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rRor-$ sgtEcE. Bullgrass alonE the Natural Bridge Trail exemplifies thesceiric beauty aad general\r excellent ccniiition of the natural :.u.oo""uuat cbiricahua Natio,lar Monuneat. photo csurtesy lfike sipes, llaticnar-parxService, October 19?4.
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To nanage natural resources it ls necessatlr to kDor{ what these reaourceg
are (vegetation, soil, rater, scenetyr etc.), how abuDalant or yhat conditloD
they are Lnr and hou they respond to a variety of natural or nan-caused treatmentEo
The Orgaaic Act of the Natj.onaL park Servi.ce specifles that the natural leGourcea
of t)alks and monuments shal1 be preserved for the benefit of present and future
BeDeratiols. Tet preservation Ls no sinple task, for both natulal succession
a.d .uccessio! induced by tbe visitors thenselves tn the parke //,r/ act to
alter the resource conditions froa the tlme the le.rks rere establi6heal (stone
1966). To date chirl-chhua National l,lonumint has used. lather subjectlvei yisuar
nean6 of asseesing the conditlon and treuds of its vegetati-on aad soil resources.
lbis nethod bas been satLsfactor? because of the ietatlvely low intensity of
visitor use in the past, so that thei! accumulative effect upon vegetationl soil,
6cetd.ci geologc.c, and otber- resources bas beeh relatively ninor. rnteasifieil
o!. concentrated visitor use ln smarl areas such,as Massai point or arong uatur!
tralrs requires nore precise, quantitatio" *iiroau of measuring resource coadi-
tions and tlends. The former rrisual neans cannot alert the land nanager to
ileterJ'orating conditions with enough read tine to appr.y coavenieat re.toratlve
neasures. Nor caJx the nanage! have quantitative i.nformatlon concerrelng the
resoulce-bearing capa.city, i.e., the raxirnurn or sustained flcv of aonument
visltors to any managenent area 6uch that thenatural reGources there rirl not
be irreparably damaged for future use (Alldreatge 19 )

rn 1974 a resource mouit oritrg systen iras instarled at chiricahua Natlolal.
Monuraeot' rhis sy.tem consist/s of a variety of mea.urenents fron pernanent
fleld pJ.ots of exl.sti.ng vegetation aDd soil conilitions ln varLous narlagement
zoae'. The quaatitative data and photographic recorde obtalne<r fro r these prote
orer repeated periods will eaable rnanateLlent to:

o ObJectLvely evaluate eristing conditione of vegetation aailsoils and their trends in each rnanagement zonei
o Identlfy 

-area6 of hlgb vlsltor a! Eatntelance impa.ct, thelature of the inrpact, and decide whether deleterious orlrreversible resource dhmage is resulting;
o Deternine when vl.sltor or rnalatinpnce regulatlons or cotrols

F+ be needed to reqtole rleteriorated aieas;
o hocure baseline neasureneuts fron wirich successl@ anal natural
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J,npa.cts (fire, lnsect outbreaks; fla6h floodsr etc.) caa be
cooparetl;

o f,eJ.p ln appraising nith increased precision the risltor carrryin6
capacity in each managenent zoneo

Tbis pa.per dBsct-ibes the reeource nonltorilg systen iuitiated at Chiricahua
lfational ltonunent id 1774. Si:ece the rnonitori:rg systems is prinari[ invo]-ved
rith vegetation arrtl certain soil characteristicss the vegetatlon tyles anat

landforns inportalt Ln soil clevelognent atld elodibiLity (uplands, car\yo! side-
Elopesr canyon bottoms) are reviewed, espcially flom the perspectJ.ve of marage-
neat zones aad the conprehensiveaess of the moni-tor:ing sy6teE. The fotlorring
6ectlons co!.cdr::c the theory a.nd nethod.s under\ying the.nonitoring systen, a
review of the Monument ts vegetatiotr and la,ndfor:In-soi1 features, summaries ard
discusslons of the 1?4 alata! a&d a lesource evaluaticno in the nanagenent zones
nhere data were procured.

TI{EOHI AND WffiODS.-r,!, <.. I

fire first questlon when initiating a resource monitoriug systear conceras
tthlch resources are nost 1ike1y to be affecteil by the existing aad contemplateci
land use patterrrs. Ihe geolog.ical resources of the Monunent, while opectacular
a:ral inplessiver have nonetheLess a fi.ne scale of chaage that ie littLe affectecl
\t present or future land usee. Itydrological lesourcea are ver?. important
rithj-u the Monument I s arid-type ecosystens, and celtai! aspects 6uch as sur.face
r:llnoff can be neasured as erosion or depositio[ of naterials of the soil sur-
face. Faunar resources, too, are'Ii-ke1y to be critically affectett by nanrs
presence. Localr inflequentr o! rare speciea are partLcular\r noteuort\r.
Faunal populationsr holrevert ale rnost dependent uI,oB vegdtation a.nd ooir condi-
ticns for food, coverr aad population rnaiatenance. rhe vegetation anit soil
resources L'ere assurned to have greatest sensitivity to the various effects of man

i,' each nanagement zone. Vegetation cover is a crucial.l easi\ changecl feature
of the landscape. second, !e!haps, to the indutabr. lhyolite touels, the
vegetati'ye cover is the nost visuarly apparent feature of the various ecosy.tems
la the l{orurnent. T'hr-s cover, and the sqiLs that sustain it, has central impor-
tance to vildllfe populations and to nyarological pararneters such as infiltt.ation,
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the resource nonitor{.ng systen ls concerned rarin$, thelefor€r rrith the

vegetation anal sol1 lesoulces. Sj-nce the system deals prinarily w'ith aspects

of plant guccessiont tb.e excellent treatise on this subiect Uy Oaubenrnire (1968)

is aa inpoltant refelence oa the otTr aral techniques. TecbaJ,ques enplcryeit in the

reEource monitoring systen ha"e long been useil by p1atrt ecologistsl soil scien-

tistsl or othere concerned rrith field research. Procedures for colLectittg

reliable ald repeata6le alata on vegetation and soils have also been cletaileit

tv Moir and Fraaklin (anz) | ofrmana (ftr)1 Peterken 0967) t aoat others.' Ihe

eaopling system used at Chiricahua National ]'lonunent was chosen after considering

the particular vegetationr laldfo):tar soLlsr arrcl like\y.lantt use aDd imtrEct

pa.tterns. Another crucial sarnpling cr:iteriolt fo! sone locatiotrs uithi-n tbe

Monuruent $as that the data be geared nore direct\r to oaaagement decisios than

to descriptions of plaul corernrnities.

Both nan-causeal and natural factors affect vegetation and soil processes

anil conditlone. Man-caused -factors incl-ude both viBite and maiatenance lmpacleo

The foroer ilclude flover gickiag (rednciag-pla.nt dlversity 1 threatening 1ocal.

extinction or rare or infrequent populationsr' eliniaatirg seed production and

dispersion) r tranpling (causing nrechanical breakale of plant parts, iurpairing
regenerationr accelerati-ug soil erosion), wood gathering, and litterilg. Maia-

tenance ln1r.cts are usually associated with such activities as trail repa-ir
(borrow:ing of fill naterials), and have similar impa.cts as v:ieitor use but can

be nore localized ancl restricted to area6 of lovr vi$ral- sensitirrlty anil high.::'c:
resonice I durability.

Natural impa.cts such as wildflre, grazing by w'ildlJ'fe, flash flooils, e
iasect epidenics operate L.n diverse anrl often llttle untlelstooal ways upon the
ecosysten. A fire t for exannple, nagr affect aunerous poprlations iI naaners

sonewhat ildependent of the character of the vegetation(i.e. allogenic iafluences
of Daubenmtre 1!68). In such an exarnple as nistletoe builclupr olr the other hanalr

a particular set of Iotrrulatioris rday be involTedr and the envirorunental change6

yhich tlrive plant successj.o are due to the activitl"es of orgad.srns v:ithin the

ecosystern (autogenic i:rfluencea). lbe effect of both aatuml ard ma!-cau6ed

inpacte (or aew: sAstaileal rate6 of 'activity) iE to initiate plant euccessior,
vhich continuee until a terrninal, steady-state polulation dynamics ( clinax) ls
reached vitldn the ecosySten. Silce the tlne factor is inporta:rt t the motritori-ug
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systeD Ls basecl upon repeateal observations fron permanent plotst and - iacreasing\y

i6portalt Ln the future - ty cornpari:rg existing lecords rith prev"ious descriptions

of vegetation or soil (see Daubenmire 1!68, p 1OO ff for cliscussiqr of ecological

technJ.ques for neaeurj.ag successiou) o

Sone Statistical Consicieraticns

Ihe basLc unit of vegetation and soil observatio is a 2 x 5 cln quadrat

frane. Wlthin this O.1 ma area vegetation and sod.l surface featurcs are

qasually estinated. Iet us suppose that aome ma.nagenent area contiins. N of

these quaclrate in some configurati.on. Sotre vegetation or soil propertyr X;

fron the l-th quaclrat has the follow'iag conponents at times tl and t2:
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X., * = T +
-t.2

(1)
€. . + .R -_--ru2 : ii;... :

Here X is the populatioir rnean value of the observeal characteristicr e J.s an

obserrrational error which can be assuned to be normalLy distributed arqmd

eooe biast antl R is a real effectl or chaage-of-state of the observecl char-

acterlstic during the time j.rlterval tZ - tt. R.ist tbereforer the oeasure

of euccession, the result of some nan-ca[sed or natural impact. The change

that occurred il the i-th quadrat is expressed by the ilifference:

X.* - X.* . R + (e*. - o.*)l;.2*r"1.1.2*1"1

=R+e. a
(2)

uhere e has the expected vaLue E(e) = O anil variaace VG) = Ai. Ihe rcal
effect has the expectecl value !(R) = O under the nu11 hypothesis that there
has been tro real effect during the tine interval. A variety of statistical
testB can be used to test this null hypothesis delrnding upcn the size of N

(1 = 1r2r ...r N)r assumptions concenrilg the honrogeneity of the under\ying
poprlati@ characterlstics as reflected by the quadrat 6anp1e6t the sanp1jrrg

<iesign, anal othe! coBsialerations, none of uhich are rithia the scope of thJ.s

X.=Xl t"r
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aliEcussiorn but can readi\ be found i:r standaril statistical books (i.e. Bn:r&

1960, Pearce 1965! Fleunal 196?). rrlhat is i'rnportant here' howevet' is a brief

e:<ardlatim of the compouents of the variance terml olr for lf this tern is
too large as the result of s3.op1ly fieltl te ch:riques, there is a high probability

that a ncnr-zero real effect vi1I not be detectetl. Th-is mealE that the landl

!!€u!ager is likely to accept the nuLL hypothesis..whenl in factl a real' chanS€

tbat he shoulal tlcow about has actually taken place (flpe II error! see Bfl:::k

!%ot 9 277).

The obserrati@.al errort er has tbree conponents: worker bias (B)t

location effect (L); and alisturbance effect (D). Suppose a siagle uolket.t

J, 5-s observi-ug the J.-th of N quaatrats Locatetl l:r an a!€a. Eis bias t oE'

tendenc;r to consistent\y over- or uaderestiuate 
'aJgr 

resource condition ca.to

be expr.essed:

"tJ . BJ *-€iJ

uhere €.. f" the raaclon error associatetl -with.worker Jls estiaate of tha!
rJ

resoulce condition" Since this bias Ls assurneil to be consistentr successive

Eeasuternetlts from the sane quadrat by the sa.ne worker can elirobate it:

et3rt, - er5rt, . B, - B, + (€rirtz - €:.irtr)

o clJ

rhere V( €rr) =. Ct, (Here the variance assoclatetl trith B ha6 been incor-
Doratetl Lnto 6.'.) ff different wolkers t J atlal kr are obserrriag the resource-E
conilition of the i-th quaclrat, thb blases canaot be ellui.natetlt ancl the Yaria[ce

a66ociateal wilh e has two comp@e!.ts:

o3 oat, 2c..t
. (4)

Equati@ 4 also assrnes there is a certaln bcarogeneity of varl-allce betvreen the

two rrorkers. Th5.s assumptiqn can be waraatecl anil the blas vardartce, O,,1,
ddndzecl by calibrating the two uori3els. If the aev obselver is given cn-the-

Job quadrat training by .the.previotrs norkert he is Like\r to acquire the first
worl,<errs bla6 (B, = B. ). Vhen two rrolkers have read sufficient\y numerousJ r.'

I
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quaitr:ats together, La close agreemetrt r they cal be consideretl calibrateal.

the e:dEteuce of volke! bias at cbiricahua Natioa]. Mcarurnent was testeil afte!
tvo vo:.kers (1{. l.loir and W. }fuFay ) had reacl nunerous quadrats together.
Tbe test coaslsted of reaalilg 7 plot areas alog Rlqrolite Caqyor Trail near

tbe ris-l,t e ceater iailepettdeat\y. The plots rere Bt type (tliscussert belon)
each coEsisti-ag of 1O contiguous 2 x 5 d.r0 quadrats.- In eaeh quadrat the
aEounts of latural forest floor Jitter, exposecl 6oi1, and vegetation basal area
uere each estilqated to the aearest pelcent (see the follo'ring eection). l,hese

characteristics hail first been neasured 01 10 April by vorker I (l'loi!) and
agai! c(| .].? May bV both rorkers independently. Tlris interval rra.s too 6hort
to assuDe that any real changes (n) Ua occurred ia any of tbe ptots, so tbat
a:l3r tliffereEces between the rrod(ers @ I? I,lay I neasu:ed a6 departur€s fron
the 10 Apnil reasurenents I rmrst be estinateri of B. The nurl hypothesis is that
f(B) = O. Table I g'ives the results of thid teet. Ihe t statistic used to
lest tbe nul1 \ypothesis is nm-significant for each of the tbree soil surfacd
chalacteristLcst and cae coultl concluile tnit:'itrl wor{<ers'have been caliblatealr
that J.s, accept the aull hypothesis that t = BiI. Hovever, for soil, oe
notlceE that the t vaf.ue of 2.!7 is alnost significaat at t]ne y' probability
level. Since the nean difference between worker IIrs soil estimate from
uolker r|s is 1.$r tbis car be taken as an approxinate raeasure of ho!, croseLy
such a resource characteristic can be ueasureil by'different workers uhol; have
been calibratealr at least uader conditions existilg in R\yorite carycn. lre
note fina$r fron Table 1 that tbere is no essential differeace batveen worker
rrs April or May obserrationsl giving credence to the assurpticn that there
rere !o real chauges j_u sol,I strface characteristics during the ! week laterval
between observations.

