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Executive Vice-President's Report 

Anniversary date membership. 
This will be last opportunity 
through Rangelands to remind 
everyone that the Society for 
Range Management is changing 
its membership from a calendar 
year to an anniversary date. That 
policy change was passed at the 
1994 Annual Meeting, and that 
was so long ago that many of our 

members think that it has already been implemented. Not 
so. The change will be noticeable for 1995 renewal which 
begins in October of 1994. 

As with most things in life, this policy has positives and 
negatives, yin and yang. On the positive side, it will reduce 
the cost of the journals. When a new member joins under 
the old system, they received all back issues of the JRM 
and Rangelands. This required carrying an excess invento- 
ry in order to provide copies to new members. The number 
of copies required in any given year is always a guessing 
game. Also, the postage for mailing the copies from the 
Denver office is very significant— averaging over a $1.50 
per journal issue, compared to about 17 cents when we can 
use the bulk rate. It will also contribute to efficiency 
because it will eventually even out the annual work load. 
The Society will definitely realize some cost savings and it 
will improve efficiency. 

On the negative side, new members will receive 6 issues 
of the JRM and 6 issues of Rangelands per year but they 
will not be the same volume unless their anniversary date is 
in January. This will make a difference to some members, 
perhaps not to others. The Society must now have 12 

membership renewal seasons compared to one under the 
calendar-year system. This increases the complexity of 
recruiting and retaining members. It also increases the 
complexity of the Society's membership data base, requir- 
ing investment in new programming to identify member's 
anniversary dates 2 months prior to their expiration. 

Membership recruitment and retention may be our 
biggest challenge as a result of the change to anniversary- 
date membership. The Society, and especially the 
Sections, needs to rethink and revise membership recruit- 
ment procedures where necessary. Procedures designed 
for membership expiration on December 31 of each year 
will not necessarily work as effectively where memberships 
are expiring at the end of each month. It occurs to me that 
the diligent application of a process to retain members on a 

year-around basis could be more effective than on an 
annual basis; Deming has taught us with cogent examples 
the importance of the process in relation to the outcome. 

I remind all current members that you have a once-in-a- 

lifetime opportunity to select your anniversary date. If you 
elect to change your anniversary date, this must be imple- 
mented on the 1995 registration forms. All renewals are 
due by December 31, 1994. If, for example, you wish to 
select a July 1-June 30 anniversary date and to maintain 
your journal subscriptions, then you have two options: you 
can pay your dues for 6 months and your membership will 
expire June 30, 1995 and June 30 becomes your new 
anniversary date; or you can pay prorated dues for 18 
months ($45 + $22.50 for a regular member) and your 
anniversary date becomes June 30 beginning in 1996. To 
effect a change in anniversary date will require action on 
your part. All members who renew or join by January 31 will 
remain on a January 1-December 30 anniversary date. 
After January 1995, every member's anniversary date will 
be the end of the month in which their membership applica- 
tion is processed in the Denver office. 

Jennie Zambo, Membership Coordinator, and Ann Harris, 
Administrative Assistant, have given this a great deal of 
thought. Our expectations are that membership renewals 
will be reasonably routine. However, if we have overlooked 
something, or it is unclear please call Jennie at 303/355- 
7070.—Bud Rumburg, Executive Vice-President, SRM. 
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Desertification and Degradation of Africa's Rangelands 

Jerrold L. Dodd 

Conventional and politically correct wisdom usually states 
or imphes that massive areas of Africa have been and are 
being desertified by domestic livestock. I recently reviewed 
the literature on the issue and found that the published sci- 
entific evidence does not support this conclusion (Dodd 
1994). Nearly all arid and semiarid environments are char- 
acterized by extreme year-to-year weather fluctuations that 
cause enormous changes in ecosystem appearance. 
Consequently, it is difficult and, sometimes, nearly impossi- 
ble to distinguish between short-term and long-term trends 
as well as temporary and permanent changes. 

Hellden (1988) cites several definitions of desertification 
and concludes that common features of all are conditions of 
decreasing productivity with long lasting and possibly irre- 
versible desertlike conditions. Most definitions of desertifi- 
cation include humans or humans in concert with drought 
as the driving force behind the process. Mainguet (1991) 
reviews the literature and concludes that desertification "is 
the ultimate step of land degradation: irreversibly sterile 
land, meaning irreversible in human terms and within prac- 
ticable economic limitations". 

Degradation was one of the first terms used to define the 

process of change in ecosystems toward more "arid" states 
(Stebbing 1935). In its modern usage degradation generally 
refers to decreases in productivity or unfavorable changes 
in species composition but does not indicate that the 
changes are permanent or desertlike. Inconsistency in ter- 

minology in this area continues to reflect an incomplete 
understanding and the lack of agreement of the causes, 
permanence, and endpoints of these changes in ecosystem 
status. 

Perceptions and Extent of Desertiticationloegra- 
dation In Sub-Saharan Africian 

Analysis of satellite imagery indicates massive annual 
fluctuations in the north-south position of green vegetative 
cover along the southern boundary of the Sahara within the 

past decade. This phenomenon was described as expan- 

Dodd is professor, Rangeland Ecology and Watershed Management 
Department, University of Wyoming, Laramie, Wyoming 82071. 
The author is grateful to J. Ellis, W. Laycock, T. Reeves, D. Swift, 0. Skinner, 

L. Bulla, M. Coughenour, V. Kituku, M. Halakhe, J. Miller, and N. Georgiadis for 
their various forms of assistance in preparation and review of the original 
BioScience article that this paper is based on. I also thank the American Institute 
of Biological Sciences for permission to publish the original copyrighted paper in 

condensed form. 

sion and contraction of the desert by Tucker et al. (1991) 
and referred to in the media as the "shrinking desert". 
However, boundaries of deserts are zones, not discrete 
lines defined by one attribute, and do not change on such 
short time frames. The use of such valuable information to 
imply that the area of the Sahara desert actually changed in 
the past 10 years symbolizes the current state of confusion 
in interpretation of the dynamics of arid lands by both the 
scientific community and the lay public. 

