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The Role of Livestock and Other Herbivores in Improving Range- 
land Vegetation 

R.K. Heitschmidt 

Editor's Note: This paper was a portion of a paper presented at the 
Symposium "Does the Range Profession Fulfill Its Claim to Multiple 
Resource Management?" at the 1989 Annual Meeting, SRM, Billings, 
Montana, February 1989 

An understanding of the effects of livestock and other 
herbivores on the structure and function of terrestrial 
ecosystems is the core body of knowledge around which 
the art and science of range management have evolved. 
Yet much controversy is associated with this body of 
knowledge relative to range improvement. Why? 

I believe there are 2 closely related reasons. The first 
stems from our general failure to clearly define and com- 
municate management goals. Often we assume all parties 
impacted by the implementation of a given management 
practice have the same management goals when in fact 
they have conflicting goals. The second reason stems 
from differences in opinions among individuals relative to 
the impact of livestock and other herbivores on terrestrial 
ecosystems. Depending upon an individual's personal 
belief, evidence in support of his or her position can be 
found in either the scientific or testimonial literature. 

Our profession has contributed heavily to the contro- 
versy through our indiscriminate use of the phrase "range 
improvement". At best, range improvement is an ill- 
defined qualitative rather than quantitative concept. This 
is clearly demonstrated in SRM's formal definition of 
range improvement which is: "1) any structure or excava- 
tion to facilitate management of range or livestock; 2) any 
practice designed to improve range condition or facilitate 
more efficient utilization of the range; and 3) an increase 
in grazing capacity of range, i.e. improvement in range- 
land condition" (SRM 1989). Based upon this definition, it 
is easily understood why an "improvement" is in the eyes 
of the beholder. 

The objectives of this paper are to briefly: (1) examine 
the potential impact of livestock and other large herbi- 
vores on rangeland vegetation; and (2) relate these con- 
cepts to the concept of "improved" range vegetation. 

Potential Impact of Herbivores on Rangeland 
Vegetation 

There are 3 fundamental mechanisms whereby herbi- 
vores may impact rangeland vegetation: (1) defoliation; 
(2) physical (i.e., trampling, burrowing, etc.); and (3) excretion 

(Pieper and Heitschmidt 1988). The primary short-term 
impact of defoliation on individual plants is that it fre- 
quently reduces absolute growth rates, which in turn 
reduces aboveground net primary production (ANPP) 
(Ellison 1960, Jameson 1963). The primary long-term 
impact is related to the effect that discretionary levels of 
defoliation have on the competitive abilities of individual 
plants. All herbivores are selective grazers; thus, intensity 
of defoliation varies among individual plants as a function 
of the unique assemblage of plants and herbivores pres- 
entatany given time. The resulting effect is often a shift in 
species composition which almost inevitably reduces 
ANPP (Sims and Singh 1978). There are, however, nota- 
ble exceptions to the above generalizations. For example, 
Sims and Singh (1978) showed shifts in species composi- 
tion, due to livestock grazing increased ANPP in the tall- 
grass regions of the U.S. They attributed this increase to 
restructuring of the canopy whereby limitations resulting 
from self-shading were depressed. Likewise, others have 
shown that in specific instances lenient levels of defolia- 
tion may enhance growth rates and ANPP (McNaughton 
1979, 1983, 1985). However, universal evidence in support 
of these findings is at best inconclusive (Belsky 1986, 
1987; McNaughton 1986) particularly with regards to 
grazing by livestock. 

Livestock and other large herbivores physically impact 
vegetation directly and indirectly. The direct impacts are 
related to the destruction of tissue as a result of trampling 
(Klemmedson 1977) whereas the indirect effects are 
related primarily to its effects on vegetation structure and 
soil properties as they relate to water infiltration rates and 
soil erosion (Blackburn et al. 1982). For example, Quinn 
and Hervey (1970) showed in the shortgrass prairies of 
Colorado that trampling by cattle reduced herbage stand- 
ing crops by ito 5% depending upon season and grazing 
intensity. Although this study did not evaluate the effects 
of trampling on ANPP, it can be assumed ANPP declined 
since Abdel-Magid et al. (1987) have shown simulated 
trampling reduced amount of both live (photosyntheti- 
cally active) and senesced plant tissue. Research has 
repeatedly shown also that as grazing intensity is in- 
creased, amounts of herbage and litter standing crop and 
cover decline, soil bulk density increases and soil organic 
matter content and aggregate stability decrease which in 
turn reduce water infiltration rates and increase sediment 
production. Recently, Gifford (1986) concluded "the 
literature is consistent in describing grazing impacts on 
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hydrologic behavior of surface soil profiles. Based on this 
evidence, it is extremely doubtful that any grazing scheme 
will improve a local hydrologic circumstance over that 
found under ungrazed conditions". 

