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Abstract:

Recognizing that recreation site planning schemes have failed to incorporate a vegetation inventory and
realizing the need for recreation sites which maintain a natural appearance with time, research was
conducted to ascertain what value the vegetation inventory could be to recreation site planners.

The endemic vegetation of a potential recreation site was inventoried and selected species were
subjectively rated for their contribution to selected recreation activities. Partitioned units within the site
were then evaluated for their compatibility with recreation activities. This was done using the
vegetation inventory and an inventory of environmental resources. Plant species with indicator value
for recreation use compatibility were identified and utilized to predict, employing a computer program,
which areas within the site were compatible with declared recreation activities. It was concluded that
certain vegetative species show preference for specific biophysical resources and that these species, as
indicator species, can be used to select areas of recreation use compatibility.
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ABSTRACT

Recognizing that recreation site planning schemes have failed to
incorporate a vegetation inventory and realizing the need for recreation
sites which maintain a natural appearance with time, research was con-
ducted to ascertain what value the vegetation inventory could be to
recreation site planners.

. The endemic vegetation of a potential recreation site was inventor-
ied and selected species were subjectively rated for their contribution
to selected recreation activities. Partitioned units within the site
were then evaluated for their compatibility with recreation activities.
This was done using the vegetation inventory and an inventory of
environmental resources. Plant species with indicator value for
recreation use compatibility were identified and utilized to predict,
employing a computer program, which areas within the site were compatible
with declared recreation activities. It was concluded that certain
vegetative species. show prefereice for specific biophysical resources
and that these species, as indicator species, can be used to select
areas of recreation use compatibility.




INTRODUCTION

Of the many recreation areas available tb recreationists, few have .
been able to foster a pristine appearance énd escape tﬁe telltale signs
of overuse manifested in vegetative reductions and degradation of
physical resources. Realizing that it is nearly impossible té mainfain
an unspoiled environment, it is questioned what can.be done to improve
recreatién areas thrbuéh either rehabilitation or improved planqing
techniques. It is obvious that the better solution 1i§s with improved
planning techniques.

. In regearching planﬁing techniques it became apparent thét most’
schemes failed to inébrporate the vegetationlinventory in their method-
ology. Conéidering the. initial sign of.recréat;oﬁ site overuse is a
vegetative reduction, it appears that a.site planning scheme utilizing
the vegetation inventory in a manner which selected site qompafiblé.'
recreatién use areas, would yield a ﬁore natural appearing site with
nofmal rqcreation use.

Thié research attempted fo answer‘two questibns. First can si;e
dﬁrability pre&ictions be made-utiliiing a vegetation inventory and
rating species for their inherent compatibility with various recreation
activities. Secondly,'can,iﬁdicator specie; be identified which rapidly
Andicate site pompatible recreation use areas.

The research was conducted within an area of Hyalife Canyon, south
of Bozeman, Montana, which had potential for development as a recreation'_

site. By conducting a vegetation inventory and evaluating the vegetation
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and site resources, it was hoped to develop'an additional tool for

recreation site planners.




LITERATURE REVIEW

The importance of outdoor recreation has ;eached a level where its
documentation is no longer necessary, while research of the recreation
site and recreation site users has just begun to be repgrtedQ Two
approaches were observed in outdoof.recreation fesearch, 1) eiémination
- of interactions between recreationists and 2) examination of the effects
recreationists have on the bibphysical environment of the recreati;n
site. | |

Lucas and Stankey (30), in their survey of thé social carrying
caﬁacity for backcountry recreation found that recreationists desired
“'solitude and valued campground privacy highly. Clark (8), observing
the modern camping culture.revealed that campers vaiqed the emotional
satisfaction of solitude ana trgnquility apd gaining an awareness of
-unspoiled beauty. As'pért of the Gallatin Canyon Study,-;imed at.
evaluating.the impacts of large recreational developments upon'sémi-
primitive environments, researchers Dick, Williams, Ballas and Gilchrist
(13) typed campers as to their preferences and attitudes as an aid in’
management decisions. They noted tﬁe occurrence of.recreapion succession
wherelrepetitive site users migrate to secluded more primitive sites as
the population of new campers to an area increaéed.

Recreationist interaction research érovides a profile of site
users, inheren;ly obvious observations that are only coﬁjectﬁral until
proven valid. Understanding the users of a recreation site is important

to providing a recreation site that will best serve their needs.
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Recreation research on the interaction between recreationists and

the recreation site considers the impact of recreationists on the site

~resources. Recreational use of forest and wildlands, according to

James (23), was an estimated 450 million visitor déys in 1972. When
ﬁan returns to the.samé site repeatedly, he has a cuﬁulafive impact
on the sbils and vegetation of a recreation sitg; It is on these two
elements that man's activities exert the most effect. Researchers have
studied this effect, and how it can be diminished, by either restoration
of the natural amenities of a éite or their preservation gained through
utiiizing effegtive gité planning and design schemes. The importance
of reseafch concerniné the impact of tﬁe recreation.site user is cited
by many researcheré iﬁ rationalizing the need for research. Burden and-
Randerson (6), working in England, emphasized -the péucity of studies
documenfing the precise effects of recreation on the vegetation and
soils of semi-natural areas. William Ruckelshaus (39), in an address
to the Society of American Foresters, emphasized the shift in what is'
fashionable in recreation, the return to outdbor activities, and how
this added pressure posed a burden on our forests. Wé should be
prepared to deal with aerial contamination, littering, tfaméling of
ground cover, erosion of soils and the alteration of entire bio-
communities.