Speaking of desertification and the way it is commonly 
used in the media and in modern geography courses, Binns 
(1990) states "The common image conjured up by the term 
is one of an advancing Sahara desert inexorably moving 
south, smothering villages and destroying farmland and 
pasture once and for all." He continues this image has 
been further reinforced by being portrayed as an environ- 
mental catastrophe, the product of a long-term decline in 
rainfall exacerbated by unwise human practices such as 
overgrazing, burning and deforestation." Binns argues that 
this impression is inappropriate and for much of Africa is 
blatantly incorrect. After attending a scientific conference 
on the issue in the fall of 1990, Mace (1991) concluded that 
"Sometimes we are so sure of something that we don't 
need to see the evidence, That Africa's rangelands are 
being reduced to desert through overgrazing by domestic 
livestock is received wisdom. But, as became plain at a 
recent meeting such a view may be seriously flawed". In 
the following paragraphs I review the viewpoints and their 

Editor's Note: This paper is a requested condensed version of the paper 
Desertification and Degradation of Sub-Saharan Africa: the Role of Livestock 
by J.L. Dodd which appeared in BioScience in January, 1994. Readers are 
referred to the original article for more detail. 

The Turkana distnct ot northern Kenya where the lane is varren or 
grasses because of art extended drought lasting around 2 years. Field 
examination indicated that the drought was so severe that around half 
of the shrubs in the scene are dead. The remainder are in drought 
induced dormancy. 
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changing perspectives from the 1930's to the present time. 
Then, I reconcile some of the different views by examining 
new evidence and new paradigms for interpretation. 

Pre-1960 Literature and Views.The earliest writings on 
desertification and degradation were done near the begin- 
ning of the twentieth century but Stebbing (1935) seems to 
be quoted most often regarding early assessment of the 

question in Africa. Stebbing was a European forester and 
visited Africa to evaluate questions pertaining to the per- 
ceived conversions of the forests to a sort of false savanna 
in the West African Colonies. He concluded the forests 
were being taken over by the southward encroachment of 
the desert and that the process was caused by humans. 
Rodd (1938), who lived many years in Africa, questioned 

Stebbing's understanding of the Sahara situation. He 
claimed great ebbs and flows of desert boundaries through 
time and attributed it to fluctuations in weather. Rodd point- 
ed out the risk of making judgements on changes in vege- 
tation and vegetation boundaries based on observations 
spread over anything but "longish periods of observation" 
because of the extreme variability in annual precipitation. 

Post-1960 Literature and Views. The last major drought 
of the Sahel lasted 10 years, 1964-1 974, (Hellden 1988). In 

1975 Lamprey (1988) led a team in assessing environmen- 
tal conditions in northern Sudan in the first formal attempt 
to document the spread of the Sahara and concluded the 
boundary between desert and subdesert scrub in the 
Kordof an area had shifted south about 60 miles since 1958. 
Neither Lamprey nor Stebbing offers scientific evidence in 

support of their contention that human activities precipitated 
the alleged change, e.g., Lamprey (1988) "It was generally 

understood by the natural resources specialists on the 
reconnaissance teams that the ecological degradation tak- 

ing place in northern Sudan is largely due to past and cur- 
rent land use practices but is accelerated during periods of 

drought." 
In a study using various types of remotely sensed infor- 

mation of the Kordofan area between 1962 and 1979 
Hellden (1988) concluded that Lamprey was wrong in his 
interpretation that the desert boundary had moved at all, let 
alone 60 miles since 1958. Perhaps of more importance 
was Heliden's finding that the very visible degraded and 
desertified rangeland around the villages studied in the 
area had not expanded during the 1962-1 979 interval. This 
observation contradicts the common belief that overgrazing 
exacerbates the effect of drought on range vegetation. 
Hellden concluded that there were no long lasting desert 
conditions created in the Kordofan area but that crop yields 
and rangeland productivity were severely reduced during 
the 10-year drought. However, both rangeland and crop- 
land productivity recovered rapidly after the drought—with- 
out any substantive change in human behavior. 

Binns (1990) reviews a variety of information available on 
the extent of the desertification problem and concludes that 
the phenomenon is much less widespread than commonly 
reported. The scientific work of Hellden (1988) and Tucker 
et aI. (1991) support this view and show the preponderance 
of change in the northern part of the sub-Saharan region is 
driven by abiotic forces and is reversible. 

Paradigms for Understanding and Management 
Traditionally, rangeland scientists have based their 

understanding and management of rangelands on the 
range succession-retrogression model prompted by 
Clementsian ecology. This concept, which assumes 
drought or grazing perturbed communities return to their 

pre-disturbance state fairly quickly through succession, 
works well in many circumstances but fails in others. 
Several scientists have proposed alternative ideas that do 
not assume such equilibrial successional dynamics. 

Standard Range Succession-Retrogression Model. As 
described by Westoby et al. (1989) this model, "..supposes 
a given rangeland has a single persistent state (the climax) 
in the absence of grazing. Succession towards this climax 
is a steady process. Grazing pressure produces changes 
which are also progressive and are in the opposite direction 
to the successional tendency." The model presumes 
drought and grazing has similar effects on plant communi- 
ties and that overgrazed or drought damaged range can 
recover by resting or reducing stocking rates. The range 
succession model has its greatest failings as an aid to 
understanding and managing arid and semiarid rangelands, 
where episodic events are important and influences of 
grazing and intrinsic vegetation change act intermittently. 

State-and-Transition Model. This model assumes that for 
a single piece of rangeland there exists a set of discrete 
and relatively stable states or communities of vegetation 

A scene in northern Kenya where annual precipitation is about 20 
inches. Potential native vegetation for the area is a rich tree-grass 
savanna. The picture is taken in the frontier between agriculture and 
pastoralism (agro-pastoral zone) where mixed-farming results in crop- 
ping of some land and abusive grazing on the remainder. The result is 
incredibly high rates of erosion. 
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states also exists. Transitions between states, i.e, the 
change from one relatively stable community to another, 
are triggered by large changes in weather (such as a 
drought or unusually wet cycles), intense grazing pressure, 
fire, or combinations of these ecological factors. 

