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ABSTRACT 

Wi th the study area for the Great Smoky Mountai ns Nati onal Park , 

691 bl ack bear ( Urs us ameri canus ) mark trees were l ocated . Mark trees 

al ong 1 35 km of presel ected i ndex trai l s  were tagged , phys i ognomi c 

pa rameters around the trees measured , and characteri sti cs of the tree and 

mark recorded . Trees a l ong the i ndex trai l s  were reobserved peri odi cal ly  

from Apri l to  December ,  1 976-1 977 , to  mon i tor fresh  marki ng. Addi ti onal 

mark trees l ocated away from manmade trai l s  were characteri zed and 

c l ass i fi ed as  to their  pos i ti on on the s l ope . Mul ti vari ate analyses 

on an around mark t ree were attempted to further de l i neate the 

re l ati onsh i p  between envi ronmental parameters and mar k i ng .  

Al l mark trees were found near some type of tra i l .  Marks on trees 

genera l l y  faced the tra i l  and up the s l ope . The marks were centered at 

approxi mately  1 . 6-1 . 7  m above the ground. E i ght con i ferous and 26 

hardwood speci es were marked . The choi ce of spec i es apparently  refl ects 

thei r avai l abi l i ty i n  areas of h i gh bear use . Most mark trees were l ocated 

a l ong abandoned trai l s  and ri dge tops . Most fresh mark i ng occurred duri ng 

May , J une , and Ju l y ,  but some fresh marks were observed duri ng  al l 

porti ons  of the year i n  whi ch the bears were acti ve . Thi rty-one percent 

and 23% of the mark trees al ong i ndex routes were marked fresh duri ng 1 976 

and 1 977 , respecti vely .  

The i nc idence of fresh mark i ng from year to year or l ocation to 

l ocati on may be useful as an i ndex to popu l at ion dens i ty .  The form 

and funct i on of bear mark ing  was di scussed and hypotheses were proposed . 

None of the di scussed funct i ons cou l d be d i sproved and the data i ndi cated 

that mark i ng.by bears has more than one funct i on .  A compari son of bear 

i i i  



mark ing  with  scent g l and mark ing  i n  other mammal s demonstrated a c l ose 

resembl ance of thei r respecti ve characteri stics . Stepwi se regress i on 

i v  

and di scri mi nant functi on ana lys i s  i nd icated that phys i ognomi c parameters 

affected both the t ime of year trees were marked and wh ich  trees were 

marked to a measurabl e  extent.  Th i s  s tudy estab l i shes basel i ne data for 

further i nvesti gati ons i nto the rol e  of marki ng  i n  the natura l  h i s tory 

of the bl ack bear .  
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I .  INTRODUCTION 

Bear ma rk trees , s i gn post ,  or  scratch i ng trees have puzzl ed 

natural i sts and b io l ogi sts fo r many years . Th e funct i on of and 

motivation fo r bears ' b i ti ng , cl aw i ng ,  and rubbi n g  aga i ns t  trees have 

prompted a vari ety of theor ies . Mos t hypothes es have not been tes ted 

and none seem satis factory for al l the di fferent types of bear mark ing . 

Deta i l ed i nvesti gat ions have been minima l ;  i nformati on has 

usual ly  been anecdo.tal , and/or the study was carried out as an as ide to 

a l arger ,  mo re general project . The i nfo rmation i s  a l so compl icated by 

the impl i c i t  as sumpti on of most authors that mark i ng i s  essenti al ly  the 

same i n  both bl ack bears and brown/gri zzl y bea rs ( U .  a rctos ) .  Th i s  

assumpt ion i s  re ta i ned i n  th i s  study due to the spars i ty of i nfo rmation 

i n  general and the l ack  of evi dence to the contrary .  

Early wri t ing about bear marki ng cons i s ted excl u s i vely of  

anecdotes and specul ation .  M i l l s  ( 1 9 1 9 )  cons idered the trees as 

"i nformati on pl aces" and d id  not specul ate any further .  Seaton ( 1 925 )  

a l so descri bed the trees as i nformation pl aces and add it i onal ly  

suggested that they had the same function a s  the u ri nary s i gnpost of the 

can ids . 

Meyer-Hol sapfel ( 1 957 ) made no fi rm concl us i ons , but sugges ted 

mark i ng might serve as some type of body care and pos s i bl y  functioned i n  

soc i a l  commun ication .  I n  a l ater paper (Meyer-Ho l sapfe l 1 968)  she 

proposed that rubbi ng res i nous objects on the body cou l d  reduce 

ectoparas i te numbers . 
/.. 



Tschanz et al. (1970) studied rubb� ng behavior in captive brown 

bears. Four adult male/female pairs were kept in 2 zoo bear pits. 

Pairs did not have contact with other pairs; they were temporally 

spaced. The following observations were reported: (1) one form of 

rubbing (standing and rubbing the dorsal side of the body against an 

object) was exhibited in 78% of all rubbing incidents; (2) males rubbed 

more frequently and 11more generously11 than females; ( 3 )  males have more 

rubbing forms than females; (4) rolling in front of rubbing places was 

only observed in males; (5) the males did not always cover each others 

marks; (6) the bears rubbed most on optically changed places; 

2 

(7) immature bears hesitated to approach rubs made by strange adults; 

(8) immature bears rarely exhibited the more prominent forms of rubbing; 

(9) while there were several rubbing places scattered around each pit, 

the lone tree in each pit was the center of rubbing activity; (10) while 

rubbing occurred during all non-denning months, the peak of male rubbing 

occurred during the breeding season; (11� the peak of female rubbing 

occurred at the end of the moult; and (12) males could distinguish 

female rubs from male rubs. By manipulation of the bears between pits, 

Tschanz et al. (op. cit. ) may also have demonstrated that the marking 

bear uses the marks as part of a spatial relations (orientation) system. 

t�st recent studies tend to agree with those portions of the work 

of Tschanz et al. (1970) to which each pertains. Both Harger (1974) and 

Rogers (1977) observed mark trees of black bears and found that most 

marking occurred during or just prior to the breeding season. Shaffer 

(1971) found no seasonal pattern of visits of black and grizzly bears 

to mark trees in Montana. However, he marked all of his trees with 

' 



conspi cuous red bands; that coul d have caused more v i s i ts to the trees 

due to cu rios i ty. Rogers ( 1 977 )  al so observed that most  ma rki ng was 

done by adul t ma l e  bears. 

3 

Some data have been col l ected on  the cha racteri st ics of the mark 

trees themsel ves. Mos t  trees found were coni fers (Mi l l s  1 9 1 9 ,  Seaton 

1 925 , Dokken 1 954 , Meyer-Hol sapfel 1 957 ,  Shaffer 1 971 , Rogers 1 977 ) ; 

on ly Spencer  ( 1 966 ) and Rogers ( 1 9 77 ) menti oned ang iosperm mark trees . 

Mark trees are l ocated al ong trai l s  ( Gri nnel et al . 1 937 ) ,  an d they are 

marked on the port ion of the tree facing  the tra i l  ( Shaffer 1 971 ) .  

The conspicuous ness of mark trees i s  thei r most  notabl e feature . 

Th i s  ease of observabi l i ty comb i ned wi th the rel ative permanence of 

marks ma kes an i deal bear s i gn for conti nued observation. The marks may 

then al so be u seful as an i ndi rect popul ation moni tor .  The use  of animal 

"si gn" as a popu l ati on index i s  cons i dered l ess rel i abl e than more 

di rect methods , but the amount of effort needed to us e more standard 

methods for the annual mon i tori ng of a bear popul ation is proh i bi ti ve to 

most agenci es , pa rt icu l arl y  when ki l l  data are not avai l ab l e. 

For bl ack bears , scent stati ons and 11 S i gn" routes have been used 

to estimate re l at i ve abundance. Spencer ( 1 966 ) used s i gn ( i ncl ud i ng 

mark trees ) to estimate rel ati ve b l ack bear abundance wi th l imi ted 

success i n  Ma i ne. li ndzey and Mes l ow ( 1 977 ) used scent stati ons to 

deri ve a rel ative i ndex for an i s l and  popul ati on i n  Washi ngton. Pe l ton 

( 1 972 ) used scats and h i kers • bear s i ghti ngs to esti mate bl ack bear 

activ i ty i n  the Great Smoky Mounta i ns National  Pa rk ( GSMNP or  Park ) .  

Matthews ( 1 977 )  determined that the i nci dence of b l ack bear scats 

varied wi th season , al ti tude , and eco l og ical s i te and s uch variabi l i ty 



4 

must be taken into consideration before accurate and precise indices can 

be developed. None of the authors demonstrated that a change in bear 

density accompanied a change in their index value or criterion. 

The present effort was undertaken as a descriptive study of mark 

trees and marking occurrence and to evaluate the potential use of mark 

trees as a population monitor. 



I I .  STUDY AREA 

Thi s  study was conducted wi th i n  the Great Smoky Mou nta i ns 

National Park . The 50, 607 ha study area compri ses the northwest 

quadrant of the Park; it i s  bounded by the transmounta i n  road 

( U . S .  441 ) to the east and by the Tennessee-North Carol i na bounda ry 

to th e south ( Fi g�re 1 ) .  Access to th e s tudy area i s  l i mi ted to 64 km 

of improved roads , 88 km of unimproved roads , 400 km of ma i nta i ned foot 

trai l s ,  and over 240 km of abandoned tra i l s  and ra i l road beds . 

El evati ons wi th i n  the study area range from 270 to 2,024 m above sea 

l evel ; hal f of the study area is over 1 000 m .  Dra i nage of  the steep 

v-shaped val l eys and l ong , na rrow ri dges is prov i ded by approximate ly  

960 km of  rocky, fast fl owing streams . 

H igh re l ief ,  varied as pects , and h i gh prec i p i tation are . · 

respons i bl e  fo r a wi de range of s i tes wi th much i ntermi ngl i ng of di verse 

forest types . Shanks ( 1 954)  and Wh i ttaker ( 1 956)  reported 6 forest 

types ; Go l den ( 1 974 )  gave 20 and compared the vari ous c l as s i fi cation 

sys tems . The 6 types of Shanks are the mos t  apparent; maj or tree 

species from each type are presented i n  Tab l e  1 .  

Vegetation wi thin the Park i s  best  known for i ts denseness , 

compl ex ity ,  and d ivers i ty .  The d i stri but ion of  fo rest types may be 

s i mpl i fied as fol l ows . The spruce-fi r fo rest is  l oca ted at the h ighest 

e l evati ons . The northern ha rdwoods occupy the s l opes j u st bel ow the 

spruce-fi r and the more exposed s l opes w i th i n  the spruce-fi r el evation 

range . Cove hardwoods occur i n  the shel tered val l eys . Open oak-pi ne 

stands and heath th ickets are l ocated on dry exposed ri dge tops . 

5 



Figure 1. Map of the study area showing index routes within the Great 
Smoky Mountains National Park. 

6 
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Tab l e  1 .  Fores t associations and thei r important tree speci es i n  the 
Great Smoky Mounta i ns National Park . 

Forest association type 

Cove Hardwood 

Heml ock 

Northe rn ha rdwood 

Cl osed oak 

Open oak and p ine 

Spruce- fi r 

·Important species 

Eas tern heml ock (Ts uga canadensi s )  
S i l verbel l ( Ha les 1 a  monticola) 
Yel l ow buckeye (Aescul us oc tandra ) 
Tul i p  popl ar ( L iri oden dron tulipifera ) 
Beech ( b�gus frandi fa 1 i a} 
Yel l ow 1 rch Betul a alle heni ens i s )  
B l ack  cherry ( Prun us serot1 na 
Rhododendron ( Rhododen dron spp . ) 

Eastern heml ock (T�uga canadens i s )  
Yel l ow b i rch ( Betu a a l legheniens i s )  
S i l verbel l ( Ha l es i a  mont i col a} 
Fraser magnolia (Magnolia fraseri ) 

Beech ( Fafus Rrandi fol i a )  
Sugar map e l cer saccharum ) 
Yel l ow buckeye-\Aescu l us octandra ) 
Yel l ow bi rch ( Betula allegheniensis ) 

Ches tnut oak (Quercus ori nus ) 
Wh i te oa k {Quercus al ba} 
Bl ack oa k (Quercus velUtina ) 
Northern red oak (Quercus rubra ) 
P i gnut h i ckory (Ca{ya gl abr� 
Mockernut h i ckory Ca rya tomentos a )  
Sourwood (Oxydendrum arboreum) 

Sassafras (Sassa fras al bi dum) 
Scatl et oak (Quercus cocc1nea ) 
P i tch p i ne ( Pinus rigida} 
V i rg i n i a  pi ne-TP1nus virg i n i ana ) 
Mounta i n  l aure l�mia l a tifo l ia )  

Red s pruce ( P icea rubens ) 
Fraser fi r (ATbies fraseri ) 

8 

Source :  R .  E .  Shan ks , "Reference 1 i s t  of nat i ve pl ants in  the 
Great Smoky Mountai ns . "  Botany Department ,  The Un ivers i ty of Tennessee, 
Knoxvi l l e ,  1 954 . (mi meographed ) .  



Closed oak forest occur on slopes with intermediate exposure. The 

hemlock forest type also occupies the streamsides at low elevations but 

changes to more exposed sites as elevation increases. 

9 

Rhododendron spp., Kalmia latifolia, Smilax spp. and/or numerous 

minor associates frequently form nearly impenetrable understory thickets 

on almost all types of sites, and especially on dry ridges. Vaccinium 

sp. and Gaylussacia sp. are frequent and continuous understory shrubs in 

the open oak-pine forest. 

A few grassy "balds" are present at the higher elevations and 

Cades Cove (Figure 1 )  is maintained in pastures and fields. 



I I I .  METHODS AND MATER IALS 

Defi n i tions 

Actual bl ack bear mark trees must be di sti ngu i s hed from oth er 

bear 11 S i gn .. assoc i ated wi th trees . Spec i fi cal ly  a mark tree i s  not an 

Aspen ( Popu l u s sp . ) that has been cl imbed and retai ned the cl aw ma rks as 

reported by r�i nor ( 1 946) , and it is  not a tree wh ich has had i ts bark 

ri pped off and i ts cambi um eaten by a bear ( Poel ker and Hartwel l 1 973) . 

