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Ranchers and range technicians 
need to understand how plants re- 
spond to grazing and other land- 
use pressures in order to determine 
management practices which will 
help maintain a high level of range 
productivity. This article presents 
a system of plant classification, 
based on life form, that should help 
fill this need. 

Plant life form may be defined 
as the structural form a plant as- 
sumes under the conditions of its 
habit,at. Structural form reflects 
a plant’s adaptation to its environ- 
ment and indicates its response to 
disturbance such as grazing. 

Historically, the concept of life 
form is not new. Clements (1920) 
gives a detailed summary of several 
classification systems by Humboldt, 
Grisebach, Warming, Drude, Raun- 
kiaer, and others. Recent publica- 
tions by Watt (1947)) Cain (1950)) 
Gimingham (1951)) Dansereau 
(1951) and others represent a re- 
newed interest in plant life forms. 

In the ponderosa pine zone in 
northern Arizona, plants can be 
conveniently classified into the fol- 
lowing life-form groupings : ( 1) 
long-lived trees and shrubs, (2) 
perennial tall grasses, (3) peren- 
nial midgrasses, (4) perennial 
short grasses, (5) perennial tall, 
mid-, and short forbs, (6) peren- 
nial prostrate forbs, (7) short-lived 
half-shrubs, and (8) annuals (Fig. 
1). Life span and stature are the 
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two most important life-form char- 
acteristics in this classification. 
Life span decreases from long- 
lived woody perennials (trees and 
shrubs) to annuals. Stature de- 
creases from tall trees to prostrate 
herbaceous plants. There are such 
other life-form characteristics as 
propaga.tion, seasonal growth habits 
and protective devices which need 
to be considered in addition to 
life span and stature. 

The life-form classification pro- 
vides a systematized grouping of 
plants that reflects deterioration 
or recovery in response to manage- 
ment treatments,. In this respect 
the classification is similar to the 
“decreasel’r-increaser-invader” 
(Weaver and Hansen 1941, Dyk- 
sterhuis 1949, Voigt and Weaver 
1951, Weaver and Tomanek 1951, 
Branson and Weaver 1953, and 
Tomanek and Albertson 1953) 
and the “desirable-intermediate- 
undesirable” (Chohlis 1946, Gil- 
bert 1948, Parker 1951 and 1954) 
systems of classification. The life- 
form classification has the added 
advantages of (1) employing life- 
form characteristics as an objective 
basis for constructing the classifi- 
cation, (2) using terminology that 
is neutral in its implied meaning 
with regard to deterioration and 
recovery, and (3) using terminol- 
ogy that, encourages a careful dis- 
tinction between economic and eco- 
logical standards of evaluation. 

Life Fcrms and Ecological 
Processes 

Ecological dominance and subor- 
dination is largely determined by 
the combinations of life-form char- 
acteristics. Trees and shrubs exert 
dominance over all other species in 
natural forest communities largely 
because of their superiority in life 

span and stature. Tall grasses dom- 
inate in undeteriorated mountain 
meadows and midgrasses dominate 
in undeteriorated bunchgrass open- 
ings. Thus, trees and shrubs, tall 
grasses and midgrasses are superior 
life forms of undeteriorated forest 
communities, meadows and pine- 
bunchgrass openings, respectively. 
All other plants possess ecologically 
inferior life forms. 

The control exerted by superior 
life forms over inferior life forms 
is greatly reduced when natural 
communities are disturbed by 
land-use pressures. Heavy logging, 
for example, reduces the control 
of trees over forest communities 
and consequently releases inferior 
herbaceous life forms. Plowing of 
pine-bunchgrass openings unsuited 
to farming denudes these sites of 
perennial life forms. When unsuc- 
cessful farming is abandoned, an- 
nual life forms are released. Over- 
grazing by cattle reduces tall 
grasses in meadows and midgrasses 
in pine-bunchgrass openings. Tall 
grasses and midgrasses are succes- 
sively replaced by short grasses, 
perennial prostrate forbs, short- 
lived half-shrubs and annuals, 
which consequently indicate suc- 
cessive stages of range deteriora- 
tion. 

