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INTRODUCTION 

In considering succession in chis revic1\', we :Ire concerned ",:ich 
secondary, nor prtmary. succession. We are concC'coed with changes 
of plane cover on a soli cnar has alre:ldy been formed. noc wirh che 
action and interaction of organisms and environment over [he ages. 
by which a soil is built oue of ~w cock. Secondary succession is what 

man mUSl manipulacC' if he is to "manage" (he range resource: primary 
succession is noc someching he can manage in any practical sense be­
cause his life span is [00 shore. If his managemene is successful, by 
dC'"finirion (he phases of primary succession involved in normal soil 

development can go forward , presumably as (hey went forward in a 
scare of nacure. Wh~n his management is unsuccessful, he may sec 

desccucrivC' processes in motion by which soils builr over thousands 
of years can be wiped our in a few decades. 

In speaking of range we ace considering, nOt: only f:'XCensl\'c native 
grasslands bur also more diversified plant communities where the 
native vegetation is useful for grazing of either orad or domestic ani- ' 

mats, In [he western United Scates, chese canges n\a)' be dominated by 
forbs, grasses and sedges at high elevations; by aspen or conifer forests 
at incermed.iace elevations; by mixtures of shrubs and herbs in the 
foothills and bener-warered plains; and by desert shrubs in the most 
arid environmencs. The term "range" in cOntrast to "pasture"' refers 

to lands clothed. mostly with native' vegctacion that cannot be gcazed 

heavily with safeey. where the principal management [001 is manipu­

lation of the grazing animal co achieve desired successional trends . 

Intensively managed pascure. ""here introduced species are dominant, 
where grazing is relatively h"vy and where improvemenr is broughe 
about by such agronomic practices as arrificial fertilization. seeding 
and irrigaring, is therefore excluded from consideration here. 

To many people, perhaps to mose, the runge is simply 3. romantic 
setting for nories abouc the Old \"qesc-a carefree land where men 
were' (once) men. The range is nor soOlelhing just of the past, however; 

it is still with us, noc so much a setting for heroics 3S a reSOurce of 
coosider3bJe economic importance. Rough ly about three-fourthS of the 

area of the United Stares west of the hundredth meridian is considered 
ro be li\'estock range (U. S. For~sc Service, 1936 ) aoo e\'en m'ore is 
wildlife h3birac On the wescern range, chere are c:srim3ced co be 

)lit U8RAa, 

~RADO STAn COLLtca 

G1tEELEY. eOL01: " ;',,, 

,. 
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IN FLU ENCE OF GRAZING 3 

some nine million range cactle, nine and one-half million domestic 
sheep. and four million big-gan'1c animals (Wasser ellli .. 1957) . 

Most of chis vast area has been so heavily grazed for so long th3.C 
che original plant cover . has been depleted, and in many places de­
Stroyed. Although unregulated liveStock overgrazing is the priocip31 
cause, the effeers of overgrazing by big game have become increas­
ingly apparent in recent years. Deer, elk and moose have increased 
in number co such a degree that in many places the}" are destroying 
cheir own habicac. 

The economic and ethical consequences _of range mismanagement go 
far beyond damage ro the forage resource. There is very litde of the 
western range where, because of depletion of the plant cover by over­
grazing, accelerated erosion has not destroyed a portion of che soil 
mamle and rhus reduced me produCtivity of the site. The fact chat the 
western tributaries of the Mississippi, as well as tho~ of the ColondQ 
:lnd Columbia, Row through rangelands during mOSt of their cour~ 
h:u much co do with the load of sediment they carry. V'13t expenditures 
of public funds have been made, and mOre are pian!led, for scor:Jge 
reservoirs along rhese river systems, but the useful life of these reser ­
voirs is being unnecessarily shortened by accelerated siltation (Cooke 
tt al., 1950 ) . ic was estimated. a generadon ago m3C three-quarters of 
the 729 million acres of western range were coneribur1ng matedally 
to the siltation of screams (U. S. Forese Service, 1936) . Possibly im­
proved grning practices have lessened the rate of siltation somewhat, 
bue if a survey were to be made today, more adequate recosnirion of 
range depJecion and whar constitures accelerated erosion would prob· 
ably show chac the figures of the mid·chjnies are Stilt reasonably ap· 
plicable. 

Although the western range may StilI be resarded. in more civilized 
pares of the world as wasreland, and admittedly its acre values ' for 
forage are generally low, the vastness of its area makes it important 
in [~e national economy. Much of this area .is tOO difficult of access 
or roo low in productivity to warrant incensive p:lScoral practices, so 
thac improvemenc of its prOtective plant cOver and forage value muse 
be achieved exrensively-that is, by natural succession31 processes. Eco­
logical understanding of rhese processes, whkh muse form the b:lSis 
lor effective ma.nagement, is ,herefore impec;ltive. The achievement 
nf such undersrnnding is 01. scientific challenge of [he first order. 

----- ---- --

.. _- ' _._- . __ .- --
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4 THE BOTIINICAL JtEVfE\X' 

OBJECTII'ES 

Thar overgrazing depletes me range is [cue by definition. The pro­
cess has been described succincdy by Weaver and Clemcm$ (1938) 
as follows : 

, "The more palacable species are eacen down, thus rendering the 
uneaten ones more conspicuous. This quickl)' throws [he advan­
rage in compet ition [0 me side of the b.eret . .Because of more 
Water and lighe. their grOWth is gready incr~ They arc 
enabled to store more food in their propagative organs as weU 
as to produce more seed. The gcazed species are correspondingly 
handicapped in aU these respects by the · increa!.: of the less 
palatable species, and {he grasses ace further weakened by cram­
piing as stock wanders about in search of food. Soon bare sPOts 
appear that arc colonized by weeds or weed.like species. The 
weeds reproduce vigorously and sooner or laeer come to occupy 
mos~ of the space between rhe fragmentS of the original vegeta. 
don. Before th is condidon is reachC'd. usually rhe srocle. are forced 
to eat the less p:;.lacable species. and these begin to yield to the 
compecidon of annuals. If grazing is suffidently ~ven:, chest:, tOO, 
may Jisappear unless they are woody, wholly unpalat'Able, or 
protected by spines". 

So much for overgrazing; but what of grazing? Grazing animals 
must cenaJ'nly be reckoned an element2ry environmental -Caaor in 
rhe ecology of mos, of 'he world's herblands. If the logic of selective 
graz icg be f91lowcd OUt, the existence of any grazing pressure means 
" handicap to some desirable 5pedes or group of species, and thus by 
successive scages. a descending spiral of depletion. But pristine herb­
lands ~ere noc depleted. Evidently they stood up very well to grazing, 
even though at some rimes and places the grazing ptessures of wild 
herds were marked (Larson, 1940 J. If the pictures of pristine herb­
land pieced together by ecologistS are correct. its outstanding charac­
teristics were a near-maximum of cover for the site and a gte41t 

variety and high proportion of palatable species. Obviowly grazing­
a.~ opposed co overgrazing--did' not have this depleting effect. 

Furthermore, we have the observed face of range improvement 
under grazing co consider. i.e., improvement in the face of gfl.zing 
pressure. If [he mechanics of palatability were adequate to expb.in aU 
successional rrends on che r:lnge, grazing. by handica.pping the more 
palatable planrs and encouraging the less palatable ones, should not 
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permit improvement to occur. Bur improvement" under gruing does 
occur. apparendy about as fast, somerimes, as improvement under no 
grazing ae aU. How are such trends possible? Does grazing benefit the 
vegetation in some way that couoceractS its harmful effects? 

Such questions as these prompt this review. Unfortunately the 
lirer;.rure of range ecology does not have much co offer in the' way 
of answer>: the word rt grazing" in many tides should properly be 
"overgrazing". This preoccupadon with (he unnatula.l and extreme is 
understandable because overgrazing has been so common; but ic does 
make difficult an evaluation, from published. evidence, of grazing as 
" natural ecological factor. Of this, however. nor much is known. 

For one ching, degrees of grazing are not easily defined, The range 
chac will suppOrt a gi~e.n number of animal months during one 
period of years may be capable of supporting twice as many during 
" Wecter period or perhaps only a third as many during a drier period. 
A dep leted range may be heavily utilized by 'he same number of ani · 
mals thac would make only light use of the same range in good con· 
dition, The rerrps " lighely", "moderately" and "heavily" grazed ::Ltr: 

nOt only restricted in significance by being relative inste:ld of abso- . 
lute, but. unless production of forage and numbers of animals 3re 
specified. they ue highly subjective. What one author means by "lighc" 
grazing may very well be "moderue" or. even "heavy'" grazing to 
someone else. This has been particularly observable with the passage 
of time. The judgments of early srudeo.cs of range ecology were in· 
Ruenced not only by grazing experience wich pastures in more humid 
environmentS bue also by che facc chac much of the range was in 
poor condition and that overgrazing was cUStomary. At a rime when 
Htde was known about requiremenrs of the plants or protection needs 
of the site, much doser utilization was considered moderare than is 
considered ' moderate coday. 

For anexher thing. difficulties of measuring range vegetation pre· 
cisely have encouraged the study of extremes. Many studies con· 
rtast heavy grazing with no grazing. but few evaluate the eHects of 
light grazing against no gra~ing. Mosc srudies :ue short-term racher 
than long-term. and naturally the trends set up under heavy grazing 
are the soonest observed. Some of the difficulties of measuring range 
vegetation arise from rhe faCt chat most grazing types contain numerous 
species of divers growth forms, of v,'hich few react exacdy alike. 
T rends develop. tOO, IU a result of the interactions bec-o.'een plants and 
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weather, insects and rodents as well as of thl: gr:lzing crcatn'cms that 
itre being studied. Hence, the critical studem is obliged ro regard the 
significance of small differences-(he sort of differenccj one mighr ex­
pecr ~(ween figh;: graling and no grazing-with skepticism. 

In chis reviev.' we shaU examine successional trends by' (he major 
plane typei of the United States. beginning with the {fue prairie of 
the Grear Plains and moving westward. Mose of the changes resulc­
ing [rom severe grilzing. we shall see, conform to the pattern oudined 
in the above quotation from Weaver and Clements. However. rather 
chan dwell on the destructiveness of overgrazing. which would be (0 

belabor the obvious, we shall emphasize seudies thac seek to evaluate 
the effects of light ur moderate grazing. From this perhaps we can 
build a picrure of the ·ecological influence on plam composition of 
grazing as it might be practiced. and pudcularly of any conStructive 
influence chac light or moderate grazing mar exert. Then 'Q,'e sha.ll 

examine successively the effects of herbage remo\'al on the individual 
plant and on thC' environment, st ill v.: ith thC' objective of I~rning to 

whoa extent gr.lzing ':1n be considered :L c.:onsrrucrive ecological force. 

CRITERIA 

The fact that there arC' many t«'hoical difficulties in measurement 
of ve8~tarion is recogni~ed by everyone who has tried to compare re­
sponses in rv.'o pares of any pbnt community chat includes a diversi£)' 
of growth forms. Even more fundamental than [he problem of gening 
methods adequate ro distinguish the differen~es one- desires (0 measure 
is the problem of standards b)· which to evaluate [he differences. Ob· 
viously atreacment due results in death of the plane or ies diminution 

in the stand can be considered harmful to chat plane. From the stand­
point of success~0:~31 development, of c~[se, the: Joss of the plant may· 
be an advantage: "This ex:unplC' illustrates the face chac, whether we 
wi.sh it or not, subje-cti\·e judgments must be included in evaluations · 
of changes chat take pbce-up Or down · the successional scale, goOd 
or bad, from the !itandpoim of some phase of land management. 

Ordinarily ~\'e shall suppose th:tt a treatment which results in aug­
mendng the produccion of herb3ge of a species is advantageous to 
thar species. This need noc always be so. For example, clipping a. shrub 
ma)' stimulare its vegetati\·e growth bu t depress its reproducrive" 
growth. How docs ont e<:Juare suc.:h ver)' ditferent (hings! 

We sh:LlI :l.ssume th:1t rhe best jlH~grJ[ed Ine:lSllfC' of the 3buooance 

001791 



\x · 

: grazing rreacmenrs that 
is obliged to regard the 

.Iitfe-rencei one might ex· 
-With skepticism. 
nOli erends by the major 
with the true pra.irie of 
.[ of (he changes result· 
:l to the pattern outlined 
.:lllencS. However, cachet 
1.lng, which would be to 
II;S that seek to evalu.ate 
1m chis perhaps we can 
'n plane composition of 

.!'Idy of any constructive 
L r exert. Then we shall 
'monl on the individual 
\,bje<:tive of learn ing to 

.uuctive ecologic;'ll force. 

.Ii..:u\ties in measurement 
h-:\s nied to compare ce­
chat includes a diverSlry 

I the problem of getting 
·s one desires to measure 
:'L:He me differences. Ob· 
: plane or its diminution 
.c plane. from the stand· 
he loss of the plant may 
~. hee chac, whether we 

included in evaluations 
successional sale. good 

. !:tnd managemenr. 
:It l\:hich results ' in aug· 
:...: ies is advantageous to 
x . .unple, clipping a shrub 
:I;press its reproducrive 
:-cnt things? 
:.:aSure of the \lbund3nce 

001.1.28 

INFl.UENCE OF (;RAZtNG 7 

or volume of vegetation is given by weighe produccion. Oehee me-as. 
ures-covCf. basal area, number, frequency of occurrence-are only 
approximations of rotal weight and in many instances may bear a 
contradictory. not a direct, relation to it. Cover. perhaps the mosc 
generally used measure, is here considered next in value to weighc, 
but even cover may be misleading. For ex;ample. in successional trend 
from depleted range to some level closct ro climax, raU species replace 
shore ones, weight production increases, and cover, which is ac a maxi­
mum with a turf or mac growch form, declines. The inadequacy of 
Cover for some purposes is striking!)' ilLwcrated by a quotation from 
Albe"son 61 ai. (1957) in which change in shorr·grlss (OVet is re· 
lerred W : "This deerease was presumed ro be due [0 droughr, .Jchough 
in some cases, particularly in ungrazed 3reas, it was due, in pan, to 
acc:umu,lated mulch.

M 

Here cwo very different awes, drought and 
mulch, which probably had opposite physiological e/feers on rhe plan", 
gave rise co a similar response when the amount of vegetation WilS 

evaluated in terms of cover. 
The reviewer will ~ the first [0 concede chat he has noc daDe an 

adequate job of evaluating the significance of results as chey may be 
affecced by [he methods used. The variations thae necessarily occur 
because of difference in method, which themselves arise partly be· 
cause of the complexity of vegetation, make a complex subject no 
simpler. 

. TRUE PRAIRIE 

The main features of trut and rall·gr1SS prairies (which are here 
considered togecher) have been outlined by Weaver and Clements 
( 1938) . Much of the area of this former grassland is now under culti· 
vadon, and mosc of thac which is unbroken by me plow has been 
greatly aleered as a tesule of heavy grazing. Dr. J. E. Weaver and his 
srudents at the University of Nebraska have done much to elucidate 
the character of ehe [cue and mixed·gr:LSS prairies and che changes they 
have undergone because of overgrazing and droughc. 

The line dividing erue prairie from mixed·gr:l.S.5 pr3.irie to ehe west 
has been described. as an ecotone about 50 miles wide through eastern 
Nebraska and central Kansas at appcoxim:ltely 98° 30' W. longitude 
(Weaver and Bruner. 1954). During the great droushc of [he mid­
thirties chis line was shifted e:\St"\\,;\rd. :lnd' true prairie was replaced 
by mixed·gtass praieie in an area 100 to 150 miles t\·ide in cemr .. .! 
Kaf\SRS, eastern Nebrask3 and ~stern South Dakota. 

---.;;:-- - _._--_. 
001792 



001.1.29 

s THI: SOTANICAL REVIF."'· 

Weaver and Hansen (1941a) describe the process of degeneration 
under grazing in eastern Nebraska. Those species that decrease in 
abundance under grazing ("decreasers") include tcn grasses and 4') 
forbs. of which 13 ace legumes. These species were major dominants 
of the prairie in ics virgin scare. Some ot [h~m are: Andropogoll ger­
ardi. A. scoparius, SorghrJItrum nuJa11J, P,wi,'IIm ·t1irgaiUlm. Slipd lpar· 
te(1, Amot'pha canelcem. Pecaloscemon spp., Psoralea spp., Aster spp., 
and Liacris spp. Those species chat increase: under grazing pressure 
("increasers") include ten grasses and 28 forbs. Some of these are: 
Poa pTa/emii, Agropyron smithii, Bouteloua spp., BllChl"e ddctyZf)ider. 
Carex penmy/t'anica, Achi/Jed ocddentalis,Anteunaria campestris, Ar­
temisi.t gnaphatodes. Solidago spp., and Vernonia spp. "Invaders", spe­
cies thac come imo the stand when grazing is so sev~re as ro handicap 
rhe increasers, include many annuals and unpalatable planes. Some 
common genera are: Bromus, Eragrostis. Hordeum, SChedonnardw, 
Sporobolus, Ambrosia. Cirsium, Euphorbia. Plamago. and Verbena. 

Weaver and Hansen describe nve degrees of condition, the highest 
approaching the climax and [he lowest dominated by shorr grasses 
and weeds. with evidence of soil erosion. They do nor relate range 
condicion to damage from drought; apparenrly drought overrode diE­

'ferences in plam composition. The degree of grazing during and after 
drought, however, had a very marked influence on recovery. 

In the same locality Darland and Weaver (1945), Weaver and 
Darland (1948) and Voig[ and Weaver (1951) descrioe [he process 
of degeneration in specific areas. In the lase·named study. a diagram, 
parterned on one prepared by Dyksterhuis (1949), shows the pro­
portions of decreasers. increasers and invaders in four condirion classes 
and an exrrapolation co their presumed proporctons in [he climax, from 
which we derive the following percentages: 

Climax Excellent Good Fair Poor 
(e~trapolated j 

Decreasers 82 67 34 4 2 or less 
Increasers 16 30 61 88 32 or less 
Invaders 2 2 3 6 47 or more 
Forbs 2 2 19 

( interpolated) 

100 100 100 100 100 
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Noce rhat the "excellent" class is reguded as being somewhat aleered 
from the original climax: grassland, The aumors concede thar the 
proportion of forbs may be unduly low in rhe "excellent" class be· 
cause .of grazi'ng and droughr. 

Weaver and Tomanek (1951) classify condition on a 290'3crc 
range . in the same k>ca.lity and characterize each candidon class. Es· 
sencially the same parcern emerges as from ocher srudies. Ie is inter· 
esting mat rhe average of samples from the "excellent" class comes 
fairly dose to rhe exrrapoiaced "climax" from Voight a.nd Weaver's 
study, with 81 percent of the basaJ are,a decreasers, 18 percent in· 
cre2scrs, and one percene invaders. Probably coo much significance can 
be" attached to .such simiwicies, for the propor-cions in the different 
classes may be expected to VOLry with differences in site, wearher and 
ocher environmental inAuences besides grazing, nO{ co mention dif· 
ferences between ecologists! The proportions in the good, fair and 
poor classes diagcammed by Dyksterhuis (1949), for example. are 
very different from those diagrammed by Voight and Weaver (19S I i. 

Dry weight and depth of roots in prairies decrease wirh ineensiey 
of grazing and decline in range condition (Weaver and Darland. 1948; 
Weaver, 1950 ~ . The differences are caused pardy by reduced vigor 
of the taU and mid·grass decreasers. and partiy by invasion of the 
shorrer rooted Poa prallnsiJ and shan: grasses, with increased grazing, 
pressure. 

In the sand bills of nonhero Nebraska, ToISt .. d ( 1942) recognizes 
rhree srages in degeneradon under grazing. When che moSt palacable 
[aU grasses, AnJropogfnJ hallii, Eragros'is IrichoJeJ and P/s";'&Ii1!t f.·u .. 
galum, are grazed out, CtS/4movilf4 /ougi/o/ia and SpoTQbo/m crypltm. 
druJ become dominam. Under more severe 8razing pressure rhese 
decline, and Muhlenbergi.tz pungenJ and certain weedy forbs become 
dominant. 

In concruc to (he preceding ty~ o£ approach, in which the process 
of degradation is de..~cribt:d. Weaver and Hansen (1941b ) describe 
regeneration over a four.year period near Lincoln. They compOLre a 
native pasture under four yti\CS of prOfection from grazing with native 

. prairie that had not been grazed but had been mowed annually. AI· 
though the pasture "had apparenrly never been greatly overgrazed", 
its composition '90'35 quite unlike that of the prairie. Ouring the four· 
year period of protecdon there was a gradual replacement of pasture 
grasses, principally Poa pralem;J and SporobotllI crYP,andms, with 

- - ._- --------" 
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prairie grasses, chiefly the Andropogons and Boute/olla cllrtipendula. 
From a follow-up study (Weaver, 1954) it appeared chac, 13 years 
after the drought, the former pastute had neither che richness of flora 
nor the intimate intermixture of species found in the mo~'ed prairie. 
The influence of mowing in modifying climax prairie, incidentally, is 
suggested. by an observed thinning of POd pratensis 3S a resule of bur 
one year's accumulation of mulch. Presumably P. pratenJif could nor 
long survive among the caller species in unmown erue prairie. 

In central Missouri Drew (1947) concluded thac mowing modified 
raU-grass prairie, mainly by reducing cerrain forbs, and thac a dis­
tinction muse be made beeween "domesticated" prairie and the original 
native grassland, The mowed pasture of Drew's study was chen divided 
by a fence and for 11 years one-half was grazed heavily by cattle 
(Kucera, 1956). The cover of mil and midgrlsses was gready reo 
duced. under grazing, as compared with mowing, and [here W"aS a 
greae increase of "invaders". One notable effecr of heavy grazing was 
che reduction in coral number of species from 115 ro 67. 