IABIf 1. Rep€atabiuty of quadrat measurenents of solr surface features flom7 prots,in Rhyolite anyon. Ttle t statistic was calcurated betveen workers rand II for Pay 1f as departules fron the Aprll 10 measurenents.

SOIL $IRTACE I{ORKER AND DAIE

I -II5/r7 ,h?
/ ------
2.8 1.5

94.2 94.?

2.t 2.4
/stu,lcntrs t 6nall sanole test. p -- = 2.18 for 12 degreee freedom

SOIL & GRAVEI, 2.6
IJTTER g4.z

VETETATIO}I BASAL AREA 2.2

2.17

o.68

o.4t
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Location effects are ilLustrateat by the photograph pairs of Elgure 1'

On the teft ls a location in Picket Canyon oriSinally photographed by Rose-

berry and Dole in lrgr? 8d rephotographeti frorn the 6ane location in 1974'

Ilhe 19?4 photo shorrs grasses ln the foregrounal and a small dfaw containing

nountain nahogany shrubs in the right foreground. The second 1974 photograph

uas displaced only 10 n downslope and slightly closer to the drar'. Here

scouring runoff has exposed bedrockl and the paucity of Srass cover in the

foreground is not a vegetation chaage after ,7 years but a camera location

effect (see also Flgure 16). Slmilarlyr in successive observations fron a
quadrat there is a certain edge-effectr or discrepancy obtained from sraall

ilifferences in the exact placernent of the quadrat ftame. fbis caD be vrittea:

€. . = L.
J

vhere L* ls the randon erro! associated w'ith the J-th placeneut ln time of
.l -'---:.the quadrat frame. Thls error cannot be eliiainatecl but ban reasonably be

(
'-i i (5)

J

J

assuned to be J,ndependent and additive to the error terml €. rr so that we geE!rJ

(6)

Althorgh location effects cannot be el-iminated they can be reduced by (a)

pnecise location of the quadrat frane between fLxed points, (b) reducing

edge eflects whenever possible by enptoying contiguous quadratsr and (c)

Eystematicalty placing an adequate nunber of frames over a homogeneous

vegetation ty'pe. These techniques will- be discussed further in the sectioa
on Eethods.

. Sorneone observing a natural variable such as litter lu a quadrat frame

nay himself chaige the conditlon of that variable in the process of observing.
Cornmon examples of the disturbancE effect a!e:

o Cnrshlng the vegetation or dlsturbiag the litter ln proceos of
placiug the quadrat frame i
Trampliag over h site vhile looldng for it;
Creatlng edge effects in the fono of broken plantpartsr disturbed

,-2
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}:fcItAE 1. crassy sideslope of Picket Canyoii ptrotographedrllarth_llf4. Ieft:
lush cover of grasses at photopoint origiDally used ln l.937 by Roseberry antl

Dole. Right: Photopoint displaced 10'n do'ns1op€ and sornewhat closer to the

6naII dra; containing mountaj.n mahogaay and other shrubs ' Note tbe exposure
of bedrock ald cobblee i-n the foreground.

6oil conditionsl etc through trampllag whJ'le exarnining a
Gequence of quadrats;

o Altering the arrangement of natural obiects within the quadrat
frane in the Process of scrutileY.

such clisturbaace effects cannot be d:istinguished fron tbe real effects of

natural or man:caused lrnpa.cts. oae careless vorker can create no!.e darnage

than 1oo visitors in a rnonitoreal location! As with location effects iu the

i-th quadrat br worker j we have:

"rJ=Dj+
a3 =ai +

€ti
ct

(?)

(8)

I I
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rrhere D* has all the outnald appearances of R' the real effect of equatj.on
J)

2. The varJ,ance r Cir can be qinLmized by exercising alL due care uhen visi--t)
ti-ag nonltorlng locations and quadrat site6. It is extrernely important to
approach these sitee cautious\, for the stakes locating them are often diffi-
cult to fi!d. Ore rnust not be huFj.ed progressing frorn one site to the next,
and physical rDotions arou:rd the carefully positioDed quailrat frane should be

deliberate and restrained.. The worker nust realize that disturbance effects
J.nnediately outsicle the quadrat area6 can jlfluence conditl,ons v'ithJ.n those

areas on the follo,ring tine. Thus disturbaace effects, ll,ke locati.on effects,
cannot be dListlaguisheil from real effects.

If we conbine al1 of the above components of tbe observatio!, ellorr er
and assune that these exelt lineart adeitiver and independent effects, then
ere obtaLa fron equations ,r5r aatl ?: 

I

+ t.
J

and 8!

)*c;

9..
r.J J

+ D.
J

for changee ln successive measurenents over the tine period te - tt for the
i-th quaclrat (out of N) by the j-th worker. If care is taken to keep as

low as possible these appalelt €ffect6 then the expected value of eiJ car be

assuaed to be zero. Howevert rnost statistical tests of the nul1 lDrpothesis

for equations I or 2'(that E(R) = O) involve the variance tero, oz, in
rhatever test statistic is ernployed. For exanpl6, analysls of variance of an

orthogonal tuo-factor experiment such as r"'as used in the experiment on

tranpling of grasses (Tab1e 9 below) conputes the F statistic for effects
of tranplin8:

- Hean Sog"_S.grplinE.!' - 

--=_

- Meart Square Error

anit shoulat * "o.n*"o, of variance lu equatloa LO be Large rclativc to
the Mean Square Tranpli-nC (ob Ro; Effect)r theu F w111 be snall aual possible
real effects of tranplLng naeked by sloppy obse:rational procedureso

J

UD

, (9)

(10)

* 
..SlJ,

J
aaal from equations 416,

I ..2 -2c" = ois

-L

_2+ u-

I

I

I

I

I
J

I
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ue turn now brie fLy to the real effect R. Rejectiou of the null bypothesis is

tartanount to acknowleclging that sone natural conditioa hasl in all plobabillty t

changed ia tbe tirne Lnterval betvreen successive measuleroents withjl the N

quad.rats at sooe saaa8emeDt locatj oa. The questior arises uhetber the cbanges

are caused by nan o! hir natulal forces. one lray to approach tb'is questlon

atatistical\y 1s by compa.ring plots ln visiteit versus notl-n:isitecl areas. The

latter, contlol areas can be rrilderness or aatural areas where rrisit or use can

be assuned zero or at least srirrinral. Ileus ccrnititione in a set of plots at

Hassai Poillt (heaw visito! attendance) can be conparetl to sir'rilar conditions

it sugarloaf NNE where no risitols are like\r al4 vegetation antl landforns ale

very EirBilaro one &ifficultyl howevell is that natural forcee (such as a

clouttburst or tranrpling effect by 6991) are apt to be localr so that the two

areas are no longer'hornogenequs. Another tlifficulty is that drly a 6it181e o!

few plots ln argr locatlon night be affected by nan or natural causes t ln

rr}lich case even snall sanple statistj.cs are inadequate ' In such cases judger'rent

and iltuitLco are more inportant ln ilecisioirjtuiicing thai statistical ri8or.

Coll.ateral infornation.can sornetines be gainfully used in these judgeneBts'

Broken manzalita bra.nches near a trnrking 1ot a11d the tire irnpr:ints through the

danragetl area need no belabored statistics for interpretation' A fire through

a roodland plot i-n a natual area is a high\y probable explanation for vegeta-

tl'oniliffereacesbefofean.laftertheeventwheth'eroraotoneiscorcernedwith
1r 5r or 1O% probability 1evels from a comparatj'vely few plots' f\tlot'rledge that

trailmaintenancehasoccuretlinarrronitoredlocationcoultlexplai.ntheother-
v'ise rrchaucerr ali.sappealance of cryptogaras ia a particular Plot location there'

Evea if n can be detectecl rrith siatistical sigtrificalce I it caraot 
'tlsPatch

rdih the laacl-nanager I s judgement as to how seriously to regartl it' The plots

established 11 tLis resource nonitoring systen are designed to give natural

resourceinfornatiorrtotheSuperintendaat.Itnaybehoovehimtobealertefl
toapossiblechangeinsoneresourcecoaditionlongbeforetheleissufficiently
qvslllhs'l rni ng l-nfornatiol to nake that cbange statistical\r significant'

J
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I
I
I

I
I
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I

l
I

I
tr.iel<l TechnLouee

The lesource nonitoring slsten at chiricahua Natlonal Monumeut coDsist6
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of peroanent\y establishetl plots at locations j.n various nranagenent zolreso

!5ere are also a Dunber of peroaaent\t establisheil lhotography sites (!hoto-

points). Ttrree types of ptots v:ilL be described' each differlng in the naaner

by which 2 x 5 dn quadrat frames are systenatically deplq'ed6 Each Plot
techaique 1s lntended to satisfy criteria of reliabilityt saopllng adequacyr

and r€peatability (Moir and Frankliu 1972). In Particul.arl for each moni-

toring site the systen of plots:

o Eave permanent\ markeal locations in ortler for ilifferent
vorkers to fird then;

o Have Eystematicr relative\y sinple cleplctyment of plots for
others to lepeat i

o Are as objective as possible to mininize biases;

o Slould be neasurecl by trained pe rsonnel to reduce the
possibility of mistakes or inaccuractes entering the data;

o Contempletes when possible the detection of sign:ificant
tlifferences within 10# of the neein at the 1O# probability'level;

o Keep to the oinirmrm the obserrration" effecte themselves upo
the natural populations being measuretl.

Belt Transe ct (gt) Plots

A belt transect (BT) plot consists of 10 contiguous 2 x ! dm Quadrat

frrines arranged to foln a lectangLe 2.O x O.5 rn (tigure 2). Vegetabion in
the Bt plot is analysed by the canopy coverage method (Daubenmirc 1t!!r ex-

cerpteil in Appendix). The quadrat frane is pafutted il a nanner that great\
facilitates risual estinatl@ of vegetation into cauow covelage cLassee ancl

6oi1 sulface features 5-nto percentiles. Orese soil surface features are as

foll-orrs:

o 'Soi1 antl Gravel. Clastic nLnerdl nateriaLs under 1 drr ilx narimun
dimension. No effort is nade to further separate thcse particles
lnto finer eizes (sandsr gravelsl stonee).

o Loose Rocks. Clastic mineral particles wer I &n in naxinum di-
rneasLon. Ttre norrability of 1a!ge tocks r,ras the field test for
loosenesb. If rocks or boulders of whatever size ov:r 1 dn could
be nsved w'ithout great exertionl tbey vere classed as loose rocks
eveo lf the long dinension of the fragment was belov the Sround.

o B€drock. Consolldated o! clastic rock fragnents or boulders.
Clastic rocks trere regarded bedrock if apparently untnovable w:lthout
great exertion.
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S! livinE veeetation CbgLe tbg 93;!L sgrface !s estimated 'into one of

six canow-c9$reg9-9-lg€s- (Daubennire 1959t 1968 p 4*4t -4srssEl!s4 .i9 ,

Ap!"n,ir.< -gflhis-lelgr). Howeverr the .cec,oIry- trye.reg9 J[el&cd' is not very

precise for measuring canopies overheailr g!4 -ggEl b9. restricted f4 measuring

vegetati o'r 99J'9ge -bsEg9ll 9rs .lgrel gqd tbe grgllld -Elrllaoe' -Sg4 restrictio"s

o Lltter. Nonliwing organic debris o ort in tbe case of voo{r
braleches, lear the grouad surface.

o Vegetation Basal Area (BA). Tljat portion of the 8lound surface
fron which living plant trnrts energe. Tlris includes glass cu1n8,
surface roots, layered branchest and uooqy sterns'

. o soil lichens and nosses (soil cryptogarns). A collective tern fof
all, cqyptogams having nineral soil as their substrate" SaxicolouB
lichens and nosses (irowi.ls on gravelss rock€t boulders) are

. exclucletl.

In each 2 x 5 (le quadrat these ooil surface featureB were estir.ateil to

the nearest percent using the pa.inted sides of the frarae as percentile guides.

@ reig3lEceE-9!-t&-sl}.er-qces9ltiggg-gl.
the bsest percentase !y subtract!-on $om IOO-. Jrege S$iligs 3I9 glggg
as o nercent, whereas surface properties not occuEi-ug within the quadrat area

are left as blanks on the tlata forn.

Shcor]d .!e -ugLed'ga !}s .deia f-gIS j-f consistent gEsseLiglF3le 19 be uelle bJ

differo-+ UgfIgIA., 
I,ocation effects at each plot were mininized by pernanent\ locat5lg the

cornersofthelongsideofthe2.OxO.Snrectanglew'ithsteelrods"A
2-nete! stick banderl into ten 2-decimeter sections calr be used as a te4plate

betneen these rods to position exactly each of the 10 quaabats. The positim

of quaalrats 1 throu8h 10 is fixed by the geometql of these lods and the elope

of the ground surfaie as lndicated on the data sheets and Figure 2. A BT plot

haS 5 m of eille for the 10 quadrat franest or 0.5 m,/franre which as an index of

location effect can be conpared to T and F plot nethods described below.

Selection of BT Plot l,licrositee

Plot locations uere delLberate\t selected in microsites of bigh

lnpact sensitiwity. A sensitive area is rrhere vegetation or soil successioa

is easily lnitlated by sone-kilq of disturbaacel and where such disturbance

j-s also very probable. in the interval between reneasurements. A trail switch-

{

{

J

I
I

J
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back is sensitive because steep topography is lrrvolvetl (very little tranpling

i! needed to trigger soil- erosion) and because a certain fractlon of hil<ers

are iucliaed to shortcut the trail. Openinge or inritiag rrpathways[ betveen

dense woody shrubs are sensitive Bicroslteo sJnce trrop1e or large aninaIs

tend to funnel through these channels and because herbaceous vegetation here

is edslly darnaged by crushing. Figure J illustrates sevetal other examplee

of eensitive microsites at Oriricahua National Monunent. When such a site
is found r the loag axis of the 2.O x 0.5 n rectangle nas oriented In a nanner

to reveal ma:rirnum potential impa.ct. Conmon\y such ltrPacts were judgecl to
bring about:

o Changing proportions of soil surface rnaterials by trampling
or erosion. This includes reduction of vegetation BA through
plant deathl increased exposure gf loose rock or bedrock at

' th. expense of -removed litter, soi1, and Sravels (Figure J)t
removal of saxicolous Lichens by abrasion, loss of delicate I

' ssil cryptogans or anrruals by crushing and eoil tlisturbalce.
o Changing vegetation catropy coverage by actions of mechanical

breatage, removal of plant parts (flower pickingr grazing) r
or {ieback frorn drought or fire.

At.Locations nithin the various nanagenreut zonee of the Monument BT plots

vere usually spaceai at approximately unifoin inteivals and aurnbered sequen-

tialIy. However exact intervals between plots uere precluded by the deliber-

ate selection of sensitive nicrosites.

