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FORAGE VALUD OF CHAPARRATL

INTRODUCTIQON

In Colorado thnere is a large acreage or woody
shirubs generally termed cnaparrale Thne 1ootnills region
of the Iront range ot mountains wnican extends from Tyo-
ming to New Mexico and extensive areas in southnern and
western portions of tie gtate are covered with tails type
of vegetutions The value or this chaparrul Tor forage
and plant cover in areasg where it occurs is scarcely
apureciateds Tnese plants nave a teeding value waicia is
an important item in zne management o1 large range areag

01 the gstatee.

>

The management and utilization of this type of
pagture and tne pzlatapility or the different species is
gscarcely understuod for our conditionse. it is the purpose
of this thesis to discuss the results oI a gtudy on the
manzgement, utilization, and palatability or the Torage
produced on such an arcae

As the utilization and munagement are go closely
interrelated witn factors governing plant cormmunities,
the Vurious ecological pnasesg involved will Gve dealt
with in order to huve a fundamental basis ror the econonic

studye




LITESRATURe REVIEW

Cagparral

For unitormity witnh accepted nomenclature, tne word
chaparral i3 used to describe tne type or vegetiation in
this study. [t 1s used univergally by range invegti-
gatargse. Cnaparral refers to tinat group of plants waich
are low trees or sarubg, evergreen or deciduouse. Cooper
(13) states tnat chaparral is derived from the 3panisa
word "Chaparra" meaning scrut oake 1In nis galitornia
studies ne uses it for "a snrub community o1 & single
ecological type ---- the leaf or waich is small, thick,
neavily cutinized and evergreen." he deciduous sarubts
are rererred to as deciduous taicket. This is a
distinction not made by most workerse Clements(ll), (12),
Vestal (55), and Ruaaley (38), (39), (40), (41), nave
used tihe term to include ooth evergreens and deciduous
ghrubse 1n the claggitication o shrub comaunities
Weaver and Clements (60) nave considered toth as

chaparrals:

"Scrub Climax
Petran chaparral: Cercocarpug-quercus associa-
tion
Coastal chaparrals: Adenostoma-Ceanotihus 23socic-
tion"

The type of vegetation to te considered is related
to the Petran chaparral association. In the discussion

to follow, cnaparral and shrubts will be considered as
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meaning the same kind or vegetatione When grazing is
agsoclated with this type or vegetation thne term browse 1ig
commonly employeds

Dayton (16), in discussing important western browse
plants uses the term to mean, "shoots or sorouts,
especlally o1 tender twigs and stems of woody slants, with
their leavesg as cropped (browsed) more or Less by domestic
and wild animalse Srowse 1s also a generic term, applied
to sarubby woody vine, or small tree vegetaution whetaer
palatable or not, rorming one of the four main groups in-
to which range vegetation 1is popularly divided, the otaers
being grasses, grasgs-like plantg (i. e., sedges, rushes,
and tneir allies) and weeds (i. e., non-grass-like nerbsg)u

Falatanility

In measuring the value o1 various range forage plants
the term palatability or iorage value is often used and
will e here used in measuring the value of the various
forage plantse.

Wnile it has been recognized that tnere are many
factors involved in the valatability of torage plants,
they nave been gcarcely used because of the diifficulty in
evaluating theme The most common meaning of the word has
been defined (16) as, "the degree to whica the hervage

within easy reaci of tue animal is grazed when a range 1is
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properly ut.lized. The percentage of tae readily
accegglrle nerpage or a specieg that ig grazed wnen tiae
range 1is properly utilized determines tne palatability of
the specieg".

In deriving the wvalue of tne various menvers of tae
area under gtudy, the rollowing “actors are used becauge
0f their general acceptance as indices of value. Tne
forage plant sinould bes palatable, nuiritious, abundant
locally, extensgive in its distrioution, accessible
(i. e., hneignt), abundance ot availaple nerbage, resistance
to grazing, reproductive ability by seed or vegetative
parts, free from objectionatle features as barts, s»nines,
polsonous properties,etes AQther tactors little consider-
ed but of considerapld importance are successional value
(i. e+, permanency) and relation to asgssociatesge

A summary ol pulatability values applied to the
different browse plants, by otaer ouservers, found in tae
study, as they occur in otner sections or tie range area
are of intereste Those plantg which are low in value will
be briefly reviewede

Mountain mahogany, Cercocarpus narviiolius, "is one

of the most important species ot western browse plantse.

It is congidered to be good or excellent ior all clagses
of livestock. The palatapility is somewhat greater ror

gsheep than Ior cattle and proportionately greuter, as a
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rule, in the fall and winter than in the summere. The
leaves persigt until late trall pbut the twigs furnish
palatable teed tne year longe. Sampson and almstem (49)
in studies 1n Utan, rind tnat it and bitterbush, Pursnia

tridentata, are outstanding browse plants Iurnizning early

spring fTorage berore ggsoclated plants start to grows. They
state (49) "too, it 18 unusually resistant to frost and
retalins its trood valueg and palatapbility until late in tne
fall.®?

Ifountain manogany 1is rated as excellent rorage 1or
all classeés ol stocke Witn a oalatapility value or 40 for
cattie and 60 for sueep (U. 3. F. 3.) it renks second to
rangze gragses in soutnwestern Utahe

Aldous and Shantz (2) state tuat the carrying
capacity of range, where mountalin manogany predominates,
is 20 to 40 head per gsection ver grazing s¢asone

N

Skunk oush, Rhug trilobatz, one of the common browse

plants of the region has veen observed by various workers
to be only sligatly valuaule or worthless. According %o
Forest Service palaturility tatles, in thig region 1t is
valueless to cattle and sheepe.

The value of wax currant, Rivtes cereum, and related

members o1 the game genus, is indefinite &3 1ield men
differ in their estimates of 1tg value. Regional palata-

bility tables snow it to be or low value for cattle and




-6=
sneeps. A value ot 10 is given for poth clagses ol stocke
However, Sampson (48) from observation in Utan and tne
west, considers it to be good 1or catile and fair ror &all
other classes or livestocke Dayton (16) states taat it
has been reported to be nutritious and contains & nigh

vrotein content in HNevadae

Wild rose, Rosa sayi and Rosa Iendleri, are consider-

ed to be good 1orage plants but only o1 local importancee.
Values glven are 20 for cattle and 30 for sihcepe

Wegtern cnokecaerry, 2Zrunus melanocarpas Pe. demissa,

has received consideratle attention by many workers te-
cause o1 1ts recognized poigonous properties. The llevada
Station (19), (20) and tne work or Marsn (37), have made
the chief contrioutions to the knowledge of tials plante.

It has some grazing value 11 the 1all and winter when
danger from polsconing is not grecate The leaveg of thig
plant are thne tirst to drop and wre gone betore intensive
grazing beginse 3By October they have lost their puisonous
properties. Tatal poisoning occurs in the spring and it
ig at this time tnat polsoning may be a factor in its

use€e The plant is only rated poor to govod wus a browse

False raspberry, Rossekia deliciosa, is so local in

itg distribution that little hag been reported of its

palatakility and generzl value. Regional palatability
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tables of the Forest Service indicate tnat it is of little
valuee. The following Tatcle, Table 1, is an extract from
the regional palatability tatles for these plantg and is
uged in determining the grazing capacity of ranges in the
regione Two common range grasges are included as a basis
for comparisone. The nore valuakle saruba are nearly as
palatable as the range grasgses wnich would again
indicate the nigh value of this class of foragee

Table l.--Excerpt from U. S. Forest 3ervice
Region 2 Falatarility Tavle. )

Palatauvllitly

Catile Sheep
Service berry, Amelanchier alnifolia 20 30
False raspberry, 3ossekia deliciosa Q Q
Mountain manogany, Cercocarpus parvifolius 40 60
Winebark, Zhysocarpusg ramaleyl 10 10
Chokecnerry, Frunus melanocarpa 9 10
Antelope bush, Pursnia tridentata 40 40
Skunk bush, Rnus trilobata 0 0
Wax currant, Ribes cereum ‘ 10 10
Rose, Rosa gppe &0 3Q
Buckbrush, Symphoricarpos oreopnilus 20 40
Western wheat grags, Agropyron smitaniil 60 40
Blue grama , Routeloua gracilis 80 80

Utilization and Bnagement

3tudies made on the utilization of deciduous trowse
vegetation has been very limited and quite recente
Chapline (10) and Hatton (29) worxking in western United
3tates have observed in general the value and utilization
of such vegetatione Chapline recognizes the importance
of this vegetation as forage for various classes of

stocke Hatton devoted nis attention to the eradicae
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tion of evergreen chaparral by goats and found tazt such
practices are uneconomical thougn poszibleés. Ingran (30)
working in the Douglas fir region of the Pacific coast
studied the utilization of different successional seres of
wnich cnaparral or snruis formed a distinct stages Tne
value and high utilization of thne type t sheep was found
to ve related to the position in tnae gtage of development
of the vegetation, leea, the cloger tne climax was
agproached.the more valuable the vegetation ovecamés Sarubs
do represent a nigh stage in development of vegetation in
that regione Neither of tie above men suggest management
that had sufficient investigational foundatione Samoson
and Malmstem (40) in Utah have found thet management of
such land must be based upon the development of tne plants
They state that "the leaves of mountain manogany saould be
tnree-eignths to one-half inch wide and one-nalf inch long
pefore grazing begins in the springe Where tnis plant
duminates the arews 1t would bve the pisis for management,®
and in this case indicate tne opening of the grazing
seagon on such arease TFor the oak-brush type in Utaa the
following grazing periods (49) are auggesteds "Spriuvg to
early summer, and late falls May 20 to June 9, and Gctatel
1 to Octokber 15« Forsling and sStorn (21), working in
south-western Utah, have made the most comprenensive study

of grazing value of browse vegetautions Their resultls were
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Tgsed on summer grazing by cattle. The vegetation con-
gisted of consideraple amounts 0l unpalatable snruocs
species namely tie oakse Tney observed tThe preference of
stock tor grasses and cnoice weeds TO palalanlé snorubs and
unpalatakle snrubss “Tne trend ol preference was from tne
first named class and in order to tne utners (21),
(1) grasses and certain cnoice spring weeds; (2) birch
leaf mahogany and pltlier cushg (5) certzin less cnoice
weeds including lupine; (4) oakji (9) miscellaneous sarurss
(6) service kerrys (7) quinine btush, &nd (8) sagetrush."”
The condition of stock under Iorage conditions when Qrowse
made up thne bulk o1 tihe Iorage was gaod until complete
utilization o1 palatatle browseé occurred. "The preztest
geins by cattle occurred during lay. This coincides with
tne period when good rorage, including grasses &nd ciolce
weeds together with considerable pirch leal nmahogany and
pitter tush and service berry, made up 67 per cent or