Launchbaugh (1955) compared fields in che San Antonio Prairie 
thac were used only for hay, were used for hay and grazed, or were 
grazed ac different intensities. These comparisons enabled. him co draw 
up a panern of decreasers, increasers and invaders. Unlike Drew, 
Launchbaugh concluded thac areas subjected only co annual mowing 
adequately represented climax vegetation, basing his conclusion on 
the face that certain perennial forbs appeared to be able ro recover 
from mo·~ving and complete their life cycle each year. Although hay 
yields from the grazed nleadows were considerably reduced, moderate 
grazing of hay meado~'s did nor·alter the plam composition gready 
from thac of ungrazed hay meadows thac were mowed. 

A liccle to the west in a somewhat drier environment on the Edwards 
Plateau, Buechner (1944) sec up sixst3.ges of succession based on 
degree of depletion from overgrazing. The highest seage is dominated 
by A. Jeoparim and Stipa IElleotrichlt: the lowest is bare ground. Noe­
able in the intermediare smges of Buechner's scheme ace several per· 
ennial species of Arisrida. Buechner h~lS reason co believe chat a stage 
dominated by Aristida spp. is lower successionally chan scages domi­
nared by Bourdoua spp. and Buchloe-;t dep:mure from the usual 
ranking of shorr and midgrlsses. Buechner (1950), in studying the 
pronghorn antelope, also oudined a successiunal series in four sr:tges 
in south"t\'escern Texas. The climax is ch;u~;'terized by Andropogons. 
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BOllle/Olla ""ripendula and numerOus forbs, includ ing ~ver3 1 species 
of Dalea, Desmanthus cooleyi and Gall'll coccinea-ail choice antelope 
food. Intermediate stag~ are characterized by species of Bouteloua and 
Aristida, ,nd the lowest stage by Triodi4 pilDIa, T . pfllchella a.nd 
A,islida dillll"eala. . . . 

On the Fon Worth Prairie, Dyksterhuis (1946 ) compared plant 
composition on heavily grazed. range. carefully managed range, ' and 
relic areas that had had litde or no grazing. From a comparison of 
indices derived by mul(iplying coverage by frequency, he concluded 
rhat [he principal decreasers were Andropogon scoparius, A . ge,a,di, 
BOllle/olla cu"iperuiula, B. hirJllla and So'gbdJlm71l lJuta'lJ, and char 
the principal increasers were Stipa ler.uol,i,ha, Arisrida spp., Buehloi 
dactyJoid.s and Triodid pilosa. Like launchb.ugh ( 1955 ), Dykscer­
huis found And,opogon saceharoUies to be more abundant under some 
protection rhan on either overgrazed range or in relic areas of climax 
grassland. This was aL~ true of SporobolfI.J 4.1per, 

Immediately ro the west, in rhe Wesrern Cross Tiinbers of Texas . 
Dykscerhuis ( 1948) showed [he usual decrease of " il grasses .nd 
midgrasses under heavy grazing. and increases of short grasses, an­
nuals and woody species. He attributed extension of oak forest at 
woodland fO reduced competition for soil moistute by herbaceous 
vegetarian and [0 reduced frequency of fires, borh because of overgraz­
ing. This treatmenc includes a discussion of the phenology, gross 
morphology and seasonal variations in palarability of che important 
sp«ies. The major dominant of the pf~ .. tine vegetation. Atul,opogon 
scopa,ius, for example, i~ eagerly grazed b}' cattle every month of (he 
year. During September, even on lightly grazed range, carde feed. 
exclusively upon the exsened., immature inflorescences of A. scopa,i".r, 
so thar virtually the entire seed crop is consumed. The uprighc hab it 
of this pl:Lnc ana its long season of palatabil ity m:1ke ir ~pecially sus· 
cep[ible to damage by grazing. . 

In ceneral Oklahoma Kelting ( 1954) camp.ICed • mocieracely gcazed 
portion of a 1,OOO·acre pasture with a five-acre area chac had noc 
been burned or grazed for 25 years. although it had oeen mowed for 
hay nine years before the study. Cover was gre~cec on (he grazed. than 
on the relic a(~. Andropogo1~ scopa,ius rn.'ld.e up approximarely half 
the cover on the grazed pasture, but only from a tenth to n quaerer 
of the c.over on the relic prairie; on this site it would appt'.tr chat some 
Colli 8"'S5eS. which were more abuncb,O( 00 rhe relic are"J. had been reo 

.-
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duced by grazing. so chac the midgrass. A. JCOpM;UJ, ""as favored . Such 
a (rend is also shown by Drew's (1947) dau from raU-grass prairie in 
Missouri. On Kelting's moderately grazed pasture most of che planes 
of A. lcopar;u/ were left untouched, whereas parches between chern 
were grazed. closely. thereby allowing some ,of che shom~[ grasses and 
forbs to become established. The larger number of species on the 
grazed pascure-64 a,." compared with 36 on [he relic area-is attribut­
ed to the disturbance of grazjng. Kelling concluded from this single· 
season study chac moderate grazing increases the 3mounc of forage 
because cover percentages and oven-d..ry weights of living macerial 
were greatcr in the grazed pasture chan in the virgin prairie. He re­
poned scill higher yields from a nearby pasture chat had noc been 
grazed since che middle of the previous growing season. Perhaps as 

a consequence of greatcr herbage producrion. organic carbon was can· 
siderably gceater in the pasture soil chan in the prairie soil, even 
though (he mulch cover was less. 

In the same general area in OkJahon.u, although referred to as 
mixed-grass prairie, Smith (\ 940. ) showed the usu.\ docreas<ts and 
some increasers ( Panic1Jm Jerib,Lerianutn. BO/~te/OU4 ellrlipenduia) to 
decrease in abundance, even under an intensity of grazing classified 
by him as "moderate". Gernert (1936) clipped ploc:s of native prairie 
with a hand sickle and found a tendency over six years for yields to 
be greatest on plots dipped twO, three and five rimes per year, and 
least on ploes dipped eight, nine and ten times. Root weights and 
volumes tended to follow the same pattern. 

In the Flim Hills of Kansas Aldous (\930) found that yield of 

vegetation varied inversely with frequency of dipping. Under the 
most .severe treacmenrs the Andropogons d«reased. and weeds and 
Boul,JOua hiTJIII(J increased. To indicate how severe the heavy dipping 
treatments in this study were, Anderson (1940) pointed oue [hat they 
accomplished in three seasons what had taken 40 years or more of 
season-long grazing to do. By deferring spring grazing until mid· 
June, instead of beginning gr:u:ing in mid-April or early May, Ander­
son showed chat AnJropogo" gtrardj decreased (0 about [he same ex· 
renr under both systems, A. JcoparillJ decreased much less under de· 
ferred chan under continuous grazing, and Bouulollll clvt~elJdllla, 

which increased under both systems, increased. much more Wlder 
deferred grazing. 'Sporobol,u ~r)'pt(mdrllJ :lOd Btechlo( del~I"llouleJ in­
cre.\sea gready under continuous grazing :lOd ch:l.nged relatively little 
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under deferred grazing. Thus continuoUs grazing had essentially the 
same 'effeer as heavy grazing in ocher experimems: it decreased mid· 
grasses and encouraged short grasses and relatively unpalatable species . 

MIXED·GRASS PRAIRIE 

In mixed-grass prairie, which intergrades with true prairie, a simllar 
parrern of increasers, decrelUcrs and invaders has been found (Brinegar 
and Keirn, 1942; Allred, 1945; Branson and Weaver, 1953) . 

Tomanek and Albertson (1953) . compared thtee ateas near Hays, 
Ka.nsas: "One pascure had beeD stocked very heavily, one moderately. 
and a third had never been more chan lighdy used since rhe days. of 
the buffalo". As might be expected, tall grasses and midgtasses made 
up most of the vegetation on me lightly grazed range and least on 
the heavily grazed r;:mge~ with the proporrions of shorr grasses in 
reverse order. Reacrions of species varied somewhat from site to site. 
BOllteioU4 clJrlipenduJa "reacted like both a dc:aeaser and an increaser. 
On the hillsides and ridges it became more abundant with moderate 
use, bur as che pressure hearne grearer it decreased. On rhe rocky 
breaks, however, ir increased steadily with greater ·utilizacion". Ie would 
appear that the panern of iocreasers, decreasers and invaders, while 
generaUy valid on the Plains, becomes compJiClced in application ' to 

vegeraeion of broken topography. 
Similat resultS were obtained by Tomanek and Albertson (1957) 

in weseern Kansas. BouleloM4 cMflipendu/a again reacted variously 
wi th site, and B. g,."cilir departed 'from the increaser role assigned to it 
in a more humid environment. Ie increased with moderat"e grazing bur 
decreased under heavy grazing on mo!;(. sires, and on one it decreased 
under moderate as well as heavy grazing. Toeal yields rended to decline 
with intenstiy of use during boch years of study. These were mainly 
rhe resultant of declining yjelds of midgrasses and increasiog yields 
of shorr grasses; and the yields of eotal forbs,' which followed no set 
pattern. rended co complicate [he trend. 
. Probably the cwo mose imporrant fa.ccors affecting range productivity 

'ue available soil moisrure and incensity of grazing. The recovery of 
range vegetation following the great drought of the 1930's in relation 
to grazing intensity is therefore a subject of considerable interesr; since 
the in8uence of drought has been more thoroughly stud ied on mixed­
grass prairie chan on :l.Oy othe-r type of veget3tion. we shall consider 
it here . 

.--- - - -- , 
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In ev;\luacing the results of drought studies. it muse be kept in mind 
char the discinC(;on between living and dead vegetation is uncertain 
dur ing periods of extreme drought . Statistics on degree of mortality 
muse therefore be reg:uded with healthy skepticism. and differences, co 

be regarded as significant. sh041d properly be supporred bt, observation. .. 
of survival after the recurrence of normal wearhe-.t:. 

In 1935 Savage (19.n) studied survival of Plains grasses in terms 
of basal covet fcom the Panhandle of Texas co ceoccal Nebraska. He 
concluded char, for a given degree of drought, survival was better 
on ungealed , rhan on moderately scazed range. Where Buch/of cia,'),' 
/aide! W:lS a dominanr parr of the cover in localities where (he drought 
was ie:l5t severe, h~wevcr. wt.)l gr.lSS co\'er increased wirh grazing in· 
tensity. This laner cQnclusion \\':\s supported by clipping studies. 
Other authors I e.g,. Albertso,n and We.)ver. 1944) have recorded a 
phenomenal increase in Buchloe as one of rhe striking effects observed 
during recovery tram drought. . 

Weaver and Albertson (1936) agree wich S:\\'3.ge jn sh~'ing a 
greater increlSe in short·grass cover near Hays. Kansas, between 1932 
and ' i935 under moderace gr:\Zing chan under no grazing. :md, sur· 
pris ingly. they also show il 20·percem droughc loss in bas31 cover in 
an ungeazed. AndropogolJ IctJparim eype as compared with an 8~· 

percent loss undec moderate grazing. This observation is supporred by 
comparisons in three localieies where more loss of A. ICopariUI oc· 
curred between 1934 and 1935 on ungrazed. eh3" on moderately graud 
range:. 

The authors explain chac lighcly or moder:lCely graz.eeI vegeGltion 
uses less water than the denser vegetation of unsrazed prairie and 
so maintains a gre;\rer b:tsal cover. They did not study soil moisture:: 
under different degrees of use, ho" .. e\,er; so [here is no Objective sup· 
port [or thi$ inference. Practically nothing is known a.bout the dfec(s 
of light or mode rate grazing On rooes in [he field. but in view of th~ 
fncr thar light cl ipping does not appear to enhance rOOt growth ( Crider, 
1955, and thoU he;wr gr;\zing h;ts been shown co decrease penemarion 
of rOOts (e.8 .. Tom"nek and Albertson. 1957). the valid icy of this 
explan:uion is doubtful. Costello and Turner (.1941). who observed 
five moderatel), grazed areas in the shore·grass eype in whkh cover 
\Vas greater th.tO on adjacenr pw[C([cd ·:1[cas. also explained the dif· 
ference by wh:tc we may I.:all the: "suicide: h)'pmhesis". bin chcy likewise 
offer no soil· moistu re . obs~r\';lti\lnS or otber {'\'idcnce co suppor~ it. 
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fn ev:\luating the results of drought studies. it must be: kept in mind 

char the diStinction between living and dead vegec3.c-ion is uncertain 
during periods of exm~me drought. Statistics on degree of morcaliry 
must rherdore be regarded '9.'ich he;slthy skepdcism, and differences, to 

be rCg:lcded as significanc. should properly be supported by obs,ervadons 
of surv ival afcer [he recurrence of normal weather. 

In 1935 Savagt- (1 937) studied survival of Plains grasses in terms 
of basal cover from [he Panhandle of Texas co cemral Nebraska. He 
concluded char, for a given dcgr« of drought, survival was ~ccer . 
on ungtaled chan on moderately gcazed range. Where Bllch/of daclY­
loide! was a dominanr p:'lrr of the cover in localides where the drought 
was le:1St severe, however. toc:l1 grass cover increased with grazjng in· 

tensity. This latter conclusion ~'3S supporred by clipping studies. 

Other authors f e.g., Albertson and We3"er. 1944} have recorded a 
phenomenal increase in Buchloc ,1S one of the striking effects observed 

during recovery from drought. 
Weaver and Albertson l19j6) 3gree with S:\\'3ge in sho~'ing a 

greater increase · in shoft'grass cover near Hay~, Kansas, between 1932 
and 1935 under modente gr:\zing chan under no grazing. lnd. sur­
prisingly , they also sho~' a 20'percenr drought loss tn bas:ll cover in 

an ungtucd AlItiropogo1J ICopaTius type as comp.ued. with an 8V2· 
percenc loss under moderate grazing. Thi$ observation is supported by 
comparisons in three localiei~ where more loss of A. SCop"riUJ oc· 
curred between)934 and 1935 on ungr:ued tb;;Jn·an moderately grazed 

range. 
':;.. 

The authors elCplain that lighrly or moderately grazed vegetation 

uSes less· water than the denser vegetation of ungrazed prairie and 

. so main~3i ns :\ g're;"lcer b;asal cover. They did noe srudy soil moisture 

under differenr dc:grees of USt, however: so there is no objective sup­

pore" for ch ili inference. Practic<111y noching is known about rhe effecu 
of light or moder:lce grazing on cOOtS in the field. bot in view of rh: 

fact chat light clipping does nor appear to enhance rOOt gr09.th (Crider. 
1955) and char he:t\'y g(;lzing has: been shown co decrease penemuioo 

of rOOtS (e.g .. T ol11anek and Albertson, 1957 ) . the v:llidicy of this 

explanation is duubtfu l. Costello :tod Turner (1941)' who observed 

five moderatei)' gr;\zed are~lS in the shorc-grass type in ·;'.rhi,h cover 

was greater th;ln Oil :ldjacenr pnuC(cro arC"J.S, also expb.ined thc djf­
ference br wh;u we may I..:a ll (he ·· suicide hrpmhes is" _ boc riley likewise 

offer no soil-moisture ob.st:r\,:tti\')ns ·or other c):idl:nce to suppore ic. 
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Perh3ps it is pertinent to note at this point char differences in degree 
of cover (or "density") are nor necessarily paralleled by differences 
in area of transpiring surface. 

Weaver and Albereson ( 1944 ) preseOt changes in basal cover over 
a. longer period. from 1932 to 1943, also in the shore'grass type near 
Hays, Kansas. In contrast co their earlier data , up unci! 1938 these 
shOW the ungeazed range to support mO$[ cover, the moderately grazed 
range an inrermediate amount, and the overgrazed range the least . 
Between 1939 and 1943. years of rapid recovery from drought, these 
consistenr telations did nor hold , hO'A'ever, :1nd the same explanation 
is again invoked, unsupported by soil·moisture measuremencs, dut the 
ungrazed vegetation used rhe most soil water, This report also shows 
a graph of r.ecovery of basal cover between 1935 and 1943 in ao 
A,uJropogon scopar;lIs type in which ungrazed 3nd overgrazed vegeta· 
tion recovered. at about the same race. This is explainable because of 
the greater cover of short gra.o;s. particularly Buchloe, on the over· 
grazed range, 

Shore·cerm studies in western Kans:1.S ( Cressler, ' 1942; Lacey, 1941; 
Tomanek, 1948 ) suggest that mixed·grass range is moce produccive 
of cover, or reCOvers from drought and dusting more rapidly. under 
light or moderace gra.zing rh41n under no gruing. Despite absence of 
staristical control in these studies, the conclusion is probably valid: 
some grazing in the mixed·grass type favors shon grasses at the ex­
pense of midgrasses and resulrs in an increase in cover_ Furtnermore, 
production of herbage in terms of weight may be. stimulated for a year 
or rwo (AlbertsOn tI RI., 1953) . 

In the mixed.grass as.soci~cion in western Kansas, Albemon :md 
Weaver (1944 ) selected pastures in four degrees of condition that 
had been reduced (0 short grass by drought and overgruing, and 
studied 'hem chrough cwo years of recovery. 1940 and 1941. As mighr 
be expeered. 'hey found . rhor b"",1 cover and yield ,ended to decline 
from the best to the poorest degree of condirion. Ucilizing four clip­
ping treatmems, these authOrs clipped. the grass (0 one-half inch 
monthly (May through Augusn and to ground level ,It rhe end of 
the season as follows: 

Treatment 1: Clipped monthly in 1940 and 194 1. 
Treatment 2: Clipped monthly in 1940 and 3r end of 1941. 
Treatment 3: Unc1ipped in 1940; clipped m~')nthly in 1941. 
Treatmenr 4: Uncl ipped in 1940; clipped at end of 1.941. 

... - .. ~.----
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In:lll bue (he poorest pascur~s the 1941 yields of shore grasses followed 

the order: 4· > 3 > 2 > 1. Response of grasses in the poorest pas· 
rures was erracic, presumably because these pastures concained large 
numbers of annual weeds. Thus produCtion, even of shore grasses, 
varied inversely with incensiry of utilization, bur if midgcasses had 
been abundant', it seems probable chat the reaction of the shorr grasses 
might have been differenr. 

Albenson et at. (19;7) tvaluated the 19;2·;; drought in che cen· 
tral GCetl.t Plains in rel:uion to gcazing. The)' est imated pred.cough~ 

cover and live cover ("density") in 1955, and calculated from chese 
estimates the degree of loss due to drought and grazing. The ·heavily 
glned ranges Jose a greater proportion of cheif predcoughc cover chan 
(he moderately grazed ranges, and chese in curn less chan the un­
grazed ranges. Ie would thus appear chat, even by 'the criterion of cover, 
moderace grazing did not help the vegetation withstand the jnRuence 
of droughc. 

Albertson el ~l. ( 1953) conducted a six-year clipping study in a 
short -grass rype near Hays. Kansas. which is paniculacly inreresting 
because some of the cre;ltmen(S correspond co light Or moderate gru­
ing. From the authocs' summary hiStogram of the six-year average yield 
of clipped and unc1ipped grass, one may estimace chac the lightesc 
tWO treatments removed between 20 ~nd 25 percent of the tOtal pro­
duction. They found, as most studies show, an inverse relation between 
frequency or imensiry of dipping and yield. This became obvious only 
after the third and fourth years, however. becaust' dipping stimulated 

production during the eady years. In ehe lase twO years of the scudy 
total produCtion declined in the following sequence of the three lightest 
tcearmenu: 

Unclipped. 
Beginning June 25 clipped every six weeks at a height of tWO inches 

on 60 percent of the area; remainder of the area unclipped. 
Beginning June to clipped every four weeks ,U :1 height' of one ~nd 

one·balf inches on SO percent of ,he olr~_ 

At the end of the srudy the nwnber of weeds was less on the un­

clipped (holn on the clipped qUildr:acs, and broad-leaved forbs were par­
(jCUlolrly numerous on the sevetely clipped quadracs. 

Another dipping study chat includes some light treatments is one 
by Whitman 'and Helgeson (1946) in southwesrern North D"koc:l. tn 
this study [Otal gras!' yields declined over a seven-year period under 
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alJ intensities of clipping, even clipping only once in a ~son CO a 
height of three inches. This intensity is estimated b}' the reviewer to 
represe~r 20-percent removal of BoU/eloNa gr~'iliJ , 25 percent for 
Carex filifolia, 43 percent for Slip" comata, and 7; percent for Agro­
pyron smith;;, These estimates are considered by Whitman (personal 
communication) to be' close to correct. On one of the tWO sites forbs 
increased to compensate for the loss in grass, but. since forbs increased 
inside the exclosure generaUy, nOt just on the clipped ploes, this in­
crease may have ~en caused by some faCtor other dlan clipping, 

Numerous studies on the Plains show the disadvanlage ro planes 
of severe grazing or clipping or rhar the short grasses are favored by 
c1jppins or grazing in proportion [Q the degree [0 which [he taller 
growing midgras5eS are handicapped (Sarvis, 192), 1941; Black tt ai .. 
1937; Lang and Barnes, 1942; Oarke eJ ai., 1943; Holscher, 1945; 
Lodge, 1954 ). 