2Huadrat Trarsect (T) Pfots

In this sarnpling procedule r pernanent sts.l<es are piaced 2! netere

apart :ithln a plant community that is judged to be rather sfunp1e and

homogeneous (Pielou 1969 especially p. 20t). At a point o.5 E from one

stake and thereafter at 1 u intervals the 2 x I dn quadrat frane ls Placeil

for neasurements of vegetation and 6oi1 prop€rties as described above.

The field configuration of a T plot 1s shonn in Figure 4. Since the plaat

connunity being sanpled 1s sinrple and honogeneou.s the 25 quadrats thus

obtained are well above the'rnininaf sample needed to reveal maJor doninance
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Figure 2. Geonetry of the belt transect methcd of vegetation ald
sojl- tneasurement, Chiricahua llational Monunent'
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FIGInE T. Sensitive nicrosites at
Elironnental study area (ESAt
above) and Massai Pofurt (right).
At the ESA microsite intense foot
traffic near the spring easily
causes bank erosion and threatens
obscure nqrcotrophic pLants in the
oak Litter near the meter stick./

At Massai Point off-trail risitor
traffic aEong lhyol-ite towers
can cause breakage of the small
Touaey oak (upper center) or nan-
zalita (both sides of meter stick).
Note the abundance of glaye1s near
the neter stick. As the6e are
removed by erosiqe wear by water
runoff or trampling, more of the
underlying bedrock is exposecl.
In the 2 x J drn frame on the right
are saricoLous lichens covering
about 80# of the rock but subject
to abrasion damage by foot traf-
fick.
1./i11 these microsites present tbe same

!hotographed?

t

_l ^

S.':.

configuration of natural objects vhen nert
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r[CUm 4. Plbt 1? in steppe -vegetation dorninated by blue grama on an aIluvial t
fan at Slt Corner (Section 1), 12 April 1974. The T transect is 25 m long and
staked at both ends. The 2 x 5 dm quadrat f,ranp.is used to neasure vegetatiou
and soil surface characteristics at 1 neter intervals along the Line. Right:
detail of the quadrat frqne in position.24 along the transect line. Basal area
of blue grana is l-J#, litter 2@, eoi-l- and gravels 67#.

and soil surface relationships. Results should be closely reproducible despite
a greater location effect than obtai.ned fron BT plots (ed6e of 1.4 m,/frane in
I plots). Shoultt 25 gtaarat measuremente be judged insufficient for revealing
najor vegetation and soil relationships in more cooplex communj,ties, then
u6ua11y doubllng this number using treo para11e1 T plots in the same honogeneous

plart coomunity ri11 suffice.
I'lle I plot nethod a16o, lernits measurement of fl-oristic diversity. A

recta.ngle 2J x 6 n is defined by the tvo stakes each in the middle of the short
sides. Within this rectangJ-e all vascular plants not observed in the quadrats
can nevertheless be recorded for constance; outside tbe rectangle but still.
.uithin the lmmediate alea of the sane homogeneous plant cormuni.ty additional
species caa be recorded for presence. the pl.ant list thus obtained ca! be used
for conFrting measures of diversity in the sanple area (He1ou 1966).
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Forest (F) Plots

Tlrls technique has been tlescribed by Daubenrnire (1968t eslecial\r bis

figure 25 on p 8?) and norks sell for most temPrate folest vegetation' In

oak ancl pine-oak Yooalland.s at Chiricahua National Monument a 2, x 5 n

rectangle vas permanently staked at each corarer. Inside each 25-meter side

25 quadrats each 2 x 5 aln wete observed as described for T plots' Tro

a.ldltional25x5nrectangleswereaddedtoeacheidcoftheori8.inalto
glve a 2J x 1J rn macroplot dirridett Lnto three equal ! meter side stripsi
A1l trees in each strip were tallieil by Dbh (stem dianeter at breast helghtt

or 14 dm). A1l, vascular pLants not measured ia the-5O quaalrats wcre rccorded

for constalce lf oceurring in the nacroplot and for presence if just outside

the plot. Wheuever possible ;oe t?5 rt F plott we''e located within the center

of the uooatLanal or forest stand to minimize edge effects of adiacent Plant

coErunity ty.pes.

Photographic Points

Succession can also.be clocumented from pernaaently located 'canera

locations (photopoints), anal procedures for setting these up have been descri-

bed by Mosby (1959) and Magell anit Tttiss (1965). Whenever lossible to flnd

tjhe I93? tr)hotopoints of Rosebe!ry and Dole O9t9), the vegetation tytrEs uere

re1*rotographed. Stakesq lock cairnsi or painted rocks were used to precisely

naik the camera triporl location to avoitl location effects (Figure 1). Data

recorded at each photopolnt lncluded a qualltative tiescription of plant

species rithin caneia vierrr date ald tine of dayr piominent soil or nicrosi-te

features sucb.as degtee of erosionr lichen coverage of rocks (Figure,)t or

nistletoe lnrasites. A scale was lncluded in each plroto \riewt usually a

neter stick bandeai into 1O tlecineter narks or 5 2-decimeter strips (Figure J).
This scaLe was placed next to some interesting feature such as a shrub

invadlng an herbaceous neadowi staked end of a plot (Figure 4)t fire scar oD

a tree trunk I or eroding soil bank. For clarity of interpretation the negative

should be a6 large as possible. Black and white filra of inaBe Ejlze * x $ nn'
(120 filn) ls rdninnrra 6ize.. It is convenieqt to use film of AsA sPeed lroo; for

I

I

I

I

I
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elo\,rer filttl a trlpod is absolutely essential. Of course a tripod J.s aluays

preferredl since it allolls the photographer to carefully adjust the camera

viev for obtainiag the best visual infornation.

Aspectatlon

Permnently established plots rrere visited both in spring (March-April)

anal Late summer ( september-october) of I9?4 to obtain measurements of seasonal

vegetation. Ralely can complete records of vegetation bc obtaincilby a sinGlc

visit to a site. Ideally the canopy coverage nethod of vegetational analysis

1s enployed at the tj.ne each plant species achieves naximrm foliar development.

In practice this is usually inpossible, so that Particula! concerD focuses

upon doninart species such as certain grassesf or periods when bursts of

epheneral plants (at Chi.ri cq}ua mostly annual specl'es) can be observed.

Perhaps the two most inportant seasons at chiricahua National Monument for
r€coratlng vegetation features are late lprfit (fir sedges, spring annuaLsr anal

early w'ildflowers) and late August to mid September. The latter season is
particularly important since sum:ner rains produce the nost iltensi've period

of vegetative activity of the year. Of course' any time a change can be

anticipateal the lrrma:rent pLots can be reneasured (discussed nore fu1\r later).

CIJI{AIE

General aspecls of tbe climate at Chilicahua Natl'onal llonunent have

been sunnarizeil fron records during the inclusive period 1940-1977 frqn t}'.e

veather station near the visito! center. The mean precipitation during this

lrriod uas 1?.9 inches (455 mtt ) with the wettest yea! (1972) at 25.5 inches

(548 mm) ard the drtest (1970) at 9.82 inches (259 run). The average seasonal

distribution of p!€cipitatio! is sborm in FiSure 5. TenFratures during the

FIGURE 5. Month\y ilistributlon of ?recipitation' CNM| for the period 1940-73

I
j

I



l-

-I.

J

J

.I

.I

tq

luterval 1949'ly7t laclusive were as

Year1y nean maximun
iearly neau rinimum
Hottest month (June )

neaJt naxinun
nean ltinlnua

Coltleet ronth (Jan. )
nean naxinmn
nean nininum

follows:

?2.8 
oF Q2.2

4r.4 F ( 5.t

89.5 r (r1.9
55.1 F $2.9

55.4 F (1r.0
29.4 t (-o.9

oc)

c)

c)

J

sirce t'Iay anci June t the hottest rnonths, average only about

J precipitationr severe noisture sttesses are in effect for
I lt out ffi of the yealrs precipitation occuls as conveclave

atlal August when tengeratures are also more noderate' lhis

when estivation or dotmancy of narry herbaceous species is
of the yearrs herbage procluction takes place'

I
1

I
,L

{.

1
J

-l
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I

2* of the yearr e

Euch vegetation.
showers tn JulJ

Ls the season

bloken and nuch

IttcuRE 6. Jesse Janes Natural Area, ! April 1974r showiag veSetatlon in
relation to landfor:tn. AlluviaL soils of the caayon botton support closed
oa.k woodlancl. lower collurrial caryon sideslopes have firory oak savanna
(rlght) or wooillantl chaparral (left); nid and upper slopes contain Euch

iorritui" mahogany. Uplincis- aatl, rock outcrop laad have Tournelr oak chaparral.
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VEGETATION

No tletailed plant synecolog.ical studles of the vegetation of Chiricahua
National llonusrent have been nade. Early work by Roseberry and Dole (19f9)

resulted ir a veSetation type nap which ls rernarkably acculate. They recognized

four maJor types of vegetation primari\ on the'basis of structure and fire
chalacterLstics. These were tinber types (Forests), woodlandss chaparalr alcl

grasslalds. In each of these typeo reconnaissance data rras produced to
illustrate major llant community typs. fn !972 Moir perforrned reconnaissance

Ln each of the five natural areas. Each natural area contained disti.nctlve
and rather typical vegetation types representecl'-over rnuch of the Monument.

The najor plalt comrnunity types in each natural area are U.sted below (Arizona

Acadenry of Science and Srtrlth 19?4): t

-t

I

I
-|

I

-1

I
1

1
-l

-L

t
-l_

t
J

L

. NAT'I'RAL AREA

tlest Picket Par*

Picket Park

Fiast Pi6ket Ferk

South Shake Spr{ng

Jesse Jame6

MAJOR PLAIfT COMMUNITT TYFES

Canyon Llple'ss Forest I
Cypress-Pinyon l,/oodland on north-facing slops
Apache-Chihuahua Pine Forest
llanzanita-Tourney oak-Pinyon chapa.rral

Douglas fir-silverleaf oak anong rhyolite
colunns i Clpress-Pinyon rroodland on
north-facing s).opes

Arizona-silverleaf oak woodland on allurriuml
Emory oak savanna on lower south-facing
6l-ope6; nountain r,ahogary rock outcrop landl
Toune)r oak Eavanna on upper south-facing
slopes.

Itese natulal areas do not embrace all the vegetation types of the Honument,

houever. A further conplicatJ.on involves the intergradation between vegetation
types along environnentdl gradients or where strong miclotopographical contrasts
occur (such as among rhyoLite colunns or steep draws which accentuate contrasting
slope effects). In the absence of detatled plart comlunity data, I have

cbosen partlcular areas wj-thin Chit{.cahua National Monunent as representlng
typal vegetation (Daubenarire 1955) and have generalized the6e type6 to othe!
Iocales vith the belp of air photos (Uscs IgZl). ?ab1e 2 llste the najor
vegetatlon tJ.Iles.
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Canlrons with interrnittent streamflow and deep north-facing ravine6 contain

the nost Eesic vegetatio! of chilicahua National onument' Roseberly and Dole

(1g]g) refer to these forests as rttinber types"; l'fhittaker and Nierl!8 (19641

1955) tn the Santa Catalina Mountainst as rr@r\yon woodlatrd'i' Forest conpositlon

varies along the cany on gradieat fron nixtures of Douglas Flr and Ponderosa plne

at highest, coolest eLevations to mixture6 of Arizona C:rPrass and gycamore at

lorrert elevation where Bonita Canyon leaves the Monunent '
, Erlat and Totem Canyons are type localitles where the canyon fore6t6 occur

la cool, north-facing drainages. Specirnens of Douglas fir nay attain heights

exceeiling 1OO feet. Ponderosa pine tc a taIl and -dominant tree also' ThLs

vegetation (designatecl D-PP in Table 2) features a stratuE of understorT ever-

greeE oak6 dominated by both netleaf (Quercus; rugosa) and Palmer (!. chrysolepis)

oake attainirig heights arounal ,O feet. SilverLeaf o"L (9' hypoleucoides) and I

nadrone (Su"t* arizonica) are also found 1n i-h3's evergr€en stratum' Ash

(Frad.nus velutLna) is an occasional understory tree. Shrubs include Epecles

of Rhanmus I Philadelphus microphylla, Rubus neonexicanai and the low box nyrtLel

Pachistirna nryrsi-nites. Common herbs are ellg E!3ryt Aouilegia chrysantha'

and Sailacina racenosa.

Descending Rhyolite CanYon ' one finds Arizona cypress (Cupressus arizonica)

to be the mo6t coDsj.stent doninart species (vegetaiion type CA of Table 2)'

In upper Rhyolite canyon the cypless is codominalt Hilh DouSlas fir' and

aetleaf,silverleaf,andPalneroaksareabundantasundelstory.Justbelow
the coafluence $ith sarah Deming cany on the cypress adds Apa.che etne (!$
g€}lannit ) to the overstorlrl and Douglas fir becomes lese lmportant. PLots

Ff aad F4 ln Rhyolite cany on occur on cobbly, alluvial terraces. Here Eixtures

of silverleaf and Arizona white oak (Quercus arizonica) are the principal trees

attai:oing heights of around 40 feet. Cypress is more or less restricted to the

strearbed itself, with Apche pine the dominant conifer of the terraces (type

QA-QF). Understorl is doginated by beargrass (Nolina nricrocarpa) and robust

nuhlr grasses (MuhLenbergia lonEiliqula and M. glgg!) ' These are the

pine-oak roodlaails of various authors (Marshall 1957 r r/hittaker and Niering

I%r. Aaother type.of pine-oalc woodlanal occurs near the drler end of the
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canyou Sradiellt. Just belovt the canpground in Bonita Canyon occasional Chl-

huahua pine (Pinus LeioFhylla) emerges above the oak layer of Arizona white

anal Eoroly oat<s (@ arizonica, Q. emoryi) and all-igator barked jurriper

Juniperus clepoeana). Understory plants here (p1ot $) include nanzanita

t^""t*agre pungens), robust nuhly grasses and pinyon ricegrass (!!g!9-

chaetium fimbriatum). The sycaoore (Plata::us wrightii) ioins this assemblage

along the streanbeal oargins of Bonita Canyon from the canpground to the

Monumeut bounilary. vJoodlalcls of the Dlvironrnental Study area (Figure 7)

a.re. of this vegetation tyPe (qA{E of Table 2)'

EIGI'nE 7. caryon vloodlantl of Arizona llhite anci Enory oaks at Blrironmental
Study Area. Vigetation of the forest floor has been severely depleted by

nanr! activities prior to establisheent of Chiri cahua National Monurnent '

The eoils of these canyotr bottons ale lrobab\y the deepest aJrd raost

stable to occur in the Monriment. While the stream channels themselves are

seasonally scoured by runoffl the adjoining cobbly terrace6 are usually

lLtter coverecl rith years.of accumulation. I'he ofter gentle or near-1evel

slopes also contributet to soi.1 statility. There is seldom mrch evldence
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J of lecent gul\ying even in areas ubere litter or underst or.5r vegetation has
been renoved by nan (Figure f).

fn Picket Park occurs basin fill of recent Quaternarli' gravelly a1luviun.
Gent\y sloping terrain al-olg the washes contsin rri.xtures of Apache a.Dd chihuahaa

Fire (type PE-PL), and the urderstorT ls conspicuous\r doninated by longt ongue

Duh\y (Muhle$ergia longilieula). Occasional alligator barked juniperr silverleaf
anal EEoqr oaks form an intermittent subilorninant canolrJr stratun. Figures 8 aad
p show canopy structure and stanal iltterior respective\r of th:is rnixed pine type
vhere plot EL is located. While the soils of these gravelly washes has been

Eeneral\y stabitized by lj.tter ancl herbaceous cover, apparent\y some resorting
or depositi.on of new a1lurrial rnaterial-s does take place following intense
lunoff events (see discussioa of plot F2 below).

fiICIIRE 8 (ri8ht). Mixtures of Apache
and Orihuahua glnes in Picket Park
Natural Area, 22 March 1974. Many
crowns of aLligato! barked junip€r
can also be seen.

