ-ct
to considerable hunan pressures, partJ.y becauEe the city of
Atlanta may be Eeen from it. One of the narkers attached to the
rock is very close to where the trail entere the outcrop proper.
There is no conEistent canopy, nuch of tbe area being open, but
dominant trees are Carya crlabra, Ulnus alata and Carara affi.
other woody cover includes Rhus copallina and pEelea gijeg,tiA.
See figrures 1 and 5 for location inEtnrctionE

Plot KEltO4

■4

Doninant canopy trees ar●  ouercus prinus, carva a■ ba and
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ouercus velutina. Diospvroe vircriniana is doninant in the under-
story. This is one of two plots that begin to characterize the
vegetation of the northweEt facing slopes of KenneEaw llountain.
Plot KEUO5 is part of this pair of plots. See figures 1 and 6
for location instnrctions.

Plot KEI.iO5

Doninant canopy trees are gggEggg prl-nus and Canra gl-abra.
The subcanopy dominant is Asinina triloba. This is one of two
plots that begin to characterize the vegetation of ttre northweEt
facing slopes of Kennesaw l{ountain. 'A ecorpion yaE Been in this
plot. Plot KEl.Io4 is part of ttris pair of plots. see figrures 1
and 6 for location instmctions.

Plot KEI{O6

Donl-nant canopy trees are P;L1UE taeda and Liri,odendron
tulipifera. The understory is dominated by saplings or ecEr
rubrum. This is a wooded lowland p].ot prinariry intended for
Priveit monitoring. There are two old trees near the plot next to
a small creek. These trees uay predate the battle at Kenneeaw
and certainry were left aE shade trees, possibly for a nearby
house site. The trees are napped in to the plot. see figrurLs z
and 9 for location instnrctions.

PIot KEIIIOT

This is a granite outcrop plot. The trail from Kennesaw to
r,ittre KenneEav ltountain passea through this outcrop, srightly
upslope and to the veEt of the prot. This granite outcrop is
Eubject to coneiderable hu.man preggures. WitnesE tree *Zb is
adjacent to the east side of the trail. This tree waE used as a
narker for uork carried out in Boetick, 1994 (and Boetick perg.
courn.). The tree is mapped, along the trail, to a knob on the
back of the barrel of the nearest (northernmost) of three cannons
marking a grun enplacement on the crest of the hill. Irluch of the
aTe? is open but coumon treeE are lllgug alata. chionanthus vir-
crinicus and Catrra gIAbIg. See figures 1, I ana ren
instructions.

Plot KEI{O8

This plot is one of two that begins to characterize the
vegetation on the southeaet facing slopes of Little Kennesaw
uountain. The canopy iE douinated by ouercus prinus. carara arba
and ouercus vglutina. The underEtory is uostLy Sassifiis afbi-
dum. KE!{o12 is part of this pair of plots. see figures l, to
and 11 for relocation inEtructions.

Plot KE}{O9

This plot nust be located using sone of the aane Lnstnlc-
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tions as for KEIriOS. It is a granite outcrop plot in an outcrop
that does not suffer any human impact. The inclination of the
plot is considerable. Great care must be taken when moving
lround on the rock face. ltuch of the area is open but cornrnon
trees are $AEIA alba' Carya olabra' ouercqF DrinBs and gggEgllg
narilandica. Another common woody plant ie Vacciniun arboreum.
See figiures 1, 1O and 11 for relocation inetructions.

Plot KEl,tOlO

This iE a granite outcrop plot. This outcrop le eubject to
considerable htrnan pressurea. l.tuch of the area is open but
significant roody cover conee from IIInus al?ta, Carrra glabra'
Fraxinus gpr and Chionanthus vLrginicue. Titneee tree *36 is
napped in, along the trail, to a knob on the back of the barrel
on the northernnost of three cannona that nark a gun enplacement
beside.the trail. The eaEt Eide of witness tree #35 sernres as
the On point (see figure L2r. An aluninun tag was adhered to the
rock at the 30rn point. It sill be necessar-y to locate this plot
in order to find plot KEUO11. See figrures 1' 10 and 12 for
location instructions.