A mark tree i s  a tree that has been b i tten , cl awed , and/or rubbed by a 

bear at  approximately the he i ght  of a standi ng  an imal such that the 

damage d id  not occu r whi l e  feed i ng upon or cl imb i ng the tree . The mark 

wi l l  pers i st for a si ngl e season or several years , depend i ng upon the 

i ntens i ty of the mark and re-marki ng . 

Marki ng i tsel f i s  defi ned as.maki ng a pers i s tent change in  the 

envi ronmen t and consequently l eavi ng i nformat ion for or caus i ng a change 

i n  the behav i o r  or phys io l ogy of cons peci fics , the marker,  or  members of 

another spec ies upon percepti on or contact wi th the mark . The responder 

perce ives the s i gnal (mark ) in the absence of the marker except by 

co i nc idence and wh en the responder i s  the marker . 

Data Col l ection 

Beg i nn i ng i n  August  1 975 , mark trees were l ocated th roughout the 

study area and identified to th e l owest taxon , us ual ly species . 

Searches were condu cted both on and off tra i l . Trai l s  we re cl ass i fied 

as abandoned or  mai ntai ned; ma i nta i ned tra i l s  were cl as s i fied i nto 2 

categori es as the Appa lachian Tra i l  or other trai l s . Off-trai l searches 

1 0  
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were cl assi fied accord i ng to the type of search . Unstructu red searches 

were conducted i n  the i mmediate v ic i n i ty of 6 wel l -used panh and l er bear 

si tes al ong the transmounta i n  road and in the spruce-fi r forest; 3 si tes 

were l ocated on the ori gina l  road and 3 on a newer portion of the roa d .  

Add it ional off-tra i l  search i ng was condu cted away from manmade 

al terati ons of the envi ronment such as tra i l s  and campsi tes . 

Twenty-fi ve 1000 m random transects were searched th roughout th e study 

a rea . Other off-tra i l  searches fol l owed ridge tops, val l ey bottoms, or  

noth i ng ( c ross-country ) . These wi l derness sea rch es were conducted i n  

al l forest types, but no t propo rtionately so . 

Among the trai l s  searched, 135 km of presel ected trai l s  were 

cl assi fied as i ndex routes. These 6 routes (Fi gure 1 and Tabl e 2) have 

portions l ocated i n  al l maj or  vegetati on types . The routes are composed 

of 116 km of ma i ntai ned trai l s  (18 km of wh ich are part of the . 

Appal ach i an  Tra i l ) and 18 km of abandoned tra i l s . Mark trees l ocated on 

i ndex routes were i nconspi cuousl y tagged wi th a permanent, numbered 

metal tag pl aced at the base of the tree away from the tra i l .  The i ndex 

routes were hi ked and trees checked biweek ly  from l a te spring (May ) to 

earl y fal l (October )  and month ly  as weather permi tted duri ng other 

months of 1976 and 1977. When a fresh mark or other ch ange i n  a tree ' s  

appearance was observed, i t  was noted and a sketch of the ma rk was drawn 

for compa rison duri ng the fol l owing checks . For most mark trees al ong 

i ndex routes, measurements of the tree, ma rk, and surrounding area were 

made ( Tab l e  3). 

Seventy-ei ght of the mark trees on the i ndex routes were randomly 

sel ected for pl ot sampl es on the nearby vegetati on; these are referred 



Tabl e 2. Length of tra i l ,- l ength of tra i l  types , and el evati on extremes for i ndex routes i n  the 
Great Smoky Mountai ns National Park . 

Length {kml Mi n i mum Ma ximum 
Mai nta ined el evati on el evat ion 

Rou te name Tota l i!;T Other Abandoned ( m) (m) 

Suga rl and Mounta i n  17. 2 0 17.2 0 573 1828 

El kmont-Bent Anm 28. 8 7.2 13. 6 8.0 890 1755 

Tremont-Derri ck Knob 24. 8 4. 8 20. 0 0 792 1584 

Bote Mounta i n  to Defeat Ri dge 12. 8 0 6. 4 6.4 599 1219 

Defeat Ri dge 15. 2 6. 4 4. 8 4. 0 777 1671 

Hannah Mounta i n  36. 0 0 36. 0 0 441 1508 

Total 134. 8 18.4  98.0  18.4 

__, 

N 
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Table 3 .  Identification of variables measured around mark trees on 
index routes in the Great Smoky Mountains National Park. 

Variable name 

DISTANCEa 

DISTANCE TO TRAIL 

UPDOWNa 

DOMINANCEa 

SLOPE OF GROUNDa 

ASPECTa 

HEIGHT TO SCAR 

LENGTH OF SCAR 

WIDTH OF SCAR 

MARK AGE 

SPECIESa 

LOCATRAIL 

LOCASLOPE 

Variable description or method of measurement 

Diameter of the mark tree in em at 1. 4 m above the 
ground. 

Distance to nearest mark tree along the trail with 
an arbitrary maximum of 999 m. 

Distance from mark tree to nearest edge of trail. 

Position of mark tree with respect to the trail. 
Down= 0, Level = 1, Up= 2. 

Expressed in terms: Broken off = 0, Overtopped = 
1, Subdominant = 2, Codominant = 3, Dominant= 4. 

Slope of the ground near the mark tree measured 
with a clinometer in degrees. 

Aspect of the slope 
0 = no slope 
1 = 45° 
2 = 90° 

at the rna rk 
3 = 135° 
4 = 130° 
5 = 225° 

tree. 
6 = 270° 
7 = 315° 
8 = oo or 360° 

Distance in em from the ground to the lowest 
portion of the scar. 

Vertical distance in em from the lowest portion of 
the scar to the highest portion of the scar. 

Maximum horizontal measure of the scar. 

Classified as either fresh or old. 

The number of mark trees of that species found on 
index route. Yellow pines were grouped together. 

Every genus was ranked by phylogenetic order and 
numbered consecutively. The number was the value 
of the variable. 

Location of the mark on the tree with respect to 
the trail. 

Location of the mark on the tree with respect to 
the slope. 



Tabl e 3 ( cont inued ) 

Vari abl e name 

SAP 

ELEVA TIONa 

HUMAN DAMAGE 

OTHER S I GN 

T IME MARKED 

PERCENTAGE 
C I RCUMFERENCE 

1 4  

Vari abl e descripti on or  method of  measurement 

Presence or  absence of sap and cons i s tency .  Noted 
aga i n  when rechecked dur i ng good weather .  

Taken from 7� mi nute contou r  map .  Contour  
i nterval = 40 ft . 

Noted presence of human damage to ma rk tree . 

Noted presence of other an imal s i gn on the mark 
tree . 

The dependent vari abl e for the s tepw ise  regress i on 
of "time of mark i ng . " The val ue was 1 through 1 2  
for 2-week peri ods from May to mi d-October . 

Percentage of the ma rk tree's ci rcumference wh i ch 
cons i s ted of the scar .  

aThese vari abl es and those in  Tabl e 4 ,  page 1 6 ,  were used i n  the 
mul ti vari ate and mul ti pl e regress ion analyses on the fi rst  runs . 
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to as the i nten s i vel y-sampl ed trees . Four  ci rcul ar 1 m2 p l ots centered 

2 ,  4, 6 ,  and 8 m from the base of the mark tree and away from the tra i l  

were used to conduct s tem counts o f  woody vegetat i on u p  to 0. 75 m h i gh 

and al l s tems of the genuses Vacci n i um and Gayl ussacia  and of dog-hobb l e  

( Leucothoe fontanes i ana). One c i rcul a r  50 m2 pl o t ,  adjacent to the back  

of the mark tree and centered 3 . 99 m from the tree away from the tra i l ,  

was used to conduct stem counts of woody vegetati on greater than 0. 75 m 

h i gh and l ess  than 5 em i n  d i ameter at  breast he i ght ( dbh ) .  Vacc i n i um 

spp. , Gayl ussac i a  spp ., and dog-hobbl e were not counted o n  these pl ots . 

The same p lot  was used to conduct s tem counts of woody vegetation 

greater than 5 em dbh . The center of the pl ot was u sed as the sampl e 

poi nt for a s tem count made through a pri sm angl e gauge wi th a basal  

area factor of 10. On al l pl ots each s tem counted was cl ass i fied as an 

angiosperm or  gymnosperm. Vari ab l es deri ved from these pl ots a re g i ven 

i n  Tabl e 4. 

Analytical  Methods 

Facto r anal ys i s  was appl i ed to the set of i ntens i ve ly  sampl ed 

trees to f i nd i f  any vari abl e o r  groups of �l osely rel ated vari abl es 

( factors ) cou l d account for the majori ty of vari at ion among parameters 

measured (Marriott 1974) ; i t  was hoped th i s  woul d el uci date parti cu l ar 

parameters for further study .  I terated pri nci pal axi s factori ng and 

obl i que rotation wi th nearly orthogonal angl es of obl i queness were u sed . 

Al l vari abl es i n  Tabl e 4 and those var iab l es fol l owed by an asteri s k  i n  

Tab l e  3 were u sed for the i n i ti al anal ys i s .  For l a ter anal ys i s ,  

vari abl es were sel ectively di scarded based upon f i nal communal i ty 

esti mates and factor l oad i ngs after rotati on .  
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Tabl e 4 .  Identi fi cation of vari abl e s  mea sured on and around the 
i ntens i vely sampl ed mark trees in  the Great Smoky Mounta i ns Nat ional 
Park. 

Var i a bl e  name 

BASAL AREA OF 
GYMNOSPERMS 

BASAL AREA OF 
ANG IOSPERMS 

STEM COUNT OF 
LARGE GYMNOSPERMS 

STEM COUNT OF 
LARGE ANG IOSPERMS 

ST EM COUNT OF 
GYMNOSPERMS 

STEM COUNT OF 
ANG IOSPERMS 

STEM COUNT OF  
SMALL GYMNOSPERMS 

STEM COUNT OF 
SMALL ANG IOSPERMS 

H I KER VALUE 

L IVE 

SLOPE OF TRA IL  

W I DTH OF TRA I L  

D I STANCE  TO 
R I DGE TOP 

Pl ot si ze 

50m2 

50m2 

50m2 

50m2 

Var iabl e des cripti on 

Count of the gymnos perms observed 
through the pri sm ang l e  gauge . 

Count of the  ang i os pe rms observed 
through the  pr i sm angl e gauge . 

Count of gymnosperms greate r  than 5 em 
db h .  

Count of ang iosperms greater  than 5 em 
dbh . 

Count of the  gymnos perms l ess than 5 em 
dbh and greater than 0 . 75m h i gh .  

Count of the angi os perms l ess  than 5 em 
dbh and greater t han 0 . 75 m h i gh 
excl udi ng Vacc i n i um s p . , Gayl ussac i a  sp. ,  
and dog ho bble (Leucothoe fontanes i an �. 

Count of the  gymnos perms l ess  than 0. 75 m 
h i g h  i n  a l l 4 pl ots . 

Counts of the angi os perms l ess than 
0 . 75 m h i gh i ncl ud i ng a l l  Vacci n i um s p . , 
Gayl ussaci a sp . , and dog ho bble 
regardl ess of s i ze ,  i n  a l l 4 pl ots . 

Number between 0 and 5 based upon the 
number of h i kers seen by persons h i k i ng 
i ndex routes and knowl edge of tra i l use 
patterns . 

Dea d  = 0 ;  L i ve = 
·
l ( refers to the mark 

tree ) .  

Mea sured w ith  a cl i nometer i n  degree s. 

Wi dth of t he  used porti on of the tra i l  
meas ured i n  centi meters . 

D i s tance i n  meters to the nearest ri dge 
top .  
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Among the i ntens ive ly  sampl ed trees , some i nd i vi dua l s were known 

to have been re-marked duri ng the study.  Stepwi se regress i on and 

di scrimi nant functi on ana lys i s  were u sed to d i s t i ngu i sh between 

re-marked and not re-marked trees based upon the vari abl es measured . 

Stepwi se regress i on was used i n  an attempt to el imi nate superfl uous or 

redundant variabl es prior to the di scri mi nant funct i on ana lys i s  and to 

ascerta i n  vector val ues for the d i scrimi nant funct ion anal ys i s . The 

stepwise regress ion techni que ent i tl ed maximum R2 improvement ( Barr 

et al . 1 976 : 251 ) was used;  i t  was cons i dered s uperior  to s impl e 

stepwise regress i on ( Barr et al . 1 976 : 251 ) .  

The vector of we ights ( b ) g i v i ng the best l east s quares f i t  for a 

g i ven number of vari abl es i s  g i ven by 

where S i s  the matrix  of the sums of squares and products of the x's 

( i ndependent vari abl es ) , and u i s  the vector of the sums of products of 

the x's and y's (dependent vari ab l e ) (Marriott 1 974 ) .  

Di scri mi nant fun ct ion ana lys i s  was used to actual l y  ass i gn each 

observat i on to 1 of 2 groups ( re-marked or not re-marked ) based upon the 

i ndependent vari abl es ( the measured parameters ) . The general i zed 

squared di stance was based upon the wi th i n -group covariance matri ces . 

Prior probabi l i ti es were proport ional to the number observed i n  each 

group .  

Stepwi se regress i on was al so used i n  a n  effort t o  predict the 

t ime of mark i ng for each tree marked based upon the va ri ab l es measured 

around mark trees from the i nten s i ve ly  sampl ed set . 



IV. RESULTS AND D I SCUSS ION 

Description of  Mark Trees 

Mos t  marks were eas i l y  seen , the optical  d i s rupt ion of the bark 

pattern was severe . The marks were centered at  1 . 6- 1 . 7  m above the 

ground and most  often faced the tra i l  and u p  the s l ope ( Tabl e 5 ) .  Bark , 

and often sapwood , were removed from the trunk of mark trees by the 

bi ting and c l awi ng of bears ( F i gures 2 -8 ) . Indi vi dual  tooth and cl aw 

marks were obv i ous ( F i gures 3 and 4 ) . Sap common l y  exuded from con i fers 

( 1 40 of 2 1 1 trees ) and some hardwoods ( 7  of 204 trees ) ,  but was more 

noti ceabl e and more frequent on coni fers . Bear  hai r and/or mud was 

sometimes l eft on the tree stuck i n  the sap or to a rough pl ace on the 

tree . The s i ze of the scar vari ed wi th the s i ze and species  of tree 

ma rked and wi th the age , i ntens i ty ,  and number of marks ( F i gures 2 ,  5-8 ,  

and Tabl e 20  i n  the Append i x ) . The mark compl etel y enci rcl ed 3 1  of 378 

trees . If not re-marked , bark grows over the scar.  The exposed sapwood 

on ol d marks eventual l y  fades to a d i rty gray . 