Figure ! (left). Interior of plot I{I
ln Picket Park from NE stake as pttoto-
poirt. Longtongue muhly dooinates the
uDderstory flora. The rneter stick is
by Chihuahua pine. Manzanita blanches
in foreground. 22 MqrCb 1974.
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IIo CanyoE Side6lope6

A variety of Bteppe, chaparral, roodlandr or forest types are founal oD

canyoa sideslopes of chiricahua National Monument. particularry strorg
eDvironmertal gradients eri6t @ these 61opea ('*trittater aad Niering 19G4, 196g)
vhich are often of inpressive altitudlnal raage and dissected by draws or
ravines. Uppr slopes are usual\ very steep, rock outcrop terrain rrlth
excessive dralnage; nrj.dslopes undulate from convex surfaces to shallow or
steep drairages; aad lower slopes nay featule nod.erate drainage on deeper,
.co]luvial soils of gentle or noderate\y steep slopes (Figur€ 6). fn sone
places 10wer s10pes contaio sedinent' sorted ard nixed hy both strean anat
dounslolle movenents (a11uvla1-col_luvial nixtures); elsewhere localizerl
basin-fi11 (pictet park iliscussecl above) or fans (S Corner, Figure 4) are
of quaternaty alluvium (cile and Hawley 1p55). Olher localized pareat
nlaterials of.the canyotl sideslopes include ta'Lus or rock rand, the latter
lllustrated in Figure 2. Ttrus cr.irnatic grad.ients of the canyons of chiricahuar
Natlonal Monunent are arso enhanced. by com@ei'drainage dnd soil pa.tteras
of the eideslopes to produce the variefy of vegetat,ion types (Figure 6).

Gently sloging lower slopee are often the nost. nesic of car\yon sideslole
environnrents. rrrhere soils are relative'J.y deep and receive nrnoff from aboverp."g-*k woodra,'ds (eA-eH and QA-eE) simila! to ttrose of the cobbly al-ruvial
terraces rnay be. found, especially where e:<posures are northerly or easterl.y.
DrainagE6 of whitetair- canyon aloag the Monument r s east bounda4r and portions
of lower slopes of Rhyolite canyon exbibit these pine-oak woocllaads. The nost
extensive voodlantl type of lower slopes, hor"reverr ale the open oak voodlands(vhittaker ancl Nlerin' 1965), o, woodlanal .avannas. .The Monunent visitor
encounters oak. savarura (QA-Q!-cr) imnediate\y upon entering the Monunent. fhedrive to the vlsitor center through gently dissected l.werr north-facing s10pespa'ses through 

'ow 
trees (15_20 feetr F? n) of Ari"zona uhite and EEorXr oaks,alllgator barked juniper, pinyon (pinus cernbroides), an? occasional chihuahua

piae ' Gra.ses conprise a ubiquitou. Eatlix of herbaceous vegetation arlo'g analbetteer the trees. plots T2; Tr, and T4 (figures Lorllrlz respective\) are
locatetl ia tbese Arizona white oak a[d ErDory oak savannas. Steep, lower,
colluvial s1Jpes of souther\r exposures oay contaia Enory oak savannas (Q!_Gr) rasr for example, the nouth of nfryo:-ite Canyon or ,fesse Janes Natural- Area (pig-



J

-I

r;.b

-I

J

J

J

J

I
I
-1

I
-t

-t

J

nIGIIRE l-O. PLot T2 ia plcket tolol, 19 March.]924r r.rhere cattle grazing hattrecently occurred. The photopoinl is the west stake of the 25 rnetJr transect;the meter stick is at the_east stake. lhe grass cover here is generally ex-celLeat. Right: microgully at quadrat #Z oi plot T2. Within tie Z x jam
frame the soil surface features are: litter l!1fr, grass Uu".i'""e" 7*f ioif 

"rragravel l8g.

I

.j

EIGURE 11. Small gu1ly oaalluvial lower slopes betveen
plots T1 and T2 in pjcket
canyoD, 19 March 19?4. As
shovn .by the line and meter stick
erosion here has cut about J dnr.
The 2 x 5 drn frame is in the
gu11y bottoar for scale. Thereis no evidence that this is
accelerated erosion resultlne
fron livestock grazing..
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ures 6 aDd L4). Grasses again forr the donrinant herbaceous vegetation, but 6oto1

(Dasylirion wheeleri) r century plant (Agave l3@i) r rnalrzanita, and false
rnesquj.te (Calliandra !S!9!!11) are also lo be found. These open Erory oak

savannas &re a conmon feature of rociry lower slopes of the southera Arizona

landbcape (Darrow t944, lowe 1964). The Natural Bridge Trail coning out of
Nortb Bod.ta Canyoa passes through woodland sa\ranna (QA-QE-Gr) during its steep
asceDt. on east-fading slopes to the tableLands of Ea6t Picket Park l{atural A!ea.
Itppe! 6outb- or west-facing calyon sidesl-opes rnay contail Toumey oak savannas
(QT-Gr) 1 as roapped by Roseberty anal Dole (t9t9) fot upper slopes of Newton and

Jesse Janes Canyons. llountain mahogany (CercocarFus breviflorus) is often a

coraaon species of the rough, broken Laad of these uptrrr slopes.
Where grasses cornprise the principal ground-layer vegetation of the open.

oak irooilLands, we refer to wood.larxd savanna. However, canyon sideslopes may arso
be domi-nated in the ground layer by such shrubby strrcies as manzanita (Arctosta-
ohylos prmqens), nountaiu malogany, Tourney oak, catclarr ninosa (l,Enrosa !!g!!g.),
and others. Such ale the woodland chatru.rral. (t_yry AP of Table 2) of the canyon
slopes, as replesented, for exarnple, along the perirneter just west of the carnp_
ground or in srnall draws such as shown in Figure 1. rn the rough-broken lard of
upper sideslopes hroodland chaparral is often of the type ( Ap-er or .Ap-QH) discussed
fo! the upla:rds in the following section. rn sone pLaces only the shrubby life-
form rnay occurr the trees being absent.

Piedrnont grasslands, or shrubsteppe (Humphrey., 1!!8, Loue l!54; both these
autbors use the terrn, desert grassland ), are the driest vegetation types found on
soutb-facing slopes. In deep calyons the grassla'Ird nay occutry a midslope posi_
tioa on convex ribs (figure 6). Elsewhere grassla-nds rnay erist on very shallow
soil over bedrock (Figure 1). or on alluvial fans. conDon grasses on col]uvia1 soils
are sj.deoats aad hairy g"an€s (Bouteloua curtipendula ,"d g. ry), Texas
bluesten (Andropc€ion cirratus), wolftail (Lycurus phleoides), and vine nesquite
(Eilaria bela''eeri). Low shrubs are connon and include sotol, turpentine bush
(liaplopappus laricifolius), century p1ant, sacahuista, catclaw (Mj-mosa biuncifera),
aad ocotillo (Fouquieria srlendens). f.igure 1j ia lower picket Canyon is such.
a shnrbsteppe (Or-O',.1). The photographs show lou grasses principaUy of hairy
Sraea ard vine nesquite and scattered 1ow shrubs (Lycium pallidum, Xanthocephalum
sarothrae, and Agave palneri ). The aIl-uvial fan at SW Corner (Figure 4) exhibits
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g:!'a6sland piedmont feature considerable nesquite (hosopis juli f l-ora).
The nortb-faciag' sropes of canyons usually support closed or semi_closecl

calopies of woodland vegetation. Already meotioned. were the pi-ne_oak (QA_QH and
QA-Q! ) woodlands. erpress lroodtaDds ( C,l-q51 are often conspicuous on Lower
e10pes, drawsr and snarl iributary canyons. $pi-ca1 l0cations of these cypress
woodlaads are South Shal<e Spriag and !,Jest picket park liatural Areas (-Arizona
Acadery Science and Snith 19?4). Connon or cod.ominant associated, species are
ELlverleaf oak, netleaf oa.k, mockorange (philadelnhus nicrolhylla), and piny onpile ' Herbaceous vegetation is often considerab\y less conspicuous in these
qrpress woodlaads than on opposite r. south_facing sIo1ns. Woodlancls rith pinyon

of soil surface conditi.ons at the westpoint stake. Thereerosion here. fnside the .2 * 5 a, quad:,at fiame tne soilloose rockl L% litter, 251 ve{etatiSi G..f-"""", arrd Zi%

I

-9" 15. Shrubsteppe vegetiti.on at plot T1 along 1ower.9omirtant grasses are vine nesquite and-hairy gr4ma. I,ow(Itrciun palliCum), snakeveed (Xanthocephalui Earoth""")-l5z+g Pallicum), snakeveed sarothrae ) ,Phot ogra phe- I!--March l g7lr lron stake af ihastat{e at the vectDoint o:

grasslarrd alnost exclusively doraiaated by blue
rdth Tery few shmbs (type Gr). After sunrner
coaslicuous. ID the lf,t corner of the Monunent

grana (Boulglg gracilis) ancl

rains nunerous ar:-nuals are very
(Section 22) aUur,:ial soils of

slopes of picket Canyoir.
shrubs are wolfberry
and century plant.
the p1ot. teft: detail
is no evidence of
surface exhi-bits l%soil and gravel.

J

J
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plne (type PC) car be found in areas of rough brolren Lantl (tr.ig]rre 16). Associatetl

trees incLude Arizona white and silverleaf oaks ! alligator barked junitrrrt or

occasional Arizona cypress. Ia sorne locales Chihua.hua pine nay be a rinor tree

of the pinyon woodlanit. Where soils prait grasses such as longt cargue nnrhly t

ueedle-and-thread ($!g1 .gi5ki) t or pir,yon ricegrass nay be found.

.Among the large r\rolite columns of uppr north-facing slopes is found

the Douglas fir-sj.lver1eaf oak vegetation type (D-QH). South Shake Spring Natural
Area is a typical location (see photos on pp 16-17 in Arizona Acatler4r Sci. anai

Snith 1t4) as are the nassive colunns along Rhyolite Canyon near its head.

Silverleaf and netleaf oak6 are comrnon associateal trees. Hoptree (Pte1ea

anAustifolia) and mockorange rnay be occasionaL. The D-Q! vegetation type can

be regarded as gradational between the.cypress canyon forests (CA) aad upland
pine-cypress ( PL-cA-qH) or even silverleaf oak. chapar?al (AP-QE) type8. clear\yl
the large rhyolite coluros create theLr oua nicloclinatic anrl rnicrodrainage

latterars vhich pernit Douglas fir and other nesic species to gr:ow in cool and

shaded couloifa.

IIf. Uplands"Jt

J

I

I
I
I
I

I

. .Ihe plateaus or tablelands of rhyolite caprock are rnost\r of gentle to
noderater undulant s3"opes, gent\r dissecteal by canyon heads and rimmed by massive

a[d spectacu]-ar rhyo3-ite colunns. Ruroff is often excessiver and the exfoliati-ng
rhyolite tuff is scoured after heavy precipitation 60 that soil accumulates only
ln localized pockets. Elsewhere gravelly soil materials raay be qrly a fel, centl-
neters over bedrock. , The prlncipal vegetation 6f the6e upla-acls is an open

roodland chaparral (Roseberrlr and Dole 19J9). lrhere shallotr residual 6oiL6 have

perslsted pine rroodlaJrds and pine forests can be found. Ponderosa pine (PP)

forests occur along the gentle and rnoderate\y sloping.dlawE near the heacls of
Totenr Satah Deming, and Jesse Jame6 Canyons. The pines (Pinus ponCerosa) appear

eelf-sustaining insofar as both you-ng and advaaced regeneration can be founci

anong natur€ trees (see Figure 10 Photo 14 la Roseberry and Dole 1919). Silverleaf
oak and alLigator barked juniper are comnoD, associated trees; and longtongue
nuh\ (Iuhlenbergia longiligula) doniaates the herbaceous layer lf soils are deep.

Gentle upland slopes and ridg'es may also cqrtaj.n open woodlarrd of Chihuahua piBe
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and ArizoDa cypress (PI-CA-QI) - Roseberry anil Dolers photopoint # 29 is of

tbis upland type (Figure 17). silverleaf oak ! nanzanitar and pinyon pine are

donlnant o! co-doninart species. The tal1er pines and cyPres6r howevert seldoE

exceeil about 15 m (5o feet) in height.

niGUFJ 15. Upper: Vegetation
mosaic in Picket Caayon as photo-
graphed April 2t, 19lZ by R.D.
Roseberry. Shrubsteppe vegetation
1n the foreground. The arrow shows
a snall ravj_ne of brrrshy vegetation.

i The background shows a feu talL
Arizona Cypress along the streambed
enal on the upper sIo1rs of rough;

. .broken ground what Roseberry terned
: i chapa.rral-piny on-cypress vegetation

' type.