3,

more of the ration.® They rind that management ghould ve
kased on the important rorage plants, to insure the

raintainance and vigor of these plantse
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METHODS AND HATERLIALS

Tne areas selected ror gtudy, oI Tne plant

community itselI and ror tne grazing swudies, ére lLocated

in nortn-central Colorado.
For tne extensive community studies orservetions
were made in the cnaparral telt wnich extends along the

daa

footnills and 1ront slope of the Rockieg 1n tne vicinity

3]

wegt o1 Fort Coliins, Colorado. Ubservations were made atv
Tirginis Dale wnicn 1s 40 miles nortawest oI rort Coilins,
&t Owl canyon 20 mileg in a nortnwest direction, and at
Spring canyons College pasture and Soldier canon, all
2tout 4 to 8 mileg west o1 wort Coliinse

Detailed grazing studies were made in the college
pasture four miles west of Tort Collins, Colorado. Tnae
area comprising some 157 acres. Tne west one-taird of
tnis range consists of chaparral and the ezst two-thirds
of mixed vrairie grassland (Fig. 1)e The grsssland
oceupies & level plain winile the camparral ares occuples
the adjacent nogtucxs, wilch rise some 150 feet akove the
plain. The chaparral slope has &n angle ot 18 to 20 per
cent and is interrupted by two north and south escarpments,

The pasture was stocked with Herefora cows and calves
to a cavacity ot LO acres per animal per year. Tne winole
ares was accessible at all timese Supplementary feed was

occasionally give:i duvring the winter wnen the weather wus
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Severe.

Plane and relier maps were made vy standard methods
in use by surveyors and engineers. Ixtent, location and
purpose will pe mentioneéd under resullse

Transects were used to oring out tne varicus 1&ctors
considered. Line &nd pelt transects described by WeEover
and Clements (60) were employed with some modificatione

List, count zrea list, count list, and chart guadrats
ot the major size, as desgcribed gy Weaver and Clements
(6), Tanson and Love (27) were useds Measurements and
technique were modiried by the autnore Distritution and
number of these sample areas veried witn the type of
sarpling desired.

Data were obtained on tane different shrubs &t
regular intervals in the various &areasge Swelling of leat
and flower bud, rate of development oi the lear, leaf Fally
full tlooming, fruit maturity and dispersal, and current
annual growth ot stems were obtained on located &nd non-
located plents to obitain trend in development. Develop-
ment records were also taken in mixed prairie vegetations

The technic ot Eckerson (18) and Chamberlain (9),
was followed in the making or free-hand and varaffin
sections and cnemical testse Samples of current annuxl
growth of the more important shruks were selected at

interveals during the period of study for examination of
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lignin-— cellulose relation, starcn content &nd preaence of
other propertiese.

Typical sites or various snruts were gelectede
Txcavetions were made and rootdistritution pnotograpnede

3tandard methods (28) were used to gatner climatic
and soil moisture data at tne climatic statiom in the
pasture. Hainrall, evaporation, soil molsture, ternera-
ture and relative humidity records were obtalned during
the growing s€asone

Geological and soils gtudies were made directly we gt
of wort Collins, along one oI tne extended line transecis.
Extent ot each formation and soil depth &nd development
were obtained bty distritution of outcroppings due to
natural or artiticial causes, erosion and excavalicns

Precipitation data were obtained from the records af
the Colorado Agricultural =Zxperiment Station (52) at
Tort Collins and from Weather Burecu Climatological Data
(53) sneets. Eva,oration data were obtained from station
records and from the Livingston standardized atmometers
which were egtabvlished at the field station in the
pastures. Relative humidity and air temevature records

were oktained from a ¥riez recording hygrothermogradPhe
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EXPERIIENTAL DATA

The Structure of the Chaparral Community

Tne cnaparral community occuplies a ratner extengive
portion ot wegtern United Stateg, being more marked by 1ts
wide digtripution than local gize.

In Colorado tne deciduous cnaparral is 1ound
occupying the tootnill slope vetween grassliand or sage-
brush and vellow pine or lLodgepole pine torest. The pelts
thue developed are necessarily narrow except for portions
where topography and climate permit its exitensiocone

In northeastern Colorado wnere tne cheaparral occurs
tetween gragsland and toregt tne diameter ol the type
se€ldem exceeds three to rTive miles tut runs rull length
of the foothillse In southern and wegtern Colorado it
occurs intermediate tTo grassland and 1orest or pinon or
vellow pine, or initermediate peiween forest or sage and
coniferous woodlande

Digstribution of community - In Figure 2 the

distribution o1 the comrwunity is seen as 1t normally
oceurs in the nortihnern part of the gtate. In the fore-

ground mixed prairie grasslend, Agropyron smithii,

RBouteloua gracilis, 3tipa viridula and other hercaceous

plants are present. The chwparral, oI wilch Cercocerpus
characterizes the vegetation, is seen on the hogbacks of

the lower nillse
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In the bvackground of the upper elevaetions yellow
pine and yellow vine-Douglas 1ir stands méke up the Igrest
covere This relationsnip is more clearly seen im ‘igure
3, where the plant communities are shown in relation to
topographic featurese

Distripution in relation to topograpny - The most

signiticance ties in the distrioution o1 cormunitices with
relation to exvosure rather than elevational diftferencesge.
At the upper elevations yellow pine-Douglas Ilr 1orest
predominates and reaches g downward extension by occupy-
ing nortnerly exposuregse. Yellow pine nas a wider range
in that 1t makes up the lower margin of the typee.

Chaparrasl, characteriged by Cercocarpus, extends up-
ward on southerly exposures and downward on ncriherly
exposures and along stream coursese Grassland occupies
the more gentle south slopes &t its upper extent and the
more level topograpny belows

It topograpny is indicative of soil development as it
usually is considered to be, then the digtribvution of
types can be further accounted tor in the figures. The up-
ward extension of grassland and its extension on eaat
and west slopes can te attributed to the develepment of
goil surfaces. This cuapn be nmore readily seen waere
chaparral occurs on the lower nille. The occurrence of

the shrubs along streams is assoclated with the presence
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Fige 3o.~=Topographlc map and prorite of

elevationg 1n relation to the districution

communitiese.

ot

plant
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ot gravel and sande. This association is due pernaps to
tne fact that scil water is more abundant and nas a greatex
degree or penetratione Tue distrioution or types in
relation to topographic treatures is no doutt due to
moditication or soil, soil moisture and its availatllitye

The nature ot distripution or tne community céan be
further seen in rigure 4. Forest land occusying the upper
elevations end grassland the lowere Tne transition ,forest
to chaparral is not strongly derined except 1in & Tew
localities. However, thne transition or ecotone teiween
chavarrsal and grassland 1s treguently snarply drawn and
must be accounted lor by soil dirterences wnich existe

The geology ol the region lends itsell to such soil
diftferences as one might expect to 1inde Tne Icothllls
are derived from sedimentary &and metamorphic rock out-
cro.s of consideraple size. The dip or tnese structures
are various but essentially on a sharp angle. Erosional
processes must necesserily result in the deve lopment of
telug glope wihich would yield to the dgevelopment of
colluvial soil such as to result in a sharp transition in
soll covere

Repardless of the depth or this soil, nerbaceous
vegetation will develop on ite In the grasslend occu,ying
thig colluvium, the soil cover is complete tnough giltallow

and maintzins a complete cover of suci plants as Routeloua







gracilis, Bulbilig dactyloides and otner mixed prairie

grass€se. Such a cover would naturally prevent the
aevelopment o deeper rooted plants wnich depend upon
goll moisture penetrating to deeper levels but is re-
tarded ty the short grassesge

The pockety nature of goil on the slope does not
permit the maximum developuent ol grass cover or shallow
molsture penetration essential in the exclusion of the
shrutse TIn meny of the illustrations the relation of
soil cover to plant distripution can be readily seene.

Digtricution in relation ta geological formations -

The guestion oi soil development as intluencing community
distribution Lecomes centered on the role of the geological
formations presente.

One viewing the geology and the vegetation ot the
region may bLecome impressed by a supposed association of
thece two elements. The autihor has had the pleasure of
hearing a report on such a gubject bty a worker in a
neighbvoring sgtate who aftirmatively stated such & relationd
ghipe

In Figure o the various geological formations nave
teen reproduced and the communities present on each
includede. Tae Benton shale 1s sihown on the easte The
face o1 the escarpment 1is covered Ly residual as well as

colluvial material whicih has developed into a contlnuous
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Fige Se-~Digtribution of chaparral and
asgociated communities in relation to geological
formation. Fort Collins regiaone






Jgs

s0il covere. It is tnerefore covered by thn€ snort grassese
The next structures are the Upper and Lower Dakotas, waich
are composed of sand grains cemented by lime materisals,
give rise to & limey sandstone. The soll developuent is
pockety wnere topography does not permit tne egtatvlighment
of derived soilse Snarut vegetetion can ve seen occupying
the dip of the structures and part of the face oI upper
escarpmentse. Gragsland nas developed agaln wnere
topography has permittede Tne face of tane Ilorrison is
here covered ty colluvial soil wiaich n&s covered over 90
per cent of the parent sandstone materiale Grasses of tne
true prairie and mixed prairie are present with ine
exclusion of the cnavarrale The Lykins formstion being
the sofest, nas been buried by residual, colluvial and
alluvial materials end is thereby covered with grasslande

The Lyons geological formations, Upper and Lower
Lyons, are a sandstone witn muchn less lime material than
present in the Dakota formations. Here again ine
cnaparral has occupied slopes which have not as yet a
great development of soile The Fountain, next in positiony
nas a modified topographic positione. It is sedimentary
and can be compared witn soils derived rrom a metamorpnic
Lase, namely gneiss and sciists It can be seen from the

figure that grassland is present on tne described sgite

as one might expecte Wnen the topograpany peraits, on
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the metamorphic and granitic structures, cnaparral is
again presente

If we view the profile as a wnole we can readily see
tnat elevation, and geological structure are of indirect
importance to topography and subsequent soll developuent
wnich can be carried to a basic factor, soil moistures

The distribution of grags and trees illustrates the
contrasts in competition for soil moisture. Tne
regtriction of forest members to the poorest soils of tae
ridges is due no douvt, to tae greater success of taeir
seedlings in tecoming estavlisheds. Figure 6, a view of a
local area, will illustrate more vividly this conditione
Yote the presence of considerable rock meaterial wnere the

4

yellow pine occurg and the least evident wnere tne grass
ig developede

General composition - Tne internal structure of the

community with regard to specieg distribution is again
based on veriation in soil conditionse A view or tae
type as a wnole shows considerable uniformity 1in
distribution of dominantse Figure 7 illustrates an area
on wanlch chaparral reaches its maximum deve lopmente
However, thisg uniformity is not so ocvious wien tne
comuunity is wmore closely analyzedes

The composition of the type will be Ltriefly revieweds

High freguency of distribution is confined to only one
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species, namely Cercocarpus parvifoliuge Raus is next in

fregquency value followed by Ross and Ribtesg. If frequency
of occurrence is indicative of distrivution tanen the cnief

Gominant is Cercocarpuse The freguency values obtalined

are more illustrative of the character of the vegetation
than abundance. Avundance when used supplementary to
frequency enhances the latter's valué.

