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The carrying capacity of a large portion of the millions of acres 
of western range has been materially decreased by too early grazing, 
overstocking, and other faulty management. Stockmen generally 
recognize this fact and are doing what they can to overcome these 
faults in management and to increase the productivity of the range. 
Tihere grazing has been subject to regulation for some years and the 
stock has been handled according to most approved methods the pro- 
ductivity of the range has been appreciably increased. 

One of the most serious drawbacks in the past has been the lack 
of a means of recognizing overgrazing in its early stages. In decid- 
ing upon the lands especially in need of improvement, the stockmen 
and those regulating grazing have essentially relied upon general 
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observations of the abundance and luxuriance of the forage supply 
and upon the condition of the stock grazed. The de$tion of the 
lands is seldom recognized by these general observations until their 
carrying capacity has been materially reduced, or' until the asimals 
grazed are in poor condition of flesh. So long as the cover is more 
or less intact, there is little indication that the range is being slowly 
but certainly depleted; the depletion is not recognized until tho more 
palatable and important forage species are in low vigor, and t h 4 r  
growth and reproduction seriously impaired, or perhaps not until a 
large proportion of the plants actually have been killed. Until there 
is insufficient feed to support the animals, they will retain their con- 
dition of flesh fairly well; but long before there is insufficient feed to 
satisfy their appetites a large portion of the vegetation is killed. 
To reestablish the stand after impoverishment has reached such an 

-advanced stage requires many seasons of most skillful management. 
' 

Enterprising stockmen and those concerned with the administra- 
tion of grazing know that the live-stock industry has now reached a 
point where the intensity of the use of the forage crop must be gov- 
erned by a finer discrimination than mere observation of the density 
of the plant cover and the condition of the stock. The margin be- 
tween what clearly constitutes overgrazing and what i s  clearly under- 
grazing must be reduced to a minimum if the lands are to be utilized 
within from 10 to 20 per cent of their maximum carrying capacity 
and the herbage cropped on the basis of a sustained yield. 

The most rational and reliable way to detect overgrazing is to 
recognize the replacement of one type of plant cover by another. 
Certain more or less temporary species almost invariably succeed the 
more stable weakened or killed plants on lands that are being over- 
grazed, hence the incoming species are the most reliable indicators 
of small departures from the normal carrying capacity of the range.' 
It is the object of this bulletin to point out what plants are reliable 
indicators of overgrazing in the various types and how they may be 
used as guides in revegetation and the maintenance of the forage crop. 

SUCCESSION OR THE DEVELOPMENT OF VEGETATION. 

I n  studying the laws underlying the occupation of lands by vege- 
tation from its earliest stages to the development of the highest type 
of plant life which the habitat is capable of supporting, a somewhat 

lShantz, H. L. (Department of Agriculture Bulletin 201, SQil) ,  Kearneg, T. E., 
Briggs, L. F., Shants, 8. L., IdeLane, J. \K, and Piemeisel, R. L. (Journal d Agrieul- 
turd Research, 1 :  365-417, 1814), and others, have shown that tha character of the 
native vepetation affords a ccliable index of the conditions favor8ble or unfavorable to the 
Production of farm crops, and have incidentally established correlations between the native 
vegetation and the available moisture and the pbysical and cbemiesl properties of the 
soil. Relationship-a between the native veetation ana the carrying capacity of range 
ianda have been developed through the investigations here reported, application of which 
appears to De of far-reselling importance in the judieions management of the lands. 



regular replacement of one type of plants by another is found. This 
phenomenon, known as succession, is explained on the basis of cer- 
tain more or less distinct changes that take place simultaneously in 
the substratum and may be accounted for in various ways, probably 
the most influential and uni~~ersal cause being the addition of hu- 
mus? The plants themselves, by adding humus to the soil through 
the decomposition of their tissues, and in this way changing the 
physical and cl~emical composition of the soil, prepare the wag for a 
new and higher form of life, hence in a way worlr out their own de- 
struction. Accordingly, quite different, plant types are recognized 
on soils in different stages of formation. The characteristic types 
are shown graphically in figure 1. 

Beginning with the bare, consolidated roclr, the first vegetation 
consists of such inconspicuous, unecono~nic forms of plant lifo as 
alga: and crustaceous lichens These forms mark the initial or pio- 
neer stageTof development. Occasionally, amid the someu~hat thick- 
ened cushion of moss growth or in the crevices of the roclrs, a n  early- 
maturing annual herb will find its way. This consociation of lichen, 
moss, and herb is characteristic of what may be termed the "transi- 
tional" stage of development; and so far  as hun~us, soil moisture, and 
wide spacing of the herbaceous plants are concerned, it is not dis- 
similar to desert conditions. Like annual plants of the desert, the 
initial herbs illust be able to germinate and grow to maturity in  the 
shortest possible period and vvith the use of a n~inimum amount of 
moisture. 

At the advent of the first-weed stage, which, typically, is charac- 
terized by a semidecomposed soil, poor in organic niatter and rela- 
tively low in available moisture content, there is a distinct predomi- 
nance of shallow-rooted, early-maturing annuals. A t  first widely 
scattered, the annuals gradually beconle more numerous, so that 
finally, as more and inore soil is preempted, there is a cover well- 
nigh completely clotl~ing the soil surface during the period of maxi- 
mum seasonal development ( P I .  I). As soon as this vegetation 
has reached maturity, or when growth has been arrested by frost or 
other adperse conditions, the greater portion of the soil surface is a t  
once exposed. It is then that the casual observer notes, possibly for 
the first time, that a few aggressive, drought-resistant; short-lived 
perennial grasses and weeds have invaded the habitat. This stage of 
development affords a small amount of inferior forage if utilized a t  
the proper time. 

This statement refers only to the evolutionary development of vegetation.  he tmns- 
formation from s complex to  a more simple or earlier vegetational stage will be consid. 
ered later. 

'A  drought-resistant plant, as here used, implies a species which is  a conservative user 
of water and which can complete its growth eyeie under conditions of low ava(lable 
moistu1-e Content and under trging atmospheric eonditipns, 



4 BULLETIN 791, U. S. DEPARTMENT OF AGRICULTURE. 

The second-weed stage is characterized by a fairly well decom- 
posed soil. The improved condition of the rock as a habitat for 
plants which results from the formation of soil is obvious. This is 
particularly evident when we recall that the rate of succession is 
largely determined by the moisture conditions of the substrattim. 

-I Lasrnr. "be gra.e//y s0,7 
I k h  fir orqeni2 ,"a,,er. 
av=;/e-w= m , w v r e  cnf&f 
high I 
Lo*,"v s/,phf/*grs"e//y 
Jar/ wrf/r moderaframounf 
Of oryon' ,c ma,,'=r *"a,/- 

J h r u b  ,h *",dence. .b/.,mo,rfurr confcnf 
(Second weed Stags) modera*< rb hrg.*. 

D 

I I 
YEGETA T/YE P H A S E  -'- ------ JO/L PHAJE 

I 
I 

I 
T 

VEGETAT/V< AflDJO/L FORM.T/ON 

Fie. 1.-Plant succession or the development of vegetation where grass constitutes the 
climax or subclimax type. 

The soil upon mhich the second-meed stage develops, being mod- 
erately me11 impregnated with orgxnic matter, is fairly moist 
throughout the growing season. This condition permits the estab- 
lishment of a stand of perennial herbs of varying density, the weedy, 
unpalatable speci~s often predominating. These, in addition to an 
admixture of bunch grasses and often of turf-forming species as well, 
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give character to the landscape, and the interlacing r o o t s  and rhi- 
z o m e s  bind the soil s o m e w h a t  f i r m l y ,  t h o u g h  at this point of develop- 
ment the grasses are not sufficiently abundadt to form a sod. 

By the time the second-weed  s t a g e  has had its growth and has 
t h u s  prepared the w a y  f o r  the next set of plants the s o i l  is s u f f i c i e n t l y  
decomposed and contains sufficient  &ganic matter and soil'moisture 
to make p o s s i b l e  t h o  e s t a b l i s h m e n t  o f  the climax or the subclimax 
grass cover. '  

I n  the u t i l i z a t i o n  o f  lands as g r a z i n g  areas, the invasion by the 
h i g h e r  type o f  v e g e t a t i o n  is o f t e n  prevented, especially where the 
species high in the d e v e l o p m e n t  are g r a z e d  with greater relish than 
t h o s e  lower in the succession.  Thus tlie plants w e l l  up in the de- 
v e l o p m e n t  o f  the type m a y  d i s a p p e a r  gradually or suddenly, accord- 
ing t o  the d e g r e e  o f  d i s t u r b a n c e  caused by the adverse f a c t o r ,  until 
the plant stages l o w e r  in the d e v e l o p m e n t  predominate. If the 
f a c t o r  adverse to t h e  p r o g r e s s i v e  d e v e l o p m e n t  of the vegetation con- 
tinues to h a v e  its play f o r  an i n d e f i n i t e  period the vegetation will 
continue to revert until the f i r s t -weed  stage reappears, or: indeed, 
until practically all the s o i l  is carried away and the pioneer stage 
returns. S u c h  a succes s ion  o f  the plaut cover donn the scale from 
the m o r e  complex to the p r i m i t i v e  type will be referred to in this 
b u l l e t i n  as re t rog re s s ion ;  r e t r o g r e s s i v e  s u c c e s s i o n ,  o r  degeneration. 

The d e s t r u c t i o n  o f  the entire s o i l  f o r m a t i o n  and t h e  e x p o s u r e  of 
c o n s o l i d a t e d  r o c k  o c c u r s  o n l y  in the worst possible cases. More com- 
m o n l y  the p r o d u c t i v i t y  o f  the soil is decreased to a point where it 

'Areas well within' the wohdland type are often occupied by a temporary cover in 
vhich grasses cotzstitutc rllc heriraeeous climax. Within a woodland formation, bowever, 
~ms ies  Seldom i f  ever hold their own permanently against the invasion of timber species 
as tlley do on prairie and plain. 

'The writer's concept and use of the ierm "succession" drEers from that of some ecolo- 
gists (e. g., Clements, F. B., "Plant Surcession, an Analysis of tllc Dooelopment of Vege- 
tation," Carnegie Inst. wash. Pub. No. 242: 1G1-167, 1 9 1 G )  in that both progressives and 

sueeession are reeogniled. Coming as it does from the Latin verb '* suceedo," 
meaning literally " I  go under," the word "succeed" originally had nothing to do with 
the superiority of one crop ovcr Rnother. Thus, sueeession is here eonsiderea i n  tho  senso 
to .'foilow," "take the place of," ete., and is appiied in a vegetative invrrkionii sense. 
neeordingly, if the developmental trend of a n  association o r  other plant unit is ascending 
tOrard the climax, it ma,. be referred to r s  a positive or progressive succession; if de- 
scending from the climax it may be termed a ncgativc or retrogvcssive suceessioil. Re- 
gardless of whether retrogressire succession occurs i n  the same sdccifie descending series 
as it has been recorded to occur in tile ascending development toward the elimaa, the use 
of the term "retrogression" or " mtrogrcssive succession'' is a convenient. and self- 
explanatory term, and its use in no way involves a fundamental principle. 

 or a further discussion of the subject of progressive sueeession the reader is re- 
ferred to : 

Cowles, Henry C., The Physiographic Eco iog~  of Chicago and Vicinity. Botanical Gsu., 
vol. 31, No. 2 : 73,108, Deb., 1901. 

Moss, C. E.. The Fundamental Units of Yoslat ion.  The New Phgtologist, pol. 9, xos. 
1 and 2 : 3-37, web., 1910. 

Hole, R. S., On Some Indian Forest Grasses and Their Ecology. Indian Ilorest ~ ~ m o i r s ,  
vol. 1, NO. 1: 13-16, 1911. 

Sampson, Arthur 'A7., Sueerssion as a ]Pactor in Range Management. Journal per. 
es~ry, "01. 15, Ro. 5 : 59348, 35.lny, 1917. 

I 
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can support only vegetation characteristic of the first-weed stage; 
in still more common instances it may support an admixtu~re of 
annual and perennial weeds of the first and second vegeta,tional 
stages. 

While changes in the ground cover from a more or less permanent 
(subclimax) type of high forage value to an unstable or temporary 
one of low forage value, may be brought about in many ways, over- 
grazing or other faulty management is usually accountable for the 
retrogression in the vegetation on range lands as a who1e.l 

The grazing of live stock may either appreciably, change the orig- 
inal palatable vegetation, for instance, transforming a pure grass 
cover to a mixed grass and weed consociation; or it may cause an' 
entirely new plant cover to come in, as is almost invariably the case 
on denuded grazing lands. The charac.tar of the vegetation follow- 
ing denidation is largely determined by the topographic features 
and the seriousness of the depletion of the soil as a result of erosion 
or other adverse factors. On level areas, if they are not subject to 
severe wind or sheet erosion, the climax vegetation is sometimes 
destroyed without appreciably changing the fertility of the soil or its 
available water content. Where the fertility of the soil is not appre- 
ciably lowered, the higher type of vegetation reappears without the 
more primitive forerunners, or the intervening successional stages 
are short-lived and more or less intermixed with the climax species. 
But on the hillsides or other exposed, readily drained lands, where the 
upper, fertile layer of soil has been much aepleted and its water- 
holding capacity greatly decreased, and a large proportion of the 
soluble salts and other plant foods carried with the water down the 
drainage channels, the plant cover is thrown back to shallow-rooted, 
early-maturing annual herbs, similar to those characteristic of the 
first-weed stage (fig. 1 and PI. I). 

The time required for thorough revegetation of lands where retro- 
oressive succession has taken place is approximately in direct propor- 9 
tlon to'the degree of depletion of the soil, hence to the stage of vege- 
tation which the soil is capable of supporting, so long as the climatic 
conditions, topographic features, and type of soil remain the same. 
On range lands the rate of progressive development, or revegetation, 
may be greatly expedited by cropping the herbage ill such a manner 
as to interfere as little as possible with the life history and growth 
requirements peculiar to the different successional plant stages. Ac- 
cordingly, the best results in promoting progressive silccession are 
obtained w-here the season of grazing is determined on the basis of 

lFaettors such as the formation of a road or tmil,  the colonization of a prairic dog 
town, and the like, may greatly change or even destroy the vegetative corer, but the 
effect of such factors is seldom far-reaching economically as compared with faulty man- 
sgement of live stock. 



the life history of the different species, and notably upon the time of 
seed maturity. 

THE PLANT TYPES. 

Following the general classification of the successive plant stages, 
both in the bullding up and in the deterioration of the range, an 
intensive study of the successioll of the vegetation was carried out on 
overgrazed protected areas, on overgrazed unprotected areas, and oq 
undergrazed depleted lands, the quadrat method being used. 

The investigations were conducted in the vicinity of the Great 
Basin Experiment Station, loci~ted in that part of the Wasatch 
Mountains embraced by the Manti National Forest in central Utah. 
The area studied lies between about 9,000 and 11,000 feet in eleva- 
tion in the spruce-fir type-in the subalpine (Hudsonian) zone- 
which includes the typical summer range. I n  flora and climate this re- 
gion is somewhat intermediate between the extremes of the North- 
west and the Southur.est. Broadly considered, the species making up 
the predominating vegetation are similar to those conspicuous on the 
summer ranges included within the National Forests i n  northern 
New Mexico, Utah, western Colorado, and parts of Idaho and Ne- 
vada; and the conditions in the high mountain ranges generally are 
such that the principles involved will apply elsewhere. 

Careful grouping of the vegetation up and down the  scale of de- 
velopment into divisions which can be readily recognized and used in 
applying the principles here set forth reveals four major stages of 
vegetation. These stages embrace all the lands which receive their 
moisture directly from precipitation, but do not include the rela- - 
tively small acreage of marsh lands and other similar areas.= The 
plant stages from the subclimax down t o  the most transitory cover 
are as follows: 

The wheat-grass eonsociation (subclimax stage). 
The porcupine-nass-yellowbrush consociatlon (mixed grass-and-weed 

stage) 
The foxglove-s\?.eet-sage-yirrrow eonsocIation (second or late weed stage). 
The ruderal-early-weed consociation (first or early weed stage). 

I n  order fully to appreciate the significance of the changes that 
take place in the development of the vegetation either toward or 
away froin the subclimax type, as well as the significance of the com- 
ponent consociations in their relation to the management of the 
range, it is essential to know the ecological peculiarities and economic 
value of each. 

1 J~stifieation for the elimination of wet meadows and similar areas is found in the 
facts that such lands are limited m extent, and the forage which they produce 18 rather 
inferior, and is seldom mazed destructively. 

I 
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THE WHEAT-GRASS CONSOCIATION. 

The wheat grasses (Aq~opyron), broadly considered, constitute 
the climax herbaceous cover. In the vegetative cover as a whole, 
however, the wheat grasses are the subclimax type, the timber spe- 
cies, of course, constituting the true climax. 

I n  its unhampered development the wheat-grass consociation occu- 
, pies all well-drained timberless o r  sparsely timbered areas in the sub- 

alpine belt, where the soil is well decomposed and of at least average 
fertility. Turf-forming wheat grassesthat is, those that reproduce 
largely by means of rootstocksusually occupy the drier hillsides 
and exposed flats; but where slightly more than average moisture 
prevails during the growing season, the turfed species disappear and 
the taller and deeper-rooted wheat grasses of the bunched habit of 
growth become conspicuous. 

Owing to the variation in the rate of soil formation and in moisture 
conditions, intensity of grazing, and other factors, the wheat-grass 
subclimax is often patchy, and is frequently temporarily replaced by 
rather distinct consociations of the lower successional stages. 

Like most drought-resistant grasses, the wheat grasses thrive best 
in full sunlight. Accordingly, they are inconspicuous or entirely 
lacking where the herbaceous type meets the true fir-aspen cover in 
the lower reaches of the subalpine zone and, of course, in the dense 
spruce-fir cover of the higher elevations of the subalpine type. 

Turfed and bunched wheat grasses are seldom associated, owing 
chiefly to the difference in the character of their root systems and the 
difference in the distribution of the moisture content of the soils 
which they occupy (PI. 11). Small wheat grass (Agropyron 
dasystaehpm) is the most common and typical of the turfed species 
(PI. 11). Slender wheat grass (A. tenerum) and blue bunch wheat 
grass (A.  spicatum) are the most conspicuous species of the bunched 
habit of growth, violet wheat grass (Agropyrolron viotaccum) being 
next in order of abundance. Small wheat grass occurs on the drier 
hillsides, exposed flats, and on ridges where the soil is in a relatively 
high state of productivity; while slender wheat grass and blue bunch 
wheat grass, which are commonly associated, are largely confined to 
areas rather too moist for the successful development of small wheat 
grass, but not sufficiently moist for plants appreciably less drought- 
resistant than the wheat grasses. Thus, the well-drained areas sub- 
ject to the full play of the high winds peculiar to the elevated sum- 
mer range are characteristically occupied by turfed species; while 
habitats which are reasonably well protected from the wind and 
devoid of barriers which tend to diminish the reception of the normal 
rainfall are occupied by bunched wheat grasses. 



A TYPICAL EARLY-WEED-STAGE COVER OF WHICH DOUGLAS KNOTWEED CONSTITUTES THE 
DOMINANT FORM OF VEGETATION. RELICTS OF BLUE FOXGLOVE ARE 1 NCLUDED I N  THE 
QUADRAT. 
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The rather strict line of demarcation in the habitat requirements 
of the two forms may be explained in two mays-(1) by the differ- 
ence in the distribution of the available moisture of the. soil and (2) 
by the depth to \ ~ l ~ i c h  the roots of the two grass forms extend. 

RIG. 2-Relative height and character of root system of typical wheat easses of the 
bunched and of the turfed habit of growth. A, Biue hunch wheat grass (Aorogyron 
spicatam) : Ad, Smdl wheat grass (Agropyron dasystachyum) ; AT, Slender wheat 
grass ( A Q ~ O ~ ? O %  terrwwn). 

By far the greater portion of the absorbing surface of small wheat 
grass is confined to the upper 8 inches of soil, the average maximum 
depth of individual roots not exceeding about 15 ~nches (fig. 2). 
Because of the densely matted sod on areas where smaii wheat grass 



10 BULLETIN 791, U. S. DEPARTMENT OF AGRICULTURE. 

has become well established the percolation of moisture is exceedingly 
slow; and, except after prolonged and heavy rainstorms, a 
surprisingly small proportion of the moisture passes beyond the 
densely matted soil stratum. Accordingly, the difficulty which other 
species encounter in gaining a foothold and their practical failure to 
compete successfully with the grass for the moisture essential to their 
proper development and perpetuation account chiefly for the char- 
acteristically pure stand of small wheat grass where its development 
is undisturbed. 