Thresholds and State Model. Friedel. (1991) adds the 
idea of thresholds to Westoby's state-and-transitions 
model. Thresholds are phenomena which inhibit transition 
between different relatively stable states of rangeland 
ecosystems. Laycock (1991) describes the critical attributes 
of a threshold as a boundary in space and time between 
two states wherein the initial shift across the boundary is 
not reversible on a practical time scale without intervention. 
Laycock reviews and describes considerable published evi- 
dence which supports his conclusion that many arid and 
semiarid North American rangeland types fit the states and 
thresholds model much better than they fit the traditional 
range successional model. The traditional model appears 
to work well in more mesic grasslands. However, in the 
absence of fire most mesic grasslands of the world will not 
fit the model because woody plants increase dramatically. 
Laycock points out a common error that occurs when a 
vegetation type is in a stable lower successional state and 
the land manager does not recognize it as one of several 
stable states. Changes in grazing management (stocking 
rate, rest, system, etc.) or even removal of livestock results 
in no change in the state of the vegetation. This certainly is 
in agreement with the views of Westoby et al. (1989) who 
point out that heavy grazing or a combination of no grazing 
plus fire, etc., is often needed to change states and that 
managers must be open to various approaches to inter- 
vene. In this regard Laycock (1991) cites evidence where 
heavy uses by browsers (deer in one case and domestic 
sheep in another case) were effective in shifting range plant 
communities from brush dominance to grass dominance. 
Similar herbivore-vegetation interactions occur in African 
rangelands. 

Non-equilibria! Persistent Model. Ellis and Swift (1988) 
define a non-equilibrial but persistent model for arid lands. 

They developed the idea from the literature and from their 
decade-long investigations of the Turkana ecosystem in 
northern Kenya. Turkana rangelands, like most other arid 
rangelands in Africa, are non-equilibrial, i.e., the ecosys- 
tems are usually not responsive to grazing pressure but, 
instead, are almost completely regulated by abiotic con- 
trols. 

Selection of Paradigms. The question of which paradigm 
of ecosystem dynamics to utilize for understanding a partic- 
ular rangeland type in Africa is not easily answered. 
Existing evidence strongly supports the non-equilibrial point 
of view for dry rangelands while the equilibrial view seems 
to be a workable model for most mesic rangelands. The 
long-term community ecology of most of the African range- 
land types, which are intermediate between dry and mesic, 
is not well enough understood to make unqualified state- 
ments on where a particular model will work. 

Influence of Grazing on Rangelands 
Several authors assess the mechanisms whereby her- 

bivory affects change in arid rangelands (Dodd 1994). 
Heavy doses of herbivory can clearly change species com- 
position, productivity, and ground cover. It has also been 
demonstrated that grazing can increase spatial heterogene- 
ity of soil resources and subsequent plant growth patterns. 
Finally, the question of biofeedback between land surfaces 
and the atmosphere has been investigated via application 
of sophisticated models. However, the question of how 
much, and at what geographic scale, grazing related 
change must take place on arid rangelands to have a mea- 
surable and ecologically meaningful impact on weather is 
still very much unanswered. 

A large body of literature addresses the issue of domestic 
animal impacts on different types of rangelands in Africa 
(Dodd 1994). This literature is mainly based on short term 
studies or anecdotal information. In reviewing it I found no 
scientific evidence that nomadic or even commercial style 
use of domestic livestock causes irreversible changes in 

range vegetation away from watering points and habita- 
tions. Therefore, in reference to Mace's (1991) observation 
about our propensity for drawing conclusions on wide- 
spread animal caused desertification in Africa without 
examining the evidence it appears that, in fact, such sup- 
porting evidence does not exist. On the other hand, the lit- 
erature verifies that very heavy use in high animal concen- 
tration areas does cause permanent changes in vegetation. 
It occurs not only near high volume watering points and vil- 
lages in nomadic rangelands but is especially prevalent on 
rangelands closely linked to crop agriculture in Africa and 
throughout the world. This agro-pastoral frontier often con- 
tains extraordinarily high stocking rates of domestic animals 
which severely alters rangelands. 

A semi-arid ran geland of northern Kenyati useu t.y atnburu 
nomads. Picture was taken in an average weather year. The ani- 
mals are gerenuk. 
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Implications for Development 
The rangeland degradation/desertification problem in 

Africa as well as in other rangelands of the world is not a 

simplistic question of livestock impacts but is, also, a lack of 
understanding of how abiotic factors regulate these sys- 
tems. Consequently, it is common for casual observers to 
attribute undesirable changes to livestock and desirable 
changes to good weather. 

Westoby et al. (1989) and Ellis and Swift (1988) both 
offer sound advice for improved management of African 
rangelands. The first suggestion is for managers to aban- 
don the equilibrial idea for rangelands where it simply does 
not work. Assumptions of equilibrial ecosystem dynamics in 
non-equilibrial systems leads to frustration, failure, and 
false expectations from management. Westoby et al. rec- 
ommend opportunistic management tactics wherein the 
manager understands: the alternative stable states that 
exist for a particular rangeland type, the opportunities 
(burning, browsing, grazing, resting, etc. under specific pre- 
scriptions) for making a given transition between states, 
and the risks associated with a particular transition choice. 
They describe the current western approach as defensive 
and being typified by conservative stocking rates designed 
to prevent the unwanted (degradation) from happening. Of 
course, in abiotically controlled systems the unwanted 
changes occur regardless of stocking rate and recovery 
from such environmental traumas may well be independent 
of stocking rates. 

Ellis and Swift (1988) point out the virtues in understand- 
ing the attributes of relatively successful pastoralists in a 

given rangeland setting. Unfortunately, indigenous pastoral 
cultures are often incorrectly perceived by agrarian-culture- 
dominated governments and foreign donors as ignorant 
and noncooperative. Assistance programs should enhance 
positive land use patterns of pastoral cultures rather than 

replace them. For example, agricultural development 
schemes frequently encourage conversion of the better 
rangelands to croplands in order to increase human edible 
plant material. The lands that are converted are frequently 
the rangelands that pastoral cultures relied on in dry sea- 
sons or years for emergency feed supplies for their ani- 
mals. When dry periods come, these converted rangelands 
provide no sustenance for the human population either 
directly in the form of crops or indirectly in the form of ani- 
mal products. 

