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a loug  t h e  Kesa T r a i l  i n  Eouliier 10uritain Pzri: were s e l e c t e d  s o  l. 

as t o  In=: r z p r c s e n t a t i v z  of' t h e  vezetati on c:~ar.ar, tel-ist ic of : 
8 '  

1) a n e s i c  woadlalicl; 2 )  a x e r i c  rieado;+~ and 3 )  an intermittently i& 

kilqdric s t reamside .  Each study s i t e  had s l i g i ~ t l y  d i f f e ~ e n t  s o i l s ,  
(f., I 

P 

topographic f e a t u r e s ,  moisture a v a i l a b i l i t y ,  and r a d i a t i o n  regimes, +-* 

b u t  all received aproximstely t h e  same a m o u n t  of v i s i t o r  uss .  ...$i - - 

A t  t h e  t h r e e  l o c a t i o v ; . ~ ,  a 5 x 5 r~eter p l o t  xas marl:e:i o f f . . o n  I 
both s i d e s  of t h e  t t-ail .  Eash  1 x j p e t e r  s t r i p  which parallcJcd. 

t h e  t r a i l  a x i s  was desigm'ce3 2, "zone of influer:cetf anfi t h e  v z g e t a t i o n  

in t h a t  zoxe san~pled. v ~ i  th l i n e  t ~ a n s e c t  s .  I 
These zones vrerz then C Q : T , ; ? ~ T ' ~ ~  bot.!? w i t h i n  and bet-tree:?. s i t e s  

t n  cletei-rriine t h e  e f f e c t  of di:;ta.nce from trail  edge on vege ta t ion  I 
Clerisj ty, species d i . v e r s i t y ,  a d  species frequ.en.cy. 

I t  v r s s  found t h a t  orlly t h e  nead.ow s i t e  ,exhibited ' t he  expected. I 
ilzcrease in vcgeta t ior i  density, d i v e r s i t y  arid frequency w i t h  

d.is:;m.ce from t r a i l  edge. Both t h e  v:oo%ecl and strearnside s i ' t e s  
I 

d . i  snlaye3 a somewhai; i r r e $ J i & i >  <.t>ii~~;:?t;jc,; j.?! .y,hi.:s;? t??:;'~?~.: vege ta t ive  

garameters with  dis.ta-n.ce cf I" t r a i l .  

I 





-.. 
, , .;: ,,, c., <. : r:.; .- ,- . . : .,.-.,.. . ,--:,'I 3. s < 2 ; : t i  o!-i~ e>:s::::iL:'!ed j.1; 2 , q - i ~  :;t.ufiy ( see  ~ j , ~ ~  ,,, 1) ~:.l.e 01: 

;?, s;:!a].] f~-,a,:i;.ic)y:..! o r  it!?? 4.2 r;;.liles of na.;;!ed. ti-,aj.ls :i::-j-?:tai2.ierjc wi i ;?? . ;~ ;  

the 6000 acres of Doalder i,io.iintain P a r k .  The area r e c e i v e s  ll::a-$y I 
and increaszng r e c r e a t i o n a l  u . 3 ~  due t o  c l o s e  proximity t o  3ou.ldcr 

; y f o r  cf,.jy hil:es. 

Records have n o t  been kept  of use lev2ls i n  t h e  22-ea;al-thou?;h 1 
rnana.ge!nent p l m s  c a l l  f o r  t h e  i n s t a l l a t i o n  of "seeing eyef '  ~~~~~~~s 

-1 
i n  the  n e a r  f u t u r e .  Lacking t h i s  d a t z ,  a roeasurc of the  i n c r e a s i ~ ~ g  

i n t e n s i t y  of t r a i l  use may be gained by r e f e r e ~ c e  t o  a i r  photos 

taken  of the  al-ea ii? 1938, 13-56, a n d  1971. ( ~ x h i b i t s  1, 2 ,  and 3 )  
I 

In the 1938 photo,  onl-y f a i n t ,  sin~3..=1-route t r a i l  s c m s  can 

be discer-rled. C y  1356, the trail s c a r s  zp;?ear t o  be s l i g h t l y  

dceplzr agci vri.der; new h o u s i r i ~  u n i t s  a r e  a l z o  jn  cvidencc. The 

1971 Dkoto c lear ly  ill:,.st,rates t h e  p ro l i i c r -a t ion  of urbnx devclop:rcnt, 1 
t h e  advent  Of t ra i ls  1eadir.g f rora subfiivj. s i  on bor~;fi~&aries t o  .;t;;G;e 

/ 

1b:ouyltain Par?l~,  t h e  d e c p e i ~ i ~ g  and widetiing of existi.ng Prwk tlwai 1 s  , 
z.nd par . t ic \ rSarly,  tile dieve1o~men.t of r.o.ilStip3-e r o u t e s  a.2on.g t h e  

1,;esa Trai.1. 

On that p o r t i o n  of Hesa T r a i l  under s tudy,  nos t  r e c r e a t i o n  

uss was by h i k e r s ,  jocygers, and horse  r i d e r s s  General ly ,  most 

h i k e r s  enter t h e  a r e a  froni t h s  no r th  v i a  the i : % u e b ~ l l  S h e l t e r  and I 
Chautauqua accesses*  A n  i n c r e z s i n g  number of people p a r k  t h c i l *  

ca:-s a t  th,.: ?-2t ior ial  Center f o r  Atmospheric tiesearch (I.C!L~) f a c i l i t y  

and el?tel- the  P a r k  v i a  t h e  IGCAK a c c e s s  t r a i l ,  which i s  co:~iseqv.c?;tly E 
becoming hezvi  ly impacted and widened. 