The roots of the bunched species, slender wheat grass and blue 
bunch wheat grass (fig. 2), extend approximately 34 times as deep 

2.2 o into the soil as those of the small 

2.00  heat grass, the average maximum 
depth being about 40 inches. Hence 

1.80 a large proportion of ' the root- 
3 1.60 absorbing surface of the bunch 
S 140 .s grasses is well below the average 
.s /.20 maximum depth of that of the 
S /00 turfed species. There is no appre- .a ' 
Q o .80 ciable difference in the root charac- 
.? teristics of the two bunch grasses 
.9 .60 
i under consideration. The distance 6 .40 between the bunches varies from a 

20 few inches to several feet, depend- 
o ing upon the moisture and other 

physical conditions. However, re- 

Fie. $.-Average monthly precipitation 
gardless of the distance between 

in the wheat-g.rass formation during. the bunches, provided the type is 
the growing season, 1S14-181% fully developed, there is relatively 
elusive. 

little difference in the character, 
density, and luxuriance of the other species nrhich inhabit the inter- 
vening space, the normal stand of which is usually sparse. 

CONDITIONS OF GROWTH AND REPRODUCTION. 

While the wheat grasses thrive under a considerable range of con- 
ditions, their optimum development is reached only where the soil is 
reasonably well decomposed and in a fairly high state of productivity 
and where suficient moisture is available to snpply vigorous plants 
during the first half of the growing season. 

I n  the area under observation there is usually ample precipita- 
tion early in the spring of the year to saturate the soil (see Table 1 

,and fig. 3). Occasionally, however, the rainfall in June and in 
the first half of July is so light that the soil contains insufficient 
moisture for the promotion of vigorons growth.' 

1 Growth in bhe subalpine none begins about the last week of June. 
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TOLE 1.-Prec@itation in the h r t  of the wl~eat-grass formation, 10,000 feet 
elevation, Ma?&& A7atipnal Dorest, 1914-1917, in*?lusim. 

The average precipitation for the month as well as for the season 
varies widely. The greatest variation since 1914 in rainfall in June 
was 4.6 inches, the maximum being 
4.78 inches in 1917, and the mini- 
mum 0.18 inch in 1916. I n  July the 
variation was 2.76 inches, the maxi- 
mum being 3.73 inches in 1917 and 
the minimum 0.97 inch in 1914. 
Nearly 40 per cent of the 0.18 inch 
of precipitation recorded in June, 
1916, fell during the first half of tho 
month, while nearly 68 per cent of 
the 0.97 of an inch recorded in July, 
1914, fell after July 20. Since only 
0.35 of an inch of rain was recorded 
in June, 1914, the soil was far below 
the average in water content. Ob- 
servations indicated that the un- 
questionableslowing dowi~ of growth 
noted after the first week in July, 
1814, was due to an inadequate e.. 
water supply. 

Owing to the exceptionally low 
water requirements f0.r the sur- 
vival of both the bunched and tho 
turfed species of wheat grass, pro- .I5 

longed periods of soil desiccation, irrc. 4.-small wheat grass (~gropy-  

covering critical periods of one or 70% desysteeWm). 

more seasons, seem to have little effect 0x1 well-establisl~ed plants 
other than to decrease temporarily the aerial growth and the repro- 
duction. Rowever, young stands of turfed species usually suffer ap- 
preciably less injury from soil desiccation t h a ~ l  stands of bunch grass 
of similar age. This is accounted for by the fact that reproduction 
in the case of the turfed species is largely by extensive rootstocks 
which have little or no tendency to shoot out until the plant is per- 
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manently established and in vigorous condition (fig. 4). True 
bunch grasses, on the other hand, reproduce entirely from seed, two 
to three year9 being required to establish fully a seedling plant. 
Thus, while a shoot or~ginating from the rootstobk of a turf-forming 
species is largely nourished through the medium of the deep-rooted 
parent plant, the establishment of a bunch-grass seedling is dependent 
upon its own development for moisture and nutriment. Accordingly, 
turfed wheat grasses gain dominion over the soil in the drier situations 
nherc their rate of occupation may from time to time be more or less 
seriously interrupted through drought, but mhcre the well-established 
plants are seldom killed. I n  such habitats the bunch grasses are 
usually killed out in the seedling stage, or the established plants, in 
competition for water, are crowded out by the shallow-rooted turfed 
species. On the other hand, habitats which receive considerable pre- 
cipitation and are characterized by soils which permit of ready per- 
colation of water are capable of supporting the deep-rooted plants. 
Such habitats are seldom if ever congenial to the domination, or in- 
deed the conspicuous presence, of the turfed wheat grasses. 

SOIL WATEK CONTENT. 

A comparison of the soil moisture conditions on s typical turfed 
(small wheat grass) area and on a typical bunch grass (blue bunch 
wheat grass) area in close proximity to each other may be made by 
observing the graphs in figure 5. 

Sect~on A of the graph, representing the moisture conditions of the 
soil supporting a typical stand of small wheat grass during the grow- 
ing season of 1915, shows a rather sharp decline in the moistnre con- 
tent in  the three soil strata studied (M, G12, and I'd24 inch deptlu) 
from July 1, which marks the beginning of vigorous spring growth, 
to September 20, the end of the growing period. On July 1 the high- 
est per cent of moisture was recorded in the 0-6 inch layer of soil, 
11.8 per cent of the water content being available for the use of the 
plant. I n  the G12 inch layer of soil for the same period there was 
approximately 1 per cent less moisture than ill the upper layer, while 
in the 12-24 inch depth there was 4 per cent less During the second 
period, however, there was a sharp decline in the moisture of the 
surface layer, and during the third period a rather striking increase. 
I n  the G I 2  and 12-24 inch depths for the same periods the decline 
was gradual, which is typical of all subsequent periods a t  the two 
lower depths. 

The most significant facts brought out in section A, however, are 
(1) the rather striking fluctuations in the water content in the 0-6 
inch layer, and (2) the fact that the water content in the 0-6 inch 
depth of soil is reduced to a point a t  which i t  becomes unavailable 





to the plant 10 days earlier than in the two lower depths. During 
the driest period. of the season, usually beginning about August 10 
in the 0-6 inch depth, and about August 20 in the deeper layers, tho 
main root system often occupies soil whose moisture content is well 
below that a t  which vegetation can absorb moisture. The flnctua- 
tions in the water content observed t o  occur in the superficial soil 
layer and the practical absence of such fluctuations in the deeper 
layers, notably the 12-24 inch depth, are chiefly accounted for by 
the fact that the supply of moisture in the upper stratum, in which 
the greater portion of the feeding roots are located, is used up by 
the vegetation at a relatively rapid rate. Since the upper soil layer 
is especially rich in organic matter, hence is capable of absorbing 
a very high percentage of water (45-65 per cent) as it percolates 
through the matlike layer, the rapid desiccation of the superficial soil 
is all the more significant. Thus it will be seen that the reduction 
in the water content in the superficial la.yer to a point below the 
amount necessary to rqake it available to the use of the plant mas 
reached as early as August 10, so that any water absorbed by the 
plant later in the season had to be obtained a t  a depth greater than 
6 inches. The two lower depths of soil, i t  will be noted, likewise 
became desiccated after August 20. Therefore a t  the end of the  
growing season the 0-6 inch layer of soil mas 5 per cent below the 
point of available moisture, while the &12 and 12-24 inch layers 
were 3.3 and 2.1 per cent below, respectively. I n  general the growth 
and seed production are completed in the case of small wheat grass 
by August 15, when the herbage dries up and remains dormant until 
the spring. 

Section B of fignre 5 represents the moisture conditions on a blue 
bunch grass area during the growing season 1915, the soil samples 
from which the data vere obtained being taken sim~~ltaneousl~ with 
those represented in section A. Comparing first the general position 
of the respective curves, i t  will he seen that the water content was 
greater on the blue bunch grass area than on the turfed wheat grass 
area in each period, with the exception of September 10 to 20 in the 
12-24 inch depth, prior to mhich growth had been arrested. In con- 
trast with the condition on the turfed area, the moisture content in 
the 0-6 inch layer on the bunch grass type was appreciably in excess 
of that a t  greater depths during the first four periods. I n  the fifth 
period the moisture content decreased rapidly in the upper soil layer 
.and dropped below that recorded a t  the two lower depths; but in the 
sixth period, as the result of a fairly heavy rainstorm, the moisture 
content again exceeded that in the lower soil layers. Thus, instead 
of the f3-12 inch soil depth containing the highest percentage of 
moisture during the most active period of growth, as in the turfed 
wheat grass type, the 0-6 inch layer contained the maximum amount. 
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As in the case of the turfed area, the moisture content on the bunch- 
grass area became una%ailable, except for a few days i n  the super- 
ficial layer ,between August 20 and September 1. 

TEE EFFECT OF  DISTURBING FACTORS. 

The opening up by excessive grazing or otherwim of a well-estab- 
lished stand of small wheat grass, as well as of congeneric turfed 
species, is congenial to the immediate establishment of a rather scat- 
tered growth of other plants, both deep-rooted and shallow-rooted, 
provided, of course, that seed is ava~lable and growth is not seriously 
hampered. Where the fertility of the soil is not appreciably changed 
as a result of the destruction of the wheat-grass turf, several shallow- 
rooted species and a few aggressive deep-rooted plants soon male 
their appearance. Obviously, the shallow-rooted species, as a result 
of both aerial and subterranean competition, sooner or later yield to 
the invasion of themore permanent and luxuriant deep-rooted plants. 

Among the deeper-rooted perennials which gain a foothold early in 
the destruction of the matlike growth of wheat grasses where the fer- 
tility of tho soil is not appreciably decreased, yellow brush ( C h y s o -  
6 h u s  l a n c e o l a h )  is the most characteristic. Of the perennial 
grasses, small mountain porcupine grzss (Stipa minor) is the most 
characteristic. These two plants are among the first of the deep- 
rooted perennials to signify the waning of the wheat-gras cover. 
Where the wheat-grass type is relatively young it often supports an 
occasional plant of yellow brush which may struggle along for several 
years in competition for water with the superficial roots of the wheat 
grass.= I n  due time the yellow bmsh, approximately 90 per cent of 
whose root-absorbing surface is below that of the wheat grass, gives 
away; but when the stand is opened up any remaining sti-aggling 
yellow-brush specimens quickly regain their lpxuriance of growth. 
(Fig. 6.) 
- section A of figure 6 portrays a relatively young stand of small 

wheat grass where yellow bmsh was conspicuous prior to the estab- 
lishment of the wheat grass subclimax. Section B shows the incom- 
ingof small wheat grass from seed and the unhampered growth of 
yellow brush. Should the wl~eat-grass subclimax (section A) again 
be destroyed, or the stand sufficiently opened up to favor the perco- 
lation of a considerable portion of the rainfall to a depth corre- 
sponding to the location of the main feeding roots of the yellow 
brush, the surviving specimens of the latter would immediately show 
a remarkable resl~onse in growth. An increasing abundance of yel- 

'While 7elllow brush ls persistent in competition nith other species. it is not believed 
to be a very long-lived species. Numerous stem examinations have shown that i t  seldom 
attains an BSC of much more than 10 years. A single specimen with 12 annu-1 rings was 
found. 
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low brush, as well as of other plants, especially deep-rooted species, 
indicates, therefore, a retrogressive succession in the wheat-grass 
type. 

Section B of figure 6, in addition to showing that the roots of a 
healthy specimen of yellow brush may feed at a depth in excess of 
3& feet, emphasizes the interesting fact that small mheat grass 
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develops a somewhat deeper root system &en the specimens are 
isolated than when the plants grow in a well-established sod. This 
increased development is doubtless accounted for by the fact that 
the water content of the soil immediately below the deeper roots 
of the isolated bunched wheat grasses is. appreciably higher than 
in the soil below the deeper roots of the sodded stand. Since all 
stands of small wheat grass become matted when permitted to do- 
velop normally in &ell-disintegrated soils, it is er-ident that the 
increased development in depth of the roots of isolated specimens, 
as compared with that of the turfed plants, is purely temporary, 
nnd probably of little or no economic s ignif ican~.~ 

In  contrast with the turfed wheat-grass type, the conditions that 
obtain in a normal, fully developed bunch wheat-grass type arc such 
as to permit the presence of other plants of both deep-rooted anrl 
shallow-rooted species (fig. 7). The shallow-rooted species, sucli 
as mountain squirrel tail. (Rordeum nodosum), single-flowered heli- 
anthella (fIeZiarztheUa urziflo~a), and others, feed chiefly in the upper 
foot of soil, but the density of the cover as a whole is never such as 
to.prevent a comparatively rapid percolation of water to a depth of 
several feet. In  general, a large part of the rainfall is absorbed on 
lands where bunch wheat grass is fully developed, so that serious 
erosion seldom occurs so long as the natural cover remains unim- 
paired. Because of the high power of absorption of the soil and 
the relatively high percentage of avairable moisture in the lower soil 
depths, a few deep-rooted species, like wild bean or alpine lupine. 
(Lupinus a lpes tk ) ,  yellow brush, and the like, as well as certain 
surfaa-feeding plants, like single-flowered helianthella ( H e Z h -  
th2la @ni$o?*a), mountain squirrel tail (I3or&,em n o d o m ) ,  and 
blue foxglove (Pentstemon, procemcs), occupy the space between the 
grass bunches where the spacing is fairly wide and the intervening 
soil not fully occupied by grass roots. Therefore, where the bunch 
wheat grass stand is opened up by grazing or by other adverse factors, 
a good balance both of deep and of shallow rooted species, chiefly 
other than grasses, follows, one set of species predominating at one 
time and another set a t  another time. Accordingly, a reasonable 
state of equilibrium in the vegetation occupying the space between 
the bunch-grass tufts exists only when the maximum density of the 
bunch-grass stand has heen r&ched and has become stabilized. This 
stabilization of the rather transitory type of vegetation may be ac- 
counted for by the comparative equality in the utilization of the 
available water content of the soil by the wheat grasses. 

lcaanon, W. A. (Plant Woi'ld, vol. 16, No. 12: 323-241, 1913), found that the root 
derelopmcnt of desert plants varies widely in soils of dinerent texture and depth. ~ h e s e  
~ai l l t ions  rere  obsrrred ic Lc!d regzr0!ess of whether the ?!ant was grcva nnder natu- 
ral eonditlons, in garden soils, or in artieeial cultures. 

112655"-Bull. 791-19-2 
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PALATABILITY. 

The wheat grasses of the high mountain range afford a large 
amount of first-class forage for all classes of stock. However, the 
herbage of the wheat grasses as a wl~ole, especially after the plants 
have reached maturity, is of only average palatability compared with 
the finer-leaved genera of grasses, such as the blue grasses (Poa) 
and fescues (Fes$uca) of a lower successional stage. When pee11 and 
succulent the leafage is cropped rather closely by cattle, sheep, and 
horses; but as the plants reach full growth the leafage of some of 
the species becomes somewhat harsh. At that stage cattle and horns 
derour the herbage less closely than when the plants are young, 
learing the rather coarse seed stall- practically untoucl~ed. Sheep, 
on the other hand, crop only a relatively small proportion of the 
herbage of the maturing or matured plant, but in general eagerly 
consume the seed heads of the awnless or slightly awned species. 

Lilie the majority of the congeneric species, small wheat grass 
when green and tender is eaten closely by all classes of stock. As 
the plant approaches maturity, however, the leazage becomes rough 
on the upper side, and only cattle and horses graze upon it to an 
appreciable extent. The palatability of the wheat grasses through- 
out the season being taken into account, small wheat grass affords the 
least feed of any under discussion in proportion to the amount of dry 
matter produced. 

Of the bunch wheat grasses, slender wheat grass and violet wheat 
grass compare favorably as to palatability, both being ,gazed closely 
by all classes of stock. Blue bunch wheat grass is only slightly less 
palatable. All of these species are grazed with unusual eagerness 
by cattle, sheep, and horses early in the season. Toward the ap- 
proach of maturity the herbage, especially of blue bunch wheat 
gms3, is consumed much less closely than early in the summer, and 
the seed stalks of all species are left practically untouched. With 
the exception of blue bunch wheat grass, the spike of which is wn- 
spicuousiy awned, the seed heads are grazed with avidity and with 
good results to stock. 

FORAGE PRODUCTION. 

Tile largest amount of dry matter, exclusive of the unpalatable 
flower stall-, is produced by the small wheat-grass type. This type, 
when permitted to develop normally, usually occupies the entire soii 
surface. Owing to its relatively low palatability after about August 
10, however, small wheat grass affords 1x0 more forage, season for 
season, than good stands of the bunched wheat grasses. Also 011 
account of the lack of forage variety due to tlxe practical exclusion 
of othcr plants, the qmall'wheat-grass areas are not so wel! adapted 
to the grazing of sheep as are the bunch wheat-grass areas. 
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Of the bunch mheat grasses, slender wheat grass and blue bunch 
wheat grass are about equal in the amount of dry matter produced 
per unit of area, while violet wheat grass, occurring as it usually 
does in rather scattered stands, seldom produces as muchi forage as 
the other two species. Owing to the slightly higher palatability of 
slender wheat grass as compared with blue bunch wheat grass, the 
former supports slightly more stock per acre than the latter. 

The bunch wheat-g~-uss areas, because of the class of plants which 
they support, are better suited to the grazing of sheep than are the 
turfed wheat-grass areas. The latter, on the other hand, are es- 
pecially well adapted to the grazing of cattle and horses; for to make 
gobd gain these animals require less variety than sheep, and they 
consume, proportionately, a smaller amount of weeds than sheep. 

In  general the most efficient range for cattle and horses is one 
upon which the palatable subclimax grass species have been pre- 
served. I n  the case of sheep the range which will afford the largest 
percentage of first-class feed and at the same time prove the mas' 
efficientfrom the stindpoint of pounds of gain for the season is ono 
upon which the grass stand has been sufficiently opened up to per- 
mit of a good admixture of grass, weeds, and eren browse.' The fact 
that sheep prefer a greater forage variety than is found on ranges 
where wheat grasses predominate does not-imply that the climax 
grass type should be grazed destructively with a view of fostering 
the establishment of a large variety of more or less transitory weed 
species. AS a rule by far the biggest returns will be obtained from 
the lands by grazing the class of stock upon them which will most 
fully utilize the forage crop. Sooner or later the original stand of 
palatable plants may give way to other species, a condition which 
may fnlly justify the grazing of both cattle and sheep. 

I SUMMARY OF THE WHEAT-GRASS CONSOCIATION. 

Wheat grasses constitute the poteiltial subclimas type in the high 
mountain summer range of the IVasatch Mountains. That is to say, 
lands occupied by a maximum corer of mheat grass support the high- 
est and most stable type that the soil is capable of supporting. Ac- 
cordingly, this type, when in a maximum state of productivity, affords 
most reliable evidence of the fact that the range has not been over- 
grazed, at least within a reasonable length of time. 

The wheat-grass type is composed of two general growth forms; 
namely, turf-forming ancl k,unch-forming species. The turfed type 
is characterized by roots which feed in the upper few inches of soil, 
which tends to bind the soil firmly. The bunch type is characterized 
by deeply penetrating roots, and since the space betveen the bunches 
wries from a few inches to several feet, the stand is rather open. 
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Owing to the small amount of precipitation that penetrates beyond 
, the shallow matlike surface of the turfed wheat-grass type, bunch 

wheat grasses and other deep-rooted species are seldom associated 
with a fully established stand of the sodded wheat-grass cover. The 
bunch wheat-grass type, on the other hand, supports a considerable 
variety of weeds and other plants, both of deep and of shallow 
rooted characteristics. 

Regardless of the growth form of the wheat-grass cover, yellow 
brush (Chrysothamnm hceoZahu-)  is the most characteristic fore- 
runner of other axgressive perennial plants which gain a foothold 
as the wheat grasses are killed out by overgrazing or other adverse 
factors. Small mountain porcupine grass is commonly associated 
with the yellow brush. As the turfed wheat grass is reestablished, 
yellow brush and porcupine grass are entirely replaced. I n  the re- 
vegetation of the bunch wheat-grass cover, both yellow brush and 
porcupine grass are rather persistent, as the moisture conditions re- 
main comparatively favorable to the invading species until the 
original grass cover is fully reestablished. Eventually, however, 
most of the yellow brush and porcupine grass plants are crowded 
out. Thus the invasion and conspicuous establishment of yellow 
brush and porcupine grass on the wheat-grass type generttlly indicate 
clearly that one or more unfavorable factors are at play, which, if 
permitted to continue, may result in the destruction of the wheat- 
pass  type. On the other hand, the waning of the indicator plants, 
due to competition with the wheat grass, affords reliable evidence of 
the reestablishment of the wheat-grass type. 