Recent marki ngs appea red yel l ow o r  red and were d i s t i ngui shed 

from ol der ma rks ( F i gure 2 )  for up  to 2 years and poss i bl y  l onger ; 

however, the mark d id  not appear fresh for th i s  l ong . Fadi ng of some 

new marks was detected i n  l ess  than 2 weeks on some trees but often took 

l onger .  More accurate ag i ng of  marks was genera l l y  not feas i bl e .  

Wh i l e  the s i ze o f  the scar was rel at i ve l y  l arge , fresh marks 

varied from onl y a s i ng le  bi te or scratch to mul ti pl e  b i tes and 

scratches l eavi ng fresh marks nea rl y  as  l arge as the previous  sca r 

(marks ) .  r�ost fresh marks were sma l l ( F i gures 2 and 4 ) . 

1 8  



Tab l e  5. Locati on of b l ack bear marks and mark trees a l ong  i ndex routes i n  the Great Smoky Mounta i ns 
Nat i ona l Park wi th respect to the tra i l  and s lope . 

Location o-r trees---- Locat ion-or----.nii-rk ----- Location of mark 

with respect to the tra i l  wi th respect to the tra i l  wi th respect to the s l ope 
No. of No . of No. of 

trees i n  % i n  trees i n  % i n  trees i n  % i n  
Category category category Category category category Category category category 

Be l ow the tra i 1 

Leve l ground o r  
a l ong ridge top 

Above the trai  1 

Tota l 

333 

42 

67 

442 

75 

10 

15 

Fac i ng tra i l  

Fac i ng up  o r  
down the tra i 1, 
b ut not fac i ng 
the tra i l 

Fac i ng away 
from the tra i l  
on ly  

Total  

334 

56 

6 

396 

84 

14 

2 

Faci ng up  s l ope 

Fac i ng a l ong 
the contou r  of 
the s l ope ,  but 
not up  s l ope 

Fac ing  down 
sl ope onl y  

Level ground 

Total 

291 

56 

11 

24 

382 

76 

15 

3 

6 

...... 
10 



F i gure 2. Yel l ow p ine mark tree wi th fres h mark . 

Figure 3. C l ose up of yel l ow pine mark tree showing  the bi te .  

20 
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F i gure 4 .  Ye l l ow buckeye mark tree w i th tooth marks . The wh i te card i s  
3 x 5 i n .  

F igure 5. Eas tern heml ock mark tree . 
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Fi gure 6. Stri ped mapl e mark tree . 

F i gure 7 .  Red ma pl e mark tree showing bul ge at the mark and the mo st 
typical s pati al rel ati on to the tra i l . 

24 





Fi gure 8.  Sugar mapl e ma rk tree showing  bul ge at  the mark and growth 
over ol d marks . 
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The use of mark trees as opposed to the substrate has severa l 

advantages . The el evated mark and sap may hel p d i s persal and retent ion 

of scent ( Rogers 1 977}. The opti cal  mark wou l d a l so attract attent i on 

to the tree when the odor i s  not perce i vabl e from a d i stance ; however ,  

t he  l ocati on of at  l east some mark trees i s  apparentl y known to res i dent 

bears ( Mi l l s  1 91 9 , Rogers 1 977}. The opti cal mark al so has a greater 

poss i bi l i ty for patterned i nformation transmi ss i on .  

Ang i osperm and gymnosperm mark trees and t he i r marks di ffered 

cons i derabl y i n  appearance ( F i gu res 2 -8}. Marks were genera l l y  l onger 

on gymnosperms (X= 84 em , n = 205 } than ang iosperms (X= 41 em, n = 

1 76}. The ang iosperms often had l arge conspicuous bu l ges at the 

l ocat i on of the mark ( F igu res  7 and 8 }; these were not so  conspi cuous on 

the gymnosperms . More bark was mi s s i ng from the gymnosperms and the 

average gymnosperm was l arger in  di ameter (X= 28 em, n = 204} than the 

average ang i os perm (X= 1 5  em , n = 1 87}.  

The di fferent phys ical  appearances of ang iosperms and gymnosperms 

were apparentl y due to the properti es of the wood and the tree's heal i ng 

patterns as opposed to any di fferent mark i ng be hav i or.  Fresh marks 

occurred at approxi mately  the same t imes ( P  > 0 . 25 }  for both groups for 

marks over 1 2  i ndex tra i l  periods dur i ng 1 977 ( Tab l e 6}. Proporti onate ly  

and absol utel y more ang iosperms than gymnosperms rece i ved fresh marks 

during the study (Tabl e 21 , Appendi x ,  P > 0 . 05 }. 

The vari ety of tree spec ies ma rked was unexpected (Tabl e 2 1 , 

Append i x}. On ly  Spencer ( 1 966} and Rogers ( 1 977}  have reported 
\ 

ang iosperm mark trees ;  Spencer found no preference among the spec i es 

marked .  Observat i ons duri ng th i s  study i nd i cate that preference and 



Tabl e 6 .  Number of fres h marks by tree c l ass  for each i ndex route 
period during  1 977 i n  the Great Smoky Mounta i ns National  Park . 

29 

Date An gi osperm Gl:rmos �erm 

1 -8 May 7 3 

20-22 May 1 0  5 

4-8 June 1 1  6 

1 7-20 June 9 9 

2-5  Ju ly  1 0  2 

1 5 - 1 9  J uly 9 9 

29 July-1  Aug .  4 3 

1 2- 1 5  Aug .  ' 2 4 

25 -29 Aug . 4 1 

9- 1 2 Sept.  5 1 

23-27 Sept . 2 3 

7- 1 0  Oct .  2 4 

Total 75 50 



avai l abi l i ty are both important i n  detenmi n i ng the spec i es marked; 

however, preference ca n onl y be i nferred from the l imi ted number of 

spec ies marked. 
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The importance of avai l a bi l i ty i s  sel f ev iden t ,  but the pa ttern 

of species ma rked supports the as sert i on .  Wh en fol l ow i ng an ol d 

ra i l road bed , the present trai l takes up  only a smal l port i on of the 

bed . The mi neral soi l coveri ng the bed is conduc i ve to the germi nat ion 

and growth of sweet b i rch. Therefo re , many sweet bi rch are marked al ong 

ol d ra i l road beds. Sweet-b i rch ma rk trees are a l s o  found i n  other 

areas , but they are not so numerous. 

Gene ral ly ,  p i nes were ma rked al ong dry ri dge tops , but red 

ma pl es , oa ks and sourwoods were al so marked frequentl y i n  thes e areas. 

Yel l ow bi rch , s i l verbel l and Ame ri can beech were used at h i gher 

el eva ti ons. Red spruce and Fraser fi r were used a lmost excl us i vely i n  

the spruce-fi r fores t type . The use  of manmade tra i l s  has probably  

i ncreased the va riety of spec ies ma rked s i nce 86% of  the off-tra i l  mark 

trees were al ong ri dge tops and val l ey bo ttoms (Tabl e 7). 

In add i ti on to trees , front porch posts and various types of s i gn 

posts (with and w ithout creosote ) were ma rked. Harger (1974) reported 

marked tel ephone posts and Tschanz et al. (1970)· repo rted rubb i ng 

acti v i ty on  the wal l s  of zoo bear pi ts .  A l i ve tree i s  not a necessary 

cond i t i on for a mark i ng post. 

D i s tri but ion i n  Space 

Al l ma rk trees l ocated were very near or  adjacent to some type of 

trai l .  If the tree was not al ong a manmade tra i l , ri dge to p ,  or val l ey· 
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Tab l e  7 .  Frequency of b l ack bear mark trees a l ong  di fferent search and 
trai l types in the Great Smoky Mounta i ns Nati ona l Pa rk . 

Search or trail type 

Off-tra i 1 

Al ong ri dge tops 

A long val l ey bottoms 

Cross-country 

l i ne Transectsb 

6 panhandler  bear s i tes c 

On-trai l 

I ndex routes 

Mai ntai ned trai ls 

Appal ach i an tra i l 

Other trai 1 s 

Abandoned trai l s  

Non - i ndex routes 

Mai n tai ned trai l s  

Appal achi an trai l 

Other trai l s  

Abandoned trai l s  

Distance 
searcheda 

( km) 

59 

9 

1 2  

1 2  

25  

1 73 

1 35 

1 1 6  

1 8  

98 

1 8  

38 

25 

1 3  

1 2  

1 4  

Frequency 
( n) 

67 

48 

7 

9 

3 

26 

598 

448 

276 

8 

268 

1 72 

1 50 

72 

1 5  

57  

78 

Trees 
km 

1 . 1 

5 . 2  

0 . 6  

0 . 8  

0 . 1  

3 . 5 

3 . 3 

2 . 4 

0 . 4  

2 . 7  

9 . 3  

3 . 9 

2 . 9  

1 . 2 

4 . 7  

5 . 7 

a Al l off-trai l di stances est imated; 1 i ne trans ects were paced off . 

bAl l 3 trees l ocated on ri dge tops . 

cNot i ncl uded i n  tota l s o r  trees/km cal cul at i ons . 
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bottom, there was a di sti nct game tra i l  pas si ng  cl ose to the tree . 

These game tra i l s  were usual l y  sho rt and hard to fol l ow ,  but were more 

d i s ti nct near mark trees . Al ong ri dge tops wi th d i st i nct game tra i l s ,  

mark trees were often found 1 -3 m from the ma i n  game tra i l  but hav i ng 

paths l eading to the mark tree and back to the mai n  tra i l .  Such paths 

may be l es s  than 5 m l ong and have d i st i nct track-l i ke depress i ons  i n  

the duff whi ch appeared to have been formed over several years by 

repeated v i s i ts to the tree . Most  mark trees found a l ong i ndex routes 

were adjacent to the trai l ( 74% ) ; the farthest from the tra i l  was 1 5 m ;  

most mark trees not adjacent to the t ra i l were much c l oser .  Mark trees 

a re most often found on the downh i l l  s i de of the tra i l  ( F i gure 7 ,  

Tabl e 5 ,  page 1 9 }. 

The number of mark trees found per km of search i ng varied wi th 

trail and search type (Tabl e 7}. The di fferences are s i gnificant i n  

many cases ( Tabl es 8 and 9 ) . Abandoned manmade tra i l s  and ri dge tops 

had more mark trees per km searched than any other type of tra i l .  The 

Appal ach i an Tra i l  and val l ey bottoms had the fewest mark trees per km 

of trai l .  C ross -country wa l k i ng and l i ne transects a l so had few mark 

trees per km, but tra i l s were not fol l owed . Tra i l s  a l ong  i ndex routes 

were compared separately because the tra i l s  were wa l ked so often , and 

al l mark trees al ong these tra i l s were found . The h i gher proport i on of 

mark trees al ong tra i l s  wi th l ow v i s i tor use was expected due to the 

h i gh scat occurrence reported i n  these areas by Matthews ( 1 977 ) . 

Bl ack bea rs i n  the GSMNP make exten s i ve use of the manmade trail s 

( Pe l ton 1 972 , Ma tthews 1 977 ) .  The l ocat i on o f  game trai l s  and mark 

trees demonstrates a s imi l ar u se of ri dge tops . 



Table  8 .  Test resul ts of the compari son o f  mark tree frequency by di fferent search and tra i l  
types i n  the Great Smoky Mountai ns Nationa l Pa rk. a 

Ri dge tops 

Val l ey bottoms 

C ross-country 

L i ne trans ects 

Appa l ach ian  tra i l 

Other  mai ntai ned 

Abandoned 

Off-trail 
�---

Ori-trafl 
Ridge Va l l ey Cross- L i ne Ma i ntai ned tra i l  
tops bottoms country transects AT Other 

P<O . OOl <0.001 <0.001 

0.75>P>0.5 <0.05 

<0.005 

<0.005 0.9>P>0.75 

0.5>P>0.25 <0.001 

0. 5>P>0.25 <0.001 

<0.005 <0.001 

<0.005 

a lndex routes compa red sepa rately i n  Tabl e 9. 

Abandoned 
tra i l  

>0.9 

<0.001 

<0. 001 

<0.001 

<0.001 

0.75>P>0.5 

w 
w 



Tabl e 9 .  Test resul ts of th e compari son of mark tree frequ ency by 
di fferent tra i l types for i ndex routes i n  the Great Smoky Mounta i ns 
National Park .  

· Maintained trail 

34 

Appalachian Other 
trail trail 

Abandoned 
tra il 

Appal ach ian tra i l  

Other trai 1 

Abandoned tra i  1 

< 0 . 00 1  < 0 . 001 

< 0 . 00 1  
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Rogers (1977} found that mark trees i n  M innesota were l ocated i n  

open areas wi th l ess vegetat i on; he proposed that sparse  vegetati on 

woul d al l ow better odor d i spersal . Wh i l e  open areas are scarce i n  the 

Park, ri dge tops cou l d  serve a s i mi l a r funct i on .  The abundance of mark 

trees al ong ri dge tops coul d al so be coi nc idental to the bears ' use of 

them i n  movi ng from 1 pl ace to another, part i cul arly at h i gher 

el evat ions . 

The l ocation of mark trees a l ong tra i l s  woul d increase the 

eff ic i ency of a commun icati ons system i nvol v i ng the trees. It woul d 

al so ma ke rel oca tion of the trees eas i er fo r bears i n  novel areas . I t  

i s  al so pos s i bl e, though unl i kely, that bears ma i nta i n  tra i l s  ( through 

use}  to al l ma rk trees. It seems unl i kely that al l mark trees were 

found al ong tra i l s  compl etely co i nc idental to the bea rs ' extensive use 

of the tra i l s .  

The d i s tri bution of mark trees al ong the i ndex routes appeared 

cl umped; however, runs above and bel ow the medi an tes ts of the 

d i s tance from the l ast mark tree i ndi cated that  the di stri bution was 

c l ustered for onl y 1 i ndex route ( P  < 0 . 0 5} . (The med i an was 

arbi trari l y  g i ven the val ue of 1 00 m. } Other i ndex rou tes exh i b i ted 

ei ther randomness or s l i ght  mi x i ng . 