1 Personal co:firmr~ication from D i c k  Lyna-r_, Chief P a r k  l:z~!ger 









, :i - ~r':;.:? yj.6 ys  ~ :e j -1c : ]~~3 .1 .~  e:.:l:,,::r t?!? ki3nj. 1 c;y::;l;sz~ f xwrn tht? j)unn . - - 
J.  ii : ..:. ,3 . 

nl;3r!3l;t j-c3;; t : : ~  SO:: tilt !; t. ~ ~ ~ \ , ~ . L c ? .  b~ J..L 1 I ~cI.,I:L~ t o  i soln'- ;e t h e  
. , 

j:;.d..iuid.val effec'; of h3.1;er7s, joggc:r7s, C?..(:<i h3rse ~.j.d.ers,; ot)?ei' 

s tud. ies  have i n d i c a t e d ,  hoviever, t h a t  t h e  horse  hooves arid g r e a t e r  

treight have a nu.cli greater c u t t i n g  and compacting e f f e c t  tha:? the  

Vibran  cr rubber  s l e s  of the 1 7 j . k ~ ~  or jogger. 

11 STUTjY OBJECTTTIXS 

Previous  t r a i l  s t u d i e s  ( C a l i f o r n i a  S t a t e  College,  1972; I 
S i e r r a  club Outing Cornnittee, 1372) have found that t h e  dezree  

of p h y s i c a l  d e t e r i o r a t i o n  of veget,ation a.n3 s o i l s  observed a long  
I 

a r e c r e a % i o n a l  r o u t e  r e f l e c t s :  

a )  t h e  type 2nd e x t e n t  of t r a i l  usage 

I 
b) time of year r..~:?en the t ra i l  i s  used I 
c )  ~eomorp'r~olo,.;ical. c h z r a c t e r i  s t i . c s  of the  t e r r i l i n  tk!rov.gh 

oG~ich the t r a i l  p2:;s-s 

6 )  r e s i l . i cncy  of particvla17 v q e t a t i v e  fo~~n: ;  o r  s p e c i e s  t o  

s u s t a i n  recreational iv.pact 

T h i s  stu.dy was an at tempt  t o  focus 017 t h e  i n t e r a c t i o n  

betwzen t h e  las t  t n o  p o i n t s  by examininz the cond i t ion  of t r a i l s i d e  

v e ~ e t a t i o n  8ii.d soils a t  t h r e e  si  t c s  which were chosen as reprcsen . tz t ive  
I 

.of x e r i c  , mesic Z M ~  l ~ y d r i c  ~ i ~ ~ . o - e n v i ~ l o ; l ~ - ! e ~ ? t s .  I 
The worlcing hypothes is  v r 3 s  t h a t  : 

1) D i f  f ererit nicroenvi~-on~:r,ent,s, r e c e i v i n g  sir~i. l e v e l s  of 
I 

recx3eational usage w i l l  e x h i b i t  tiiff e r e c t  degrees  of r e s i l i e n c e  

6u.e to variabi3-i  t i e s  i n  s i t e  c h a r a c t e r i s t i c s .  

2 )  The Begref of i n p a c t  u:o?lld d i n i r i  sil ~ ? i t ' n  d i s t a n c e  f ~ 0 1 3  



111 SITE SELECTION 

Three s tudy s i t e s  were se lec ted-  wi th in  a 1/2 mile s e g r n e ~ t  

of t h e  F,Iesa T r a i l  i n  that portiou! of Boulder Mountatin P a r k  l o c a t e d  

d i r e c t l y  west of t h e  >{CAN f a c i l i t y  a t  a n  e l e v a t i o n  of about  6 0 0 0 ' .  

(see s i t e  map i n  Pig. 1). 

A comprehensive view of t h e  stud-y area with  each s i t e  i d e n t i f i e d  

rnay be seen i n  t h e  photo of Fig.  2. ill1 s i t e s  rece ived  a h igh  

l e v e l  of t r a i l  usage z,nG were similar i n  some physiogrzphic and 

nac roc l ima t i c  f c a t u . ~ ~ c s  such a s  g e n e r a l  s o i l  types 2nd. t h e  r e c e i p t  
2 

of .l6-.21+ ixches of p r e z i p i t a , t i o n  annu .a l ly ,  Each s i t e  had very 

c i i f  f eren'i ~ ! 1 i c r ~ c l i 1 - n a t i c  c 1 1 ~ r a c t e ~ i  sties 2nd. con.sequently r ep resen ted  

6j.f f e r e n t  types  of p l z n t  cornmunit.ies. 

Site 1 ,--,F:esic.Wooded was 1oc:atcd ."27)' south of the Hesa 

and- XChR t ra i l  i n t e r s e c t i o n .  Located w i t h i n  a Pm.derosa Pilze s tand ,  

t h e  area rra,s cleeply sha,ded by t h e  t r e e  canopy and. had an uncierstory 

of forbs  an8 gi*aoscr; v!it,h a dense v e z e t a t i s e  l i t t e r  of p ine  needles ,  

dol;;i;~~3. ti-eees and bralzches. R spec.i-es l i s t  occurs  i n  Table 1 and 

in:licn.t;es t h a t  --- DeSchalnnsj~ caesn i  t o s a  and L~istid.2,. : loA,-~ir ,nta  ' a r e  

t h e  doainnh2: grasses ~ i l d  lial~ol;i& Eepsns t h e  dominant forb .  