Deposition of excreta by grazing animals can impact 
vegetation both directly and indirectly. For example, Cof- 
fin and Lauenroth (1988) showed cattle fecal pats directly 
killed underlying blue grama (Bouteloua grad/is) plants 
in the shortgrass prairie of Colorado. However, the major 
impact of excretion on vegetation is related to the manner 
in which it affects temporal and spatial rates of nutrient 
cycling (Cowling 1977, Floate 1981). Between 60 and 90% 
of all nutrients consumed by herbivores are returned to 
the ecosystem via excreta (Cowling 1977). Thus, free- 
ranging herbivores can dramatically alter patterns of nut- 
rient distribution over landscapes (Coffin and Lauenroth 
1988) and nutrient cycling processes (Pieper 1977, Wood- 
mansee 1978, McNaughton et al. 1988). 

The above generalizations are admittedly simplistic 
because the impact of grazing is the integrated product 
over time and space of the impacts of defoliation, tram- 
pling, and deposition. This has been clearly demon- 
strated by Curll and Wilkins (1983), who investigated the 
relative impacts of defoliation (D), treading (T), and 
excretion (E) on a perennial ryegrass-white clover pas- 
ture. Using sheep stocked at 10 and 20 animals/ac they 
found: (1) rate of herbage growth and production were 
greatest with D+T+E and least with D+T; (2) percentage 
bare ground was greatest with D+T and least with D+T+E 
and greater during periods of slow growth (autumn) than 
during periods of rapid growth (summer); (3) soil bulk 
density was greatest with D+T and least with D alone; (4) 
root biomass in the top 5 cm of the soil profile was great- 
est with D+T+E and least with D+T; and (5) the negative 
impacts of D and D+T were greater at the high (20 sheep) 
than the low (10 sheep) stocking rate. 

Improved Range Vegetation and the Functional 
Role of Herbivores 

The problems associated with the assigned topic of this 
paper are two-fold. The first problem stems from the 
ambiguity associated with the term "improve". Improve- 
ment is defined in the American Heritage Dictionary 
(1973) as "the act or procedure for improving" wherein 
"improving" is defined as "advancement to a better state 
or quality; make better". Thus, for a given act or proce- 
dure(i.e., management practice) to be judged an improve- 
ment, directional movementtoward a specified goal must occur. 
In other words, the value of any given practice varies as a 
function of user goals. For example, the effect of any 
given practice on range vegetation may be judged by a 
hydrologist as an "improvement" depending upon its 
effect on water yield; by a rancher depending upon its 
effect on livestock production; by a wildlife biologist 
depending upon its effects on wildlife production; and by 
an economist depending upon its effect on economic 
profits. 

The second problem associated with the assigned topic 
of this paper stems from the titled linkage between live- 
stock and other herbivores. My charge from Dr. Heady, 
symposium convenor, was to "prove" that grazing by 
large herbivores is essential for improving range vegeta- 
tion. Considering the functional role that herbivores play 
in grassland ecosystems relative to their impact on 
energy flow and nutrient cycling (Dyeretal. 1982, Detling 
1988, McNaughton et al. 1988), there is no doubt that 
herbivores are essential for improving range vegetation. 
This does not mean, however, that the impacts on range 
vegetation of near constant numbers of domesticated 
herbivores (i.e., livestock) are equivalent to the impacts of 
naturally fluctuating numbers of undomesticated herbi- 
vores (i.e., wildlife) (Pieper and Heitschmidt 1988). In fact, 
it is difficult to imagine that most current livestock man- 
agement tactics generally "benefit" range ecosystems. 
Support for this conclusion stems from the fact that most 
of the evidence in support of the grazing optimization 
hypothesis has been garnered from grazing studies con- 
ducted in natural ecosystems (i.e., the Serengetti) or 
environmental chambers. 