Two factors shou l d  contribute to a c l umped d i s tri bu ti on al ong 

the tra i l s .  Fi rst, fresh marks were usual ly  d i s covered i n  groups . 

I t  appears that a fresh ma rk i n  an area i ncreases th e l i kel i hood of 

fi ndi ng other fresh marks in that area .  Second, mark trees were more 

numerous al ong tra i l s  where they were on ri dge tops. Th is  coul d be due 

to a jo i n i ng of 2 trai l s  ( the manmade tra i l and the ridge top game 



tra i l ) ,  or to a preference for marki ng a l ong ri dge  tops , to l ower 

v i s i tor  use al ong some ri dge top trai l s ,  o r  to a comb i nation of al l 

3 factors . 
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Extens i ve searches fo r ma rk trees at  6 known panhandl er  bear 

s i tes al ong the transmounta i n  and Cl i ngman 's Dome roads yi el ded 26 mark 

trees . Of the 6 panhandl er bear s i tes  searched, the 3 al ong the more 

recently constructed port ion of the transmounta i n  road y iel ded onl y 

1 mark tree ; i t  was al ong the top of a protrudi ng ri dge . Panhandl i ng 

acti v i ty was essent i al ly  equal at a l l s i tes . The l ack of mark trees 

near panhandl er bear s i tes by the newer road probabl y  re l ates to the 

bears ' trad i ti onal hab i ts . 

Ci rcums tantia l evi dence i ndi cated that mark trees are frequently 

used for many yea rs . Most fresh marks on the i ndex routes ( 90% ) were 

on prev i ousl y ma rked trees . The track-l i ke depress i ons i n  sel dom used 

( by man )  game trai l s  and the sheer s i ze and appearance of some·ma rk 

trees and grou ps of mark trees a l so i nd i cate a l ong h i s tory of marki ng . 

However, the l argest mark trees , wh i ch usual l y  have l arge marks , are 

not open to the tree 's center at the mark . Th i s  woul d not be true i f  

the tree had been marked frequentl y s i nce the tree was sma l l .  One of 

the l argest mark trees found (a 1 06 em dbh Eastern heml ock ) had a very 

smal l mark;  unfortunately the tree fel l the f i rs t  wi nte r .  Other l arge 

mark trees had a fl attened front wi th a bul ge on the back and s i des 

whi ch i s  typi cal l y  found on i nju red trees . Frequent mark i ng over many 

years wou l d  prevent symmetri c growth around the tree and pred i s pose i t  

to wi nd breakage , el iminat ing that type of tree . Th i rty-th ree mark 

trees had broken off .  Sti l l , once ma rking s i tes are establ i s hed , they 

are probabl y s l ow to change. 
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Mark i ng Patterns 

Amount . --Mark trees were numerous . In 1 9 76, 399 mark trees were 

found a l ong i ndex routes ; i n  1 9 77 ,  54 addi ti ona l  trees were found al ong 

the same routes . Fi ve mark trees had fa l l en s i nce the previ ous year .  

Of  th e 54  addi ti onal trees found in  1 9 77 , 1 2  had  no  s i gns of pre- 1 977  

mark ing  as  di d 1 5  mark trees found in  1 976. Any type of previ ous i njury 

wh i ch coul d not be attri buted to a non-bear source was cons i dered an 

i ndi cator of prev ious mark ing . 

The number  of mark trees found was much more than expected . 

Less  than 2 1 %  of  the trai l s  i n  the s tudy area produced 448 standi ng 

mark trees at the end of 1 9 77 . I f  only hal f the mark trees i n  the s tudy 

area arc on manmade trai l s  ( a  very conservati ve esti mate ) , over 4000 

mark trees are l ocated i n  the study area . If one hal f the trees are i n  

current use ( page 55 , th i s  paper ) , an es timated 1 38 bl ack bears ( Eagar 

1 977)  are currently usi ng over 2000 mark trees in the s tudy area . I f  

mos t mark i n g  i s  done by domi nant adul t ma l es ( Rogers 1 977 ) , the energy 

and ti me expendi ture per an imal i s  qui te l arge and attes t to the 

i mportance of ma rk i ng .  

In 1 9 76, 1 52 fresh marks were found on 1 25 d i fferent trees al ong 

i ndex routes . Mark i ng acti v i ty decl i ned to 1 2 6  fresh ma rks on 1 04 trees 

duri ng 1 977 .  The di fference between years i n  the number of  fresh marks 

or trees pri or  to mi d-October (Tabl e 1 0 )  is not s i gn i fi cant ( P  > 0 . 05 )  

for the who l e study area o r  for any i ndi v i dual i ndex route . I t  i s  

un l i ke ly  that the dec l ine in  marki ng duri ng 1 9 77 was due  to  counti ng  

1 975 marks as  early 1 976 marks even though mi s-ag i n g  of s ome marks 

early i n  the study probably occurred . 
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lilbl e 1 0 .  Numbe r ilnd percentilge o f  fresh ma rks found each i ndex route peri od , w i th cumu l a t i ve tota l s  for 1 976 and 1 97 7  i n  the 
Great Smoky Moun t a i n s  Nati onal Park . 

- . -

Date : 
1 976� 1: ::y 
1 977 : ! =� 

Tra i l  
0 Suga rl and Htn . T 
4 E l kmont-Bent Arm T 

_3_ Tremont-Derri ck ... 
Knob 

8 Bote �ltn . t" 0 Defeat l{i dge 
3 . Defeat Ri dge 3 

Hanna Mtn . il-
18 Total  Tif-
12 :t 18 
18 

Cumu l a t i ve tota l TO 
1 2  C1111u l ati ve � 8 

Tota 1 ( 1976 28 
and 1977 ) 

25 May 
20 May 
22 May 

� -
T 

-
6 
-

0 
--0-

-
-5 
4 --o-· 

4 
f5 

3 
12 
22 
25 
15 
20 

19 

5 Jun 
6 Jun 
4 Jun 
8 Jun 

4 
3 

2 
3 

+ · 

16 
-o 

3 
if 

a ·a· 

26 
17 
17 i4 

- 48 
4"2 -

32 
34-

43 

1 4  Jun 3 J u l  15  J u l  
22 Jun 7 Jul 2 1  Jul 
1 7  Jun 2 Juf 1 5  Jul 
20 J un 5 Jul 19 Jul 

1 z 0 
T -r -4 

1 - 22 
-z- ·a a· 

0 0 0 
0 ·1r 3 

1 0 0 
-4- T "j 
19 1 2 
-i 2 -� 
2 2 2 
1 f 3 

24 5 26 
fa 12 18 
16 3 1 7  
14-- ro- rr 
72 7 7  103 
60- 12- _9_0_ 

48 52 69 
48-

s-a- ff" 

42 1 7  44 

30 Jul 13 Aug 28 Aug 1 1  Sep 25 Sep 9 Oct 1 976 
_?_� 1 6  Aug � � � 1 0  Oct Total 
29 Jul 12 Aug 25 Aug 9 Sep 3 Sep TOCt Total 

1 Aug 1 5  Aug 29 Aug 1 2  Sep 27 Sep 10 Oct 1 97 7  

20 0 0 1 0 1 29 -o · T 0 T 0 0 29 
0 0 2 3 0 2 36 

T -1- 0 -1- 0 0 20 
2 0 0 0 3 1 10 

-0 0 T -.- T 0 --a 
1 1 0 0 1 0 28 

-0 T T 0 0 T zr-
0 0 1 0 0 5 34 
·s r T 0 0 T 34 
0 2 0 0 0 0 12 
.a" 0 0 T T T --rr 

2 3  3 3 4 4 9 149 
T T T T T 6 lR"" 

15 2 z 3 3 6 100 
6 5 T· T T T 100 

126 129 1 32 1 36 140 149 
97-- 103 - 108 Tir TI9 125 

85 87 89 9 1  94 100 
ra 82 86 91 gs- 100 

30 9 8 10 9 15 274 

4 I ndi v i dua l i nd;;-;�u�es--;�����ti�; l y
-�i����;d-��i�; l9J6����-

the
-�;;:k tr�es were bei ng l ocated pri or to mi d-J u l y  tha t year. 

b Not h i ked that per i o d .  w � (X) 
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Management i mpl i cation . --Though demons trati on of a non -random 

decl i ne i n  marki ng was not ach ieved ,  a one-year 1 7% decl i ne (or i ncreas e ) 

i n  a bear popul ati on woul d be qui te l arge. Consequently some potentia l  

as a popul at ion mon i tor  does exi st. However,  a l onger, more i ntens i ve 

s tudy corre l a ti ng mark i ng l evel s and popul ation l evel s woul d be necessary 

before mark ing  coul d be us ed as a popul ation mon i to r .  The cost o f  such 

a s tudy ,  when compa red against  th e chances of s uccess , woul d be 

proh i bi t i ve unl es s sol i d  i nformation conce rni ng the mot i vati on and 

functi on of bear marki ng i ndi cated a defi n i te probabi l i ty of success . 

I n  con tras t to the h i gh cos t of i n i t iati ng a study , the addi t i on of a 

mark i ng s tudy to an ongoi ng popul ati on s tudy wou ld  be rel ati vely 

i nexpens i ve. If conducted concurrent wi th an intens ive  tel emetry s tudy 

of the res i dent popul ation , more detai l ed i nformati on on the functi on ( s ) 

of mark trees woul d resul t .  

The decl i nes i n  both fresh ma rks and freshly marked trees we re 

1 7% ;  consequently ,  the mark trees woul d not have to be checked every 

2 weeks . Two other facto rs woul d be i mportant when cons i deri ng the 

l ength of time between checks . Fi rs t,  no marks s houl d be compl etely 

faded . Second,  the check peri ods shoul d be spaced s o  they a l so  mon i tor 

fl uc tua ti ons i n  fresh ma rks wi th i n  the yea r .  Ma rki ng  may i nvol ve 

several d i fferent behaviors ; the ab i l i ty to obs erve mark i ng from these 

behav iors separate ly may be neces sary to moni tor the po pul ati on s i nce 

popul ation changes cou ld  sel ecti vely affect the d i fferent behav iors . 

Experi ence i nd i cates that 5 h i k i ng periods on or about 1 May , 1 5  June,  

1 August ,  1 5  September,  and 1 Novembe r woul d be s uffi ci ent i n  the GSMN P .  

W i th 6 wel l - sel ected 20-25 km trai l s ,  enough mark trees coul d be 
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mon i tored to i ns ure an adequate sample s i ze .  Expenses woul d be l i mi ted 

to 30 man-days of l a bor ,  trans porta ti on and a l im i ted amount of s uppl i es 

annual l y .  

Peri odi c i ty. -- Fresh ma rks we re found every i ndex route peri od but 

( Tabl e 1 0 ) ; the d is tri buti on was not random (one s i ded K-S test ,  

P = 0 . 01 for the val ue 1 8 ) . During 1 976 , the n umber of fresh ma rks 

decl i ned afte r 1 Augus t ;  a s i mi l a r decl i ne occurred 2 weeks earl i er  i n  

1 977 ( Tabl e 1 0 ) .  I n  1 977 the numbe r of fresh marks afte r 2 Augus t d id  

not di ffer from the numbe r pri or to that date ( one-s i ded Z-tes t ,  Hays 

1 973 : 724 , P > 0 . 05 ) .  However,  the numbe r of fre sh marks found between 

20 May and 2 August ( i ncl us i ve )  was greater than the numbe r found before 

and after tha t per iod ( P  < 0 . 05 ) . A runs above and be l ow the median tes t 

ove r ti me for al l trai l s  indi cated that the ma rk i ng was c l us tered pri or  

to  mi d-Jul y duri ng 1 977 ( P  = 0 . 002 ) .  

Indi v i dual i ndex routes wi th greater than 1 5  fresh ma rks pe r year 

exhi b i ted a s l i ghtly  di fferent pattern ; the mark i ng frequency was l ow 

every i ndex route weekend but 1 ,  ( sometimes 2 )  ( Tabl e 1 0 ) . When mark i ng 

frequency peaked on 2 wee kends , the peaks were smal l er and consecuti ve .  

Peaks occurred at di fferent t imes on di fferent routes . Bears i n  

d i fferent areas apparentl y res pond to di ffe ren t l eve l s  of factors 

i n i ti at i ng ma rk i n g ,  or  the l evels or factors themsel ves vary .  

Form and  Function  

Mechan i cs of  ma rk i ng. --Mark ing i s  primari ly assoc i ated w i th 

gl andul ar scent depos i tion . Cons equentl y,  the appa rent l ack of external 
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scent gl ands shoul d be of paramount importance i n  the devel opment of 

marki ng behaviors in bears . The abi l i ty to percei ve and d i sti ngu i sh 

non-chemi ca l s i gnal s shoul d a l so be important . These i deas are impo rtant 

in the conceptual i zati on of a combi ned v i s ual  and chemical marki ng 

system . 

Obvious ly ,  ma rk trees conta i n  both vi sual and chemi cal s i gna l l i ng 

ca pac it ies .  Bacon ( 1 973)  reported that b l ack  bears pos s es s  excel l ent 

v i s ual acu i ty of both hue and shape . Rogers ( 1 9 77 )  reported that he 

coul d d i st i ngu i sh  the odor of bear on  a recently  marked mark tree , and 

Tschanz et a l . ( 1 970 )  noted that capti ve brown bears s n i ffed each others 

marks . I t  then seems l i kely that ( 1 ) bea rs are wel l equ i pped to perce ive 

both chemi cal and v i s ual  s i gnal s ,  and ( 2 )  both types of s i gnal s are 

pres ent at mark trees . 

Why are there 2 s i gnal s?  Ewer ( 1 973: 242 ) s ugges ted that v i s ual  

and chemi cal s i gna l s  used together may compl ement each other .  Rogers 

( 1 9 77 ) sugges ted that the el evated mark wou l d  hel p di sperse .the scent 

and that the tree • s  sap may hel p i n  retention of scen t .  I t  i s  a l so 

pos s i bl e  that 1 s i gnal ( potenti al ly ei ther , but most  l i ke ly  the v i s ual  

one ) s i mpl y des i gnates the l oca t ion of . the other s i gnal . Regardl ess of 

the spec if ic  i n fo rmat i on avai l ab l e  at  a ma rk tree , 2 modes ( chemica l and 

v i s ual ) of i nformati on transmi s s i on are ava i l abl e and percept i b l e  to the 

bea r;  consequently , both modes are l i ke ly  to be i n  use .  