A p h o t o , ~ r a p : ~  of t h e  s i t e  ( Fiz, 3) shows t h a t  t h e  t r a i l  i t se l f  

i s  level her%, but  set i n t o  t h e  face of a g e n t l y  s l o p i n g  h i l l  

t:hich cau,scs runoff fron the sl-oge above t o  accumululate  on t h e  

dov:nsl.o:~e edge of the t rai l .  
. . . . _ _  . -  . - _ .  .. . ., . ... . . . .  . . . 

. .  . . :  . . .  : 
2 s o i l  S&-vky or Eo~ll .dkr ~ o i i n t y  Area, 1975, p:. 10.' ' . 

.- 

- ----- 





SD:~.?.:: at the s i t e  a.1-c, ifie~~?-,j.S:iefi by the SQ~~:!: ,~LI.U.'LV -8.f !.i~~i7.&2r 

- 7  - C ~ ~ ~ : ; ~ ~ i ; ~  ;.?:-;.?, a s  C~~.-IL?;:: x21:3 ~ ; . J ~ ~ ~ ~ ~ ] - F ; I I ;  ;>-J U' 2. ~2 r:.d.y ]-o,?,::?. J, f a i ~ l y  

vre1.l dccor !pse3  hur.r,u.s l ayer  o ~ c ~ 3 j - e ~  the  to:;, 1/2-1" or. the s o t 1  profile. 

S i t e  2-:.',eric i.;ead.bw, trzs .loca-l;e& w751 nori;:-l 0: the ].!esa/i.~~A;l 

t r a i l  i ~ t e r s e c t i o n  xhere the t r a i l  passes through a dry and opzfi 

F?,'rasslz,?-id co:fiplex w i t h  l i t t l e  shade. D0minan.t sgecizs ( s e e  TaSlz 2 )  

include Iroel-eria g r a c i l i s ,  Desahampsia caespitosa,  z i s e t u n  ~ i c a t u r n  

and Cou-LeEol~~a ~ r a c i l i s  among the grasses and Chr~rsot~2arn.n~~ naus2osu.s 

and A r t e m i  sia- ~ l a u c a  as dominant f orbs 

The s tudy area can be seen i n  the photograph of Figure I C  as 

tha t  porkioi? of the t ra i l  occupyi1;g the  c r e s t  of the  hill and hence 

f a i r l y  Zevel. Evident i n  the immediate foreground i s  the severe 

t r a i l  erosion occuring only a s l i g h t  distancz away, where the 

slops steepens appreciably. 

S o i l s  a t  t h i s  s i t e  are! derived from t:ea.thered shale and show 

in p r o f i l e  a surface l ayer  of a rcddish-brown s t o ~ y  loam, mderlcin 

by a. reddish-gray l i g h t  c lay Loarfi. 

S i t e  3 - 1n.terrnittent Strearaside w a s  located$OOt north of 

the  I;iesa/llCf~T: t ra . i l  i n t e r s e c t i o ~  vhere the t r a i l  d ips  hor.:n t o  

cross Sku-nk Creek. Water f low i n  the creek w a s  low dur ing  the: ; t ine  

of the st11.d~ (fa.l.1) b u t  water s t a i n s  on the surrounding roclis 

as well a s  vegetation distr ibu.t ion would indica te  a much highel- water 

leve l  i.s pos s ib l e ,  probably duriilg spring rt-riof f . .  

The s i t e  was moderatedly wel l  shaded by shrub and. t r e e  f o r n s  

of Acer - r;.epx~ao - and Sa l ix  e x i ~ ~ ~ .  Referer?ce t o  the species l i s t  

in T;rble 3 infi.icates t h a t  nec tg l i  s ~ ~ o U I ~ E ! ' ; ; ?  a:d S i  t2ni02l . -LI-- 1 02l?i  f o l i ~ l n  

t.Jere do!ginzizt grasses a ~ d  Tzra:-:a.cua - - _  off _ -  i c i ~ z l c  aria Vio1.a E~O???& 

the doin ;.?:ant f orbs. 





')ti..;: to ].i!nj. tst:'! oi:s of .i;i!;-i:: I.a?:,o:? [ i ~ - t ( l  c;.:rjert:',. SF: , i 'i, p r a s  
I 

. . . . 
I:<):. -ijfi:;:-;;L :-)]-e t c l  :?<<.',;<: <l ~ ~ 2 ~ y ~ l i j ~ , ~ f i   vest.\ ~ : ~ ; t , i  2 ~ 1  3: % I ; ( - ,  

.., L < - LOCZ,l.  