Considering the effects of use on the various elements of the

recreation site, LaPage (25) gave one of the first accounts of increased
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soil compaction which accompanied prolonged use of a site. Dotzenko (14)
verified this increase in soil compaction and also noted decreased water
infiltration rates, increased runoff and increased soil .erosion. Re-
searching establiéﬁed campgrounds in Rocky Mountain National Park, and
using sqil bulk density as a compaction indicator, Dotzenko found that

soils from a heavily used site had a 55.3% greater bulk demnsity than

"soils from lightly used sites. The compaction effect of intensive use

was most pronbunced in the 0-2 inch soil layer.

Settergren and Cole (40) recorded decreases in both the moisture
field capacity of the soil and in the percent water present at the
wilting point of the soil. They found this to. be characteristic of

soils of heavily used sites. A consequence of water erosion removing

the finer particles of the soil matrix was an accumulation of rock at

the surface of the site.

Lutz (31), in one of the first .reported examinations of sqil
alferation on picnic grounds in public forest parks; observed. .that tﬁé
most inteﬁsive Ehanges occur on picnic and campgrouﬁd sites and that
wind was an importént'factor, exhibiting a tendency to sort finer
particles from larger sand sized particles.

The wvalue of knowing the impact of récreational use on the soils of
a site is importaﬁt'in considering enginegring capabilities of selected
soils-for'varying types of recreational use. Soil compaction also has.

an effect on the vegetation of the site, being the rooting medium for
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" plants. A compacted soil restricts root growth. Root impedenée can be
viewed as an indirect consequence, reéulting from ;oil éompaction
occurring ;fter a.loss-of végetative grpund cover, The Quénéitativé,
loss in chetation is fhe common diregt coﬁéeéuence of'fécreation usé.
pressuré.‘

The impact.of recreationists on the nafdral‘vegetétioﬁ of.tbe sité
can be measured in,tﬁo wayéi First if can be guagéd as a;difeCt ioss L
"in ferbentagé‘of original vege;atioﬁ or it can be examiﬁéd‘as éﬁangés
in the nature of the vegetation.

Bates (3) examined the vegetatibn‘of ﬁaths and sidewalks and'qbf

served a repeated continuum of Poa pratensis, Lolium perenne and"

Trifol ium repens perpendicular.to the path.- g.:Erétensis,exﬁibited:the
50st resistance.to'tramﬁiing,Awhich ﬁates at?riButed to tﬁé mofphology '
and growth characteristics of the specieSg' The conduplicate'stem-and,
folded leaf pfesente& a flatter surface to_thé crushing aétion of the
foot. Bgtes' research is one of few to felatelphysiCal qharécéeristics
".of a plgnt-fp‘the piaﬁt's'%bility ts withstaﬁd or succﬁﬁb'to recfeatibn
trafficﬁ -
Dale (11); gxamiqinéAthé végétafion associated with trails in the .
Madison Range in Montana, found a végefééional éradient'perpeﬁdiculér'£Q
the traii. He rated several species on the‘basis of~whether tfail usé
caﬁsed no change, an‘increase, a decrease, or an iﬁcréase aqd a decrease

in species presenée in three habitat types. Dale made observations. as -
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to why a particular species reacted as it did to trail use.

Buraen aﬁd Randerson (6) looked af three different and separate
' types of tfampling pressure. Considering thé short térm'eﬁfect aﬁd'
ldoking af qreaévof light,.mediumLand Eeavy»trambling pfeséure, the
‘réééarchers af;iveé at an equation by régressidn anglysig for predicting
. thé loss of vegetation at a chosen iﬁfensify of tramp1ing‘Pre;sure, The
equationlemployed vafiablé§ for the intensity of érampling pressufe, the .
degree_of éoil.comﬁéction and a‘grézing faétor ;loﬁg wiph two régression
coeffigiehﬁs. The regﬁltiﬁg value was expressed as dry Wéight of a
particulaf'species Qr plant ffabtioﬁ.i
f " Bogucki (4) studiéd the iﬁpact.of éhort term campihg‘on ground
1evel-vegététion;' ?receeding acfivify‘therg was'a prévale#cefof moss/
_1ichen'aﬁd blpeber;y associationg. Two.dayg latef, fblléwihg‘the use of"
thé site for a group camp, there was a decline iﬁ,ﬁoss/lichen'and blue;
'beffy odcurrepces and an incfease in the amount of baregroﬁﬁd aﬁd
'bédrdgk eﬁpdSedl

In 1963 LaPage (éé) began a continuing study to record chéngeé in
the vegetétion on 17 uﬁits of a newly established campground in the
Allegheny National Foresf. Following the firs? year of use the average
loss of plant cgver for all camp siteslmeasured 45 percent. A cor-
relation between campér—days of use and loss in vegetation cover was
attempted and it was found that 200 camper days'df use was a feasiblé

maximum to minimize native cover loss. LaPage did not consider the
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number of camper-~-days of use a very good tool to estimate vegetative
cover loss. In noting the relative occurrences of severai species over
three years of'the study, LaPage gave a ranking of tolerance to trampling-
lgﬁels for several plant spécies. Two conclﬁsions drawn by LaPage were:
B (1) An initial.and inevitable héavy loss of ground cover follows
the onset of camping use and the extent of the loss is strong-
ly related to the use intensity'thé first year.