Sarvis (1941) concluded :u Mandan, North Dakota, that deferred 
and rocation grazing would permit closer utilization than the vegetation 
could tolerate under continuous grazing. RogIer (1951), reporting on 
a continuation of these same experiments until 1946 (they_ had begun 
in 1916), concluded thac no mOljor changes in plane composition were 
ca'-lSed by moderate continuous grazing (1 stee:~ to 7 acres from mid­
May to mid-October), or by a somewhat heavier degree of rotational 
grazing (1 steer to 5 acres). Under these incensities of use, decreasers 
(Agropyron J1!1i1hii, S#pa 'O"'41~, Koeteria crislllla, Pso,alea argo­
phylJa ) were still abundant after 34 years, -and increasers ( IfrlemiJUt 
frigida, Bou:eloU4 grisciliJ) either decreased or 9.·ere maintained Olt 
about the same level. Th~ emphasis -by these authors and by Black 
ef aI, (1937). who could detect littie or no injury fO the vegetation at 
Ardmore. Souch Dakota, by dose grazing or clipping, is upon Olnimal 
weighrs; and their analysis of the vegetation from [he standpoinc of 
OW' inquiry suggests only chat shorr-grass veg~t:Ldon of the norchern 
Grear Plains is remarkably r~istan[ to grazing, 

Hanson et al. (1931). studying spring-deferred Olnd concinuous sys­
tems C?f grazing :Lt the western edge of the Pl:ains in Co10r:1.1o, showed 
char Agropyron smi,h;; WlS rncouraged by deferred and rO[3.[ion graz­

ing. and thac BOUleVUUl gr"ciliJ tended co be moSt a.bundaflr under 
condnuou~ grazing, Differences in vegetation werr nor sO marked :1S 

[0 indicace it very 'heavy degree of grazing under either s),srem, The 
authors concluded chac increasing ;lbundance of PJor.llt'oJ le1UlifI01'd. 

----- - -.....-~-, ---
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l~ THE BOTANICAL REVIE\\" 

A,.umisiu gUdphalodeI and Sophora sericea. and dtcreasing abundance 
of Sellel.:io perplexUJ, I-ielia1lthus pumilU! and Astrug"lll! drNmm.ondii 
may be used as delicate indicators of downward range trend. 

Comparing small relic areas, such as cemeteries. with heavily grazed 
range in eastern Montana, Wright and Wright (1948) showed that 
dominance by shorr grasses and midgrasses had giv~n way CO domi· 
nance by the unpalatable shrubs, Artemisia Jrident4la. Ch1"JIolhamnus 
1laUJ"eOJllS and G~tie"ezia sarothrae, under heavy grazing. 

Larson and Whitman (1942) present a comparison in souchwestern 
South Dakota thac is especially interescing because the harvesting 
treatmems do not appear to have been severe. They compare six-acre 
Medicine Butte, which apparently had never been grazed even by wild 
animals, 79-acre Little Wolf Table, which had had moderate imer· 
mirtem use since sectlement, and GOO-acre Big Wolf Table, which had 
been mowed and grazed lightly for 40 years. Dar" on frequency, 
abundance and production show rhar tnere is a trend from midgrass 
ro shore-grass dominance with increasing use, and J. marked. parallel 
trend in rhe amoum~ of accumulated liner. Any degree of use would 
therefore appear co handicap the midgrasses in favor of (he short 
grasses. This scudy supports Larson's (1940) suggestion that rhere 
were enough buffalo ~nd ocher wild animals on rhe Plains ~o maimain 
rhe short-grass climax before the advent of domestic livestock. 

On the basis of soil and relic areas, Moss and Campbell (1947) 
have outlined the pristine extent of a northern prairie domina'ted by 
FeJtllca sCdbrelld in nonhern and western Alberta, and irs cooract wich 
the mixed·grass prairie dominaceQ. by Stipa comat,l in rhe southeastern 
third .of the Province. These authors believe chae the original Fescuca 
association included. about 20 grass, three sedge, ten shrub and 115 
forb species, mOSt of which were rare or occasional. Somewhat more 
chan 100 additional sp'ecies also occur in the grassland but are con­
sidered more characteristic of orher communities. The effect of graz­
ing and mowing has been co eeduce Fescuea and increase ocher spe­
cies, with Festuca' rending co persist in moist siw:lrions and in [he 
proceccion of shrubs. Shrubs and such forbs as Lupi1WJ ieucopsis and 
Acremisia spp. become abundant under grazing bllC are kept down by' 
mowing, In 'some areas Carex eleocbarjs becomes dominam under graz­
ing; elsewhere Carex spp., Artemisia frigidaand Anrennaria spp, dom­
inaee, together with Slip" Cf)m,a", BOlfJe/I';JI/.( grddli.~ and AgropJron 
smit/;ii. h is belie\·ed chae these brrer spel.'ies. eharauerisri, in mixed-
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grass. pca.irie farther south, persi~ted .on dry, south-facing slopes or 
. certam kmds of soils, and have spread eo overgrazed pasrure5 since 
sectlemenc. Andropagon J,opariM-J is noced as having chis same char:l'· 
ceriscic in southweStern Albena.. Moss and Campbell poine OUt thar 
certain woody plants invade chis grassland, notably willows and pop­
lars, fo llowed. by conifers, and that the invasion is recarded by graz­
ing_ This is in contrasc co invasion of grassland by woody plants in 
drier areas, a process chac appears [0 be suongly encol.lr:lged by grazing. 

DESERT GRASSLAND 

Jardine and For.sling (1922) oudined. the couese of deterioration 
as a result of overgrazing Boullloua eriopoda on the )ornad:l Ex­

perimental Range near Las Cruces, New Mexico. According to chis 
account, the firsc seage is marked by an abundance of annual grasses 
and forbs and shore-lived perennials seanered among (he Boureioua. 
This is followed by dominance of cereain perennial grasses and forbs. 
including species of Sporobolus, Crocon, Solanum and Psilosrrophe, 
and ch is stage is followed. by dominance of che half Shrub, GUliurezia 
Jamlhrae. The final seage of deterioracion, accompanied by the effects 
of wind erosion, is dominance by Prosopis glandl(/osa. In che same area 
during a ehree-year period of ample rainf3H and lessened grazing, 
Campbell (1929) oudined a reverse course of succession from P. gia.fl­
du/oJa sand dunes to che B. eriopoda climax in It .$Omewhat different 
sequence: mac forbs, ruderal weeds, Gudcrrezia. Spor~bolus and other 
grasses, and finally B. eriopoda. There is a suggestion, in a· six-year 
s(udy of crends in Bouteloua and Gueierrezia (Campbell and Bom­

berger. 1934), thac Gutierrezia is the less scable because of su,cepti­
bilit)-· to drougbt ... nd insects. Also, a5 Boute!ou3. increased. , forbs, an· 
OWLt grasses and the perennial grasses, Sporobo/tIJ !iexlfoJuJ. AriJlidd 
pansa and A. pmpll-rea, declined. These observations, and fence line 
comparisons made by Gardnet (1951), lend supporr co some of the 

inccrmediace sequences of 5uccessions previously deduced. Gardner 
concluded chac an increase in unpalatable half shrubs such as Gutier· 
rella marked an early seage in recovery of former desert grasslands no9.· 
dominaced by shrubs like Larrea divariclIl". No t\'idc:nce is given in 
any of these p."\pers of observed. replacement of iong-li"ed shrubs, such 
as Prosopis or Lan~ . by herbaceous planes. 

TIle effects of grazing 8 . eriopot/.a on [he ) urm\da Expcr imcntal 
Ran8~ have been reported by Nelson (19.;4, froIT! 191; to 1927 :\nd 
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by Paulsen (1956) [h[ough 1953_ With one imeceseing exception, 
changes of grass cover varied inversely with gruing intensiry. The 
exception was the maintenance of more cover under conservative 
gr:uing (less than 40 percent utilization ) than under complete pro­
tecrion. The explanation suggested. (Nelson, p . 31 ) is char "conserva­
tive grazing appears to break up che large, separared tUft'S formed: 
under freedom from use i,nro smaller ruEts better ad~p[ed co make 
efficient use of che avaiiable soil moisture." Why this process should 
be an improvemenc in irs physiological effect over the breaking up 
of ungeazed. rules because of drought ( Nelson. p . 17) is nOt clear. 
As with prC'viowly noced explanations of chis SOrt, no evaluation of 
actuaJ soiJ moisture was mlde. 

In southern Arizona, Canfield (1948 ) found 'hac QU, coar .. · 
stemmed gras5es. such as T rit:hachne cali/arnica. BOIJJeloU4 cllnipenilu14 
and '8 . er;f1poda. which were scarce on heavily grazed range, made up 
a high percentage of the composirion after long periods of protectioo. · 
Overgrazing caused a tendency coward dominance by such shorr·lived 
perennial grasses as Souteloua yo/brockii and 8 . . filiformil, and by 
such shrubs as ApJopappUJ tenuiuc:uJ and ProJopiJ ,:cltltina, Canfield. 

concluded chac, when [he soil had not been gready eroded and the 
composition of the vegeracion nor drastically altered by overgrazing. 
the race of range recovery under conservative grazing is approximately 
equal to chac under total procection. 

Comparative daca given by Canfield, be je nored, a,re in terms of 
percentage composition. not in terms of cover or yield. In comparing 
a grazed site with one chat had been protecced for 30 years near 
Silver Ci[y, New Mexico, Gardner (1950) found li[de diffeeence in 
percema'ge composition, but abou t half as much basal area of grasses 
as on che prorected unge. 

Numerous students have concluded that the deserr grasslands of 
t-he Souchwest have been invaded by woody species' as a direct or 
indirect resule of overgrazing (e.g_. Smith. 1899; Bray, 1901; Clements, 
19,4; AU[ed, 1949; Gardner, 1951; Parker and Marcin, 1952; Glen· 
dening and Paulsen, 1955 J. In almOSt solitary opposition. Malin 
(1953 ) ;t.tCemprs co sho~\' from historical records mac woody species. 
particularly mesquite ( Prosopis spp.) . have not eXfended meir area 

in hisroric times. although he concedes that some mesquite srands 
have become denser. 

Parker ;md M!l.Ctin ( 1952 ) . in di~cu5sing [he invasion of southern 
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Arizona rangelands by mesquite, point. out a number of causes for 
the advance of these woody planes: reduction in grass cover from over­
grazing 1nd droughc' , cessadon of range fires. and dissemination and 
planting of seed. by livestock and wild animals. They state thac species 
of mesquite dominate the vegetation on more chan 70 million acres 
in the Southwest and wimate conservatively thar at least half this 
vas' area has been occupied during ,he pas, 100 years. These authors 
.ad Glendening and Paulsen (1955) show ,hac, although gr ...... rend 
to suppress young mesquite prams, once the shrubs get established 
they continue (() increue in nwnber and crown spread while cover 
of grass declines. Except with half shrubs like tfpJoplf/Jpus lenuillc#Ul 
(Humphrey, 1937; Canfield, 1948; Srown, 1950) , i, appears thac 
mere cessation of grazing and increase of grasses will ' nar reverse the 
<rend from dominance by woody vegeradon. Haskell (I94S) found 

. little change, even in A. t,nuisecsuI, however. after 18 yeus of can· 
servative grazing nelr Oracle, Arizona. 

Glendening (1952) shows ,har four · species of cacrus have in­
creased on the Santa Rita Experimental Raage in souchern Arizona. 
regardless of grazing [rearment. He suggestS chac the increase of 
mesquite has had a tendency to dry the soil of a former grassland site 
and, as re8ecred by the invasion of true desetc species. to transform 
it essentially into a desert site. 

Cacrus, mainly Opunda spp., may become an important part of 
Plains vegetation. Dot only in desert grassland but' in mixed·grass and 
true prairie. particularly during periods of drought (Weaver and 
Albertson, 1940, 1944). Alchough increase in caCtUS is sometimes 
aaributed directly to overgrazing. on the wesrern Plains Turner a.od. 
Costello (1942) could deteCt neicher differences in trend over five· 
and six·year periods between twO areas of grazed and protecred range, 
nor in abundance of cactus between 1, areas chat had been protected 
from grazing for ten to 40 yeus and comparable range subject to 
'heavy use. This may not have been an adequate tesc; as noted. above. 
the increase of herbaceous vegetarian following cessation of grazing 
does not necessarily ca~ a decrease of established woody plantS . 

I The basis for assigning this r()te tu dfllught i.~ Hhscure, Th:u disturb;lnce of 
tbe crus cover should b,'l')r woody in";lders is understandable. but that 
thinnin, of the gfaU cover hy drought should {nor the establishment of 
a shrub like mesqu ite seems doubtful. If iJ po»ihle: of COUUe. th31 d tou&,hf 
might encounge the spread nf ,nme wcmd.\· pl:lnt!l with exciusinly, "1.I[lfrn.cil'lt 
rnot srstems, like the c2cti. and M t othrr:; like mf$(juitt ;lnd junirfr. 

- - --- -- ~-
- - _._--
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Arizona rangelands by mesquite, poine out a number of causes for 
rbe advance of these woody planes: reduction in grass cover from over­
grazing and drought' • cessation of range rues, and dissemination and 
plaoring of seed by Iivesrock and wild animals. They state thar species 
of mesquite dominate the yegetacion on more than 70 million acres 
in the Southwest and estimate conservatively that at least hali this 
vast area 'has been occupied during the pasc 100 years. These authors 
and Glendening and .Paulsen (19~5) ,how thar, although grasses teod 
(0 suppress young mesquite plants, once the shrubs ,get escablished. 
chey continue to increase in nwnber and. crown spread while cover 
of grass declines. Excepr wi,h half shrub, like Aplop..ppuJ JenUiJeclUJ 
(Humphrey, 1937; Canfield, 1948; Brown, 1950), it appears 'har 
mere cessation of grazlng and. increase of grasses will nOt: reVerse the 
trend from dominance by woody vegerarion. Haskell (l94~) found 
little change, even in A. lenJ,iJecltlI, however, afcer 18 years of con­
servative gruing near Oracle, Arizona. 

Glendening (I9~2) shows rhar four speeies 01 c:acrus have in· 
(ceased. on the Sanra Rita Experimenral Raage in southern Adzona, 

, regardless of grazing treatment. He suggescs thac the increase of 
mesquite has had a tendency [0 dry che soil of a former grassland site 
acid, as reBected. by the invasion of [rue desert species, [0 (fansform 
it ~ntiaUy into a. desert sice. 

Cacrus. mainly Opuntia spp., may become an importanc part of 
Plains vegetuion. aoc oaly in desert grass12nd but in 'mixed.grass and 
true prairie, particularly during periods of drought (Weaver and 
Albectson, 1940, 1944) . Although increase in caCtUS is sometimes 
attributed. direcdy to overgru.iog, on the western' P1a.ins Turner and 
Cosrello (1942) could deteer neither differences in trend over five· 
'and six-year periods berween twO .rea, of grazed and protecred range. 
nor in abundance of caews berween 13 areas that had been protected 
from grazing for ten to 40 years and !;omparable range subjecc to 
heavy use. This may not have been an adequat~ ' ren; as nOted above. 
the increase' of herbaceous vegetation following cessation of grning , 
does not necessarily cause a decrease of established woody planes. 

I The blilsi. for auigning this role w drllughc i~ obscure. Th:'IC di$Curb:lnce of 
rbe CriSS covC'r ,hould r:n'or wMdy in\'OIdeu is undeNumh,hle. but (ha.t 
thinning of tbe gun CO,'er b~' drought should fnor thC' e1tOlblisbmC'nt of 
01 shrub like mesquite seems doubtfl.ll. It j, ponil;ole, of cour~t'. rh:n drought 
might encouragC' the 'pread rof ,"me woody p l ... nt~ with C':occiu,j,·d y ,upC'rficial 
roOt ~r:nems, lih the cacti. :"lnd nol cnht'r~ li!.:e mC'~qllite ;]nd junipC'r. 
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In Kansas Cook (l942 J concluded chac three insectS, mosc im· 
portam of which v,'as :l moth. iHeliJllrtl den/allJ. keep OplllflkJ humjfJlJa 

in check during y.ears of moderate or abund:1~c rainfall. but th:1t the 
decline of the moth during drought en:1bles {he cactus co increase 
and cake advamagc of bare areas created by (he, death of herbaceous 

vegetation. Cook obser\'ed chat cactus in are-as having a dense herba­
ceous growth tended eo be much more peavily infested by' moth lar­
vae than cactus in overgrazed areas lacking such herbaceous growth. 
Holscher (1944). observing 0 , polYllcllnlhtl in easeern Moman3 fol· 
lowing (he drought of [he chicries, 'reached :1 ~imilar conclwion. 

Miller (l921) noced the aggressive invasion of grassy openings by 
juniper in northern Arizona; and from growth rings he showed ch:u 
the invasion began ~horcly before 1900. leopold ( 1924) also described 
ehe aggressive spread of juniper and other woody plants in Arizona. 
and correlated this spread wieh cessation of range fires. overgrazing 
and accelerated. erosion since se-rciemenc. Thinning of (he grass cover 
and exposwe of bare "'il by overgrazing is believed by Parker (1945) 
to be the principal aU$( for rhe spread of juniper. This conclusion 
is corroborated by an observation in Texas of 2.3 times as many "cedar 
crees" per acre on range in fair conditio,n as o'n range across the fence 
in good condition (M::tnn and Hayes, 1948 J ' 

The spread of juniper in Texas is attributed by Wolff (1948) [0 

thinning of the grass cover by overgrazing and dissemination of the 

seeds through birds, jackrabbits. cotromails, foxes, coyOtes and ocher 
wild animals. In Arizona Miller (1921 ) auributed me dissemination 
of juniper seed. to sheep, bur in Tcxas Wolff did nor find much evi· 
denee to indicate chac domestic iivestodc were a material factor in 
disseminarion. 

The aggressive spread of ,,'oody plants brings up che highly con· 
tro\'ersiai quescion of the importance of fire in mainraining gt3.SSLmd. 

p:lfticularly deserc grass land. The question. puc another war. is ,,'hecher 
;1 'p :ltCicular gnssland is truly climax or whether it is subclimax [0 

woodland or (orest. [[ muse be recognized that tWO effects of overgraz­
ing. which are almon inextricably associ;ued, are involved in (he in. 
\'a5ion of woody plantS. One is a red.uccion in fuel. the other a reduc­
tion in competing ability of the herbaceol:l~ vegetarion. Thus ir is 
quite possible that. lacking an independent ~v"lu::trion of the reduc­
cion ill vigor ;tnd ~)f the upcning of stand of the herbaccous planes. 
rhe influcnce of fire h:15 been o\'C'rr:ued. at ielSC for some species, Fire 

s 
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is effective in reducing some woody ~pecies, but not orhers, parcicularly 
sprouting forms. Reynolds and Bohning (1956) obtained a much 
gre,Her nre km of Apl~p4/lPuJ ItnuiseCluI and various cacci than of 
mesquite. Glendening and Paulsen (1955) were able <0 kill an ap· 
preciable proportion of only the smalleSt mesquite planes with fire. 
Evidence chac plant competition is more imporralu chan 6re is pro­
vided by Rummelfs (1951 ) observa6on of aggressive ponderosa pine 
reproduction in an overgrazed park in eastern Washington as com­
pared with very lirde in a comparable park in virgin condition. Nt-iehec 
~reol had been complerely bumcd over for at least 125 years . 

It seems quice possible chat the inva.'iion of grassland by trees in 
the broad. irregular transition from forest to prairie in the Middle 
West, which has aroused the curiosity of many ecologists (e.g., Cowles. 
1928), mny have been cawed by a factor seldom sugge5ted.~vergraz­
ing of the settlers' li vestock. 

The death of woody plants in grassland during drOUght is doubtless 
.... alid evidence chat they are invaders because of some ' abnormal dis· 
turbance such as overgrazing_ De3m of <Xlks has been noted par­
ticularly , e.g., at the prairie edge -in Illinois during the 1913-1914 
dtought (Tril~u, 19,5 ), at the Vo'estecn edge of the Western Cross 
Timbers in Texas during the great drought of rhe 1930's ( Dyksterhuis, 
1948) , and in the Edwards Plateau region of Texas during the 1949· 
1954 drought (Young, 1956). This last account is of interest here 
because of the abserntion (although without comparacive data ) thOle 
death of woody plants was more pronounced on lightly grazed .tOlnges 
having vigorous herbactow cover chan on heavily grazed ranges ",-here 
the herbaceou~ COVet was depleted. The observation is also made thae. 
in addit ion to several species of 03k, Ashe juniper was hard hie by 
drought, . but noc mesquite or pricklypear. 

Although death from drought m:a.y be v3.1id evidence of abnormal 
invasion. survival is not necessarily evidence that a woody species be· 
longs in the grassland- in which it occurs. Ir appears that some deep­
rooted woody species, such as mesquite. once they have become well 
established, are in the grassland to stay. Ie would appear that the failwe 
of a woody plam in herbaceous vegetation OCCUrs normally in the 
seedling srage, ThltS. although its dying is evidence thar it is an in­
vader, its survival. after 3. woody species h:ts become esrablished. is 
not necesS3.ril}, evidence thOlt it is p:m of the natun. l vegetation. 
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SOlITHERN DESERT SHRUB 

In a southern desert shrub type near Tucson. Blydenstein el 41. 
(1957) noted considerably Brocer frequency of occurrence of grasses 
and such palatable shrubs as Krameru grt;yi after 50 years of pro­
rection than under grazing. At rhe same time [here \\'as appreciably 
less of the unpalatable Franseria tleltoidea. These facts suggesc char 

[he "occasional Jighr .usc" [his range receives has had an appreciably 
derrimencat effeer. 

PACIFIC PRAIRIE 

Burcham (J957) 'has combined a hiStorical and ecolosical approach 
co describe crends chat have caken place on Caltfornia rangelands. The 
original Central Valley prairie in California was dominated .by bunch~ 

grasses, mainly species of Stip\l. and contained numerous species of 
annual and perennial forb~ The north coastal prairie. a mOre meso­
phytic, discontinuous grassland on tidges and 9ty exposures, ""as also 
made up of petenniai bunchgrasse5 and forbs. The basic reason for the 
wholesale replacement of the narive species by a vegerarion dominated 
by Mediterranean annuals was abusively heavy gcazing which reached 
its peak in the beginning of a period of severe drought that culminated 
about 1863. 