r;~~.cr~::!.li?le.tic f a c t o r s  chara,cterisi; ic cf e~tch  s i b ,  such a s  s c l i i  

~~~~~~~e st116 teniperature, a i r  temperature, hun : id i t~ - ,  l o c a l  

p r e c i p i t a t i o n  o r  wind. Since so  many of' these  interdependent 

veYic2??:.es tiere 1zncont ro l~e3 and un.rrle~su.rc?~, results f o ~ ~ d  i n  t I i 5 . s  

ztuay are of l imi ted  genera l iza t ion  and nay be c h a r a c t e r i s t i c  of 

only t h e  s p e c i f i c  site studiecl. 

1V I.!ET5iODOLOGV 

Data co l l ec t ed  at each s i t e  centered around vegetatim a n a l y s i s  

a s  supplemented by s o i l  eros ion and compaction ra te ; ;  

~ ~ e t - t ; o n  a n a l y s i s  V~~.-<L-L-- -- - 

A t  each of the  s i t e s  described above, a p a i r  of 5 x 5 meter 

p l o t s  were l a i d  o u t  wbjch bordel-ecl the  t r a i l  0;. e i t h e r  siCc, 

The ob jec t ive  was t o  sample vc t e t a t i o?  a t  a? inc~-eas ing ly  g r e a t e r  

f i i s t ance .  from tfie t ra i l  bed.. Each of the  f i v e ,  one-zeter 5.n-tervals 

was considered a suhglot o r  zone of influence 8 s  labeled i n  Figure 7. 

Line t r a n s e c t s  wzre placed a t  1 meter i n t e r v a l s  along the  t r a i lg  

ax3 a-L 10 cm, i n t e r v a l s  a ' ' h i t v  was recordec as e i t h e r  a part icular  

p l an t  spec ies ,  vege ta t ive  l i t t e r ,  n ine ra l  s o i l  o r  rock. 

This da.ta was l a t e r  used t o  ca l cu l a t e  tlie vegetatio-c7_ d e n s i t y ,  

spec5es d i v e r s i t y  and species  frequency f o r  each subplot.  

T r a i l  E:T"siorz all6 SoiTL Comp2ctior 3nalysj.s -- - 

Trail eros ion was defifled as the t o t a l  amount of s o i l  eroded 

frola the  t r a i l  bed.. f, rou.,r;li est iciate  of s o i l  l o s s  vzs obtzined 

by measurinz t he  aT:crage depth and width of the  t ra i l  bed ~ , t  each s i t e ,  





';';lqre fj.;:u1-c~ then uscfi to celcul2 , te  t h e  to.!;.]. V O ~ I ) . . ~  of 

-l .- 
~ ; ~ I - ; : -  <.. ,. . . . cLj per irr;ozr i:i~tc:' of' trail. 

:. Soi l tes t :  ITij?. ;onn~trai ; le ter  ::as ~ s e d  t o  nezslire s o i l  corn?action. 

Bcadii-;gs were taken a t  1 meter i n t e r v a l s  wi thin  and between zones 

and these  r e s u l t s  combined t o  ob ta in  an average conpa,ction reading 

rcjy e::c>~ ~ O C D , ~  

The r e l i a b i l i t y  and r e p l i c a b i l i t y  of t h i s  method. i s  highly  

dependent cn both human and physical  v a r i a b i l i t i e s  i n  taking the  

measurement. While the i n s t r u n e s t  worked wel l  enoup;h on the  

o f f - t r a i l ,  uncompacted s o i l s ,  i t  was of ten  impossible t o  pene t ra te  

the  hardpscked t r a i l  su . r f~ce .  I n  additim1, g ra s s  t u r f  mats, 

dense plai t  r o o t s ,  rocl:s and grave l  vrere after, ezcoul tered i n  

taking readir.gs an8 c f t en  r e s u l t e a  i n  u;hat were probably erroneously 

high co!npaction read.i.ngs. 

 be t o  these  Bi f .3  i c u . l t 3 . e ~  ?.rith the  g e n e t ~ o n e t e r  and the  

insensitive o r  inaccuFaatr reaclirigs obtained, the  s o i l  conpaction 

d a t a  1;as consiaered as only su.pplcrnenta.1 t o  the  mzin study f i rd lngs .  

V RESULTS 

Saiiip2.c~ taken within the  sttbplots on both s ides  of the  t r a i l  

xere cordbi-xed t o  o'utail? a 9 r o f i l e  of 5 z o w s  of i l i f luence,  ranging 

f r o x  1 t o  5 r.leters off the  treil. This d i v i s i o n  i n t o  zones of 

in f luzcce  3 ,  r.:ziiltaiced thr0u;hov.t a l l  t abu la t ions  of results .  

Vegetefion dens i ty  re la t io r i s  wi thin  each site are depic ted 

i n  t h o  coc1Siaed.' graph an& t a b l e  of Figure 8 i n  vilich the t b t a l  ground 

covey i s  divj-aed i n t o  that percentage nhicll is :  

1) Vcy:etaLi oi9- - t he  t o t a l  co~ .n t  of i c d i v i d l ~ a l  p l a n t s  encountered 
rep;ardless of species ,  



2) ~,it.i;er -----. - sh i t  vilicre par-';ic?Bly or. fully dccoinyoscC. 
ol-i;al!..i. c i:izit;ter ( e . ~ ; .  d.ecg?ivposc;i gr'ass na";, l eaves ,  