The Grazing Optimization Hypothesis and im- 
proved Range Vegetation 

Stated in its simplest form, the grazing optimization 
hypothesis is: grazing enhances net primary production 
(NPP) (curve A, Fig. 1). Traditionally, grazing has been 
assumed to either reduce NPP, at least aboveground net 
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FIg. 1. Three conceptual patterns of impact of grazing on net prim- 
ary production (NPP) (after Detling 1988). Curve A depicts grazing 
optization response. Curve B depicts suppressed response at 
higher levels of grazing intensity. Curve C depicts suppressed 
response at all levels of grazing intensity. Note absence of quan- 
titative enhancement/suppression values, in terms of magnitude 
of impact, and absence of quantitative values in terms of grazing 
intensity. 
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FIg. 2. Grazing optimization model (A) and alternative grazing man- 
agement optimization model (A') depicting relative effect (%) of 
most livestock grazing tactics on forage production. Hypothes- 
ized alternative model (A') is average of curves A, B and C pres- 
ented in Figure 1. Alternative model is based on assumptions that: 
1) relative changes in forage production are a measure of 
"improvement" in rangeland vegetation; and 2) response over time 
is sometimes positive, sometimes neutral and sometimes negative 
(Curves A, B and C, respectively, Figure 1). 

primary production (ANPP), at all levels of grazing inten- 
sities (curve C, Fig. 1) or at least at moderate levels of 
grazing intensity (curve B, Fig. 1). This hypothesis is 
currently the subject of considerable debate among ecol- 
ogists (Belsky 1986,1987; McNaughton 1986) and credit- 
able reviews of the scientific literature have not resolved 
the controversy (Owen and Weigert 1976, 1982; Mc- 
Naughton et al. 1988; Dyer et al. 1982; Detling 1988). 

Personally, I believe herbivory does enhance net prim- 
ary production in many instances. it seems unreasonable 
to me to conclude otherwise considering the evolutionary 
history of grassland ecosystems (Stebbins 1981). But the 
important question is not whether herbivory enhances 
ANPP but rather: how frequently does enhancement 
occur; under what conditions; and what is the level of 
enhancement? Relative to these 3 questions I believe the 
scientific literature clearly shows that frequency and 
magnitude of enhancement are closely related to envi- 
ronmental conditions and grazing intensity. For example, 
there is little doubt that herbivory often enhances above- 
ground net primary production in the more productive 
(mesic) indigenous grasslands (i.e., tallgrass prairie of 
North America, Serengetti Plains of Africa, etc.) and/or 
intensively managed tame pastures (i.e., bermudagrass, 
perennial ryegrass etc.) of the world. But there is little if 
any evidence in support of the grazing optimization 
hypothesis in terms of management of large herbivores, 
particularly livestock, on most arid and semiarid range- 

lands. Even if it is assumed that graminoides and herbi- 
vores co-evolved, (Owen and Weigert 1981), which is 
open to debate (Silverton 1982, Herrara 1982), it is doubt- 
ful current livestock management tactics mimic pre- 
historic evolutionary environments in many regions of the 
world, particularly in the inter-mountain regions of the 
western United States (Mack and Thomspon 1982, Mil- 
chunas et al. 1988). Moreover, I believe we are in error 
when we indiscriminately utilize the grazing optimization 
hypothesis curve (Fig. 1, curve A) as a counter argument 
to this conclusion because as presented it implies: (1) 
magnitude of enhancement in NPP is equal to the magni- 
tude of suppression (Fig. 1, curve A vs. curves B and C); 
(2) that the range in grazing intensity over which enhance- 
ment occurs is broad; and (3) that enhancement is sustain- 
able. I believe in reality this is incorrect relative to most 
range livestock production systems (see alternative model, 
Fig. 2, curve A') because the supporting evidence is 
simply too site specific and temporally rare. Quite frankly, 
I do not believe we have sufficient evidence to support a 
broad "grazing management optimization hypothesis" 
which is: most current livestock grazing tactics frequently 
enhance ANPP (i.e., improve range vegetation). 
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