There is relatively little difference in the number of cattle and 
horses that the turfed and the bunched wheat-grass areas are capable 
of supporting in good condition. Sheep, on the other hand, make 
better returns on typical bunch wheat-grass lands than on the turfed 
areas because.of the greater variety of forage which the bunch-grass 
type usually supports. In  spite of this fact, however, no attempt 
should be made to overgraze either grass cover with the idea of im- 
proving the lands for the grazing of zheep. To do lo mill seriously 
decrease the forage production of the lands for the grazing of cattle 
and horses. After a few years of full utilization of the wheat-grass 
consociation by cattle and horses a large variety of plants usually ap- 
pears. This natural replacement of the palatable grasses by plants 
successionally lower in the scale of development will improve the 
lands for the grazing of sheep and thus bring about a condition which 
will justify cropping by all classes of stock in proper proportions. 
Where common use of a wheat-grass range is resorted to, after the 
aver  has partly reverted to the weed stage, the cattle grazed should 
be reduced in number to the point where the remaining vegetation 
palatable to this class of stock will be safe from further destruction. 
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I f  this is not done, the retrogression of the  vegetation to a pure sec- 
ond-weed stage, or, indeed, to the first-weed stage, is inevitable. 

THE PORCUPINE-GRdSS-YELLOW-BRUSH CONSOCIPTION. 

As d result of the serious overgrazing in the Wasatc'h Mountains 
prior to the inclusion of the lands in  the Wasatch Forest in 1905, the 
wheat-grass consociation was much injured in many localities. Where 
the fertility of the soil was not appreciably impaired after the clc- 

struction of the subclimax grass 
cover, the wheat grasses soon re- 
establish themselves; but where ap- 
preciable erosion took place or where 
a considerable proportion of the sol- 
uble soil nutrients 172s leached out, 
the wheat-grass species failed to re- 
occupy the lands. On the seriously 
impoverished soils, only a sparse 
stand of short-lived plants at first 
gained a foothold; but on areas where 
the fertility and the water-holding 
capacity of the soil were only slightly 
impaired, gasses, no tab ly  s m a l l  
mountain porcupine gwss (S t ipa  
m i w )  (fig. 8), and its ever-present 
associate, yellox7 brush (Chrysotham- 
nus Zanceolatus), p r edomina t ed .  
Where the soil was more serio~~sly 
depleted, blue grasses, fescues, bronie 
grasses, and others xere invariably 
associated with porcupine grass and 
yellow brush. 

.Smoi; Maun+ain Porsuplnd<s$. 
".m,nar> 

After the destruction of the wheat- 

~ r o .  s.-TA~ dominnnt species of the grass consociation by overgrazing, a 
porcupine-sraas-rel10w.brosh eonso- large ppl0p0Pti0n of the entire cover 
ciation. was then either of .the early or 

late weed stage; but as a result of correcting the destructive 
factor of overstocking, the porcupine-gss-yellow-bn~sl~ type now 
constitutes the most extensive consociation of relatively high-carry- 
ing capacity in the higll mountain region. 

Small mountain porcupine grass and the local congeneric species 
grow as bunch grass, and the intervening space is occupiecl by other 
grasses and nongrasslike plants. Where the soil has undergone 
only slight change physicidly and chemically as compared with its 
condition when occupied by the wheat-grass cover, the stand of small 
mountain porcupine grass and yellow brush is full, and the stand 
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of sekondary species is relatively sparse. On the othcr hand, when 
the soil has been more seriously depleted, these two species merely 
occupy the chief place, many other species, espec~ally grasses, iselng 
associated with them (fig. 9). Much of the acreage which bad 
become so badly depleted in 1905 as to suppoi-t only a scattered stand 
of the most drought-resistant and short-lived vegetation, has now 
been revegetated to the point of supporting a good, and in some 
i~~stances ;t maxiinum, cover of porcupine grass and yellow brush, 
xvitll tho scattered admixture of other species, especially grasses high 
in the cycle of development. On areas where the vegetation has for 
one reason or another met with reversah from time to time, porcupine 
grass and yellow brush are much less conspicuous, tho~lgh they con- 
stitute the predominating species. At this stage in the reregetation 
only the grasses that are characteristic of early successions are asso- . 
ciated with the porcupine grass and yellow brush. 

In  general, the secondary species of the porcupine-grass-yellow- 
brush consociation are numerous and of much importance eomomi- 
cal1y.l Among the more common grasses mag be mentioned Nevada 
blue grass (Poa nevadensis) , Malpais blue grass (P. scahrella) , little 
blue gras; (P.  sandbergii) , spiked fescue (Festuca conflnis) , western 
fescue (K occidentdis), mountain June grass (Tioeleria wistata), 
spiked trisetum (Tkehvn t  spicaturn), mountain brbnle grass (Bromcs 
nmrginatus), Porter's brome grass (B. port&), and frequently a 
scattered stand of wheat grasses, of which Scribner's wheat grass 
(Agropyron scrihwk) is somewhat conspicuous. Typical examples 
of the more important grasses are shown in figure 10. Among the 
more common herbs other than grasses (aside from the ever-present 
yellow brush) are yarrow (Achilles Ean&se), sweet sage (drtemisia 
dkcoZor), several species of loco, notably Ast~agalus decumbens and 
A. t e m k ,  single-flowered helianthella (HeZia?zth.dZa mi f lora)  geum 
(Geum orego?&ense), wild bean (Lupinw &pest&), and blue fox- 
glore (Pentstemon, procerus). Upon closer view one normally finds % 

a very scattered stand of James' chickweed (Alsim jjameiana), 
scarlet gilia (Cilia @eheEa), gymnolomia (Gymnolomia m d t i -  
$ma),  pingue or rubberweed (Hymenoxys floribtmda), and others. 
I n  addition there are a number of inconspicuous annuals. 

These numerous secondary species (fig. 9) vary widely as to 
the distribution of their chief feeding roots. All the more important 
grasses, with the exception of the brome grasses, obtain their moisture 
supply from practically the same soil stratum as does porcupine 
grass. The brome grasses, the iooos, and wild bean, on the other 
hand, extend their roots to approximately t h ~  same depth as yellow 
brush. Accordingly, single-flowered helianthella, geum gymnolomis, 

1 See also Pound, Boseoe, and Ciements, Weder~c I+., Tbe Phgtography of iyebraSka, 
381393, 1800. 
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and rubberweed may bo classed as intermediate in the elongation of 
their roots between small mountain porcupine grass on the one hand 
and yellow brush on the other. Yarrow, sweet sage, and blue fox- 
glove, James' clriekweed, scarlet gilia, and the annuals, being less 
deeply rooted than sinall mountain porcupiile grass, may be classed 

as superficial feeders. This wide variation in the extension of the 
roots is accounted for, of course, by the uniformity in the distribi- 
tion of the water in the soil from the surface to the extreme depth 
to which the roots extend. The roots of the numerous species consti- 
tuting this consociation are so evenly distributed through the soil 
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from the surface to a depth of 3 feet or  more that the substratunl 
usually beeomes desiccated from a few inches below the surface to 
tho nverage depth of the longeat roots at  approximately the same 
time in the seascn. 

CONDITIONS OF GROWTH AND REPRODUCTION. 

Porcupine grass feeds in approximately tllc same soil stratum 
(fig. 9) as turfed wheat grass, the average maximum depth of 
the roots being about one-third that of the bunched wheat grass. 
Yellow brush, on the other hand, extends its roots t o  about the same 
depth as the bunched wheat grasses. Porcupine grassand yellow brush 
therefore enter into serious competition for water only whe~e the 
porcupine-grass tufts o m r  so densely as to prevent' ready percola- 
tion of water to the lower depth of soil, a condition which occurs 
sonlewhat commonly only on the older and k l l y  stocked areas. 
Generally, the porcupine-grass-yellow-brtish ' consociation is more 
open, a t  least below ground, than the bunched wheat-grass lands 
(compare fig. 7 and 9) ; hence i t  is characterized by a more 
rapid percolation of water through the soil than occurs in the 
bunched wheat-grass cover, . For this reason there i s  less variation in 
the distribution of the water from the surface downward on a porcu- 
pine-grass-yellow-bm& area than on an area supporting a normal 
stand of bunched wheat grass. The depth to which the precipitation 
penetrates on the sodded wheat-grass area is extremely shallow as 
compared with the depth of penetration on a bunched wheat-grass 
area or on a porcupine-gmss-yellow-brush area.  heref fore: i t  is 
clear that so far as the available soil water supply is concerned, con- 
ditions are far more favorable for the estsbli'shment of species of 
vtlrial)le length and character of root system on the porcupine-grass- 
yellow-brush type than on the turfed wheat-grass areas. Likewise, 
owing to the more open stand and the shallow feeding roots of por- 
cupine grass, the soil water content, between 1 and 4 feet in depth, 
is available to  a greater variety of plants other than grasses on this 
consociation than on a fully developed area of bunched wheat grass, 
the moisture supply for which must be obtained from the same soil 
depth as for the support of other deep-rooted plants. 

While a relatively large proportion of the precipitation is ab- 
sorbed on the porcupine-grass-yellow-brnsh consociation, this cover, 
as in the case of the wheat-grass type, never occupies soils that re- 
main too moist for the promotion of vigorous growth. During un- 
usually dry years, growth slows down markedly, a condition which 
results in  the temporary disappearance of many of the secondary 
species. Small mountain porcupine grass and yellow brush, how- 
ever, are persistent, though yellow brush yields more readily to the 
effects of soil desiccation than does its g a s s  associate. 
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SOIL WATEB COXTEST. 

Specific &easvlrements of the water content of the soil have brought 
out two interesting facts. First, the water-holding capacity in the 
upper foot of soil on a well-established stand of porcupine grass 
andyellow brush is less than on similar areas where the wheat-@ass 
type is equally rvell established. The average of 15 soil salnples 
obtained in 1915 of soils supporting a turfed wver of wheat grass 
was 11.2 per cent higher than the average of the same number of soil 
samples on the porcugne-grass-yellow-brush area previously oc- 
cupied by turfed wheat grass. Soil samples taken on the same areas 
in 1916 and 1917, as in the preceding year, gave practically the same 
relative figures. Likewise, the same number of soil samples, repre- 
senting the bunched wheat-grass cover showed an average of 4.6 per 
cent more nloisture than that of the porcupine-grass-yellow-brush 
cover. Second, the average available water content of the soil when 
saturated was lesson the porcupine-grass-yel~ow-brush areas than on 
the wheat-grass lands; and, as might be expected, tlie available water 
content. was exhausted correspondingly earlier in the season. There- 
fore, on an average, growth is arrested somewhat earlier on fully 
stocked porcupine-grass-yellow-brush areas than on fully stocked 
.areas of the whea't-grass type. 

THE EFFECT OF DISTURBING FACTORS. 

The most reliable indication of the presence of conditions adverse 
to the perpetuation and maintenance of the highest de~,elopment of 
the porcupine-grass-yellow-brush consociation, including its less 
stable cover of secondary species, is the replacenlent of one or both 
of the dominant species by other aggressive plants, chiefly i o n i r s -  
like species. As shown in figure 9, there is normally present on the 
Forcupine-grass-yeuow-brush areas a more or less scattered stand 
of. plants of the second-weed stage, of which yarrow (AchiZZea Zum- 
ulosa), sweet sage (Artemisia discolor), and blue foxglove (Pent- 
s t m  procarus) are the most typical. These species are almost in- 
variably among the first of the more permanent nongrasslike plants 
to increase in abundance as the porcupine grass and yellow brush 
are killed out. Because they reproduce aln~ost entirely by vegetative 
means from long rootstocks, these nongrasslike plants probably 
increase more rapidly than any other perennial nongrasslilre 
species. Accordingly,.they may be declared the most reliable indi- 
cators of the presence of some factor, or combination of factors, ad- 
verse to the porcupine-grass and yellow-brush stand with its many 
desirable associated species. For a time the dead or dying porcupine- 
grass-yellow-brush cover is replaced by plants of the same s p i e s .  
A s  t!le unfcrorsble conditicus ccntinuc theii p!ay, however, the 
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soil with its decreased moisture supply becomes unfavorable to the 
maintenance of the original plant cover, and reproduction, both by 
vegetative means and by seed, is greatly curtailed; but the condi- 
tions produced strongly favor the rapid invasion and estublishment 
o f  the formerly suppressed blue foxglove, sweet sage, and yarrow, 
and these with certain other plants soon become established. The 
majority of these invading species feed in approximately the same 
soil stratum as small mountain porcupine g r a s s t h a t  is, chiefly in 
the upper foot or so of soil. . 

The safest indications pointing towarcl the maintenance or per- 
haps the progressive or higher development of the depleted and 
thinned porcupine-grass-yellow-brush consociation, is an increas 
-ing density and luxuriance of certain blue grasses and fescues, all of 
which are shullow-rooted, and a decreasing abundance or entire ab- 
sence of the brome grasses and other deep-rooted species character- 
istic of earlier successional stages.' This gradual elimination of the 
deep-rooted species is, of course, accounted fo rby  the fact that the 
available moisture supply in the lower soil depth decreases in some- 
what the same proportion as on the wheat-grass areas. Among the 
blue grasses characteristically associated with the highest developed 
stands of the porcupine-grass-yellow-brush type, Nevada blue grass 
and little blue grass are the most conspicuous. I n  less abundance, 
but in  approximately the same stage in  the succession, occur Buck- 
ley's blue grass (Poa 6uckleyama), and Fendler's blue grass (P. 
fendlerima) . Malpais blue grass, on the other hand, usually .reaches 
its maximum abundance prior to the highest development of the 
porcupine-grass-yellow-brush cover. Like many of the perennial 
nongrasslike species, it has all but disappeared when the porcupine- 
grass and yellow-brush stand has attained its maximum density.$ 

When the porcupine-grass-yellow-brush consociation has prepared 
the way for the invasion and establishment of the wheat-grass type, 
porcupine grass is usually more abundant than yellow brush, and 
competition of a more or less serious character occurs between the 
porcupine-grass and the yellow-brush plants. As the bunches of 
porcupine grass increase in number and size, the rate and depth of 
the percolation of rainfall into the soil greatly decrease. This re- 

IIn general the brome grasses are relatively low in the cycle of suecession. They 
ususlly precede the blue grasses, fescues, and poreupine grasses. Likewise, the blue grasses 
and fescues usually preeede the porcupine grasses, though this varies somewhat with the 
species. Because of the exceptionally strong seed habits of porcupine grass and the fact 
that the seeds are self-pianted, and a good stand of seedlings is therefore assured under 
favorable conditions of sol1 and moisture, a somewhat general belief prevails that 
porcupine grass may precede the brome grasses, the blue grasses, the fescues, and certain 
other grasses in the wceession. Detailed quadrnt data have proved this belief erroneous. 

The approach toward the highest development of the porenpine-a-ss-yellow-brush tyPe 
can usually be recognized by the presence of a t  l e s t  a scattered cover of wheat grasses, 
of which violet wheat grass is usually the first to appear. 
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tention of the water, suppIy.in tlie upper layer of the soil in seasons 
of less than normal rainfall often causes someu~liat serious desicca- 
tion in.bhe lower soil layer, upon which yellow brush is largely de- 
pendent,,for water, and results in the deatli of many of these plants. 
Obviously, however, the desiccation of the lower soil layer is most 
serious immediately beneath the dense bunches of porcupine grass. 
As a result of the seed of porcupine grass finding ready lodgnient 
and conditions especially favorable for germination-immediately be- 
neath the expanded branches of yellow brush, dense tufts of porcu- 
pine grass, as shown in figure 9, often develop around the yellow- 
brush plants. The established yellow-brush plant is killed in a season 
or two or possibly straggles along for a few seasons. Where the 
competition is not @o severe some of the branches of the yellow 
brush die and nlffit of the branchlets on the remaining branches are 
killed, thus greatly reducing the leaf surface as well as the lossof 
water from transpiration. This reduction in the leaf surface often 
permits yellow brush to hold its place with the porcupine grass for 
IL considerable time. Naturally under such conditions yellow brush 
producesfew flowers and practically no viable seed, so that physio- 
.logically its behavior is much the same as a plant that has been seri- 
ously weakened as a result of too frequent cropping. 

PALATABILITY. 

With its large variety of palatable plants and its relatively small 
percentage of waste range, the porcupine-grass-yellow-brush wnso- 
ciation probably furnishes as ideal a vegetative' cover for all classes 
of grazing animals as the lands are capable. of producing. Smdl  
mountain porcupine grass, of which the foliage is b e r  leaved and 
less harsh than that of tlie wheat grasses, is grazed with relish by all 
classes of stock throughout the foraging season. While vigorous 
growth.ceases in most habitats during, the first half of August, the 
herbage remains more or less green until well into September. When 
cured, the leafage of small mountain porcupine grass, like that of 
many other fine-leaved grasses, is cropped with relish by cattle and 
hokes. Sheep take a fair proportion of the herbage after the plant 
has reached maturity, but the writer has never observed. this class of 
stock to graze porcupine grass as closely as cattle and horses unless 
forced to subsist upon it. 

The seed heads of porcupine grass, unlike those o f  the wheat 
grasses and many other grass species, are not particularly sought for 
by stock, especially when the plant is approaching maturity or after 
ihe seeds have ripened. In the first place, the seeds are rather small 
and do not attract stock. In the second place, the basal portion of 
the seed is snarp-pointed wniie the apex elongates into a rather 
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prnminent awn, r~hich, when the plant approaches maturity, becomes 
mther stiff and is objectionable to stock. This lack of palatability 
of the seed heads, however, in no way impairs the value of. the he& 
age. The fact, however, that the seeds after they bewme yell formed 
are consumed to only a very limited extent by stock, accounts i n  part 
for the unusual aggressiveness of porcupine grass. 

The palatability and forage value of the yellow brush dominant is 
comparatively lpw, so that where this species occurs in such abund- 
ance as appreciably to decrease the stand of other palatable plants 
the carrying capacity of the lands is considerably lower. While 
sheep and cattle browse the leafage and flower clusLers to some ex- 
tent, yellow brush ean not he classed as a plant of sufficient forage 
value to bo seriously considered in tlte management of the range 
with a view of increasing its abundance and luxuriance of growth.2 

A large proporbion of the secondary perennial species character- 
istic of the porcupine-grass-yellow-brush consociation, particularly 
the grasses, are probably first in importance among our valuable 
forage species. Practically all of tlte blue grasses, the fescues, the 
bromes, spiked trisetum, and mountain June grass, which occur in 
varying abundance thro~~ghout this consociation, are inferior to none 
as forage, cattle, sheep, and horses grazing them with relish at all 
times in the season. Likewise, some of the more conspicuous non- 
grasslilte perennials, like yarrow, are good forage plants, though as 
a rule the nongrasslike species are grazed much more closely and 
with greater relish by sheep than by cattle and It is quite 
evident, therefore that the porcupine-grass-yeBom-brush lands gen- ? 
erully are well suited to the common use of stoclr, that is, the joint 
grazing of cattle, horses, and sheep. In  this respect, then, the porcu- 
pine-grass-yellow-brusl~ consociation differs from that of the wheat- 
grass type, which in its highest development is bost suited for the 
grazing of cattle and horses. 

'The seeds of poreopine gmss are u8ualIy high in viabiiib and rwrodndlon is greatly 
fostered by the self-burial device of the seed, the alternate tvbtiw and untwistiw of the 
awn eoilnl~d v i t h  tirr sharppointed appendage a t  tile base of the seed. For a dlseussion 
on this point sre Journal Agri. Research, val. 3, No. 2 :  118-119, 1913, and U. S. Depart- 
ment of AGd~ultlrre Bulletin No. 545 : &lo, 1914. 

*Sheep browse yellow blush with more relish than eattle. Beesuse the foiiage remains 
green late i n  the autumn after the herbage of most plants has dried up, sheep browse 
geilolv b r u a l ~  more closely in the autumn than at any other time in the serrson. Even so, 
ho!vever, titis plant furnislres oniy a small aplount of rather inferior feed. 