f i l m  tvi2;s) I*ES enco:mterecl t!l?ich coirld. not, be ide r i t i f i ed  
as lj.vi~j2; plzn-t ; : la ter ia l ,  

3 )  ::i.ne~a& s o i l  - t h e  occ;urer.ce of a bare s o i l  o r  rock sur face  I 
t o t a l l y  l a c k i n g  v e g e t a t i v e  l i t t e r .  

S~ecie:; d i v e r s i - t y  i s  t h e  nurnerica?. to%-l  of those  s p e c i e s  I 
p r e s e n t  w i t h i n  each zone of i n f  lu-ence. A g r a p h i c a l  and t a b u l e r  I 
represe;qtat ion occurs  i n  F igure  9. 

Spec ies  f r e q u e ~ c y  was def ined  as t h e  frequency wi th  which a I 
given s p e c i e s  was encowiterad w i t h i n  t h e  v e ~ e t a ~ t i v e  cover  of each 

zo-ne. Ti:is measurement was coxputed by d i v i d i n g  t h e  number of h i t s  

of a given s p e c i e s  by the t o t a l  nuxber of v e g e t a t i o n  h i t s ,  r e s u l t i n s  i. 

t h s  percentage  of t o t e l  vege ta t ion  cover occupied by a given specleu.  
Q 

Tables  1, 2 ,  an3 3 presen.t this da,ta f o r  each site. I 
S o i l  erosiol l  ~2nd co!npsct io~,  r a t e s  are sv.mnsrized i n  Table 4, 

h rough cross--sect ion sl;etci.! of the t r a i l  bed p r o f i l e  i s  inclu3ed;-  
I 

by ~?eesv.rilig t h e s e  dimensions it was p o s s i b l e  t o  o b t a i n  an I 
approxir;ation of the amount of s o i l  d i s p l a c e d  p e r  l i n e a r  meter of t ra i l .  

The soil coapact ion  r a t e s  de r ived  f r o a  t h e  TVA penetrometer I 
~eadings  are, as expla ined  above, n o t  wlioll-y r e l i a b l e ,  and can 

oxly  in f i i ca te  t r e ~ d s  v~i tki in  each si te.  The o f f - t r a a i l / o n - t r a i l  
I 

m t i o  was obta ix~ed by d i v i d i n g  t h e  rate of t h e  dense ly  cornpcted 

s o i l  of the t;rJ,il c e n t e r  by t h e  t!zeoretical?.y n o r m 1  cox_mction 
I 

r a t e  of Zoxe 5, t o  d e r i v e  an es t ima te  of how g r e a t l y  t h e  c e ~ t e r  

t ra i l  T i a s  compacted above normal. I 



. . . ,  . . .  

L,ob!:ir>..g first. at vcr;etatio- d e n s i t y  ( 1 .  8) , S i t e  1 - M00d~d 

e x h i b i t s  an ovel-al l  decrease  i n  t o t a l  vegetative cover wi th  a n  

i r r e g u l n r  p r o ~ ; r c s s i o n  of 59.553 - 63.55 - 51.5$ - 46.55 - 372; 
m throu:;h l;he 5 ~011-es. i11e p-rcentaza of groi]~.d- covered niti-1 

l i t t e r  and. mirieral s o i l  i r c r e a s e s  p r o p o r t i o n z t e l y ,  with a v e r y  

h igh  read ing  of 47;6 minera l  s o i l  i n  zone 3 due::.to encouzrtering 

rocks and downed branches i n  area. 

S i t e  2 - !,,ealloyi d i sp l ays  ar. o r d e r l y  p rogress ion  of g r e a t e r  

v e g e t a t i o n  Benai ty ,  g r s a t e r ' l i t t e r  cover  an5 l e s s ~ e x p o s e d  S o i l  

i .;ith-.clistaqce from t r a i l  edge. . . + 

S i t e  3 - Streamside e x h i b i t s  a n  i r r e g u l e r  p a t t e r n  of 

61': /* - 143;; - .  55$ - 35s - 51.5:; i r ~  v e ~ e t z t i o n  de i l s i ty  f o r  zones 1-5. 

L i t t e r  a:ld m i ? l e r ~ l  s o i l  r e f l e c t  a similar v a r i a b i l i t y .  T h i s  

patter!? ney bs clue t o  t h e  ve ry  i r r e g u l a r  topography of t h e  

s t r e z n  s i t e  , with roclrs f r e q u e n t l y  encoun te red  

Conj>tring a l l  t h r e e  s i t e s ,  one i s  stri ick by t h e  r a t h e r  low 

t o t a l s  ir o v e r a l l  v e g e t a t i v e  cover. The tiead-on p l o t  had t h e  

h i g h e s t  t o t n l  percentage i n  v e g e t a t i v e  cover with 6b$. . Both 

of t h e  o t h e r  t y r o  s i t e s  had a b o ~ l t  50;: v e g e t a t i o n  cover. I f  zone 

5 i s  t a k a ?  as t h e  cor.tiqc)3. o r  un-listurbed zone, t h e n  t h e  p rogress ion  

i n  tile \!oodecI a ~ l d  Strearnside p l o t s  from g r e a t e r  t o  l ess  pcrcent.age 

v e g c t n t i o n  wi th  d i s t a n c e  off t r a i l  may be evidence t h a t  t h e  

t r a i l s i d . e  h a b i t a t  a t  t h e s e  site:; ac tua ' l ly  provides c e r t a i n  s p e c i e s  