Burcham gives evidence co show thac [here have been four sca 
in a historical succes.~ion in which progressively less palatable annua 
have replaced more palatable speci~ These stages the author relace$ 
to contemporary ~tages of ~ _descending scale of plane succession on 
California rangelands under different intensities of use. The nrst $cage~ 
cha.racrerized by Ar:en4 /4''''1, A. bttrblf.la and BraIJica nigr4, was most 
prominenr between 1845 and 1855. The second srage, characrerized 
by Eroditm: &i,,/.Ia";1I1n, Horde,,", leporinum. GaJlridilw: lIenJricosum 
llnd native annuals like FeTlllca nzegll/llra. ,,,as dominam from about 
1855 co 1870. The third stage, in which imroduced species of Hor­
deum, BrOmllJ rJlbem, Aira CtZl)"!Jphylle4 and a number of forbs were 
dominant, began to be conspicuous between 1870 and 1880 and. is 
widespread today. The foucch srage, noW" evid~[ in some areas, IS 
charaCterized by such undesirable species llS EJ),lIll(s cajJNI-meaIlJae. 
Aegilops Jri,lnc;IJ/is .. Br4chypodilt1n dislachyon. Cynol.lIr1fs echinatllJ and 
Hypochaeris spp. In shore. from the time (he original veget:uion was 
destroyed br overgrazing 100 years ago, [he successional sequence has 
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been one of cominuing depletion. of replacemenr of less desirable 2~l 
for:lge species by invading species even less desirable. 

This is a blade picrure of plant succession under grazing. but Bur· 
cham does suggest constructive possibilities under management, He 
gives 3n example of how a nnge in San Diego Counry was gready 
improved by rotacional grazing. The plan was to handicap certain 
early·maturing undesirable annuals by heavy grazing in early spring 
"" .. hen herbage production ' was not yet "well advanced. These include 
:lnnual species of Fenuca and Hordeum, together with B,omuJ rigiJu.r, 
8 . THbenr, Gasuidiutn and A.i,a. Such heavy grazing inhibits seed pro· 
duaion by chese plams but does nCt gready handicap seed production 
by somewhat later-marnring, more desirable plants, including B,omuJ 

mo/Jjs and .species of Avena, Lalium, Erodium, Medicago, Trifolium 
and cemin native and introduced perennial grasses. These species. 
which develop during the period of most rapid growclt. are noc grazed 
so heavily. since the number of stock that grazes hea.vily in early spring 
is not sufficienc to utilize the gteater volume of forage thac develops 
later, Finally, because of the deplecion of soil moisrure by the d~sir· 
able sp«:ies, cerrain lacer.maruring undesirable planes, including Ely. 
mUJ capus.meduJae and species of Aegilops, Cynosurus, Madia and 
Hemizonia, are handicapped. 

This lase point is hard to understand because elsewhere the author 
poinrs our thar "frequently late rains provided moisture for additional 
growth of perennials after grazing ended in May". If this late·spring 
moisrure helps the perennial grasses. why doesn't it also help the low­
value weeds of early summer, midsummer, or later? Two things are 
lacking in the evidence presented as to the causes of {he trend observed, 
an exact quantitative comparison and a'a evaluation of other factors, 
such as precipication, that might have influenced ie. 

Sampson et al. (1951) and Sampson (l9~2 ) , following an earlier 
srudy (Sampson, 1919), present successional scales for California fOOt­
hill annual and mountain perennial ranges. These are correlated. at 
lease by implication, with parallel stages of soil development, but no 
observational evidence for these parallel successions is given. 

U ndec cecal protection of a highly productive :lonuat range in the 
woodland rype of the foothills of California there was a complete 
reversal of plant composidon in cwo yeats, from a 9S-percem cover 
of forbs [0 a 96-percenc cover of grasses (Talbot" al., 19;9, Talbot 
and Biswell, 1942) . Erodium spp, dropped from over 80 percent to 
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three percent of fhe cover under comple,e protection. (0 [4 percenc 
where carde were excluded bur noc rodents. 3nd onl}' co 50 percent 
on range grazed boch by livestock 3nd rodents. Under coral protection 
B,.,muu ,;giJm became dominant in the fourth and fifth years, buc 
chis undesirable species made up less dian onC' pectenc of the Cover 
at all rimes where either rodenes, or livestOck: and rodentS, were pres­

. coot. from such studies Bendey and TaJboc (l9,)l) came to the con­
clusion chac the mose desirable composition of chis annual vC'gC'cacion 
is maintained by some grazing. If che range is grazed Iighdy or nor 
at all, there is a rendency for call annual grasses co increase and. shade 
oU[ Erodium. Trifolium 30d ocher valu.1.ble. low-growing planes. 

PALOUSE GRASSLAND 

This very complex association extends from northern Utah and 
southern Idaho rhrough eastern Oregon and Washington, and 250 
miles inco the southern interior of British Columbia. It has been di­
vided into a relatively moist FescuCl zone: and 3 drier Agropyron zone 
(Weaver, 1917; Daubenmire, 1942, 1951) . On dry sires and roward 
the southern end of irs ~ea chis association merges imperceptibly inca 
the sagebmsh associadon of the nonhern desert shrub formarion 
(Shantz, 1925). As a result of livestock overgrazing, the herbaceous 
components of the sagebrush association have diminished and' the 
proportion of sagebrush has increased (Blaisdell. 1953). and sage· 
bc"ush has tended. to invade the drier pans of [he Palouse grassland. 
( SrOOd",. 1941 ). 

Tisdale's (1947) analysis of changes due ro overgrazing in rhe g"'ss' 
lands of southern British Columbia is probably the most comprehen­
sive [rea,rmenc available. The effect of overgrazing in the moister :zone 
has been to reduce AgrtJpyrO'l Spic411lm and FeJtU~4 I~@relits and to 
encourage the increase or in\'3Sion of Stip4 colllmbi4n4, POtS secunda. 
Bromus lee/orum and [he \'egec:l!ively spreading !>pecies. POll prlSlvuiJ, 
AchiJ/ea 1II1IIIIos4 and Alllemldrkr pani/olitr in what Tisdale calls [he 
Sripa.Poa and the Poa·Bramus a.ssocies. Farther south in eastern Wash­
ingtOn Fesluca sctrbreila drops om of the climax and F. idahoensiJ 
becomes codominant ~ .. ich Agmp)'ron. Forbs form a greater propor­
tion of the climax cover. <!nd scattered, dwaded. shrubs (Prunus, Rosa. 

Symphoricarpos) become somev.·h:lt more conspicuous {Daubenmire. 
1952 >. 
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in the drier (Tisdale'!j Agropyron·Poa ) zone [he dominant species 
:m: Agrnpy,on JpiCdlUm and POd se,un4a. Two communities rh:u h;lVe 
dt:veloped as :l result of overgrazing are the Sripa-Agropyron.Poa 
OInd rhe Bromus-Poa-Scipa associes. the latter represenring the more 
se\"ere depletion. Tisdale notes thac, if light grazing is practised in the 
Beamus assodes, (he pereMial grasses increase and Seamus declines, 
This has beeq observed widely elsev.'he.re in the Intermoumain region 
(Pickford, 1942) . Vegeu.tion in this zone as far south as northern 
Utah and as far eaSt as south-central Monrana appears to reaCr simi­
lilrly to grazing pressure 'and fire--toward dominance of A,,,,misia tri­
dentala and Bromul teclOf'lIm (Stoddart, 1941; Humphrey and Lister, 
\941; Young, 1943; Humphrey, 1945a, 1945b; Wrighr and Wright, . 
1948 ). 

Daubenmice ( 1940 ) concluded that the "biotic climax" wtder sheep 
gruing in .southeastern Washingmn was no< a stand dominated by B, 
ItfUf'lrUrn but one dominated by Poa se&rmda and small annual forbs, 
Since the response of che: vegetation was differem than chac of similar 
vegecarion elsewhere in the Intermountain Wesc, Daubenmire sug­
gested chat environmemal conditions in southeastern Washington 
might be somehow atypical. It seems mace reasonable to suggesc rh:lC 
his example of a "bioric climax" is range char is more intensively and 
severely grazed. than usual, for Piemeisel (1945) has shown in southern 
Idaho chat annual forbs can be maintained, and B. leelorum kept from 
achieving dominance, by such recurrent disturbance as the close graz· 
ing of jackrabbirs. 

In the same general area in which Daubenmire worked, YOung 
(1943) indimes that both on the rnoi" Festuca type and the dry 
Agropyron rype these gl.lSSe5 give way under geazing pressure (wheth· 
er cattle or sheep is nOt specified) to species of such forbs as Lupinu5. 
Potencilla, iomatium, Astragalus and Achillea, the shrub Chrysolham­
'JIIS nameoiUJ, and the grasses BromnJ IeCIOfll llJ and Poa se&muia. Bro· 
mllS may cO,mpri~ as much as 90 ~ccent of the vegetation. 

Ie is an ioreresting facc thac B, teClor/f11l was noc mentioned by 
W .. ver (1917) wbo "udied the P.louse gr.ssland from 1911 to 1914_ 
Ie is given conspicuous recognition by all the _later authors rhat have 
been deed, This aggressive Mediterranean :tnnual, evidently aided by 
livestock gcazing and probably imported repeatedly from the sagebrush 
association where it had become a dominanc. made irself at home in 
the P;tlouse grJ.Ssiand within 25 )'e:l.CS, 

..... -_._-- -
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NORTHERN DESERT SHRUB 

SAGEBRr5H .~SSO('lATIOX 

The: extent ::md character of the sagebrwh association in pnst1ne 
condition will probably never be known accurately. The associacion 
cover~ much of (he plains itnd foothills of (he Imermountain Wesco 
Ie occupied (he area chac was mast heavily gr:1Zed by domcsck livc­

srock soonest airer secctemenc, and much of it has since come under 
culdvation. Probably it was for che most parr aD open sra:nd of shrubs, 
wieh a highly diversified understory of- perennial grasses and locbs 
( Blaisdell. 1953 ). As , resule of diSturbance. moscly by overgrazing. 
it appt'ars char s~gebrush hns e.xtended inro other types where ics 
existence is marginal. This is suggested by an example of change in 
north ·cenetal Wyoming in which sagebrush v.'as strongly reduced as 
grasses increased afrer only eight years of moderate grazing and de­
ferment during the grazing season (Cooper, 195; ) . Another example 
is derived from the deacn of sagebrush in associat ion Wlth grass in 
southeastern Montana, because of drought and grasshoppers, in con­
crast co its sur~i v111 on overgruea ra'nge (Allrtd. 1941 ) _ Sdll :Lnocher 
example [0 similar effect is Tisdale's ( 947 ) observation in the Tran· 
qujlie Range of British Colwnbia, char Ch')'JoliJIJ" lnuJ tJ4l1seOJUJ de­
creased markedly. ':l.Od ArfemiJia tride1IJtlla somewhat less markedly. 
during four years of reduced grazing with a concomitant increase in 
grasses. 

It is going coo far, however. in rhis reviewer"s opinion, to consider 
chis associarion co be properly grassland, and the presence of sage­
brwh throughout essentially its-' entire area co be a result of man's 
d iSturbance. as Clements .nd Clements (1 941 ) do. 

In eastern Id3ho it has been shown th:lC spring grazing by sheep 
depletes [he herbaceous components of [he sagebrush associarion :lnd 
increases (he S<1gebrush l A. IriparJila ); bur mac . havy fal l grazing 
by sheep. after the herbaceous species have dried, favors them .ramer 
than the sagebrush (Craddock and Fouling. 19}8; Mueggler. 1950) . 
Muegsler's d ;\ta suggest that under fall sheep grazing A, Iripaf'tila 

formed abou( {he same proportion of the vegerarion in 1949 as in 
1924, bue (he presence of many dead A , Ujparl iJa planes in the fall· 
graz.ed area indicates chac [he sagebrush has in faC( declined. It would 
appear thac a comparison of proportions based upon cover in 1924 
and upon weight in t 949 obscures ~his essential change. This infer-
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cnce is supported by the fact rhat, 3{ rhe end of six years of reversed 
rrearmencs, there has been a perceptible reversal in effecr, which in­
dicarcs that [he A. IriparJiJa and other shrubs are indeed reduced. and 
the more palatable herbaceous components of the vegetation increased, 
by fall grazing (Jack E, S:chmautz. personal communication ), This is 
one of the few instances known to the reviewer 'where grazing pressure 
can be app~ied under range conditions co achieve improvement of 
the forage. It appears chat fairly heavy late fall grazing, ",jth light 
grazing in spring under a rotational system, will favor and maintain 
[he herbaceous vegetation and hold the shrubs in check, . 

The fact tha't uoder heavy grazing most palacable grasses and forbs 
are reduced and. sagebrush increases has bee'n recorded by many authors 
(Pickford, 1932; Cor[3m and S[e.,a", 1940; Shanrz and Piemeisel, 
1940; Tisdale, 1947; Bleak, 1948). Where [hey occur in proximi[y 
ro the sagebrush association, juniper and pinyon may invade areas 
with deep soil occupied by sagebrwh or herbaceQw vegetation (Conam 
and'S[cwari, 1940; Woodbury, 1947), jus< as [hey invade deserr grass­
land. The reason is evidently heavy grazing's weakening the herbaceous 
vegetarion and reducing the supply of fuel In gener3l, heavy grazing 
by sheep in the sagebrUSh association reduces forbs. such as Lupinus, 
Bal5amorhiza and Penstemon, more completel>" chan ,he perennial 
grasses. whereas heavy grazing by cattle has the reverse effect, 

Ecological, eHects of overgrazing in the sap;ebrush-grass type are com­
plicated by the effects of fire and cultivation. A. triJentata is very 
sensitive to ore •. and fire can be utilized [0 reduce it and make herba· 
ceous forage mote readily available (Blaisdell, 1953) . Howevet, fite 
has many und~irable effects, one of which, .coupled with overgrazing. 
is to encowage the spre2d and dominance of cheacgras5. BromNs lee· 
lorum (Hull and Pechaaec,' 194;; Robertson and Kennedy, 19)4 ) . 
OD sagebrush-cheatgrass range there appears co be a continual rug of 
war: sagebrush persistently reinvades. but recurrent fires maintain 
dominance of the annuals . 

The relarions between annual species induced as 3 result of culti· 
vation. fire and ovcrgrazin8 have been carefully studied over many 
years and analyzed by Piemeisel (1938, 1945. 1951 ) . Piemeis.rs 
studies shoW" chac any extreme disturbance that results in denudation 
of the perennial plane cover is follou'ed by a regular sequence of an· 
nual plam .communides: t~'O ye:lCS of dominance by SIr/sola Rali fol· 
lowed by tWO yeats of dominance b)' annu:l! musrards . (DescuC:linia, 
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Sisymbrium ) t and from the fifch year On\\',lrJ dominance by Bromm 
1~(I()Tum . This time sc3ie of ;lOnu:l1 5ucc<.-ssinn. whu:h is "err Jiuic: 
affected by Ructu:l.cions in we:tcher. dcpen~s upon fct'eth)m from dis­
cUlbanee. The sequence Can be: imecrupced a.nd held b:1ck by such dis­
rurh:mces as excessive livescock grilling or feeding of jacknbbitS. Over 
j'l longer period. and depending upon the availability of seed of sage­
brush and perennial grasses, BromuS" is eventually replaced by {h~. 

Sf l:\ DS(, . ..l"lE ."'.S50('(:\ Tl(i:'\ 

This associarinn includes a variery of deserr communiries dominaied 
by widely spaced low shrubs. The principal genera are Arriptex. Ar­
temisia, Eutocia. ChrysorhalTlnu5. Grayia, Kochia and Sarcobatus. 
Grasses are sparsely dispersed-Orrzopsis, Hilaria, Siranion. Srip3, Bou­
{e1oua-and perennial Forbs ;Ire nor numerous. (he mOSt common, per­
haps, being species of Sph:1eralc:C':1. Annual Forbs and gr3.SSe5 may be 
conspicuous in especially wer grov.'ing. seasons. SlIiIolll ka~i has re­
cently become widespread ;lS :1 wnsequence of dt"plc.'tion of plane cover 
(Stewart, ~J a/. 1940 )' Shaoc2 :lnd Piemeisd (llJ-lOI observed chat by 
1915 Salsala was scill restricted to parc:; of Es<.:abncc Valley, Ut4l.h, and 
noced chat in '1912 Kearne)' el al. t 1914) had nor (l"Cocded th is specje.s 
at all in Tooele Valley. Sciu more recently. spreJd of the poisonous 
HtJ/ogeJotZ glom'era/lu, an annual similar co Salsdl:l. has received con­

siderable nexoriecy. BromllI uc/oTJIm may be locally dominant where 
grazing has reduced or eliminated the desert shrubs . 

The shadscale association is used primarily for 't\:imer unge, par­
ticularly by sheep. Because of soil salinity at)d low precipication, areas 
dominated by this veget2.c!on are not widely USC'd for crop agriculture. 
This is in conrrtlSt (0 the area of the sagebrush associ;:ltion which, 
because of gener;tlly fertile soils :lnd greater precipitation, is [he mosr 
importam :lCea of cultiV~H~ Innd in the Intermountain region . . 

Stewart tf (u. ( 1940 J sur\'eyed cwo deserr valleys in \,\,escern Urah, 
one of which Iud bttn much more severely gr~l.ed over 3. longer 
period ch:ln [he mh(.;r. Tht'r <.'omp~red numbers o( li\'ing and dead 
plants by types :lnt! :\gc·d:\SS di:>cribucions, Olnd came co (he- conc:Iusions 
that · heavy ,gr:l~in8 was descroying O,yzopsiJ bpnelZoides and Grayia 
spinosa, and hld greatly reduced the qu:ant iry of Euroria "mala · 2.00 
Artemisia 1lIJI"Il. As Sh:mtz and Pieilleisd (19-10 J had observed in 
1915. the)! mndudt:d (h'l{ Clll').f'Jlb:mlllllS Jtt'IJIJphl/lIJ '(1.115 replacing, 
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;tnd Salsola had replaced, more valuable species over extensive are:ls. 
ProteCtion or moderate grazing over a ~riod. of years has (on­

nrmed and extended these e:trlier observat ions (Hutchings wd Stew.ut, 
1953 ) by est:1blis~ing trends in which the palatable species have in· 
creased while le.u p"lacable ones h:l~e dt:clin::d. Such change; have 
mken place under managed grazing. even though the herbage of :l 

palatable species like Artemisia tWI'a is utilized 65 percent, v;hile thiLt 
of CMPf!JhtlnmUI stenoph]lIus is utilized only ren percent. Differences 
in (fends are of course mQ5t marked in contrasts berween severe graz­
ing and moder.ue grazing or protecrion. On experimemal pastur~ 

where differences in ucilil.adon were not great, only erends of produc. 

cion of Eurocia showed marked differences in response co use·intensity, 
Over a 1 ;.yeu period [he increase of Euroda under moderate grazing 
was faseer than under eieher light or heavy grazing, Possibly the in­
crease was fa.ster under moderate chan under light grilzing because 
there was markedly less Euroria in the lightly grazed pastures ro begin 
with and therefore noc much difference in utilization imensity. 

MOUNTAIN RANGELANDS 

~tOl·XT.6.I~ BRl"SH :\~o CHAP.~RR.-\L ZO~ E 

The effect of intensive livesmck grazing on the low'er mountain 

slopes, dOp1ini1.ted in Ucah by Qt~ercltI gambelii and other call shrubs, 
has been [0 reduce (he proporcion of herbaceous vegecadon and the 
more palarable shrubs and co increase the proportion of less palatable 
species (Fouling and Scorm, 1929; COttam and Evans, 1945). The 
abundance of grass on scrub-oak range used in common by deer and 
carcle is inversely correlated wirh intensity of cattle utilization (Julan· 

der and Robinette, 1950). so chat scarcity of Agroppon IpicalJJm may 

be used as an ind icatOr of the degree of carrie. use. In the Ce"ocarpIIs 
ledifolilll type in Ucah, heav), graz ing in spring and hU by eieher 
sheep or cattle reduces {he ptoduI.1 ion of perennial forbs :;Lod grasses 
(and because of increased b:;Lre ground. increases the annu:ds), and 
increases the volume of the relati\'ely unpah1t3ble Artemisia tridelllaJa, 
On the ()(her hand, heotvy wincer scaling by deer in the same type 
reduces rhe productivity of C. Ict/if?liIIJ. ;1 b\'ored deer fOC'Jge, bur does 
not alcer (he producrh'iry of perenni.ll forbs and grasses m:l.U:riall)'. and . 
as a result, does nor increase the pmpoCfion of ilnnu::d:i Uubnder, 
1955). 
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In (he pinyon-junipcr woodland of nonhern Arizona. excessivc 
browsing by deer has reduced shrubby vegeucion and favored the 

growth of herba.ceous species less readily eaten by deer. In places mose 
of {he pla.nes of Cou·t:nia uanshur-irma had been killed dudng me 
Kaibab irrupdon. Ae higher elevarions, in the ponderosa pine and 
spruce-fir zones. much of the Ceana/hlls ft,id/~ri, Symphoriarpos, Ru­
bus and Salix had been killed, and all recem aspen sproues (Paplll"UJ 
u~mllloiJel) were grazed back closely ( Rasmussen, 1941 ). 

~fO"TA>lE FOREST ZOSE 

On heavily grazed ponderosa pine range in northwestern Ne9.' 
Mexico, Gardner and Hubbell ( 1943) noted chac the invading rubber­

~eed. Ac,inell richaf"dJoni. had declined after dght years of protection, 
9.·hile ccrtain ocher species had increased.. Pemaps because of the 
insensidvity of frequency dara as a measure of change, DO difference 
could be detecced. becwe-en trcnds on completely protccceci ilnd ligbdy 
grazed range_ . 