(2) Plant species composition of original cover undergoes a
gradual rearrangement in which more regsistance and drought
tolerant species'Become increasingly abundant.

In a simulafed trampiing study using a corfugated rollér ﬁassed
over selected plots representing various forest and environmental
conditions,.Cieslinski and Wagar (75 reiated surviving vegetation to
soil and topographic features by multifle regression. Resulting
equations explained 64 perceﬁt of the variability in amoﬁnts 6f surviving
vegetation, and a positive relationship was observed between the amount
of clay in the soil .and the amount of surviving vegetafidn. |

Similar research with recreationist effects on ground level‘and
ovefstory vegetation was conducted by ﬁchelberger (15), Frissell (16),
and Waéar (43). |

The relevancy of research én the ground cover vegetation of outdoor
recreation sites rests witﬁ how the research results can be applied to

-ameliorate undesirable situations. This can be reflected in management
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techniques or planning guidelines.

Several rehabilitative procedures have been suggested as a means

of sitelimprovement. Appel (2) advdcéted'spreading sawdust and -
rototilling as a method to improve soil physicél properties.l This

* treatment wouid increase the water holding capacity,‘iessen the bulk
density aqd increasg infiltration rates.

Herrington and Beardsley (21) reported the results of cultural
ﬁreatmenfs of watering, fertilizing and seeding as a means of improving
the ground cover veéetation. With the addition of all three t&eatmeqts

_the rehabilitation of the campground was significéntly hastened.

Wagar and Beardsiey (44) studied the effects of cultural treatments
on the gréund cover vegetation. Cultural treatments, while being
‘costly, also present an inconvenience to campers and result iﬁ aﬁ
addition to the site of plant épecies not part of the native floral
array.

Hendee and,Lﬁcgs (20) compared the merits énd disadvartages of
restricting use of wilderness sites by restricting use to permit only.
This philosophy could be applied to forest recreation sites with the
result being massive regulation of campers on existing campgrounds and
accelerated efforts to establish new campgrounds which would accommodate
all recreationists- desiring to participate in the camping experienbe.

'A practical method to alleviate the problem of recreation site

deterioration lies with better planning and design'of facilities to
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include elements which will lessen the effect of site users on the
natural resources of the. site. Orr.(35) recégnized the importance 'of
planging to the develoément of a successful campground. He stated that
the failure of the public to usé a site can be indicative of the
déveloper not knowing the market of,ﬁgefs.‘ The'physical;failure of

a site.is usually the ?esult of a lack of knowledge about the site.

Lime'(é8) suggested the incorporation of resistant features ihté
the site desién iﬁ thefﬁorm of tent pgdé and barriers to direct énd
channel the flow of pedestrian and vehicular traffic.

The implementgtion of naturgl-resource inventories in éite planning
" has been primarily concerned with utilizing soii inventories or soil
surveyéi Partain (36) outlined the bénefits of a_pfoperly interpreted .
soil map in selecting and pianning sifes for pamping.acfivitieg.

Stevens (41) discussed the types of interpretations thét'are
possible from an accurate soil survey- of thé proposed site. He éiso '
outlined five #reas of soils interpretation research that are needed to
maximize the value oflgbil survey information.to the site planmer.

Jaﬁes (23) stated that é'knowledge of soils and soii character-
‘istics was the most essential element in selection of potential areas
for recreatién site development. - He also developed a puzzle analogy‘for
effective site utilization. Knowledge of soils, the site.design,
vegetation management and'maintenance_techniques comprise the pieces

to the puézle, With the border including the control, regulation,
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'education and interpretation of the site to users.

In researching the application of the vegetation inventory to
recreation site planning, it‘was apparent that there exists a definite
lack of reseafph involying its application.’

Lindsay (29) discussed using the information that could be gleaned
from aerial photos’ as a site evaluation tool. Using overstery densities
as site selectors, éoseible sitee canAbe inventoried,

Pfister (37)Tsuggested management implications of forest ecosystems
accordiﬁg‘to the hébifat type of ehe siFe, concluding that management
.imélicatioqe ef habitat types for ?ecreatioh have little effective
velue except -as‘ an aid in site selection by the climatic and ecologic
coﬁditions suggested by the habitat type.

Wilde and .Leaf (46) reported that ground cover vegetation serves
as an indicator of site conditions and can often reveal concealed
' heterogeneity of'selected areas. The composition of soil profiles is
closely related with both qualitative and quantitative aspeets of
grpuﬁ& cover vegetation.  Plants possessing ineicator value have a
pronounced tendency to attain maximem density and frequency of dis-
tribution.on certain soil types.

Leyser 27) ﬂtated that the ecological classification based on
vegetation offers e_stfong management tool, but little use has been

made of indicator plants or plant associations. ’ *
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McHarg (33) asks us to assess which lands are intrinsically
suitabie for active and passive recreation, and to view the sustainance
of native vegetation as a valuable publicAresourcg.