All species cormmon to the type weére not included in
the table as they did not fall in the sample arease Tnose
not occurring in the tavle are briefly listed neres

Ceanotinus fendleri Gray

Ceanothus velutinus Dougle.

Celtis occidentalis Le

Crataegus occidentalis Brite

Jamesgia americana T. and Ge

Fnysocarpus ramalevi A. Nelse.

Purshia tridentata DCe.

Roga fendleri Crepin

Rhusg rydbergii Small

Ribes longiflorum Nutte.

Symphoricarpos oreopnilus Gray

Of the members not found in tne quadrats, two

important oneg are: Pursnia and Sympnoricarpogs. They will

be only briefly discussed. Purgnia occurs &apove eleva-

tiong of 7,000 feet in the region where extensive areas
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are developed. At Forf Collins thig elevation 1is reacaed
in the yellow pine Tforesgt where it occurs as a sub-
dominant and is frequently dominant on tue dryer canyon

slopes of the lontane foregte Cercocarpus is frequently

agsociated with it but requires a bvetter site for maximum
developments It is then found on more moisgt gsloypes
opposite to Purshia areas. In the Virginia Dale area and
west Purshia reaches its maximum development for thig
regions The land area occupied ig extensivee

Sympnoricarpos is found on tae vest soils and like

Raus, may invade or be present in the gragslande It forms
pure stands in drainage channels in this locality and
will be found in the chaparral where soil and soil moisture
conditions are highly favorable for rlant growtne It
never forms large areas in this regione

The nature of distribution of species within the type
nas been suggested by Tavle 2, Figure 17, and by the

distribution of Symphoricarpose Cércocarpus, as can pe

seen in Figures 7 and 8 occurs where soil development is
poore. The goil 1s poorly developed and is confined to
depressions in parent material and crevices in tne materiall
itself. Root development ig well illustrated for tais
species by Figure 9«1 The plant wasg typical of the specieg
in the regione Root development is evidently controlled

by the rock structure. 3Secondary roots reacn considerable
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development and make possible the maintainance o1 the
gpeciesge.

Such a gite ig algso common to Bogsekia, Ribes,

and Prunus sppe The latter snowing a wider range in site

occupatione Roug, Llike_ Symphnoricarpos, occuples tne best
sites‘in the communitye. Where goil materials and organic
matter nas developed, tnese plants nave strongly establish
ed themselvese. In Figure 10 and Figure 11 the root

development of Rhus and Symphoricarpos can be seen. Plant

growth must %e more guitagle under such soil conditions

than tnose occupied by Cercocarpuse Roots of thnese

species nave a penetration far exceeding tnat of the
agsociated grassegse. Fenetration indicated here must ex-
ceed the depthns shown by at least two or three feete. In
Figure 12 the trangition in soil development within the

conmmunity is showne The parent material is the Benton

gshalee. Ccercocarpus occuplea the upper portion oi the
féce where the outicropping is very distinct and surface
goll is but superficiale. The lower portion of the slope
1s occupied by Rhus where it can be seen that soil
development hasg reached some maturitye Tne well detfined
horizons in the grasgs area indicate a high degree of
maturity, although considerable shale 1lakes cuan be seene
The extension of gragsland upward in the right of center

ig,o0f course, paralleled by the pregence of more or legs













ecomplete cover of soile

A view of a gravel pit and old railroad grade in
¥igures 13 and 14 indicates the sites otten occupied by
Purghiae The high degree or gterility of tnis site can be
clearly seen considering the age of tne disturbance. The
grade and excavation was estatlished some 30 to 4Q yearsg
ago. The soll materialg are derived from granitic rock af
the regione

Prunug me lanocarpa and Amelanchier alnifolia are

gcattered taroughout tne type as is Prunus americanae.

Tneir best development in this region is closely agsociated
witn an adeqguate water gupply. This does not necegsitate
a nhigh development of soil but certain topographic condi-
tions wnich will provide moisturee. This condition can be
found along rocky ravines of tine regione. In Figure 15, a

site,nearly typical, for Prunus, is snowne Prunus americand
S ————— -

and Amelanchier are algo present here. Drainage and pro-

tection permit the development oif thesge more megophytie
plants.

It is in such a gite and topographic condition
that heavy death losses by poisoning from chokecherry occur
Sneep will drift along lines or least resistance, egpecially
ag 1t is cooler and protected. Prunus attains sufficient
height to provide gnade which further encourages the

movemeént of stock through tne area occupied by ite
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Plant Composition of Experimental Pasture

Before discussing in detail the forage value of
the chaparral on which the studies in this thesig were
made, gpecific degcription of the vegetation is of first
congsideratione. Detailed study of the composition of the
forage species wag made. In determining the vest methnod
to analyze the vegetation any one method did not seem to
depict accurately the conditionse. Several methods were
used, namely the line transect, belt transect, major
quadrat, and plane mape

Table 2 illustrates the composition oif the
chaparral as determined by major qguadratse The frequency
values are based on 15 random quadrats aggregating 1,500
gqe meters while the abundance as expregsed in area, per
cent cover, and plants, was based on 10 major guadratses

Figure 16 accompanying, shows a representative
area of the chaparral used in the pregent study.

The dominant plant of this foothill type of

forage is mountain mahogany, Cercocarpus parvifolius, and

ocecurs on the area witn a freguency value of 100, an
area cover of 78 per cent, and the highest number of
individuals over the whole areae

Rhus, which is considered co-dominant with Cerco-
gcarpus, certainly does not occur as such here. It is

next highest in frequency and rourth in abundance which
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ig of interegte
Rosa, whicnh is orten obscured because or its
small size, apparently 1s more important than any of the

others with the exception ot Cercocarpug. [t is tnird

highegt in frequency but second in abundances

Prunus melanocarpa and Ribes are moderately dis-

triputed but do not occur very abundantlye. There are very
few individuals ot the fatter, put these are well scatter-
ede.

Prunug americana is local in its distribution as

indicated by ita frequency value and number of individualse
Bossekia, next in importance, is only an occasional
rlant in the area and ig well districuted.

Amelancnier and Prunus begseyi, hoth low in

frequency and abundance, are vpurely local in distribution
and insignitficant as rorage plants on the area.

In Figure 17 is given a diagram of & typical

belt transect 160 meters long running througn the foothill
ehaparral from base of toothill adjoining prairie to crest
of hill. In this diagram the succegsive strips it end to
end but for convenience ot illustration, are drawn side by
sides In this figure the vegetative areas are gnaded to
repregent the various forage plants as indicated in the

legEndu

While this is not a fair sample of the pasture,
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Kige 17e--A typical transect of 160
meters tnrough chaparral showing kinds of
cover Irom browse to taop of foothill slope.
First 12 meters in grassland. Square cross
hatch, Cercocarpuss vertical hatch, Rhus}
diagondfﬂﬁﬁﬁﬂff%ﬁhh, Rikesi Ro, RoSas
Cercocarpus and Rhus predominate. Stand
opene




-1

it indicates that Cercocarpuss Riaus, and Rosa are tne

chief plants. The line transects in Tables 10, ll, and 12
are more illustrative thnan the belt transect. We can

sately say, nowever, that Cercocarpus occupieg 75 per cent

or more ol the ghrub covere
No detailed study was made ot the understory bve-
cause of tne extreme variability of the gsite. _Bromus

tectorum, Agropyron spicatum, Pg& Sppes Bouteloua graciliis,

B. curtipendula, Stipa comata, Artemigia frigida, occurred

as the most abundant speciess. The total plant cover not
exceeding a density of 55 per cente.

Hengon, Love and Morris (28) comparing the
effect of continucus and detferred and rotation grazing on
mixed prairie vegetation, siudied tne grassland adjacent

to the pasture in this studye. Agropyron gmitnii,

Bouteloua gracilis, Bulbilis dactyloides, Aristida longi-

seta and various forba, turnisned the bulk of the grazing
on this pasturee.

The yellow pine forest was not accessible to tne
stock used in this study, so the relationship of types as
affected by the forage in the yellow pine vegetation can
not be measurede
Phenology

The phenology of range plants is of utmost

importance in the study of range utilization and improve-
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mente. This means the consideration ot tne relation ve-
tween climate, soil and other factors and the growih and
reproduction oif the plantse.

The bagig o1 range management is the plante. Its
change or development is ot great value in determining
date the grazing season opens, the closing date and the
length of the grazing seasons. This is of importance, not
only tor the plants grazed but for non-palatable plantsg
and especially those that are poisonous or otnerwige
injuriocuge

In the experimentsg on chaparral, development
records were takem throughout tne year. Weekly observa-
tions were made during the mailm growing season, at
monthly intervals during the tall and winter ag well as at
various other timege Observatlions were made in the grass-
land and in the ghrub areas Particular attention was paid
to the important grasses of the mixed prairie and the
important shruba in the chaparrale. The following data
ghow the periodic development of the important plants in
the chaparral areage.