w i t 1 1  sojle a&vanta;;r;-, , su-cll as g r e a t e r  su r face  runoff  o r  n u t r i e n t  

a v a i l a b i l i t y .  





11; t;ci?ras of snsc j.es & i v p r s i i : y ,  the three : r i  tcs  were ~:ea.rly 

equal, i;: tile i;ol.a..l ~ : i ~ . ~ ' o e : ~ ~  of species eac3 co.!-!:Lai~-ted.(See FS.7: t, 4 )  

The rn?ado:.,~ and. stre.=tnslde s t . t e s ,  %!it11 r e s p e c t i v e l y ,  23 and 22 

t o t a l  s p e c i e s ,  exh ib i t ed  a s l i g h t l y  g r e a t e r  v a r i a b i l i t y  than  

the  t~ooded s i t e ,  uhich had 18 s p e c i e s  represented .  

The ";rcz s i t e s  ex!libit;eci. d i s t i f i c t l y  d i f  fererst p z t t e r n s ,  . however, 5-Y. 

spec ies  d i v e r s i t y  throughout t h e  f i v e  zones. A t  S i t e  2 - Wooded, 

t h e  s p e c i e  counts  were 8 - 14 - 9 - 4 - 4 i n  zones 1 - 5, which 

w a s  an uvlexpected o v e r a l l  d e c r e a s e  i n  v a r i a b i l i t y  with d i s t a n c e  

o f f  t ra i l .  The abru-pt i n c r e a s e  t o  a t o t a l  of 1 4  s p e c i e s  i n  Zone 

2 of t h i s  s i t e  i s  of p a r t i c u l a r  no te ,  Since t h e  t r a i l  a t  S i t e  1 

was :-.at i n t o  the  f a c e  of a g e n t l y  s l o p i n g  h i l l s i d e ,  t h e  bare 

t r a i l  s u . ~ f a c e  a c t s  as a ~ o ? ~ l e c t o ~  of the  runoff from t h e  s lope  

above. Zone 2 may t h e r e f o r e ,  r z f l e c t  t h a t  a r e a  on t he  lower 

s i d e  of t h e  t r a i l  where t he  advan.tages of increased runoff outweigh 

t h e  d.anages i n f l i c t e d  on t r a i l s i d e  vegetat ior-  by h i k e r  c r  horse  

con tac t .  

S i t e  2-?!eadow, wi th  a pattern of 14-10-15-11-17 i n  s p e c i e s  

d i v e r s i t y  f o r  zones 1-5, was t h e  cnly  one O f  t h e  t h r e e  s i t e s  

tdiich ind ica ted  the expected o v e r a l l  i n c r e a s e  i n  s p e c i e s  d i v e r s i t y  

with d i s t a n c e  off' t r a i l .  Mere a g a i n ,  Zone 2 (and t o  a l e s s e r  

e x t e n t  Zone 4) i s  of p a r t i c u l a r  i n t e r e s t  i n  t h a t  s p e c i e s  d i v e r s i t y  

shows a decrease .  Th i s  anomaly may be explained by r e f e r e n c e  

t o  F igure  6 , vi'nich shows how S i t e  2 might appear  i n  a more 

advanced s t a t e  of erosi-on. ?<ate e s p e c i a l l y ,  t h e  emergence of 

a secofldary t r a i l  r u ~ n i n g  c l o s e l y  p s r a l l e l  t o  t h e  f i r s t .  When 

the wain t r a i l  i s  p s r t i c u l a r l y  ~n,t!ddjr a n e  a f f o r d s  i n s e c u r e  f o o t i n g  

f o r  horse  and f o o t  t r a f f i c ,  t r z i l  u s e r s  s h i f t  t o  t h e  h igher  and 

d r i e r  r i m  of t h e  main t r a i l  bed and i n  doing so,  c r e a t e  t h e s e  





S e c o ~ - d a ~ ~ ~ :  ro:~tn,s. The d e p r e s s l ~ n  i n  specie!; divel-:;it* i.fi 

Zo?ie 2 of. S i t e  2 po.';sibl; rel]-ects t!~e develop!;er,t of a r;ecor!dw;f 

rou te  ihro11C;r, t h e  s i t e ;  o ~ i - s i t e  inspect ior .  su-pports t h i s  hypothes is .  

'i'k p a t t e r n  through t h e  f i v e  zones of S i t e  3-Streamside 

e x h i b i t s  no p a r t i c u l a r  i r r e g u l a r i t i e s  o t h e r  than  t h e  unexpected 

genera l  t,ende_vlcy to;:ard l e s s  s p e c i e s  d i v e r s i t y  v : i t h  d i s t a n c e  

from t r a i l ,  

Turning n e x t  t o  a comparison of s p e c i e s  frequency data 

f o r  t h e  t h r e e  s i t e s ,  ( ~ a b l e s  1, 2 ,  & 3) some c o n t r a s t s  may be 

nsde regarding  t h e  r e l a t i v e  d i s t r i b u t i o n  of g r a s s e s  and f o r b s  

wi th in  each s i t e .  T4ost of t h e  g r a s s e s  occur i n  a l l  s i t e s ,  an i n d i c a t o r  

of t h e i r  a b i l i t y  t o  a d z p t  t o  a v a r i e t y  of mic roe r~v i ro r~r~en t s . .  . 
I n  c o n t r a s t ,  few of t h e  foxbs  found dominant a t  one s i t e  even 

o c c v ~ e d  i n  a n o t h e r ,  i n d i c a t i z g  t i le r e q u i r c ~ e n t : ;  of t h e s e  p a r t i c u . l a r  