The best:application of natural resource inventories encountered
was the use of basic éoil conditiéns to predict ground cover persistance.

‘Orr (355 developed a formula for detérminihg a ground cover.index by
manipulating variables of £he potential bedestrian impacf; the depﬁh
of soil sub surface, the percent of the surface covered by féck, the
amount of silt in the éﬁbstratum, the percent slope and the depth to
the wéfer table in inches. The res#lting value is a prediction of ‘the
amount of site deterioration. Expecting éigqificant-éoil movement with
1esé thanz75 percent of the original gfound cover present, thé cfitical‘
vaiue derived from the equation was set at 75.

MacKay (32), in a S£udy of old and new campgrounds on a particular
forest soil, stated predictions codid be made for which area will stand
up best under active recreation based on the ratia of sand/(silt + clay).
‘A low ratio gonveyed more desirable condifions than a High fatio.

Wagar (42) developed a simple slide rule methoa of predicting
recreation tolerance which is usable if data is available for the émohnt
of vegetgtion that Qill grow on the site in the absenée of'traﬁpling,
the percent cover by grasses and WOody vines, and the percent sunlight .
to the site blockgd by shade casting ijeéts. Wagar assumed a constant

level of trampling which is unlikely giVen the varidus types of
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recreation activities that could occur on a recreation site.




MATERTALS AND METHODS

The study area selected to evaluate the potentiai of apblying'the
vegetation inventory to recreation site planning was located in Hyalite
Canyon south of Bozeman, Montana. The 1égal deécriptiqﬁ plaﬁed.it
paréially iﬁ Sections 32 and 33 of Townsﬁip 33, Range 6E and:paftially
in éecfions four and five of Toﬁnship 48, Range 6E. .Geographicaily
the area was east of Langohr's Campground and Hyalite Creek. Access
to Ehe aféa is gained 5y a Forest Service road paralleling the east
side of Eyalite_Canyon and by an abandoned logging road Whiéh 1éaves
the Hyalite Canyop‘road and ieads into the study area, . traversing its
length ffpm south to north (Figure 15. Part of a larger éreg being
ﬁtilizéd for summer livestock grazing, the study ‘area was bordéred
on the east by the foot slopes of the drainage divide befwéen Hyalite
Creek and Bozemian Creek, on the north by Buckskin Creek, on the west
by a lateral moraine remnant of a Hyalite Canyon glacier and on the‘
south by the point at which the acceés logging road tufns from running
perpéndicular to Hyalite Creek and begins to parallel the C#éek.

Essentially level on the southern end, the area Wés dissected on

the northern end by previous erosional cycles. FElevations ranged from

.6370 feet at the northern end to 6550 feet at the northeast corner.

Slopes varied from level to néarly 30 percent and a full complement of

'aspects was found. The general area was logged during the preceding

50 years and showed evidence of wildfire. The vegetational composition

included gramineous: species, annual and perennial forbs, woody.shrubs,
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deciduous trees and evergreens. Soils consisted of deep silty clays
with thick silt loam gurfaces and inclusions of deep gravélly clay:

'1oéms wifh gravelly loamy .surfaces and imperfeétly dréine&‘clayéy
soils; Alvis (Li; A éomprehensive soil classification has not been
coﬁpletéd for tbe a?ea: Ggoiogically the study'area_is underlain by
iayérs-of tilted bédrock shale and limestone, Weber (45).

first excursions into the s;udy érea were made in early July of

' 1975.to examine p&tential areas for recreation activities and to éollécf
frequen#ly énd uniquely acéufring flora for identificationk Iden- .
tification of species'was done by the investigator using appropriate
flofal identif@tation tests for the area, Booth (5), Créighead (9),
anﬁ Harripgfon (18). The identified floral array included 70 shruﬁ,

" forb, and gramineoﬁs‘species and six treg speqies-(Appendix 1); For‘
brevity, throuéhdut thé project the spécies were coded by'combining.fhe
first letters. of the generic and specific names to form aq'aéronym.fdr_
.each p}ant species. A 1is£ of acrényms and corresﬁoﬁding plant species

is found in Appendix 1. The aréa exhibited a varied array of flora -

including the saprophytic orchid, Corallorhiza macuiata, common -mountain

plants Geraniumviscossissimum and Spirea betulifolia, water associated

plants Juncus sp. and indicators of man's intrusion - Trifolium sp.

‘and Cirsium arvense. The area exhibited a varied ecology of plant

communities from which . to:predicate site planning schemes.
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The area was unaccessible only in.the spring when the Hyalite
road was closed to public travel due to mud. During the fall and winter
fhe area was open for recreational use and was a popuiar area for cross
couﬁfry_skiers and winter camping. Potentially the area.offered'year
around recreation opﬁortunities.

The area Qas séheduled for timber removal due to the presence of
disease amoné the trees and consequént;y the area was not designated'
Ifor use as a.recfeationﬂsite.

To faciligate the vegetation inventory, the study area was
partitioned into square cells of 2500 square meters. This was done by
eStabiishing a baseline with steel fence posts 50 meters apart, traveré-
ing from séuth.to north. Cells were laid out using a compass and two
50 metér cloth surﬁeyor tapes, working east and west of the baseline
. and back sighting when possible. Cell corners were established with
fluorescent flagging‘attached to lath stakes driven into the ground.
"Each cell ﬁas identified.at its southwest corner with' a designation on
tﬂe lath étake for the row and column in which the cell existed. Rows
and columns were identified with a number and letter for the relative
position of the rbﬁ or column,no;th and south or east and west of a
_point of origin. 115.gells were located covering a total area of
28.75 hectares (Figure 2).  .