The various shrubs differ somewhat in the iime
they start growth in the Spring. (See rigure 18.) Ribes

cereum is the earliest one to leaf and blossome. Growth

gtarts late in March or early im April and soon reaches

full bloom. Leaves persist into late tall and any rise in
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temperature at that time will resgult in the formation of

new leafe

Cercocarpus parvifoliug is early in starting. In

1931 leaf buds were open by April 10 and by HMay 1< the
plants were in 1tull lear and inm tull bloom. By June 20
the fruit began maturing as indicated by style elongatione.
Dispersal ol seed started during the last week im August.
Leaveg also started to drop at this time put most ol tie
learage was retained until early October. New leaves
developed during warm periods taroughout the winter, others
ghowed continual green color taroughout the winters Tihis
would indicate a tendency toward persgistant or evergreen
leavese At Virginiadale this plant, ag well as otner
ghrubs, was from two to three weeks later in gtarting and
matured about a week latere

Rhug trilobata wag the last to start in the

gpring. The flower buds were first to opene. The earliest
flowers appeared about May l, altnough the flower buds
were gwelling on April 10. The leaves goon developed
after thate Frruit began to mature about June 20 and was
ripe in late July - The fruita are gquite pergistant and
many were retained throughout the yeare. Leafage of Rhug
was last to begin to drop and over 50 per centof the
lcaves were present in late Qctober.

Prunus melanocarpa was early in gltarting and
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reached nearly full development By April 17. THacemes
were in evidence goon after and snortly were in 1ull
bloome The leaveg of Prunusg are e€arliy in drbpping and by
October 15 were almost gones

Bogsekia delicioga wag rather difficult to observe

ag plants were scattered and varied in development. It
appeared to be late in starting but not as slow as Rhuse

Like Rivesg and Cercocarpug it will develop small new

leaves in the fall whnen air temperatures are favorapble.

Rosa was one ol the earliest to start. On April
10 many leaf buds were opening while some were completely
open. Apout September L the spines vecame mature and
harde This seemed to pbe important in the turtner use of
the plant by the grazing animalse

Figure 18 graphically illustrates the seasonal
development of the chief shrubts in the chaparral areae.

Carex gtenophylla, Bromus tectorum, Poa SppPe.s

Agropyron gpicatum, and 3tipa comata, all gquite common in

the chaparral understory, are very early in starting
growth in the springe 1In early Mdarch Carex had made some

three inches of growth and Bromus tectorum was quite greens

During the latter half of the month thne other plants had
from a week to two weeks start on the grasses in the mixed

prairie and snould produce earlier grazinge
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In the chaparral some eight miles nortn of the

pasture studied, larkspur, Delpninium geyeri, and deatn

camag,s Zygadenus internediusswere tounde On Marcn 1 these

two planta were from one to two inches nighe. They do not
reach full bloom until May and mature in June and July.

At Virginia Dale, Delpninium geyeri and D. nelsonii are

pregent in the cnaparral. The development of tnhnese plants
here would be from one to itwo weeks later but would be an
importent factor in the management of the pasture.

The importance of adjacent plant communities is
not only important from an ecological standpoint but from
the grazing angle aa well. The seasonal variation in
development of gpecies common to both areas and the
difference in character of the forage for the same season
and for different seagons between the two adjacent types
are important faetors if full grazing use of range forage
is to be obtained.

In the mixed prairie adjacent to the chaparral,

Agropyron smithii starts growth about Marech 15 and ig

mature by august 1. Stipa viridula and S« comata have

gomewhat the same growing period. The snort grasses,

Bouteloua gracilis, Bulbilis dactyloides, Schedonnardus

paniculatus, start growth in late April and are mature by

July. The moisture content of tnese plants and the date

of maturity would be gignificant in this study. The effect
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on initial grazing is again empnasizede. In rigure 19 the
moisture content and indirectly the development of tne two
more important forage plants are shown for part of tae
growing seasone

Environmental Kactors

In order to evaluate the importance of environment
in relation to growth and utilization of chaparral forage
congidered in this study, the environmental conditions
under which these plants grow and the departure from the
normal or average is here pregsentedes In Table 3 the
montnly precipitation at Fort Collins is given for the
4l-year record of montnly rainfall and tor the years 1930
and 1931e

Table 3e--Monthly precipitation at Fort
Colling,Coloradae.

41 yr. 1930 1931 41 yre. 1930 1931

monthly monthly

aveée ave e
Jane «45 «45 L¢3 J\lly 1.81 1.00 «10
Febo. «80 . «07 1.26 Auge. 1.24 5445 .78
:Mﬁ.ro 1006 070 o4l Septo 1030 016 ‘40
npril 2.18 +56 1.07 Gcte 1.19 « 38 1.00
May 2.81 4,08 2.58 Kove +46 «7Q «63
June 1.57 1.50 1.50 Dece 81 <14 .18

In interpreting these data the years 1930 and
1931 were compared with the normal or average year. To
bring out the distribution of rainfall more clearlys,
rainfall data by weekly periods is given for the years 193

and 1931 in Table 4.
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Fige 19e-=Moisture content o1 the two
principal Torage plants in adjacent grass pastures.
Bagsed on oven dry weightse







Table 4.--Digtribution ot precipitation in
inches by weekly periods at rort Collins,Coloradae
1930 and 1931

Weex ending 1930 1951 __ Week ending 1930 T93L

January 7 I July 8 04 .19
14 007 - = 15 056 051
21 e24 ~-- 22 22 .08
28 e entes 29 «ll -
Total « 45 0 Total .93 .18
February 4 ——— - August & FT «06
11 - a-- 12 2451 «17
18 «06 .14 19 1.90 ————
25 07 23 26 —— «07
_____Septemver 2 +34 « 06
Total e1d 37 Total D.52 « 36
March 4 .13 W91 September & .27 <16
11 -== 10 16 —— ————
18 027 - B 25 - - ;07
28 14 .02 30 .08 «1X
April 1 16 .26
April 8  --= .22 October 7 .22 <44
15 .18 .01 14 «13 .18
22 .11 .08 21 .02 «38
29 <27 68 28 - ——-
Total +896 .96 Total «37 1.00
May 6 .37 1.36 Vovemkber 4  ~=~= ———
13 <38 .07 11 —— ———
20 2:96 ~== 18 .70 ————-
27 W16 .17 28 - - 62
Total 3.87 1.60 Total .70 .62
June 3 2R3 == December 2 —— .01
10 1036 - o - 9 .09 - e =
].7 ------ 16 005 - e e o=
24 12 —eea 23 ———— ————
July 1 el wwe- 31 - «18
Total 1.71 Q Tatal «14 19

Anual rainfall 180e43  7e01

As indicated by Tables 3 and 4, 1931 was much
drier and the moisture supply was lower than in 1930 or
for the normal yeare July and August were far below the

game periad for ather yearse. 1930 was also below the
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normal years particularly so Ior the growing season wWith
ti.e exception oI one monthe Tne early spring periods
were more favoravle im L1931 tnan 1930. However, &s
moisture is not the important controlling ractor so early
in the growing season that it is later, we tind that 1930
was much more favoraple later in the season when continued
raing aided in maintaining a longer growing s€asohe

The relative intensity o1 external ractors 1is
better expressed by evaporation tor the critical growing
period than by precipitatione In Table & is shown the
monthly evaporation rates for growing seasons of the
years 1930 and 1931, as compared to the average years

Table S.--Monthly evaporation in inches from

a free water surface. Average year and for 1930
and 1931e

Average 19a@ 194l Average 1960 1931

year year
Jane. 1.41 wme= mee=  July 579 6.78  D.42
Febe 1.56 ———— --=-- August b5.36 4.93 6.5
Mereh 2.62 ———— ———— Septe 4.41 4447 6.33
April 4.27 4.29 4.29 Octe d3e2 334 3.8
May 4.98 4.78 25.51 Nove 1.61 ~—— ————
June 560 7« 40 6.78 Dece 1.30 - - - o oo ot

Thege data indicate the variation in demand of
the air for moisture from the soil and the plant. It 1s
again indicated that the two years, 1930 and 1931, were
dryer and atmospheric conditions more severe. June 1930

and 1931 were very nigh as wasa July, 1930 and August, 19314
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To compare the montaly period for €ach year witan the
corresponding month of another year is ratner difficult,
but it would appear tnat 1950 was much more severe than
1931. This is contrary to the above raintall summarye

The effective rainfall as well as the effective
evaporation can better be measured wnen the comhbined rates
of evaporation and rainrall are considerede. Tnelir com-
bined value is expressed in Tables 6 and 7e

The P/E ratio (precipitation-evaporation) suggesi-
ed by Livingston and Shreve (35) is used in obtaining the
values indicated in Tables 6 and 7.

Table 6.--Efticiency of rainfall as expressged
by the precipiation-evaporation ratioe.

1930 1931
Period " P/B Period P/E

June 3- 8 «00714 June 6-12 00040
10- 17 . 00000 13-18 .00000
18-24 : .00037 20-26 .00000
25-July 1 .00027 27-July 2 .00000

July 2 - 8 +00000 July 3-11 .00000
9 -156 .00180 12-18 \ . 00000

16 -21 .0023 19-25 .00000

In the foregoing table (Table 6) are given the
ratios of preecipi tation over evaporation for weekly periodg
during the growing seasone. The evaporation in this case
wag determined in cubic centimeters by use of Livingston
atmome terse

The following data in Table 7, is similar but

evaporation in this case wasg obtained by the use of the
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free water gurface methode

Table 7.--Efficiency ol rainiell as expressed
by the precipitation-evaporation ratie. Evaporation
based on water losg in incnes from a free water

~surfacee.

1930 1931 Average 1930 1931  Average
) . year year

Tane  —--= === .58 July  -1440 .0IB0  .303
Tebe. cre= cee- «334 Auge 1.1100 .1192 «231
N Mare. ——— -——— « 409 S€PpLe «0358 .0632 «285
Lpril <1308 .2498 .830 gcte «1077 2810 « 363
Moy  o8530 4630 o567 NoVe  —mmeee =mem= .285
June «2026 .2212 .280 DECe meommce cene- « 392

With the variation in rainfall and evaporation
from year to year and from the average in mind, we can
safely compare the climatic intensity that existed by the
valueg in Tables 6 and 7.

The main growing season was much severer in 1931
then 1930 as indicated by the P/B values. The corresiond-
ing weeks June 10 to 16, and July 2 to 8 were the only
weeks in the 1930 seagon which were as severe as 1931le.