In northern Arizona [h.e invasion of heavily grazed grassy opeo.ings 
by pine has been con'picuous (Leopold, 1924; Pearson, 1936). Pear· 
son (1923) noted rhar seedlings of Pimll ponderosa were more likely 
to grow vigorously 'Po'here herbaceous vegeearion was grazed thao wher~ 
(he grass was chick. On rhe basis of these observadons and 3cudies in 
which competing grasses were variously reduced, he concluded chac 
very heavy grazing when a good cone crop was in evidcncc and dur­
ing the following year of S<Cdling e",blishmenr should be an effe"ive 
silviculrural cool (Pea.rson, 1934, 1942. 19~0 ). Most emphasis in ~c1y 
studies by foreseers "CVa.S on the damage done by grazing. especially 
'heep gmzing. to pine reproduction (Hill . 1917; Spathawk. 1918; 
Jardine. 1920; Pearson. 1923; Loveridge. 1924). 'Thar such damage 
eo pine reproduction was so serious is probably an accurate ~efleccion 
(by presenr-<iay standards ) of the cwtomary severity of grazing prac­
ticed when the West was young_ 

In central Washington ;.l positive reladon between reproduct ion of 
P. pont/eros", and heavy grazing has also · been reponed by Rummell 
( 1951 ) who compared an area chac had never been grazed by domes­
tic livestock ..... ith one chac had been heavily grazed for 40 years. 
Rummell concluded thac livesrock o\'ergrning is more importanr in 
fOHering the successful C5cablishmenc of young crees thiln fre't!dom 
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from fire. The most striking effecr of heavy grazing, in addidon to 
encouraging pines in grassy openings, was (he reduction of grasses, 
principally ClllamagrolliJ f'IIbeseens, (0 half Or less of (he cover they 
formed on the virgin rarige. 

Johnson ( l956) compared the eileen of four degrees of forage 
utiliution by cattle ~n vegetarion in ponderosa pine parkland in cen­
tral Colorado. As such comparisons usuaUy show, heavy grazing (utili­
zation of 50 percenr or more of palatable grass and sedge herbage) 
damaged the more palatable species aad tended. to encourage the un­
palacable oncs. Fortunately for our purpose, (he srudy !nc1udes com· 
parisons of production of vegetation under protect ion for ten years 
as well as under lighr (10 to 20 percent) and moderate (30 to 40 
percent) utilization of palacable grasses and ,.dges. The most abundant 
palatable Brasses were Muhlfflb~gi4 montana and Feltuca lI'fizfJ11jca. 
Other palatable species chat were markedly less abundant were Carex 
spp .• Andropogon IcoparilH and Astragalus gonialllJ. Species of com­
paratively low palatability were BomeloJl4 graci/iJJ Antenndria rosea, 
Artemisia ffigida, and Eriglfon jtagellaris. 

In general. the pr,oduction of palatable species tended to be higher 
under protecrioo than under light Or moderate use, and with one 
notable exceprion rhe producdoo of unpala.table species tended to be 
lower . . This exception was Artemisia frigida which was more produc­
tive on protected. areas than on any of the grazed range and in greater 
number tban on either the modera.tely or lightly grazed range. No 
explanation is offered for this anomaly. In short, although the dif· 
ferences between no grazing and Jight or moderate grazing are by 
no means clear-<ut, many of them seem sufficiently marked. co be re:l1. 
They give no suggestion chat tight or moderate grazing has a positive 
effect in furthering succession toward the climax, as oppost"d to no 
grazing at all. but instead, a. retarding effect. 

Pickford and Reid (1948) disringuished tWO levels of range con· 
dition in pondcCOla pine openings in eastern Oregon, poincing out 
mar these openings are marc heavily grazed chan areas overshadowed 
by rimber and therefore ate likely to be npidly depleted. In bunch~ 
grass openings in good condition more than 50 percent of the ground 
is covered. by veger:uion. Th~ dominanr species are Agropy;o1J. spi,a­
tum, Felll/ea idaboeJlJls and Koeleria criuata. In good·condidon, dry­
meado'lto, openings the cover is almost complete ilnd consists mosrly 
of Agroslis diegoeu.riJ .. Pf)d Jrd/emiJ and f,'Ullf,1 ",brlt. 
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Using range-sun'ey rechniques, mountain meado,,'s in eastern Or~­

gon and WashingtOn ace arranged by 'he "me authors (Reid and 
Pickford, 1946, into lour condition classes rebdng m depletion fcom 
overgrazing. Good- Or excellent-condit ion meadows h3ve a two-thirds 
cover, moscl)' ol perennial gr.Isses and sedges, with Defchampsu ClUS­

pi/o!1I. overwhelmingl)' dominant. On very-poor-condition meadows 
vegetation covers only about one-teneh of the ground surface, wd 
nea.rly cwo-chirds of it is made up of aQ11ua.1 grasses and Eorbs. Similar 
classificarions ha.ve been made for Sierra Nevada wee f!leadows (Crane, 
(950) and foe mounrain grasslands in souchwesu~rn Alberca. ( Hanson, 
19~ 1) . 

SVBALPI:<E ZONE 

The subillpine zone of the Wasatch Plateau In cemnl Utah was 
'he sire of an cody successional srudy by Sampson (19191. This high­
devation herb land had been virtually denuded by uncontroUed an.d 
exploitative overgrazing lrom about 1870 to '1905. and anencion was 
djreC(~ to the deva.~cated condidon of the range by mud·rock floods 
rhac damaged settlements a[ the canyon mouths. A_ W . Sampson. who 
la id Out [he pioneer study chat has demonstrated the important in­
Auence of herbaceous vegetation in coorrolling erosion aod fioods 
(Sampson and Weyl, 1918; Forsling, 1931) , devised a successional 
scheme in four stages and inserted these between an assumed fOlest 
climax at the tOp and early stages of soil formadon from paten.( toC";: 

at the bottom. Since several successjonal studies in relation to grazing 
have been patterned on chis model, it .will be eX.3.mined in some detail 
here. 

The lowes! 5[3ge "ca,cd by Sampson (19191 in any derail was 
che first -weed stage or "ruderal-early.weed consodacion" in which the 
dominants were annual weeds of such genera as Chenopodium, Collo­
mia, Madia. Orrhocarpus and Descurainia, The next higher (second 
weed. ) nage W3S the "foxglove-sweers.age-yarrow consociacion-' in which 
the chief dominants were Perute11lon ,,.dbergii, Ar/emisia tiiuolor 
J.nd Achillea lalllllosll, The th ird. the mixed-grlss-and-wecd nage, re­

. fentd co as (he -'porrupinegrass-yelJowbrush consociarion", contained 
molDY species but had S/ipa lelltf17J41Ji and Chrysoth.nlJlUu viscid.· 
floru! as principa.l dominants. The fourth Stlge ""as (he herbaceous 
climax. the " ~'hear8(ass consociarioo", dominated by either bunch 
.... ·hea.cgcass (J'igro-py rlJ n /rachycatdum ) or rurf ~'hca[gra~s ( A. JruyftiJ -
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"hymr. ). In 'his sequtnce, 3nd in irs rct.1,ejons to succtssional stag~ 
abovc and below ie, Sampson mad't no distinction between prim:.lry 
;Ind secondary succession and emphasized me rev~rsibil iry of ,he pro· 
cess-i,e., chat "retrogrcssive" succession proceeds through rh~ same 
seages as "progressive" succession but in reverse order. 

Ellison's (l954) creatmtnt of succession in tht sam~ aeea differs 
sharply from Sampson's in most respects. It agrees in the essential 
characceriscics of the first·weed sragt 'on denuded soil surfaces. which 
Ellison reftrs [0. as "communities of ephemerals". He considers the 
communities of perennial species, which were arranged by Sampson 
ineo three successive stages, as essentially equivalenc. dctermined pri ­
marily by grazing pr~uee-ehose dominated by grasses reflecting 
overgrazing by sheep, and [hose dominated by forbs reAecring over­
grazing by cattle. He shows that the ranges of many of the species 
dominant in these grazing-induced communities have inceeastd in 
the subalpine zone, and rhac some of these species have evjdencly been 
inmxluced from elsewhere. Noe aU the. invading species ate Unpalatable. 
iardXacllm offici-flait, for example, is relishcd by sheep. bue b~ause 
of its rosette habit and precociry in Rowering and fruidng, togethe-r 
widt rhe suppression of taller vegetation by severe grazing, Taraxacwn 
flourishes on ~vily grazed sheep r;mge. 

The original herbland, instead of being domina red by wheacgrasses, 
Ellison considers to havt been a rich mixcure of tall, rather succulent 
forbs, grasses and sedges, making nearly a. complete cover of vegeta­
tion and litter, and. with. the following species dominanr: Mertensia 
leonardi, Agrofryron lrachyc4ulu1n, Valeri4ru .occit/.ent.Jlis, Osmorbiza 
occidenttllis, Heradeum lan41llm, A ,:gelica pintJata, POltmOtli"m fo/io­
Ji-u;'mum, EfigerOIJ SpeciOstM, Brol1ll1I c.:rinatu.s, B. anomalllJ, Carex 
/ts:;'vell4, C. hoodi;, C. raynoldsii, AquileXia coerlilea, Catrel/tid t ltl-

phurea, C. Ie"",,,,ii. . 
Ellison distinguishes between. primary succession, in which soil 

formation is involved, and rhe much more rapid Changes thac rake 
place upon a developed soil in [he course of secondary successions. 
H~ shows thar (hc sequencc of evenrs in primary succ~ssion ,md soil 
developmenc in the iubalpine zone of rhe Wowtch Place:l.u ;arc very 
different, indeed. from me changes brought about by overgeazing. 
On rhe basis of comparaeive soil development. he shmvs char on ~·arm. 
dry exposures ,he herbaceous vegecadon could n(){ be subdimax to . 

spruce-fir forest. bur chat, if 'he. communities were sequenri31ly reb[~ 
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at all, the cree-dominated community muse be [he more pnmlUve. 
Finally he distinguishes changes involving accelerated soil erosion 
as "destructive change" in COntrast [0 ordinary succession, pointing OUt 

thac "Ie is ruinous for the range manager to ue guided by the belief 
chac vegetal changes associated with accelerated erosion are [he counter· 
pare of normal, primary succession, and that acceleraced erosion is 
merejy the councerparc of normal soil development", 

On the basis of range-survey daca, Pickford and Reid (1942) pre­
sene a successional sequence much like Sampson's for the subalpine 
herblands of the Wallowa and Blue Mountains of eastern Oregon. The 
climax grassland is considered to h.we been dominated by one species, 
Festuca viridulo, in virtually a pure stand and forming a nearly com· 
plete cover. Below this is a transition stage, a mixed-grass-and-weed 
type in which cover is only 20 to 40 percent of that in the F. viridula 
type, and in which the following species are mas! abundant: F. lIiridula, 
5lipa columbiatza, Carex spp., LJJpiwtJ leltfophylilts. Gilia nltltallii, 
Eriogonum spp., and Artt'miJia tridenta~a. 

Next lower on the successional s<.:ale is [he second-weed stage, the 
weed-needlegrass type, v,,.hich seems vety litde differene from the transi­
don stage, having a somewha,t lesser cover and smaller proporcions of 
the same species. Ag4Jtache l~rticifolia was imporcanr in chis srage in 
the Wallowa Mountains, and Pol)"gonum phytolaccaefolium in the Blue 
Mountains. 

In this successional scheme accelerated soil erosion and stage of 
succession are conside-red to be correlated.. Soil losses in the F. 'fIiriduta 
type are estimated to have been... about (WO tons per acre dudng the 
lives of existing F.L·iridula planes, a rate considered by the authors 
to approximate [he geologic normal. This is in marked contrasr [0 the 
reviewer's conception of normal erosion in the subalpine zone in 
cemral Urah as being, except for land slips, essemially imperceptible. 
Losses in the mixed grass and weed stage are estimated to have been 
between 212 and 606 cons per acre, and in the second weed seage 
927 rons per acte. Although the destruceive nature of accelerated soil 
erosion is recognized, its incongruity as part of a successional scale 
is not. 

EFFECTS OF HERBAGE REMOVAL 
FROM INDlVIDUAL PLANTS 

Although the influence of grazing may be exerted in many ways-­
trampling, fertilizing (he soil, introducing planes from some ocher 
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;lrea thcough dissemination of seed--che most obvious influence is that 
of reducing the volume of herbage and (he ;lrea of photosynthetic 
surface. Many srudies have sought co evaluate the influence of grazing 
by dipping herbage artificially to varlous dcgr~s and ar various 
rimes during the plane's growth cycle. The advantages and disadvant­

ages of clipping srudies have been discussed by Culley tl .t. (1933) 
who conclude char, although clipping does noc simulate grazing pce­
cisely. it can be a useful roo! when applied with judgment in 'con. 
necrion with studies of aCtual grazing. 

In this secdon we shall consider the eHects of clipping on (he 
individual plam-first in tbe greenhouse, then in the field. Most of 
the clipping studies in which an interaction of different species is 
involved have been considered under the effectS of grazing in the 
major range types. For the mOSt part, we shall nor concern ourselves 
with clipping studies of hwnid pasr:ure.s. These have been reviewed. 
recendy by Wagner (l952). 

GREENHOl-SE STl:DIES 

Conditions for plant growth in the greenhouse are presunubly opti­
mum, particularly because moisture stress can be minimized. Never­
theless, greenhouse studies show chat red.uccion of photosynthetic 
surface by dipping reduces production of both herbage and roots 
;u compared with those 01 unclipped controls (RobertsOn, 19>3; 
Carter and Law, 1948j Branson, 1956). The more frequent or more 
severe the defoliadon, the more markedly producrion is depressed.. 
Biswell and Weaver (1933) concluded that frequem clipping not only 
reduced the production of prairie species but lowered [heir resistance 
to freezing because clipped sods that h.d been lrozen and plamed 
recovered much mOre slowly than concrol sods. 

Among many investigators ro dcmonsmlte lowered produCtion fol· 
lowing clipping were Parker and Sampson (l931) who used Slipa 
ptdchra and BromuI hordeaceNJ planes in nucriem solution. They ob­
served. chat regenerarion of tOpS \\"3$ immcdi:ltc after harvesting wirh 
a sharp acceltration in grov.rth of leaf blades for about 24 hours. and 
thac [hen the tact of elongation declined, as compared wirh the rate 
on unhacvtsttd planrs. They also nOted thar rOOt growch of Sripa 
ceased for nearly 15 days,41nd of Sramus for eight days after harvescing. 

Rooc mortality of planes chac are severely dipped may be high. 
This was demonstC3ted by Weaver .nd Zink (1946 ) and We.ver and 
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Darland (1947) who mlrked numerous roots wirh meral bands, im· 
posed clipping crel[mems in ,he greenhouse for pare of a growing 
$e3son, :lnd rhtn appraised (he f11ort:liiry of roors of dipped and 
unclipped planes. 

In Parker and Sampson's study, single harvescings did not 'appear 
to reduce [OOC yields more chan tOP yields. In close and repeated 
harvestings. however. root producti~n is the more markedly reduced. 
A thorough review of the effects of herbage removal on rOOtS is 
given by Troughron (195 7 ). In practically every study, the ell,etc of 
herbage removal has been refleered in reduced roO[ production . 

Elongation of rops is often stimulated by clipping (Parker and Samp­
son, 1931: Robereson, 1933; Branson. (956 ) so rhar cumulative height 
growth of planes frequently clipped [ends [0 be greacer chan that of . 
unclipped planes. Inasmuch as rom produccion is me more markedly 
reduced by dipping, it would appear th3t me stimulared regrowth of 
foliage is made at the expense of root growth. Thus the roots of a 
grdzed pLam are probably handicapped, as compared with those of an 
ungrazed pJanc, in competing for soil moisture. 

Most studies have shown that dipping tends co reduce or recard 
tillcring in grasses ( Finnell. 1929; McCarey, 1932; Robertson, 1933; 
Hubbard and Harper, 1949; Cook and Stoddart, 1953; Sprague, 1954; 
Branson, 1956). Leopold (1949), however, demonstrated in one ex­
perimenr cha~ removing the shoot apices stimulated tillering in ceo­
sinte and barley, an~ concluded that auxin produced ae the shoot apex 
inhibits tillering. These apparently comradictory results may be recon· 
ciled jf ir is asswned th:l[ little rissue was destroyed in leopold's 
experiment and that in the ocher experimen~ the influence of auxin 
" 'aa overshadowed by the damage done in clipping. 

In mo~;[ experiments the dipping treatmentS are severe. Usually 
the plams are haevC'sted completely or clipped to a. height of about 
an inch. Crider's (1955) studies on root growth in response to dip· 
ping are particularly incercscinx because they include some light crear· 
mencs. Chloris gayt:n4 plants 64 days after seeding were dipped. once 
co remove 10, 20, 30, 40, 50, 60, 70, 80 .nd 90 percent of their tOpS 
by volume. As compared with growth of COOts of the control planes 33 
days lacer, growth of looes of aU clipped planes ,",,'as checked-lease by 
the to pefl.-em and most by the 90 percenc c!ipping. That cetal rooc 
production under 10 3.nd 20 percent clipping was significamly less th:lO 

rhJc of ehe unclipped controls may be questioned, but the consi~tC'nc; 
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of the decline with degree of clipping suggests tha~ the effect is a real 
one. The study indiotcs that no level of harvesting. nO( even [he 
lightest, encourages root production in Chloris, even [hough [here is 
a !>uggestion of some stimulation wirhin 3. week ::af tee clipping :l.t the 
lightest intensities. 

The recardation of production of main roots was not direcdy pro­
portional w degree of defoliation but became intensified as defolia­
tion increased. The deptession of rooe production from zero to 20 
percent defoliation, for example. was not so muked as the depression 
(If root production berween GO and 80 percenc. 

Like Parker and Sampson (931), Crider showed that severe de­
foliation resulted jn complete scoppage of roor growth. Unfof[unarely 
for our purpose, Crider did nOt include an appraisal of clipping in· 
tensiey On , producdon of herbage . 

FIELD CLIPPING OF HERBS 

In three prairie and four pascure types near Lincoln, Nebraska, Wa· 
v", .nd Hougen ([939 ) demonStrated the harmful effeer of frequent 
dipping on And,-opogon JCotltlr;III and A. gerard; in rerms of produc. 
don the year following treaemenc. During the first ye;ar of treaement, 
production of the tWO Andropogons was as great on the dipped quad. 
tacs as on controls clipped. at the end of me s.:ason. The yields of un· 
derground partS were smaller for plants that had been closely and 
repeatedly clipped rhan for unclipped planrs_ Bukey and Weaver 
(1939) showed rhar severe dipping decreased rhe percenrage of cer­
rain a.rbohydrares in these tOOts. 

Ie may be 'Wondered why clipping carried out in the field, particu· 
larly during rhe drought year 1934, should not show more marked 
depressions of yields [han the greenhouse study by Biswell and Weaver 
([933) _ The reasons are probably mat rhe intervals between clippings 
in [he gteenhouse swdy were shorter, and rilat growth was 10 to 30 
rimes as fast in the greenhouse as in the open, doubdess exhausting 
rooe reserves more completely (han slower growth in the field. 

From observation of prairie species, Branson (195 3 ) suggests thar 
a high growing point and a large proportion of reproductive co vege· 
cacive shoots make a species susceptible co damage from grazing­
(wo qualities chac the same species may noc possess. Thus the growing 
points of the Pml;rlrm "irga/ltrn and AgropJro11 Jmilhii. studied reach~ 
a heigh't of 20 inches by the end of summer, wher~s those of Arulro· 
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pngrm fcopa,.illJ · were onl)' an inch above the ground; while. 00 me 
orher h.nd, Panicum and Andtopogon had r .. :o or rhree Roweling 
stems [0 ev~ry vegetative stem, whereas Agropyron had onl}' one te­
productive stem in 17. In this comparison, P:micum, h:tyiog tWO 

counes against ie, should be rh~ mose suscepcible ro grazing damage. 
The resistant shorr grasses and Poa praletJJil have small proportions 
of flowc:ring stems as well a~ low gco\\o'ing points. 

Newell and Keirn (194i) compared the effects of mowing at 
monthly intervals with a single midsummer harvest, using several 
gr:wes over a nve,yc:lc periorl. The yield from siogle cuuings of the 
native "Andropf)gon /IITr4l1lS, Pa"hlinJ t"irglltll1ll and BOJlte/oHa Curl;· 

pendw, and of che pasture grasses EmmltJ i,uTfniJ :lnd POll praJtnsiJ, 

increased from year rO year as compared Q,'i rh rhe rotal yield from more 
frequent curtings. The short grasses were mort: resistant to frequent 
mowing: the yields of BoUte/.cll4 gra"jfjJ from frequent and single 
mowings did noe differ significantly. even in (he fifth year, and thO$e 
of Bllchloi JiJclyLoideJ only by the fifth ye:u . The aurhors point out 
(hac in rhi5 [[ue·prairie environment frequent mO\\'ing helped BLlchloe 
b)' keeping the weeds down, wherea.'O in the once-cur plors there ",,'as 
;\ gradual loss of Buchloe during (he last three years because of shading 
br weeds and railer invading grasses. No effece of mowing '9,:1\5 noced 
with Etymm jlmceuJ, 

Cuedng eicher once or (our times during tWO growing seasons near 

Madison, Wisconsin, reduced. numbers of A"uiropogon gertll'ai ' and ' 
Panjct~m t.·irgatllTn and increased numbers of A. JcoparitlJ and Bou· 
It/ol/a <urlipeMu/a planrs (Robecker and Miller, 1955). A pharo 
raken in the next growing season shows height of me once-CUt scand 
to be discinctly less chan heighr of (he coorro!. On (he same plors 
Neiland and Curcis (1956) observed thac foliage height and pro­
duction of foliage p~r unit ba.c:al area from clipped planes were reduced 
by a single midsummer clipping and roushly in proportion co degree 

of defoliation. Repeated removal of between 35 and 75 percent of 
(he foliage reduced available cacbohydr.ue5 in the crowns. markedly. 