Conversion of rangelands to croplands is driven by the 
human population explosion occurring primarily amongst 
urban and agrarian societies. Unless this problem is solved, 
desertification resulting from conversion of rangelands to 
marginal croplands that eventually fail and destructive graz- 
ing in the agro-pastoral frontiers of Africa and other parts of 
the world will continue. The current hysteria regarding neg- 
ative impacts of livestock on rangelands in Africa as well as 
most other parts of the world may be useful in drawing 
attention to land use issues in general. However, the alarm 
is counterproductive when it vilifies cultures that use range- 
lands for sustainable production of animal products to nur- 

ture human life and lifestyles. The use of rangelands by 
hunting and gathering cultures is a sustainable use but can 
support only small populations. Rangeland livestock pro- 
duction using ecologically sound management practices is 
probably the only sustainable land-based food production 
scheme capable of supporting larger human populations in 
arid and semi-arid regions and it should be encouraged in 
Sub-Saharan Africa. 
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Exciosures on the Beaver Dam SIoe in Arizona and Utah 
Julian L. Anderson 

Background 

A study of exclosures was conducted by the Arizona Strip 
District of the Bureau of Land Management on the Beaver 
Dam Slope (Fig. 1) during the summer of 1992 to evaluate 
the effects of livestock grazing and trampling on cover com- 
ponents and vegetation composition. The exciosures are: 
1) Tortoise Exclosure, Arizona- a five hundred acre area 
which excludes livestock in tortoise habitat in Arizona. This 
exclosure was built in 1977 on the limy upland, limy upland 
deep and cobbly limy upland deep ecological sites with ele- 
vation varying from 2460 feet to 2680 feet; 2) Utah Beaver 
Dam Exclosure- a one acre exclosure in Utah built in 1956 
on the limy upland ecological site at an elevation of 2960 
feet; and 3)1-15 Fenced Right-Of-Way in Arizona, built 
about 1965 on the limy upland and sandy upland ecological 

sites at 1960 feet elevation. 
Livestock grazing use in the area can be characterized as 

light as evidenced by utilization studies and comparison of 
vegetation inside and outside of exciosures. Hughes (1990) 
reported that four trend transects in the area from 1981 to 
1989 all show upward trend on key species. Average uti- 
lization during that time was 22 percent with a range of uti- 
lization from 11 to 34 percent. Ecological site inventory 
(ESI) data shows the present vegetation is at or near the 
potential natural community on most ecological sites. 

Climate 

The climate of the eastern Mojave desert can be 

The author is with the USDI-BLM, Arizona Strip District, St. George. Utah. 

described as hot and dry. Three major air masses influence 
the climate of the area; the tropical Atlantic (Gulf), the tropi- 
cal Pacific, and the polar Pacific. These masses create a 
bi-seasonal climatic pattern typical of most of the south- 
western U.S. The area receives most of the annual precipi- 
tation during two peak storm periods-winter (November to 
February) and summer (July to September). Summer 
storms are convectional, local, intense, and of short dura- 
tion with the eastern Mojave receiving more of its annual 
rainfall from these storms than does the western Mojave 
Desert (Bailey 1981). The driest months are April through 
June and September. Prevailing winds in the winter are 
westerly and storms are frontal in nature. Annual precipita- 
tion has varied from 3.12 inches in 1968 to 14.32 inches in 
1978 with an average of 7.08 inches. Regional climatic data 
for Kanab, Utah shows the decade of the 1 980s was the 
wettest of the century. 

Methods 

Ecological Site Inventory 
Ecological Site Inventory was conducted in accordance 

with the Soil Conservation Service National Range 
Handbook and BLM Manual Handbook H-4410-1. The soils 
were mapped, ecological sites identified, and plant produc- 
tion and composition by dry weight were determined by 

Fig. 1. The Beaver Dam Slope of Utah and Arizona. 

The Tortoise Exciosure, Arizona, was constructed in 1977 and 
shows the ungrazed area on the left and grazed area on the right dur- 
ing the fall of 1993. 



RANGELANDS 16(5), October 1994 185 

60 

F- 

40 0 
w 
a.. 20 

0 

GRAZED E1 UNG RAZED 

COVER COMPONENT 

Fig. 2. Cover components during 1992 in Tortoise Exc!osure, Arizona. Established in 1977. 

estimating, or by a combination of estimating and harvest- 
ing. 

Cover Transect 
Cover components of basal and foliar vascular vegeta- 

tion, visible microphytes (non-vascular plants), litter, rock 
and bare ground were documented along 10 pace frequen- 
cy transects each consisting of 100 16 x 1 6 inch quadrats 
systematically located at five-pace intervals over a distance 
of about 1/2 mile using a method similar to Smith and 
Despain (1987) for estimating species composition by the 
Dry-Weight-Rank method. Rank 1 corresponds to .5 per- 
cent cover, rank 2 to .3 percent and rank 3 to .2 percent per 
quadrat. Percent trampling of the ground surface and 
microphytes by livestock were also determined for each 
quadrat and summarized for each transect. 
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Vegetation and Soils 
Creosotebush and white bursage are the dominant vege- 

tation on all sites except the sandy upland which is domi- 
nated by warm season grasses such as sand dropseed and 
big galleta. There is also a good mix of other species in the 
area such as joshua tree, mormon tea, ratany, paperfiower, 
cactus, brittlebush, winterfat, wolfberry, bush muhly, Indian 
ricegrass, desert trumpet, globemallow, and desert 
marigold. Soil textures are primarily sandy loam with the 
exception of the sandy upland site which is a loamy sand. 
All soils are calcareous except the sandy upland site. 
These are all deep soils (greater than 60 inches) except the 

limy upland site which is typically less than 20 inches in 
depth. About half of the soil surface of the cobbly limy 
upland deep site is covered by gravel, cobbles and stones. 
The sandy upland site is essentially free of gravel and rock, 
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FIg. 4. Cover components during 1992 in Beaver Dam Slope Exclosure, Utah. Established in 1956. 

whereas the other sites vary from 10 to 30 percent gravel 
and rock. 

Results 

Tortoise Exciosure, Arizona 
Figures 2 and 3 show cover and vegetation composition 

data for the tortoise exclosure in Arizona. When the grazed 
area is compared with the ungrazed exclosure, there is no 
measurable difference in vegetation cover and microphyte 
cover. Research has shown that cover of microphytic 
species is reduced by heavy grazing and recovery of dis- 
turbed microphytic crusts occurs in 10-18 years after graz- 
ing is removed (Anderson et aL, 1982). The light grazing 
use has had little effect on the microphytic cover which is 

sensitive to heavy grazing. There is 33 percent more litter, 
18 percent less rock, and 25 percent more bare ground on 
the grazed area than inside the exclosure. The most notice- 
able difference in species composition is more browse 
(woody plants used as forage for ungutates) on the grazed 
area than inside the exciosure. 