A reduction in the intensity of 
disturbance or a complete removal 
of the disturbance fa#vors recovery 
through secondary succession. The 
prevailing life forms of a range 
area indicate stages of recovery or 
secondary succession just as they 
indicate stages of deterioration. 

Life Forms and Range Conditions 

Proportional densities of superi- 
or life forms to inferior life forms 
are directly related to ecological 
range conditions as shown by meas- . 
urements of meadow, and pine- 
bunchgrass openings in northern 
Arizona (Table 1). High densities 
of tall grasses in mountain meadows 
a.nd high densities of midgrasses in 
pine-bunchgrass openings indicate 
good to excellent range condit.ions. 
Densit,ies of inferior life forms are 
naturally low when the densities of 
superior life forms are high. Fair 
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range conditions are generally 
characterized by low to interme- 
diate densities of tall grasses 01 
midgrasses rith high densities of 
short grasses. Poor range condi- 
tions me characterized by low den- 
sities of tall grasses or midgrasses 
nith fairly high densities of short 
graasrs in combination with peren- 
nial prostrate forbs. Ver) poor 
range conditions are indicated by 
low densities of tall grasses or mill- 
grasses with high or low dmsities 
of perennial prostrate forbs, short- 
lived half-shrubs and annuals in 
purr or mixed stands. 

IIerbage yields of forape plants 
are related most directly to the 
densities of superior life forms 
(Table 1). High densitim of tall 
grasses in mountain meadoTT-s and 
high dmsities of midgrasses in 
pine-bunchgrass openings prodnce 
high hrrbage yields. Yields decrease 
as densities of superior tall grasses 
or midgrasses decrease. Yields are 
inverseI? related to ,lerrsities of in- 
ferior life forms and show no posi- 
tive relationships to total hcrba- 
ceons densities. 

In the types studied, amounts of 
organic mulch that protect the soil 
against frosion are also related to 
the densities of the snperior life 
forms. Tall gmrses and midgrasses, 
by producing the greatest herbage 
yields, produce the most organic 
mulch. Amounts of organic mulch 
drcrease as tall grasses or mid- 
grasses decrease and are progres- 
sively replaced by perennial short 
grasses, perennial prostrate forbs, 
short-lived half-shrubs and annuals. 
Organic mulches may decompose 
more rapidly on good condition 
ranges vhere the soil surface is 
shaded and micro-organisms are ac- 
tive than on poor condition ranges 
where the surface is exposed and 
subject to rapid drying. Organic 
mulch, therefore, is not alvays 
related to range condition since the 
amounts of organic materials that 
disappear through decomposition 
are not easily separated from the 
amounti remowd bg grazing. 

High densities of superior tall 
grasses and midgrasses indicate 
vigorons proving conditions in 
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meadolrs and pine-bunchgrass corn- 
munities. Growing conditions of 
each community as a whole decline 
as superior life forms are replaced 
by inferior species. The vigor of a 
community may be indicated by 
height-growth meawrements of B 
few key indicators if the selected 
species are superior life forms. 
IIeight-growth measurements of in- 
ferior life forms may give mislead- 
ing indications of the growing con- 

ditions for the community as a 
whole, because the rigor of inferior 
species such as short grasses may 
often be affe&d rery little by de- 
grees of grazing that reduce the 
vitality of superior tall and mid- 
grasses (Fig. 2). Eren vhere SW 
perior life forms am used, the in- 
flnenee of grazing on plant x%or 
map not be easily isolated from 
natural influences. For example, 
leaf measurements mar indicate 



Excellent...................,....... 10.50 2.*7 13.46 
Good.............................., 

6,351 
7.16 3.50 10.66 

Fair. 
4,116 

4.04 4.38 8.Q2 
Poor............................... 