The vegetation inventory was_conducted duriné July and August and

involved reéording occurrence and frequency data for 39 species on
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six different inventory forms. Each inventory form required a separate
inventory effort and involved a different set of species (Appendix II).

A pattérn was followed in inventorying. Each cell was visually

surveyed as a walk was made through the cell in a "W" ﬁattern. After

assessing the relative occurrences of species on the inventory form,

‘data was recorded. To.assure uniformity of data recording previously

inventoried species were often rechecked. Data was recorded as uniform
occurrence throughout the cell, restricted occurrence within the cell
or presence within the cell. Species recorded as exhibiting restricted

occurrence were delineated according to their distribution on a blank

. cell map (Figure 3). Delineations were also made for a concentrated

distribu£ion of a species also occurring otherwise unifofmly throughout
the celi. For the various tree species, dbservafions were made for
éuccessful.reproduction, percent canopy, jigor level, and any disease
indications. An estimation'of,the pe;éedt coveragé exhibited by
graminéqﬁs speéies was recordéd in addition to notes on topograﬁhic
features and indications of prévioug logging activity.

With the .accumulated inventory data transferred to representative

" grid maps of the area, homogeneous areas of species composition with

similar slope and aspect conditions were selected for sampling of soil
characteristics. Soil samples were taken from the top two -inches at
several locations within the homogeneous areas. Unique areas were also

sampled. Many areas were hand textured in the field and several sémples
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DATE :

CELL NO.

SPECIES

Figure 3. Blank cell map utilized to delineate concentrated distrib-

utions of species within a cell. (Scale 1 cm = 5 m)
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were returned to the lab, driea and analyzed for soil texture and soil
reactién. Soil texture was determined by mechanical analysis according
to the Bouyoucos method. Soil reaction was determined by the potenfio-
'm;tric method. Soil fexture is a sigpificant site éharacteristic to
recreation site planners and soil reaction daté could be‘uséd‘tﬁ help
ideﬁtify homdgeneous areas.

With tﬁe inclusion of soils data, three zones were identifieé which
were homogeneous with respect to soil texture, soil reaction, slbpe,
asﬁéct, average numbér oﬁAspecies per cell, average peréeﬁf canopyu
per cell and séecies comﬁosition (Table. 1, Figufé 4).

As a prerequisite to any site plan it is necessary to identify

-recreational agtivities which might occur on the site. Six activities
were chosen'fof this site: camping, picnicking, trails, play areas,
natural areas and deveioped aréas. Excluding developed areas it Wés
assumed that each activity should be compatible.wifh éxisﬁing site
reéourceg so as to inflict minima; damage to the‘nafurél environment
at ekpécted.use levels. Developed areas implied alteration of the
.environmgnt to suit specific facility objectives.

For each activity opﬁimum, moderate and minimum télerance levels
>Wé;e declared for four environmental factqrs: slope,. aspect, soil
texture and percent overstory cénopy.‘ Tolerance levels for slope and
texture were aerived from established plaﬁning guidelines, Montgomery

(34), Table~2); Levels for pefcent overstory canopy and aspect were




Table 1. Charécteristics of three homogeneous zones established within

Zone

the study area,
I
Soil pH
Soil Texture'-'
?ércent.CaﬁQpi-

No. of Species

zslopé

- Zone.

Aspect

IT

'Sdil‘pH

‘Soil. Texture

. Percent Canopy -

No. of5$pecie$

" Slope

"Aspecf

. Zone

111

Soil pH’

"Soil Texture.

Percent Canopy

._No. of;Species

Slope

fAspeét

22

5.0 - 5.5
Silt Loam :
50
12
5%

East :

5.5 - 6.5

: Silty Clay Loam

42
20

127 -

 West

5;5-- 6.5
'Silt§ Clay Loam
12
16
5%

‘West
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Table 2. Tolerance levels of four environmental factors for six recreational activities.

sc, ¢, siC, .S

Actiyitf Rating1 Soil Texfure2 Slope2 Aspect Percent Canopy
| opt SL, L, LS , 0-8% E, W . 30-50%
Camping Mod CL, SCL, SiCL, SiL - © 8=15%- S 20-30, 50-60%
: Min SC, Sic ' 15+% N 0-20, 60-100%
Opt sL, L, LS 0-8% .S, W 10-40%
Picnicking Mod CL, S8CL, SiCL, SiL 8-15% E 40-607%
Min SC, SiC 15+% N 0-10, 60-100%
Opt SL, L, LS 0-15% S, W' .
Trails Mod CL, SCL, SiCL, SilL, SC, LS 15-25% E None
Min | sic, C, S 25+% N
. Opt SL, L, LS 0-2% S, W - 0-10%
Play Areas Mod . CL, sCL, siCL, Sil, SC, LS 2-8 % E ’ :
Min sC, siC, C, S, LS 8+ % N 10~-100%
. . Opt
Natural Areas Mod None None None. None
: Min
‘ _ Opt SL, L, LS . 0-8 % E, S, W 0-10%
Development. Mod SCL, CL, SiCL, SiL, LS 8-15% h 10-20%
: -Min 15+% N v 20-100%

1 Opt = Optimum; Mod = Moderate; Min = Minimum

_ ? Montgomery, 1966; S = Sand or Sandy, L = Loam or Lomay, C = Clay, Si = Silt or Silty

bz
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suﬁjecti?ely assigned. These four factors form a basis for site
suitabiiity decisions from the physical resource aspect.