The values in Table 7 are not as accurate as tnose in
Table 6 which are on & weekly basis, but indicate that the
two years were more gevere tnan the average yeare

Other environmental factors such as temperature,

humidity, wind velocity, and light intensity were much
more severe in 1931 than in 1930 or for the average of the
five year periode Temperature values were evidently above

normal and relative humidity very lowe These are
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reflected in the evaporation ratioge

Because of tne dirticulty in obtaining true soil
moisture readings in rocky soils, soil moisture values will
not be givene. However, the trend ot moisture content of
the soil can be approximated or compared with moisture
content of adjacent soils (28}« Thesoil moisture under
adjacent mixed-prairie vegetation frequently 1alls below
the hygroscopic coefticient im the upper two feet of
goil after the middle of June and is reachned later in the
lower horizonse. From the presence oi deep roote€d grasses
and snrubs, it appears that thigs condition 1s reachned
much later in the snrub community and pernaps not &s

severe in depletion of soil moisture. Andropogon turcatus,

A. scopariug, Poa spp.s_Agropyron gpicatum, and other

grasses indicate a more moist site and a longer growing
S€agone

From the above data it 1s evident that condi-
tions affecting plant growth tor these two years were more
severe than can be expected ior the average year. In
applying results obtained for these two years, allowanee
must be made Tor the effect of climatic conditionse

It can be expected that rate of development,
date of maturity, current annual growth and moisture con-
tent of forage will be below normale This not only

applies to the shrubs studied but to other forage plants
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agsgsociated wiin tnem and those wnich make up tne 1rorage
in adjacent pastures. It ig especially true in determining

the initial grazing of tne snrubge

Palatability

One of tne ¢niet considerations in estimating tne
forage valiue 01 cnaparral 18 1ts palatabllitye.

in measuring palatapility of a sarub species, 1t
ig recognized that many iactors are involived and an
attempt to measure tnem must result in optalning only
relative valuesg.

Such factors as tne clags of sgtock and its
natural preference, tne gpecies concerned and tneir
geasonal variation, the abundance and palatability of
other nearby species and the difference in climatic condi-
tions from season to season influence the palatability of
forage e

In this gstudy cattle will be the class of stock
observed and the factors involved in the use of browse by
them will be dealt withe

Diameter of stems grazed as a factor - The f'irst

ohserved factor in palatability is that of the stem
diameter grazed. The differences between the various

species were obtained by random samplinge
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Table 8.--Tne per cent grazed in each diameter
class considerede The numbers found in eacn class are
indicatede.

Diameter grazed

Species 1 mm 2 mu. S mm 4 mme

FNoe Per NO o Per Koo Per Noe Per
mea- c¢ent mea- cent mea- cent mea-~ cent

sured gured sured gured
Cercocarpus 33 24 ki B 3% 20 T 53
Rhus 50 45.9 857 51l.8 3 2.7 © Qg
Prunus 16 44.4 20 55.5 0 0 0 0
Ritbes 26 8l.1 6 18.8 0 0 o 0
Bossekia 16 61le3 7 26.9 3 11.8 © 0

In Tavle 8 is indicated the relative frequeney of
different diameters to wnich the various shrubs were
grazede. Fiity per cent of the measured stems of Cerco-
carpug were grazed to the average diameter of 2 milli-
metergss Wnile 20 per cent were grazed to tne diameter of
3 millimeters and 5 per cent were grazed to a diameter of
4 millimeterses TFour millimeters was the greatest diameter
measureéde. The per cent of each diameter class is rairly
well defined and indicates that the average diameter
grazed is 2 millimeterse These measurements are
grapnically illustrated in Figure 20.

The curves not only illustrate the value of the
measurements but emphasizes the diameter to which these
various shrubg are browgedes

Prunus melanocarpa is grazed (o & diameter class

very much as that or Rhus, which is between 1 and 2

millimeterse Ribes shows a higner frequency in the 1 mm.

classe while only 18.8 per cent in the 2 mm. class and naone
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in the 3 or 4 mm. class. Bossekia has a greater dis-
persion in the first tnree classes than either Rivesg or
Prunus but not as nigh as Prunus in the 2 mme. class. 3Rosa
wag not measured asg its palatapility value is obviouse.
It is grazed to a diameter which exceeds any of the five
measured and is grazed betore any of the apbove are toucheds

Tne error in sampling was not statistically con-
sidered but fre,uency curveg were made to show the dis-
persion of the values obtainede.

These tigures suggest that Cercocarpus is more

readily eaten than any oif the other shrubs as indicated
by the diameter to wnich it is grazede Prunus is next in

palatability with Rhus, Bossekia and Ribeg in order of

preferencee.

Length gﬁ gtems grazed ag a factor - The desirability

of the various shrubs can also be considered on the basis
ot actual length of current annual growth grazed. Random
sampling was again employed to reduce the chance af error,
and the effect of locating plants which mignt not be
grazede. Sample measurements were made in the center of
the pasture to exclude the effect oi concentration of

stocke The observed grazing measured is contained in

Table 9.




Teble 9e--Current annual growth or several
ghrupg grazed. value expressed in palatability
per cente.

gurrent Annual Growth Amount Palatakility

Species Ungrazed  Gragzed lost per cent
Clle Clle
Cercocarpus 12.9 7 el Ded 4245
Rhus 18.2 9.6 8.6 47 &2
Prunug 1ll.4 4,1 7 «3 64.0
Rives lied 11.4 3.0 20.8
Bossgekia 27«8 15.8 78 252

4 comparison of ungrazed and grazed current
annual growtn is showne This more nearly approacnes the
Forest Service method (42)« PFrunus would nave tne nignest
palatability wnile Rhus would pe next with only a

palatability value of 47.2 per cent, Cercocarpus tnird

with a value of 42.5 per cente Ribes and Boasekia are
nearly of equal value and tneir relative pogitions are
maintained ag compared to palatatility based on diameter.
Comparison with Forest Service figures are of intereste.

See Table ls. Cercocarpus is consistent but Rhus and

Prunus certainly differ, bteing considerably higher. The
next two are nearly more agreecacle, though higiher than the
Forest Service figurese There is certainly much conflict
between tnese two sets of valuegse Internal differences
between the various speciesg siiould apparently agree with
one or the other of the two methodse. It was thought that
coarseness and mechanical or chemical difference were

probably the cause of the preference shown by cattle Tor
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the different species o1 snrubse Microscopic exaninations
were theretore made oI the tissues of thne stemsg eate€ne

Histological and microcnemical nature ag a factor -

Microchemical studiesg were glso made to determine the
variation in tissue districution, amcunt, and presence ot
various suvnstances as oilg, Ttannins, and stored foode It
was thought that tnese charactersg would indicate the
succulence, palatability, and nutritiousness ol thne dirfer-
ent browse plantse Sections were made just pelow Tie tip,
at mid lengtn, and tne rase 0I tne current annual growiin
as well as at upper end oif the previous year's grovwthe
These studies were made tnroughout the rall and early
winter.

Tegts for tannin, oils, and sugars did not yield
gigniticant differences. Teats for lignin, cellulose and
gtarch were mare indicative of dirferenceg between the
geveral gpecless

Becguse of the volume of material resulting fronm
thege studies, only that wanich is pertinent to aiscussion
will be here considerede TFrom rield observations grazing
on the average, seldom exceeded 50 per cent of the current
annual growth and ditferences occurring witnin this grazing
1imit will be illustratede.

In Figures 21 and 22,camera lucida drawings are shown

of sections of the respective shrubs studieds Theage
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Fige 2le~=Camera lucida drawings of
gstem sections at mid-length ot current annual
growthe.

A- Prunus melanocarpa
B - Bossekia

¢ - Rhus

Maximum radiug 1.5 mme
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Fige 22e~-Camera lucida drawing of stem
gectiong at midelength of current annual
growihe

D « Ribesg

E - Cercocarpus

¥ « Rosa
Starch grains indicated by stipple markse
Vaximum radius 1.8 mme
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sections indicate relationship of the different snrub
growthse The amount or Lignirtied or woody tissue and the
amount of pith and sorter tissue snould indicate the succu-
lence and palatability of the plants, while atorage areas
and stored starch would be a measure of nutritiousnesse

Cercocarpus has the nighest lignin content with

Ribeg and Prunus next, in ordere. Rosa,Rossekia, and Rhusg

contain much less with Rosa having the leaste Hossekia has
the most pithe Rosa and Rhus are nearly egual in pith

size, while Ribes and Prunus are intermedizte. Cercocarpug

hag comparatively little pith. Phloem tissue is best
developed in Rhus and more or less equal in &ll the othersge

Storage tissue is best developed in Cercocarius

ag starch was found present in the pith as well as in the
cortex. The latter feature is equally true of the otherse
The amount of starch was the most unilorm signifi-
cant difference existing beiween the various ~lante and
was found to agree more nearly with the observed grazings,
and follows more nearly the diameter eclass grazede
Figures 23 to 30 give a more detailed repregenta-
tion or the internal structure ot the shrubs studied. Tnese
T zures are photomicrographs of stem sectionge

In Figures 23,24 and 28, sections of Cercocarpus

are snowne Figure 23 is a section taken at the tip.

The distribution of tissue 1is readily seen. The central
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cells in the pith are ligniried as is the xylem and bast
fivera. The phloem, medullary rays and cortex, represent-
ing the parenchyma tissuee. Starch is found in tae pith
cellg. The darkened areas in the paloem rays and 1lnner
cortex are algo starch containinge The large amount of
lignified tissue is great tor this position and 1s, of
courge,s increased in the older growtne Figure 24, a
gection at mid-length of the current growth, emphasizes
the storage tissue present in the stem of tais soeclese
The pitn, rays, and cortex are full of starch granulese.
Figure 25 is a greater magnitication or tae section in
Figure 24. The storage material is clearly outlined in the
thick walled pith cells wiicn are the center of food
gstoragee.

In Figure 26, a section of Rhusg, taken at the
normally grazed diameter, is snowne The relative distri-
bution of tissue can be better obtained by comparison
with the camera lucida drawing of this species in Figure
2le

The greater succulence of this species is much
augmented if the amount of parenchyma tissue is an index
of succulence. Maxinmum storage ig reached in the parenchy-
ma tissue of the endodermise. The presence or absence of
starch seems to be more significant than degree of

gucculence in accounting for the difference in the grazing
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of the two speciese.