2,850 
1.19 6.56 7.75 

Verypoor..................._..... 
1,692 

.02 6.64 
Abandomd cropland. 0 10.70 

Pine-bunchgrass openings 
Excellent ........................... 8.17 1.34 9.51 
Good ............................... 5.45 2.53 7.58 
Fair ............................... 2.4R 6.25 8.73 
Poor ............................... 1.35 7.77 9.12 
Abandoned cropland ....... ........ .02 2.52 2.54 

1,452 
988 
699 
518 

good vigor for Arizona fescue in a 
year like 1928 when adequate vim 
ter moisture favored the growth of 
cool-season species. In the same 
year the vigor of mountain muhly 
was low became summer preeipita- 
tion was inadequate for nwm-sea- 
son grasses (Fig. 3). The influence 
of grazing on the vigor of Arizona 
fescue and mountain mnhly is con- 
founded by seasonal rariations in 
precipitation. Thus, proportional 
densities of superior and inferior 
life forms are more accurate than 
height-growth measurements for 
indicating the effect of grazing 
management on the rigor of growth 
for a community as R whole. 

Proportional densities of snpr- 
rim life forms to inferior lifr 
forms generally reflect the degree 
of soil erosion or deterioration 
caused by lirestock trampling. Thr 
snperior life forms of tall grasses 
and midgrasses provide greater and 
more lasting protection against soil 
erosion and deterioration than in- 
ferior life forms. Protection a.gainst 
erosion and soil deterioration de- 
crmses as tall grasses or midgrasses 
decrease and are progressively re- 
placed by the inferior plant life 
forms (Osborn 1950). 

For example, in the excellent 
mountain meadows examined in 
northern and central Arizona, there 

m-~-e no gullies. Two of the 13 
meadom classed as good had shal- 
low gullies Ia\: than 2 feet deep. 
Five of 11 fair condition meadows 
bad shallows gullies. Of 10 poor 
condition meadows, 7 had shal- 
low gllllies and 2 had gullies more 
than 2 feet deep. Of 14 very poor 
condition meadows, 10 had deep 

gullies and 2 had shallow gullies. 
Pine-bunchgrass openings showed 
a similar mlation between their 
condit.ion and the degree of soil 
deterioration and the extent of 
gully erosion. 

The life-form approach to jndg- 
iny range condition requires the 
construction of locally adaptable 
life-form classifications by qualified 
range twhniciana. After a elassifi- 
cation is made, it is only a matter 
of comparing densities of superior 
and inferior life forms of grazed 
ranges with those of remnant cli- 
max range communities to judge 
range conditions. The analysis can 
be applied to any of the accepted 
methods of measuring vegetation 
that record densities by individual 
plant specks. This life-form meth- 
od of evaluating range condition is 
more reliable because life-form 
characteristics, which distinguish 
between ecologically superior and 
inferior plants, can be visually ob- 
bewed. 

Importance of Life Form in 
Evaluating Range Trend 

In evaluating range trend it is 
important to distinguish the plant 
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characteristics that fluctuate er- 
ratically with seasonal and annual 
‘variations in weather from those 
characteristics that change more 
slowly with changes in manage- 
ment. Leaf growth fluctuates very 
erratically in the short run with 
seasonal variations of t,emperature 
and precipitation (Fig. 3). Max- 
imum leaf development occurs 
when favorable temperatures and 
precipitation coincide with seasonal 
growth habits of different life 
forms. Muttongrass (Pea’ fendl- 
eriana), an early maturing cool- 
season grass, shows maximum leaf 
development in years such as 1935 
when monthly means for both pre- 
cipitation and temperature were 
above normal during January, 
February and March. Peak years 
in leaf development for Arizona 
fescue (Pestuca# asixonka~) , a late 
maturing cool-season grass, coincide 
with above-normal temperatures 
and precipitation during April, 
May and June, as occurred in 1928 
and 1931. Maximum leaf ‘develop- 
ment for pine dropseed (Blepha- 
roneuron tricholepis), an early 
maturing warm-season grass, oc- 
curred in years such as 1929 when 
precipitation greatly exceeded the 
normal monthly mean for July and 
August and when temperatures 
were slightly above normal. Leaf 
development for mountain muhly 
(Muhlenbergia montainaj) reached a 
maximum in 1933, when temper- 
atcures exceeded the normal month- 
ly means for July, August and 
September, while precipitation was 
normal during August and above 
normal during July and Septem- 
ber. Minimum leaf development of 
these four species occurred when 
temperatures and precipitation 
were least favorable to their sea- 
sonal growth habits. 