Plot KEMOI1

This is a granite outcrop plot. This outcrop is connected
vith the one in which plot KEI{OIO is located. The part o.f the
outcrop in which KEIrtOl'l is located appears to be less frequented
by visitors to the park. KEI{olo must be located in order to
locate this plot. lluch of the area is open but sigmificant woody
cover cones from Fraxinus sp.. Junipenrs virginiana. Ulmus alata
and Chionanthus virqinicus. See figures L, 10 and 12 for loca-
tion instructions.

PIot KEltOl2

This plot is part of a pair, with KEUO8, that begin to
characterize tbe vegetation of the eoutheaetern elopes of Little
Kennesaw l{ountain. lfhe canopy Le douinated by Carya alba, ouer-
cus prinus and gggEggg velutina. The subcanopy is nostly Sassa-
fras albidun. It will be necessarT to gain access to a gated
Park road, that runs along the eastern foot of Little Kennesaw
and KenneEaw Dtountains, to reach thie plot. See figures 1 and 13
for location instmctionE.

■6
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Discussion

Over 40 species were found that are not on the current
checklist. A careful search of arl areas in the park should be
carried out to complete the species inventory. A short search
near the trairs south of cheathan Hllr found glmripedium sp. and
Malaxis uniflora, two orchids.that are not on the current check-
list. other plants new to the current checklist are preceded by
the letter rnr on the Species Code List (Appendix A-lb)

Granite outcrops

The highest priority monitoring requlrement for Kennesaw
![ountain is the granite outcrops. TheEe have high natural value
because of ttreir uniqueness and high divereity. All of the
outcrops should all be identified and nnmbered and a complete
floristic inventory with establishment of pernanent sanple plots
should be undertaken. To date, the work has been focused only on
rare species and more accessible outcrops.

Hunan impacts on the granite outcrops remains a potentially
serious problen. The areas of thin soil and moss cover that
Eurround the rock are easily danaged, leading to soil erosion and
an increaEe in the bare rock. This uakeE the outcrop nore
attractive to visitorE, thus accelerating the changtes.

There are many outcrops on the flanks of both Kennesaw and
Little Kennesav ltountain that are far fron ttre heavily traveled
trails. These areas uay be very difficult, even hazardous, to
reach. A conplete inventory of all extant outcrops is esEential
in assessing the extent to which this resource iE threatened. It
is possible that the full'range of granite outcrop diversity is
represented in, and thus protected by, currently inaccessible
outcrops.

The extent to which the coumunities are inpacted by park
visitors ie being uonitored for the rare species (Boetick, 1994).
The outcrop flora aE a whole, houever, uay be deteriorating.
Protection etandardE should be set for the currently non-visited
outcrops. This nay ultinately provide inforoation for the possi-
ble future restoratLon of the impacted areas.

Certain exotic species occur on the outcrops, notably
Connelina coununis. less so DlgiSgIig Eancruinalis. These nay
both respond to hunan disturbance and conpete with native plant
epecies.

There are five permanent nonitoring plots located in granite
outcrops: KEMO3 , KEMOT , KEUO9, KEI,IO10 and KEI{O1.I.. Plots KElrlO3 ,
KElttOT and KEMO1O are located in the outcrops that suffer the most
inpact fron visitors. Plot KEl.tOg is far off the beaten track and
is unlikely to receive much visitor pressure. Plot KEUOl.l iE
intermediate.

■7
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The species inventory Ehould be acconpanied by the
establishnLnt and sampling of at 2O x 5O m permanent plots in
each outcrop. TheEe plots have proved to be a particularly
thorough nelns of detecting species Presence' ae they require a
painstiking exanination of areas flora in a systematic nanner.
iloreover, the plote would allov aaEeaaDent of changes in the
vegetation.

The completion of a set of nonitoring plote could be carried
out in one field Beaaon. It nould require one leader/taxonomist-
ecologist (1 full-tine position for six nonths to allou data
curation, sunmat?, and analyels) and a field aeEietant for plots,
data entry, and nanageuent of herbariurn spectuens (1 full-tiloe
position ior four months). Alt outcrops ehould be visited in
each season and a full Eet of voucher epecinens collected for
each.