Bossekia shows again the variation in tissue and
food location of snrubse. Starch content in the orimary
xylem, wide medullary rays, and inner cortex is shown in
Figure 27. The ratio of cellulose tissue to lignified
tissue is much greater than in the other speciese. The
combination ot consideratle starch storage tissue and
celluloge tissue does not bear out the low value given ite
This plant was certainly not the tirst to ve grazed or the
heaviegt grazed in the pasture. However, shrubs occurring
in other areas were freyuently grazed to a diameter of 8
millimeters or moree« Apparently the grezter amoung of
gtarch available and abundance of tne plant as well ag the

later maturity of Cercocarpug as compared with Bossekia

are more gignificant than greater succulence in deter-
mining the grazing ot the plante

This relation is pernaps brought out in the
section of Rosa in Figure 28. Rosa appears to have a
greater starch storage area in the outer cortex and with
the game relative ratio of cellulose tissue and lignified
tigsuee.

The amount of lignified or woody tissue and the
tannin storage area of Prunus are shown in Figure <9.
The amount of starch tissue is less easily defined in

this species but geems to be concentrated in cortex and
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rays with some in the primary Xxylem. In Figure 16, a
gection ot Ribea, the distribution or tissue is illustrat-
ede

From the above observation on tigsue distrigution
and storage material, we can again consider the observed
grazing values with Forest gService valuea.

Tne following list ghows the estimated palata-

Bility values and the Forest Service valuese

Palatabllity
Species OCbgerved Foreat Service

Rosa 60 20
Cercocarpus 40 40
Boggekia 30 0
Prunug 20 5
Rhug 1Q 0
Ribes 5 10

This rating will be Again geen in comparing the
geasonal use of the various speciege

The outstanding point ot comparison in the shrubs
of aur foothill chaparral is the relation ai stored food
to utilizatione. Apparently succulence and woodiness play
little, if any, vart in the utilization, but the plants
are valued and browsed on tne bagis ot their stored food

contentes

Utilization
The ultimate measure ol vegetation 1or pasture

is its actual use. The carrying capaciiy, the adjusiment
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of carrying capacity, change in clasg ol stock, season of
uge and intensity oi use, depend upom an accurate estimate
of utilizations 1he question frequently arises, is tihe
estimate correct? In common field practice and oitimes
in investigations egtimates of the degree of use obtained,
are purely ocular and generale At best 1t falls short of
being accurate wnen determining 1ull use.

At the present, methods of measuring utilization
are poorly developede. The author has never encountered
any degcribed method, though the variation in utilization
from place to place and from s€ason to seasgon nas been
recognized by many workers. rerris in England, has
obgserved the use of different pasture grasseg. Sampson
(47) in Utah has shown the distribution of vegetation
about congregating areas as the result of utilizatione.
Cory (13) in Texas has observed the movement of stock, by
means of tield glasses, from day to day and during the day.
Forsling and Storm (21) in southwestern Utah have shown
the degree of utilization of various classes of forage at
different seasons oi the yeare No details oi method were
given, howeveres

In measuring utilization of chaparral the
problem becomes involved. Lt does not only become a
queation of forage preference and use, but of accesibility

of the Bbulk of the forage and of penetration into the
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area as welle

In this particular problem utilization involves
uge as compared to adjacent pasture types, seasonal use of
types as a whole, use ot secondary plants, effect of
slope on distribution and degree ot use (accessibility and
penetration), and use of dirferent speciese

In order to answer the above questions the line
transect seemed to be the most suitable methode. Three
line transects were established in tne pasture. The northa
transect, 100 meters long, extended two-tnirds up the
slope and contained 51 shrubs. 7Tne middle transect, 1832
meters long, and containing 75 snrubs, extended the rull
length of the pasturee 7The gouth transect was 200 meters
long and contained 88 shrubsge

The shrubs were tagged with metal tags and located
on the transect line. Height and average diameter were
noted for both years. 'The condition éf the plants was
noted, that is, the apparent vigor expressed in new
growth and freedom from tip gall caused Ly an unknown
insecte

The transects were visited on the first day of
each month or within tinree days oi that date. The
grazing of each shrub was recordeds. As 1% was impossible
ta count each grazed and each ungrazed stem on 8o many

plants, five grazing classeg were established wuich were
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gufficiently large to exclude tne eftect of ocular esti-
mate and still rurnisn the desiraunle inlormation. ALl
ghrubs which showed less than 25 per cent oi all stems
grazed were classed as light, 25 to 50 per cent of all
stems grazed as moderate, 50 to 75 per cent ag neavys, and
over 75 per cent as VEry heavye Any observation on the
character of the vegetation, the difterence getween ane
gspecies and anotner, peiween individuals, and the cnance
gelection by svock, will indicate tnat more intensive
observation would be beyond the intent and purpose of this
invegtigatione

In the tollowing tanles, 10, 1ll, and 12; are
given the records or grazing on tne norih, souti, and
middle transect through typical toothill chaparrale

The obgervationg were made during a periacd of twa
yeara during the fall and winter months and indicate the
utilization of this type of forages

The gymbols in the tables indicate the rollowings
L indicates low vigori M, mediums H, nighj for degree of
grazing N indicates no grazingi Ls light; M, moderates
H, heavy; V, very heavye Symbols for plants are C for

cercocarpus; Rh, Rhus; Ro, Rosej Ri, Ribes; P, Prunus;

Bo, Bossekia, Am, Amelanchier.
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Table 10e.--Records of grazing on north
transect tarough typical tfoothill chaparral
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~Table 10 (continued)
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__Table 11 (econtinued)
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Table 1l2.--Hecord of grazing on south transect
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“Table 12. (continued]

_Growth

Degree of grazing
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“Table 12 (continued)

Degree o1 grazing

1930
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In the akbove “able thne utilization or snrubts in
typical chaparral is indicated. Several congiderationsg
are obviously of value in determining the utilization of
foothill chnaparrale

Accesgiphility - In Tables 10, 1l, and lz the

heights and diameters ol tne various species and
individuals are given. It is apparent from these obseérve-
tions that tne individual plants are for the most part
accesgible. Very few individuals exceed tne neight to
which cattle can grazes From a view ol a small portion of
the pasture as snown im Kigure 16, one can see that
individual plants are accesgivles Tne distribution of
plants is remarkably unitorme. Density of the stand and
height ofvegetation ar utilization oI tinis vasture are not
factors as may be the case in otner types ol browse.

The ditrtrerence bhetween accessibility or mixed-
prairie pasture and shrub pasture 1is merely a question
of slope. Trails worn by the stock from the gshed, wnich
ig direetly between the two kinds ol pasture, penetrate
all parts of the shrub pasturee.

Seagon of Use - The value or shrubs for pasture

ig readily seen in the study where stock had access to

both shrubs and gressland belawe Tne pasture was visited

during July and Auguste Shrubs were nat touched except

for an occasional plant before August firste. Grazing




-89-
records were not taken berore Septemper 1irgte On thnat
date the grazing was recordede Tne results optalned from
that time on are contained inm the preceding tables, and
in Teple 13 wnere tne monthly grazing is surmmarizeds

At the end oI August, 46 per cent Q0. Thé sarubs
ghowed gome degree o1 grazinge

Tne 1ollowing taonle (Tacle 13) gives & summary
of the data to illustrate this pointe

To explain the marked change in one monih we
must look to direetly related ractors, le €., Une condi=-
tienm o1 the understory and tne condition af adjacent
pasture.

By August rirst the vegetation in the mixed
prairie had reacned maturity as indicated im Figure~19.
The forage not only becomes dryer, btut also utilization
of the most palatable plants must nave been nearly
completes As growth continues much later in the chaparral
the moisture content of the torage would be highers

In the understory of the shrubs Bromus tectorum

would be matured and uninviting because or awnsg developed
and the high fiver content ot tne fruit stalke. The other
gragses showed at least 90 per cent utilizatione Thney
were all cropped to the grounde. The maturity and utiliza-
tion of torage in the mixed-pruirie pasiure and understory

in the shrub pasture are contributing faetors in the early
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fall use or the browse plantse It is evident tnat this
point would be reached sooner i1 the adjacent grass
pasture and grass in the type rurnished less foragee. Thes§
results are entirely in narmony with the observatioms of
Forsling and Storm (21).

It is certainly evident that the snrubs are
less degiraple (palatatle) to cattle tnan associated
grasseg during the growing s€agone

donthly Use - in Table 13 thne monthly change

in utilization and varying intensity o1 grazing is
gummarizede The results in Tavble 13 are graphically
shown in rigures 31 and 32 They illustrate the monthly
trend for each seagon. August valuesg im rigures 32 are
bagsed on one transect so tnat use in September does not
follow uniformly with the remainder of curves. This is
probably due to irregularity in use from one transect to
another. However, tne trend with the months is readily
S€€ne

Figure 31 shows the trend of grazing for the 1930~
193] seasone The increased grazing is rather uniform.
The per cent of ungrazed class partly replaced by an
increase in the lightly grazed clasae. The moderate and
heavy classes being reduced by an increase in the very

heavy classe

In Figure 32 this trend is more clearly shown. The
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Tre downward trend of the non-grazed clasgs is pronounced
after Septemper 30.

The lighte-grazed class sinows an increage o1 & per
cent at the end of October, but drops 5 per cent &t the
end ot seagon to 20 per cent or all classese Tne drif't
ol the next three classes snows a more general upward
trend replacing the per cent o each succeeding clasge

Tne dirrerence in trend ot curves for the two
seasons may be explained only inm that the maximum degree
of grazing was reached later in 1931l.

The 1930-1931 seasgon diitersg from tnat or the L1931
geagon in that utilizatiom was much heaviere Utilizae
tiog reached 70 per cent for total ot all degrees af
grazinge The pasture could still be utilized to the ex-
tent or 100 per cent oI the neavy classe In either year
the pasture was not grazed more than moderatelye

During the 1931 grazing season the transect which
gave the August value indicates that over half the shrubs
were untouched and thiose wnich were grazed neavier than
25 per cent or their stems amounted to 15 per cente The
tulk of the shrubs that were grazed were only ligntly
grazed « The trend from manth to month for the
different classes was uniforme. The per cent or wedium,
heavy, and very heavy classes increased to the end of the

study, while the per cent of ungrazed and lightly grazed
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ghrubs decreased. At the end or tne 1931 season, 60 per
cent were lightly gfazed and 222 per cent were moderate-
ly grazed, 9 per cent neavily grazed and 7 per cent very
heavily grazed. The sarubs as a winole were not tully,
utilized to any degree o1 their capacity wnich is 100
per cent of heavy class onlye

Size oI pasture and slope - The relation of extent of

of browse pasture to its 1ull wtiilization nas been a
subject of conjectures. In Calirornia, chaparrzl areas
that nave a plant cover of from 90 to 100 per cent hnave
been opened up by brusning out oI rire lines and pawer
line right-or-wayse It was observed there that penetra-
tian of cattle into the chaparral was increased. In the
pasture nere gtudied with a more open cover the immediate
benet'it was not seens. Trails tihru the area merely in-
creaged grazing immediate to the traile Wnere only a few
plants are present in a gzone intersected by the trail,
the effect will be noticed in the resulting datae. How-
ever, analysis or data and location of trails indicate
the noted effecte

The results from Tables L0, L1, and 12 are re-
egtablisned in Table 14 and comparisgon made with reference
to zones. The 0-25 meter zone repregsents the lower edge
of the pasture while the last zone the upper margine.