3Cattle and horses prefer grass to nongrasslike plants, such as needs and browse. 
Sheep, on the other hand, prefer tlie weed and browse *pa and consume a relatively 
am811 proportion of grass. Exception to t h i s  statement has been recorded when the grass 
is uaususlly palatable and the nongl~asdike species are of an interior kind. Therefore, 
where the vesetation consists of about the  same amount of palatable weeds as of grass, 
tlle proportion of four sheep to one cow unit usually resuits i n  tlle most economic utiliw- 
tion of the  forage crop. On a pure or pmctienlly pure gram range, on the other Band, 
eattle alonc, or cattle and horses, usually asord the most eeonomieal utiiiaatiou of tho 
lorage. On a strictly weed range the best utilization may be expected fmlm the grazing 
bf %beep only. 
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FORAGE PRODUCTION. 

Calling forth, as it does, a conspicuous amount of blue grasses, 
some fescues, a scattered stand of wheat grasses, and &her less im- 
portant grasses, and at the same time permitting a number of the 
nongrasslike plants to persist, the porcupine-grass-yellow-brush con- 
sociation ranks high as forage. Expressed in terms of dry matter of 
palatable herbage per unit of surface, the porcupine-grass-yellow- 
brush co~xsociation reaches its maximum production where the two 
dominant species are little more than hdding their own in wmpei- 
6011 with the grasses higher in the scale of succession development; 
that is, where tho highest possible development of the porcupine- 
grass-yellow-bms11 cover has been reached. Per unit of area, the 
uppermost development of this consociation, with its typically con- 
spicuous admixture of highly palatable blue grasses, hscues, and other 
grasses, interspersed w~th  numerous nongrassl~ke species, furnishes 
not only more feed but better herbage than any other forage comKi- 
nation that may occur in its lower developmentai stages. 

While the study has shown that a decrwe in the stand of weedy 
species follows the ppmgressive development of 'the consociation, it is 
seldom necessary to decrease the number of sheep that are grazed on 
the lands. Owing to the character of the feed, cattle rather than 
sheep should be increased in number to wnsume &he additional grass 
forage, but the bulk of the nongrasslilxe herbage must be consumed 
by sheep. Except on a turfed grass range, a fair proportion of 
weeds, most of which are palatable to sheep but not to cattle and 
horses, is always present. Full utilization season after season of the 
grass herbage by cattle and horses tends to hold in check any striking 
increment in the grass cover, so that appreciable reregetation may be 
effected only where special methods of managanent am applied In- 
deed, close utilizaiion of the grass cover from season to season, as  
already indicated, has a tendency to decrease the grass stand and in- 
crease the stand of nongrasslike plants in much the same proportion, 
thus iinproving the conditions for the grazing of sheep. 

SUMMARY OF THE PORCUPINE-GRASS-YELLOW-BRUSH CONSOCIATION. 

The cover of small mountain porcupine grass and yellom brush, 
. next to the wheat-grass consociation, constitutes the highest and most 

stable forage type. Accordingly where conditions become unfauor- 
able to the maintenance of the wheat-grass cover, but not so adverse 
as drastically to change the fertility and available water conhnt of 
the soil, porcupine grass and yellow brush soon gain dominion over 
tilo soil. Owing to the practical absence of turf-forming species 
within the porcupine-grass-yellow-brush consociation, precipitation 
penelcrtes deeply into the soil, hcnee hL11 deep and sllaliow rooted 
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plants make up the ground cover in somewhat equal proportions. 
The highest development of the porcupinegrass-yellow-brush cover 
is ~ndicated by a scattered stand of wheat grasses, a rather conspicu- 
ous presence of blue grasses (Poa),  and a somewhat smaller amount 
of fescue grasses. The lower development of the type in question is 
characteristically indicated by the conspicuous presence of brome 
grass, and not uncommonly of fescue grasses, with the addition of 
several perennial nongrasslike plants, among which blue foxglove, 
sweet sage, and yarrow are the most common. 

So long as porcupine grass and yellow brush, including the typical 
associated species, hold their place in competition with plants of 
lower successional stages, or yield to the invasion of plants higher 
in the cycle of succession, like the wheat grasses, it is perfectly clear 
that the range is not being misused. If ,  on the other hand, the por- 
cupine-grass-yellow-brush consociation is being replaced by brome 
grasses, fescue% and more especially by blue foxglove, sweet sage, 
yarrow, and other plants of the second weed stage, there is indis- 
putable evidence of the deterioration of the range. 

In  view of the large variety of palatable plants associated with the 
porcupine-grass-yellow-brush cover, the highest possible development 
of this type is probably the most desirable of any for the grazing of 
all classes of stock. Since the forage crop is composed both of 
weeds and grasses, with the latter distinctly predominating on the 
better developed types, the highest grazing efficiency is obtained 
through "common use," that is, through tho combined grazing of 
cattle, horses, and sheep. 

I THE FOXGLOVE-SWEET-SAGE-YARROW CONSOCIATION. 

Detailed quadrat data and extensive observations have shown that 
when conditions unfavorable to growth are sufficiently prolonged 
gradually to destroy the porcupine-grass-yellow-brush cover, but not 
such as seriously to change the condition of the soil, shallow- 
rooted perennial weeds of the second weed stage, notably blue fox- 
glove (Pen t s t emn procemcs) , sweet sage ( ArternGia discolor), and 
yarrow (AahiZZea lanzllosa) are the natural successors. On the other 
hand, where the porcupine-grass-yellowbrush cover is suddenly de- 
stroyed and considerable portions of the upper soil layer carried 
away, as often takes place where live stock are injudiciously handled, 
the immediate successional cover consists chiefly of annual plants 
characteristic of the first or early weed stage, with or without an 
admixture of perennial species. 

In  the gradual elimination of the porcupine-grass-yellow-brush 
cover perennial weed species usually gain a foothold shortly after 
the ground is exposed or when the roots of the grass and brush cover 
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no longer bind the soil firmly. The usual increase in the available 
soil water resulting from the lowered absorption and transpiration 
power of the former cover greatly favors the germination, growth, 
and reproduction of the perennial weeds. Generally, however, where 
the cover has been below normal in density for a number of years, 
the humis content, and, indeed, the water-holding power of the soil 
is lower than on the more densely covered lands, so that germina- 
tion and invasion of the species which immediately precede the por- 
cupine-grass-yellow-brush wnsociation is less vigorous than where 
the grass-brush stand has just been destroyed. 

1 In  the degree of invasional ag~essiveness, little. difference has been 
observed among the three dominants; all have fairly strong seed 
habits. Once the plants are well established, ho~vever, yarrow easily 
leads in the rate of spread, the blue foxglove being the least aggres- 
sive, and the sweet sage rather intermediate between the two. This 
behavior is significant in view of tlie fact that the rootstocks of the 
species concerned are practically equal in length. 

As to the longevity of the doininant species few data are available. 
Owing to tlie relatively high palatability of the yarrow, however, 
this species is usually the first to  give way under excessive grazing. 

Because of the slight difference in moisture requirements, the 
three species are often closely associated, but they seldom occur in 
equal density. When fully developed the plants form a matlike 
growth more or less pure in stand. Tlie most luxuriant and perma- 
nent stand of blue foxglove is found on protected, moderately moist 
habitats, while yarrow and sweet sage occur in rather close associa- 
tion in somewhat drier situations. 

Regardless of the density of the cover of the foxglove-sweet-sage- 
yarrow consociation, a scattered stand representing a large number 
of secondary species occurs in association with the dominants. 
Among the grasses occasional specimens of large mountain broine 
grass (Brornus w g i m z t u s ) ,  nodding brome grass (B. ported), 
Scribner's wheat grass (Agrop~ / ron  scribneri), onion grass (MeZica 
bzsl6osa), and showy onion grass (M. spectahilis) are characteristic. 
Of the more conspicuous nongrasslilre plants, the most typical are aster 
(Aster frondeus), horsemint or giant hyssop (dgastache urji&- 
folia), mountain dandelion (Crepix a c k i n a t a ) ,  geranium (Gera- 
nium .ukcosissirnm), sneezeweed (Velenium hoopesii) , rubberweed 
( I l y m m x y s  jZoribunda), Sampson's mertensia (M-lertemia samp- 
sonii), cinquefoil (Potentilla filipes), false c3,mopterus (Psedocy-  
m o p t e w  tidestromii) , and butterweed (Senecio o o h 6 h )  .' 

The root systems of blue foxglove, sweet sage, and yarrow are 
largely superficial in character, so that the water supply i s  derived 

'Congeneric species of the plants here named occur in varying abundance, 

112F.?5°-Bull. 781-1-8 
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chicfly from the first foot of soil (fig. 11). Thc surface soil-is some- 
what matted but seldom bound so h l y  .as entirely to prevent the 
presence of other species. Where the second-weed stage is well es- 
tablished little serious erosion takes place. 

CONDITIONS OF GROWTH AND'PRODUCTION. 

The foxglove-sweet-sage-yarrow consociation thrives wherever con- 
ditions are favorable to the growth of porcupine grass and yellow 
brush, and even where the soil is not so good. As in the porcupine- 
grass-yellow-brush consociation, howerer, the best de~relopment of the 
dominant species of the second-weed stage is found where the soil is 
fairly well decomposed, mellolv, and reasonably moist. I n  general, 
the waterholding power of the soil is lower where the perennial weed 
species predominate than where plant types higher in the succes- - ,.. 

sion prevail. This difference in the water-holding capacity of the soil 
is also associated with differences in soil fertility, and to some extent 
at least with its phjsical texture, as Table 2, s?lowing: tlle relative 
chen~ical properties of typical soil samples, would i m p l ~ .  The soil 
representing the porcupine-grass-yello*-brush' cpver is richer than 
the soil characteristic of the secondr&ed stage in all chemical constit- 
-nents . . here considered, and the difference in the total organic matter of 
81 per cent in faror of the porcupine-grass-yellow-brush soil is par- 
ticularly significant. Aside from the fact that this high percentage 

'of organic matter implies the presence of correspondingly large 
-.amounts of available nitrates and otherplant foods, it has a direct 
:%enring upon the water-holding capicity and the power of water 
retention of the soil. The aTerage difference in t l ~ e  available water 
content of the soil samples was4.6 per &nt in.faror of the porcupine- 
grass-yellow-brush area. Obviously, blue foxglovee: sweet sage, yar- 
row, and the associated species ~aill  thriveon the moister and richer 
soils; but owing to more highly developed root systems, greater lon- 
gevity, and other life-history characteristics of the plants of the 
higher developmental stages, the second-weed-stage species are sooner 
or late? forced to yield their places to the more permanent species. 
However, plants of the foxglove-sweet-sage-yarroiv consociation, 
particularly the dominant species, are comparatively resistant to 
drought, and maintain themselves well under adverse climatic con- 
ditions. 

. . .  
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TABLE 2:-Average chemical roperties o f  t~p ioal  soil samples taken from the 
-face to a depth of 6 dmches o f  an al'oa supporthg a cover of foaglove, 
szoeet saoe, and varrow, a?bd o f  similar sa,?tglos representing soil supyirrting. 
a cmor of porcupine gmss and ycllolo brush. 

Samples. 

The blue foxglove, sweet sage, and yarrow reproduce mainly by 
means of rhizomes or rootstocks; and like most high mountain 
plants whicli give rise to new individuals by vegetative means, their 
seed habits are only moderately strong. Germination tests con- 
clnctecl from 1914 t o  191G, inclusive, gave the following average 
percentages : 

Blue foxglove ........................................... 11.8 
Sweet sn,ne.~..~~~...~~~.~~T~.~~..~~..~.~~......... 14.2 
Yarrow .-..----.--_...---..--...-.--.....--..-.--...-..-- 9 .3  

I n  addition to the low viability of the well-filled seeds, a rather 
small seed crop is produced, a large proportion of the flowers either 
not being fertilized or failing to develop after fertilization. How- 
ever, where the soil is exposed and conditions favor germination 
and growth, seedlings of varying density and vigor are in evi- 
dence. Three years are required for the developmental cycle of most 
species-that is, from the time of germination of the seed until the 
resulting plant produces viable seed and gives rise to new individuals. 
Some species send up one or more flower stalks late in the second 
year f o l l o ~ i n g  germination, but, as a rule, no fertile seeds are pro- 
duced until in  the third year of growth. By the end of the third 
season, the rootstocks are well formed, so that reproduction both 
by ~egetative means and by seed usually takes place more or less 
simultaneously. 

THE EFFECT OF DISTURBING FACTORS. 

Like the vegetation composing the types already discussed, the 
foxglove-sweet-sage-yarrow cover readily replaces itself where the 
edaphic conditions are not appreciably changed as a result of the 
cover being eliminated or thinned out. Where the physical or chemi- 
cal conditions of the soil are rendered less fa>orable to growth than 
formerly, however, several species lower in the succession promptly 
gain dominion over the soil. Among the first and most reliable 
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species to announce the waning 01. rctrogr cssion of the foxglove-sweet- 
sage-yarrow cover are certain inconspicuous, rather short-lived per- 
ennials which usually occur very sparsely in association with the 
dominants of the second-weed stage. By far the most aggressive 
and reliable indicators of degeneration are low pea vine (Lathyrus 
lezccazthus) , evening primrose (Lmauxiu  flava) , false cymopterus 
(Pseudocynwptms tidestromii) , Mexican dock (Emex mezicanus) , 
false Solomon's seal (T7agnera steUata), and tongue-leaved violet 
(Viola Zinguczfolia). These rather temporary second-weed-stage 
species obtain the greater part of their molsture supply below the . 
first foot of soil (figs. 12, 13, and 14.) Except in the case of low 
pea vine and false Solomon's seal, their root systems are on the tap- 
root order, most of the species having mell-developed laterals, many 
being several inches long. With the exception of low pea vine and 
false Solomon's seal, which reproduce profusely by rhizomes, new 
individuals arise only from seed. Considering the elevation and the 
conditions of growth, the four species whose regeneration depends 
entirely upon seed have strong seed habits. Low pea vine and falm 
Solomon's seal, on the other hand, produce only a small amount of 
seed per plant, but the viability of the seed is nevertheless relatively 
high, as Table 3 shows. 

TXBI.E 3.-ViaUilit2/ 01 aced cron of short-lived pcrmnial toceds pmdzlced is 
. . 1914-1916, iilclusice.' 

. .  . . , Viability olseed.. 
Plant. 

: . , , ,  
~vsmgB. I aximum. 1 ~inimum.  

1 Seed was mllccted Irom anumber of sp8cimens of each species grown ill dsoreqt soils and in differem 
OXPOSUTOS SO tUt, prasumably, the figures given are representative for the seasons m question. 

PC? cent. 
62.7 
33.1 
29. 4 
19. 9 
16. 3 

I n  view of tlle fact that tongue-leaved violet is the most aggressive 
invader immediately subsequent to the destruction of the foxglove- 
sweet-sage-yarrow cover, it is interesting to note that the viability 
of the seed of this species is superior to that of its associates. While 
it may be true that enough more viable seeds are produced by the 
competing plants to equal, or indeed exceed, the total number of 
viable seeds of tongue-leaved violet, it is not improbable that under 
field conditions, the seeds of the violet, with their higher germina- 
tion strength, may outnumber those of high germination power in 
the species having an appreciably lower percentage of viability. 

Pel cm2. 
78.4 
35.4 
36.8 
28.7 
25.1 

Per cent. 
20 .5  
26. L 
17.3 
11.2 
6.3 
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Nest to tongue-leaved violet, evening primrose is the most ag- 
gressive and abundant. This species is followed in aggressiveness by 

Mexican dock, the increase in which is held in check to an appreci- 
able extent, however, by the fact that it is relished nlom by stock 
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than the associated spccies. Lorn pea vine, because of its profusion 
of long rootstocks (fig. 12), and the rapid rate a t  wyich new shoots 
arise vegetatively, forms the densest cover of any of these rather 
tenlporary species. 

The further exposure and depletion of the soil usually brings fortli 
a conspicuous admixture of a number of other short-lived perennial 
species, some of which may predcmiuate for a time. The most 
characteristic of these are mountain rock cress ( A r d i s  d m m m d i i ) ,  

BIG. W.-l'lants ehwaeteristiC of ihe early second-weed stage. 

low larkspur ( D e J p 7 ~ i n i m  nzewiesii), scarlet gilia, (Cilia p d  
chella) , peppergrass (Lep idkn  ~anwsixsimunz) , bladder pod (Les- 
puerella utahensis) , plantain (Plantago tweedyi) , and butterweed 
(#em& c o h 6 i a m  and S. crassdus). Very few grasses are as- 
sociated with this cover. L h  their immediately superior associates 
successionally considered, the roots of most of these species are 
specialized, or of the tap order, with more or less conspicuous lateral 
feeders. Generally the roots are rather shallow, the moisture supply 
being procured chiefly from the upper foot of soil (fig& 15 an4 16). 
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No systematic attempt has been made to determine the viability of 
the seed crop of these secondary meed species, but various laboratory 
tests and field observations indicate that the germination strength of 
the seed is  high. This lower successional stage of vegetation, like 
the second-weed consociation generally, is early maturing, earlier, in 
fact, by 10 days or so than the wheat-grass cover, so that as a rule 
plants mature their seeds and the herbage dries up well in advance 
of the occurence of killing frosts. The herbage of most of the 
species, however, cures poorly. On some lands these species are so 
closely associated with low pea vine; evening primrose, false cymop- 

FIG. 14.-Plants characteristic of the early second-weed stage. 

t m s ,  Mexican dock, and tongue-leaved violet that it is difficult to 
recognize where one set supersedes the other. Generally, however, 
the line of demarcation is fairly distinct. As a rule the latter group 
is associated with a larger percentage of annual plants than the 
former, though this varies somewhat with the density of the cover 
of perennial plants, moisture conditions, and numerous other factors. 
In the absence of a nurse cover, such as shrubby plants or other 
robust and conspicuously branched perennials, it is evident that a sits 
supporting the lower successional cover of the second-weed stage is 
a t  best severe and less favorable to germination and establishment 
than are sites supporting a higher type of vegetation. 
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PALATABILITY. 

The profusion of weedy or nongrasslilre plants and the scattercd 
occurrence of grasses make the foxglove-sweet-sage-yarrow consocia- 
tion best suited for the grazing of sheep. I n  general, only the 
grasses and a very few of the nongrasslike species of the vegetation 
characteristic of the second stage are eagerly grazed by cattle and 
horses. These constitute only a very small proportion of the plant 

cover. While, as already stated, sheep crop a grass range less closely 
than cattle and horses, sheep nevertheless eat the herbage of grasses 
where such feed constitutes only a relatively small part of the total 
forage crop. Most of the nongrasslike plants are grazed mow or 
less closely by sheep. Therefore, the highest possible utilization of 
the second-weed-stage type is obtained by the grazing of sheep, pro- 
vided, of course, the animals are properly handled. 
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The relative pahtability and forage value of the different species 
making up the second-weed-stage consociation are summarized ill 
Table 4. Palatability is here classed a5 high, medium, low, negative, 
and objectionable; ab'unclance as dense, moderately dense, scatterecl, 
and very scattered. Of the 27 species listed, 17, or 63 per cent, are 
either highly or moderately palatable to sheep; while only 9, or 33 

Bladder pea Plantain 
(Lespuerezle utsliensis). (Pluntayo tweedvi). 

Fro. 16.-Plants characteristic ofthe ear!y sceond~weed stage. 

per cent, and 5, or 18 per cent, are either highly or moderately 
palatable to cattle and horses, respectively. Those of low forago 
value number 8, or 30 per cent, in the case of sheep, none being listed 
as negative in forage value; in the case of cattle 16, or 59 per cent, are 
low or negative in palatability; and in the case of horses 20, or 74 
per cent, are listed in the same category. The species of greatest 
abundance are much more palatable to sheep than to cattle and 
horses. Accordingly, i t  is evident that, so far as the forage is con- 
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corned, much higher utilization xvi!l he obtained by croppilig the 
second-weed-stage cover by sheep than by catlle and horses. 

T~nr,~ ,4 . -Cov>parat ive  palatebitit?, and forage ilnllrc o j  t7~e fllunls chnractaristio 
of tkc seco?ld weed stago. 

1 Abundance as ham used takes into aecopnt the sim of the plant and its herbwe piod~ction as wail BS 
the density in which it oocurs. 