Beloe: Saste vi-ew photographed
March 19, 1974, an overcast afternoon.
Very littIe vegetation change seens
to have taken place in the ensuine
17 years. See aLso Figure 1.
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TIGIIRE 17. Gealle terraia is the feature of this upla,rd landscape along thegealt of Rocks lbail. Oritruahua Fine and cypress woodlaad was piotograptreaApril 2p' f9t7 W N.E. Dole in the vicinity- if ooughaut. lIe relords"the maiaspecies in tbis camera vieu as qhj,huahua pj-ne, Arizona cypressi manzanitar
:i1o.""19tf^:*, and pi-ayon pine. Inserti fhe sane laaiicape 'repirotographeA
l'larch 25r 1974 w l,|.E. Moir anat !,t4ry Dodd. The branches in lhe eitrenrl rightforeground ot the I93? photo have rrt, gto"n i.nto the larger Chihuahua p!ne.
Pinyon and Chi}'uahua rines, saplinBs i; the 19)Z photo, i".," grow'to lornpretelyobscure the large bouider in the tJreground oi Dolers picture. s verleaf oakaDd naazalita Etill domirate the understory vegetation.I
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1\ro roajor chaperral (roodlartd chapa.ral) vegetation types occur on uplands

La the llonurnent. The Tou::ey oak chalu.rral (AP-QT) contains pinyon pine ancl

occasioaal jurripers (Juniperus deppeana ard g. ry), al-l of lov stature
(oost\r under 15 feet, or J m height), vhich lunctuate a shrubby rs.trix con-
6isting Eost\y of manzani.ta and Toudey oak. East Picket Park Natural Area (Fig-
ure 18) is a typical locality. Grtcroppings of rhyolite caprock interupt the
eb:rubby vegetation. Ttis bedrock and shallow gravel\r areas may be lichen cov-
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IIG1IRS 18. Touney oak woodland'- chaparraL in East picket park Natural
Area, April 27, I9t?. .krows indicate

I a snal1 opening and low,riryon pine
vhich can also be seen in lhe photograph on the right 22 r4acio 19?4 by 1{.H. Moir- and Dirk Ianrning.. Note Eete! stick against manzanita bush.

ered. Other species of tbe chapalraI here include l,lright rs silktassel (carrya
rrightii), sacahuista (:lolina microcarpa), century plants (Agave palrneri and A.
larrTi) r and banarllxa yucca (yucca baccata). Here and there grasses are conspi_
cuoust especially bullgrass ' ( l.luhlenb€ r8ia enersleyi), purpletop (l{uhlenbergia
riSida), orcuttls three atrn (Aristida orcu',tia-na), and rexas bluestern (Andropogon
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cirratus). Plots T1O and Tl-1 are located rithi.:c the lourney oak qhaparral in
East Picket Park Natural Area (see also description in Arizona Acadenry of
Science and Smith Lt4).

The second najor uplanil chaparla1 type is structural\r sinilar to the
Touney oak chatrnrral but differs taxononical\r. This has been designated a
eilverleaf oak chaparral ( ll-q1 type of Table 2). Low (about 1O-1) feet, or
75 n)r scatte:.ed Arizona cypless or Chihuabua pi.ae cornprise the vety open
tree Layer. Tbe shrubby matrix is donil}ated by marrzanlta ancl silverleaf oak.
Toumey oal< nay be absent or occasional, as nay netleaf oak. pi_nyon pine naSr

or.may not be present, and grasses are often very mi.nor. Open, gravelly areas
'nay be devoiil of vegetation except lichens or annuals. often consoLidated or
fractured bedrock is to be fouad nerely inches berow the gravelled surface.
rypical l-ocati ons of silverreaf oak chaparral are Massai point, sugarloaf lrNE
(0.5 ndt 1 Kur.. MrE of sugarloaf Lookout)I anal porti-ons of the Heart of Rock
Tratl (Bf plot 16, Murray.s Nemesis). This chapa.rral type intergrades to t

tbe Chihuahua rdae-erpress woodlanal (PI-CA_QH): end to the Touney oak chapa.rral
(AP-Qr).

A third chaparral type of sbarp upland ridges and rock outcrop land can
be designated a nountain mahogany (CB) chaparraL. Associated shrubs nay include
deelbrush (ceanothus qregqii)r nanzanita, ancr dwarf silverr-eaf oak. low trees
Euch a.s pinyor pine raay be severely wind trained. this chapa.rral type also
iutergrades to Toumey oat< and silverleaf oak chaparrale, and perhaps is only a
variation of these 0n larticul.a!\ erposed topography.

DATA SINMRIES

The overall dimensions of the resource monitoring system established in
!974 are given in Table J. ?he number of ptots given in the last colurnn were
tbose existi,g at the end of the late suoner oeasurenent perioal, not those lost
or vandalized from the spring sample. Field d.ata neceesa4r for nraking future
atea-\r-a1ss or plot-by-plot cornparisons are given in part II (DATA) of this
reportr but are sumnarize{ i' Tablgs 4-8. Becaus€ of deliberate location of BT
plots in areas of high impact sensitivityr data derived form these prots cannot
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Table 3. Besource llonitoring ,System, Chiricahua National Monument, 1974

MANAGE}fr{T ZONE

I

Xoad Corridor

Etvi ronnent al Study
Area

Trai] Corri dor

Natural .Areas

Wilderaess

Canlgrouacl

Ma6sat

Bonita-Faranay

Rhy olite Canyon

l.latural Bridge

Heart of Rocks &'
Echo Canyon

Picket Park

East 
-Picket 

Park

ilesee Janes

Sugarloaf l{llE
llassai South

Srt Corner

Picket Canyon

tlhltetail Cany on

Bonito Cany oa

Perimeter
PerLmeter

VECETATT ON

TYIIE

AP:QH

QA-QE-Gr

QA-QI

QA.qII

QA.QH

AP-QH

PE-PL

AP.QT

j IQA-QH

Qn-cr
AP.qE

AP.QH

QA-QE-Gf
nr

QA-QE-Gr

A-r

QT-cr

PIOI TYPE MN'IBER OF
PIP,TS

BT

3T

BT

BT

.r

BT

BT

F

?

F

I
BT

BT

T

T

T

T

r
BT

BT

R

8

2

8

11

I

2

I
2

6

10
a

1

I
2

I
t5
11

J

J

J

I

I
I
I
l
I
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be regarded aa descriptione of plant or 6oil characteristics of the ecosystems

vhere the sanples vere located. The systen of such plots ist ratherr a nonl-

toring systen' intended to reveal inpacts at tbe earliest nonent. The second

poj-nt to be kept in miad exarainlng the data of these tables is that they reflect
exlstlag vegetation and soil coEditionsr the I term of equation 1, and not the

dynaaric, or trend, tern R. fhe short sanpling interval between spring and

6unme! neasurements nigbt suggest some revelation of R, but was prinrarlly to
dleternine aspectation, as discussed abover and not succession. Thusr the

occurrence of annuaLs ir the late sumner plots is a seasonaL feature t not

necessarily a successional trend. OltLy year-to-year neasurenents in a given

season night leveal the latter. The trend terml X, caJlr howeverr be reasonab\r

dealuced durlng field measurernents from overall inrpressions of vegetation and

soi.1 patterns Ln each sample location and from coll'ateral observations and

comparing imp.cted fron non-impacted nicrosile9 at each sampl-e location.

Dni nl . crr..ail 
^a 

f ',JNE - Massai

These locations are all on uplanC topography. Rhyolite outcrops along

upper sLop€6 create a riiversi-ty of ni. croenvironrnents, so that meslc tree sp€cies

(Arlzona sypressr silverleaf oak, netleaf oak) can be found along trailsides or

gullies in areas that are otherwise prirnaril-y of the silverleaf oak chaparral
(AP-Qn) vegetation type (Tab1e 2). Soils are shallow or skeletal throughout r

often broken by bedlock cappj-ngs, outcropsr and 1ed6es. Runoff i.s excessivc.

Where soil particJ-es can accumulate, horizon sequences are usually 8ravel1y
ACA (soi1 Survey I'ianual Supplentnt 1962). Natural and visit o!-intensifled
erosion on the gentle to noderately steep slopes or anong the rhyolite coLunnns.

can readily expbse new bedrock (figure f). l"'lassai Point is an area of heaw

visitor usage at the terninus of tbe Road Corridor. Here exist a nature trailt
exhibit centerr parking lot ard trailhead. Sugarlcaf MiE and Massai South arc

backcountry areas of 1ittle, if anyt vj-sitor use. Access is difficultr for trails
do Dot enter either locatioa.

Massai Poirt apparently receivirs moderate off-trail visitor use. OId

discontinued traj.ls renain conspj.cuously footprinted. Corridors around rhyollte
colusurs are rnoderately traffickedr. and some traiL shortcutting can be noticed

W obvious pathways. Figure 1! is a trail cutoff alea near the Parking Lot where

l,lassai South
J

J
:

J

I

I

J

I

J

I

I
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shortcutting is tempting to the visitor. Ihe neter stick is at the right side

of the plot near a srnall silvelIeaf oak; the 2 x ! dm frane is in position I
along the BT p1ot. Soil and gravels comprised around 8)ff of thls plot in both

6pring antl gummer neasulementsr and litter rras a nere 2#. Conti.:rued removal

of soil surface roaterials along this old pathway in the future can be expecteal

to cause channdlization and further exposure of bedrock or angular rock frag-
nents ihich at present eornprise only about 12$ of the p1ot. Revegetation using

aative plant species as bamiers may be necessary to prevent further erosion

and discourage off-tlail use.
' Data of Tables !-! suggest that soi-l and vegetation conditions at Massai

Point ale not very different, howevelr frorn controL (no visitor use) locations
at Sugarloaf NNE or l.lassai South. Ihe soiL surface features are of the same

range of percentages at Massai Point as at the.two control locatj'ons. Although
I

I
I:IGIIRX 19. Belt Trarsect pl,ot 5 at Massai Pointf 20 March 174. The meter
6tick near the silverl,eaf oak ls on the right side of the plot and the 2 x 5
dm quadrat frame ls near ihe'centbr of a trail cutoff path near the Parking
l^+I

I
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Although exposed be*lrock w'ith

sumrner Eeasulenents at Massai

means of !2-2(# aJrd naxina of 59'?8% ln epring and

Point appear to be somewhat higher than at either

control locatj-onr such differences have no statistical meaning since the ileliber-

ate locatioDs of BT plots at Eensitive rni-crosites precluded comparisons of

orerall environnental features of the d:iffetent locationE. Pl0ts 2 ead J at

l,tassai Point both contributeil i.n large neasure to the increased exposule of

bedrock betwee! the spring aad surnmer obsertations' Beclrock exPosur€ at BT pLot

2rlocatedDea!thebaseofarhyol-itecolutr8l!lncreasedabout2&witha.corle-
6Poodi-Dsdecreaseingravelan.lsoi].materialsdurin8th.atl.nterval.Atplot
J a sinrilar 206 j:rcrease of bedrock exposure could be accounled for by removal

of litter from the plot. Hhether such changee were visitor-inducd or the nornal

re6u1t of seasonal runoff cat|not be deterrninecl. However, any further increase

of bedtock, or loose rockr exposure at Massai Point w'ithout simj,lar increaseG at

l,lassai south or gugarloaf NNE can reasonably b9 attributed to visitor off-trail
use. - t

Vegetation basal area is very minor at. P! p:ot 6ites at Mis::i 
:or-nt' 

We

also obselre that delicate soil cryptogans 6cqurretl in only 
' 

of the 7 plots

(Table 4). ltlese soil surface features are extrerely susceptible of diminution

by tranpling and 'erosion. Nevertheless the l-ack of such critical features cannot

necessarily be attributetl to histories of visitor or maLntenance uses' for we

a16o note these soil a:cd vegetation basal area features are tather Low at the

control locations. Apparently grasses (the principal contributor to vegetation

BAatsensitivesites)arenotaveryirnportantcomponentofthesbuplanclsilvcr.
leafoa}chaparralhabitats.Insteadwefinilsaxlcolouslichens,pa'rticular\rof
the genus , a maior vegetation conponent (5-fi cwer) of the roclgr and

gravelly pa.vements (see also rigse 1). If these lichens are susceptible to

death try abrasion from trarnpling, then such losses are as.yet undetectable at

MassairatleastwithintheTBTplotsthere.Indeedrhigbgroundperceutages
of these lichens suggest " "onsiflgrab1e 

tine interwal- of rock exPosule (webber

and h::dlews 197J) rather thaa acceLerated energence of lichen-flee rocks through

aanrs lecent activities. Uses of lichenonetric techniques to establish energence

rates of rfuolite, their colonization and Srowth rates w lichenE needs considerable

Eore study at ghiricahua National Monument. Ihe appareat increased cover by

ParmeLia ard other saxlcolous lichens at Massai aad other l0cation6 (Table 4) i!
_i

I
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1 certairl of the Bt plots bas three plausible explanations: 1) the increase is' 
t€a1 a6 res-rrlt of colouizatioD or grolrth ove! new rock surfacess ii) the jlcrease

I is real froo energence of lichens under areas temporarily buried under litter
Gf p:.;ot , at }{assai ) r or iii) the i.:rcrease is the result of oversight or

I l-oaccuracies from the previous spring measurenents. Clear\yr more attention
-tI to tbe lichen cover at nonitored plots seens rarranted.

I The canopy coveraBe of vascular plalxts at l.lassai r Mas6ai Southt and
-{
I Sugarloaf MIE ha6 mostly rernained abou+- the sanre (within the Lirrits of sampliag

. pfecision) for nost species during the interval between spriDg and summer.
1'-1 Horrever, certain ptots with manzanita t Toumey or silverleaf oaks reveaLed decreased

ot ilcreased canopy coverage. In general, of the 4, BT pfots where manzanita

-l occurred at all locations Ln table 4, the shlub increaseil canopy coverage in ?#r
I' 

decreased in 26/, alrld. remained about the sarne in 67%.ot then. In short, there

J appeared to be a minor dieback durilg early 6u.mner, and since tb.is &ieback occur-
l-lt recl lather generally throughout the Monurnent, it cannot be attri.butecl to visitor

-1 
effects aLone. The di.eback also affected silv'eileaf oak !(decreased cover in

I lWr no change in 6?% of .the 15 plots wlrere it occurred), but Dotr appa.rent\r'

. Touney oak (1Gl decrease, 1OS increase, 80# no change in 21 plots).
I-1 In Eun,lmary, for }lassai Poiat when contrasted to vegetation and soil surface

coaditions at Massai South and Sugarloaf IIE:
I

--lL o Off-irail- ise by visitors has resul-ted in apparent deterioration

{ ::tilf:l'* ii!"illlt except ror plot 5 such past usase is not

o t\rture r or intensifi'ed, unrestricted visitor activities can be

{ 
expected to product the following changes in the BT plots:

1. . Dleback through rnechanical. breakage of woody shrubs.and thus

J 
leductiolr of canotrlr coverage values of Table 4;

I 2. Removal of surface littert soilr and gravel rnateriaLs and
resultant increasee in the proportions of loose rock ard.

J bedroclc il Table 5;

,. Reduced cover of saxicolors Parrelia and other lichens as
abrasion losses exceed colonffirr-and gror^tlh rate6.