f o r b s ' f o r  a s p e c i a l i z e d  h a b i t a t .  

S i t e  1-\Jooded had a n e a r l y  equal  r a t i o  of g r a s s  and rush  

s p e c i e s  (50.5::) t o  f o r b s  (49.5;:) w c h a v ! n s i a  sgp ras t h e  s i n g l e  

most dominant gra,ss,  occupying fu - l ly  302 of t h e  v e z e t a t i v e  cover. 

Aris t id-? .  ~ i ' , A ~ ~ i ~ e t a  was t h e  second most doninnct g r a s s , c o n t r i b u t i n g  

11;: of t h e  t o t a l .  The s p e c i e s  composition w i t h i n  Zone 2 may 

warrant  8 c l o s e r  examination s i n c e  i t  h a s  been noted e a r l i e r  

t h a t  both v e g e t a t i o n  d e n s i t y  and e s p e c i a l l y  s p e c i e s  d i v e r s i t y  

s h o ~ ~ e d  a d i s t i n c t  i n c r e a s e  i r z  t h i s  zoize, The s o l e  appearance 

i n  Zone 2 oT cT~mcus .cor;nressx as we l l  as t h e  occurrence of i- izrboi~ria 

t r a c : ? y ~ l e u r a  ancl Ga1iu.n h o r e a l o ,  a l l  moisture i n d i c a t o r  s p e c i e s ,  

lerds snpport  t o  t h e  arguxent  t h a t  t h i s  zone aoy b e n e f i t  from 

inc reased  surface rmoff  I r o n  t h e  s lope  above t h e  t rz i l .  
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GRASSES 



The ot;?~el% f o r h s  a r c 2  shrubs  repi7esentcd ii? S i t e  1 :ire those 

c~.a~ac<; f - ;~. - , i~ t j ic .  of $sflad&., y:e:ll-draincd. s i t c , ~ .  _______ !:bf?c)z:.i~i __I_-.- revL3vc- -.. L) ) 

~ r i . t h  %S;,5 of the  t o t a l  cover, i s  clear]-y the domiiia~t forb, 

fit Site Z-i.lead.oi.~, grasses occupie:: 615 of t h e  vegetative 

cover z:!-id f orbs only 39$ of' the  t o t a l .  Grzsses, (especial ly  

Bou.teloi?.a r r a c i l i s )  reached a hSgh of 82;; i n  Zorze 2 ,  perhaps - LL--I------ 

indicat ing a grea ter  r e s i l i ence  t o  trampling as the secondary 

route re fer red  t o  above i s  cu t  through t h i s  zone. Koeleria 

f i r ac i l i s ,  with 175 of t o t a l  vegetative cover vas most frequently 

encountered, followed closely by Descham~sia spp. (131;) , 
Trisetum snicetun - (13$), arid souteloua snp. (12$). I t  i s  

i n t e r e s t i n s  t h a t  zlthou.gh forbs  a t  the  nzadow s i t e  tiere low i n  

t o t a l  a b ~ ~ d a f i c e ,  the species d-iversity vras high. I4ost of the ..-- 
fo rb  s;pecies represented ?\~el-e those to1eran.t of dry, s m y  habi ta t s .  

h,t Site---3-Strearnsiae, forbs  were the rnore e f f i c i e n t  

competitors, occu.pying 71.555 of t h e  vegetative cover versus 

the  28.5;; contributed by grasses,  The few grasses present,  

such a s  Dactylis glonerata asd S i  tanion longif o l i a ,  were those 

t o l e r a n t  of rnore hydric enviror-nents. 1:ost of the  f o r b  a t  t h i s  s i t e  

trere of species pa r t i cu la r ly  adapted t o  shaded, moist conditions; 

Taraxacun off i c i r a l e ,  Viola edtmca, Rosa woodsii, Sy~nhoricarpos . 

0coi8entali_s~ r.nC Echinocystis lokatn together accowted f o r  50% -- 
of the t o t a l  cover. 

The final ~neasurement used t o  cha.racterize each s i t e  i s  

t h a t  or s o i l  erosion and coopzction r a t e s ,  a s  sun:~arized i n  Tablo 4. 

The vide v a r i a t i o  i n  t ra i l  bed p r o f i l e s  of each s i t e  ind ica tes  

the  i n ~ c t  of eve11 s l i g h t  dif ferences  i n  the slopes o-fl v!!hich 





, . L t : : ~  Ly::i:i SC. :C~ ,~O ' :  O C C i l r : < .  lopsiCier! g::-~L;j.le of Sits 1--!.loaded. 

r c f i ec ' i s  i t s  placenei-1.t; perpzi-~l:';ici,1.lar -Lo the elope e G ~ v e .  S o i l  

erosioc .  rt t h i s  site i s  a modsl-atc '17 h~.~/meter. site 2-ileadow 

has a much ~i?.rrower aild deeper t r a i lbed ,  r e f l ec t ing  the gullying 

tha t  r e s u l t s  when a t r a i l  i s  locate6 p a r a l l e l  t o  the slope f a l l - l i n e ;  

s ros ion h e r e  i s  much more severe wi i ; l i  a rate of .38 rn.3/neter 

The t r a i l  a t  S i t e  3-Streamside was shallovr, wide, and very l eve l  

ezd c o ~ s e q ~ ~ e n t l y  displayed the lowest amount; of s o i l  l o s s  - only 