Using row plaming.." of E/ymuJ ilm~·el(J. Thain (t.954) found du,~ 

ing a single year char production of ' tOpS and coors declined ""irh 
frequency of clipping. Because of rent-wed gro9.·th. production of pea­
rein was increased 't\'irh' frequent dippin~. but [he amount of stored. 

c:a.rbohydrates in rOOt~ and srem bases de()ined even more markedly 
dun herbage and rOOc productiun. 
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In rhe desert gra~.l""d of sourhern New Mexico, Ciltlfield (1939) 
l';lrried on a dipping experiment with Boull/Ollll eriOpoJ4 and HiI4rw 
JIllfcica over an Il-year period, AU clipping treaemenrs with Boucelou:1 
proved roo severe, even the lighces( (end-season dip to cwo inches ) , 
pardy beca~ of wind erosion. On the ocher hand, frequent dipping , 
co :I four-inch height seemed to encourage Hilaria, a rhizomacous 
spedes growing in flooded depressions, 

In ,he Intermountain West the cesponse of AgTop)'TOU Jpicatum 

t i l defoliacion has received considerable a[[ention. Hanson and ' Scod­
J.rt ( 1940) showed thar heavily grazed plants were sm.!ler, pro· 
duced fewer seeds and had markedly fewer roots v.'hich pcnemlCed 
less deeply than ungraud plants. Sroddarr (1946) conducred a clip­
ping study on this species in northern Utah for tWo years. The severe 
d~pp~ng treatmenrs to heighcs of one and twO inches, including fall 
d ipping _ alone, reduced yield the second. year and, except for very 
, .. rly spnng and for faU clipping, caused h .. vy death losses. In Mon· 
,.n. Mcllvanie (1942) showed thar repeared close clipping during 
~he period of vegeu,tive growth serongly reduced carbohydrate stOrage 
In the . roots and seem bases of A_ spiutu7tl. In Moncaoa, roo, Heady 
(l950) concluded thar clipping of A. [pic.",m once to six inches at 

me Bowering seage wu tOO severe a rreaanenr co permi.c the planes 
ro mainrain themselves. 

Blaisdell and Pechanec (1949) , working on rhe Snake Rive, .Plains 
of eastern Idaho, showed thac clipping If. JpiC4!um to ground level 
at any dace, except after dormancy in the falt, reduced leaf heighr, 
~ower stal,le pr~uccion wd herbage producci,on the following year, 
In companson with plants that had not been clipped ar a.ll. Balsamo.,. 

hiza rag ill"'. responded similarly bur not quite so markedly: perhaps 
scored foods were less severeJy deplered in the he3.vy taproot of this 
foeb. With both species, Rower salk production "'· ... s ehe most sensitive 
criterion of injury. These results show very clearly the importance 
uf se~n, which had been seressed by Stoddarc: defolhuions depress 
production moSt chac ue made when grou'th i:; \\'ell :ldv:l.OceJ.. in 
spring, rOCK reserves :ue expended and SUbS(;lmi:lI regro\vth during 
the dry summer is impossible. 

Driscoll (1957) clipped Car~ gey,,; for three years in eastern 
Oregon, removing 20, 40 3nd 60 percenr of {h~ torage during the 
summer. Alrhougb herbage produCtion was nuc significantly 3.ftecred. 
production of seed stalks was progressively reduced . 

.. 
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Working " in [he Wallo .. -, Moun .. ins of Oregon. Sampson (1914) 
concluded, although without presenting the C'o"idence, that clipping 
Ftlilica IIj,idJila afeer the dare of seed macurjcy~bour September 1-
did nor dilmage the planes, and that Rower stalks were produced fully 
as early, a.s uniformly, and as profusely on clipped planes as On plantS 
chac had remained .unmolested. 

Sampson and Malm"en ( 1926) obse;"'ed [hac most of [he clipping 
. treatments they applied were harmful [0 Agropyron Jl'tUhyc4u/um and 
BronzuI carinatlls in [he mounrains of central Utah. They came (0 the 
conclusion thac early or frequent clipping was harmful to planes, buc 
rhac bte and infrequc:nc clipping was nOt harmful and possibly bene- ' 
ncial. More elabora.te studies (McCarty and Pr ice, 1942) in the sa~ 
locality. however. sholol.'ed [hllC boch moderate grazing during summer 
and moderate grning. :r.fcer seed maturity deprt'SSCd che sugar and 
Starch comem of rOOts and seem bases in Sromus and Agropyron 15 

comparm wich no grazing. Very early o~ very lare single clippings 
depressed yields less than any other dipping treatmenes over a three· 
year period, bue even [hesf crearmen[5 depressed the storage of sugus 
and starches and che yields of herbage :lOd l10wer stalks as compared. 
with those of unclipped plants. 

A clipping study on Slipa pulchra near Berkeley, CalHornia, by 
Sampson and McCarey (1930) included a 14-week wincer period dur­
ing which the planes were green bue in which little height growth 
occurred. There appeared CO be a slight reduction in total height 
growth fcom lare clippings during chis period, ::I.nd chis reducdon may 
be significant, since ie is consistene. The data ~U88CSt chat progressively 
lacer harv~tin8. even in this v.-iocer per iod of slow growth, had pea­
gressively more effect in reducing carbohydrate scorage. 

In shore, the results of :lU che clipping work on perennial herbs 
in chis coume)' mOlY be summed up by Weinmann's ( 1948) experi­
ence in South AfriCl : , ... . it 'Q,'ould a.ppcar th3C in most species of 
geasses any degree of herb3ge utilization v,'ill unavoidably result in 
some rC'duction in scurt'\! underground reserves". 

Clipping (he :lOoual Br()mllJ leclomm reduces yield, delays pheno­
logic11 development. :lnd so d imin ishes the possibility "for regenen­
rion 3S the dry sumnler period is approached (Hulbert, 1955) , Clipped 
planes of A...,,,, I"'"a devdeped fewer leaves. ,nd dll.red Iacer and 
less .bund.mly [han unclipped pi""" (McCarty. 1935), 

Using four CaJ iforni3 3nnul ls. FeJIJKa "ltgdl~ra, HordeJlm /Yjllrjx, 

001827 



11: ' 1," 

Oregon, Sampson (1914) 
Ie evidence, that clipping 
~i cy-about September 1-
mlks were produced fully 
.lipped planes as on planes 

. chat most of the dipping 
. nIp )'ron srachycaulum and 
.L 1 U cah. They came to the 
.\· .I~ harmful co planes, but 
;.lnnfut and possibly bene· 

Price, 1942) in rhe same 
. [1: grazing during summer 

depressed the sugar and 
Bromus and Agropyron as 
very late single clippings 
~ ueatmenrs over a mree­
:.:~sed the storage of sugars 
rlower stalks a.s compared 

~ Berkeley, California, by 
,I·week wineer period dur­

.\·hich litde height 8rowth 
reduction in tOtal height 

... 1. i\nd [his reduaion may 
I suggest thac progressively 
t.f slow growch, had pro· 

lr;lCe storage. 

work on perennial herbs 
~inmann's (1948) ""peri­
e chac in most species of 
will urulvoidably result in 
~ n:s". 

.·J lICes yield, delays pheno-
0.: possibility for regenera-

,Hulberr, 1955). Clipped 
n:s, and eiltered later and 
r:.",y, 1935). 
·(·g.;lura, HOTdeum hySlrix, 

00.1.164 

INfLUENCE OF CRAZING 43 

!immm ",ollis and A"'end barbdla in row ptamings, Laude el al. 
( 1957) nored that repeated clippings stimulated rilleting and de­
by,ed. drying, even though rhe dace of maturity of uncIipped planes 

varied from May 21 for Festuca ro July 6 for Avena. Early dipping 
scimuJaced [iUeting and seed producrion of BromJlJ moWr and B . 
mbens in mOSt plantings buc reduced seed production progressively 
during rhe latter £wo-thirds of the spring season. Their experimencs 
suggested co these aurhors the possibility of reducing Fescuca by graz­
ing heavily early in the season, permjtting che more desirable, lacer­
maturing specie~ ro se~d under lighter grazing pressure later . Burcham 
( 1957) gives an example of ehe praCticabiliry of this suggestion in the 
field. 

CLIPPING Of SHRl' BS 

In southern Utah Jula.nder (1937) correlaced shoot growth of aspen 
(Populus tr~muJoider) and diffrose (Co111ania SfatubllTWna) with in· 
ecnsity of browsing by deer. Shoot produce ion of aspen decreased 
strongly with inceasiry of browsing: only iU the lightest ·browsing 
intensity (65 ·70 percene uti lization of current year"s growth ) was 
there evidence of increased producrion over the four-year study in­
terval. In conrrasr, shoot production of [orally proteCted plants in· 
creased enormously. It must be remembered that this aspen reproduc­
tion on the Kaibab deer range had been overbrowsed fo[, many years 
prior' co [he study, hence [he very marked release under protection. 

Presumably rhe browSing of aspen root 'prours should be less damag­
ing [han the browsing of planes that arc not suPPOrted parely by foliage 
which is OUt 01 reach of ehe anlmf'ls, but dearly these rooc sprouts are 
very sensitive eo clipping-much as lower branches of most shrubs 
and trees are. 

Alchough the eifec[ of light bro\\'sing on aspen canooc be eva.iuated 
from chese 'dara , thae on Cowania can. It is interesting to nOte thar 

moderate browsing (45-65 percent utilization ) gave rise co greater 
toral shoot length during che four-yenr periocl: of study than eieher 
no or very heavy browsing: The :\Uthor stares char under moderate 
browsing. seed production appe,lred adequate for s,uisfactOry repro· 
duction. 

Pri« (1941) evaluared rhe elfecr of 11 ' years of clipping CtrCO­

carpUJ mOnl4nflJ and Symph",iraTpos oTeophii/{! in the fall in ccorral 

Utah by cotal length of twigs produced in the C"'eHch year. TIle $Cverc 

+-
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treatment, in which all current growth easil}" available co livestock 
was removed in September, reduced m'ig growth as compared with 
the unclipped comrols. Leaving either one inch or C"'W"o and one-half 
inches of each [wig of Cercocarpus each year, however, gave greater 
production on all six of the bushes cce:lted chan on the unclipped coo­
trois. Similarly.' leaving eicher rwo inches or tWO and one-half inches 
of Symphoricarpos. twigs gave greater production in four of the six 
creared bushes as compared with the undipped controls. From boch. 
the length of twig removed averaged considerably more than 50 per­
cem. Ir: is nor possible from the figures given [0 decide whether 
shrubs under the moderate or lighe degree of clipping were the more 
productive. Pardy from other considerations, the author concludes char 
leaving one inch of che currene twigs is a safe and pracci(;al degree of 
fall utilization for borh shrubs. 

In a four-year study of shrubs thar had been ungrazed' at lease 13 
years in central Utah and char produced many flowers bur few [wigs. 
Smith (1955) demonsrrated a stimulative effect on vegetative growth 
of Cowania char increased with intensity of annual fall dipping. An­
other interesting effect noted by Smith was the persistence of an in­
icial',stimulus during four years. Two bushes of Cercocarpus montttnlli 

were severely pruned in the summer and faU of 1950, and tWO bushes 
of Cowania in the fall of the same year; no further treatment was 
applied. The pruned plants of Cercocorpus produced 44 times the 
toallengeh of twigs of cv.'o comparable unpruned planes in 1951. 
The seimulus dropped sharply; in the succeeding three years the 
pruned plants produced. 6.5, 1.7 and 2.6 times as much as the un­
pruned. The stimulus to Cowani:!. was less marked: in the respecdve 
four years fo11o,;\'ing treatment rhe pruned planes produced 3.0, 1.3, 
1.3 and 1.3 times as much as the u~pruned. 

In nonhern Idaho over a six-yc:tr period Young and Payne (1948) 
studied the effect of dipping SO, 75 and 100 percent of the currene 
(wig growth on CeanothuJ Jangllillem, Amelanchier alnifolia. Loni­
cera utahensiJ and Rosa jonesii. As measured by total shoot production 
in relarion ro {hat of unclipped plants, Ceanorhlls was stimulated by 
both spring and fall clipping ae 50, and perhaps 75, percent. Summer 
dipping w:\sinjurious at all intensities, ho,;\'ever, and lOO percent 
removal wa5 injurious at all seasons. The growth of Lonicera did noc 
appear [0 be reduced appre-:iably b~' 50-percent clipping at any season 
or by 7S·percenr dipping in fall. In (onrmst with these species. shoot 
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growth of Amelanchier and Rosa was reduced in relation to the con­
trols in proporcion (0 the inrensicy of clipping. 

G:l.rrison ( 1953), working in eastern Oregon and Washington, also 
found that species of shtubs differed In chelt response to clipping, 
:dthough he concluded tha.c "In general clipping stimulared twig pro­
duCtion ro the detriment of f1owe.r and fruit production", He removed. 
25, 50, 75 and 100 percenr of the rutrenc groWth each fall or wincer 
from five ~hrubs for a four- and five-year period. The shrubs were PIIf'­

, Jh~'a /riden/ala, CeanolhuJ lIelUlinm, ChryJolhamnm n4I1JeOfl~, HolodiJ­
(/(J djJc%r and Cercocarpuf ledi/o/jw. UDfonunately for our purpose, 
comparative yields are noc given for unclipped planes. With Purshia 
there was some tendency to obtain greater (wig yields from the tWO' 

higher inrcnsides of dipping. This was also true for Holodiscus and 
[or Chrysothamnus a( one !;ire. Ceanochus. on che ocher hand, showed 
greactor yields under the cwo lesser intensities of dipping. As in other 
dipping studies. the amount' of variation in relation to ereatment, 
which is pardy attributable co differences in site, is considerable. It 
may welt be doubted chat [he stimulative effects observed, particularly 
ac heavy intensities of clipping, would persist jf rhe treatment were 
carried on for a very long period.. 

SUMMARY OF EFFECTS OF HERBAGE REMOVAL 

GeneraUy ,speaking, the effect of grazing certain species in a com­
munity is to handicap those species and encourage others. Under 
range conditions, where the , animals cannOt be controlled as they are 
in pastures, the effect of selective grazing is commonly to reduce rhe 
proportion of palatable species. Some exceptions have been noted in 
which the quality of [he vegetation has been improved by grazing; 
but in light of the number of examples to (he contrary. these are rruly 
exceptional. Obviously differences in palarability are not the whole 
explanation foc ueads under gnzing: differences in grovtrh form or 
phenology may also play an importanr pan. 

Successional trends ace roughly proportional to grazing intensity : 
chey are pronounced under severe grazing, and in some iruances 
difficulr co disringuish ac light or moderate levels. Some observations 
suggest that palatable' planes respond as favorably under lighr Brazing 
as under no gr3zing. or as favorably under moderace as under light 
graz ing (Nelson, 1934; Canfield. 19-iS, Hutchings and S,.~·orr , 195 .; ). 
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There is usually a doubt, however, as to whether the sampling intensity. 
comparability of areas being scudied, or methods of measurement are 
adequate co make so fine a distinction. This doubt is strengthened by 
studies (Larson and Whitman, 1942; Johnson, 1956) that do show 
an appreciable effect of grazing at light . inrensicies. 

From chis it follows that the exaCt composition of climax vegeta· 
cion probably cannot be maintained by any imensity of grazing or 
selection of species other than chose exerted by pristine wildlife. By 
itself rhis conclusion does not mean much. For one thing, grazing 
pressures of wildlife in pre'90'hirc days, probably fluctuated, so char 

bec\\'een variations in grazing and in ocher environmental faerors, 
dimax composition no doubt varied gready. For another thing, we 
have no indication of magnitude. The difference between the com­
posicion of the pristine vegetation and the composition char can be 
attained under ideal management might be small or grear, and it might 

. well be greatet in some plam types, or in some sites wichin a type, 
chan in others. Too lircle is known about the effeces of light Or moder­
aee gruing-thar is, about trends under ideal management-as well 
as about chat:1crer of pristine vegetation, co petmit any very meaning­
ful conclusion, 

Although the number of studies bearing upon the effects of light 
herbage removals from individual grasses or torbs is noc great, the 
weight of evidence points to a harmful effect. Reports that claim 
benefit to the plant Itom grazing are, for the most part, either specu­
lative, crude in experimental design, inadequate in method, or Cover 
so shore a rime as co reflect only the initial stimulation in herbage 
growth. The stimulation chac occurs, which is usually measured in rapid 
leaf elongation, is evidently made at the expense of stored food re­
!\erves. Root growth is retarded and Bower production may be re­
duced more than herbage growth. 

It is clear that the physiological response co hetbage removal needs 
much more investigation than it has had. leopold's (1949) study in­
dicares thar removal of the growing point of gr,lsses encourages tiller­
ing by lessening (he production of auxin, bur clipping in ocher studies, 
in which an appreciable volume of che herbage is destroyed, clearly 
inhibirs riUering. What occurs in grazing \"ould appear co be are· 
sultant of twO opposing tendencies. That interrelations berween vege· 
tatlve and reproductive growth may be in\'olved is suggested br dip­
ping s(Ud,ics rhnr have been made wirh shrubs :1.Od by rhe experiments 
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of Staplednn and Mihan (1930), in which plucking of inBorescences. 
when they appeared. stimulated producrion of both tiUers and roors. 

The possibility needs to be investigated that cropping by· grazing 
itnimals may have some, as yct unrecognized. beneficial effect on 
planes which clipping does noc have. This poss ibiliey is· suggested by 
rhe face chac whae may have appeared [0 be moderate intensiries of 
clipping as applied co gr3.Sses have generally been tOO severe for 
survival, whereas only the heavier clipping treatmenrs applied to shrubs 
'ppcar co have been damaging. Thus Holscher (1945 ) found that 
Agropyron Imilhii and Boutelo1kl gr4&iJiI decl ined under his most 
moderate clipping intensities, whi le [he same species increased. on rhe 
grazed, range. 

Light or moderate clipping sdmulates many shrubs to greater vege­
tative growth chan ·no dipping, and may continue to do chis year 
;lher yeu, This growth appears to be made at (he expense of energy 
thar would otherwise be utilized by the plane in flower and seed pro­
ltucrion. Clipping of herbaceous· planes. in contrast, recards vegetative 
:IS well as teproductive growth. Why should there be chis difference! 
Perhaps the clipping of shrubs does not remove so great a proportion 
of phocosynthetic material as the "same" intensiry of dipping herba­

ceous species. For example. when 50 percent of the volume of a grass 
is removed, approximately 50 percent of the phmosynrhedc surface 
is raken away~ but when 50 percent of the CUrrene twig growth of a 
shrub is removed, C"Ven on a weight basis, there may be leaves on 
spurs,. or chlorophyll within the bark of oldet twigs, thac can assist 
recovery, Another difference in treatment is th3t dipping studies 
with herbaceous vegeracion have been made during the active growing 
season, whereas most observations on the harvesting of shrubs have 
been made when the sea.son's growth has been completed. On the ocher 
hand, the carbohydrare reserves in herbaceous plants :lre stored in the 
seem bases or below grouod, where they arc praCtically inaccessible, 
u'hereas ae least part of rhe reserves of shrubs arc considered to be 
in (he twigs where they ate most easily removed. br gmzing. 

The resistance of gCi\S.~ (0 croppiag .is ofeen extolled.. usually \"\·j ch 
reference to the basal medscem as being an adaptation co gr:J.zin.l;, 
The difference in .hetr response suggests, however. chat shrubs :lre 
more resiStant to grazing th:J.n herbaceous planrs. Under some ci rcwn · 
seances, coo, as where Blaisdell and Pechanec: t 1949 ) found :l gre:m:r 
depression in growth from clipping AgropYfO" JpiCalmll ch:,m BIlIJol-
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morhiu JlZgill4td, it appears thac forbs may be more resisranc chan 
grasses. 

THE QUESTION OF MULCH 

BetW~ consumpdon of plants as forage and · fragmentadon of 
plant residues by trampling. the amounc of mulch Or litter is not al· 
Jawed to accumulate du.e would accumulate if there were no grazing. 
Because chis effect is somecimes claimed ;1S a means by which gruing 
benefits the range, we shaH examine it in some detail. 

Dyk.st<rhuis and Schmurz ( 1947 J described and ci3SSifitd rhe planr 
residues in me Fore Worth Prairie, discinguishing humic m1:llch. fr~h 
mulch, cured bUbagc. 2nd green herbage. On nooge in excellem con­
dition they found tOeal organic maHer above che ground surface. 
including green herbage. co nry from about 6,000 Ibs. in April to 

9,200 lbs. in Seprember. Even ar rhe heighr of rhe season's growrh. 
green herbage made up less chan half the organic matcer a~ve the 
ground. Comparable data on range5 in different degrees of condition 
ilre given for .material collected April 10, 1945. Ac chis time chere 
were 9,037 Ibs·. of mulCh per acre on relie grassland. ilnd 5.321 Ibs. 
on grazed range in excellem condition. In contrast (here were only 
1,938 Ibs. on hay meado'Q.', :lOd 1,558 Ibs. on range in faic condition. 
A notable fact was the very much greater and more uniform accumu­
lation of earthworm casts under che liner of th~ undisturbed grass­
land than in the ocher areas. 