I
o lEpact problens related to trail maintenance can be reduced by

avoiding borow areas an.l importing trail nrater:ials via the parking

I til#illl"iillii:":y";::;il? :::""'l;::ilf;",;l:'ff3x311"1"*,,
aatlve plaat sp€cies .

I
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Rhyolite Cany on and Natural Bridge Trails

orese trails conunence in qrpress and pine-oak woodlands of the canyon

floors. Most of the BT plots are concentratetl at the start of tbe trails where

vlsitor use is heaviest. Iherefore the higtr proportion of hroodland litter
(8].-%% in Table 5) is not unexpected. Since these trailside plots are nost\r

cn gentle terrain and u.lder heaw tree canoFies, erosicrr of surface naterials

through rainfaLl Lmpact and rr:noff is unlikely. Major chan6es anticipatetl from

visltor actirrities include rnechdnical breakaSe of plant lnrts frour off-trail
pas6age, Jj.tteri.ng of trash, antl flower picklng. These is scarce evidence fron

Tables 4-5 that these actLvities have been vet'y serious to date. The Natural

Briclge Trail i:r pa.rticular appears in excellent trailsi-de ccndition (Frontispiece

photo). We note the high proportion of traiLgitte plots (! of 8) with delicate

eoil cryptogams, and slightly lower occulrence jrr (, of 8) plots 81ong Bhyolite

canyon Trail. We aLso note the poor represe-pt+ion of sumrner aanuals ln these

p].ots. Itre probability of both arL::ua1s aad snall' cryptogans in the BT plots

can be relateal to snotherl.ng effects of'the litter rnaitle, effects of past trail
naintenance work or visitor tranpling, or to sampling probabillty.' Several

plots (nulnbers ?!8r11r12) along Rhyollte Canyon TraiL contain goldenrods, giliasr
cooprdras r and other wildflowers. The seriousness of floner picking 5'n the past

cannot be assessedr'since nonitoriDg ptots cannot measure something aot there.

But these pfots provide sorne guidelines concerning flower picking pressure, toget-

ber yith the vlgor and persistence of wililflower species on the ltoodlarrd floor.
In sunmarl:

o Celt]e terialn arld exceLlent cover of woodLand litte! along bottl
trails suggest high resource durability and few visitor or main-
tenance inpa.cts, at least along the j-ni.tial kiloneter of trail.

o lrails can be maintained by borrotring or importing fill naterials
fron trailheads to lessen any visuall botani-cal' or bank stability
irapa.cts.

o Herbaceous and Yoody vegetation along immediate trail corridors
appear generally ia vigorous conditi-c'n and lessen tendenci'es of
hlhers to leave the relatively wide trails.

o Flo'rer picking and trash renoral problens rnay becone rnore Geriousr
especially on the. nature trail segrnent of Rhyolite Canyon Tlail.
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Eeart of Rocks and Echo Canvon Trails

Ccntrasting with the prerrious traiLs! both Heatt of Rocks and Echo Canyon

Tral1s at their commencenent near parking lot trailheads show signs of hrear.

The initial kilometer of these trails occur rnost\r cn uplard habltats and

topography similar to. !,lassai Point and are subject to the sane kind of adverse

effects caused by trail cutting, exploring arou.ncl rock colun',nsr and so forth.
Aesthetic deteriorj,ation is evidenced by frequent signs of trash within rriew

of the BT plot microsites. Other signs of microsite dieturbalce t as itemized

in the discussion of llassai r are 1oca11y evident alont the stalt of both trails.
Natural resource features of the 3T plots include (TabLes 4-5)1o", canow cover-

age and basal. area of grasses, rather heavy csverage of bnrshy oaks (Touney,

ciLverfeafr and netleaf) and nanzanita, about 4$ average cover of &gli3 uod

other lichens of rock anC gravelLy substrates, and soil crlptogaros i-n 5 of the ,

11 plots. Surface organic litter averag'ine 55-60% over the 11 plots, reflects
the nore uplanrl, 1e6s woodeal aspect of thesd traif s"grnents in cotrtlast to the

caDyon trails discusserl above (plots 5 and 7r however, are situated. ia the CA

vegetation type).
Trail naintenance a.'rd visitor off-trail uses seem to present similar

problerns as at Massal. Foi:rt. ilovever, these problens are most serious only

along the start.of lhese trails. 'r.here the trails irrtersect in upper Rhyolite
Canyon and continue clor,m the canyoni the plots revealed Iittle or lo signs of
Ean-caused distulbance.

Near the Monunent entrance along the road corrido! are two low1 grassy

hl1ls inviting and accessible to the road travellor. Pl.ots nere establishecl
here for neasuring the degree of use of such portions of the road corridor before

the rlsltor reaches the tlisito! Center. Slolns vary fron gentle to noderate
J.a the open roodland savarula (QA-QE-Cr) habitat. Soi-ls are stable, ar:d on geotle
slo1rs consist of AI/ LC/C horizon sequences (Soil Survey l'la.rlual Supp. 1962).
The degree of rockinees idcreases as the hill suramits are approached.

I
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fr Tle plots shoued no 6ign of visitor use (Tables 4-5)' The tocation displays

very high plant diversity. Nunerous smallt attractive cacti and colorful rvild-

J flourers of rnany kinds abould. Grasses averaged 1!% ca\ow coverage t and

regetation basal_ area was the highest to be found of any eanplinS location.

-f sunroer annuals, too, were of renarkab\y high (52%) covela8er and itere fourld

tn each of the 12 plots. soil cryptogams were found in 10 of the p1ot6.

l Thetle appeared to be a real decli:ee in grass basal at|ea, probab\ as resu].t

of early sumrner drought. Basal area dininished fron 9 to 316, ed in three

plots a 1.eaL decrease of graminoid cove! was obserwed. Grasses, indeeclp showed

J
DJ-xeo responses during the interral between the spring and sunxner observationst

as Bhovrn in Table 4 at Bonita-!'araway atld other locationso Taken over the

I onument as a whole, grasses and sedges occurred in 58 BT p1ots1 declining ln
' nr[, increasing in 287, and rernaining about the sane 1n JJ$. Natural causes

1! aplrar to bring about these changes, but the &planations are probab\r not

very simple. Certa1n gra=uei at Bonita-faraway and. other locations; such as '

J hairy antl slender granas ($!9f91g hirsuta; !. $!!95g!g) and other lwt
I nat-forming species, nay. have been adversely affected by severe spriag and

I e""\r summer ilrought. certainly nany recent\y dead culrns wele noted in the
r quaclrats. Other grasse6, Dotably the robust or late-summer active rtforestrl

grasses of rnore nesic woodland habitats (Frontispiece) showed iucreases llt
-| canow coverage during the late sufiier observations and littler Lf any, death

of basal cuIms. The degree of grass respolrse to environmental cct:ditions is
-.jl also affected by rricrohabitat. At Bonita-Faraway declines in basal a!.ea wet.e

- neasured in )-1 plots. The diifference of about $S appeared to be nade up by

J snaI1 increases in percentages of litter (dead basal .area cu1n6 become litter)

- or soil. lhese and sirnilar cbanges should not be ta.ken as neasures of 6ucce6-

. 6ion but as nornal year-to-yearr or seasonal variations in vegetative cover.
J 

Since sirnilar seasonaL changes were obsenred in the campground atea (discussecl

nexl)' in sinrilar nicrohabitats, Bonita-Farar'ray j.s important' desFite its
J 1ocaticrn along the load colridort as a n@-usect (by visitors) control a!ea.
- 

Wbl1e riltlllfe are abundant Eft this locationr their grazilg and trampling nrake

-I }ittle effect upon vegetation as Eeasured in the BT pIots. In su.mnary:

o There is little or no.evitlence of ary deleterious wildlife
or visltorimpact' in or near any of the 12 plots.

I

.I
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Campground

IJ The canpground area presents difficult and impressive resource naintenance

problerns. Recor:.naissance in March 1974 indicated , zones of campground use

I ibpacts: the canpground itselfl the immediate cSmp6round prirneter extending

pelhaps IOO meters radi.al\y fron the west edge of tbe carnp and Picnic sitest

I aDal the distant perirnete! beyond ttris ertending virtually to the base of the

rhyolite cliffs. A11 zones have their special management problernsr but this

| Gection r,riII be confinecl to the inunediate (high innpa.ctl or III) and di.stal (l-ow
J

. inr'pact, LO) perimeter areas. Both areas contajl prirnarily chalnrralr or brush

, tyF shrub-woodland vegetation. ?he HI zone is nore heavi\r canopiecl r'rith

i shrubs (AP type anit intergrade to QA-QE-cr ) and has gentl-e to noderate slopes

. rith noderately sha116w or shall-oi^r soils of colluvial origin. The L zone

J has nore open shrubby vegetation (QT-cr) on noderate to steep slopes with nxostly
' skeletal soils or bare rock land. A series of sha11ow, paraI1e1 dralnages

I clissect both zones. ::i'::1 :

i lhe lecon-naissance. suggested three main types of visitor i.nrp:ct in

J the perimeter are.a: tramplingr wood gatherin8r and trash dispersio4. Maior

findings are summarized:

I o A number of entry points into the canrpgrouncl perineter frorn
the nai:r camPground are obvious.

o Once into the perimeter area, tralls branch, networkl and

J anastonose along numerous corridors.
- o People rralk as nuch as Possible through oPen Srassy areas

in marked preference to crashing through shrubby barriers.
t,J o The III zone intergrades inperceptibly i-nto the Lo zone ae

:il;'i1,f,*i33"i51;.'il tl:':ii:::fi";":al: non-use

I
- fhirteen tsT pl-ots in the HI zone were approxirneitely equally spaced

I alon! the distance of the car:npground perineter. Plots vrere selectively placed irl
- the inviting, corridor-Like openings fo! the raost part. Soil surface features

| summarized for these plots in Table J by no neans suggests a denudedr high-inpact
terrain. Rather, a respectable Jl6 of tegetation BA in spring cornln res well

I vith the 9# at Bonlta-faravay- Hills. fn surorner a declj-ne i! BA aud mixed response

of grass canopy coverage was observed sinrilar to that at Bonita-Faraway Hi1ls.

_t
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Ll,tter correr fron J-81 percent and the ni.nor exposure of bedrock a!(l loose rock

fragnents (about 56 each) suggest that erosionr vegetation destructionl antl

othe! ulfavorable effects of the foot travelLor are not as yet of sever€ tnagni-

tudes. Houeverr continued and sustaincd traffic of canpground wandelels into
the perinet6r could.easify lead to acceleratecl deterioration of vegetation or

soil properties. Table lr, for example, shows that delicate soil cryptogarnst

the first plants to disappear unaler tranplingr occu! in t8% of the plots ia
the I[ zone 3?% ia the LO zone), but 85% of Bonita-Falaway plots. Fragile
sunner annuals, too, uhile occurrjrg in all of the p1ot6r averaged onlJ 1l#
coa,er (62% at Bonita-Faraway). WhiLe such differences can have no statistical
reliabilLtyl their suggestiveness of ea":ly site deterioration should be kept

Ln nind. Ihe status of gry}!3 (in all of the plots) should be of considerable

future interest too.
Eleven plot6 were established i-n the W Lorl of the periroetor. Here the

network of trails is reduced, and thele are fewer campground wand.elers. But

sLopes are steeper and 6oi1s nore prone to eriodlcrn. Traffic along the fevte!

paths is potentialJ.y as serious as in the I[ zbne. Soil and loose gravels

averaged 6I-65% of surface features where the plots were located, a:rrd Litter
protection against erosion is on\y about half that of the I[ zone. 3ut grass

basal area a.rrd canotrD' covelage are good (w'ith sone susmer reduction as discussed

for the Bonita-Faraway Hills location)r and soil crTptogams aad sunmer a-nnual-s

at least moderate\y represented in the plot sa$pIes. thus resource deterioration
ls -not greatly evident at presentl but cautionary neasures agaiast contjlued
pressures from the canpground 6een rrarraated..

The ma:ragernent , should be cognizant of possible. synergistic lnteractions
of visitor use and clinatic events in the canpground area. A BurnEr cloudburst
and jatense runoff frorn slopes above the canpgroturd rey result in greatly
riragnified damage if the vegetative cover is even rnoderate\r reduced because of
campground traffic. Accelerated guL\y incisions ale already of sone concern

aaal difficult to arrest just north of the anphitheater area. Ia 6unlla!.!r !

o The campground perimeter show6 generalized rather than localized
camper lrnpa.cts as erinced by nunerous meandering pa.thr.rays,
crushed vegetation, scattereri trash, vandalized noni.toring plots,
alrd chopped uciody.branches and lirnbs.
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o Although resource deterioration has conmencedl especial\y ln
tbe iurediate campgrowrd perirneterl it has not progressed to
alarm lroportions.

o Active nanagernent of camper actirrities to lessen theLr
ulcontrolled effects in the perimeter would appear to have
restorative effects upon vegetation and soils at this stage.

o Coatinuealr sustainedt and uncontrolled visj.tor use of the
perirneter' my rrtri8gerrt these s1o1rs whereblr precipitation
nrnoff floa an intense 6to!m nay produce great resource antl

' canpground danage.

o An ounce of cautiqt is worth a pound of cu!e.

Ca-qr6.6- ,

Ote F p1ots, unlike BT plots, are descriptive samples of plaat and soil
characteristicE of the forest stands. Although the l-ocation of each recroPlot 

,

i's coaditioned by son:ewbat subjective appraisal of vegetation hornogeneity ancl

bufferiag against edge effects; as discussetl iiri' ethodsl t'here was no atteurpt

to locate the 2 x ! dm quad.rat frames on\r in sensitive areas. fhe 50 quadrats

reflect, thereforer vetetation antl folest floor conditions withir the 1?5 n2

nacroplot. Descriptioas provided by these F plots are useful as baselines o!

beBchrnalk neasurenents against which future changes can be coripared (Moir 19?r).

For exanple, shouLd. a fire occur in cne of the can]rons where such a plot is
locateal, the chaages ca:r be neasured and corBpared w-ith the pre-fj.re (baseli-g)

forest conditlon.
Forest stncture of tbe slx plots is given in !ab1e 6. The pine-oal<

nootllalds (l,iarsball f97) have two domj.nant canoptr' layers. Eoergent pines

(Pinus engel:anni r 3. f3Lgy11a) up to about 20 m f olrn scattered cover while

underaeath is a semi-open (plots F1;F2) or contiruous ciosed layer of rnixetl

evergreea oaks atrd alligatot barked junlper. Beside str€ambeds the Arizona

qJrpross rlay aLso be ioportant in the taller canotr6r straturn. Considerable

variati.on ir the tree structules of the six plots exists, and Table 5 suggeets

seyeral clisti"uct pi.:ae-oak woodLandl babitats. Open forests (sten densities
aroual 5@/ha) of pine and oak occur at Picket Park (vegetatioa type PE-PL).