These valueg are more clearly expressed in a graphnie
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manner in wvigureg 33 to 44. The relationsnip existing
between intensity ot grazing and extent and slope of
pagsture ig brought out in ftrend of the various grezing
classege.

In Figuresg 33, 34, and 35 tne diiferent intensities
of grazing, i. e., ungrazed, lLight, medium, hneavy, and
very heavy, are compared for each zone in tne pasturee.
Thege Tigureg repregent the 1930-1931 seasone.

Figure 33 shows the trend and distribution o1r grazing
ag aftected by slope and extent o1 pasture 1or November
1930, our first record ot utiliizatione The most gignifi-
cant difference is in tne distrinution or grazinge. The
trend is uniformly upward, ag indicated by the increase
in per cent of sarubs ungrazede. However, at 100-125
meter zone there 1s a break and the per cent oi ungrazed
ghrubg decreagses to the last zonees A comparison with
following months of December and January, illustrateg how
thig digtrivution is maintained. It 1s further sub-
gtantiated by the results of the 1931 seagon indicated
by Kigureg 36 to 44 These resultis are contrary ito
gupposed grazing of this type of vegetatione

In returning to Figure 33, we tind no uniformity in
the trend of amount and the distribution of the grazing
clagssegse. The bulk or the shrubs that have been touched

are only moderately grazede The heavy class is greatest
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at the lower end of the slope and 1is replaced gy the
light and medium grazed class in itne upper zones. The
pasgture nas been very heavily grazed in the first lower
ZoNe o

As indicated py wiguresg 34 and 35, the distrivution
has become more uniforme At least the center ot the
pagture is being grazede The increage in the light and
heavy clagses 18 noticeable. The trend of the very heavy
class is indicative o1 repeacved grazing and greater
penetration by stocke

The resulte obtained during the 1931 seagon, Augugt
to Decenmber, inclusgive, are in general gimilar to the
previous years grazinge ''ne upward trend ol the un-
grazed class to maximum in the 100-1250 meter zone is again
illugtratede The grazing being neaviest in the lower
zoneg and next heavieat in the upper zone and least in the
100-125 zone and other zones adjacent to ite

In Figures 31 and 32 the difference in amount grazed
for the two seasgsons wasg notede A comparison of the
graphg for gslope relation in Figures 33 to 39 again
bring out this pointe

Further analysis of utilization with regpect to slope
can be geen in Figurea 40 to 44.

In Figure 40 the per cent of non-grazed plants is
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shown. The montnly increase in grazing inm center of
pagsture 1s much greater tnan at either end oI the pasturee.
Thé unitorm progression aof increaged grazing irom month
to month is readily gseem. (The August curve 13 the result
of data from one transect and would be based om fewer
plantg with the natural disagreement with general trend.)

In Figure 41 wnere the monthly trend o1 lightly
grazed snrubs is shown the cnange from month to month
indicateg the penetration ol stock rather markedlye. Tne
effect of slope is a bit more uniform as one might expectes
There is a decrease in tne per cent ot lignhtly grazed
shrubg, i. €., shrubs are being grazed more neavily at
the lower end of tne pasture and at the upper end, wiile
in the center the per cent of lightly grazed snruts is
increasinge In Figure 42 where the per cent of moderately
grazed shrubs is plotted, there is a decrease again at the
bottom and top of glope with a corresponding increase 1in
the centeres

In Figures 4% and 44 the increase in heavy and very
heavy classes shows & unilorm increage with season and
slope. These classes are replacing the other classes as
grazing becomes heaviers Shrubs which were only grazed
lightly or moderately on the lower end and upper end of
the pasture are grazed again during tnhe season with an in-—

creagse in the heawy and very heavy classesg.
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¥rom the toregoing analysis it is evident, then,
that slope and extent oi pasture ag well as season has a
pronounced effect on the distrivution and intensity of
grazing in the pasturee Trails evidently permit access
from one margin o1 the type to anotnere. <renetration of

grazing 1s from both marging toward the centeres

Utilization of different gpecieg - The utilization of

Cercocarpus 1s identical with the use which the pasture

receiveds. To regtate some o1 the ovbserved values, we can
gay that tne snrub 1s grazed prinecipally to abvout 850 per
cent of its current annual growthe Tnis is comparable
again to the palatability value orf 40 per cent given to 1it4
In comparing the values in Tables 10, 11, &nd 12, for

Rhus, with adjacent individuals of Cercocarpus we iind

that 1t was either lightly grazed or not grazed as con-

pared to moderately grazed or lightly grazed (ercocarpusSe

Rikeg was not grazed adjacent to lightly grazed Cerco-
car EEU.S -
Rosa, on the other nand, was neavily grazed beiore

Cercocurpus was toucheds. After the spines matured and

leaves turned color no further grazing was notede.

Prunus showed congideraple variation in obsgserved

utilizatione It occurred so infrequently in the estalblish

ed transects that the observations are meager. As the
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plant approaches a small tree in size and torm, with but
slight development of branches as compared to the other
shrubs, 1t frequently shows considerable ugee.

Bosgekia also being rather infrequent did not permit
intensive observations but from general observations in
the pasture occasional sarubs snowed very light utiliza-
tion while isolated plants occurring elsewnere in the
region would show very heavy utilizatione Thisg is clearly

geen in Figure 45.

Zffect of grazing on shrubg - Any degree of grazing

appears to have a characteristic efteet on the form of the
shrubge This is so general an observatiaon that records
of other workers need not be citvede Every cone has geen
a trimmed hedge and this effect is identical to grazing by
livestockes

In Figures 45 to 50 the result of grazing on form of
shrub is snowne Figure 46 illustrates a comparison of

grazed and ungrazed Cercocarpus plantse The broom-like

effect isg readily seene. The removal of the terminal buds
seems to accelerate the development of laterals. This

effect is again snown by Cercocarpus in Higure 47.

The grazing ol Bosgekia resulis in an effect similar

to that occurring omn grazed CercocarpusSe Figureg 45 and

48. Bossekia and Cercocarpus also showed considerahle
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development o1 suckers which were longer than the normal
development of other growthe
In Figures 49 and 50 a comparison or grazed and une
grazed Rhug is showne The grazed snrub was on tae marging
of the type and shows a more pronounced effect of grazing
than one normally seeg within the type Dropere.

Rosa and Prunus did not show tnis charaecteristic

development under grazing, due gerhaps to taneir form of

growthe Retarded development and resulting growth must
naturally be similar to that ot the otner snrubse Ribes
was g0 glightly grazed that observations of this type
were not notede.

Effect of clipping on giarubs - The intensity to whnich

these plants can be grazed without serious injury is un-
known. Sampson (48) states that 15 per cent of the
current growth should be left at the end of the grazing
seagone This has been definitely established for grassese
In order to determine the intensity to which they
could be grazed without injury, and the nature of the
effeet of such grazing, some elementary clipping studies

were made on Cercocarpus and Rhuse

Stems of Cercocarpus and Rhus were clipped at various

points to simulate different intensities of grazinge
The results obtained in the elipping study are shown in

Tebles 14A and 14B.
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The data thus obtained are not conclusive Lut
serve to indicate the nature oif ditterent intensities of
grazing on growth of thege shrubse

Wnen the stems were clipped to within one inelr
of the previous year's growth, tnhne efrect on tne planti was
more severe in that there were fevier stems developedes

Amdin the case of Cercocarpus thnis was too severe with the

death of the stem being the resulte Stems clipped to four
inches or approximately half their annual growth, showed
thie greatest acceleration ot branching than the other
two intensitieg of grazinge

Terminal clipping did not materially increase

branching in Cercocarpus tut it did for Rhuse. Wanile it

appears that Raug shows much more brancihing as the result
of grazing, & definite comwarison can not salfely be mades
It is sufficient to say that, if clipping approaches
grazing in 1its effect on the growth of the shrubs, com-
plete utilization is detrimentale Clipping or abvout 290
per cent of growth tends to accelerate maximum branching
and light clipping, no appreciable effectes

The effect of grazing must certainly result in an
open stand of low shrubs which may not ve desirable on
wegtern ranges where watiershed protection is of primary
concerne Should modification ot this type encourage

other forms of vegetation more desirable for thls purpose,
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then grazing is benericiale. These facltors are of great corn-
cern in the management ot our extengive brush areas in the
Weste

Isolated plants receive the heaviest grazing
as shown by the illustrations and the efifect on thnem is
readily seen inm Figures 45, 47, and 50« Thege plants were
sukbjected to repeated grazing because of the location,
wnich is contrary to normally grazed areage [t might Te
added that this neavy grazing 1s orten noticeable on the
margin of shrub areas in the regione. This seems to prevent
the extension of the type and to accelerate inveasion ty
the short grasses or the adjacent mixed-prairie vegetatione

The effect of grazing on growth is diftricult of
interpretation. If we refer to Tables 10, 11, and 12 to
compare the height and diameter of the plants with reference
to previous grazing, no gharp conclusions can te drawn .
Terminal branches may or may not have been grazed. The
effect of removal of stem competition for lignt and

nutrient supply further obscured valueg obitainedes
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CONCLUSIGONS

The cnaparral area which varies from one to rive
miles in diameter along the front range, provides
sufficiently large pastures tor nandling as geparate areas;
This extensive districution of the type involves every
rancher in the area who, by adjusting nis Iences, can
more sultably utilize the forage providede.