Utah Beaver Dam Exciosure 
Figures 4 and 5 show cover and vegetation data for the 

Utah Beaver Dam exclosure. When the grazed area is 
compared with the ungrazed exclosure, there is no measur- 
able difference in vegetation litter, and rock cover, and bare 
ground. There is 73 percent more microphyte cover on the 
grazed area than inside the exclosure. There is no measur- 
able difference in species composition inside or outside of 
the exclosure. 
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Fig. 6. Cover components during 1992 in 1-15 Right-of-Way, Arizona. Established approximately 1965. 

1-15 Fenced Right-of-Way 
Figures 6 and 7 show cover and vegetation composition 

data for the fenced 1-15 right-of-way in Arizona. Cover data 
was collected only on the sandy upland site. When the 
grazed area is compared with the ungrazed area inside the 
right-of-way, there was 15 percent more vegetation cover, 
67 percent less microphyte cover, 11 percent less litter, 74 
percent less rock, and 24 percent more bare ground on the 
grazed area than inside the right-of-way. The sandy upland 
site is dominated by warm season perennial grasses and 
the limy upland site is dominated by woody species inside 
and outside of the fenced right-of-way. The other noticeable 
difference is a higher species composition of perennial 
grasses and browse and less forbs on the grazed sandy 
upland area than inside the right-of-way. 

Conclusions 

Composite exciosure data from the Beaver Dam Slope in 

conjunction with the literature findings support the following 
conclusions: 1) vegetation cover is slightly higher outside 
(grazed) the exciosures than inside (ungrazed), 13.4 per- 
cent and 12.7 percent respectively; 2) microphytic cover is 
slightly higher in the grazed condition (4.6 percent) verses 
the ungrazed condition (4.2 percent) and it appears that 
grazing on the Beaver Dam Slope during the past 20 years 
has been light and has not affected the development of 
microphytes; 3) microenvironment and ecological site 
appeared to have more influence on occurrence of micro- 

phytes than did trampling from light to moderate grazing; 4) 
most soils on the Beaver Dam Slope are sandy in texture 
and have low potential for developing microphytic crusts 
and support an average of less than 2 percent microphytic 
cover which is not a substantive contribution to ground 
cover; 5) calcareous ecological sites (greater than 10 per- 
cent calcium carbonate) and with an annual precipitation 
less than eight inches are dominated by woody species 
with very little perennial grass present, and non-calcareous 
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sandy upland sites under similar climatic conditions are 
dominated by warm season grasses both inside and out- 
side of the exciosures; and 6) since vegetation cover has 
not responded with observable increases between the 
grazed and ungrazed conditions during the decade of the 
80's (which was the wettest of century), it appears that veg- 
etation cover on the Beaver Dam Slope is at or near it's 
potential and is in a stable state. 

The kind of vegetation is determined by site potential 
which is based on climate and sofls where past and present 
grazing is proper. Not all species are found on every site, 
for example, on the sandy upland site (non-calcareous sur- 
face) winterfat and creosote bush are absent or greatly 
reduced whereas perennial warm season bunch grasses 
dominate. The Arizona Beaver Dam Slope has over 6100 
acres (10.2 percent of total area in Arizona) dominated by 
perennial grasses which is in harmony with early USGS 
information. Not every ecological site will produce bush 
muhly and its presence is related to water availability. On 
the Beaver Dam Slope, bush muhly grows at the higher 
precipitation end of the limy upland site or in drainages 
(sandy wash sites) in the valley where additional moisture 
is available and the plant is usually found under the favor- 
able microenvironment of a shrub. 
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Kangaroos in Australian Rangelands 

AC. Grice and R.F. Beck 

Are kangaroos a resource to be utilized, a pest to be con- 
trolled, a wildlife species to be conserved or a combination 
of these? The kangaroo family has some 40 species, most 
are small, rare, or restricted in their distributions and have 
little effect on rangeland management or agriculture. Many 
environmental groups and urban dwellers in Australia as 
well as environmental groups from other countries consider 
all of the kangaroos to be threatened and in need of protec- 
tion from exploitation. As a result of this concern, some 
countries restrict the import of kangaroo products. The con- 
troversy among interested groups arises over the 4 largest 
species which are generally widespread and sufficiently 
common to have a significant impact on their habitat. These 
4 species which have agricultural and pastoral significance 
are the red kangaroo (Macropus rufus), the eastern grey 
kangaroo (M. giganteus), the western grey kangaroo (M. 
fuliginsus), and the euro (M. robustus). Typical adult males 
weigh 50-60 kg and adult females weigh 24-30 kg (Table 
1). An understanding of the ecology and role of kangaroos 
on rangelands is necessary for sound range management. 
The term kangaroo for the remainder of this article refers 
only to these 4 species. 

Distribution and Habitat 
The red kangaroo's habitat covers much of the arid and 

semi-arid land of Australia. It prefers more open country 
(Figure 1), such as the chenopod shrublands and Mitchell 
grasslands, it also inhabits woodlands. The two species of 
grey kangaroo are also widespread, preferring shrubland, 
woodland and forest habitats (Figure 2). The eastern grey 
kangaroo is found only in the eastern states while the west- 
ern grey kangaroo is found across much of southern 
Australia. The euro is the most widespread, inhabiting the 
arid and semi-arid inland, and extending to the east and 
west coasts, often being associated with rocky or hilly habi- 
tats. 

Forage and Water Needs 
Kangaroos eat a wide range of forage plants. In general, 

they selectively graze green forage, take little browse and 
prefer grasses (Dawson 1989; Table 2). There are common 
plants in the diets of kangaroos and domestic stock, but the 
proportions of the various dietary components do differ 
between livestock and kangaroos. Sheep and kangaroos 
differ in their responses to deteriorating pasture conditions. 

Sheep tend to shift to a diet containing more browse and 
chenopods earlier in a dry period than do kangaroos 
(Edwards 1989). This earlier shift by sheep to other forage 
plants may reflect the influence kangaroos have upon the 
pasture by their greater ability to find and harvest the pre- 
ferred green forage. It may simply indicate different dietary 
preferences per se. 