Tlre grornd flora (Table 7). of plots F] and F2 is doni.nateil by robust nuh\s

I
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Table 7. Understo4r vegetation and
Chiricahua NatioDal Uorument I 1974.

TAXA

Arctostaphylos pungena
Garrya wrighti.i
Rhus coriophylla
Nollna nLicrocarpa
Yucca 6chottii
Dasylkion yheelerl
Agave pa.lmeri
Quercus hypoleucoides
Q.. arizonica
Q. enoryi
Rharrrus
Rlru6 trilobata
Bouvardia glaber:.ima
Toxicodendron radicans
Lonlcera albiflora
Muhlenbergia sp.
M. longiligula
H, enersl-eyi
Andropogon cirratus
Aristida orcuttiana
A. longiseta
Panicum bulbosum
Plptochaetium finbriaturn
Carex sp.

Clltoria mariana
Orybaphus
Brl.ckelLla lembonii
Brickellia
Polygala obscura
PhaseoLus heterophyllus
Other perennial herbs

Dt?meriF sperguloides
ltuhldnbergia
Cyperus aristatus
Schistophragma intermedia
Bulbostylis fuakil
Cyperus rusbyi
Acalypha neonexicana
Other annuals

Litter'
soil
Rocks
Vegetatio! Basal Area
Soil cryptogams 'r

soil surface characterlstLce ln forect
The + indicates constance.

c0v5R g),/PRtQUnNcY (g) tsY PLC4

plots

F6

9/22
o/4

-l

l
I--t

II

zq
o.

H
z
l{
E

2/6
zho

5/14

t/2

86(88)
14 ( 11)
o (o)
o (o)
4 (4)

8/24
o/2

t2/?4
VL8

o
l.l

7-z
o/6
o/8

f,t
>-R)

a,t:&

u7l
I .fverage cover on\:

Average frequency
spring and

on1y.

tt/22
+

o/2

+
+

+
t/4

+

v4

+

6/16

v2
4/ro
2/4

t/4

o/2
+

2/t4
o/ tr

T5/A
2/6

v2

+

+
2/2
v4
.+

7/!4
zf I

+

9/t6
2/4
o/2
o/4

14/68
v2

44/Bo
+

o/2
o/2
t/8

L/6
-.,''.Vr4
.+
vt4
+
+

o/2

8/24
2/'8

5/22

t /64
6/20
t/52
t/24

rv62
on4
o/6
o/2

89(89)

ro(10)
1 (1)
- (4)

8Z
o

l2
o

summer (in parentheses) neasurenents
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(lluhlerbergia f-gi}i4E, M. emerslevi) and other perennial Srassee (nisues 9

and 2O). AnnuaLs are conspicuous after summer rains o the gravel\y wash sedLnents

of plot I!. Scattered understorl' shnrbs incluile manzanitat Schottrs yuccar and

equaubush (Rhus trilobata). tigure 20 shons Plot F2 on gentle terrain of 8ravelly

alluviun generally covered w'ith a 8lantle of herbaceous cover and }Ltter' The

soil sraterial"s are relatively stable. Hor'rever jll uu'nrner a portion of vegetatiod

anal litter was buried by new alluviun washed fron upslotrr areas (a portion of

only 1 of the !o quadrats was affectecl)' The effect upon the overall plot Has

incorrsequential,butsenrestoiflustratethetlynarnicnatureofecosystaosanil
mic!.osite changes w.ithin the ecosystem caused by natural outside (allogeaic)

forces.

tr:IGInE 20. Plot F2 la Picket Park Natulal Arear 22 March 1974r frosr l|llll stake.

plots FzrFr, and F4 are found qr ccbb\y-bouldery strearnside alluviunn.

The wocdland canolv is closed (Figure 6) with stem densities around ]tC0,/}:.a'

Energent pines are nore scatte"ed thalr at Picket Park (and absent ln Jesse

Janes Cangron), while itorniaaats of the oak layer are nixtures of silverLeaf antl

Arizona white oaks (tyFe qA-QII). Atitgator barkecl juniper ls of rather ninor

occurrence r most\y in reproductive eize class 1 (Table 5)' vegetation of thb

J

J

I
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I

j

'..



I

J

J

.l

J

J

J

I
-1

{

J

und.erstory ls rather sparse with scattered shlubs (Nolinat @ gi.I@t

Arctostaphylos -4-S3e, Yucca schottii), grasses' an'l shrubbyr copPiced oak

sprouts.- Annuals are absent in tbe heavy woodland litter and alLuvial

cobbles of the forest floor.
PIot I'5 1n Bonita Canyon differs in several features from the above

pine-oak uootll,ands. Here Enory oak replaces the silverleaf and Arizona uhite

oa.ks as naJor evergreen species (type QA-QE) ' Alligator barkecl ir:niPer has

very impressive regeneration and is a maior tree of the oak atratum' T'he lower

sten density (about looo/ha) can be attributed to partiaL cuttingl a factor

vhich nay also influence the juniper regeneratj'on' Notice from Table 6 that

piiryon pine is invariably present (in all the F plots) as youn8 regeneratj'on

(size class 1), but appears unable to survive in the shaded understorV of the

canyons. The grounal vegetation (Table 7) of plot F'5 differs appreciably from

plots FJ-F! only by the doruinance of buttcrfly-pea (91i!9I3 mariana) ' a plant

of restricted' di'stribution in Arizona but Iocal.ly abundant at several canyon

locations at Chiricabua National lulonument' Ptoximity of plot F6 to the Eroup t

Eite of the carnpground may have resultecl in:sone l vegetati onal changes J'n the

past. Perhaps the soiL exposure of 11-L4% is'reflection of camper activities

here. But the nant}e of woodlancl litter is good, the cover of grasses respect.

abler and there is rather high wildflower species diversity in the area' Ttre

flora has certainLy not been impoverished to the extent pictured in Figure f

at the not too dislant &rvironmental Study Area'

T Plot Locations

At selected Loqations where clescription of the herbaceous ground flora

was of special. lnterestr the nonitoring systen consisted of T plots' Table

8 surnmarized the data. In this table the fi'rst group of taxa are perennial

grasseE frorn the Late summer observations (at this season identification is

most certain! antl folj.ar measurements are often at the yearrs marimuo after

summer rains). fhe second group of taxa (starting hrith ll1lllE neomexicana)

incluile some of the summer annuals, an lmportant Lifeform in these savanna or

grassy habitats. woodJr sPecies at the various T P 'ots have not beetr included

in Table 8, but will be sirmmarizeil in text beLou' Soll surface featuresr the

final group in Table 8, are spriig tneasurenents for plots TlO and T11 a:etl

sunmer measurements for the remaining plots'
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P:t ots Tl al1d 12 ir lower Picket canyon (Figures 10 and 15) uere located Hhere

trespass graziug had occulred. At T1 nat-forming grasses were doninant

(Eilaria belangeri ard 4!9}g spp.) on the gentle lower slope of rnixeil

allurriurn-co11uv:iurn. Ihe coverage and basal area of these palatable grassest

collective\r 45 arld g% reeFctively I euggest that cattle grazing has been

of elight, if anyr consequence. Ttle basal area of l-ate Eurnmer had declineil

about 18% frorn the spring observationsr but there was no catlle Srazlng during

that interval. More Iikely the clecli.ne resultecl from the ver;y dla w"inter and

eprilrg, and possibly fron hotr droughthy suflme! intervalB' Gully erosion had

tqken pLace or the slope (tigure 11), but older 5u11ies exhibit revegetation

antlstabilization.T2isjustbe].o},Tlonalluyiumv.ithopen.{rizonawhite-
EmolT oak savanna. Grazi-ng ancl cattLe bedding may have reduced canopy coverage

cluriag the spring measurernent period (M totat canotry coverage)t but basal

alea wa6 very. high 117$) and no instance of ovprgrazing cound be concludeil'

By late Eunne! canopy coverale had reachecl about 5@ (a11 perennial Srassee t

totaletl frcra Table 8); basal area of the grgs.ges. at 7% ua? very high' Nunerous

annuals were a16o present along with various perennial fcrbs (broad leafeil

herbs), all contributing the rich ground flora diversity a! this oak savanna

location. Any depauperization of pa3-atable herbaceous species by past cattle

gtazing in this area was undetectable. This conclusion is reinforced by com-

parilg the vegetation of plots T1 and T2 w'ith that.of ungrazed plots T5 and 16

( raule 8).
Portions of hhitetail Canyon received Sreatet Srazi-ng iropacts than Picket

CanyoD. 19 and T4r both irt oak savan,]a as was T2; have considerably lower

grass canoPy coverages than the Ficket canyon sites'. summer basal- area was

a,!y 7.2%l markeii\r fouer than at plots T1 and T2. Recent, unhealed gullyillg

was conspicuous on red lakebed soils of plot Tl' Poo! vegetation cover is
apparent in FiSures 12 and l-f. !'le noter hoiuever; that the Lakebed soils are

verXr erodible even in absence of livestock. The recent grazing influence in

Vhitetail Canyon is only of sporatlic, l-ocal scvcrity, as the gencral canyol ,
area rdthin the llonument usually shoved ninor, if any, grountl vegetation deter-

ioration. Steepe! trillsides aPleared to have no cattle influence whatever at

areas exani-aed. Heuce the plots T3 ancl T4 are not typical measures of recent

grazing impa.ct, but funcf,ion . prineri\ to indicate degree of 
'ecovet?.fron 

the
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IIGIIIE 21. Pine woodl,and of Apachq aJtd Chihuahua pines and understory of
Arizona wtrite and silverleaf oaks, alligatorbb"ked junitrrrl and giny on pine
along washes of upper Boqita Canyonr photographecl April 2Jr 1917 by B.D.
Roseierry. Rises contain. open woodJ-and savanna. lnsert: same view on March
20. In4. shrub cover,has ilicreased sonewhat on the rises.
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managen:ent here has not reduced the capacity of the graze-tolerant blue grama

for forage productlon. There are no signs of soil erosion' Plot T9 in tle

adjoj-ning pasture I bding grazed in 19?4 by horses, had similar vegetatlop com-

position I although certain annual species seened of greater dominance than in

plots Tf and T8 across the fence. Activities of burrbwiDs rodents produced a

veecly patchiness, but this as not reflected j-n ihe immediate location of the

transect vhere blue grama was conti-nuously (1OO # frequency) present'

The plots in gast Picket Park Natural Area (T1Or T11) are in Eornewhat

similar nicrohabitats as many of the BT plots of the campground perimeter.

An' open chapa.rral ioodland vegetation (type AP-QT ) is interruptecl by exposures

of rhyolite bedrock to Produce a patchy mosaic of brush (mostly manzanita and

Toumey oak), scattered 1ow pinyons and junj'pers, and lichen or grass-dominated

gravelly or tociqr openings. Vegetation basal ?rea vas only 1-2# (compare w'ith

campground fiI aJld LO perimeter areas in Table 5 whete plots were selectively 
:

placed rnostLy ln herb dominated openings), and bedrock exPosures averaged 8 anil

20 g6 In the two plots. tocal patches of green -PArmelia species often.reaehed

in excess of 8O% cover ov'er rocks and gravels (suggesting absence of heavy tramp-

ling), but in pIo.ts TlO-Tlt the average Parnelia cover over 2! quadrats was only

I-?g. Grasses of rnixetl conposition totaled about I1/ canbpy coverage by latc

6Umrner, anal annuaLg were a velxr conspicuous cove! over gravel and soil 6utfacc6.

Along plot T1O woody cover by manzanita vae 29i and 8# in respective spring and

sunmer neasurernentst a significart dieback during the surnmer intervali along plot

Tfl nanza4ita cover tas 25 aJ:d 22* in spri:rg and suEner re6Pectivelyr a nonsigni-

ficant ilifference. since both plots are prorinate to each other rithin the

same plant community I 'their d:iffeiences indicate considerabLe variati on in response

of manzanita to apparent\y latulal nicroenvironmeatal factors. Touney oak at

10-12% cover in plot T11 remained unchanged in the spring and Late summer measule-

nent. The locatj.on of these plots is well off and beyond sight of the Natural

BridSe Trail and litt1e1 if at alL' frequented by visitors or staffo Theteforc

the data and plant responses betweeu measurement illtenrale can be useful a6

baseline neasutements or controls for similar habitat (vhich is widesprestl 1n

the Monument) in wtrich visitor inpacts nright initiate succession'
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niGIIfE 22. Errirorutental Study Area, 1974. Upper: grassy meadov consisting of
a-nosaic of Dtesic grass a.nd grass-sedge associations. I,owe!: Oak woodland along
cliscontinued old road. Ia the inrnediate left foregrouad arg grass clumps of
orcuttrs three aufr anal sid6 oats glama in oak litter; the sunny pa.tch and elsewhereln tbis vicinity (and eslecially under al-h.gator barked juniper) exhi.bit dense and
near\ pure swards of pinyon ricegrase.
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Eiririid'irnental Studv Area (ESA)

Several contrasting habitats are found at ESA. Much of the area i.s
ck woo nard (QA-QE) of lather general distribution along lower caayon floors
alld canyon sicleslopes. But unique areas of mesic or wet meadoh's aad sprilgs
ard seetrBges are also found (Figure s \ 22, 21). Much of the existing vegeiation
refLects hearry use by nan within recent decades, but prior to the establishrnent
of the Monunent (Fieure f). Elsewhere uithin the oak woodlaxd are patcbgr'mosaics

of grasses and occasional shrubs that escaped the more severe effects of grazing,
vehicular damager fuel renoiral, garbage disposal, and other pre-Monurneat activi-
ties. The area is presently managed to accomodate group education and inter-
Iretation. Study groups often fron loca1 schools nay be brought hele for guided

i-nterpretative ta&s or exercises on ecological thene6. The size of the group,

EIGIIXS 2r. Spri-ng and seepage area at the Brvironmental Study Area, 1924. Here
occur a number of aquatic 'and emergent plants of very restricteil distribution i.n
chiricahua National ltonument..A steep path across the stream and high intensityof visitor use in ttr-is inmediate area ca.n easily alter the otherw-i,se pristiae
appearance of this fragile resource.
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ard their a6e anal behavior are extremely critical considerations governing which

habitats at ESA w:il"L be visited and the duratioa of their etay. ; Certala
areas such as the spring and seetru.ge site or portions of the wet meadow (Figure

25) ca'rr be aasi\ darnaged or vanCalized. Here prhaps is the nost sensitive
nicrosite in the entire Monunent ! Or the other hanil nuch of the grassy meadol,

apFears io be of hlgh resistance to heavf,r tfarnp'l-i ng and of high durability.
Unfortunately the meadow d.rea is also very close to the spring, and the proximity

of both fragile and durable natural resource areas nust be kept in rnind when 
.

deciding whether or not to bring certain groups into the area.