In  order to l eave a s i gnal on a mark tree , bears assume spec i fi c  

pos tu res and engage i n  spec i fi c  behavi ors , i . e . ,  rubb ing , b i t i ng ,  and 

c l awi ng (Tschanz et al . 1 970 , Rogers 1 977 ) . These postures and behav iors 

have s pec ia l  s i gn i fi cance i n  the deve lopment of marki ng . Ewer ( 1 968 ) 
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s tated that mark i ng  gl ands shoul d devel op i n  areas al ready hav i ng contact 

wi th the envi ronment . The dors um of the body i s  the most  di ff icul t for 

a bear to reach w i th i ts paws and mouth and i s  the most  l i kely to be 

rubbed on other obj ects as a form of al l ogrooming  {Jordan 1 979 } . Thi s  

portion  woul d then be the most l i kely to be used i n  marking . Tsch anz 

et al . { 1 970 } reported just that; however ,  most porti on s  of the body 

were rubbed at  t i mes . The apparent absence of a marki ng gl and shoul d 

aga i n  be emphas i zed ,  and i t  shoul d a l so be noted that · i n  the proces s of  

b i ti ng and cl awi ng trees , sa l i va or  an unfound i nter-di gi tary gl and 

{Jordan 1 979 } may come i nto fun cti on .  

Funct ion . --Though mo st authors now refer to behavi ors associ ated 

wi th bea r  mark trees ( o r  s ome arti fi c ia l  subs ti tute } as ma rk i ng behav iors 

{Meye r-Hol sapfel  1 95 7 ,  Tschanz et al . 1 970 , Rogers 1 977 , and Jordan 

1 9 79 } , some s kept i cs may rema i n . Rogers ( 1 977 }  stated that propos ed 

non-marki ng funct ions fai l ed to account fo r sex- and age- rel ated 

di ffe rences i n  the frequency of the behavior .  A more con v inc ing  cas�  

can be  made by comparing  characteris t i cs of  bear marki ng  wi th pattern 

of mark ing  i n  species with i denti fied scent gl ands and wel l known 

ma-rking repertoi res . 

Thi essen and Ri ce { 1 9 76 ) noted 8 characteri st i cs of mark i ng i n  

1 2  di verse speci es . Table 1 1  demonstrates that bears are not 

known to v i ol ate any of the cha racteri s t ics and s ati s fy mos t of them . 
' 

{ Only one o f  the 1 2  species sati s fi ed al l 8 characteri s t i cs . }  Such 

s trong agreement shou l d  s i l ence the most stubborn s kept ics wi thout 

evi dence to the con trary .  



Tabl e 1 1 .  A compa ri s on of th e c ha racte ri s t i cs of bear mark i ng wi th the ma rk i ng characte ri s t i cs 
of other mammal i an s peci es . 

Characteristic 
of marki ng reported 
i n  several mammal s  Agreement Source and di s cussi on 

Se xua l l y  di morph i c 

Age de pendent 

Seas onal deve l opment 

Ci rcadi an ,_ 

Domi nance re l a ted 

Sti mu l a te d  by agres s i on 

S t i mu l a ted by sex 

An drogen de pen dent 
in ma l es 

yes 

yes 

yes 

no i n fo rma t i on 

poss i b l y  

yes 

no pos i ti ve 
i n fo nna ti on 

proba b l y  

T s c h a n z  e t  al . 1 970 , Rogers 1 9 77. 

Tschan z  et a 1 .. 1 9 70 , Roge rs 1 977.  

Ts ch a n z  et al . 1 9 70 , Roge rs 1 9 77 , this  pa per. 

Roge rs 1 9 77;  scant pos i ti ve data , b ut no 
nega ti ve data. 

Rogers 1 9 77 , Jane Ta te- Eager 1 9 79 ( pe r 
communi cat i on ) . 

Lack o f  pos i t i ve i n fo rma t i on coul d b e  
con s t rued as negati ve data. 

No l a bo ratory da ta , but Roge rs ( 1 977 )  
re po rte d that mal e bl ac k bea rs marked mos t 
duri n g  the t i me tha t  s erum tes tos terone 
l eve l s  were the h i ghes t. 

� 
w 
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Gi ven that bea r mark i ng i s  a form of soc ia l  commun i cati on ,  a wi de 

range of  pos s i bl e  functi ons remai n .  Ewer { 1 968 :  1 04- 1 05 ) descri bes how 

an ani ma l ' s  own scent scattered throughout i ts home range can become a 

s i gnal of owners h i p ,  reas suring th e owner and even threaten i ng trans i ents 

and nei ghbors . Hornocker { 1 967 )  repo rted a mutual avoi dance system i n  

mounta i n  l ions { Fel i s  conco lor )  probably  i nvol v i ng the us e of scrapes . 

Eaton ( 1 970 ) demonstrated the use of a "moving terr i tory" demarcated by 

uri ne s cent marks i n  the cheetah {An c i nonyx jubatus ) .  Rogers { 1 977 ) , 

not ing  Hornoc ke r ,  Eaton , and other autho rs , proposed that dominant ma l e  

bears i n  aggress i ve moods mark trees s o  that other mal es coul d better 

avo i d  mutual ly  damag ing  confl i cts . 

Wh i l e an avo i dance system may be present i n  bl ack bea r popul ations , 

i t  seems unl i ke ly  that th e pri mary functi on i s  reduction  of confl i cts ; 

other factors must be cons i dered . Ho rnocker { 1 967 )  and Eaton { 1 970 )  both 

noted that mutual avoi dance woul d decrease the chance of i nterferi ng 

wi th other group ' s  or indi vi dual ' s  hunt ing  and v i ce versa . Peters and 

Mech { 1 975 )  stated that mark ing and mutual avo i dance by i ndi v i dual s from 

a wol f pac k duri ng the s ummer wh i l e  pack membe rs are frequently separated 

woul d i ncrease the hunting effi c iency of the pack and of indi v idual s .  

Th i s  woul d al so be true for spec ies wi th overl apping  home ranges s uch as 

the bear ,  cheetah , an d mounta i n  l i on . One bear fol l owi ng another woul d 

most l i kel y have a reduced foraging effi c i ency a s  woul d the whol e 

popul ation . The improved popul ati on foragi ng strategy resul t i ng from 

mutual avo i dance woul d al l ow a greater population reserve of immatu res 

and trans ients , and it woul d i ncrease  the i nte rs pec i fi c  fi tness 

{competi t i ve abi l i ty )  of the s pec ies i n  the consumpt ion of  scarce 



resources . Obvi ous l y ,  mutual avoi dance has mo re benefi ts th an the 

reducti on of con fl i ct .  
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I f  a n  avo i dance sys tem i s  pres en t i n  b l ack bear po pu l a t i ons , and 

s ome type of avoi dance mu st be pres ent i n  sol i ta ry s peci e s ,  the avoi dance 

system does not o pe rate near e s t rus fema l es , garba ge dumps , or other 

sca rce des i de rata . At these res ources , contest and domi nance dete rmi ne 

acces s ( Rogers 1 977) . I t  wa s near thes e  reso u rces that Rogers ( 1 977 )  

reported the mos t  confl ict a n d  mark i n g . I t  seems contradi c to ry tha t  the 

pro posed mecha n i s m o f  avoi dance (mark i n g trees ) s hou l d i nc reas e  where i t  

i s  no t opera t i ng o r ,  al te rna t i v el y ,  s i mpl y does not funct i on pro perl y .  

Des p i te the somewhat theore t i ca l  a rgume n ts gi ven above , i t  mus t 

be noted that there are no data to i n di cate that bea r  mark i ng does not 

reduce confl i ct in a popu l a t i on . There are s ome da ta to i nd i ca te that 

other facto rs may be i mpo rta n t ,  part i cul arly pri o r  to and duri ng the 

b reed i ng s ea son . 

Th i s  s tudy ,  Tschanz et a l . ( 1 970 ) ,  and Roge rs ( 1 977)  have a l l 

shown that ma rki ng frequency i s  g reates t pri o r  to a n d  dur i ng the breed i ng 

season . Ts cha n z  e t  al . ( 1 970 )  and Roge rs ( 1 977)  both demons t rated that 

mar k i ng wa s done by adul t ma l e  bears . Rogers ( 1 977 ) s pecul ated tha t ' the 

natura l  sel ect i on for the scent ( pres uma b l y  at mark trees ) of matu re 

ma l e  bea rs to promote estru s , thus synch ron i z i ng i t  w i th th e ma l e ' s  

presenc e ,  shoul d be s t ron g .  Th i s  may wel l be h appen i n g ; howeve r ,  data 

a re scant and the e v i dence i s  c i rc ums tant i a l . 

Fi rs t ,  the above hypothes i s  wo ul d better expl a i n  th e h i gh ma rk i n g  

frequency s everal weeks prior to the breed i ng s eason . Secon d ,  i n  the 

GSMNP mark i n g  w i th i n  1 km ( al on g the t ra i l ) of ca pture s i tes o f  es tru s  
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femal es ( based on swol l en vul va ) occu rred s everal weeks pri o r  to es trus 

( ca pture da ta ) .  Thi s was t rue for 4 fema l es ca ptu red in 1 976 and 1 9 77 . 

( Fo r  1 of these fema l es ,  on l y  1 ma rk tree had been marked by a bea r  

wi th i n  1 km , b u t  someone h a d  bl a zed 1 3  t rees a l ong the t ra i l  i n  the 

v i c i n i ty of he r capture s i te 1 mon th p ri o r  to her capture . Mark trees 

s l i ghtl y greate r  than 1 km from th e ca pture s i te h ad a l so been marked 

s everal wee ks p r i o r  to the femal e ' s  ca pture . ) No furth e r  i ntens i ve 

marki ng occu rred al ong i n dex routes nea r  any of the capture s i tes . 

Fema l e  ma rk i ng and l ate s eason ma rk i ng rema i n  unexpl a i ned . 

Ts chanz et a l . ( 1 970) fou n d  tha t  fema l e  ma rk i ng pea ked a t  the end of 

the mou l t .  Roge rs ( 1 977) only obs erved 3 i nci de n ts o f  fema l e ma rk i ng ,  

al l i n  l ate summe r  o r  early fal l .  W i de s pread movemen t  by bl a c k  bea rs i n  

the GSMN P occ u rs i n  l a te summe r  and ea rl y fal l i n  res pons e to the ma s t  

c rop ( Beeman 1 9 75 , Ga rs hel i s  1 978 ) . Ma rk i ng i s  known to i nc rea se i n  

s e ve ral  s pec i e s  u pon i ntroduct i on i nto nove l  a reas ( Ral l s  1 971 ) .  

Mark i n g  may be of u s e  i n  ori en ta t i on duri ng v i s i ts to novel o r  ra re l y  

vi s i ted a reas . Wh i l e  i t  i s  unl i kel y than an a n i ma l  w i th the hom i n g  

a b i l i ty of bl ack bears ( Payne 1 975 , Beeman a n d  Pe l ton 1 9 76 ) woul d b e  l os t ,  

the u s e  o f  the trees fo r orienta t i on co ul d i nc reas e the bea rs • orient i ng 

a b i l i ty i n  new a reas . Tschanz et a l . ( 1 970 )  re po rted that capti ve 

brown bears used the i r  marks as part o f  a s pac i a l rel a t i ons sys tem . 

Perhaps futu re s tudi es can associ ate h i gh fal l mark i ng wi th l ow fa l l  

food ava i l a bi l i ty .  Though ma s t  was rel ati ve l y  a bundant over mo s t  of 

East Ten nes see i n  both 1 976 and 1 977 , ma s t ,  pa rti cul arl y from wh i te oaks , 

was mo re abundant i n  1 977 (Tennes see Wi l dl i fe Re sou rces Agency 1 977 ) . 

Mark i n g  afte r mi d-Septembe r was greater i n  1 976 even though some i nde x 

rou tes were h i ked a n  e xtra t i me i n  Decembe r 1 9 77 . 
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Though obvious l y  i nconcl us i ve ,  the arguments pres ented above 

demons trate that al ternati ve hypotheses are pl aus i bl e ,  and that hypotheses 

primari ly  based on assumed agres s ion are not necessari l y  val i d .  S i mi l a r  

arguments and impl i cat ions can be made regardi ng mark i ng by other 

carn i vores . 

As a fi nal note , 4 hypotheses regardi ng the functi on of bear 

marki ng were di scus sed above ; others , e i ther modi ficati ons  of the above 

o r  compl ete ly  new ,  cou l d  be cons trued.  Any , a l l ,  or severa l coul d 

eventual l y  be demons trated as cl ose to fact . 

Mul t i variate and Mu l tipl e Regress i on Analyses 

Phys iognomic parameters measured around mark trees were extremel y  

variabl e (Tabl e 22 , Appendix ) . I ndi v i dual l og i cal  analys i s  o f  the 

parameters was not s uccessfu l ; mul t iva ri ate analys i s  wa s then attempted . 

Factor ana lys i s . - I ni t i all y ,  factor analys i s  reduced the 22 

sel ected vari ables  to 9 factors (Tabl e 1 2 ) ; however ,  seve ra l  factors 

were uni nterpretabl e due to the unl i ke ly  combi nat i ons of vari abl es most  

strongly co rrel ated wi th the various factors. Remova l of 5 va ri ab les  

(noted wi th the  subscri pt ! i n  Tabl e 1 2 ) reduced the number of  factors 

to 6 and al l owed l imited i nterpretati on of  the factors (Tabl es 1 3  and 

1 4 ) . 

Factor 1 ,  cons i s t i ng l argely  of vegetati on parameters , accounted 

for 34 . 5% of  the vari at ion . Factor 2 ,  essent ia l l y  el evation ,  accounted 

for an addi ti ona l 2 1 . 7% of the vari ation . Factor 3 ,  vegetation dens i ty ,  

accounted for 1 4% of the variati on . · The fi rst 3 factors comb i ned 

accounted for 70 . 2% of th e vari ation . Factor 4 ,  cons i st i ng of  . 