In evaluatiﬁg a zone from the phyéical.resource aspect, QeightingA
factors were assigned acco?ding to hoﬁ the site characteristics fif
the tolerance leveis'assigned for the different cha;actefis;ics.
Optimum resource levels weré assigned a factor of three, mode;ate
levels a factor of two aﬁd‘minimﬁm leyels a factor of one. The four
resource fac£or wéighté were multipliea together- to yieid a ﬁﬁmber
which rated a.zone for its relativé suitability for vafious recreation
activities.

A methodology was developed to evalqate recreatiop site potential
considering the endemic vegetation of the site and the contribution the _
various plant species made to recreation activitiesi This evaluation
scheme was the basis for site éompatibility predictions utilizing
selected indicat&r species, It was observed by the researcher that
the vegetative contribution is significant: 1) directl& by-the visual
impact of the species and 2) indirectly by the species ability to with-
stand recreétion~u$e. A methodology evolved for classifying a species
for each of these éontributibns categorized as the spééies_disﬁlay and
, 'the speéies traffic tolerabiiify respebtivéiy. The display category

: Was'éubdivided into three subcatego%ies - foliar, floral and plant fpfm.
Sﬁbpatégories for tramfliné.tqlerabilitf were: 1) the species ability -

" to withstand physical trampling,IZ) the aftér trampling.eéthetic
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Table 3. Criteria used to evaluate a species for its contribution to
recreational activities with respect to the species display N
value and traffic tolerability.

'SPECIES SUITABILITY CRITERIA

CATEGORY: . . ' DISPLAY . TRAFFIC TOLERABILITY

Foliage ‘ Physical
SUBCATEGORY : . Floral Display - Esthetic

* Form : 'Renewability

Height ‘ Eiaﬁt Form

Leaf Size ' x Root Characteristics
RATING FACTORS: . Leaf Position . Leaf Form

Flower Size Stem Features

Color ‘ . Reproduction Mode

Species Literature
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Table 4. Table of values for contribution individual species made to
camping as a recreational activity.

ACTIVITY:

Species DISPLAY 1
Acronym

!
()
-
i
—
o

Acru
Alce
Arco
Artr
Basa
Bere
Caru
Cage
Cami
Ciar
Clco
Clov
Coli
Deoc
Feid
Geri
Gevi
Hafl
Hesu
Henu
Irmi
Juco
Libo
Luse
Mebu
Meci
Popr
Pogr
Rimo
Rowo
Ruoc
Sein
Shca
Smst
Spbe
Syal
Thoc
Vasc

WWHPPLUNNWNNUNULUPULLDNDNLLUNVLOWLDMNUULULRPWLWEPRPW
HFHEMEMpDLWHEDPDUNMNPULULUPUNUUPLEREPUPRPPEPNULLLULULEERANDNUVLW l
PR ALADPULWLOLWNEAEEPNUNURARUVUUVUUNWLRHNRNMNUNBPDRNNNNQUUENDWE WS

For Total

FNPLOUNDEPMOMMDNWPLULUNDNNENFHENDENNUFENDUOUFEFOFEFOUNNDENDWW
WHNMFENNHEMHERMOWONDNUOUDNDNOFEFFONDFERFEEFENDNDNDDUOUFHFOUOUEFEDNDFOUOUNDNDWENDE
NWPSPPLUEPPUPPLOLLULULPPUSEPPPUFEFUEREPRPPULUULLLMDLLVLULESPEPRDDS

TRAFFIC TOLERABILITY 2
Total

15

—

1-:-Fox

2 Phy

Foliar, Flo = Floral, For

Physical, Est = Esthetic, Renewability
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Table 5. Table of values assigned for contribution individual species
made to picnicking as a recreational activity.