An ex1rr5-nent was set up at XSA to test the resiliency of several
r.robdlaad grass species to trampl-ing. BT plots uere establ-ished in replicate areas

of i) piny on ricegrass patches (Piptochaetium j!!!Iig!g), and ii) three-awn and

sideoats grama 6,a.tches (Aristida orcuttiana and Bouteloua curtipendula). The

genelal setting for this experinent is shown i9 ligure 22. The tranpling treatment
c-onsisted of lraLking visitor_groups over the treatment plots and recording the,
nurnber of lassages. ljhenever possible the visitors were not aware that they were

subjects of this experirnent and the exact t<icitiJn of the lp1ots 
was not nade

knovm to them until aftef the trial. In this.manner scuffling or exaggerated

trampling was avoided or kept to a ninirnur,r. Variations due to microsites were
teduced b"' seJ-ecting plots in smaII, relatively homogeneous areas at ESA where
habitat features reflectecl l-ittle disturbance, at least in recent years. The

experinental design can be assumed orthogonal. Howbver, possibLe trass x tranp-
ling interaction effects were precluded because of difficulties in nanaging
vj.sitor groups when large nurnbers of replications are necessary.

The analysis of variaace and resu]ts of the trarnpling experiment are given

-[ in Table 9. Between'the dates of Apr:il 24 and October 2, 1pf4 sone
(

people
had walke cl over. the treatrnent pIbts. Trarnpling during this jnterval had ao
effect upon the basal area cover of either grass t;pe. However the cano1ry coverage
of pinyon ricegrass in the control plots jncreased 2Vl but only 4% on the average
in the trampling plots. Three awn and side oats grama 5'1ots increased 1Ol on the
controL but only 4l o.t trr" tranrpled plots. The dlfferences caused by trampliag
uPon canol,y coverage 'ere signi.ilcant at the 5l probabi-lity IeveI. rn vle"' of the
large number of people who had rralked across these plotsr however, we caa concLude
that grasses of the oak noodlaad forest floor have a remarkable durability anil

J
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reGillence to oanrs off-trail tramplinS. But it nust also be remembered that

these calyon floor sitea are veLl-rnantled rrith woodland litterr and are level

or gently sloping so that erosion disturbances accomtrnnying foot t"affic are

nj_aimal. Ttris experirnent by no neans implies that rnicrosites other than the

woodlard floors of the canyons are as resistant to the possible effects of off

trail hiking"
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For the ESA area in surunartrr:

A variety of habltats erist rang'ing frorn highly fragile (the spring-
Beepage area) to relatively durable and resilient ( oak woodlands)
to visitor use.

Manrs act' 'ties here prior to the establishment of the Monument
bave severely Lnpacted much of the areat but much of the area also
exhibits at Least 6ome degree of natural vegetation cornposition.

Utj.lization of the area for visitor group activities must be deter-
nined on bases of the 6ize of the Sroupr their planned activitiesl
the duration of their visitl their behaviort which habitats are
to be visited, and the proximity of fragile and durable habitats.
If deleterious elfects upon the habitats within ESA b!' vi siting
groups are noted, these habitats should be allowed a 'rrest and.
lecovelyrr period by redirecting group activities to altemative
areas such as the Stafford Cabin.

Plant col,l-ecting activities arouid the spring-seepa.ge area should
be prohibited. 

,.Vegetative restoration efforts along o1d roadways and other tlenuded
sites should bei attempted. I

Interpretative displays in degraded areas can emphasize to the
visiting public some of the Eore. heavy-handed and pennaneat conse-
quences of .manrs dominance within some of the Monumentis typical
ecosystems. Displays involving the ecological costs and eaviron-
nental colsequences of acconodating the visitor in the l.ionurnent
can also be made. Should these costs be hidden? 0r shoul-d
the interpretative program of the Monument be extended to include
nan in the ecosystem? T'he opportunity is there.

RESOI'RCE EVA].UATION . - T974

Data from monitored locations and lhotogralhic sites permits assessnent

of vegetative and soil conditions at Chiricahua National Monumcnt as otated
bJ the objectives in the IDtroduction. A tabularized sunmary of this evalua-
tion is given in Table 10.
' Genelal1y the resources examined at ghirj.cahua Natioaal l,ionument in 1974

appeared in excellent conditioa even at locations that mai.ntained heavy

visitor traffic in pa.st years. Such generalization is supported by $rotography
of Roseberry and Dole ln L91? t and other earlier Monument photographs. The6e

I
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photos 6eneral1y revealed a vegetation ]jlttle different fron that of today,
na-ny thousands of rrisitors Later (Figures L5rL7r2li24, and 25). with
certain exceptions at local areas such as the spring at ESA the vegetation
of the Monurnent appears hardy and durable, or s1o9, rate6 of change in the
absence of fire, and probably i:r clinax or near-climax condition over rDarrJr

areaa. So long as vegetative cover remains high, soil stability is also
gootl in the canyon'bottoms and lot{er canyon slopes. Upper canyon slopes
and uplard rhyoLlte pLateau surfaces generalLy have rough, broken lands,
rock outcrop and bare rock lands, and shallow or skeletal lithosols or

.excessive runoff. But ever here vegetative cover is often very goodi a6

evialenced by the nonitoring system, recent aerial photography (USGS 197r),
a:rd ground photograpby of p.st workers (Roseberry and Dole 19f9). In
general these upland expressions of vegetation, soilsl aad geolory appear

the naturalt norrnal consequences of erosion:sedimentaticn processes littl.e
affected by rnanrs plesence in the Monument. I

Fl-oristic diversity rdthin the U."1]1*t coutinues to be higlr.
Plant slrcinents collected in 19i9 and 1940.by Ora M. Clark are sti11 well
represented by populations apparently maintaining thenselves withj.n the
various ecosystems. Mairtenance of interesting locaI populations such as

Berberis "rilcoxii ard Pachistir3 ryrsinites (possib3.y relicts of postgLacial,
pluvial climates) under pr.esent nanagement prescriptions seerns assurrdo
In pa.rticular, the identificaticn of five natural area locatious w.ithin the
nonument (Arizona Acadeq; Science and Smith 1974) serves, in part, a! impor-
tant genetic pool purpose (Moir 19?2t Ffanklin et aI I9?Z). In additiott
perceptual diversity appears quite high in nost areas used by thc Monurneut

visitor (Frontispiece). Although flower picking along certain heavily used
trail segnents may have produced certain floristic irapoverishrnent, evidence
for this cannot be produced. Certai"n cactaceae may have been rernoved from
certain locales, but backcountry locations and even the Road Corridor (au

Bonita-Faralray 5i.I1s) seedr to be supporting good populations. The abunclance

of other attractive wildflovrer species at nany locations of this resource
nonltoring systen, guarantees at the very l-east 6eed sources for possj.ble.
relntroductions at 1oca1ly impoverished sites.
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EIGIIRE 24. Chaparral and woodland chaparraL photographed tn lpril I9t? W
R.D. Roseberry. Insert: identical 'area photographed March 1974. Almost
ldentical vegetation mosaics are seen. lhe roadbank to the Left has been
colonized by shrubs on the lover partr but otherw'ise littIe change has taken
place. The same trees, rirostly Arizona cypless r forn scattered individuals
and coDses in sone of the draus.
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EIGIIXE 25. Pine Woodlaad at -Picket Park photographed April 1937 by R.D. Rose-
berry. Insert: same view in March f974 of nearly identicaL vegetation exlres-
Eicra.
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. "Reeource deterioiation, where occuring under visitor use, is usuaLly

coufined to local sites as sunmarized in Table 10. Locations given other

than excellent ratlng revealed localized sites of vegetation or soiL

vear. For. example nost of Heart of Rocks or Scho Cany on Trails mostly

exhibit stable, diverse, undisturbecl vegetation al-ong most of the trail

corridorr but have sufficient signs of off-trail use and tlash along the

inltial- kilometers to give only fair lating. Only the campground peri-

meter shows a more generalized visitor use, but even this is not so severe

as of 1974 to lrarrant a poor resource rating. Portions of the ESA location

along lower Bonita Canyon also have generalized deterioration' but the poo!

rating ls reflection of slow successional rates of recovery since the

lesource damage wao done in pre-l'lonurnent years.

The last colunn of Table LO is a second aPproxination to visitor

sarrying capacity. Here the objective is to increase levels of visitor

u6e in the nanagement zones without reductign of the resource condition.

Certain asiumptions Eoverned the carrying capacity estinates of tbe t

Ia6t column (vagar J-974 r Al].dredge 19 ! Lime and Stankey 1971r USDA Forest
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J
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Service 19?4). These are:
:.:i::1 :

Future nanagenent prescrj.ptions do not narkedly differ fron
existing ones. liew policies of visitor regulation or controlt
intensified site managernent i or other changes could mostly
increase use intensities in most n:anagement zones.

Cnly the consequences upon natural resources !,ere considered.
People-t o-pe ople interactions night serve to reduce the
estimated carying capacj-ties, especially in backcountry areas.

llaintenance of the resource g!1!E ouo was the key determinant;
Should undesirable succession trends be observedr then the
carying capacity estinates rnust be lowered. Similar reductions
must be conternplated. if restorative or resource improvement
efforts are desired nanagement objectives.

Visitor attitudes toward the natural- resources renain much as
they are now. As attitudest beh2-viorsr and percepti-ons change
then the estimates of the last colunn must be revi-sed. These
changes may result from new dj.:'ections in envircnnental educa-
tion or emergence of new social norns.

under these assumptions, inferences based upon lesource condition existlng
at the oonitoled sites suggest that most of the Monunent is operating at or

below the visitor car:j'ing. capdcity. gylly the canpground, l{eart of Rocks and
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Echo Canyon trails, ltvironmental Study Arear and Sugarloaf Nl{E seeo to be

operating at or near the visitor timits. Most other Locations could doubtless

sustain greater visitor numbers. only liassai south, a sensitive and critical
coDtrol. locati-on, r.i3ht be treated nore citcumspectly with less visitor o!

Eairtenance travel.. gere steeP slopes and concealed locations of BT plots
just off the ridge rake them suscePtible to unintentioned disturbancet thus

losing their validity as controls. Sinilarly the spring area at ESA night

lenefit from sone visitor raductionl but rnonitorin6 at this location is
prese:rtly inadequate to sufficiently docurnent this quantitatively.

Y,AINTAI[);3, RWI T.{ING AND I'PDATING MONITORTNG SYSTS}.I

i

No system is F€rfectr especially prototypes. To be of continuing !

yaLue to management :he resource monitorilg- s}'.stem at Chiricahua National

l{onuneRt ltTust bs reviewed, revised, and rnaintained. Some locations ale

not belng. monitoreri at present and should be (e.g. the Spring at ESA)i

other areas need further sampling. Managernent needs and use pattems of

the resources nay clange. New pro8rams! such as intensified scientific
lesearch, rnay be underta>.en in future years. Some rnonitoring sj'tes becorne

vandalized or'l.ost' r'hile others are perhaps better relocated. During

the 4 month interval bet',veen revisiting the nonitoring plots in spring and

late summer, the attrition rate of monitoring plots (rnainly lost or vandal-

ized) could be esti:ated. At heavy visitor use areas l-o out of a total of

6? gt ptots vere lost o! vandalized in that interbal. At that rate the

annual. attrition is a vhopping 4Jl! Of course many of these plots can be

repaired (this usualli' involves reinstallation of one of the corner stakes),

v'ithout loss of infonation. But this high rate (atirition in backcouatry

locations was G#) erphasizes the need for naj.ntenance. ALl pLots will require

future .reobservations of their vegetation and soj-l conditions. Better sampling

techniques may beco:e available. 'Fortunately the dinensions of the resource

Eoaitoring systen are flexib1e. the system can be continually adiusted and



J

tailoretl to chang:lng needs and conditions at CNricahua National Monument'

The inmediate concetn is to contlnue nonitoriDg the natural resources

as pa.tt of the Monunentrs in-house operations' llew staff must be trained

in the location of field nicrositesr photographic locations! anc the neces-

sary field Procedures. A continuous chain of qualified Personnel nust be

assured for future n:easurements that have high reliability' as discussed

unaler statistical considerations. Cognizance and familiarity with vegetation

anal soil resources to be measured is an absolute must' voucher specimens

must be examined and reviewed from tine to time for farniliarity with flora

within the nurnerous Plots. If omissionst inaccuracies' and mistakes enter

iuto the alatar then the objectives of the resource rnonltoring system can

harttly be mett and nore dana6e than benefit will result' The old computer

maxim is also true here: carbage inr Garba8e outrt!

observationsfromthemoniioringcanbemoredirectlygearedto
measurements of visitor nunbers and activities in different naragenent zone6t

for correlations and more precise estirnateE of carrying capacities anil

successional causes. The problern of det'erniriing trends will arise as plots

are revisited and rerneasured. Data aralyses folLow data collectiou'

\{hether comFarisons are based upon statistical or non-statistical procedures!

there nust ncvertheless be data sunnaries that form the bases for decision-

roaklng. Siatisticaf work can be farmed outr if necessarXr' But the s;'stem

of data coLlection and sumrnarizing must not be so complicateil that vali'l

judgements cann of be made by simple and straight for"'ard exa:rLi'nations of plot

data, if neeil be. Data obtained from control locatlons are especially

useful for these judgementsr as are collateral observations at aronitoring

sites. A system of storj-ng antt retrieving field data 6heets! assuring

agai:rst loss, and providing recotds of continuity for each plot must also

be established as the in-house operation' Data that is inaccessible or

cunbersome to get to is not f.ike\y to be usedi but data at onera fingertips

nay be heavily relied on. The resource monitoring systen can readi'Iy

form the data basis for evaluating natural resource condition and eva:Lua-

tion during important changes of staff, as for exa:np1e the periodic

turnover of the Monunentrs Superintendant' Indeed' resource evaluationsr

la r-Iew of the National Park Servicers resource preservation mandater ought
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tobeatleastasinportaltaslnventorTeoffacilitiesandequllment!Ibe
nonitoring systenl thenl pro'rities an objectlve, continuLng basis of tesoulce

neasurement and evaluation from ono administration to the next'

Plot Locatious should be revisited and reneasured as often as nana$e-

ment deems wananted for issuing regulationst controlsr or restorative

n€asuresr The natural resources at some locati-ons will change very slow\t

and at other locations quite rapidly as visitor use intensifies or natural

events take p1ace. Iloweverr no location should be frequented too oftenr

because accurnulated obserwationaL disturbances ray then exceed or maslt

' possible real effects. Just hol't often aiy location should be remeasurea

is a natter of management rs needs and good juclgementl as vell as available

staff time and funding.
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