FORAGE PRODUCTIOK. 
. ~ 

As compared with the porcupine-gfassiyellow-brush consociation, 
the carrying capacity, acre for acre, is notably less on the foxglove- 
sweet-sage-yarrow type, regardless of the class of stock grazed. Even 
if used by sheep, the more superior second-weed-stage type will 
probably support only 50 per cent as many year after year without 
injury to the range, as xi11 an equally desirable. coyer of the porcu- 
pine grass and yellow brush. In  the absence of a sufficient stand of 
grasses and other desirable late-maturing plants the herbage of the 
second-weed stage is highly succulent; and while palatable and con- 
ducive to the production of large gains in the case of sheep i t  does 
not produce fat which is as solid or as permanent as that which 
characterizes the condition of the animal when i t  eats a fair bal- 
ance of grasses and of other late-maturing plants. Cattle and 
horses little more than maintain their weight on range distinctly 
in the second-weed stage. The acreage required per cow is propor- 
tionately much greater on e range in the second-weed stage thsn on 
a porcupine-grass-yellow-brush cover or on a wheat-grass area. Rela- 
tively little of the palatable feed is grazed either by shekp or  cattle 
after the plants reach maturity or after killing frosts have occurred, 
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SUMMARY OF THE FOXGLOVE-SWEET-SAGE-YARROW CONSOCIATION. 

The foxglove'sweet-sage-yarrow cover, less specifically known as 
the second or late weed stage, is the initial type in the retrogressive 
succession of the porcupine-grass-yellow-brush consociation. The 
more characteristic plants of this weed stage generally are compara- 
tively aggressive where the conditions of growth are reasonably 
favorable. A rather large number of species are associated with the 
foxglove-sweet-sage-yarrow type species, though they seldom occur 
as dominants. By far  the greater number of the secondary plants 
are nongrasslike. A few grasses are present, however, among which 
large mountain brome grass is by far the most important. 

The type species and several of the secondary plants reproduce 
both vegetativ'ely and by seed. I n  several species vegetative repro- 
duction is so active as to produce a loose mntlike ground surface. 
Most of the plants are shallow-rooted. When the soil conditions 
become unfavorable for the maintenance of the foxglove-sweet-sage- 
yarrow cover an aggressive succession of shallow-rooted, relatively 
short-lived perennial plants in association with a number of annual 
species usually takes place. I n  instances of severe soil depletion 
annual species invariably predominate. 

Low pea vine, evening primrose, false cymopterus, Mexican dock, 
and tongue-leaved violet are the most reliable and characteristic ini- 
tial indicators of the destruction of the more stable second-weed-stage 
cover. If the disturbing factor continues to operate, these rather 
short-lived perennials are sooner or later superseded by annual plants. 

Much less dry matter and notably less palatable feed are produced 
on the late-weed-stage type than on the wheat-grass or on the porcu- 
pine-grass-yellow-brush consociations. The profusion of weed or 
nongrasslike plants and the small amount of grass forage produced 
makes the second-weed-stage cover better suited for the grazing of 
sheep than for cattle and horses Owing to the fact that sheep graze 
nongrasslike plants with considerably greater avidity than cattle and 
horses, the foxglove-sweet-sage-yarrow consociation can be fully 
utilized by the grazing of sheep alone. Sheep, however, will not 
show as much progress on the second-weed-stage consociation as on 
the porcupine-grass-yellow-brush consociatioll. The gains may be 
fairly large but the fa t  is not of a solid character. Cattle and horses 
do poorly on the lat,r meed t,gpe. h a mle, they little more than main- 
tain their weight. 

THE RUDERAL-EARLY-WEED CONSOCIATION. 

Soils which were formerly rich but which have been so seriously 
impaired that their fertility is similar to that of relatively new soiis 
recently invaded by herbaceous plants, support virtually the-same 
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type of vegetation as do the new soils.' The cover cousists essentislly 
of ruderal or annual plants, n~ostly weeds. This colonization of the 
early-weed stage continues until enough organic matter has accumu- 
lated in the soil to favor the invasion and establishment of the sec- 
ond or late weed stage. 

The density of the cover varies greatly according to the character 
of the soil, the seed crop available for germination, and the growth 
condition of the current season; the cover may be quite dense one 
year and relatively sparse the next. When one good growing season 
follows another the cover is particularly dense and the individual 
plants are large; also the pioneer species of the second or late weed 
stage usually begin to appear. A suceessioii of dry years, on the 
other hand, brings forth a sparse stand of tile first, or early weed 
stage, the plants of which are small; also the pioneer species of the 
second weed stage are usually absent. 

The most typical and abundant species of the first-weed stage are 
goosefoot or lamb's-quarters (Chenopodium album.), slender-leaved 
collomia (CoWornia. line&), tarweed ( M d i a  g l o w - a t u ) ,  Tolmie's 
orthocarpus (Orthocarpus tohniei), Douglas knotweed ( P o l y g o n m  
d o u g h & ) ,  and tansy mustard (Sophia incisa) (figs. 17 and 18). 
Less abundant, but usually associated with the above species are 
androsace (Adrosace  d f f u s a ) ,  gilia ( Gilia m i c ~ a n t h a )  , peppergrass 
(Lepid iwn ~amosissimurn), monolepis (NvnoZepis muttallia?lu), and 
lmotweed (Polygonurn aviculare) . 

In general the first-weed-stage wver reaches maturity earlier than 
any -&her. Because of the shallow roots and the lack of conspieuons 
laterals, .&is cover is of little value'in checking erosion or otherwise 
preserving the watershed. The root systems are essentially of the 

, specialized or tap character, and are contined almost entirely to the 
upper foot of soil-indeed the roots of the majority of the species 
do not penetrate deeper than about 8 inches. Therefore, where the 
topography, soil, climatic conditions, and other factors favor torren- 
tial runoff, the ruderal-weed stage is of the least value of any in 
protecting the watershed from erosion. 

CONDITIONS OF GROWTEI AND REPRODUCTION. 

No group of perennial plants has as strong seed habits and is sub- 
ject to as few failures in seed production as the first-weed-stage spe- 
cies. While no systematic study has been made to ascertain the size 
and viability of the seed crop, observations and repeated gernlination 
tests indicate that the normal seed crop is unusually large and fertile. 
Germination tests of well-developed seed of Douglas lmotweed and 

1 Soils heavily paelied, which often takes place when stock (especially sheep) trample 
denuded or sparsely vegetated areas caeestively, also commonly support only mdzral 
or snnunl plants. 
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tansy mustard, for example, have averaged more than 70 per cent, 
considerably exceeding the highest avei-age seed-test records of per- 
ennial species. Generally, the seed of the more aggressive annuals 
are plump and well filled with reserve food. Another distinct ad- 
vantage observed in the case of the seed of the rucleral weed species 

o ~ o s e f o o t  or ! i lmb 's -q~~ni te i~  Slellder~lcnved eollolnin 
(Ckaopo&um a2Dimm) (Co22omie himansl. 

FIG. 17.-Plants ehiiracteristie of the first or early went stage. 

is their ability to germinate under conditions of temperature ad- 
verse to most plants. Sced of Douglas Imotwced, tansy mustard, and 
tarweed, for instance, have been observed to sprout when the maxi- 
mum diurnal temperature has not exceeded 50° Fahrenheit, the 
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menu teniperature being 42', nild wlrcn the noctiln~al tcll-~perature 
has dropped from 2' to 4' below freezing. Few perennial plan@ 
even though restricted in theeir distribution to the subalpine zone, 
are capable of germination at such low temperatures. Being entirely 
dependent upon seed for their perpetuation, obviously only those an- 
nuals persist or are conspicuous which are capable of germinating 
and becoming established a t  the earliest advent of spring. 

Tolrnic's orthocarpus Dousias knotwecd 'l'&nsy rnusturd 
(Orlkocerpus tolnuiei). (Poiygonum dmb~lofii i) .  (Sophia +,%oiso). 

FIG. IS.-Plants chaiaclcristic of the Erst or early weed stage. 

Since the ruderal-early-weed stage represents the lowest or most 
primitive herbaceous cover possible, it will be instrnctive to compare 
briefly the conditions of growth of this type with those of the highest 
herbaceous successional cover, the wheat-grass consociation. 'or the 
purpose of ready comparison the average, maximum, minimum, and 
optimum depths of the roots of the most characteristic ruderal-weed 
species and of the chief wheat grasses are tabulated in Table 5. 
SVhiIe the depth of penetration of the roots of wheat grasses as  a 
whole is appreciably greater than in the ruderal weed species, small 
wheat grass obtains its water supply from m-cich the  s a m  soil stratum 
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as the ruderal-weed species. Blue bunch wheat grass and slender 
wheat gmss, on the other hand, absorb nearly all of the water they 
need from soil far  below the deepest penetration of roots of the 
annual plants. 

.iindrooacs 7 ~ 2 ~ 0 ~  b,rne, ~ G ; ; ; ~ ~ ~ o ~ ~ ! z ? z ~ ~ ~ ~  rM2072%p9 
V10. 19.-Plants characteristic of the first-weed stage. 

TABLE 5.-Comparative depth of roots of tvpCcaZ rnderal-toen1 speeiea and of 
the chief zaheatgrasses. 

Depth olrootsininohes. 
I'lant. 

Slender wheat 

The rate of percolation of water is much greater on the mderal- 
weed lands than on the small wheat-grass areas. This is due not 
only to the dense matlike growth of the roots characteristic of the 
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small wheat-grass cover, but also to the comparatively high propor- 
tion of humus, and hence water-holding p m r ,  of tho wheat-grass 

- 

soil. . 
Data showing the more important chemical constituents and humus 

content of representative soils supporting short wheat grass and of 
soil supporting ruderal weeds are given in Table 6. Except in the 
amount of potash, the percentage of the chen~ical constituents im- 
portant as plant food is higher in the soils representing the small 
wheat-grass lands than in the soils characteristic of the ruderal-weed 
cover. The most strildng difference is found in  the total nitrogen 

Fro. 20.-Annilable and nonavailablc soil moisture on an overgrazed area support'mg a 
sparse stand of ruderal vegetation, 1915. 

content. Also there is a wide difference in  the humus content as de- 
termined by incineration. 

TABLE F.-Che~~zi~al properties o f  soil supporting sntall 11:71eat grass and soil s u p  
porting the ruderal-weed colzsocietiola 

Soil. 

- 
sm~llvshest grass .... . . . . ... .. . .... .... ... 
Ruder81 weed.. . ... .. . . ... . . .. . ... . ... . ... 1.28 
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The wide difference in the hlunus eon&ent accounts ehiefly for th 
higher water-holding power and available plant water in 
the wheat-grass soil, which, when it was saturated, were greater bx 
10.4 per cent than in the soil which supported the ruderal-weed vege- 
tatian. In order ta determine what effect this differenca in fertility 
and availahle water mighi h w e  on, the growth and water require- 
ments of vegetation, experiments we-re made on t h e  batteries eaeh 
of the selected soils2 The vegetative development fbRd thB total 
water requirements of the plants grown in the wheat-grass sail ar~d in 
the rrideral-weed soil are shown in Table 7. 

T m ~ e  'i.-Namr;la7.y o f  vegetative proicth mtzd water requirements of p a s  e n d  
.rt.hnnt rhvclowd in soil8 characteristic of the toheat-grass tpne w ~ d  of the 
~trdcro2-taecd COCFT. 

Pens. Whmt. 

Plant 

Nugkroflearsfi. 
Leaflength ............................................... 
w ............................................ 
Watsrreied per plane.. ................................. 
Wader reqliirenlent p r  unit dry matter.. ................ 

Both wheat and peas show a striking contrast in the vegetative 
growth and in the water requirements in the two soil types.. Tho 

-. 
'The batteries were so arranged that no water escaped from the soil except by ttrans~t- 

ration from the  plants grown. 
After being enrefully silted, the soils were moistened so ;rs to contain approximately 30 

Per e m t  af Waten.  The soi4 was thoroushly miad ,  so that the nmisture eonteat wrrs uni- 
form throughout, and was Rrmly paeked in heavy gal~anized-iron Mtometers. 17 ioehpa 
high and 14 inches in diameter. Potometers of this. siue, having as they do a, capacity of 
about 90 pounds of air-dry soil, provided n soil mass of ample spaeo for developmclit and 
spread of the roots of the plnnts selected to be grown in tne potometers. The petmleters 
mere fitted ,vith lids of the same material as the cans, and five equally spaced holes 
th-fourths inch in diameter were ~unehed in each for the plants. I n  the center of the 
cover a hole 1 4  inches ih &&meter w;vas pro~ided, whieh was used. in watering and whieli 
was  fitted with a eork s t o m  and eapiumy tube for t b  circulation oP &. Before the lid 
was put on sufficient soil was removed from the surface eenter of the can for the placing 
oi R gmnite receytarlc 4 inehes in heicht and 5 inehes in diameter, perforated eentrnlly 
in the bottom and underlaid witk 1% in&= of pmvel. TElismatly facilitated the addi- 
tion of water. After the lids were placed the space between the rim and can was closed 
by secure& senling with strips of surgeon's adhesive tape, which, when dry was mated 
with shellne. I n  order to have as little variation as possible in the individual plants, 
pedigreed strains of Canadian field peas (Pism oru.rrsc) and cultivated wheat (TriOint~n 
durum), known as Knbanka 1440, were oscd. In order further to insure uniformity in 
the  plants the seeds were sprouted betwmn moist blotters aml tbc mart uigwaus 81*muts 
transferred to  water eulturcs Cram wilieh uniformly sized plants were Subao~uently 
sciectcd for planting. In planting, a small amount of soil vas removed through the per- 
forations made in the lid, the roots of the s1,routs welt inserted, and the soil was Rcmly 
pressed about the roots. .4 mmhinabion of merted be~swnx and tallow was used to sral 
O ~ P  the soil exposed by the pertorationu made in t!re lid of the ootometer t b r o o ~ h  whieh 
the plants were insert&. The methods used in sealing and ia  watering were cnsentiaily 
the snme as those.devised by Rriggs, L. J., and Shantz, R. L.. "Water Requirements of 
Plants.'* U. S. Department of Agriculture, Burau of Plant Iodustry Bulletih 284: 8-14. 
1313. 
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wgetative developmei~t was appreciably greater in the wheat-grass 
soil both in tho number of leaves produrad and in the total leaf 
length. The difference in the development of the plant as a whole 
is best expressed by the dry weight produced. In peas the propor- 
tion of dry weight was as 1 to 8.2 in favor of the wheat-grass soil; 
in vheat the proportion was as 1 to 2.2 in favor of the %%me soil 
type. The water requirement for the production of a given unit of 
dry weight, on the other hand, was much greater in the ruderal-weed 
soil than in the wheat-grass soil, the proportion being approximately 
2 to 1 in peas and 2 to 1.4 in wheat. 

The higher vater requirement of plants grown in the less fertile 
soil is particularly significant in view of the fact that impoverished 
soils absorb and retain very much less water than do the more fertile 
soik. This fact, coupled with the low fertility of the soil, chiefly 
accounts for the presence of the temporary weed cover on badly- 
impoverished, as well as newly-formed soils. 

SOIL WATEE COZTENT. 

The soil moisture conditions on a first-weed-stage area during Uke 
season of 1915 are summarized in figure 20. Considering the general 
trend of the curves representing the available water content from 
0 to 6 inches, G to 12 inches, and 12 to 24 inches in depth by 10-day 
periods throughout the growing season, it will be observed that there 
is a rather sharp decline in the water content of the soil from July 1 
to September 20. Except in the last period (September 10 to 20) 
tho highest amount of available plant water was found in the 12 
to 24 inch layer. The 0 to 6 inch soil layer, on the other hand, con- 
tained the lowest water content tl~roughout the entire period. When 
saturated the upper 6 inches of soil, except where severe washing 
has occurred, usually contains several per cent moi-e moisture than 
the soils of greater depth. The reduction in the water content of ~e 
upper soil layer is. of course, chiefly attributable to transpiration1 
and to a slight extent to direct evaporation from the soil.? 

The most important physiological fact brought out in the graph 
is the period a t  w11ich the soil water content becomes unavailable 
to the vegetation. I n  the case of the all-important upper 6 inches of 
soil, from which the first-weed-stage plants procure by far  the 
greater pal4 of their moisture supply, the water becomes unavailable 
to the vegetation between August 1 and August 10. In  the 6 to 12 
- - 

1 Germination and growth in  the ease of this Eovor in  1915 W S n  on June 23. 
*Loss of water by direct evnmration from the soil is slight as mmparel wit11 t i ~ n t  lo& 

by transpiration from the vegetation. For z d1seur;slon on this subject see Burr, W. w., 
"Storage and Use of Soil Koisture." Research Bulletin, No, 6 ,  Agtieultur~l n:':rpmiment 
station of Neblwka: 61: 1914. Also R d m i s t . ~ ~ ,  V. G.. "Thll Nature of Drought ,%cmrd. 
ing to tho Evidence of the Odessa Experiments: Field." M. L. m d  A. Prprrtment of 
bgiieuiture, Odessa : 17 : 1913. 



inch and the 12 t o  24 inch soil layers there was available water 
1 until about September 10. Because of the desiccation of the uppcr 

soil layer during the fimt few days in  August a t  least 90 per cent 
of the vegetation ceased to function. W h ~ l e  the rate of growth and 
the period of maturity vary according to the character of the season, 
the ruderal-weed cover generally requires only about six weeks in  
which to complete growth and mature its seed crop. 

Ij THE EFFECT OF DISTURBING FACTORS 

The edaphic conditions of few of the deeper and older mountain 
soils are so adverse as entirely t o  exclude the first-meed-stage plants. 
But the density of the cover of the type in question is controlled 
largely by the proportion of available moisture contained in  the 
soil during the germination period. Likewise the luxuriance of the 
stand is determined chiefly by the available moisture content during 
the growing season. 

Thorough colonization of the rudernl-weed species for three or 
more years, in the ahsence of the play of factors adverse to the un- 
hi~mpered development of the vegetation, generally calls into evi- 
dence an admixture of the more aggressive, short-lived species of 
the second-weed stage, hence marks the initial passing of the ruderal- 
weed cover. On the other hand, the removal of a large proportion of 
the soluble plant foods, and indeed of portions of the soil itself, 
is followed by s distinct relrogression of the first-meed-stage vegeta- 
tion. Where the destrnction of the sail is continued to the extent 
that the " holdfnst" of the ruderal-\T-eed type is destroyed, the pio- 
neer stage of plant life-the alga: and lichens-again appears over 
the exposed rocks. 

PALATABILITY. 

With tho exception of a very fen. plants, the ruderal-meed conso- 
ciation affords little feed for stock. A large nnmber of the plants are 
cropped by sheep at least to a limited extent, bnt they afford only a 
small amount of forage. Cattle graze only a few species, and horses 
consume practically none. The most palatable plant to sheep and 
cattle is tansy mustard, the flowers, leafage, and the more tender 
parts of the stem being devoured with unusual relish until the 
plant reaches maturity; after that, like nearly all of the first-weed- 
stage species, it is not grazed noticeably a t  all. Tansy mustard,hom- 
ever, occurs so scatteringly over the type as a vhole that it is  of 
little value as a forage plant. Douglas knotmeed, tl~e.most abundant 
of the ruderal-weed species, is gazed to a considerable extent by 
sheep before the seed is disseminated, apparently with good results 
to the animals. It. probably furnishes more feed than all the rest of 
the annual species combined. Cattle also graze Douglas knotweed, ' 
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though with less relish than sheep. Several of the more conspicuous 
plants, like tarwed, gilia, etc., are practically disregarded by stock. 

FORAGE PRODUCTION. 

The anlount of forage produced on lands in the first or early weed 
stage is far less than that on lands supporting any of the higher stages 
of plant growth. Like the second or late weed cover, the ruderal-weed 
cover is best suited for the grazing of sheep, but the carryilig capacity 
is exceedingly low and the forage distinctly inferior. Aside from 
the fact that little of the herbage produced is grazed after about the 
first week in August, anything approaching complete utilization of 
the forage crop i s  apt to stimulate erosion of a most destructive char- 
acter. Hence range lands in the ruderal-weed stage must be man- 
aged in the most expert way; anything approaching maximum utili- 
zation is hardly to be considered if the more permanent and desirable 
cover is ultimately to gain dominion over the soil. 

SUMMARY OF TEE RUDEBAL-EARLY-WEED CONSOCIATION. 