Kangaroos require less water per unit weight than typical 
eutherian mammals because of their lower metabolic rates. 
The average kangaroo consumes about half the water con- 
sumed by a sheep (Dawson et al. 1975). The need for 
drinking water depends upon the moisture content of the 
diet, temperature and the availability of shade (Figure 3). 
The effects of kangaroos upon the availability of water for 
livestock are significant in drier regions. The consumption 
of water by kangaroos is likely to be of greatest significance 
to a pastoral enterprise when water is being pumped or 
carted during dry periods. 

Mobility 
Their mobility is an important aspect of the kangaroos' 

adaptation to their environment and also has a bearing on 
their pastoral impact. Home ranges expand at times of low 

FIg 1 Red kangaroos in Stuart National ParK, ivw, on a coooie sire, 
annual rainfall is near 13 cm. 
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Kangaroo 
species 

Averag 
male 

e Weight 
female 

Home 

range 
Average 
density 

Mob 
size 

(kg) (kg) (km2) (#1km2) (#) 

Red 66 27 8 4-10 2-5 

Eastem Grey 66 32 <5 3-5 5-9 

Western Grey 54 28 7 3-5 2-5 

Euro 47 25 .25 3 2-4 

rainfall or deteriorating pasture conditions. Most individual 
kangaroos tend to remain within relatively restricted home 
ranges (Priddel 1987, Table 1), with males having larger 
home ranges than females. Kangaroos freely cross pad- 
dock and property boundaries and may travel 25-30 km to 
areas that have experienced isolated storms. Some later 
return to their former home ranges. However, kangaroos do 
occasionally travel long distances, some individuals being 
sighted more than 200 kilometers from their original point of 
capture. 

Population Dynamics 
In many areas, kangaroo numbers have increased since 

pastoral settlement, because of the increased availability of 
reliable water supplies, and the greater availability of green 
feed as livestock have grazed and trampled coarse grass- 
es. Elimination of dingos (an important predator) in some 
areas may also have been important in allowing population 

expansion. 
Kangaroo numbers fluctuate widely in response to sea- 

sonal conditions. Populations increase in times of average 
or above average rainfall and high pasture biomass but 
may be static during dry periods. During severe droughts, 
populations often decline dramatically. The total national 
population was estimated at 19 million in 1981 (Caughley et 
al. 1983), but decreased to 13.3 million due to widespread 
drought in 1984 (Grigg et al. 1985). Populations since then 
have generally increased because of better environmental 
conditions. Many of the kangaroos that die during drought 
are either pouch-young or old, but sub-adults may also suf- 
fer high mortality. During drought, animals are more com- 
mon in or near open country and areas of heavy soil where 
green forage is more likely to be found. They shelter in the 
surrounding woodlands during the day but move into the 
open country at night to feed. In more favorable seasons, 
they may move to areas of lighter soil whose pastures 
respond more quickly to rain. Areas that have a mosaic of 
different land types are ideal habitat for kangaroos because 
they provide a range of resources under different seasonal 
conditions (Priddel 1987). Because of different resource 
availability the density of kangaroos varies greatly 
(Table 1). Average densities in western New South Wales 
were 4.2 reds and 3.2 greys/km2 in 1975 (Caughley et al. 

Table 2. Preferred habitat and dietary foods of 4 large kangaroo 
species In Australia 

Preferred Plants 

Grasses: 75% 
(Eragrostis, Anstida, 
Enneapogon, 
Themeda) 
Forbs: 25% 
Shrubs: drought 
(chenopods) 

Grasses> 75%, short 
soft grasses 
(Poa, Era grostis) 
drought: coarse 
grasses (Triodia, 
Themeda, Aristida) 
Forbs: very little 

Coastal Plain: sedges 
and grasses - 90% 
Dry inland: grasses - 

important some forbs 
woody plants impor- 
tant in drought 

Dry season: grass - 
90% (Triodia), 
Wet season: grass> 
80% (Aristida, 
Cenchrus) 
Forbs < 20% 

Table 1. Weight, densities in favorable habitat, size of home 
range and size of mob for the 4 largest kangaroo species in 
Australia. 

Kangaroo 
species 

Red 
(Macropus rufus) 

Eastem Grey 
(Macropus giganteus) 

Western Grey 
(Macropus fuliginosus) 

Euro 
(Macropus robustus) 

Preferred 
habitat 

Open shrubland, 
grassland 

Open woodland- 
forest 

Open woodland- 
forest 

Rock hills and 
outcrops: wood- 
lands and cheno- 
pod shrublands 

Fig 2. Grey kangaroos feeding in early morning in Warrunbungles 
National Park, NSW 
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1977). Densities in Western Australia were much lower 
where conditions were drier and water more scarce than 
those found in the eastern states (Short et al. 1983). 
Bayliss (1987) reported densities of 15 kangaroos/km2 in 

Kinchega National Park in New South Wales in 1973, while 
on an adjoining sheep property, there were 3 
kangaroos/km2. 

Interactions Between Kangaroos and Livestock 
At times, kangaroos and livestock compete for food and 

water resources. Competition is most likely during droughts 
when pasture biomasses are below 300-500 kg/ha (Short 
1985). Marsupials have metabolic rates about 30% lower 
than those of eutherians and the maintenance energy 
requirement of kangaroos is 70-80% that of sheep (Denny 
1982). The relationship between forage availability and 
food intake is similar for sheep and red kangaroos (Short 
1985). Both species are capable of reducing pastures to 
less than 20 kg/ha. In terms of the amounts of forage con- 
sumed, one sheep is equivalent to between 1.4 and 1.6 

kangaroos (Wilson and Harrington 1984). 
Sheep and kangaroos generally disassociate from one 

another. Kangaroos will move to sheep-free exclosures or 
to parts of paddocks that sheep do not frequent. It is com- 
mon to observe more kangaroos in areas such as national 
parks than areas grazed by livestock (Bayliss 1987). This 
might be due to the culling of kangaroos outside national 
parks or to the removal of livestock from the parks. 

Kangaroo Effect on Pastoral Industries 
By preferring grasses, kangaroos have major effects on a 

component of the pastures that is pivotal in the overall 
dynamics of the vegetation and the other ecosystem com- 
ponents. Grasses are important not only as sources of for- 

age for livestock but also for their role in reducing soil ero- 
sion and for improving water infiltration. Moreover, in range- 

land situations, grasses are crucial because they reduce 
the chances of establishment of unpalatable shrubs. They 
are also the main source of fuel for fire that is an important 
means of controlling established shrubs. Grasses provide a 
habitat for invertebrates, reptiles and small mammals. 
Thus, by selectively grazing grasses, kangaroos have the 
potential to influence animal production, land condition and 
conservation values. 