Weaver and RO'Q.'land (195~) record even greacer amounts of 
mulch on prairie [han Dyksccchuis and Schmutz. They suggesr rh:ar 
heavy mulch cends to promote a pure ~cand. Kelting's (1954) obser· 
vadon as to the diversinClcion of species brought about by moderare 
grazing, in comparison wirh no grazing, supports (his viev.·. Also, in 
highly productive siees in the ClJifornia foothills, a heavy accumu12- . 
tion of mulch encourages dominance by {aU mnw:! gusses 3.[ the 
expense of a more diversifit:d assembl:lge of annual forage species (Tal­
bot and Biswell. 1942) . Clearing three years 3ccumubtivn of mulch 
encouraged forbs ar {he expc:nse of grJsses, and this effect persisted 
during the following two Yeo1CS (T:llboc el 11/./ 1939). Inreresringly 
enough, the undesirable species Ch3[ incre-ol5eci most gready .... ·ich heavy 
;lccumuiarion of mulch in the foochills of rhe Sierra Ne1.'ad.l. BromllJ 

. rigid"J. did nor show significant differences due [0 mulch rCe3cmenr 
in Heady's ( 1956) studies in rhe Coasr Range. 
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The implication of Weaver and Rowland's (1952) tide is that 
.Ieeumulatian of mulch can be "exces.'i:ive" from che standpoint of wel­
fare of the vegen..tion, and the authors offer four bies of evidence 
to support chis view: 

1. They obcained. materially greater yields on unmukhed (han on 
mulched ploes in 1951. This was an except ionally Wet year, v.,'ith rain · 
fall well distributed, and an advantage of mulch in dry years-mois· 
ture conservation-was at a minimum, while a disadvantage of mulch 
_I()w. soil temperature-was at a maximum. Furthermore. [he planes 
growing in the ploes from which mulch had be.~ cleared enjoyed the 
full benefit of the modificadon of surface soil by mulch during many 
prior yeo". In shorr, had the mulch been removed over a long period 
a.nd had the comparison extended over dry ~ well as wet years, the 
resultS might have been materially different. 

2. Weaver and Rowland cite che fact chac Weaver and Tomanek 
( 1951) in an adjacenc pasture repxred production in 1950 of 1.92 
tuns of herbage per acre from "good" as .compared with only 1.53 
runs from "excellent" condidon range. In a similar comparison in 
1949. however, Weaver and Tomanek measur~ approximately the 
",me yield (158 and 1.60 tOns, respe<tively)' so the harmful effe<ts 
of the accumulated debris could not have been very serious. Further­
more, chis similaricy of yield in 1949 makes the significance of the 
difference in 1950 doubtful. 

3. Weaver and Rowland eire Dykstemuis and Schmutz' ( 1947 ) 
daca as showing that production in a prairie relic was lower than in 
mowed prairie. These data were gathered on April 10, 1945, before 
summer growth was ""ell advanced, however, and the difference rc· 
Beers only retardation of 8rowth in e~rly .spring, a well·known effect 
of mulch, instead of lessening in total seasonal production. 

4. In the loess hills of Nebraska Hopkins (1951) observed that 
removing mulch in rhe spring h:ld the effect of increasing basal Ue3 

uf the vegetation chreefc;>ld by the following :autumn .. TIlis is cited by 
Weaver and Rowland, but they f:1i1ed cO include: the significant St:lCe:' 
menc made by Hopkins: "Yield wns atl"e<:tN very tiede, if any." 

Ir can be concluded chac the evidence presemed is hnrdly strong 
enough to support the claim. As evidence tl) the comr3CY, :llchough 
admined.ly noe very strong evidence, Phillips (1930) shows gre:l[t"r 
produccion of Andropogofl Jcopllrill! on relic ;lrc-J.S th;m on mowed 
hay6e1ds in central Oklahoma, and Sch~':ln tt td. t 1949., incre-.lSt!d 
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prQduceion of Poa pr41~'Jjn nuckedlr in (he ponderOS1-pine type in 

Colorado by adding mulch. In (he California annual rype. herbage pro­
duc(ion incretse~ as mulch increases (Bendey and Talbor, 1951; Heady. 
1956) . Removal of mulch by burning reduces yield of prairie vegeta· 
cion (Aldous, '1934; Hanks and Anderson, 19571 , However, rhis 
might be accounted for by the fact chat, besidts removing the mulch, 
burning may hilrm che plants directly. . 

Studies hOlY/! shown char removal of mulch by burning or by clip­
ping increases produCtion of flower stalks of prairie V(8([3[;On (Bur­
ton, 1944; Curt is ,nd Partch, 1950; Oix and Buder, 1954 ) . Th. 
s(imul~cion of e<lcly vegeU(lVe growth is accribuced co moce rapid 
warming of che r.oil upon removal of [he heavy mulch blanket, and 
Curtis :md Pilrtch (1950) suggest chac earlier growth in spring means 
more time for carbohydrate m;Lnufaaure a.nd storage before initiation 
of floral buds. Early· growth is nOt necessarily adVant3geow CO the 
plants, however, becau~ in some sicu:ltions premature growth could 
b. damaged by froSt , Srone (1951) concluded thac the Slimulative d­
feer of fire on Aowering of Brodiaea ;xioiJes. a herb of [he California 
chaparral, was due (0 the removal of overstory shade . 

. In western Kans::Is Tomanek :md Albertson (1953) observed thac 
production of Rower stalks was less from ungeazed parches of Anaro,­
pogan gerard;' than from plants chac h.a.d been grazed. This. following 
the experiments of Curtis and Partch (1950) with A. gerardi in Wis­

consin, was attributed co the heavy mulch chac had accumulaced around 
{he ungeazed planes. 

Me:l.surcmems have shown chat under a mulch the soil is cool~ 
. than ""'here it is bared and thac soil moisture is maintained at a higher 
level during summer (Steiger, 1930; Weaver and Rowland, 1952; 
Hopkins, 1954) , In 3n environment plagued by recurrent drought, 
like the prairie. this may well be the most importanc inAuence ex· 
ereed b)' an accumulation of mulch, an influence that should enhance. 
not diminish. produccion. 

For moSt ()f (he western range ,he problem is nOt one of roo mUl.:h 
mulch bur of coo litde. It is 3. problem 01 grazing so consetv:uively 
:ts (0 h:t'ie enough cover from vegetarion and Jitcer (0 p~ocec( ,he soil 
from 3ccekr.ltN erosion and [0 provide ;t suioble microclimace for 
seedling ", .. blishment (Ellison, 1949.; : Ellison tI .f" 1951) , This 
problem exists in :3 great variety of environments, from dry plains 
and deseres (0 humid montane herbbnds. The importance of mulch 
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as well as of living vegetation lies in its encouragement of rapid 
infiltration of rarrenrial rainfall chat would otherwise erocle the soil 
(Duley and Kelly. 1941; Beumer and Anderson. 1943; Packer. 1951; 
Hopkins. 1954; Hanks and Anderson. 1957). 

The need for cover on the Pla-ins, depending on the character of 
soil and whether the cawe of erosion is wind or water, varies from 
500 to 5,000 pounds of herbage per acre, standing vegetation and 
mulch combined (Osborn, 1956). In the mountains the needed cover 
has been shown co be about the same on a variecy of soil types ranging 
from loose sandy loams to heavy clays-from 65 to 70 percent of the 
surface covered with vegetation and mulch, with the areas of bare 
soil small and dispersed (Ellison et al .• 1951; Packer. 1951. 1953; 
Marston. 1952; Ellison. 1954). On mountain rangelands the removal 
of herbage by heavy grazil1g is a major factor .in accelerating soil ero­
sion and deteriorating the site. 

In sum, the evidence suggests chat heavy accumulations of mulch 
tend to procluce pure stands of grass, or at least co simplify the plant 
,omposition; to reduce numbers of shoots per unit area (Albertson 
et ai., 1957); and to reduce numbers of fio'90'er stalks; but whether 
they actually reduce herbage yield, as is often suggested, is open to 
question. Mulch has profound effects on microclimate above and below 
the soil line with corresponding influence on macro- arid micro-organ­
isms, about which little is yet known, affecting the processes of soil 
formation. Perhaps of most immediate practical importance to the 
maintenance of rangeland is the fact that mulch conditions the soil 
surface for rapid infiltration and protects it from erosion. 

PLANT SUCCESSION AND SOIL EROSION 

Because overgrazing has been the mle on rangeland, not only has 
plant composition been changed by grazing pressures but the vegeta­
rian has been thinned. and in many instances destroyed. As a resule of 
some degree of denudation, acceleraeed soil erosion is inseparably 
linked with overgrazing on arid lands· the world over (Shantz, 1935; 
Jacks and Whyte. 1939). 

If disturbance I,Jf plane cover o(l.:urrcd only occasionally, erosion 
would be less serious than it is. Repeated denudation, year afeer year .. 
by what~ver cau~e-plowing, burning. severe grazing, roadways. smel· 
ter fumes-makes accelerated erosion inevitable. Farming and fire may 
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be least likely co denude {he plane cover during dry year.s, but these 
are the ver}' ye:).($ ~'hen denud:uion b)' overgrazing is likely (0 be 
mOSt pronounced. in arid lands fires may be rare because [he fuel is 
earen by grazing aniou"15. denudarion by plowing may be sporadic 
because of margina l returns and r~urrem droughr; bur overgrazing. 
although causing less compiere denudation in anyone season, is im­
portant btouse if is widespread year after year. Irs cumulative effects 
are attested by rhe rocky hill!Oides of semiarid pares of ehe world where 
overgrning is centuries old, as in Mediterranean councries. 

Unless soil erosion is very aaive, denudation of v~geQdon is fo l· 
lowed by an oeded)' liuccessinn. The plants due first recloche the suc­
bee usually ~ithcr spring veget!uively from remnantS left in 'he soil 
o r are species whose fruits Me adapted to be blown tn by o:ind or 
carried in by animals. Abandonmem of roads and farm lands in [he 
Great Plains has giv~n many · opporrunides to study such successions 
( e,g,. Shantz. 1917; Com!lo. 1944). The following summary of five 
stages, typical of many successionll sequences, is quoced from Costello: 

"Plant successiun on :tbandoned fields in norcheanern Colorado 
proceeds through the; following stages: an initial stage characteriz~ 
by SalsO/a k.,li le'll/iff,ii,t, AmaramhJIJ relof!C:XIlJ, Che"QPodi/~m (Ii­
bNm, or oth~r .mnuais; :l forb stage consisting of a large v:lrj~ty of 
annual and per~nnial forbs and a few grasses; a shore-lived, p~r,~nnial 

grass s(ag~ in v,.'hich SchedrwnardlS! paniculaJus. Hordeum iubaJlltn, 
Spof'oboJus cryptandrm. or Sitanimi h)"sJrix are usually abutjdant; a 
stage marked by dense stands of ArisJida /ongileJa Or A. purpurea: 
and the fully developed mixed prairie association, consisting of a 
mixture of shore-grasses, mid-grasses, forbs, ,lnd shrubs". 
No doubt becau~ many of the same ~\'eeds are abundant as a resul[ 

of overgrazing. and because segments of the 5.1mc sequences have 
been observed. especiaJly on ehe Plains, it n3s been natural (0 divide 
secondOlf)' succe$$iom (olluwing denudaciun by gr3zing inco four or 
five scases (Sampson. 1919 ). Implicit in this accangemene is the 
premise chat 'he plane. or the assemblage of planes, is a reliable me3S.­
ure of in ~nvironmenc ( Ciemenrs, 1928; S3mpson. 1939). and thus 
an ind ici\tor of [he degree of d iSturbance. 

This relat ion is nne always close when atcelerared eros ion is Ont' 

of the environmenc:lI faCtors. ho~.'evcr. and the cuscomary conception 
of pl:lOC succes~ion rna}' nt)[ applr . The erosional process itself, ur the 
~pct.:i:d izC'd mkroh:tb it;u (1£ ;In eroded surface m3Y nuUifl' [he r~actions 
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of vegerac!on on its environment, and in this case an orderly sequence 
of communities cannOt occur. This fact can be appredated only when 
it is recognized. char exposed subsoils may present unique difficulties 
to plam es(ablishment and survival. Graham ( 1942) may have seosed 
{his in attempting eo evaluate soil erosion as an ecological process . 
After noting certain anomalies in [he colonization of eroded soils, he 
commented: "One cannot observe serious erosion, especially as it 
exists in the Appalachian Piedmont, without wondering if "Q,'e do not 
need some adjustment of OUt theories about plant succession". 

Trends involving accelerated erosion, being something distinct and 
;Ipacc from succession in any reasonable sense, have been distinguished 
;lS "destructive change" (Ellison, 1949b ). The relations of vegeration 
to acceler:1ted erO!iion no doubt vary with [he degree of decerioration 
and the great variety of circumstances in which erosion occurs (Shantz, 
1935). When soils are denuded of a plant cover and the friable tOp· 
soil has been lost, invading planes must cope with a very different 
environment [han any prpvided. in orderly succession. There is first 
the problem of the physical displacement of the seeds and young 
planes: simply maintaining a foothold may be difficult Germination 
and survival are handicapped by a harsh microclimate at the soil 
surface, SO thac eroded spocs, even chough nOc subjeCt to continuing 
displacement, may remain bare fot long periods (Ellison, 1949.) . 
Finally, eroded soils are notoriously low in productivity (Sinclair and 
Sampson, 1931; Voight, 1951; Joy et 01., 1954), and there is reason 
co believe thac some eroded range soils may not be able to support 
enough vegetation to procect che surface unci! a residue of erosion 
pavement can supplement the plant cover (Ellison, 1954) . 

Because rangelands include such a variety of environments, the 
naeure of norma! geologic erosion differs gready from place to place. 
One of rhe mo5t urgent needs in range ecology is .a clearer picture of 
soil.forming processes on rangelands and of the character of normal 
erosion. (he better to reconstruct and evaluate accelerated erosion. For 
example, the exiscence of a deep soil mande in .!OubaJpine environments 
is evidence of dose conrrol of the surface by vegetarion . for a very 
long cime. Considering the steepness of slope chat such a well-de­
veloped soil mantle may cover, and considering the frequency of toc· . 
remi:d rain.'ieorm~ in the ~balpine zone. it is obvious chat denudation 
of the soH for very long or on :tn)' ex:tensive sC<lie could not have 
occurred as pare of the norm:1.1 erosion;1! process. By the same coken, 
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whae surface waShing may ha\'c occurred. muse have been boch localized 
and occasional. The widespread evidence of destrucrion of such a soil 
mantle coday, as ~hown by pedestalled planes or gullies (F..llison el 4/., . 
1951) , is obvious evidence of accelerated erosion. The distinction be· 
[Ween normal and accelerated erosion in chis example is easy because 
the anomaly is obvious, but on many ranges the soil manele is less dis· 
cinctive and (he plau of vegetarion in formation and prOteCtion of 
the soil may be obscure. 

OTHER EFFECTS OF HERBAGE REMOVAL 

MICROCLIMATE ANO SOIl. ~101STCRE 

The effecc of grazing, in both reducing standing herbage and 2.C. 

cumUlation of mulch, is to encoutage evaporacional loss and co create 
a lighter, Warmer and drier microenvironment. Alrhough the amount 
of rainfall intercepted by foliage and mulch on undisrurbed p~icie 
may be considerable (Clark, 1940; Weaver and Rowland, 19)2), graz· 
ing docs noc appear to lessen inrerception sufficiendy t'o offset the in­
creased evaporation it causes from me surface soil. Thus gruing, or 
3.f any rare severe gruing, induces rhe physical conditions of rhe nucro­
environment associated with drought and permits invasion by weedy 
species. This is probably one rcasan why effects of drought and ovec­
grazing are ncber generally confused. 

Steiger (1930) concluded thac the general COver of vegera.tion in 
an upland rcue prairie reduced light to 20 percent of full sunlight or 
even more. Evaporarion in _~dsummer was very much greater on 
clipped quadrats rh~n in undisturbed prairie vegetation. SOU tempera­
tures at depthS of one, three and six inches were consistently higher, 
~nd soil· moisture percentages to depths of more chan 12 inches were 
markedly lower in mowed chan in undisturbed prairie. Because these 
differences in soil moisture are so great. chey ace probably significant 
and relien {he c.endency for the surface (0 dry out if the pcOC'e<:clng 
vegetation is removed. The presence of · mulch contributes gready to 

these eHccu on microclim3te (We-olver ;lnd Rowl3nd. 1952). Ellison 
(1949a) attributed the slow colonization of bare spaces in depleted 
subalpine .herbland primarily co unfavorable microclimate. 

Most comparisons indicate somewhat grC'lter soil moiscure under 
ungr:llC'd \'eget3tion than on gtazed range ( Lacey, 1942; Kelting. 1954; 
Lodge. 195~ : Johnson. 19%) . The difference, .re usu.llr sm.lI. ho~" 
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c:vcr, and foe a reason to be discussed. shoedy, most of chern aee proba­
bly insignificant. Ir is only under severe clipping of herbaceous vegeta­
cion, as compared with me undi$[urbed, that very consistent differences 
in soil moisrure have been recorded in the field (Clements et at., 1929; 
Pear$O~ 1942). Reduction" . in transpirational loss from fairly severe 
dipping have aJso been observed. with ' phycomecers (Weaver, R. J., 
1941, Pearson, 1942). Whether this ' reduction ' is due to reduced 
transpiring uea. or co diminished root volume. or born. is not a.p. 
p;'I.renr. A probable complication is acceleraced transpirarional loss per. 
unit of l~ area associated. with the abrupt reduc(ion in proportion 
of cops co roo" (Parker, J., 1949). 

Unfortunately, for attemprs to relate soil moisture to grazing, mois­
ture content is usuall)' expressed only as a percentage' of dry weight 
of soil, which may not accurately reBeet me amoum of Water in a 
unit volume under different degrees of soil .compaction. An example. 
using Kelting's (1954) data from cenual Oklahoma, illuscrates this 
point, Volwne.weight dererminations indicated thac the; soil of the 
sr:lzed pascure W2.S about one-third denser in ~he surface three inches 
ch3n the soil of [he ungeazed prairie. Kelting shows char percenrage 
soil moisture in the zero co six-inch level 'WaS preeey consistendy higher 
during the summet in raU·grass prairie than in the grued pasture. 
Assuming the same volume weight for the full six inches, the pertinent 
figures for Augusc 14, 1950, ar.: 

Percent moisture 
Volume weight 
Grams of soH in 1 cu. in. 
Grams of water in 1 cu, in, 

Prairie 
IT.5 

0.9 
14.748 
2.286 

Pasture· 
1IO 

1.2 
19.665 
2.556 

The percentage figures indicate more moisture in che prairie soil; 
but, because of the difference in volume weight, there may have been 
slightly more moisture in the pasture soil. 

From these differences in volume weight it would appear that 
trampling by coude, even at light or moderace gr~t2ing incensities, has 
30 appreciable effect upon. soil volume. No doubt this varies greacly 
with soil type. Hedrick. (1948) found such variation in volume weight 
of (he surface inch of soil under California annual \'eget.1don chat 
differences in compaction resulting ftom differenr incensiries of sraz­
ing were nat consistent. On [he northern Plains, Lodge (1954) reo 

001840 



. I 

,. 
t : 
::: 

001.1.77 

56 THE BOTANICAL REVIE\'(' 

corded. significant differences in volume weight between soils of re­
cently prorecred and heavily grazed ato.s on tWO of rhe four sires 
he studied, bue nOt on che orher cwo. 

Dauberunire and ColweU (1942) compared twO sites" on :l Ri[zville 
sile loam in southeastern Washington, one of which had b«n prorected 
from grazing [Of many years and the orner heavily grazed. Soil-mois­
tu.re percentages were consisrenrly greacer co a depth of a merer in 
che heavily grazed area. Volume weighrs of the tWO soils were noc 
significanrly different, 9,'hich seems odd in view of (90'0 orher differ­
ences. On the one hand. che soil of the protected 3rt ... was much more 
strongly aggregated and had a markedly hight'r infilrration race chan 
(he soil of the grazed area. On (he mher hand, ;lnd somewhac in con­
tradiction, [he surface soil of the prorected area was more compacr 
as measured by much less depression of che surface in forcing a seed 
cylindet inco the ground. The diifercnces in soil moisture would seem 
plausible because of more effective occupance of the site by the pro­
tected. vegetation. The authors found markedly more plant marerial 
in rhe surface decimeter of soil of the gcazed chan of [he protected. 
ar~. which is accributable ro dominance by the annuals and. POd 

secJlnda chat replaced [he na(iv~ Agropyron. There were markedly 
more bacteria, actinomyces and molds in the surface decimeter of the: 
graz.~d than of che prOtected area, which probably reReces chis sreater 
amOunt of organic matter. 

I~CIDENCE OF FIRE· 

RemovaJ of fuel by graz..ing ~Wt be reckoned , factor in reducing 
rhe incidence of fires. References have been ciced [0 suggest chlC .fires 
in prewhite days may have kept cactUS, scrub oa.ks. mesquire and 
juniper from invading· grassland, bur it is imporcanr to note thac direct 
evidence of the efficacy of fire is meager. The effectiveness of nre 
varies. of course, \\,j th species of woody plam and with [he abundance 
or scarcity of fuel. In (he Southwest fire appears to be effective in 
desrroying the half shrubs Aplopappus and Guitierrezil-the woody 
planes moSt susceptible tv worrol by ehe competition of herb3ceous 
vegec3cion-fairly effective in destroying cacti , bue essentially ineffec, 
rive in deStroying mesquite (Glendening .nd Paulsen, 1955; Reynolds 
:md Bohning, 1956 ). Humphrey (1949) differs from these .uthors 
in believing. from the study of t\\'O burn!' in southern Arizona. char 
fire is fa.irly effective :1gainsc nlc.-squite. 
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Harton (1920) attempted to appraise the effectS of grazing on the 
incidence of fires on western national foresrs and concluded thar" "nor­
mal" grazing-"grazing only to such an extent chat the forage crop 
(.k)es nor decrease from year to ycar"-was distinc:c1y advancagCOlls in 
lessening fires, both by removal of the herbaceous undergrowth and 
by hastening the decay of litter rhrough crampling. What was con­
sidered - normar' grazing between 1900 and 1919 would probably be 
considered overgrazing today. Pearson (1950) also expressed the view 
that in ponderosa pine forests of the Southwest, srazing ~unchgrasses 
(0 a height of six inches would reduce the fice hazard without danger 
of soil erosion. Talbot ( 1937) considers (his degree of utilization ex­

cessi"ve, however. 
1ngram (1931) made a significant poine chac gcazing would not 

1\u{omarically reduce [he fire hazard if unpalatable but morc flammable 

species were [0 inccel5e. His rhree-year srudy provided an example in 
chat bracken (Pler;/ 4f{lIiJinll) decreased" an average of six: percent on 

ungrazed plors. but increased 20 percent on grazed plors . 
With time the viewpoint changes. Today, considering the wesrern 

range as a whole, it would appear that fire is a lesser scourge chan 
overgrazing. For relsons that have been outlined. above, far more ac· 
celecaced soil erosion. bach in the form of sudden mud-rock floods 
and in the persistent gnawing away oC the surface soil from number­
less slopes, rakes place because of overgrazing than because of fice. 