On lands where the soil has been so seriously impaired as no longer 
to afford a congenial habitat for the growth of perennial species, the 
cover consists essentially of annual plants. T.l~is first or early weed 
stage of which goosefoot or lamb's-quarte~-s, slender-leaved collomia 
tarmeed, Tolmie's orthocarpus, Douglas knotweed, and tansy mus- 
tard are typical examples, completes its grovc7tl~ in about 6 weeks 
after the sprouting of the seed. As the plants are entirely dependent 
upon seed for their perpetuation, their seed habits are exceptionally 
strong, the viability of the seed from year to year averaging con- 
siderably higher than that of the perennial plants. I n  spite of 
strong seed habits, however, there is a wider variation from year to 
year in the density of the stand of the early-weed stage than in any 
other type. This is chiefly due to the fact that there is not always 
ample moisture for plant life in the superficial soil layer in which the 
feeding roots of this consociation are located. While often variable 
in density, the ruderal-weed type nevertheless persists until enough 
organic matter has been accumulated in the soil to favor- the estab- 
lishment of plants of the secoxd-weed stage. 

Little forage is produced by the first-weed type. While a consid- 
erable numberof species are grazed by sheep (fext are eaten by cattle 
and practically none by horsm), only a sn~all amount of dry matter - 

is produced. Douglas knotweed, the most abundant species, is 
cropped with moderate relish both by sheep and cattle and probably 
furnishes as much feed as all the other annuals combined. However, 
the mderal-weed cover is grazed only when the herbage is succulent 
and tender. I n  view of the early maturity of the ~~egetation and the 
fact that the first-weed-stage cover affords poor protection of the 
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watershed, it is essential that stock pe~mitted on this type be handle& 
i n  accordance with the most approved methods. If serious erosion is  
to be prevented, the lands should be grazed very lightly or not at 
all until plants of the second-weed stage have gained a foothold. 

THE EFFECT OF GRAZING ON PLANT SUCCESSION. 

Tho grazing of live stock may, under certain conditions, either re- 
tard or promote the development of a plant eover and cause either 
retrogression or progressive succession. 

DESTRUCTIVE GRAZING AND ITS RELATION TO EROSION? 

The highest grazing efficiency consists in getting the greatest 
passibleuse out of the range from year to year. Any system of graz- 
ing, therefore, which decreases the carrying cx'pacity of the Iands so 
that the forage production is decreased from season to season may be 
classed as destructive. If such a method is continued, the ground 
cover will be partly or wholly clestroyed, a condition ~ ~ h i c h  is almost 
invariably iissociated with erosion. 

While i t  is probably true that the extent of surfsce run-off and 
erosion is largely determined by climate, topography, .and soil, the 
combined influence of these factors oh the high mountain grazing 
lands of the West is not such as to cause serious soil depletion except 
where the vegetative cover has been badly impaired. A typical cast. 
of overgrazing, indicating the relation of the vegetative cover to 
erosion, is shown in figure 21.2 The more important facts brought 
out in figure 21 may be s~unmarized as follows: 

1. Where the original cover remained intact, as in section B to the 
extreme left in the figure, practically no erosion occurred. Partial 
destrnction of the vegetation (section B to extreme righ'ht) was accom- 
panied by moderate erosion, while serious destruction of the cover 
(section A) was associated witli.erosion of a most serious character. 

2. The colonization on the moderately depleted areas (section B 
to extreme right) consists &entially of typical second-weed-stage 
p l i~n t s  while on the very sparsely colonized bloclcs (section A) the 
vegetation is composed either of the first-weed-stage plants or of 

'For tortlli~r information as t o  the rclntion of grazing to erosion, see Snmpson, Arthur  
w.. and Wegl, Leon H., "Ranpe Preservation and Its Relatior, to Erosion Control on 
western Grming Lands; U. 5. Dept. of Agr. Bui. So. 675, 1m8. 

a T h ~  area represented lies at an elevation of about 10,000 feet bas a western 61- 
QOSUL-P, and an average slope of npproaimateig 11 Der cent. Until 1005, when the lands 
came under governmental control, the raoge had heen subject to heavy overgrauiog by 
all classes of stock. Since 1005, the area llas been subject to moderate Fmsiog by eatllc 
and sheep. As a result, considerable revestation has taken place where the oriClnal 
cover remained more or Iws intact, and where little or no erhsioo oeenrred. The badly 
eroded arcas, howrver, hn>.e improved relatively littir io carrying capacity dtlring the 
wt 10 or 12 YCBI.S (1905-ISIT) of rnDdePJte graaink and now they fllroish only a small 
amotlnt of inferior forage. 
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CROSS-SECTION 1-2 

S 

.<-Where origlnnl eovcr wnx destroyed by gmelng: U-Where adglnnl cover remnlned more or less lutnet. A-.Ynrrow (dckfllsn laauloen). E-Stvect sngc (Ar?cmisle dlscolot.). J-Small :~~ountnln porcu~)lne grass (Stipo m<tror). x-Slendcr-lenved collomla (Collonrie Litrearis). ~--Blnddor pod (Lcsyrrcrclra trtalrcrrsis). S-Tangy mustard (Soplble inoisa). r-Dandelion (Leo,rtodott tarozaount). 
u--Erlgcron (Eri$crot~ mocrantlrus). Y-Slendcr whent grass (Agt.opurotr tsrrenrm). 

G-lmlre goorcllorry (Ilibes mOnt@olurn). 1.-Low pea vluc (Latlrun~s lorcarrtlrus). s-Slendcr elnnuefoll (Potnltilla )2llpe8). n->I\lexlenn dock (Rtcmcr mc~fcas,rs). so-;\louutnhi elder (Satnb8tctrs min.obotr~,a). ~-E'alsc cymopterus (I'acxdoo~+roptm.us tideatrornil). 
c-Yellow brush (Ol~wsotl~amt~us laaccolatss). I-SPlked trlsctum (Triselum splcatun~). la-Evenlog prlmrose (LwwMa peve). -Blue ionglo~c (Pentstemon piocwzs). nl-Currnnt (wbes ttrcbriatzs). sy-Snowbcrry (Sumnhorlcnr),os orcopleilus). x-Knotmeed (Polwtitmm av(nrlare). 

112658°-13 (To iuecpngc5.l.) D--Density. Contour Interval 1 foot. 
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species that appear rery early in tho succession of tilo second-weed 
stage. The bloc1~5 upon u.11icll the cover vias only slightry impaired 
aro occupied essentially by the subclimax wheat grasses. 

3. The root system of the yegetation as a whole, as shown in the 
cross-section viem of iiiurc 21, is the sparsest and most supcrficid 
on the seriously eroded blocks, intermediate both as to dcpth and 
density on the  moderately eroded areas, and deepest and most abun- 
dant on the least eroded and most highly vegetated bloclrs. 

Chcmical analyses of the soil have clearly shown that the fertility 
is roughly in proportion to the extent of the soil depletion, the least 
soil eroded being the most fertile. I n  these tests the samples of nail- 
eroded soil contained an average of approxin~ately four times more 
organic carbon, three times more total nitrogen, and four times more 
tot:ki organic matter than did the eroded samples. Likewise the 
water-holding power in the soil samples from the noneroded blocks, 
when saturated, was greater by 9 per cent than in the samples from 
the eroded blocl<s. 

From t11-e facts it is evident that any system of grazing wl~icb 
resnits in the destruction of the ground corer and at  the same t,i~ne 
permits erosion to gain headway, not only immediately decreasesthe 
carrying capacity of the lands but prevents the establishment of thc 
more perlnanent cover for an indefinite period-in some instances 
possibly for 50 years or more.' The translocation of the upper few 
iilelcs of tile surface layer of soil, with its comparatively rich im- 
pregnation of organic matter, causes the usual reversion of the vege- 
tation to  a 10%-er successional stage, not unco~nmonly the first-weed 
stab!. Under such conditions the former donlinancc of the sub- 
climax species will not again appear until the original fertility of 
the soil has been reestablished, which is possible only after the appli- 
cation of many years. of judicious range b management. The contin- 
uance of grazing without regard for the growth requironxnts of the 
~egetation causes further soil depletio~~. - 

FORAGE PRODUCTION ON DRIVEWAYS AND BED GWUNDS. 

The use year after year of established driveways and bed grounds 
for stock furnishes noteworthy iilshnces of retrogressive succession. 
While it is true that the majority of the driveways on the National 
Forests were most seriously depleted before the lands carrre directly 
under the control of the Gcvernnlent, and that since that time many 
have improved son~ewhat in productivity, enerally they support 
only n sparse cover of inferior transitory vegetation. Established 
bed grounds are usually depleted in proportion to the l e q t h  of time 

1Sbao:z. Xi. L.. " Plaoi Succession on kl*nodollr*i l b d b .  in 3.~siern Colorafie;' Joor-' 
na! of Eeologg, 701. V, No. 1 : 19, 41, 1917. 
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they have been used. Not uncommonly they represent the most 
serious destruction of the plant cover that can occur on the range. 

I n  order to determine what plant species characteristically colo- 
nize heavily on long-used driveways and bed grounds, taking into 
account the rate a t  which such areas may revegetate under different 
methods of management, a number of small sample plots were care- 
fully selected for special study. Some of the selected plots have been 
protected from live stock by fencing; others received no protection 
and were subject to normal seasonal grazing. 

1 ! STOCK DRIYEWAYS. 

A generalized sketch of the vegetation ancl other features on a 
! portion of the driveway selected for special study is shown in 

figure 22.' 
While a few grasses have gained a foothold on this driveway, the 

ground cover is quite open and composed chiefly of a mixed stand 
of weeds, characteristic of the first and the second weed stage. Listed 
in the order of their abundance, it will be noted that Douglas lmot- 
meed, slender-leaved collomia, and tansy mustard constitute the domi- 
nant early-weed species on this portion of the drireway: as indeed 
they do on the driveway as a mholo; tongue-leaved violet, dan- 
delion, and low larkspur constitute the predominating late-weed- 
stage plants. Other tjpical species of the late-weed stage are chick- 
weed, e3-ening primrose, low pea vine, meadow rue: and plantain. 
The more persistent species, blue foxglor-e and sweet sage, have 
gained a foothold, but apparently conditions do not yet favor rapid 
colonization of these plants. I n  1917 the vegetative blocks represent- 
ing the unprotected driveway had a density of stand of about 0.15.2 
The protected area when fenced in 1915 was identical as to species 
and density with that of the outside range, but in 1917 supported a 
cover of approximately 0.2. This slight increment in the stand over 
that on the adjacent unprotected range is~composed of annual and 
perennial weed species in equal proportions. 

Much the same vegetative derelopment occurs on another pro- 
tected plot, a bisect detail of mhich is shown in  Figure 23.3 Of the 

>The area here sketched had been so severely overgrazed a t  the time the lands were 
included within the Kationnl hoi'cst in 1905 ihat practically every vestige of the herba- 
ceous perennial vegetation hnd been destroyed. During the past 12 years the area has 
been grraed in moderation, during the main growing season, by cattle, sheep, and horses. 
In  listing the plants i t  was the aim to record the speeics that  occurred in each vegeta- 
t i o ~ a i  unit but not every indiridnal. 'The relative density of the respective blocks, how- 
ever, is shown. 

'Density mea8urement is on the basis of ten-tenths'for full cover. 
sit i s  noteworthy that of the eight species that occur i n  the bisect all are typical 

either of the first or of tile second weed stage, a fact which strongly substantiates the con- 
elusion that  their increase in abundance on a range in B higher Stage of development 
would announce the waning of the higher type. 
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perennial plants on both of these protected plots, low larkspur has 
increased proportionately much more rapidly than any other; on the 
outside range the colonization of the low larkspur has been only 
moderately rapid and in proportion to that of other perennial plants. 

This difference in aggressivelless of larkspur is accounted for by 
the fact that the unprotected range is grazed by sheep prior to seed 
maturity.l As larlcspur is fairly palatable to sheep, only a small pro- 

B-Large u>ountain brorne grass (Bromus S-Tanssp mustard ( S o g l ~ i o  *bczsa). 
marginatus). Sa-Mountain 'elder ( S m f i u w  W o b o t -  

C-Slender-leaved eollomia (CoUomia U* rys). 
earis). T-Dandelion (Leolrtodon larmacum). 

&Low larkspur (DeigQ&6um men&sii). Th-hlcadow rue (Thalictrum iendlcri).  
%Sweet sage (Avtamisia discolor). V-Tonme-leaved violet (Viole  lingrac. 
Y-Spiked fescue (Pestuca coafilzes). f a l a ) .  
L h w  pca vine (La thyws  1eucanti~u.v). X-Douglas knotweed (Polggoaum douy. 
La-Eveuiilg primrose (Lasouria ieeua). lasii): 
N-'-Chickweed iAlsine inmesion~a). Y-Phntain (Plantaoo twecduii. " .  
-X-X-Benee. . . -- Dry gully. 
P-Efue foxglove (Pentatomutb grocerus). 
Fro. 22.-Character of vegetation on i formerly depleted stock driveway in process o: 

recuperation. 

portion of the seed crop is matured on the open range, whereas maxi- 
nluin seed product1011 is secured on the protected area. Being small, 
conlparatirely hoary, and without special colltrival~ces favoring dis-. 
tribution by mind or attachment, the seeds drop near the parent plant, 
where they give rise to new individuals. 

Like certain other species previously discussed, low larkspur holds 
a more or less consl~icuous place in the development of the vegeLation 

1Xost larkpurr  are grazed with moderate relish by sheep, and, x, far as known, with- 
out SCPioUS PCSUI~S .  
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from the time of the waning of the early-weed stage to the passiag- of 
the late-weed stage; therefore, on the higher ecological types, an in- 
crease in the abundance of larkspur nmy be declared a reliable 
indicator of overgrazing. 

Generally low larkspur is most conspicuous early in the develop- 
ment of the second-weed stage. Accordingly, on cattle range the 
heaviest losses from poisoning by low larkspur are apt to occur where 
the l a ids  have been depleted so seriously that the vegetation is in the 
second-weed stage or in the first and second mixed-weed stage. 

1 BED GEOUNDS. 

hltliongli some variation is found in the xregetatio:1 of diffxent 
l ~ d  grounds and adjacent lands of the region, depending chiefly on 
the character of the soil and the topographic features, the predomi- 
nating species are generally the same where the extent of the deple- 
tion of the soil is the same. 

On long-used bed grounds, where the adjacent cover is more or 
less intact, various distinct vegetative stages may commonly be &is- 
tingoished, radiating from the bed ground proper. This is ese~npli- 
fied in the bed ground shown in figure 24.' 

The main part of the bed ground (zone 1) is practically circular 
and covers 22 acres. Owing to the heavy use made of the bed +round 
each year, not a vestige of the original what-grass vegetation.re- 

I 
I mains; indeed, even the most aggressive annual plants are for the 

lnost part lacking. 
Adjacent to the bed ground proper is an irregular zone of about 85 

acres. Here the colonization is composed solely of plants of ,&e first 
or  early weed stage. The plants are widely scattered (the deni ty  be- 
ing estimated a t  0.05 on a basis of ten-tenths representing full cover) 
and are distinctly lacking in luxuriance of growth. The species pre- 
dominating in 1917, named in the order of abundance, were Douglas 
knotweed, Tolmie's orthoearpns, tansy mustard, tarweed, goosefoot, 
and androsace. Much less conspicuous were the following species: 
knotweed (Polygonurn avicuzare), monolepis, peppergrass, and 
slender-leaved ~ l l o m i a . ~  As already indicated, this type of cover 
afforded pract,icnlly no grazing for any class of stock. 

Zone 3 comprises approximately 215 acres, and consists of a weed 
cover oP the early and late stages, with the early-stage species dis- 
tinctly predominating. An occasional grass specimen is also seen. 
Here the density of the cover is estimated a t  0.15, or three times that 
of the pure early-weed stage adjacent to the bed ground. The pre- 

>The bed ground here represented has been used annually for several sueervsive rears 
by a band of about 1,400 ewes and tilnir iambs. A2 a mie, tile forage cropped in con- 
junction with the use of this camp has ticen graved doting the main growing season. 

2 Slender~lenved collonria is often among the first to ea1onil;o rbaedouerl bed grounds and 
fiometlmes is  ,a predominating speeics. 
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A, Yawow (Achiilee ianrlose). 00, Slender-leaved collomie (Collornia linearis). P g  Knotweed (Polwgmlm oiviozltare). So, Tnnsy inustard (Sophia inoisa). 
Ar, Sweet sage (Artemista disoolor). D, Low larkspur (DebpM7uium mmliesii). ~ t :  Plantain ( P l a n t a ~ o  tweedyi) .  B, Topgle-leaved violet (Ptola linguaefolie). 

BIO. 23.-Sheep driveway used annually until 1915, when protection plot was established showing character of vegetation in 1917. 
112655'-19. (To follow page 67.) 
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dominating planis of the early-wecd stage wore pracl.ically identical 
with those reported in zone 2. Of the late-weed stage species the fol- 
lowing were conspicuous : tongue-leaved violet, evening primrose, low 
pea vine, Mexican dock, butterweed, plantain, sneezeweed, and false 
cymopterus. These species, i t  will be recalled, have been listed as 
characleristic forerulmers of the more permanent species of the late- 

vel iow Bwah  and Needle Grass. 
.- wovntain e l d e r  

E'lo. 24.-Bed ground uscd fo r  reveral suecessirc years, showing soiics qE vegctadun and 
r8nSO depletion. 

weed stage, a fact which is strongly substantiated in this instance. 
While they are distinctly seeond-weed stage species, they may be 
classed as transitional successionally between the early-weed stago 
and the second-weed stage when the latter is cllaracterised by 
turfed plants, such as blue foxglove, sweet sage, and yarrow. 
Only a small portion of the herbage in this belt is relished hg $limp. 
The feed is lor\, in quality and nnless cropped early in the sawon 
has practically no forage value. 
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The fourth zonc, a nixed cover of perennial grasses and weeds, 
comprises an area of approximat~ly 350 acres. The density of this 
stand is 0.4. The cover as a whole is dominated by plants of the 
second-weed stage, notably sweet sage and yarrow, though here 
and there the fescues and the brome grasses have gained dominion 
over the soil. A few well-defined areas of from a few to many acres 
are dominated by small mountain porcupine grass and yellow brush. 
When the density of the cover is considered, this belt affords fairly 
good feed for sheep; it can not be cropped advantageously by cattle 
and horses. 

The fifth type, composed essentially of a grass cover and an oc- 
casional clump of mountain elder, has a density of 0.7. Slender 
wheat grass and blue bnnch wheat grass are the predominating species, 
while small mountain porcupine grass, several species of the blue 
grasses, and a few specimens of fescue and of brome grasses occur in 
varying abundance. I n  adition, there is a scattered stand of late- 
meed-stage species, of which sweet sage and yarrow are the most 
abundant. This type affords good feed for all classes of stock; and 
the highest grazing efficiency on it may be expected from common 
use; that is, the gazing both of cattle and sheep. 

From the viewpoint of forage production alone, the data pertain- 
ing to the use year after year of this established bed ground show := 
(1) There is practically a total sacrifice of 107 acres, composing 
zones 1 and 2, whicli formerly supported at least a 0.7 cover of the 
choicest of feed-an area large enough to support about 65 sheep, or 

. 16 cows, per summer season of 100 days; (2) there is a belt of 215 
acres which, assuming that half of the present vegetation is palatable 
to stock, may now carry 16 sheep or 4 cows, but formerly would have 
taken care of 130 sheep, o r  about 32 corns; (3) there is a zone of 350 
acres which, assuming that thret-fourths of the cover is palatable, 
may now carry 105 sheep o r  26 cows, but formerly ~vould have sup- 
ported approximately 210 sheep or 52 cows. I n  other words, if the 
range had been used under the hedding-out system, and the lands 
maintained properly, the data indicate that no less than 280 more 
sheep, or 70 more cattle, could now he taken care of on this part of the 
allotment alone. Assuming that there are other similar destn~ctively 
used hed grounds on the allotment. it is erident that its present car- 

'In calculating the carrying capacity of the Tegetative belts, i t  is  assomed that the 
entire area originally had n eover similar in density to that of the contiguous perennial 
grass range a t  the present time. The writer believes this assumption to be conservative. 
if not too low, in view of the fact that the soi l ' is  deep throughout. Sheep would not 
Eomplcteiy utilize the former wheat-grass eover with its small amount of weed forage. 
Cattle, on the other hand, wnilld use little of the weeds. For this reason a deduction oi 
about 14 per Cent is made for wastage in utilization of the original cover to be eon- 
sistent with the deductions for low palatability in the present eover. Since the former 
wheat-grnss cover wnr nndorlbtedlg much denser nrior to the establishment of the bed 
ground tllnn tlle present wheat-grass eover on certain portions, no deductions are made 
for waste of forage in ealeulating the former earr7ing capacity of the area. 