ACTIVITY: PICNICKING

Species DISPLAY * TRAFFIC TOLERABILITY 2
Acronym Fol Flo For Total Phy Est Ren Total
Acru 3 1 1 5] 2 1 2 5
Alce 3 ] 3 11 3 2 4 9
Arco o 5 5 15 i 1 3 5
Artr 2 2 3 7! 3 3 4 10
Basa 4 4 4 12 2 2 4 8
Bere 4 4 4 12 3 2 £l 10
Caru 4 3 5 12 5 3 2 13
Cage 5 3 3 11 5 5 5 15
Cami 3 5 2 10 1 1 2 4
Ciar 2 3 2 7 3 2 5 10
Clco 5 5 ) 15 1 1 3 5
Coli 4 4 4 12 1 1 2 4
Clov 4 4 5 13 5 3 5 13
Deoc 2 3 1 6 1 1 5 7
Feid 5 3 5 13 5 5 5 15
Geri 3 5 4 12 2 1 2 5
Gevi 3 5 4 12 2 1 2 >
Hafl 1 4 1 6 2 2 5 9
Hesu 3 4 2 9 2 2 3 7
Henu 4 L 3 12 2 1 3 6
Irmi 5 5 5 15 2 1 4 7
Juco 4 2 4 10 S 3 3 11
Libo 4 5 5 14 1 1 3 5
Luse 3 4 3 10 1 2 4 7
Mebu 5 3 5 13 5 5 5 15
Meci 3 4 4 11 3 1 3 7
Popr o 2 5 13 9 5 L 15
Pogr 3 5 1 9 3 2 5 10
Rimo 4 1 3 8 4 3 3 10
Rowo 4 4 i 9 3 il 3 i
Ruoc 1 1 1 3 1 1 ) 7.
Sein 3 4 3 10 2 1 3 6
Shca 3 1 4 8 4 3 4 Ll
Smst 4 3 4 11 2 1 B 6
Spbe 3 1 1 5 2 1 3 6
Syal 2 1 1 4 2 1 2 S5
Thoc 3 1 3 7 2 2 3 7
Vasc 3 1 4 8 1 3 3 5

1 Fol = Foliar, Flo = Floral, For = Form

2 Phy

Physical, Est = Esthetic, Ren = Renewability
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Table 6. Table of values assigned for contribution individual species
made as a resource in establishing trails.

ACTIVITY: TRAILS

Species DISPLAY 1 TRAFFIC TOLERABILITY 2
Acronym Fol Flo For Total Phy Est Ren  Total
Acru 4 4 4 12 2 1 2 5
Alce 4 5 5 14 3 2 4 9
Arco 3 2 1 9 1 1 5 7
Artr 2 2 4 8 4 2 4 10
Basa 5 5 4 14 3 3 5 11
Bere 5 4 3 12 4 2 5 11
Caru 2 1 1 4 5 3 S 13
Cage 2 /! 2 5 5 5 5 15
Cami 5 5 5 15 1 1 3 5
Ciar 2 5 3 8 3 2 3 10
Clco 3 5 5 13 1 1 4 6
Clov 3 3 4 10 5 3 L 13
Coli 2 3 1 6 2 1 2 5
Deoc 1 5 5 11 3 1 5 9
Feid 4 1 1 6 > 4 5 14
Geri 3 5 3 1% 3 1 S 9
Gevi 3 ) 3 11 3 1 5 9
Hafl 2 4 3 9 4 3 5 13
Hesu 4 4 2 10 1 1 4 6
Henu 4 5 5 14 2 i 1 4
Irmi 5 5 5 15 2 1 5 8
Juco 5 3 5 13 4 3 5 12
Libo 5 5 2 10 i A; 4 6
Luse 3 4 4 11 3 2 4 9
Mebu 2 il 2 5 5 4 5 14
Meci 3 4 4 11 2 1 3 6
Popr 2 I} 1 4 5 4 5 14
Pogr 3 5 3 11 3 2 5 10
Rimo 2 2 3 7 4 2 4 10
Rowo 3 4 4 11 4 3 > 12
Ruoc 3 4 5 12 4 1 4 9
Sein 2 4 4 10 2 1 3 6
Shca 4 2 5 11 3 3 4 10
Smst 4 5 5 14 2 2 4 8
Spbe 2 1 3 6 4 2 5 11
Syal 4 3 5 12 4 2 4 10
Thoc 4 1 4 9 3 2 4 9
Vasc 4 3 2 9 1 2 4 7

1 Fol = Foliar, Flo = Floral, For = Form

2 Phy = Physical, Est = Esthetic, Ren = Renewability
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Table 7. Table of values assigned for contribution individual species

made as a resource in establishing play areas.

ACTIVITY: PLAY AREAS

Species DISPLAY 1
Acronym Fol Flo For Total

Acru
Alce
Arco
Artr
Basa
Bere
Caru
Cage
Cami
Ciar
Clco
Clov
Coli
Deoc
Feid
Geri
Gevi
Hafl
Hesu
Henu
Irmi
Juco
Libo
Luse
Mebu
Meci
Popr
Pogr
Rimo
Rowo
Ruoc
Sein
Shca
Smst
Spbe
Syal
Thoc
Vasc

=

-

-

- $
Ao WLWWNLOOLLLWPAPFULUULLULLEAENWLPRPLPLUUULLLNLVLUESEPPUOOTNWLO OO W

NNHFEFWHNFEREREHFOEFUFRQEFERNFERNNEEFUOERRURNENOUENDERWS
HFiEEHEEREREERERNREFERFOFRORERERERERERERERRRRNUOUFOOENHEFUOUOUNNDENN =
WWHFHFWHNNHEFEERDNUWOUNWHREREFRFRNNUOUFEFOUNDEEFRPUOULWLEWWH

TRAFFIC TOLERABILITY 2

Phy Est

HFNHENHFWONFOWHFUNUFEFRFRNFEFFEFWONNUOUFENUOFEFWFEFORNENDEEE
HFNENFEFNFEFFERERNDFEFUNUOURERFWOREBEREREREROREREPEDFEFORNENE ==

Ren

NLUNWLHEPNMNWLWPPLWULULLEFERERENDNWWLWULNNUNDNUFEFUERENDNNDNEPROLON

Total

a0 p

— -
APNPSPNLOUUUDOULLLNINULILVDLWENPRAEPRPRNOOUBP WU

[y

1 TFol = Follar, Flo = Floral, For = FForm

2 Phy = Physical, Est = Esthetic, Ren

Renewability
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appearance and 3)'thé species ability to renew itéelf after trampling.
' For each recreation activitf'a numerical value from one to five was
assigned for each species in eéch.subcategory. Values were derived by_
examining vegetative chafacteristiés of each species, with:five being
a maximum contribution and oné being minimum-(Téble'S, Tables'4-7);
Summing the three subcategorical values in each'catego;y, totaié were
obtained which represent the relative céntributién of each speciés to: »
each reéreétional actiVity:in'each category.