Cool season and warm season 
grasses may be segregated into 
early maturing, intermediate and 
late-maturing grasses on the basis 
of seasonal growth habits. Leaf 
development may t’hus vary widely 
among different species in any one 
year. Maximum leaf development 
for one or two cool-season species 
may occur in the same year that 
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a warm-season species shows min- 
imum leaf development. In an- 
other year, precipitation and tem- 
peratures may favor the reverse 
situation. Only when drought ex- 
tends through the entire year do 
all of the species show suppressed 
leaf development, and only in years 
with continuing periods of favor- 
able moisture do all species show 
maximum leaf growth. Seasonal 
and annual variations in leaf de- 
velopment cause measurements of 
herbage yields, vigor and mulch to 
fluctuate in the short run with 
seasonal and annual variations of 
weather. 

Slower changes in plant life 
forms, such as the replacement of 
one species by another, represent 
long-run trends in response to 
changes in management practices. 
A change from midgrasses, to short 
grasses progresses slowly in re- 
sponse to overuse. Simila,rly, a 
change from short grasses to mid- 
grasses progresses slowly in re- 
sponse to management treatments 
like protection, or a change from 
dual use to sheep use (Fig. 4). 
Replacement of one life form by 
another represents a, long-run 
change which is influenced very 
little by the usual seaaonal and 
annual fluctuations in climat’e. 

Annual herbage yields fluctuate 
in the short run mainly as yearly 
climatic conditions cause seasonal 
and annual variations in plant 
growth (Fig. 3). Range produc- 
tivity, on the other hand, changes 
more slowly in the long run as 
shifts in management stimulate 
changes in plant life forms. A 
short-run trend in annual yields 
over a period of only a few years 
may or may not reflect long-run 
trends in range productivity. Slow, 
gradual changes in range produc- 
tivity resulting from changes in 
management are often obscured by 
extreme fluctuations in annual 
yields. Current’ investigations in- 
dicate that influences of mana.ge- 
ment treatments may be isolated in 
part from climatic influences by 
expressing annual yields in terms 
of pounds per acre per inch of 
precipitation. Yields per acre per 
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FIGURE 3. Annual fluctuations in leaf 
lengths at the end of the summer grow- 
ing periods for four bunchgrass species 

as related to annual precipitation. 

inch of precipitation indicate long- 
run tsends in range productivity 
that may otherwise be unapparent 
over brief periods of 4 or 5 years 
because of extreme fluctuations in 
annual yields. 

Importance of Life Forms 
to Grazing Use 

Range productivity in the long 
run is dependent upon the prev- 
alent plant’ life forms. High pro- 
ductivity is maintained where 
proper management maintains high 
densities of superior tall grasses in 
mountain meadows and superior 
midgrasses in pine-bunchgrass 
openings. Productivity is progres- 
sively lowered when superior life 
forms are successively replaced by 
inferior short grasses, perennial 
prostrate f orbs, short-lived unpal- 
atable half-shrubs and annuals. To 
keep a range at a high level of 
range productivity, management 
must aim at maintaining as high a 
density of the superior life forms 
as is practical. 

To judge proper stocking, one 
must take into account the response 
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of the various life forms to grazing. 
Tall grasses and midgrasses are 
most’ highly susceptible to injury 
from improper cattle grazing. 
Short grasses, perennial prostrate 
f orbs, short-lived unpalatable half - 
shrubs and annuals are successive- 
ly less susceptible. It is highly im- 
portant, therefore, that grazing be 
kept within the susceptibility limits 
of the superior herbaceous life 
forms. 

Palatability, or the attractive- 
ness of plants to grazing animals, 

the summer. Their preferences for 
warm-season species, on the other 
hand, are generally greatest during 
the summer season. 