Tabl e 1 2 .  Factor pattern matri x g i v i n g  correl ations between variabl es and factors after nearly o rthogona l 
rotat ion of the factor axi s .  

Fa ctorLVariable 1 2 . 3 4 5 6 7 8 9 

D I STANCE -0 . 1 8 0 . 1 4  0 . 1 5  -0 . 05 0 . 73 0 . 25 0 . 02 -0 . 07  0 . 03 

ELEVAT ION 0 . 26 -0 . 77 -0 . 1 7  0 . 24 -0 . 05 0 . 1 2  -0 . 08 -0 . 02 -0 . 1 8 

D I STANCE TO 
R I DGE TOP -0 . 01 -0 . 00 0 . 1 5  -0 . 1 0 0 . 29 -0 . 5 1 -0 . 1 6  0 . 05  -0 . 08 

SPEC I E S  0 . 46 0 . 62 -0 . 1 3  0 . 1 4  0 . 01 0 . 01 0 . 01 -0 . 04 0 . 08 

W I DTR 0 . 33 -0 . 20 0 . 09 0 . 09 0 . 1 6  0 . 38 0 . 07 -0 . 02 -0 . 20 

GENUS -0 . 72 -0 . 42 0 . 03 -0 . 1 0 -0 . 06 -0 . 1 4  0 . 1 7  0 . 1 3  0 . 1 1  

L IVE -0. 1 0  -0 . 0 1  0 . 28 0 .  3 1  -0 . 1 6  0 . 33 -0 . 05 0 . 22 0 . 01 

H I KER  VALUE 0. 2 1  -0 . 02 -0 . 03 -0 . 1 0 0 . 2 2  0 . 39 0 . 09 -0 . 1 2  0 . 01 

DOMINANCE -0 . 05 0 . 32 0 . 29 0 . 65 -0 . 1 4  0 . 1 0  0 . 1 0 0 . 23 -0 . 09 

STEM COUNT OF 
SMALL GYMNOSPERMS 0 . 30  -0 . 29 0 . 07 - 0 . 1 7  . -0 . 1 8  0 . 02  0 .  3 1  -0 . 22  -0 . 04 

STEM COUNT OF 
ANG IOSPERMS 0 . 03 0 . 1 1  -0 . 69 0 . 56 -0 . 03 -0 . 08 0 . 0 3  -0 . 1 1  0 . 2 1  

BASAL AREA OF 
GYMNOSPERMS 0 . 38 -0 . 1 2  0 . 1 4  -0 . 02 -0 . 01 0 . 1 0  0 . 57 -0 . 23 -0 . 1 1  

BASAL AREA OF  � 
co 

ANG lOS  PERMS -0 . 29 -0 . 1 0 0 . 03 -0 . 1 8  0 . 08 0 . 1 5  -0 . 32 0 . 23 0 . 26 



Tabl e 1 2  { cont i nued ) 

Factor/Variable 1 2 3 4 .  5 6 7 8 9 

SLOPE O F  TRAIL  a -0 . 08 -0 . 04 -0 . 0 3  0 . 33 0 . 1 5  -0 . 05 0 . 2 7  -0 . 0 5  0 . 1 7  
I 

STEM COUNT OF 
SMALL ANG IOSPERMS 0 . 00 0 . 5 6  -0 . 1 2  -0 . 37 -0 . 22 0 . 1 6  0 . 20 0 . 1 8  0 . 1 2  

STEM COUNT OF 
LARGE GYMNOSPERMS 0 . 02 0 . 08 -0 . 1 3  -0 . 05 0 . 1 5  0 . 1 8  0 . 59 0 . 02 -0 . 1 8  

STEM COUNT OF 
LARGE ANG IOSPERMSa -0 . 05 0 . 0 1 -0 . 31  0 . 0 3  0 . 1 5  -0 . 1 0 -0 . 1 5 0 .  3 1  -0 . 05 

STEM COUNT OF 
GYMNOSPERMSa 0 . 1 1  0 . 04 0 . 23 -0 . 00 -0 . 1 3  -0 . 02 0 . 2 1 -0 . 1 2 -0 . 25 

UPDOWNa 0 . 1 3  -0 . 02 o .  1 5  0 . 0 7 -0 . 02 0 . 03  0 . 05 0 . 45 0 . 1 1  

ASPECTa 0 . 1 1  -0 . 0 3  0 . 04 -0 . 0 1 0 . 02 0 . 05 -0 . 02 -0 . 07 0 .  61 

SLOPE OF  GROUND 0 . 22 -0 . 1 3  0 . 20 0 . 0 1 0 . 36 -0 . 44 0 . 1 6  0 . 46 0 . 1 9  

DBH 0 . 09 0 . 22 0 . 69 0 . 20 -0 . 03 -0 . 05 -0 . 00 -0 . 1 9 0 . 0 6  

aThese vari ab l es were removed for l ater factor analys i s .  

+:o \0 



Tab le  1 3 . Factor  pattern matri x gi v i ng correl ati ons between vari abl es and factors after nearl y 
orthogonal rotati on of the factor axi s .  

Variabl elfactor 1 2 3 4 5 6 

D ISTANCE -0 . 23 0 . 09 0 . 1 3  -0 . 04 0 . 2 6 0 . 54 

ElEVAT ION 0 . 2 1 -0 . 79 -0 . 1 8 0 . 04 -0 . 1 1  0 . 05 

D ISTANCE TO R IDGE TOP 0 . 05 0 . 00 0 . 1 0  -0 . 22 0 . 68 -0 . 1 0 

SPECIES  0 . 39 0 . 63 -0 . 24 0 . 1 9  0 . 05 0 . 1 5  

W IDTH OF  TRAIL 0 . 20 -0 . 27 0 . 07 0 . 1 6  -0 . 1 4 0 . 47 

GENUS -0 . 48 -0 . 34 0 . 1 0  -0 . 1 6  0 . 04 -0 . 24 

LIVE -0 . 23 -0 . 1 0  0 . 09 0 . 5 6  -0 . 1 2  0 . 05 

H I KER VALUE 0 . 03 0 . 00 -0 . 01 -0 . 04 -0 . 1 7  0 . 55 

DOM INANCE 0 . 1 0  0 . 1 2  0 . 05 0 . 82 0 . 05 -0 . 1 0  

STEM COUNT OF SMALL GYMNOSPERMS 0 . 49 -0 . 2 3  0 . 20 -0 . 20 -0 . 31  0 . 0 1 

STEM COUNT OF ANG IOSPERMS 0 . 09 0 . 02 -0 . 82 0 . 20 0 . 1 0  -0 .04  

BASAL AREA OF GYMNOSPERMS 0 . 68 -0 . 1 3  0 . 22 -0 . 01 -0 . 23 0 . 27 

BASAL AREA OF  ANG IOSPERMS -0 . 63 -0 . 0 1 0 . 0 1 -0 . 07 0 . 08 -0 . 01 

STEM COUNT OF SMALL ANGIOSPERMS -0 . 08 0 . 64 0 . 06 -0 . 1 0 0 . 32 -0 . 01 

STEM COUNT OF LARGE GYMNOSPERMS 0 . 25 0 . 04 0 . 00 -0 . 04 -0 . 1 4 0 . 3 6  

SLOPE O F  GROUND 0 . 04 -0 . 04 0 . 1 2  0 . 02 0 . 54 0 . 06 

DBH 0 . 24 0 . 1 7  0 . 49 0 . 39 0 . 1 0  -0 . 07 

(.71 0 
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Tabl e 1 4 .  E i genval uesa and percentage of  vari ati on expl a i ned by the 
factors resul t ing  from factor analys i s  of 1 7  sel ected vari abl es measured 
a round the 78 i ntens i vely samp l ed mark trees . 

Percentage of Cumulative percentage 
Factor Eigenval ue vari ati on of vari ati on 

1 3 . 09 34 . 5  34 . 5  

2 1 .  94 21 . 7  5 6. 2  

3 1 . 25  1 4 . 0  70 . 2  

4 1 .  1 7  1 3 . 1  83. 3 

5 0 . 78 8 . 7 92 . 0  

6 0 .  72 8 . 0  1 00 . 0  

aThe e i genval ue may be i nterpreted as the vari ance of the factor .  



meas urements of the mark tree i tse l f , accounted for 1 3 . 1 %  of the 

vari ati on . Factor 5 ,  the topograph ic  pos i t ion of the mark tree , 

accounted fo r 8 . 7% of the vari at ion .  Facto r 6 ,  ei ther v i s i tor or bear 

use ,  accounted for the :ema i n i ng 8% of the vari ation . 

Predi ction of ti me of marki ng. --Si nce trees were marked every 

i ndex route wee kend but 1 ,  i t  wou l d be i nte res ting  to del i neate what 

determined when the trees were marked . In  an attempt to measure the 

extent to wh ich the envi ronment affected the i ndex period marked,  

stepwi se regress i on wa s attempted . 
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Stepwise  mul ti p le  regress ion of 31  ma rk i ng i nci dents w i th T I ME OF 

MARKING as the dependent vari abl e i ndi cates that the time of ma rk ing for 

a tree can be predicted us i ng the parameters meas ured around the set of 

i ntens i vely sampled  trees as the i nde pendent vari ab l es . 

The combi nati on of 1 1  variab l es g i ven i n  Tabl e 1 5  was 

j udged 11 bes t 11 based on the r
2 

val ue ( 0 . 68 }  and the probabi l i ty of no 

l i near rel ationsh i p ( 0 . 0064 } . Us ing  more vari abl es s l i ghtly i ncreased 

r2 to 0 . 71 for 22 va ri abl es , but the probabi l i ty of no l i near rel ations h i p 

i ncreased with each additional  va ri a bl e .  

I f  fewe r vari ables  to be measured are des i red , the next 1 1bes t1 1 

mode l used only the 5 vari abl es g i ven i n  Table  1 6 .  The r
2 

val ue was 

0 . 58 and the probab i l i ty of no l inear rel ationshi p was 0 . 0003 . 

Whi l e  a re l at ionshi p between envi ronmental parameters and the 

t ime of marki ng does exi st ,  it may be an i nd i rect one wh ich actua l ly  

predi cts wh ich s i tes best fu l fi l l  a marki ng bear ' s  envi ronmental  

requi rements at a s pec i fi c  time du ring the active  season . Though the 
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Tabl e 1 5 .  The best 1 1  va ri abl es , the i r b val ues ,  and the probabi l i ty of  
no  l i near rel at ionshi p for each vari abl e ,  as  ascerta i ned by s tepwi se 
regress i on for the t i me  of  mark i ng .  

Variable b val ue Prob > F 

INTERCEPT 1 6. 2 6  

BASAL AREA O F  ANGI OSPERMS -0 . 36 0 . 07 

DI STANCE TO RI DGE TOP 0 . 03 0 . 0 1 

SLOPE OF GROUND -0 . 22 0 . 0 1 

ASPECT 0 . 9 1 0 . 01 

GENUS -0 . 1 0 0 . 2 5 

DOM INANCE -0 . 60 0 . 1 0  

WI DTH OF TRAI L -0 . 04 0 . 00 

SLOPE OF TRAIL -0. 95 0 . 01 

LIVE -2 . 78 0 . 1 5  

STEM COUNT OF LARGE ANGIOSPERMS 0 . 31 0 . 1 7  

UPDOWN 0 . 89 0 . 32 
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Tabl e 1 6 .  The best 5 vari abl es , thei r b val ues ,  and the probabi l i ty of 
no l i near rel ationsh i p  for each vari abl e ,  as ascertained by stepwi se 
regress i on fo r the time of ma rki ng . 

Variable b va l ue Prob > F 

INTERCEPT 1 5 . 05 

STH1 COUNT OF ANGIOSPERMS -0 . 03 0 . 02 

SLOPE OF GROUND -0 . 1 2  0 . 03 

GENUS -0 . 1 8 0 . 0 1 

WI DTH OF TRAI L -0 . 04 0 . 00 

SLOPE OF TRAI L -0 . 27 0 . 1 2  
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i ndi rect rel at i ons h i p  is more l ogi cal than propos i ng a di rect 

rel at ionsh i p between the t ime of ma rk i ng and s i te characteri s t i cs , the 

actual parameters u sed i n  the regres s i on do not suppo rt the propos i ti on 

(Tabl es 1 5  and 1 6) . The best  5-vari abl e model has only 1 s i te parameter .  

The fi rst 2 variabl es entered i n  the stepwi se regress i on were the wi dth 

and s l ope of the tra i l .  Sti l l , i t  i s  h ard to understand how the 

characteri s t i cs of a mark tree and i ts s i te d i rect ly  affect the t ime of 

year that a part icu l ar tree is marked . 

D i s crimi nat i on between current and o l d  trees . --Duri ng l ate s ummer 

of 1 975 , 5 1  mark trees were l ocated al ong Sugarl and Mounta i n  Index 

Route , and al l recent marki ng act i v i ty was noted . Two of the trees fel l 

pri or to 1 977 . Consequently 3 years ' marki ng act i v i ty was col l ected for 

49 previously  marked trees . Duri ng 1 975 , 1 3  of these trees were marked . 

Duri ng 1 97 6, 1 1  of the ori g i na l  49 trees were marked ; 6 of these 1 1  had 

not been marked during 1 975 . During 1 9 77 ,  1 3  of the ori g i nal  49 trees 

were marked ; 3 of these 1 3  had not been marked duri ng 1 975 or 1 976. 

By l i near extrapol at i on ,  a l l non-new ma rk trees in cu rrent use shou l d  

be l ocated i n  4 or  pos s i bly 5 years w i th approximate ly  5 0% of the trees 

be i ng used . Th i s  i s  assumi ng that val ues of the factors and the factors 

control l i ng wh i ch trees a re marked w i l l  rema i n  constant . S i nce 5 0% of 

the trees were not bei ng used , the ass umpt i on may not al ways be val i d .  

However the data i nd i cated that the factors rema i ned stabl e for the 3 

yea rs the trees were observed .  

Stepwi se  mu l t i pl e  regress i on and  di scrimi nant functi on ana lys i s  

were used to d i st i ngui s h  between "current" and "ol d"  mark trees wi th i n  
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the set o f  i ntens i ve ly  sampl ed trees based upon the parameters measured 

around them. 