To evaluate.a qell's compatibility potential for‘é recreation
activity, a cell species ;ating value was determined by multiplying
;ogethgr factors fof species occurrence, frequenty of occur?ence'and
the-SPecieé-confriBution to the recreétion activity. This step is
Esummarized by the flow'éhart of figure 5. Uniform occurrénée:was
éiven a factor of five, régtricted.bccqrréhce a factor of three anq:
presence of the species a factor of one. Factors for ffequenéy of
occurfencé were the numerical class designations eStabliéhed fdr
evaluating perceﬁt cover exhibited by planﬁ species, Daubenmire (12).

_ These'coverage'classés'were 0-5% coverage, Class 1; 6-25%, Class 2;'
26-50%, Class 3; 51-75%, Class &4; and 76-160%, Ciass 5. The species -
contribution factors were the Sum-totalé of the three subcategory‘values
for eacﬁ'of the two contriﬁution categbries'in each recreation act}vié&,

To evalﬁaté‘an individaal qéii, the ceil speéigs rating vgluéé

of all inventoried species within the cell were summed for each .
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category within each rec?eation activity., These totals were divided
by the number of species recorded for that cell té give a cell mean in
_each category; then for each recreation activity the two category totals
lwere averaged to give tbe relétive'suitability of the cell for the
various recreation activities expécted to occur within that cell. This
étep is shown in Figure 6.

The cel; éuitability for various recreation activities was aésessed
using a thrgshold value for recreational activity suitability aﬁd com-
puting an expected mean for each cell. This mean was derived by
multiplying the fagtor for spécies o;currenée, the factor for frequency
of occurrence and the threshold value in each cell. The species
occurrence factor was the summed total of all occurrence factors for
- the inventoried:speéies within each ceil. The species frequency factor
-was the summed total of all frequency factors for all invenforied species
within eacﬂ cell. The threshold value, a constant, was set at eight
which was a middle value between the minimum contribution factor of
Fhree and the maximum value of fifteen. This total for the cell was
'divided by the ﬁumber.of species recorded in that cell yielding the
expected mean.fOr the cell. This mean was compared to éach mean:for
éach recreational activity and the relative recreational activity
suitability of the céll could be éscertained.

'Evalﬁaging each cell within egch zone with respect to vegetation,

it was determined that Zone I was best suited for camping, Zone II for
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trails and Zone III for picnicking. B& selecting indicator speéies
fof each zone from the-commonly occurring species of that zone a
co;;elaéion was drawn between characteristics representing the indicator
species and the zome's indigenous.suitability'for é récreational use.:
‘The vaiidity of indicator species seléctibn was baftially verified with
a formula which measqred ‘the uniqueness of occugrencg of selected
.specieé-for specific environmentai conditions; an assﬁmption Qas made
thgt each zone represénfed a differént-get of environmental“éonditions.
This formula, adaptéd from a previous sfudy‘relating the-degree of soii'
podzolizétion to the composition of ground level flora, Hill (22),
was: |
I=m/M - my/M,
'i - Uniqueness index
my - No. of cgllé in zone in ﬁhich.
species oqcuré.
My - No. of cells in zone.
m, - No. of cells in contra;ting.zone
in which species occurs.

le- No. of cells in contfasting zone.
"Computed I'valués ranged from-minus_one to plus one. The extremes
were indicative.qf-uniform indicator spécies.occurrence in one zone-
and no occqrrencé‘in the éontraétiﬁg zone, {Values of zero indicaféd

equal occurrence in éach zone. Indicator species validity was tested -
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between two single zones and one zone compared with the remaining two
zones. For a species to be considered as having occurrence within a
cell it was required that it exhibit uniform occu;rence throughout that
cell. Uniform occurrence best reflected the relationship of a species
with its edaphic and physical environment. Indicator species tested
showed strong contrasts of presence among zones.

The final step was'td deveiop a system which would select cells
within the‘érea which would be.combatible with different recreational
activities. Determination of cells was based on the three feéreational
uses corresponding with Zdnes'I, IT and III. A computer program was
written (Appendix ITI) that selected cells which contained a specified -
complement of species. The species complement or input was the declared
indicator species for the three recreational acﬁivities corresponding
}ith Zones I, II, and III. The data for the prbgram consisted of
species présence data in each cell. The output was a list of those
cells containing the input species list, The output data waéjtrans—
ferred to a study area base map. fhis map then &elineated those areas
which were compéfible with three recreational activities, and‘coul& be

‘used as a basis for a recreation site design plan.
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Figure 7. Distribution map of Arnica cordifolia. (Scale 1 cm = 50 m)























































































































