Control and Management 
Kangaroos, like all Australian wildlife are the property of 

the state in which they are found. Conservation and man- 
agement of kangaroos is controlled primarily by State legis- 
lation. However, import and export of wildlife or wildlife 
products comes under Federal jurisdiction. 

Each state must prepare a management program for its 

kangaroo population if it wishes to export kangaroo prod- 
ucts and the program must conform to the Australian 
National Parks and Wildlife Service Management plan for 
kangaroos. Before any culling is allowed, state programs 
must assess kangaroo populations and population trends, 
set quotas for the maximum numbers of kangaroos of each 
species that may be culled and used commercially, and 
impose regulations governing the culling of kangaroos. 
Annual quotas for each species are based principally on 
population size and trend. Other factors taken into account 
include seasonal conditions, size of previous harvests, 
habitat factors, and social concerns. 

In the late 1970's and in the 1980's quotas for New South 
Wales were between 7-15% of the corresponding estimate 
of the total population (NSW National Parks and Wildlife 
Service 1988) and in Western Australia quotas varied from 
15-25% of the estimated population between 1971 and 
1990 (McLaughlin 1992). Actual harvests usually fall well 
below the quotas that are set, for example, in New South 
Wales between 1975 and 1987, the actual commercial cull 
averaged 68% of the commercial quota and in Western 
Australia it was 70-80% during the same period. 
Commercial harvesting may reduce the rate of growth of a 
low kangaroo population, but it is unlikely to have a major 
effect when populations are large or increasing rapidly. 
Markets are unlikely to be able to respond in an appropriate 
time frame, or to an adequate degree, to environmentally 
induced fluctuations in kangaroo populations. 

There may be times when it is critical from a pasture 
management point of view to reduce total grazing pressure. 
A pastoralist may obtain a permit for non-commercial 
culling, but managerial and social factors limit the effort that 
a pastoralist can personally put into culling kangaroos. 
Generally, non-commercial culling targets particular situa- 
tions at the local level.Grigg (1987) proposed that by 
increasing the prices of kangaroo products and developing 
an industry based on the sustainable harvesting of kanga- 
roos, pastoralists could have a source of income that would 
give them flexibility to alter sheep numbers. 

Other alternatives the pastoralists have are to restrict 
kangaroos' access to particular areas. It is possible to build 

Fig. 3 Grey kangaroo resting in shade of white pine in a grazed pad- 
dock in late summer. They often dig shallow forms in the shade to 
lay in during the heat of day. 
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kangaroo proof-fences. Conventional (non-electric) fences 
can be made impermeable to kangaroos, but the cost is 
prohibitive for individual landholders. Another idea currently 
being developed that reduces kangaroo use of pasture is 
using electrified wires around water troughs that exclude 
kangaroos from drinking but allow access by sheep 
(Figure 4). 

Dawson, T. J. 1989. Diets of macropodoid marsupials: general pat- 
terns and environmental influences. In: G. Grigg, P. Jarman and I. 
Hume (eds), "Kangaroos, Wallabies and Rat-kangaroos". Surrey 
Beatty and Sons Pty Ltd., N.S.W., Australia. 

Dawson, T. J., M. J. S. Denny, E. M. Russell and B. Ellis. 1975. 
Water usage and diet preferences of free ranging kangaroos, sheep 
and feral goats in the Australian arid zone during summer. J. Zool. 
177:1-23. 

Denny, M. J. S. 1982. Adaptations of the red kangaroo and euro 
(Macropodidae) to aridity. In: W. R. Barker and P. J. M. Greenslade 
(eds), "Evolution of the Flora and Fauna of Arid Australia". Peacock 
Publications, Frewville, South Australia. 

Edwards, G. p. 1989. The interaction between macropodids and 
sheep: a review. In: G. Grigg, P. Jarman and I. Hume (eds), 
"Kangaroos, Wallabies and Rat-kangaroos". Surrey Beatty and Sons 
Pty Ltd., N.S.W. Australia. 

Grlgg, G. 1987. Kangaroos - a better economic base for our marginal 
grazing lands. Aust. Zool. 24:73-80. 

Grlgg, G. C., L. A. Beard, G. Caughley, D. Grlce, J. A. Caughley, N. 
Sheppard, M. Fletcher and C. Southwell. 1985. The Australian 
kangaroo populations, 1984. Search 16:277-279. 

McLaughlin, A. 1992. Red kangaroos can set back range regenera- 
tion. W. Australia J. Agr. 33:62-65. 

NSW National Parks and WildlIfe Service. 1988. Kangaroo 
Management in New South Wales. N.S.W. National Parks and 
Wildlife Service. 

Priddel, 0. 1987. The mobility and habitat utilization of kangaroos. In: 
G. Caughley, N. Shepherd and J. Short (eds), "Kangaroos: Their 
Ecology and Management in the Sheep Rangelands of Australia". 
Cambridge University Press. 

Short, J. 1985. The functional response of kangaroos, sheep and rab- 
bits in an arid grazing system. J. AppI. Ecol. 22:435-447. 

Short, J., G. Caughley, D. Grice and B. Brown. 1983. The distribu- 
tion and abundance of kangaroos in relation to environment in 
Western Australia. Aust. WildI. Res. 10:435-451. 

Wilson, A. D. and G. N. Harrington. 1984. Grazing ecology and ani- 
mal production. In: G. N. Harrington, A. 0. Wilson and M. D. Young 
(eds), "Management of Australia's Rangelands". CSIRO, Melbourne. 