Forest veoetati.on

For the general nonitoring of the park, in area6 around the
slopes of Kennesaw and Little Kennesaw ltountain, a total of 25
Dore plots should be added, stratified by elevation, topography,
diEturbance history and conmunity type. ThiE is a uoderate
priority.

The completion of the general monitoring progrErm, Privet
monitoring program, and floristic inventory could be done in one
season. This vork would require one leader/taxononist-ecologist
(1 full-tine position for five nonthE to alLow data curation,
aumnary, and analysls) and a field aesiEtant for plots, data
entry, and nanagement of herbariuni specimens (1 full-tine
position for three uonths).

Wooded Slope Flora. The wooded slopes range fron areas
dominated by Hickories to those that are dominated, almost
exclusively, by Chestnut oak. The underetory is in places very
Eparre, in others dominated by Sassafras or Sparkleberry
(Vaccinitu arboreum) . Some open underEtorieE support a well
developed herb layer that haa nany speciee sinilaritieE with the
granite outcrops. Much of the area is inacceEsible to the
average park visitor and iE undisturbed. The history of the
area, however, is reflected in the coumoR occurrence of several
exotic species. Sone of ttrese exotics were cultlvated on the
slopes before and after the battle at Kennesaw.

There are four permanent pJ.ots located on the slopes of
Kennesaw and Little Kennesas l{ountain: KEIitO4, KEItlOs, KEI{O8 and
KEIr{ol2, Iocated on northwest and southeast aspects at low and
high elevation.

Further characterization of the wooded slopes of Kennesaw
and Little Kennesaw l{ountain would provide a baseline for the

■8



VECETATION MONITORINC AT KENNESAW MOUNTAIN NBP

Iong term measurement of the effectE of air pollution, and
changes that may be taking place in the conposition of the cano-
pv.

The stratification of the erqlanded nonitoring should include
low, mid and high elevation, more aspects (such as northeast and
southwest), and different times since disturbance. The areas
heavily damaged by a recent tornado provide arnple Epace for
several o.1 hectare plots.

Lowland Woods Flora. Privet is a najor problen particularly
in the lowland areas of the park. The current 3 plots ln the
lowlands should be expanded to 10 to determine the iupact on the
native species. There may be some areas that Privet has not yet
colonized, and that are good representations of the native flora.
These areas rnust be identified.

The lowland woods are perhaps the least floristically inter-
esting of the natural areas at Kennesaw. The stands are Eucces-
sional, with little or no rennante of preexisting forest. Trro
apparently old trees uere found near Plot KEIIiOS. These could be
the legacy of past farmers having left then as shade trees. It
is difficult to estimate the age of these trees but it is
probable that they were present at the tl,me of the battle at
Kennesaw Dtountain. There may be a few other such trees scattered
throughout the lowlands of the park

other EsnilsEing issues

In order to continue gteneril nonitoring of the current plots
it is recommended that they be resampled every five years. If a
specific threat is associated with a plot, if change appears
rapid, or if mechanisms of change must be discovered, then the
resanpling should be carried out on an annual basis.

■9
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Figures

Figure ユ : LOCations of P■ ots KEM02-KBM05 and

KEM07--0■ 2

Figure 2: Locations of p■ ots KEMO■  and KEM06

Figure 3: P■ Ot XEMO■   .

Figure 4: p10t ICM02
Figure 5: P■ 6t KEM03

Figure 6: P■ ots ICM04 and KEM05

Figure 7: Infomation for p■ ots mH04 and KEM05

Figure 8: P■ Ot XEM07

Figure 9: p■ Ot KEM06

Figure ■ 0: Re■ ative ■ ocations of P■ ots KEM07,

ICM08, XEM09, KEMO■ O and -0■ ■

Figure ■ ■: p■ ots KEM08 and nMo9

Figure ■ 2: P■ Ots KEMO■ O AND ImO■ ■

Figure ■ 3: P■ ot mMO■ 2



Figure ■ 8  Locatio■ 3 0f p■ 。こg xEM02‐ KEM05

and XEM07-maO■ 2
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figure 2: Locatioas of Plots KE}lol aad f,Exo6
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Figure 3: P■ ot XEMO■
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