B, Large lnountain brorne glass (Bromrs marginatus). Lo, ~ v e n i n g  primrose (LayaumLa Raia) . Pl, I'lsntain (Plantago tweedy<).  
CIb, Liramb'squarter (Ghenon$dium album). Pg, Douglas knotweed (Pol~iyonurn douglesil). 60, Tansy mustard (6op7Lie &&a). 
Ii, Mountain squirrel tail (*dourn nodouum). R, Mexiesn dock (Rumec rnecimmus). F, Tongue-leaved vfolet (Viola linguaafolie). 

BIG. 26.-016 denuded bed ground ailandoned in 1912, showing character of vegetation in 1917. 
112655'-19. (To face page 61.) 1 
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rying capacity is far below nornlal because of the use of established 
bed grounds. 

Contrary to the consensus of opiniona~hong stockmen and others, 
the reduction in the forage crop on bed grounds can not be classed as 
temporary. The belief prevails that the large amount of fertilizer 
contained i n  the soil on the main part of a bed ground, and on the 
lands adjacent thereto, will favor the most rapid and thorough re- 
vegetation. Experimentation does not substantiate this opinion. 

I n  the plot shown in figure 25l a f t e r 5  years of protection against 
grazing, only a sparse stand of vegetation had gained a foothold, the 
cover being conlposed chiefly of species of the early-weed stage 
mbich are distinctly transitory, notably Douglas linotweed, goosefoot. 
or lamb's-quarters, and tansy mustard, in  addition to a few species 
mhich have been sl~own to be forerunners o f  the more permanent 
second-stage cover. I n  addition, the average height of the different 
species, as well as tho depth of their root systems, was considerably 
less than over the range generally. This delayed colonization is 
accounted for by the physical rather than by the chemical condi- 
tion of the soil. To be sure, the  abnormally large amount of avail- 
able nitrogen and other salts in the soil on bed grounds has a ten- 
dency to promote the height growth of the plant somewhat a t  the 
expense of seed production; but since a large amount of seed is de- 
posited annually on the bed ground, it is not probable that the organic 
deposits in the soil have any appreciable effect on the rate of t l ~ c  
invasion or the extent of the establishment of the vegetation. It 
is well lmown, on the other hand, that the soil on bed grounds is 
paclred exceedingly Bard. So firmly packed is the surface on long- 
used bed grounds that nearly all the superficial seed either fails to 
germinate or the seedling dies as soon as the food stored in the seed 
is exhausted. As a rule, the radicle of the germinating seed fails 
to extend itself into the soil t0.a depth great enough to reach adequate 
available moisture. Containing, as the local soil does, a large per- 
centage of clay, the trampling, especially in wet weather, tends to 
produce the single-grain soil structure, which is most unfavorable 1 
to establishment and growth of vegetation. 

SUCCESSION ON MODERATELY DEPLETED RANGE GRAZED AN- 
NUALLY PRIOR TO SEED MATURITY COMPARED WITH SUC- 
CESSION ON SIMILAR RANGE PROTECTED YEARLONG. 

I n  certain stages of premature grazing or overstocking, the more 
hardy and persistent perennial plants may become so weakened that 
all reproduction is temporarily arrested. Long before this condi- 

>The plot o t  which figure 25 is typical was fenced against grazing in 1912, prior io  
which it had been heavily used as a bed ground for several successive gcars. ThC bisect 
here shown traverses the plot and represents r strip 3 inches wide and 16 feet lone 



tion h s  manifested itself, however, the less hardy palatable plants 
have been killed. I n  such serious instances of physiological weak- 
ness, the aerial development of the remaining vegetation is often 
well-nigh laeking; yet the buds at the crowns of the plants, as well 
as a considerable portion of the raot systems, may survive. So long 
as the factor disturbing the physiologica1 halanee of the vegekation 
persists, mast of the buds at the plant's crown remain dormant, only 
an occasional aerial shoot being produced to elaborate food and 
nourish the plant. Where a considerable portion of the vegetation 
is alive, yearlong protection, or grazing after seed maturity, will 
greatly promota revegetation. In  figure 26 is indicated the effect of 
protechng yearlong a moderately depleted range. The unprotwtod 
area represented has been grazed moderately by sheep anct cattle 
before seed maturity each year durlng the perlod af the test, and 
carrespends to the grazmg practice in uogue pmor to the experiment. 
When the protected areas shown in the figure were fenced in 1913, 
the reget~tion appeared identical with that outside in character, 
density, and vigor.' The difference in 1917 in these partict~lars is 
sunmlrized in Table 7. 

TABLE 7.-Gomllnrative height and density of zegetabion on plot protected from 
sradTLu fvr @se suceesSa.lie wars and am uaplafectcd ediacemt Tonga glvred 
Onslrully by sheep,, uszcally weLl in advallca of seed +naturitu.' 

n&tg per we foot, 

Plant. 

Iu the density of the vrgetatation per square foot. the difference in 
the percentas figures for the highly palatable per6nnial plants i s  

'Comparative average height growth of the different specips on the fenced and un- 
fenced arcea is here used as an index oC physiological vigor, of which it is kiieved ta be 
a retiilbte eriterian. 
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distiilctly in fsror of the protected plot. Tllus, for instance, yum\Y 
shows a difference of 38 per cent in favor of the prot-ected plot;, 
slender ,wlleat grass, 12 per cent; meet sage, 100 per cent; small 
mountain porcupine grass, 63 per cent; and dandelion, 51 per cent.. 
I n  four species tlie greatest density occurs on the unprotected area. 
In the case of at least one plant, tall larkspur, the result is apparently 
accidental, as the plants concerncd are old and thorougklly &ab- 
lisl~erl, so that it is not probable that they have inraded $he area 
since the eslablisl~inent of the plot. Two of the species, plantain 
and tansy mustard, rapidly colonize the more exposed soils, so. bhat 
their greater rate of increment on the uutside range, as compared 
with that on the better vegetated protected. area, is not alogether 
surprising. 

Tlie contrast in t l ~ e  relative height growth of the different species ! 
is strilringlg in favor of the protected area, the percen;tage:es beins 
great.er in all but one instance. T1= exception is meadosv rue,. a 
plant which locally is grazed practically nat a t  all, hence is. as uigor- 
o w  pl~ysiologically on the unprotected area as on the. protected plat. 
Careful analysis of the data as to relative height shows that the p r -  
centage difference is roughly in proportion to Wle palahability of the 
plant, as 'ivould be expected. According to observations, the differ- 
ence in height growth correspoi~ds in general to the difference in seed 
prduetioii, the larger seed crop being producecl on tlle protected 
are@. Thhis physiatogical response, as a result of colhplete rest of a 
ewer wakened by injudicious grazing, is identical with the vigorous. 
response of a similarly malceened vegetation when the deferred and 
rotrtion systesn of gr-raaiug is applied."~~ either txeutment prac- 
tically complete pphysiologieal recovevy rcsnlts in aboi~t three years. 

Whew 3 good deal of the ori8iml forage cover has brea destroyed and thn remaioims 
plnnts wcalrened from ouerstoekinr; or tob cnrly gmzing, the deferred and rolation graving 
ssscenl, if sMeriy applied, niP soon resuk in mwat%tion 

In applying the deferred system of grazing, such postiol~ of the range as is consistent 
wl.tl+ the we1,hre of the range as s whole is reserved for cropping until a f te r  the ms- 
twit? of tlle seed of the main forage species. Ugon the maturiu ei the seed, the ranm 
i s  ~ I B Z C ~  ClQselj, bnt not destrueaively, 57 tiie stock allotted to tlle 1;tnds. The follow- 
ing year, owing to the large proportion of wedlings destroyed, esneeially on arms gram6 
early i n  the mason, the forage i s  n o t  la bc c i u l W  ~mti l  &another seasoa's seed ltna beem 
proflucod. If, after the production of two seed erols of the choice nat i~e  torage species: 
an rtwplc lumber of seedline plants have been cstabliahcd, a second area in need of sced- 
iQb is wlwted, &nd the tract upoa which slazjng was previously defrvred i s  taea grnzeOl 
I8efore S C L ~  maturity. This same plan is continued season after  smsoli. i ~ l t e r n a t i ~  ULO 
deferred e z i n s  first an the one area and tMn on anotller. unlil the entire rnage has 
i-davemted. APtetei the vecetativr eaver has been established. however, the defe~.& snis- 
i n i  is alternated or rotate: from one portion of thc Panpe t i  another i n  oider to pcs'mit 
the formation a?& distribution of an occasional seed crop by meaus or  which the old planta 
mar De re@ac%3. En tihis way the r%nxo Is bronght back end maibkinod in its maxi-m 
state of productivity without the loss oP n season's forapr erolt dnt,iing the pciiod ru- .  
qnired for revegetation. For Cull discussion of this subject see: Sampson, Artnur W., 
" Nstural Revemation of Range Lands Based upon Growth Rcquiwments and Lih. Iris- 
t s j  of the Yageition."  our. ~ g r i .  Rwmreh, vol. 3, No. %. 1914. Sampson, Artllur W.. . 
'' Ifan&- Imz!roaemt.nt bg Uefe~zWl aad  Rotation Qmeing.", U. S. Dept. ef Agr. Uul. No. 
M, 1918 
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Owing to the stoclr \vorking the seed into the ground as the ma- 
tnre herbage is gmzecl, better reproduction from seed is procured on 
the area upon which the grazing is deferred than on that protected 
from grazing yearlong. The vegetative reproduction, on the other 
hand, is the same in the case of either treatment. 

Obviously, the increase in density that occurred on the protected 
area here shown can not be termed true succession. A large number 
of running rootstocks of such plmts as yarrow, sweet sage, low 
pea vine, and the like, as well as the weakened inconspicuous tufts 
of the grasses, existed before the stock was excluded, and the shoots 
began to appear as soon as sufficient food had been elaborated to 
stimulate the buds to growth. Therefore, the practice of protecting 
the lands from stock throughout the year %.ill result in .quite as 
rapid revegetation by vegetative means as w ~ l l  deferred grazing. 
Reproduction from seed, especially in large-seeded species, however, 
is much more vigorons on areas where the grazing is deferred until 
the seed crop has ripened. Hence deferred grazing has all of the 
advantages of total protection and none of the disadvantages, such, 
for example, as low or negative reproduction from seed, and waste 
of forage during the period required for revegetation. 

I JUDICIOUS GRAZING. 

I n  any well-planned n~ethocl of grazing deiigned to hand12 the 
lands as perlnanent grazing areas, two objects l~ic~st be kept in mind. 
One is the cropping of the herbage at a time in the season when 
growth and reproduction will be interfered with as little as possible. - 
The other is the utilization of the forage crop when it is most needed 
and when the herbage is palatable and nutritious. 

At first thought i t  would appear that the requirements of the 
vegetation and the requirements of the stock arc rather antagonistic, 
but if proper precautions are taken, this need pot be the case. Few 
plants, even when grazed closely. are appreciably wealcened by being 
gmazecl early in the season; let us say once in 3 or 4 years. Repeated 
close early grazing, on the other hand, soon destroys the cover. 
Through the application of the deferred-and-rotation grazing system, 
rrhich provides for the cropping of a portion of the range early in the 
season only every third or fourth year, the vegetation will retain its 
vitality almost as well as when not utilized at all, provided, of 
course, that the number of stock carried is correctly estimated. 
Hence judicious grazing on a well-vegetated area disturbs the cover 
only to a slight extent. 

'Early Braling may be defined as cropping of the herbage between the time that the 
flower stalk is  "In llle boot" or sheath, that is, on the verge of appearing, and the time 
of completion of the fertrlization of the flowers, approximately between 2 and 4 weeks 
after growth has begun. 
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SUMMARY O F  THE EFFECT OF GRAZING ON PLANT SUCCESSION 
ON TME RANGE. 

Grazing may cause either progressive or retrogressive succession, 
depending chiefly upon tlie closeness with which the herbage is 
grazed annually and the timewhen it is cropped. If  the forage crop 
is grazed closely before seed maturity each year, the general trend 
of the succesion will be retrogressive; if, on the other hand, the crop 
is maintained in a high state of ~ i g o r  at all times and then grazed 
after seed maturity every third or fourth year or so, the succession 
will be progressive, or, if there is virtually a full ground cover, a 
maximum density .r~ill be maintained. PI-emature and too close graz- 
ing not only favor retrogressive succession and ultimately the de- 
struction of the regetative cover, but also tend to impair the fertility - 
of the soil through the devastating effect of erosion. The seriousness 
of the depletion of the soil, provided the lands are judiciousiy man- 
aged, will determine chiefly the time required for thorough revegeta- 
lion. Therefore, the longer retrogressive succession is permitted to 
operate tile longer will be the time required for the raestablishment 
of the forage cover. The final outcome of vegetative degeneration 
and erosion is the translocation of the entire soil formation and the 
exposure of the underlying rocks. As a, rule, however, onlg the rich' 
surface layer of soil is removed, a condition which favors the im- 
mediate establishment of a cover of the first-weed-stage plants. 

The continued hard use of established live-stock driveways and I 

bed grounds favors the destruction of tlse more stable type of vegeta- I 

tion and the establishment of plants of the early and late weed 
stages. These species afford highly reliable indicators of overgraz- 

1 
ing and thus shola clearly what lands are being depleted or soon will 
be in an inferior state of productivity provided the disturbing factor 
is not corrected. Obviously, therefore, the use of established drive- 
ways and bed grounds, especially the latter, tends greatly to decrease 
tlie carrying capacity of the lands. 

Owing to t l ~ e  hard packing of the soil, tl~ese much trampled areas 
revegetate slowly. The succession on bed grounds, for instance, is 
similar to that on depleted lands, the revegetation beginning with 
the early-weed stage and progressing through the intermediate covers 
to the subclimax. I 

In the way of revegetation, it is evident that yearlong 
of bed gronnds and other depleted lands from live stock tends to j 

. hasten r-egetatire or asexual reproduction no more than when the 
gazing is deferred until after seed maturity. Deferred grazing, on 
the other hand, has the additions1 distinct advantage over yearlong i 

of permitting the forage crop to be grazed during the re- I 

stoclring period, and of procuring a maximum stand of seedling 
f 
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plants as .a result of the mimais planting bhe wed as they grm 
Accordingly, progressive succession is especially active where the 
deferred-and-rotation grazing system is strictly applied. 

GENERAL SSUAVIEAARY. 

1. The carrying capacity of a large portion of the miltias of 
acres of western ranges I ra  b m  mate~ially d e e r 4  as a resalt of 
too early grazing, overstoeking, 2nd other fanlty m~urag.emen& One 
af the most serious handicaps has been lack of mans of recognizing 
overgrazing in its early or incipient stages, which has carried mjUl it. 
imbiliiy $0 correct the factor causing the damage before the c x q -  
ing capacity of the range was more or less seriously depleted. 

9. In deciding upon the lands especially in need of i~nprovement in 
the past, stockmen and forest oitticers r n w l n g  grazing ha%-e m h d  
?hiefly upon the general abundance and luxarianee of the f o r a ~  
supply and upon the condition of the stack grazed By these p n m l  
obseruatrons, however, it is not possible to recognize ooel-gazing 
before a large proportion of the plants have been BiUed. 

3. The most rational and reliable way of recognizing ilxe incipient 
destruetioa of the forage supply is to note the replacement of or~e 
type of plant cover by mother, a phenomenon which is us~~aliy ~ u c h  
in evidence on inn& used for the grazing of lire stoclr. 

4. In tracing the succession of plant life from the consolidated 
mck to a well-disintegrated, fertile soil sex-era1 fairly distinct coxrer 
stafps are recognized. These s t x ~ s  may be goupeil as follows: 
(I) The al@-lichen type, the pioneer stage; (2)  the kchen-moss type 
with its sparse stand of annual herb% the transition stage; (3) the 
ruderal--i,eed type or cover of annual plants wid1 a scattered stand of 
short-live6 perennial% tho first-weed stage; (4) lte~mnial herbs, 
chiefly weeds, the second-weed &age: and (5) the long-lived peren- 
nial grasses, known as the subclimax, or under soms conditions, the 
climax type. 

5. I n  order to obssrve the principles of succession in the building , 

up as well as in t l ~ e  deterioration of t h  range, special studies wen 
initiated on the high summer range of tlie ?TTasatch Mo~mtains in 
central IJtah. After a carefill snrley of the vegetation, b a r  major 
consociations were recognized, namely, the wheat-gms, the porcu- 
pine-grass-yellow-brusl~, the foxgtove-swmt-sap-yarrow, and the 
ruderal-early-weed. 

THE WHEAT-GRASS COTSOCIATION. 

,@; T h e  ahcat,-gmss consociation is tile snbelimar or higlod forage 
type successionally. Tlx turf~rl &eat-gmss eora bificls the mil so 
firmly as inrge l~  to prevent. :the invasion and &ab%ishment of othw 
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plants. The bunched wheat-grass areas, on the other halld, aro 
soldom pure in stand, and plants other than grasses usually OCCUPY 
the soil space kLaeen the tofts. The nongrasses occur in varying 
dmsity, depending chiefly upon the available soil water content. 

7. The root-absorbing surface of the densely, turfed wheat 
grasses is relatirrely superficial, the greater proportion of the roots 
being confined to the upper 8 inches of soil. Thc roots of tha 
bunched species typically extend to a depth of 3 feet or more, hence 
their nloisture supply is largely gathered well below the depth at 
whicl~ the turfed species obtain theirs. 

8. Precipitation percolates so ~loT1~ly through tbe illatlike surface 
of the turfed wheat-grass area that only a small portion of the rain- 
fall, especially that which comes during the growing season, pene- 
trates beyond the lol~.er depths of the sod. Accordingly, other plantsl 
especially deep-rooted species, fail to become established in competi- 
tion with the turfed wheat grasses. 
9. Precipitation percolates deeply on the rather exposed soils of the 

bunch-grass areas, and as a consequence both deep-rooted and sl~al- 
low-rooted species, chicfly other than grasses, are commonly found on 
bunch wheat-grass areas. 

11. When a stand of bunch wheat grass is opened np there is ail 
some similar factor but not so as seriously to decrease the fertility 
of the soil, the precipitation naturally percolates to a nluch greater 
depth than where the turf remains intact. There follo~vs a n  invasion 
of certain deep-rooted species, the most typical and persistent of 
which is yellow brush (Chrysothmnwl h n c e o k t u ~ . ) .  As the wheat- 
grass w>-er closes in about the yellou7-brush plants, however, regard- 
less of their luxuriance of growtl~ and root development, they are 
killed. This is due to the desiccation of the soil below the shallow 
roots of the grass. 

11. When a stand of bunch wheat-grass is opened up there is an 
increase in tho density of other plant species. This secondary cover 
is rather transitory both as to species and density. 

12. In  terms of the amount of dry matter produced per unit of 
surface, the turfed wheat-grass areas ra* first, but owing to small 
wheat &ass (Agropy,?lrolz dnsystachym) , the nlost conspicuous turfed 
species, maturiug somewhat earlier than the bunch grasses and at 
the same time becoming less palatable when mature than the bunch 
grasses, the turfed aheat-grass areas afford little, if any, more forage 
than do the buucl~hcd wheat-grass areas. 

13. The wheat-grass type is the mvst permanent of any and with- 
stands heavy grazing better than any other. Since the turfed 
wheat grasses typically form a pure stand, this type of vegetation is 
better suited fot cattle and horses than for sheep. The ~ i r g i n  bunrh- 
grass lands: with their L' combination " or mixed forage cover; while 
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probably more fully utilized by cattle and horses than by sheep, 
are better suited fur the grazing of sheep than the turfed wheat-grass 
areas. The grazing both of cattle and sheep on the bunch-grass lands, 
as well as on the opened-up stands of the turfed areas, insures the 
maximum economic use of the entire forage crop. 

I THE PORCGPISE-GRASS-YEIJ*)lV-BRUSH CONSOCIATION. 

14. The small-mountain-porcupine-grass and yellon--brush cover is 
the second highest and the most stable forage type. Accordingly, 
porcupine grass and yellow brush are among the first perennial plants 
to occupy wheat-grass areas where unfavorable conditions have killed 
out the wheat-grass cover but wliere the soil has not been depleted 
so much as to favor the establishment of a pure or predominating 
weed type. 

15. Because of the exposure of a considerable portion of the soil 
surface, precipitation readily percolates into the soil, reaching to or 
beyond a depth corresponding to the lower extension of the deep- 
rooted species. Accordingly, an admixture of shallow-rooted and 
deep-rooted species is characteristic of this consociation. The water- 
holding capacity of the soil, particularly the upper'foot or so, is less 
in  this than in the whea' u- g rass cover. 