3 .05 m, /neter  

A n  i n t e r - s i t e  comparison of s o i l  compac-tion r a t e s  may be 

nisleading due t o  v a r i a b i l i t y  i n  s o i l  and vegetation types found 

at the  s i t e s .  S i t e  I-klooded displayed a steady decrease i n  

coxnaction with dis tance off trai.1. The exceedingly high on- t ra i l /  

o f f - t r e i l  r a t i o  recordea f o r  t h i s  s i t e  i.nCicates t h a t  i f  accurately 

~easu- red ,  the  center  t r a i l  i s  15X more conpcted  than s o i l s  5 

xeters  off the  t r a i l .  

S i t e  2-13eaaolrr showed a s imilar  decrease ir?,  cornpiction with 

distance off  trail; the on- t r a i l /o f f - t r a i l  r a t i o  here indicated 

t k a t  the center  t r a i lbed  w a s  3.5X more conpacted than tha t  of Zone 5. 

S i t e  3-Strec~!~!is?.il-c, despi te  a general decrease i n  compaction 

i n  Zones l - l t ,  abruptly increased i n  Zone 5, perhaps due t o  

eccauntering stream-carried gravel, Compaction was high i n  the 

4- ~ra5.l cec ter  and, not  su rp r i s ing  i n  l i g h t  of the wide and shallow 

t r a i l  p r o f i l e ,  a l s o  high a t  the t~*ai lbed  margi~.  The r e l a t i v e l y  

!zl:<h 02-tra i l /of  f - t r a i l  r a t i o  of b,)i. t.lould have been even grea ter  

r.;ith a 10:ser compaction reading in  Zone 5. 



-,lj- 1 ~Oj.:C'J~i, j31<)i:S 

1;asee. 01; t h e  r e s u l t s  f'ora>y& i n  t h i s  s t u d y ,  0:~:1.y t h e  nleadow 

Fe~3; ; i~  si.:;'f e r  an ovej.-al.2 d . i m i ~ z i  shrilt'l7t;e of species dj.vcrsii;y 

2nd frequency i n  zones imnsdia te ly  a d j a c e ~ t  t o  t h e  t r a i l b e d .  

The wocded. a116 streamsid.e s i tes  a c t u a l l y  ind.icate a more vigorous 

2nd d i v e r s e  v e g e t a t i o : ~  popu la t io :~  i n  zones bordering t h e  trail. 

T h i s  may be due t o  t h e  increased  r e c e p t i o n  of s u n l i g h t  fo l lowing 

trail c u t  .through t h e s e  shaded sites, more abxfltlaiit water rece ived  

f r o n  trail runof f ,  o r  the  r e t e n t i o n  a t  t h e s e  s i t e s  of n u t r i e n t s  

from h o r s e  mayLv.re. - 

A more ca re fu l ly  desip;fied 2nd c o n t r o l l e d  s tudy  i s  requ i red  

t o  de termine  t h e  e x a c t  r e l a t i o n s h i p  between such environmental 

f a c t o r s  charact,erizing a particu.lar habitat ,  and l e v e l s  of trail 

use. Ideally, such an impact s tudy shotlld monitor t h e  exac t  , 

l e v e l  of t ra i l  use 2nd response of v e g e t a t i o n  over t i n e  and 

enconpziss a more precise i d e n t i f i c a t i o n  of s o i l  type ,  s o i l  , 

compaction, wind and temperature v a r i a t i o n s  and r a d i a t i o n  regimes 
I 

c h a r a c t s r i z i x g  t h e  s tuay  site. A p l o t  much f u r t h e r  removed from I 
the t ra i l  should be des igna ted  as c o n t r o l  and so provide a nore 

r e l i a b l e  basis f o r  comparison tl12n a zone only f i v e  meters off t ra i l .  

Desp i t e  the l i m i t a t i o n s  i n h e r e n t  i n  t h i s  stufiy, and perhaps 

because of them, I f e e l  I have l ea rned  a g r e a t  d e a l  from t h e  

p r o j e c t .  I r e a l i z e  t h a t  t h e  a p p l i c a b i l i t y  aria r e l i a b i l i t y  of 

any rosee rch  e f 7 o r t  i s  dependent upon t h e  p a r t i c u l a r  s tudy d e s i p  

chosea sxd- Ynne accuracy with which t h e  f iela  sampling i s  s u b s e q ~ ~ e n t l y  I 
carried out .  1 a m  much more s k i l l e d  a t  keying out p l a n t  s p e c i e s  

and have a ner.1 a p p r e c i a t i o n  of t h e  tedium involved i n  v e g e t a t i o ~ l  



, - - - , j'p-':;,. , , i - c ; 3 s  23::L r..!e~i.\ij:>;;fu]. of all.  is 

ray i:lcyc:.aseq5- cocyp~ehei;si 011. of' tkie ro le  played. by crivi poi-~~c1lt2l  

I faci:oj-~s ~ ~ l c l r  2s ~ ~ i ~ ~ l i ~ ; . l ~ ,  vjzter;, sand il~?:;rieil;ts Ti: mintainin[< 

t h e  v i t a l i t y  of an e c o s y s t e i ~  d e s p i t e  disturbance by hurflan a c t i v i t y .  