As the type is intermediate between two major
grazing types far more extensive than itseli, it must take
& secondary positiom as to usee Use o1 tnese various
range areas are tor the most part based on ownershipe
The alpine meadowsg are used Tor sneep rangee Thne yellow
pine torest for cattle and the plains area for both sneep
and cattlee. The pracedure of use is generally as followsl
Cattle are moved from the mixed prairie range to the
yellow pine foregt for the summer period and then back to
the plains for the remainder of the grazing seasone. Sheep
are moved to the al_ine meadows for summer period and are
brought down for the remainder of tne grazing season on
the plainse. The chaparral areas are not congidered ex-
cept as they chance to occur in a particular pasturee.

The relation o1 compositiom to grazing used uy
the various classes of stock is a very fine onee. The
abundance of the various gpecies ot browse would lead one

to suggest that grazing by sheep would be its nost
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gsuitaple use. The roregt 3ervice valueg attached to the
dominants and those from our pregent studiesg indicate
that the management of the type snould ve based on the

most desirable forage plants such as Bouteloua gracilisg,

Agropyron spicatum, Carex gtenophylla, Ceércocarous and

others. This would taen suggest grazing by sheep to the
degree thege plants could withstand such grazinge. However,
the composition I tne type itself is not the deiermining
factor. The adjacent grasgsland with its greater extent
would determine the class o1 stocke Where the adjacent
grasslend consiste largely ot short grasses as grama and
buffalo grass sheep would obtain the maximum utilization
of the range including the chaparral. 'Where the grass-

land_characterized by Agropyron smitnii, 3tip& sppe., and

other t&ll prasses, then cattle would be the most suitable
class of stocke The presence of poisonous plants would

be the final factor im the use of the typee.

The seasonal development of Cercocarpus is not
early enough to provide new spring growith in advance of
the mixed prairie vegetation but does still retain con-
giderable tfood materials in late current growti to provide
spring grazinge If the grassland is to be grazed cone
tinuously in the summer season, this is especially

importante.
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Carex and the tall grasges are often in advance
of the grassland members and snould provide earlier
grazinge
Such spring use ag may be possible is handi-
capped by the presence of two important poisonous plantsa,

Zygadénus species and Delphinium socecies. They both

start growth before Cercocarpus but sbout the same time asg

the early grasses. Tais, taen, would exclude either class
of stock from the areas tnat are occupied by these plants
during the spring periods However the area occupied by
larkspur can be grazed by sueep with comparative safety
but areas containing death camas would be unsatre for

either class of stocke Thne prescnce of Prunus melanocarpa

in the spring would be an added danger, nowever, this
gource would not be hnazardous under pasture conditionse

Summer use of ciaaparral as far as plant develop-
ment is concerned would offer no grazing problem except
that poisonous plants would be a legger factore

At the advent of late gummer and rall, nlant
development isg very important in ithe use of the type and
asgociated typese. The mixed prairie grasses and forbs are

matured or nearly matured. These plants become 1less

succulent and less palatable e« The plantsg of the
chaparral are later inm maturing and would extent”%he

period of green forage available for grazinges The contin-
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ued growth and leaf maintainance of Cercocarpus would be

decidedly advantageous tor 1all grazing of shneep ocut not
neceggarily for cattle as tney do not snow any great

degree of preterence for leaf over the gtems. Sheep, on th§

} hand, show a more decided preterence for leat. The winter

period merely presents & continuation of torage availablees
In concluding the role of pnenology, we can say

that the nature of development of Cercocarpus and agso-

ciatesg, both herbaceous and woody, is of extreme impor-
tance in the best uge ot the typee Thne shrub type will
provide spring grazing while the grassland can be pro-
tected, providing poisonous plants are not present.
During the summer this type can be closed to grazing
without materially reducing the value oi the forage pro-
duced at that time. The grassland or forest and alpine
range is now available for use and offers more suitable
pasture. During the fall period sheep come off of foregt
land earlier than cattle. They can be grazed on tne
chaparral and graze the weedy growih and leafage of

Cercocarpusg before thig substance is gone. The grazing

of cattle on this type fits very nicely the date of
removal of stock from forest land and the development of
forage on the chaparral and mixed prairie. TLoss of leaf
material is of no great concern ags cattle will readily

graze the stems of Cercocarpus from their first appearance
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in the type until the eund of winter.

The application oif results obtained from the
palatabllity studies must nave as its basis the composi-
tion of tahe types. This, then, resolves itself upon the

palatability of Cercocarpuss Tne diameter and length

grazed 1s indicative of its high palatability as compared
with associated shrubse. The nigh lignin content is no
barrier to the readiness it is grazed by cattle, and to a
legser degree, by sneepe. The location and amount of
gtored food in the form of starch is of congiderable im-
portancees This condition of stored food fits well the use
of the type. The type can be reserved ior tall, winter,
end spring grazing without seriously reducing the forage
oroduce during the growing seasome It apoears that it is
highly advantageous to restrict summer grazing so that

the volume of stored material can be allowed to accunulate
for the periodg indicated akovea.

The results from observations on phenology and
palatablility are substantiated by the results of values
pbtained from the utilization studiesge.

In a pagture containing both grassland and
chaparral vegetation stocxed to its maximum capacity, the
breference for various plants proceeded from utilization
bf most degsirable gpecles of grasgsland plants to chaparral

(Cercocarpus) and the legss desirable herbaceous plantsge
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As this closely followed development and increased pala-
tability or the sarubs the relative amounts of each kind
of pasturage wasg satigfactory for the grazing studye.
However, if the chaparral ty.e is to reach its vest use
grassland saould be sufficient to provide grazing until
falls
The nature ot the use ot extensive chavarral
does not have direct avnplication here, but for extensive
types it appears that distribution measures usually
associated with the control of stock on the range would
need modification for chaparral. ZILarge types could ke
mapped for utilization studies and the results obtained
would more nearly indicate the location of fences, water-
ing places, and salt groundse

Grazing rmust have congiderable iniluence on the
gucceéssional trend of the chaparral community. Heavy
grazing would modify the cover %o the extent that
annuals would make up the bulk of tne cover in the under-
story and that the crown cover of shrubs would bve con-
gideraly reduced. 3Such regulting cover would be un-
gatisfactory for vital watershedse The normal itrend of
the community itself is evidently tao yellow pine forest
or gsavannah with an understore of one or more of the mixed

prairie grassese
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SUMMARY

In Colorado there ig a large acreage of sarub
plants known as chaparral which nas congiderable value for
forage and plant covere.

Ecological studies snhow tnat topography
regulateg the distribution of communities tnru the control
of soil development and soil molsture. Grassland occupied
the more highly developed soilse Chaparral intermediate
soils, and forest the poorest developed soilse. Tne lower
limits of foregt and chaparral are dependent upon a deeper
moigture gupply than the grasslande

Individual gpecieg of the type likewise showed
preference for certain sitese Root studies made indicated
that this distribution of species was quite evidente

Cercocarpus, Bossekia, Ribesg, and Purghia occupied the

poor sitese Prunus spp. and Rosa gpp. intermediate siteg

while Rhus and Symphoricarpasg the begt sites in the typee.

The specific study on palatability and utiliza-
tion of chnaparral was located five miles west of Fort
Collins, Colorado, on a pasture containing both mixed-
prairie grassland and chaparral. The pasture was
completely accesaible to the Hereford cattle used in the
studye.

The chaparral slope was dominated by several

ghrubs which made up over 60 per cent of the cover and had
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n density of 33.6 per cent of the grounde Cércocarpus nad
a frequency of 00 and an abundance ot 26.351 in plots
studiede Roga and Rhus were next most abundant. Frunusg

melanocarpas Prunus americana, Bossekia delicliosa, and

Ribes cereum were agsociated with themes Tne understory

consisted chiefly of downy brome (Bromus tectorum), and

common members of the mixed prairie and yellow pine foreste

Cercocarpug dominated and characterized the community

taroughout its distrivutione

The seasonal development records ind icated early

spring growth of Ribes cereum and Prunus melanocarpae

Growth starting early in April or late iarche (e€rcocarpus
gsoon followed. Rhus was late in starting growtn out
maintained the bulk of its leafage later than the others

with the possible exception of Cercocarpuse. The early

plants were likewise late growers as new leafage continued
to develop until late Qctober and often Into thne winter
periode

Climatic records indicated muchn severer growing
conditiong for the two years the gtudy was conductede
1931 wag more severe than 1930e. This condition would
modify the grazing resultse. Rainfall records when correla-
ted with evaporation, provided a much better measure oi

the climate than either weighed separatelye
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Cercocarpus was grazed to a anigher average

dlameter than the others excepting Rosa. Prunus, Bossekia

and Rhus were next, with lower valuese. Ribes was grazed
to the smallest diameter ot all snrubse On tne bagis of

length of twigs grazed, Cercocarpus continued to be uniforn

in preference. The average rating of thisg dominant shrub
was 4245 per cent. However, the palatability value of the
others was materially raised on this vasise Prunusg would
be rated 64 per cent, Rbus 472 per cent, and the others
proportionately nighere This indicateg that length
grazed 1s not always a true index of palatabilitye.

Camera lucida drawings and photomicrogrpahs
illustrated the important relationship between diameter
grazed and gtarch material present. The proportion of

starch to all other tissue was greatest for Cercocarduse

Starch gtorage areas were highly developed in the stem of
tnis gspecilese.

Forest Service palatability values for this
region were lower for all species in the chaparral when
compared on the basis of observed grazing and histological
studiege

Grazing use followed definitely the development
and utilization of adjacent pasture as well ag the differ-
ence in palatability of the various shrubs. Use did not

begin until August, and increaged in intensity with the
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advance of seagon. At the end of the 1930-1931 season
70 per cent of the shrubs had been grazed. 33 per cent
more of tne heavy grazed class could te grazed without
maximum damage. For the 1931 period the grazing last
recorded was L0 per cent less than for the previous year,
and had been only utilized 9 per cent of the heavy grazed
class as compared to 17 per cent for the last yeare

The nature of diastribution of grazing was
clearly indicated by the methods usede From the first
season's regsults the utilization curve showed neaviest use
at the lower end of tine slope and Least at the centere.
The second year's results emphasizes the previous year's
results except for minor variationse Variation from year
to year and from month to montn was recorded by the me thod

usede

Cercocarpus, or mountain mahogany, did not only
show higher palataﬁility but also heavier use and was the
most important plant of our foothills chaparral. The
utilization of the pasture can be considered to be the

utilization of Cercocar_use
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