Seasonal range use is practiced 
where grazing is largely adjusted 
to the seasonal growth habits of the 
prevailing plant life forms. In gen- 
eral, the peak of nutrition in the 
growth stages of cool-season grass- 
es occur during spring or early 
summer. Regrowth of cool-season 
grasses may provide nutritious for- 
age during a second period in fall. 
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FIGURE 4. Long-run trends of midgrasses as expressed in percent of total grass 
composition are affected by such management treatments as protection, dual use 

sheep use. The trends are unrelated to the annual precipitation pattern. 

is variously affected by certain life- 
form characteristics. Statare often 
determines, in part, the attractive- 
ness of plants for grazing because 
among species that are more or less 
equally palatable, cattle will gen- 
erally graze tall grasses and mid- 
grasses in preference to short and 
prostrate life forms. Protective de- 
vices such as external awns and 
spines and internal oils, saps and 
milky juices often exempt some 
species from being normally eaten 
by livestock. Attractiveness often 
varies with the life-form chasacter- 
istic of seasonal growth (Johnson 
1953). For exa,mple, livestock show 
greater preferences for cool-season 
species during spring than during 
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Warm-season grasses provide their 
most nutritious forage during the 
summer months (Johnson 1953). 
Seasonal grazing use, therefore, 
provides a means of utilizing the 
grasses according to their seasonal 
growth habits. 

The importance of plant life 
form in practical range manage- 
ment is indicated by the questions 
a rancher may raise in evaluating 
the economic justification for re- 
seeding a depleted range. Repla,ce- 
ment costs for restoring a depleted 
range lead a rancher to consider 
the life-form characteristics of the 
species recommended for reseeding. 
He shows an interest in (1) life 
span, (2) stature, (3) susceptibility 

to grazing injury, (4) propagation, 
and (5) seasonal growth habits, 
when he asks such questions about 
a species recommended for reseed- 
ing as : (1) How long does it live T 
(2) How tall does it grow and how 
much forage will it produce ? (3) 
How does it stand up under graz- 
ing ? (4) Does it reproduce itself 
naturally and will it keep out other 
undesirable plants ? (5) At what 
time of year does it make most of 
its growth? Thus, life-form char- 
acteristics often determine whether 
or not a rancher is willing to risk 
replacement costs of reseeding a 
deteriorated range. 

Sum.rnary 

Plant life form provides a con- 
venient basis for visually evaluat- 
ing (1) ecological dominance and 
subordination in natural commu- 
nities, (2) the susceptibilities of 
different plants to grazing injury 
and to injury from other land-use 
disturbances, and (3) stages of 
secondary succession and recovery 
that result when disturbances are 
reduced or removed. 

Plant life form provides a visual 
means of evaluating ecological 
range condition because the life 
forms that prevail on a given range 
unit indicate conditions with re- 
spect to herbage yields, organic 
mulch, range vigor and soil erosion. 

Trends in leaf development and 
in annual yields fluctuate errat- 
ically in the short run with sea- 
sonal and annual variations in 
climate. Trends in plant life forms 
and range productivity change 
slowly in the long run in response 
to changes in management prac- 
tices. 

The recognition of plant life 
forms helps: (1) to evaluate range 
productivity, (2) to establish the 
goals for proper stocking, (3) to 
distinguish differences in grazing 
preferences, (4) to establish the 
needs for seasonal use and other 
systems of grazing, and (5) to esti- 
mate the economic justification for 
restoring depleted ranges by arti- 
ficial reseeding. 
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Purebred Hewfords on reseeded 
range “n the Jnmcs Ranch in Jnek- 
s”n Hole, Wyoming. Siding mix- 
ture of Manrhnr smooth bramr, 
internwdinte rheatqass and Lndnk 
alfalfa. Photogrnph hy Hnnixn 
W. CooPEa, Soil Conservation wry- 
iae, Line&, Nebraska. Grand Prize 
Winner and First Place, Gmz- 
ing Scenes, Photograph Contest at 
San Jose, California annual me& 
ing. 
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