Stepwi se regres s i on y iel ded ques t ionabl e resul ts . Us i ng al l 22 

variabl es , the maximum r2 val ue obtai ned was onl y  0 . 3 6  (Tabl e 1 7 ) .  The 

probab i l i ty of no l i near rel ati ons h i p was 0 . 1 8 .  However ,  d i scrimi nant 

functi on ana lys i s  was s ti l l  attempted us ing  3, 4 ,  6, 9 ,  1 0 ,  1 1 , 1 2 ,  1 7 , 

1 9 ,  and 22 vari abl es on 1 3  attempts . D i scrimi nation was much more 

s uccess ful than one woul d have predi cted from s tepwise  regress i on .  

Us i ng a l l 22 variab les , onl y 2 of 7 7  trees were mi scl ass i fied 

(Tabl e 1 8 ) . Reducti on of the number of vari abl es u sed resu l ted i n  an 

i ncrease in m i scl as s i fi ed trees . Us i ng only 3 vari ab l es ( BASAL AREA OF 

GYt�NOSPERMS , D I STANCE , W IDTH OF TRAIL ) 29 of 78 trees were mi scl ass i f ied 

(Tabl e 1 9 ) .  Intermedi ate numbers of vari abl es  res ul ted i n  i ntermedi ate 

numbers of mi sta kes  ( Fi gure 9 ) . Most mi stakes were from pl aci ng 

un-re-marked trees i nto the re-marked group .  Th i s  was expected s i nce 

most  of the
. 
i nten s i ve ly  sampl es trees were observed for only 2 years . 

Tschanz et a l . ( 1 970) found that some rubbi ng p laces  rema i ned 

the same throughout the study whi l e  others were used for only a day or 

some i ntermedi ate t ime .  The capt i ve bea rs had a s trong attract ion for 

certa i n  wel l u sed rubbi ng pl aces and attempted to use them even when 

changes i n  the p i t  prevented rubbi ng i n  the ol d pl aces .  S imi l ar resul ts 

occurred from the experimental movi ng of spotted hyena ( Crocuta crocuta ) 

and c i v i t  ( Ci vetict is  ci vetta ) defecat ion mark i ng s i tes  ( Bearden and 

Randal l 1 978 ) . I n  th i s  study some trees were marked every year observed 

some were marked once and others wh i ch had obv ious ly  been marked many 

t imes were not marked dur ing the study (Tab le  22 , Append i x ) . Bearden 
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Ta bl e 1 7 . Stepwi se regres s i on mo del fo r di scri mi nan t func t i on ana l ys i s  
o f  cu rrent a n d  o l d mark trees us i ng 22  vari a bl es . 

Vari able b val ue Prob > F 

INTERC E PT 0 . 347 

ST EM COUNT OF GYMNOSPERMS -0 . 032 0 . 1 2  

BASAL AREA OF GYMNO SPERMS -0 . 045 0 . 1 0  

STEM COUNT OF AN G IOSPERMS -0 . 002 0 . 1 2  

BASAL AREA O F  ANG I OSPERMS -0 . 007  0 . 69 

DBH 0 . 002 0 . 92 

D I STANCE -0 . 00 1  0 . 1 1  

D I STANCE TO R I DGE TOP -0 . 001 0 . 43 

ELEVAT ION -0 . 000 0 . 87 

SLOPE OF GROU N D  -0 . 004 0 . 42 

ASPECT 0 . 030 0 . 29 

GEN U S  0 . 01 1  0 . 43 

SPEC I E S  0 . 001 0 . 67 

DOM INANCE 0 . 026 0 . 64 

W I DTH OF TRA I L  0 . 003 0 . 1 7  

SLO PE O F  TRA IL 0 . 0 1 5  0 . 47 

L IVE 0 . 1 63 0 . 32 

H I KE R  VALUE -0 . 01 4  0 . 82 

STEM COUNT OF SMALL ANG IOSPERMS -0 . 001 0 . 35 

STEM COUNT OF SMALL GYMNOS PE RMS 0 . 039 0 . 29 

STE M  COUNT O F  LARGE GYMNOSPERMS -0 . 022 0. 57 

STEM COUNT O F  LARGE ANG I OSPERMS -0 . 005 0 . 77 

UPDOWN 0 . 053 0 . 54 
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Tabl e 1 8 .  Number of trees cl ass i fied  as re-marked and not re-marked 
based upon fi e l d  observati ons and di scrimi nant funct i on ana lys i s  usi ng 
22 vari ab l es . 

Not re-marked 

Actual  group 

Re-marked 

Predicted group 
Not re-marked Re-marked Total 

44 45 

1 3 1  32 

Tabl e 1 9 .  N umber  of trees cl ass i fi ed as re-marked and not re-marked 
based upon fi el d observat ions and a di scri mi nant funct i on ana lys i s us i ng 
3 vari abl es .  

Not re-ma rked 

Actua 1 group 

Re-marked 

Predicted group 
Not re-marked Re-marked Total 

23  22 45 

7 26 33 



Fi gure 9 .  Compa ri son of number of vari ab les and number of mi stakes i n  
di scri mi nant funct i on ana lys i s  of current and  ol d mark trees . 
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and Randal l ( 1 978 ) a l s o  reported d i fferent ma rki ng rates at di fferent 

s i tes . 

Changes i n  the membe rs of a bear popul ation are the most l i kely 

factor caus i ng changes in the trees marked . However ,  there is no 

l og i cal  reason for those changes to be cons i stently refl ected i n  the 

parameters around mark trees over a l a rge area . 
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Changes in the vegetation wi l l  a l so occur around and to a ma rk 

tree . The fi rs t  facto r extracted i n  the 1 7  variab l e  factor ana lys i s  

most strongly co rrel ated with  vegetati on parameters . Vegetati on 

parameters we re al so the fi rst  var iabl es chosen during stepwi se 

regress i on anal ys i s  of cu rrent and o l d  trees . Th ree of the fi rst 4 and 

5 of the fi rst  7 vari abl es chosen were vegetat ion variabl e s .  

Synthes i s  of the mul t ivari ate ana lyses . --The comb i ned resul ts of 

the mul t iva ri ate and mul ti pl e  regres s ion analyses demonstrate that the 

env i ronment s i gn i fi cantly affects marki ng behav ior  and that we can 

predict the extend of that effect to a known degree . However , the 

analyses have onl y s l i ghtly el uc idated wh i ch envi ronmenta l  factors are 

respons i bl e .  Fi rst ,  no 1 o r  2 va riab les expl a ined a l arge amount of 

vari ati on i n  the anal yses . Secondly ,  the ana lyses d iffer as to wh ich 

vari abl es we re more important .  That i s ,  vari abl es wi th h i gher b val ues 

in the s tepwi se regres s ion� are most strongly correl ated with the l atte r 

facto rs extracted i n  the factor ana lys i s  (Tab les  1 2 and 1 3 , pages 48 and 

50 ;  Tabl es 1 5 -1 7 ,  pages 53 , 54 ,  and 57 ) .  And th i rd ,  no group of 

vari ab les  s uch as s i te ,  vegetation , tra i l , or mark tree variables 

tended to be d is propo rt ionately used i n  the anal yses al though vegetation 

vari abl es were impl icated somewhat more than the other groups . 



V .  SUMMARY AND CONCLUSION S  

Wi th i n  the GSMNP ,  691 mark trees were l ocated ; 8 d i fferent 
I 

con i ferous and 26 d i fferent hardwood s pec ies were marked . Preference 

and ava i l ab i l i ty apparentl y determi ned the species marked . 

The marks were centered at  approximately 1 . 6-1 . 7  m above the 

ground,  and they genera l l y  faced the tra i l  and up  the s l ope .  The s i ze 

of the mark varied  wi th the age and i ntens i ty of the mark and the s i ze 

and s pecies  of the mark tree . The use of an opt ica l  mark i n  addi t i on 

to a scent ma rk woul d a id  i n  the l ocati on of the mark by the bears . 

Al l mark trees were found adjacent or near some type of  tra i l .  

Abandoned manmade tra i l s and ri dge tops had more mark trees per km 

searched than any other type of tra i l . Th i s  corres ponds to the h i gh 

scat i nc idence found al ong abandoned trai l s  (Matthews 1 977 ) . The 

l ocat ion of mark trees al ong trai l s  woul d i ncrease the eff ic iency of 

a commun i cati on system invol v i ng mark trees . The d istri buti on of mark 

trees a l ong trai l s  appeared cl umped,  but th i s  cou l d not be stati stica l l y  

substantiated . 

Mark trees were al so  l ocated a round panhandl er  bear s i tes a l ong 

Park roads . Si tes al ong ol der roads yi el ded many more mark trees than 

those al ong newer roads . Most fresh  marks were on prev i ous ly  marked 

trees , and track-l i ke depress i ons i n  the duff frequently  l ead up to 

mark trees i n  a reas undi sturbed by man . In addi t ion ,  some mark trees 

had obv ious ly  been marked for many years . It  appears that marki ng s i tes 

are trad i t i onal and are s l ow to chan ge .  
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Thi rty-one percent and 23% of the mark trees a l ong i ndex routes 

were marked fresh  duri ng 1 976 and 1 9 77 , respect i vel y .  Though the 

d i fference was not s i gni fi cant , a potenti a l  as a popu l ati on mon i tor does 

exi s t ,  and a s tudy cou l d be i ncorporated i n to an ongo i n g  popu l a ti ons  

s tudy at  mi n i ma l  addi t iona l cost .  

Fresh  marks were found during every i ndex route period but one ; 

most  marking  occurred between 1 May and 2 August .  Mark i ng on i ndi v i dual  

i ndex routes peaked on 1 or 2 ( consecuti ve )  periods . Peaks occurred at  

d i fferent t imes on  d i fferent routes .  Bea rs i n  d i fferent areas 

apparent ly  respond to di fferent l eve l s  of the factors i n i ti at i ng  mark i ng ,  

or the l evel s or  factors themsel ves vary over s pace and/or t i me .  Fal l 

mark i ng patterns were nebu l ous , but a sma l l i ncrease i n  ma rk i ng d i d  

occu r .  I t  was asserted that marki ng pri or to and dur i ng the breed i ng 

season cou l d hel p synchron i ze estrus wi th the presence of adu l t ma l es 

and that fal l marking  cou l d  be the resu l t of w idespread b l ack bear 

movements dur i ng the fal l .  

Stepwi se regress ion and di scri mi nant functi on anal ys i s  i ndi cated 

that phys iognomi c parameters on and around ma!k trees affect both wh ich 

mark trees are re-marked and the time of year that the trees a re marked . 

The funct i on of s uch a rel at ionshi p was undetermi ned .  
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Tabl e 20.  The mean . s tandard dev i ati on .  mi nimum meas urement .  maximum 
measurement (em ) . and sampl e s i ze of mark tree and ma rk parameters by 
s pec ies i n  the Great Smoky Mounta ins  Nati onal Park . 

Height Length Width 
to scar of scar of scar Percentage 
(em} (em) (em} ci rcumference Obh Domi nance 

Eas tern heml ock 

x 1 07 1 1 8 49 46 37 2 . 3  
s- 31 . 7  47 . 1 28 . 8  2 1  20 . 2  1 . 5 

� M1 n 0 32 8 3 5 0 
Max 1 50 2 79 1 54 1 00 1 06 4 
n 58 58 58 5 7  60  59 

Table mountai n  Qi ne 

r 1 2 1 52 26 63  1 7  2 . 4  
s- 33 . 3  28 . 2  1 3 . 7 3 1 . 9  1 1 . 6 1 . 6 

>;< M1 n 36 1 1  6 7 4 0 
Max 1 60 1 35 57 1 00 5 1  4 
n 32 32 32 32 31 32 

Fraser fi r 

x 1 1 5  99 36 47 27 . 1  2 . 1  
s- 32 . 8  63 1 9 . 3  27 . 5  1 3 . 5  1 . 4 

>;< M1 n 29 27 5 8 9 0 
Max 221  245 73 1 00 62 4 
n 29 29 29 29 28 29 

Red SQruce 

r 1 09 1 20 42 5 1  30 2 . 7  
s- 2 7 . 7 43. 8 22 . 8  25 . 5  1 7 . 4  1 . 4 

>;< M1 n 67  47 8 1 7  8 0 
Max 1 83 1 87 1 02 1 00 80 4 
n 22 22  2 1  2 1  2 3  23 

Pi tch pi ne 

x 1 47 47 29 36 26 3 . 4  
s- 1 4  27 . 2  1 8  20 . 2  7 . 8  0 . 7  

)$ 1 03 4 4 3 1 2  2 M1 n 
Max 1 68 1 22 78 87 44 4 
n 22 22 22 22 22 22 
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Tabl e 20 ( conti nued ) 

Height Length Width 
to scar of  sca r  of scar Percentage 
(em) (em) (em) C i rcumference Obh Domi nance 

Vi rgi n i a  �i ne 

x 1 42 49 32 41  24 3 . 3  
s- 1 1 . 9 20 . 7  1 5 . 4  1 6 . 2  8 . 3  0 . 7 X 
Mi n 1 07 1 5  1 5  1 3  1 6  2 
Max 1 56 90 66 68 44 4 
n 1 2  1 2  1 2  1 2  1 2  1 2  

Wh i te �i ne 

x 1 41 54 1 7  27 1 9  1 . 9 
s- 24 35 8 . 7 1 4 . 9  1 1 . 6 1 . 2 ':< M1 n 1 06 1 0  3 1 1  6 1 
Max 1 89 1 24 32 5 1  46 4 
n 1 1  l l  1 1  l l  1 0  1 1  

Al l g,y:mnos Ee rms 

X 1 2 1 84 37 49 28 2 . 5  
Sx 31 . 2  51 . 8  23 . 2 26 . 3  1 6 . 5  1 . 4 
Mi n 0 4 3 3 4 0 
Max 221 279 1 54 1 00 1 06 4 
n 205 205 203 202 204 206 

Sweet bi rch 

x 1 49 27  22 44 1 5  2 . 3  
s- 1 4 . 9  1 8 . 1 1 3 . 5  24 . 4  5 . 5  1 . 2 ':< M1 n 94 4 4 7 5 · a 
Max 1 70 84 70 1 00 29 4 
n 44 44 44 44 43 44 