IF. In the higher development of the porcfpine-,grass and yellow- 
brush cover a scattered stand of wheat grasses, and usually a con- 
spicuous presence of blue grasses, and not uncommonly of fescues, is 
characteristic, though these plants are never dominant. I n  the lower 
or earlier clevelopment, the brome grasses, and not uncomnionly the 
fescues, in association with numerous nongrasslike perennials, are 
conspicuous. The higher development is further characterized by 
fewer weed or nongrasslilte species than the lower development. 

17. Small mountain porcupine grass, like the majority of the 
blue grasscs and fescues, obtains its moisture supply chiefly from the 
first foot of soil. Yellow brush and other deep-rooted species, wch 
as loco and wild bean, extend their roots about three or four times 
as deep. Many plants are present whose root systems are inter- 
mediate in length, so thatethe available water s ~ ~ p p l y  from the snr- 
face to a depth of 3 feet or more is rather uniformly exhausted as 
the season adrances. 

18. The most reliable indication of the presence of conditions ad- 
verse to the perpetuation and maintenance of the porcupine-grass- 
yellow-brush cover, including the typical associated species, is the 
replacement of one or both of'the dominants by aggressive non- 
grasslike plants. Where the depletion of the soil is gradual and not 
too severe, blue foxglove, sweet sage, and yarrow are the first to gain 
dominion over t,he soil, the increase in these species being associated 
with an increase in brome grass, and in some cases in fescues. 
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19. A reliable indication pointing toward thc maintenance, or the 
progressive development of this cover, is an increasing density and 
luxuriance of grom'th of certain blue grasses, and in some instances 
fescues, and a decreasing stand of the brome grasses, and under 
certain conditions of yellow brush and other deep-rooted species. 

20. With its large variety of palatable grasses and other plants 
this consociation is probably second to none in forage value, all 
classes of stoclr considered. 

21. In  general the highest possible development of this consocia- 
tion affords the most nutritious forage cover, and will probably 
support more stock than will any other stage of plant development. 
I t  is a mixed grass-and-weed type, with the grasses distinctly pre- 
dominating, and the highest grazing efficiency is obtained through 
" combination " or " common-use " grazing, that is, the grazing of 
cattle, sheep, and horses. 

THE TOXGWVE-SXVEET-S1GE-Y.1RnOW CONSOCIATION. 

I 
22. Where conditions on the porcupine-grass-yellow-brush cover 

are such as slightly to decrease the fertility and water-holding.power 1 
of the soil, blue foxglove, sweet sage, and yarrow, the most char- 

, 
acteristic species of the second-weed stage, are among the first plants '. 
to establish themselves. Where the fertility and water absorptive 
capacity of the soil are seriously impaired, porcupine-grass-yellow- 
brush cover is succeeded by annual plants characteristic of the early 
or first weed stage. 

23. Generally the invasional activity of the succeeding late-weed- 
stage plants is most vigorous . shortly . after the destruction of the 
grass-brus11 cover. 

24. A large number of species, including some grasses, are asso- 
ciated witil blue foxglove, sweet sage, and yarrow, but they seldom, 
if ever, occur as dominants. Like the dominant plfints, the secondary 
species are lnoderately deeply Tooted, the water supply being drawn 
vary largely from the upper 2 feet of soil. 

25. Blue foxglove, sweet sage, and yarrow reproduce both by seed 
aad by vegetative means, the latter method being so active that .the 
cover characteristically for111s a somewhat loose, matlike surface. 
The seed habits are only moderately strong, yet invasion is fairly 
active under favorable conditions of germination and growth. 
Seedling plants as a rule do not produce either fertile seeds, or many 
shoots from the rootstocks, until the third year of growth. 

26. Low pea vine, evening primrose, false cymopterus, Mexican I ! 

dock, and tongue-leaved violet are the most reliable indicators of the 
waning of the more permanent and typical second-weed-stage ccol.er. 
TVit,h the esception of pea vine the regeneration of these species is ; 



entirely dependent upon d. The seed crop is relatively high in 
a b y  However, if the factor detrimental to progressive develop- 
n~e~xl of the vegelation is not corrected, these relatively short-lived 
perennials will sooner or later be superseded by plants of the fint- 
weed stage. 

27. The profusion of weedy or nongrasslike plants and the lim- 
ited occurrence of grasses render the second-weed stage much bettcr 
suited for sheep than for cattle and horses. 

28. The carrying capacity of the second-weed-staga type, acre 
for acre, is very much less, regardless of the class of stock gra& 
than of the porcupine-grass-yeflow-brush cover. I n  addition, a less 
solid fat is produced. 

29. Sheep make rapid gain9 on the second-weed-stage type early in 
the season when the herbage is succulent and tender. Cattle and 
liorses, on the other hand, little more than maintain their weight 
even though the lands are lightly stocked. The vegetatior~ matnrcs 
early, after which the leafage is largely unpalatable to  stock, and 
the herbage of many species is largely lost through the destructive 
effect of frost. Therefore the lands are of little value for grazing 
unless cropped early in the season. 

TBE RUDERIL-EARLY-WEED COXSOCIATION. 

30. On lands whose soils have been so seriously impaired that 
available water is similar in amount to that held by relatively newly 
fornlcd soils recently invaded by herbaceous plants, the vegetation 
consists essentially of annual species characteristic of tha first or 
early weed stage. 

31. The most typical and abundant species of the first-weed stxge 
are gooscfoot or lamb's-quarters, slender-leaved collomia, tarweed, 
Tolmie's orthocarpus, Douglas knotweed, and tansy mustard. Nu- 
merous less abundant species are associated with these. 

32. The seed habits of ruderal-meed plants are Strong, the via- 
bility of the seed crop averaging considerably higher than that of 
the perennial species. 

33. Because of the entire dependence of the plants on seed for their 
regeneration and the fact that the conditions of the season are not 
always favorable to seed production or germination, there is wider 
variation in the density of the stand of the first-weed-stagc cove13 
from year to year than in that of any othcr consociation. 

34. Ovving to the low fertility of the soil cllaru&eristic of the first- 
weed stage it contains less arailable moisture than soil of the higher 
ecological types. This tends to hold the development of the vege- 
tation in check. ,!kt the same tima plants grown on inferior soils of . 
this kind require appreciably more water for the production of a 



A -Yarrow ( Achr Ilea Iclnulosa ) 
Ag-Stender  wheatgrass ( Agropyron tenerum ) 
An-Androsace ( Androsace d i f fusa)  
Ar-Sweet sage ( ~ r tem is ia  d iscolor)  

As-Aster ( A s t e r  frondeus ) 
D -Tall larkspur ( D e l p h i n ~ u r n  barbeq i )  
L - Peavine ( Lat hy r u s  leucanthus) 

La-Eveni ng primrose ( ~ a v a u x k  f~ava) 
50 

2' 
DIG. 26.-Compa~ative regelative cover on range (A) graaed annually by sheep prior to  seed maturity, nnrl on plot (D) protected from grazing for five sncoessive years, 1913-1917. 
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give11 unit of dry matter than those grown on more fertile soils. 1 
This accounts for the colonization of the badly depleted soil by 
slu~llow-1-ooted, early-maturing, annual vegetation, and the practieal 
exclusion of the deeper-rooted, later-maturing, perennial species. 1 

35. The further depletion of the soil tends to decrease the density 
of the stand and the luxuriance of growth of the individual speci- 
mens. If the depletion is continued until the underlying rocks are 
exposed, the pioneer stage of plant life--alga: and i~cl~ens-agam 
comes into evidence. 

36. A considerable number of the ruderal-weed plants are pal- 
atable to sheep, a few are grazed by cattle, and a very few by horses. 
Douglas knotweed, the most abundant species, is fairly palatable 
to sheep, and probably furnishcs as much forage as, if not more 
than all the rest of the annuals put together. The carrying capacity 
of the ruderal-weed consociation is exceedingly low, and affords 
grazing only when the herbage is green and succulent. 

37. Because of the early-maturing qualities of the vegetation and 
the fact that the first-weed-stage cover affords poor protection of tho 
watershed, only the veiy ligl~test grazing should be permitted on 
this type. The safest plan is to exclude stock until tlze cover has 
increased appreciably. 

THE EWECT O F  ORAZIXO ON U X G E  PLANT SUCCESSION. 

38. Grazing may caansc either progressive or retrogressive succes- 
sion, depending chiefly upon the closeness with which the herbage is 
grazed annually and the time of grazing. Grazing year after year 
before seed maturity causes retrogressive succession, while grazing 
every 3 or 4 years or so after seed maturity promotes progressive 
succession. 

39. Overgrazing Fear after year results not only in the destruc- 
tion of the ground cover, after which erosion is apt to occur, but 
robs the soil of its fertility and producing capacity. 

40. The rate and character of the colonization of an eroded or 
otherwise depleted area is normally determined by the degree of 
soil devastation. The longer retrogressive succession continues, 
therefore, the more serious is the depletion of the soil and the longer 
is the time required to reestablish a good ground cover. The ulti- 
mate result of continued serious erosion is the exposure of the under- 
lying rock formation. 

41. The continued use of stock driveways and bed grounds results 
practically in complete destruction of the subclimax plant cover, thus 
favoring the establishment of plants of lower successional stages. 
The species constituting the wver from time to time afford reliable 
indicators of overgrazing and inferior states of soil productivity. 
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42. The use of established clriveways and bed grounds, especially 
the latter, tends materially to decrease the carrying capacity of the 
land& Owing to the packing of the soil by the animals, these areas 
revegetate slowly, the colonization usually starting with species of 
the early-weed stage. 

43. Yearlong protection of driveways and bed grounds, as well 
as of other sparsely vegetated lands, tends to promote a sexnal re- 
production no more than deferring the grazing until after seed ma- 
turity. Deferred grazing has all the advantages of yearlong pro- 
tection and none of the disadvantages, such, for example, a s  low or 
negative reproduction from seed and waste of forage during the 
period required for revegetation. 

44. Judicious grazing tends to maintain a normal cover of vegeta- 
tion, while on lands where the stand is sparse, there is a tendency 
toward the promotion of an upward succession leading to the ulti- 
mate establishment of the subclimax species. Progressive succession 
is particularly active where the deferred and rotation grazing system 
is strictly applied. 

CO-MPARATIYC FORAGE IALUC. 

45. The grazing value of the vegetaiire covers is essentially cle- 
termined by the stage of the succession. Locally, and indeed gen- 
erally, the carrying capacity and forage value are the highest where 
the cover represents a stage in close proximity to the herbaceous 
climax and lowest in the type niost remote from the climax. 

46. The mo5t dry matter per unit of surface is produced in the 
wheat-grass cover, but the amount is only slightly greater than in the 
mixed grass-and-weed cover of which porcupine grass and yellow 
brush are characteristic. By far the least dry matter is found on 
the ruderal-weed cover, while the amount produced on the second- 
weed-stage type averages considerably less than on the mixed grass- 
and-weed type. All classes of stock considered, the porcupine-grass- 
yellow-brush cover produces more palatable dry matter than any 
other. For horses and cattle alone, more palatable dry matter is 
produced on the wheat-grass consociation. Accordingly, virgin stands 
of wheat grass afford the highest grazing efficiency and will give the 
biggest returns when cropped by cattl? or by cattle and horses; the 
mixed grass-and-weed type when utllized by cattle, horses, and 
sheep; and the weed type, if composed either of plants of the first 
or of the second weed stage,  hen utihzed by sheep alone. Except 
in practically a pure-weed type or a pure-grass type, the common use 
of the-lands by the various grazing animals is generally justified. 
As a rule, when the most stable grass type is cropped by cattle and 
horses alone, it is soon sufficiently opened up to permit the establish- 
ment of at least a moderate proportion of weed plants, most of which 
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are highly palatable to sheep but which may be grazed little or not 
at all by cattle and horses. Likewise a weed cover grazed exclusively 
by sheep will sooner or later change to the grass stage. 

INDICATORS AND THEIR USE. 

The data in this bulletin justify the conclusion that the character 
of the native vegetation can be used as a reliable indicator of the 
condition of the range and of the effect of a given method of grazing 
on the plant cover. 

The plant indicators signifying the waning of the wheat-grass 
cover are essentially porcupine grass and yellow brush; the retro- 
gression of the porcupine-grass-jellow-brusl~ cover is indicated by 
species of the second-weed stage of which blue foxglove, sweet sage, 
and yarrow are the most characteristic; the giving way of the second- 
weed-stage,cover, here recognized by blue foxglove, sweet sage, and 
yarrow, is indicated by the appearance of low pea vine, evening prim- 
rose, false cymopterus, Mexican dock, and tongue-leaved violet, in 
addition to several species of first-weed-stage plants of wllich goose- 
foot, slender-leaved collomia, tarweed, Tolmie's orthocarpus, and 
Douglas lcnotweed are typical; and the recession or destruction of 
the first or early weed stage is marked, first, by the thinning out and 
decrease in the luxuriance of growth of the annual species, and, 
ultimately, by the erosion of the soil to the extent of exposing the 
underlying rock and destroying the holdfast for herbaceous vege- 
tation, thus favoring the reappearance of lichens and algae of the 
initial or pioneer stage. 

APPLICATION OF PLANT SUCCESSION TO RANGE MANAGEMENT. 

The species that are increasing appreciably on the range invariably 
reveal one of two stories. If the invading plants are lower in the 
succession than the predominating vegetation, the range is being 
utilized unwisely in one or more respects. If the illcoming vegetation 
is somewhat higher successionally than the type as a improve- 
ment under the management in vogue is sure to follow. Where the 
negati~~e indicators are crowding out the morc permanent and de- 
sirable species, remedial measure should be adopted with a mini- 
mum loss of time. 

Since, as pointed out, range depletion is due chiefly to too early 
cropping or to overgrazing, the application of the deferred-and-rota- 
tion grazing system, coupled with a correct estimate of the carrying 
capacity of the range, may be relied upon fully to revegetate the 
lands where enough plants of desirable species are found for seed 
production. Areas in the first-weed stage, in the absence of desirable 
forage plants, should not be included in the general plan of deferred 
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grazing: Ranges that have been so destructively used as to support 
chieffy annual vegetation, can not be gazed  without further deb 
rioration. Such areas should be entirely closed to stock until the 
cover is clearly composed of plants of the second-meed stage. Strict 
application of the defemcl grazing system should be applied on areas 
in the second-weed stage and the practice should be continued until 
the porcupine-sass-yellowbrush consociation has attained its maxi- 
mum productivity. After that the deferred grazing plan shouId be 
rotated so that each part of the allotment is grazed after seed ma- 
turity a t  least once every 4 or 5 years I n  general, there is little or 
no justifioation for handling the lands so as to maintain a more or 
lesr pure wheat-grass cover. I f  a good forage crop is to be main- 
tained, however, the practice of using estabIished bed grounds, of too 
dose herding, the excessive use of dogs, and other practices which 

, tefid to destroy the vegetation must be avoided as far as possible. 
I n  using the plant indicators as a guide to determine whether or 

not the range i s  in need of a change in the management i t  is well t o  
adopt some definite means of ascertaining the changes that are taking 
place in the plant cover. While carefully seIected pIots, the vegeta- 
tion of which is accurately mapped, are desirable, a careful systematic 
ocular estimate of the composition and density of the vegetation will 
suffice in practice. This can be made in various ways. A reliable 
method, however, is to select casefufly some four or five typical areas 
over the allotment and lay out a plot, let us say, of 2 square rods on 
each area. After securely staking and tying in the plot to insure its 
relocation in future, list the chief indicator species as well as the 
most important forage plants, either the local or Latin name being 
ued,  and estimate closely the eomparatdve density of each. Greater 
accuracy both in listing and in estimating comparative density is se- 
cured by running a cord around the corner stakes of the plot and 
across the plot where the vegetation i s  dense or forms a rank 
growth. The value of this work is greatly enhanced by collecting and 
preparing for the herbarium the main indicator and forage species 
found on the selected area, and by procuring good photographs shorn- 
ing the character and density of the vegetation additional features 
of high value may be sh0wn.l 

The plants here listed as indicators of range conditions are not 
necessarily the same as those of other resions in the West. As a rule 
the same genera will be represented, but m many instances the species 
will be different. As pointed out, reliable indicators of the more seri- 
ous stages of overgrazing of any region may be determined by study- 

* Ln ~hotographing plots it should be the aim to locate, by means of permanently 
established stakes, the exact plaer and angle where the oridnal view is promred. Sub  
sequent photographs msy then be  taken &minx the pvgresrive development of the 
vegetatien wer the same surface. 
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ing ilm plants that characteris t ical ly occur on and aboot bcd grounds, 
on trails, and o n  o the r  badly depleted areas. 

Tim fo l lowing  l is t  gives the most typical primary and secondary 
species of the respective covers. 
Wheat-grass cover (subclimax type) : 

Primary species- 
Small wheat grass (Agropgms dasyxtachgu?)b.) 
Blue bunch wheat gram (Agroppon sWatfmr). 
Slender wheat grass (Agropyron toneru,na). 

Secondary species-- 
Violet wheat grass (Agropgron vioZacel6m). 

Porcupine-grass-yellox,-brush co17er (mixed grassand-weed type) : 
Primary species- 

Small mountain porcupine grass (Stipa ivzi?wl-). 
Yellow brush (Chrysothamms lmoeolot?6s). 

Seeonduly species- 
Blue foxglove (Pnztstenwn grocerw). 
Geutn (Geum oregoneuse). 
June grass (Koeler4a cristata). 
Large mountain bronle grass (B~.o?aus learginatus). 
Little blue grass (Poa samzdbergii). 
Low loco (Astragalus deembens). 
Neevada blue grass (Poa 1wl;adeusisj. 
Porter's brome grass (Browus gorteri). 
Single-flowered heliantl~ella (lfeliorzthella uiziflora). 
Spiked fescue (Restuoa co%linis). 
Spiked trisetunl (Trisetum spioatuna). 
Sweet sage (Artenziuia discolorj. 
\Irestern fescue (Pestuca oocidentalis). 
Wild bean (Lupilz?~ alpastris). 
Yarrow (Acl~illea Zwizulosa). 

Foxglove-sweet-sage-j~arrow cover (second-weed st:rge) : 
Primirry species- 

Blue foxglove (Pe~ztstnnolb pmcerus). 
Sxveet sage (Artemnisia dzlscolor). 
Yarrow (Achilles lafznclosa). 

Secondary species- 
Aster (Aster frolzdeus). 
ButterTlreed (Sefzecio col~ll?zl~ialm). 
Cinquefoil (Potmtilla filipeu). 
Evening primrose '(Lavauxia flava). 
False cymol,tcrus (PseutEocymo@te~us tidestronb3). 
False Solomon's seal (Vagcera stellata). 
Geralliunl (Oerom~iurn viscossissi~n~um) . 
Horsemint (Agasta,che urlicilokz). 
Large mountain bronle grass (Bro~sus ?~za?.gtnatus). 
Low larkspur (UelphCniiniunb ?1besz8#sii). 
Lorn pea vine (Lathgrus leucafzthus). 
Mexican dock (Rwlzex it7,ezicams). 
Mountain dandelion (Cepis  a,a~m,6w,ta). 
Porter's brome LTass (Broinu,s portcri). 
Onion grass (nreiica buzuosa). 
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Rubberweed (Ilymenosgs fol'i&wnda). 
Samgson's mertensia (Mertensin sampsonid). 
Seribner's wheat grass (Agrwuron scribno,'i). 
Snowy onion gass (Melica spedabdZds). 
Sneezeweed ( Eelmiurn koopesii) . 
Tongue-leaved violet (Vdole 1ing.uaefolia). 

Rudeml-euriy-weed cover (first-weed stage) : 
1'L'imar~ sDeeieS-- . . 

Douglas lrnotweed (PolyflmuTn douglasii). 
Goosefoot or 1amb's.ounrters (Chenooo&z'nz aZbum). 
Slender-leaved eollomia (Co1Zomia Zincaris). 
Tarweed (jlladia g lmwata) .  
Tansy lnustard (Sophia incisa). 
Tolmie's orthoeargus (O~~tl~oenrpas tolmi&). 

Seeond:try sgecies- 
Androsace (Androsace diffusa). 
Gilia (@ilia mierantha). 
ICnotme~l (Pol$/yonunz aviculare). 
I?Ionolepis (dlonolepis nuttaZZiam). 
Pcppergrass (Lepidiwm ramorsisainzum). 
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