EFFECTS ON OTHER ANIM.~LS 

The effects of grazing on the faunal pact or the biotic communicy 
:lre more difficult to evaluate than 00 the vegetal part principally be­
cause of the difficulties of sampling mobile animal populacions. Ar 
any rare, few studies have been made of the "effects of livescock grazing 
on ocher animals. 

Attenrion has already been called co the observ:1Cion by Dykstechui~ 
and Schmu<z (1947) that a remarkably deep and continuous layer 
of earchworm cases occurred. beneath an undisturbed pra:irie mulch. 
Such a continuous layer wa~ absent benearh the considerable mulches 
thar had been developed on grazed range. In wane of much informa· 
cion on the effects of gcaung on animal life in the soil, this observa­
tion suggescs. at le15t, char me effects may be profound. 

One of the best known effeccs of overgtazing on insects is an in~ 

crease in numbers of gt:lSshoppers (Weese. 1939; Smirh, 1940a, 
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1940b; Clark. 19 .. 8 J. Smirh's srudles indica« rhar grasshoppers are . 
more numerous ()n raogt: in depicted chan in good condition, or in 
midseral stages of s(."Condary succession .. itcr land is abandoned, but 
char when the cover is rt:duced so gready chat erosion becomes marked. 
numbers of gr:t.sshoppc:rs dt:dine. In contrast to grasshoppers, beetles, 
parcicularly Chrysomelids. tend to decline progressively with declining 
Status in raoge condition or succession. The incerrelations bcev,'een 
numbers of !ipedcs. numbers of individuals. and l1abirac change is ex~ 
rremely complex. Acnmlly. it is a gross Qversimpli6cacion to consider 
a taxonomic grouping. like tht> grasshoppers. as an ecologiC31 unit. 
The food habies and microenvironmenr.d requiremenrs of different 
kinds of grasshopper have b..,n shown co be highly specific ([sely. 
1946; Anderson and Wrighr. 1952). One kind of grasshopper may 

. feed on a particular species of plane exclusively; another kind selects 
anocher species: some kinds have ~ome9.·hac broader castes; and still 
others are omnivorous. 

!\. controlled greenhou.;e experiment. demonstrated char bluegrass 
( Poa pra&e7uiJ ) . wel.kenecl by frequent clipping, was much more sub­
jecr to injury "from Q.·hite grubs ( Pbytlophaga sp . ) chan bluegrass less 

frequeml), cl ipped (C"ber CI .1 .. 1931 ) . This experimenr corrobo­
raced earlier ob.~er\'Jrions in Wisconsin pastures in which damage 
to bluegrass from whitC:' gtubs was' correlated with deficient root and 
~hiz.ome development resulting from deficiem fertility. chin soil or 
severe grazing. 

On che other h:md. che reviewer once observed. in a mouncain 
meadow in eastern Idaht) chat most of the FeJlflCrJ idahoemiJ plantS 

inside a ten-acre, four-rear-old ·cartle enclosure Wete dead. while the 
plants on the closely gr:tzed ourside range were alive and h..irly vigor­

ous. The standing bunches of dead grass could be lifred easily. and at 

the base of e3ch the root crown had been eaten oue by larvae thac 
looked like large curworms. Possibly this smnlI area. of sranding. cured 
grass had been :mraccivc to the egg-laying ... du1c insecc at any rarc, 

in chis instance it appeared as if [he catde had performed a useful 
service to the outside grass p l:L":ts by k.eeping their cops grazed down. 

Smirh (1940,. 1940b) nored that meadowlarks ( Srurnelh) «nded 
to be most abu·ndam in (he midseral stages of pC3.itie success ion. which 
he anributed pardy to the abundance of grasshoppers in these stages. 

The reciproc;li relations between (he effects of rOdents and tlbbics 
upon the range. :,"<.1 of [:lOSt condidon on the abundance of small 
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l11ammals, vllry gre:Hly with circumStances. They vary with species 
,d :lOimals, with vegetiltion types, ~dch kind of topography and soil , 
u:ich range condition and prqbabJy with associated spe-cies of animals . 
A mere oudine ' of rhese complex rel2cions, which have been reviewed 
in more detail by 'Bond (1945) and Kalmbach !I948). will be ar­
lempted. here. 

Small mammals harvest vegetarian and thus compete in some degtee 
""ith domestic livestock. The degree of competirion is probably most 
severe, as ie is between big game and livescodc, on depleted range. 
Cumpetirion is offset in some measure by [he fact that different graz· 
ing an imals ofcen prefer different food planes. Where chis is erue. 
rodents and rabbits may exert pressure against plane species low in 
the successional scale, and thus tend to encourage species thac may be 
palatable to larger grazing animals. Thus rodents and rabbies can hold 
a depieted range in depleted condirion inde6nirely or deplete ir furthet 
(Norris. 1950; Moore and Re id, 1951), or they can exert pressure to 
advance succession (Bond. 1945) . 

Rabbits and rodents may disseminate 'and even plam the seed of 
undesirable species su<.:h as caCtUS, juniper and mesquite ( Coole, 1942; 
Wolff, 1948; GI,ndening and Paulsen, 1955). On rhe orher hand, mey 
may also descroy large numbers of seeds of undesirable species by 
consuming them and by grazing che young planes. Rodents may also 

plane ot' desrroy the seed of desirable species, for example, PurJhitJ 
"iden'ala (Honnay, 1943). 

Burrowing rodents have CC'lnstructive as well as destructive inHuences 
un the soH. Their constructive influences in promoting soil develop· 
ment is difficult (a assess, but [heir destructive influence 'in speeding up 
erosion is well known. Pocket gophers (Thomomys ) and ground 
squirrels ( Cicellus ) ha\'C' received most attention in chis .(especr. Sev­
eral wrirers ( Da)", 1931; Gabrielson, 1938; Howard, 1953) indier 
chese roclenc. .. as a principal Cause of accelerated erosion on the western 
range. However, conc«ting that burrowing rodems are agents in geo­
logic normal as well as accelerated erosion, there is reason to think 
chat (he 31110u-nr of acceleraced soil loss they cause is directly related 
[(,) degree of range depletion from overgrazing (Ellison, 1946; Long· 
hw-se. 1957). It is 9.·idespread thinning of (he plane cover by close 
graz ing and trampling. and consequent soil exposure, that lessens in· 
ftl rrarion and en~OUr:lges overland 8o~'. the immediate awe of erosion. 

There has been a 50er of successlon:ll trend in chought with regard 
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ro range rod(;nls. The earliest attitude. probably influenced by tne 

disrorring effects of extreme livestock overgrazing on the range, is 
thar rodenr$ arc: evil in and of themselves. and fir subjects only for 
extermination. A lacer concept is chac of large numbers of rodents as 
"animal weeds" which are nor so much a cause of range depletion 

as a symplom of some kind of disturbance, usually overgrazing. An 
outgrowth of chis concept is chat rodents may exert pressures on the 
range in aLnos( any direction, depending upon circumstances. They 
can have either COn5tfuccive or destructive influences, or borh, upon 
vegetarion and soil. Most biologists seem co believe thac normally 
their nee influence is constructive and chac their destructive influence 
is magnified by improper land use. 

Overgrazing by livestock, because it has encouraged the spread of 
shrubs into grassland, has had the effect of increasing deer habitat in . 
some places, and therefore is' thought to be one of the factors causing 
the overpopulacions of deer that exist in some pans of the West 
(Leopold, 1950), There are of course distinct competitive relations 
between deer or pronghorn antelope and sheep, and bt'rween elk and 
catde; and overgrazing by one class of animal is often dis.advaocageous 
to another. In southern Texas, antelope are said to prosper on over· 
grazed caede range because of che dominance of forbs. These forbs 
are nor che ones of rhe climax 'vegetarian chac antelope prefer: their 
importance derives . from their abundance, nor their palatability. On 
the ocher hand, invasion of shrubs has been a disadvantage co antelope, 
and rhere is liede forage for antelope on overgrazed sheep range be· 
cause [he twO animals tend to ear the same forage species (Buechner, 
1950) . 

DISCUSSION AND SUMMARY 

Succession is commonly thought of as a constructive process: the 
origins of the word suggest growth and progress. In primary suC~ 

cession [he development of soil with its contained organisms, includ· 
ing {he complex vegetation it suppOrtS, is certainly a constructive 
process. Most of the familiae forms of secondary succession are also 
constructive in chancte-r. Examples thac come to mind are [he com­
munities thac succeed one another after fire or :tfter abandonment of 
plowed land. 

In comrast, secondary successions resulting from gtazing are com­
monly rhought of as being other chan construcci\'e. There are enough 
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examples of severe overgrazing of range vegetation so thar everyone 
\\'ho has been interested in the, matter at all knows that reduction of 
Fhlnt cover by overgrazing leads co accelerated soil erosion by wind 
or water. Even though grazing changes the character of the vegetation 
without reducing cover sufficiently to cause erosion. the Change is 
usually coward a vegetation chat is less palatable co the grazing animal 
and somewhat less productive. 

The negative character ,of change associated with grazing is sug­
gested by [he term "retrogressioo", advocaced by Sampson (1919), 
Unfortunately, this term, as Sampson used it, has tWO serious weak­
nesses. First, it includes trends involving accelerated soil erosion that 
;lre noc successional at all. Accelerated soil loss . is nothing more nor 
less chan destruction of the site, and trends involving accelerated soil 
erosion are more properly disdnguished as "destructive change" (Elli­
:;on, 1949b). Second, the cerm grows out of confwion between primary 
:tnd secondary succession, in which changes in the course of "recro­
gression" are presumed to tetrace in reverse order changes involv~d 
in (he original development of vegetation and soil. In the specific 
area to which [he cerm was initiaily applied. at least, progression and 
retrogression up and down the same scale do not OCCUr. Changes in 
vegetation may proceed in several directions, depending on the charac­
ter of grazing pressure applied. The cerm "retrogression" would be 
very useful if it could be stripped of these connotations [0 mean trend 
away from the original undisturbed character of (he, vegetation with 
the protective relation of vegetation [0 soil unimpaired. 

Various benefits conferred by grazing animals on vegetation have 
been suggested, and we can summarize the, principal ideas developed 
in the foregoing review by considering each presumed benefic in turn: 

1. Cropping may stimulate herbage production. The most clear-cur 
evidence of stimulation is rhat of twig production of shrubs, although 
to the detriment of flower and fruit production, With herbaceous vege· 
rarion harvesring the foliage generally result~ in lo~\'ered roor reserves 
:lod production of Aowers, herbage and rOOts. Height growth of leaves 
may be' stimulated, bur such stimulation is short lived, The bulk of the 
evidence, under laboratoty conditions or in the field. is chat harvesting 
of phorosy~the(ic tissue is harmful to the plane. The evidence, It 15 

true, is mostly derived from severe defoliadon which may ~'ell give 
J biased indication of the influence of grazing; in nature. 

2. Grazing mar help a plane endure drought by reducing the :lre:\ 
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of irs transpiring surface. The rhoughc here is cbar a beHer moisture 
balance is established between roOtS and crown. Actually, grazing ap­
pears to harm roOtS, probably because stimulated cop growth is made 
at cheir expense, Up to now chis hypothesis lacks experimemal suppOrt. 

3. Grazing, by removing some of the herbage, lessens the amount 
of mulch and thus, by encouraging early spring growth, increases 
production. The decrimenral effecrof excessive mulch. while fre­
quendy suggested. has nor been clearly demonstrated. On most range­
land the problem is one of gerring enough cover from mulch ann 
from living vegetarian to protect the soil adequately under grazing. 
The intensity of a!lowtl.ble grazing over much of the western range 
is basically co be: derermined by whether enough hl!'rbage is left, pardy 
in the form of mulch cover between plams, ro protecr [he soil. Tram­
pling helps break up mulch, roo, but it is doubcful chac this benefits 
the vegetation. 

4. Grazing animal~ carry the seeds of forage species from place to 

place. Thac grazing animals transport seeds. both externally and in­
ternally. is well known (Muller, 1.95(;). So far as external transport 
is concerned, the fruits of undesirable species are ae least as well 
adapced as chose of desirable species; so this could hardly be a means 
to encourage dominance .by desirable llt [he expense of undesirable 
species. 

With regard ro iote-roal transport, Muller poims oue thac it is from 
species mosr eaten that · most seeds are ingested and distributed in 
dung, and Major (1.957) suggests this as a compensation for the dis­
advantage of high palatability. This hypothesis is attractive becawe ie 
alone explains the advantage-of palatability to the plant. The fact· is, 
however, chat very few forage plams appear well adapted for this 
kind of dispersal. Many of rhem have large, soft, lare-developing fruits 
chac shaerer easily and fall to the ground. The persistent fruits and 
~mall, hard-coated seeds of some clovers are a conspicuous exception. 
A case for [his hypoehesis can also be made with the annual, Chene .. 
podium a/hum. che seeds of which were among the most numerow 
found by Muller in rhe dung of domestic and wild animals in rhe 
Swiss Alps. When the seeds of Chenopodium are ripe, its life cycle 
is essentially over, and no harm can come [0 the plane itself from 
being grazed-a conipcnsati()n ncn shared by perennial species. On 
ehe other hand, Chenopodium is also p;d.uable when it is immarure, 
and the ad\'<Locage of s~ed dispersal would nOt be gained v..·hen ie ii 
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grazed at this seage. Furthermore, despice irs palatability, this species 
is :l.n in~icatOr of severe disturbance. flOC of some :ldvanced degree of 

. succession. In short, the hypochesis helps explain che distribution of 

SOlne species •. :uld perhaps an occasional fruie of .t:vcry palatable species 
is transported by animals in this way, but i[ may well be doubted rh2( 
this slender advantage of palatability is of sufficie.nc value to many 
plane species to otfser its obvious disadvanrage. 

5. Trampling helps plam seeds of forage species. This claim, fre­
quendy made, does nat appear to be supported by ca.refully designed 
experiment. The adV1.ncage of such pJanring would be mose clear-cuc 
otl denuded. surfaces where ~me amclioration of a harsh microclimate 
by soil covering is necessary. It -is doubtful (hac artificial help of this 
kind would be needed where the surface soil is of unimpaired struc­
(ure and a normal cover of mulch and vegetation overshadows the 

surface. 
6. Livestock trails, which tend (0 follow the comOUr, ch('d. the 

overland flow of water and thus encourage infiltration. Admittedly. 
livestock ttails may do th is. The proper place for water co sink ioro 
the soil, however, is where' the raindrops fall. 0()( some inches or feet 
away after it has run over (he surface. The exisrence of well-defined 

tC3i1S suggescs excessive grazing use, which use' is usually lesponsible 
for (he low infiltration capacity of [he soil a[ [he point of raindrop 
impact. 

7, Gtazing animals, by their excrement and decay of their bodies, 
fertilize the range. No doubt this is true, but they cannoe add more 
elementS to the soil than they get from the planes chey eat; so this 
does not seem co be a very real benefic. Ie is quite possible, however, 
that animals could distributc a fereilizer chat might ocherwise be highly 
localized-for exampk, a trace elemeot important to plane growth thac 
might be direcdy available only co the plants of certain localicies. It 

has been suggesced (Carpemer, 1940) thac hormones in the urine of 
mammals may stimulate pl:mc growth, Due no evidence is given . 

One cannoe be very greacly impressed, after examining chis c:nalog 
of presumed contributions of grazing animals co the welfare of range 
vegecadoD, by the supporting evidence. Certainly nothing in the 
mechanics of grazing provides so clear an expl:macion for range im­
provement as che simple mechanics of seleCtive grn.ing to the oppo­
site e1feet. The bencfics of grazing. if any. v.'ou ld appear [0 accrue 
to che ecosystem. to che range as a Vo·holc. instead of co rhe pal:uablc 
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species of planes thilt are grazed moSl . One frankly conjectural pos. 
sibility in this category thac h3s not been mencioned is that, by crear· 
iog areas of discurb;mcc:. grilzing animals provid~ a more vuied. en­
vironmenc' and rhus maim3in ;\ more compiC!'x flora than would other­
wise occur. This reservo ir of d isturbance-species, or vjlriant genetic 
material, might be useful co Ihe ecosystem in maintaining a plant 

covcr during times of scrc!'s, such as during periods of climatic change. 
1~ spice of che flimsiness of :111 these arguments, the face is that 

ranges do improve under grazing. albeit from condiejons of depiction. 
An example, which haS been analyzed elsewhere ( Ellison, 1958), is 

given in some deserc-shrub dara presenced by Hu[Chings (1952;. The 
vegetation on (wo sides of 3 fence js compared over a 19-y~r period, 
1934 ro 19,)2. For the s~kc .of iUu.<;uarion we shall consider [he pro­
duction of only ArlemiJ;1I tlO~la and ChrYJoth(m:nIlJ Jfenophyl/IIJ. two 
species of very different palatability. Under managed gruins about 
cwo-thirds of the current growth of Arcemi.'jia is earen by sheep each 

wimer O1nd on!}' about one-eench of chac of Chrysochamnus. Despite 
chis app01reoc handicap, production of Artemisia increased ftom seven 
co 44 percenr of the roeal ; tI.'hile under continued heavy grazing pro­
duction decl ined co four percem. In contrast, produCtion of Chryso­
thamnus under managed grazing declined from 23 to five percenr 
a.nd increased under he::tvy grazing to 33 percent of the rotal. 

Here a palacable species, handicapped 3S it may be by selective 
grazing. has increased at the expense of a less palatable species. Mast · 
examples of rangC' improvement under grazing. although different 
species are involved, pose [he same paradox. How can such rrends 
occur? 

A clue in our desert -shrub example is provided by the behavior of 

StZlJlJta kill;. This introduced annual is consisrenriy mOre abundant on 
the heavily 8raz.ed ran8e, and in years of abundant early summer rain· 
fall it may be widely con5picuous. On range in good condition Salsola 
planes of any size lire observed only on disturbed. spocs, like areas 
around todem dens. BeC01uSC they permit Salsol::. (0 Aourish-lo the 
poine in some years uf In:'lking up :1 high proport ion of the herbage­

it would appea r char ehe: pt'renni:ll species dominating the heavily 
. gClZed range in our · eXAmple are not very efficient in util iz.ing the re­

sources of {heir environment. This is to say, Chrysothamnus is less 
weI! adapted to chis cnvironmenr than the more palatable Artemisia . 

We ne<.-d nor concern ourselves here with th.e question 1IS to "";\,h ... . 
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the specific differences in adaptability of [he twO species may' be. 
Superficiall}', ac lease, it appears to be a mattee of droughe~resistance . 

M;lny dead planes of Chrysothamnus are to be found . even on the 
heavily grazed range, apparenrly killed by recent drought. Artemisia, 
on the Other hand, while its growth was reduced in drought years, 
was noc killed outright and, judging by che relative Scarcity .of Salsola 
on the managed. range, was able to utilize mOre of the moisture that 
fell. Thus-at .the rid:: of oversimplification-if drought. competition 
:lnd che handLap of grazing are taken together. Anemisia is able 
W Aourish ~ long as grazing pressure U restricted; but if grazing 
pressure is increased gready, Arcemesia is suppressed and [he less well· 
adapted Chrysothamnus is gh'en the advantage, 

A successional trend with a probably similar caUM has been reo 
poned from the Big Hom Basin in Wyomin6 (Cooper. 1953) , Hece 
mosc of the grazing is done dudng che growing season racher chan. 
as in the previous example, during the dormant period. After eight 
years of different grazing creatmenrs--including deferment in some 
yl!ars a.nd generally lessened grazing intensities-range dominated by 
Anem;'JUt tride1U41tJ lost most of its brlLSh and was taken over by 
grasses. mainly .Agropyron fmilhii and A. Jpi,al1~m. That chese very 
suLking changes occurred within so shore a ttme sugg~[S tha.c t.1)e pris· 
dne vegetation of the area was grassland, noc shrubland, and chat sage· 
brush is an invader whose position of dominance is maincained only 
so long as the grasses are suppressed by overgruin8. 

. If is believed that [he evolution of modern grazing animals coin­
cided with the evolution 01 grasses >(Taylot. 1949 ), That the evolu­
tion of grazing animals was dependenc on the development of arid ity 
and grasslands is perhaps obvious. but jn such matters the ecologist 
may reasonably expect some evidence of mucual dependence. One of 
the principal purposes of this review has b«n to d iscover such evi· 
dence. The most that can be said, however, is chat the evidence of 
grazed planes' dependence on grazing animals is rathec negacive: the 
rel:uion appears (0 be eMeociaUy one of parasirism by the animals. The 
fact thac, under the apparenc handica.p o( millennia of grazing, most 
of che dominant species of [he world's herblands are palatable plantS, 
not only to buffalo and elk but ro domestic livestock, is very impressive 
indeed. . Ie suggest'S boch thac [he adaptive process in evolution is ex· 
ceedingly complex and rhat perhaps we have been unable to discover 
a dependence of plants on grazing animals which is real and impocranr, 
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This is ce[caini)' co be reckoned one of the: notable paradoxes of na­
rure. Thus, in spite of all our study and thought, from the observations 
of herdsmen before Abraham's time to the results of scientifically 
designed. experimentS ,in the pre--..eor day. we have very little r~1 
comprehension of whar i$ perhaps one of naruce's simpler mysteries. 
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