Red maEl e 

x 1 34 62 . 1 5  32 1 5  2 . 3  
s- 24 31 . 3  l l . 4 1 8 . 6  9 . 7 1 . 3 
M

l$ 
90 1 4  3 6 4 0 1 n  

Max 1 69 l l 6 52 77  50 4 
n 29 29 29 29 29 28 

Yel l ow b i rch 

x 1 46 33 1 7  46 9 2 . 2  
s- 1 3 . 6  1 7 . 7  1 2 . 2  25 . 3  4 . 7 1 . 2 )$ l l 5 1 0  3 1 3  4 1 M 1 n  
Max 1 67 58 36 78 1 9  4 
n l l . 1 0  l l  l l  1 8  1 8  
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Tabl e 20 ( cont i nued) 

Height Length Width 
to scar of scar of sca r  Percentage 
( em) (em) (em) Ci rcumference Dbh Dominance 

Ameri can Beech 

X 1 47 29 1 7  38 1 5  1 
s- 1 9 . 9  2 3 . 4 1 3 . 2  32 7 . 2  0 . 6  X 
Mi n 1 08 5 6 9 6 0 
Max 1 67 68 44 1 00 24 2 
n 7 6 7 7 . 7 7 

Fi re che rry 

x 1 42 32 25 47 1 7  2 . 4  
s- 1 7 .  1 23 . 7  8 . 8  26 . 9  8 . 8  1 . 7 l;{ M1 n 1 08 6 1 1  2 1  4 0 
Max 1 65 86 42 1 00 3 1  4 
n 1 2  1 2  . 1 2  1 2  1 4  1 5  

S i l verbel l 

X 1 52 33 1 7  32 1 5  1 . 9 
sx 1 6 . 4  1 6 . 2  1 1 . 2 20 . 5  5 . 6  1 . 1 
Mi n 1 1 4 1 5  4 7 7 1 
Max 1 75 62 40 75 26 4 
n 1 3  1 2  1 2  1 2  1 3  1 3  

Suga r ma�l e 

X 1 47 32 1 4  26 1 5  1 . 4 
s- 25 . 9  1 6 .  1 1 3 . 3  1 5  1 0 . 7 0 . 7  l;{ M1 n 83 7 2 6 2 1 
Max 1 77 53 44 49 3 1  3 
n 1 0  1 0  8 8 1 0  1 0  

Sou n-�ood 

x 1 44 36 21  57  1 2  1 . 4 
s- 20 . 7  1 4 . 1  7 . 5  22 . 7  6 . 8  1 >S M 1 n  1 01 1 5  5 31 5 0 
Max 1 72 55 32 1 00 22 3 
n 9 9 9 9 7 9 

Al l angi ospenns 

x 1 43 41 1 9  41 1 5  2 . 1  
s- 20 . 4  27 . 8  1 2 . 4  24 . 2  8 . 1 1 . 3  >S M 1 n  75 4 2 6 2 0 
Max 1 77 1 42 70 1 00 50 4 
n 1 81 1 76 1 76 1 76 1 87 1 9 1  
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Tabl e 20 { conti nued) 

Height Length Width 
to scar of scar of scar Percentage 

(em) (em) (em) c i rcumference Dbh Dominance 

Al l mark trees 

x 1 31 64 29 45 2 1  2 . 3  
s� 28 . 7  47 . 5  20 . 9  25 . 6  1 4 . 7 1 . 4 
Min 0 4 2 3 2 0 
Max 221 279 1 54 1 00 1 06 4 
n 386 381 379 378 391 397 

) 



Tab le  21 . Frequency of mark trees and fresh marks by s peci es for 1 975 , 1 976 , and 1 977  al ong i ndex 
routes i n  the Great Smoky Mountai ns National Park. 

Speci es 
or grou� 

Eastern heml ock 
(Tsuga canadens i s )  
Tabl e mountain  pine 
( Pi nus pungens ) 
Fraser fi r 
(Abi es fraseri ) 

Red spruce 
( Pi cea rubens ) 
Dead s pruce or fi r 
Pi tch pi ne 
( Pi nus rigi da ) 
V i rgi n ia  p ine 
( Pi nus vi rgi ni ana ) 

Pinus s p .  
( un i dent ifi ed yel l ow pine) 
Wh i te pine 
( Pi nus strobus ) 
Shortl eaf pine 
( Pi nus ech i nata ) 
Al l pi nes combi ned 
A 1 1  gymnos pe rms 
Sweet b i rch 
(!3etul a l enta ) 

Frequency of species 
or �rou�2 1 977  

# fres- marked1 1977 

60/7 

32/ 1 0  

29/2 

25/8 

3/0 

23/5  

1 6/ l  

1 3/ 1  

1 1 /2 

l /0 

96/ 1 9  

2 1 3/36 

46/9 

Frequency of s pecies Frequency of s pecies II fresh 
or firou�, 1 976 or firou�, 1 975 any 2 

# fres- marked1 1g76 # fres- marked2 1g75 years 

59/ 1 3 20/ l 4 

32/ 1 3 l / 1  9 

28/ 1 9/ 1 1 

22/ 7  5/1  6 

3/0 l /0 0 

2 1 /8 7/4 5 

1 0/0 0 0 

1 7/4 5/2 2 

1 0/ l  0 0 

l /0 0 0 

9 1 /26 1 3/7  1 6  

203/47 48/ 1 0  2 7  

48/23  4/0 5 ....... w 



Tab l e  2 1  ( conti nued ) 

Frequency of s peci es Frequency of s pecies Frequency of  s peci es # fresh 
Speci es or grou[:!, 1 9 77 or groue, 1 976 or groue, 1 9 75 any 2 

or  grou[:! # fresh marked ,  1 977  # fresh  marked , 1976 # fresh  rna rked , 1 9 75 years 

Red mapl e 36/ 1 0  31 /8 1 4/ 1  5 
(Acer rubrum) 

Ye l l ow b i rch 28/1 1 1 7/ 7  0 4 
( Betu l a  a l l egheniens i s )  
Ame ri can beech ' 1 7/5  8/5 0 1 
( Fagus grand i fo l i a )  

Fi re cherry 
( Prunus penns�l vanica )  

1 6/3  1 4/2 1 / 1  2 

Si l verbel l 1 5/6 1 3/8 1 /0 4 
(Ha l es ia ca rol i na )  

Sugar mapl e 1 3/4 1 0/4 l /0 1 
(Acer sacca rum ) 
Sourwood 1 0/ 1  9/0 l /0 0 
(Ox�dendrum aboreum) 

Stri ped map l e  8/6 5/4 0 3 
( Acer eenns�l van i cum) 

Fraser magnol i a  
(Magnol i a  fraseri ) 

7/1 712 0 1 

Northern red oak  6/2 4/Z 2/2 1 
(Quercus rubra )  
Ye l l ow buckeye 6/ 1 0  5/3 0 0 
(Aescul us octandra ) 

Sumac s p .  5/3 4/4 0 2 
"' � 



Tabl e 2 1  ( conti nued)  

Frequency of species  Frequency of s pec i es Frequency of spec i es II fresti 
, ,  

Species or �rou�, 1 9 77 or �rou� 1 9 76 or �rou�2 1 975 any 2 
or grou� # fres- marked, 1977 # fres- mar�ed1 1976 # fres- marked1 1975 lears 

Bl ack l ocust 3/2 3/2 0 2 
( Robi n i  �seudoacac i a )  

Yel l ow popl ar  3/ l 3/0 0 0 
( l i riodendron tul i�i fera) 

Chestnut oak 2/0 2/0 l /0 0 
(guecus �ri nus ) 

Sassafras 2/0 2/0 0 0 
{ Sassafras a l bi dum) 

Amel anch ier  sp .  3/0 2/0 0 0 

Bl ack  cherry 1 / 1  1 / 1  0 1 
( Prunus serot i n a )  

Dev i l ' s wal k ing s t i ck 1 /l  1 /0 0 0 
(Aral i a  s�i nos a )  

N i ne ba rk 1 / 1  0 0 1 
( Phlsocareus o�ul i fol i u s )  

Searl e t  oak 1 / 1 0 0 0 
(Quercus cocc i n i a ) 

Bi g l eafed magnol i a  1 /0 1 /0 0 0 
(Magnol i a  macroeh�l a )  

Mountai n  maple 
(Acer sei catum) 

1 /0 l /0 0 0 

Fraxi nus s p . 1 /0 1 / 1 0 0 

Un i dentif ied hardwood 2/0 2/0 0 0 ........ 
U1 



Tab le  21  ( continued ) 

Frequency ors-pecTes--rrequency�ofspecles Frequency of species II fresh 
Species o r  �roup, 1 977 o r  �roup, 1 976 o r  firoup, 1 975 any 2 

or  group _uu______ II fres�_ markejl_, 1977 _ _ l_f_re��- ma rk_ed, _ _l97_6 ___ #�f_rf!S� marked, 1975 years 

Al l ang ios penns 2 35/68 1 96/77 26/4 33 

Total 448/ 1 04 399/ 1 24 74/ 1 4  60 

....... 0'\ 
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Tabl e 22 . The mean , s tanda rd dev i at i on ,  mi n imum measurement , maximum 
measurement,  and sampl e s i ze of parameters at mark trees i n  the Great 
Smoky Mounta i ns Nat i onal  Park .  

ELEVATION SLOPE OF GROUND ASPECT DI STANCE 
(m) {degree) (deQree) (m) 

Eastern heml ock 
x 1 25 1  2 1  1 97 1 83 
sl 221 . 9  1 0 . 5  85 . 5  242 . 3  
M1 n 6 1 0 0 0 3 
Max 1 539 41 346 999 
n 60 56 57 59 

Tabl e mounta i n  Qi ne 

x 1 1 08 1 4  1 41 58 
S- 2 1 5 . 8  1 2 . 6 1 33 . 6 1 2 7 . 7 
M

>.< 
549 0 0 1 1 n  

Max 1 396 40 360 600 
n 32 32 31 32 

Fraser fi r 

x 1 704 1 7 2 1 3 38 
S- 43 8 . 7 1 07 . 2  43 . 9  � 1 61 5  0 0 2 Mm 
Max 1 798 35 355 200 
n 30 28 28 28 

Red SQruce 

x 1 620 20 2 1 3 98 

si 1 0 7 .  8 . 2  95 . 1  1 63 . 5  
M1 n 1 341  2 0 0 
Max 1 795 34 355 800 
n 25 23 23 25  

Pi tch pi ne 

x 935 20 1 9 1 1 09 

sx 1 50 . 6  9 .  1 62 . 2  207 . 9  
Mi n 549 5 76 1 
Max 1 1 89 40 348 999 
n 23  22 22 23 

V i rgi n i a  pi ne 

x 667 1 7  92 1 83 
s- 1 1 5 . 5  1 4 . 6  98 . 5  334 � 549 0 0 5 M1 n 
Max 1 067 36 277 999 
n 1 6  1 2  1 1  1 6  
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Tabl e 22 ( cont i nued) 

ELEVATION SLOPE OF GROliND ASPECT DI STANCE 
(m) (decree) (degree) (m) 

Wh i te !;!i ne 

x 739 1 5  2 1 3 1 1 1  
s- 1 53 . 9  1 0 . 3  1 03 1 1 9 . 2  � M1 n 533 0 2 5 
Max 884 29 357  400 
n 1 1  1 1  1 1  1 1  

Al l g�mnos !;!e nns 

x 1 2 1 7 1 8  1 86 1 24 
s - 366 . 1  1 0 . 5  1 04 2 1 5 . 3  � M1 n 533 0 0 0 
Max 1 798 41 360 999 
n 2 1 7 206 201 2 1 4  

Sweet b i rch 

X 1 1 84 26 1 82 73 
s- 1 67 . 9  1 3 . 6  94 . 7  1 47 . 6  � M 1 n 960 4 2 1 
Max 1 539 90 354 999 
n 48 43 42 48 

Red maQl e 

x 1 279 1 9  1 64 44 
s- 1 59 . 4  1 0 . 3  92 . 3  44 . 6  � 869 0 0 0 M1 n 
Max 1 585 40 35 1 200 
n 36 30 29 36 

Yel l ow b i rch 

x 1 420 1 3  1 4 7 65 
s - 2 1 6  1 0  64 . 6  1 33 . 7 
M� 805 2 45 5 1 n  
Max 1 646 34 251  600 
n 28 1 8  1 8  27  

Arne ri can beech 

x 1 376 20 1 47 77 
s- 1 23 8 1 42 . 8  75 . 1  � M1 n 1 082 1 1  7 3 
Max 1 494 32 31 2 200 
n 1 7  7 7 1 7  
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Tabl e 22  ( conti nued ) 

ELEVATioN SLOPE OF GROUND ASPECT DISTANCE 
(m} (deqree) (degree) (m) 

F i re  cherr� 

x 1 364 23 205 95 
s- 1 47. 5 1 0 .  1 1 1 4 .  1 1 06 . 9  ),( M1 n 1 097 0 0 2 
Max 1 641 38 342 400 
n 1 6  1 4  1 4  1 6  

Si l verbe1 1 

x 1 1 89 23 1 52 85 
s- 1 66 . 4  7 . 5  94 . 6  1 0 7 . 5  
M

),( 
991 1 2  20 3 1 n  

Max 1 494 36 349 400 
n 1 5  1 3  1 3  1 5  

Sugar ma�l e 

X 1 21 2  20 1 60 75 
s- 1 77 . 7 1 2 . 4  1 1 7 . 1  1 1 1 . 5 )! 

91 4 3 1 0  2 M1 n 
Max 1 433 35 354 400 
n 1 3  1 0  1 0  1 3  

Sourwood 

x 1 1 26 24 1 46 54 
s- 1 06 . 1 1 3 . 9  1 1 4 . 3 28 . 1 ),( 975 1 9 25  M1 n 
Max 1 3 1 1  38 337 1 00 
n 1 0  9 8 1 0  

Al l angi os�enns 

x 1 259 2 1  1 70 85 
s- 1 88 . 7  1 1 . 7  1 03. 3 1 6 2 . 2  

JS 
805 0 0 0 M 1n  

Max 1 646 90 359 999 
n 237 1 9 1  1 87 235 

Al l mark trees 

x 1 239 20 1 78 1 04 
s- 288 1 1 . 2 1 03 . 8  1 90 . 2  ),( 

533 0 0 0 Mm 
Max 1 798 90 360 999 
n 454 397 388 449 
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