Conclusion 

The large kangaroos are significant herbivores in 
Australian rangelands and in many areas are more com- 
mon than they were prior to European settlement. Because 
of their abundance, diets and mobility they often compete 
with livestock for the limited forage available. In seasons 
and areas where they occur at high densities, they do inter- 
fere with pasture management and land rehabilitation. 
Control of kangaroo populations, either by commercial or 
non-commercial culling or appropriate fencing of paddocks 
and watering points, should be timed and located to target 
specific range management needs. Critical times for such 
actions must be identified. There is need to explore and fur- 
ther develop alternative kangaroo management practices 
and to link them with management of the soil-plant 
resources. 
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FIg. 4 Electrified wires beside water trough will keep kangaroos from 
drinking (98% effective) because their large feet and tall will touch the 
wires, while sheep can step between the wires when getting a drink. 
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Although brush control has long been one of the quickest 
ways to increase forage for livestock, ranchers are showing 
increased concern over its financial effectiveness. The 
question of whether brush control is financially sound or 
unsound depends on a number of criteria. These include 
potential for natural recovery, rate of return from different 
brush control options, government subsidies, rate of return 
from alternative investments, risk of failure, short and long 
term vegetation effects, present livestock prices and ranch- 
ing costs, and projected livestock prices and ranching 
costs. We will examine these considerations in determining 
the financial effectiveness of brush control, and develop 
guidelines that should help range managers in brush con- 
trol decisions.The effect of government subsidies on brush 
control decisions are also explored. 

Criteria for Financial Success 

Often when brush control projects have been evaluated 
financially, criteria for success have been vague or unde- 
fined with no adjustment for biological risk. We consider a 
minimum of a 13% return on investment necessary to justi- 
fy brush control financially. This gives recovery of invest- 
ment in 10 years plus a 3 percent premium for illiquidity. 
These criteria are based on the expected return from the 
stock market over the past 45 years which has averaged 10 

percent. These stocks are liquid investments that can be 
converted into cash by a phone call. In contrast brush con- 
trol benefits can only be recovered indirectly through sale of 
livestock or wildlife and require a higher return to compen- 
sate for illiquidity. We have added a 3 percent illiquid premi- 
um although some ranchers might want an even higher 
premium if there is a good chance they might need the 
cash for some other purpose within 10 years. 

Next is an adjustment to the minimum required rate of 
return (13%) for the biological risk associated with the par- 
ticular practice. The literature indicates that generally herbi- 
cides involve more risk than burning or mechanical control. 
However, arid ranges often lack sufficient understory for 
burning and mechanical control is quite costly. Presently, 
(1994) burning cost will be $1 -5/acre, herbicide costs $12- 
20/acre and mechanical control costs $25-50/acre. 

On southwestern ranges the chances for success in con- 

trolling mesquite are no more than 65% with present herbi- 
cides. Success might be defined as killing half the mesquite 
and increasing forage production by 300 lbs/acre for 10 

years. To adjust the risk the required rate of return (13%) is 
divided by 0.65. This means the required liquidity/risk 
adjusted rate of return necessary to justify the investment is 

20%. 
Generally big sagebrush is easier to kill than mesquite. 

Success probabilities of 90% with herbicidal control would 
be reasonable based on the literature. Therefore, a 

required risk/liquidity adjusted rate of return of 15% might 
be reasonable. 

We have made no attempt to adjust for inflation because 
no one is certain what the future might bring. Based on his- 

tory since the 1970's, inflationary conditions have 
enhanced returns from range improvements while returns 
have been diminished under deflationary conditions. 
Livestock prices have generally been elevated relative to 
production costs when inflationary spirals occurred. The 
reverse has been the case under deflationary conditions. 

In Table 1 we have provided some guidelines on per acre 
returns from different range types when land condition and 
management are good. As a rule it is financially unsound 
for a rancher to spend more than 10 times these returns on 

any range improvement practice. 

How Much Increase in Forage Production? 

Generally ranchers are most interested in how much they 
can increase grazing capacity if they control brush. Related 
to this issue are how long will the forage increases last and 
how dependable is the increase among years. Increased 
forage in drought years is more beneficial than increased 
forage in average or above average years. Under the finan- 
cial criteria we have developed most brush control projects 
require a longevity of 15-20 years to be justifiable. The first 
10 years are required to recover the investment. 

Usually the consistency of forage increase among years 
is as important as the total increase in forage through time. 
If the increase is erratic among years, most ranchers will 
have a hard time stocking their range to use the extra for- 
age when it does occur. 

During the first 5-6 years big sagebrush control has con- 

sistently doubled or tripled forage yields compared to areas 
without control (Bartolome and Heady 1988, McDaniel et al. 
1992). Forage increases of around 300-600 lbs/acre per 
year can be expected for the first 5 years. After 10 years 
the effect of big sagebrush control on forage yields dimin- 
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Table 1. Forag. production (lbs/acre) and financial returns (s/acre) from different range types in the United States under good range 
condition and good management. 

Range Type 

Southern pine forest 
Taligrass prairie 
Coastal prairie 
Coastal prairie 
Southern mixed prairie 
Southern mixed prairie 
High piains-shinnery 
Oak-savannah 
Oak-savannah 
Shortgrass prairie 
Shortgrass prairie 
Shortgrass prairie 
Desert prairie 
Northern mixed prairie 
California annual grassland 
Palouse prairie 
Palouse prairie 
Chihuahuan desert 
Sonoran desert 
Salt desert 
Salt desert 
Mojave desert 
Big Sagebrush 
Big Sagebrush 
Big Sagebrush 
Pinyon juniper 
Coniferous forest 
Coniferous forest 

Type of 
Operation 

cattle-cow 
cattle-cow 
cattle-cow 
wildlife/cattle 
cattle-cow 
cattle-wildlife 
cattle-cow 
sheep/goats 
wildlife/cattle 
cattle-cow 

cattle-yearling 
sheep 
cattle-sheep 
cattle-cow 
cattle-cow 
cattle-cow 
wildlife-cattle 
cattle-cow 
cattle-cow 
sheep 
cattle-cow 
cattle-cow 
cattle-cow 
cattle-cow 
cattle-cow 
cattle-cow 
cattle-cow 
cattle-cow 

State 

Louisiana 
Kansas 
Texas 
Texas 
Texas 
Texas 
New Mexico 
Texas 
Texas 
New Mexico 
New Mexico 
Wyoming 
New Mexico 
Montana 
California 

Oregon 
Oregon 
New Mexico 
Arizona 
Utah 
Nevada 
California 
New Mexico 
Wyoming 
Nevada 
New Mexico 
Eastern Oregon 
New Mexico 

Forage Production 
lbs/acre 

2500-4000 
2500-3500 
2500-3500 
2500-3500 
2000-3000 
2000-3000 
800-1700 

2000-3000 
2000-3000 

800-1400 
800-1400 
600-1000 
500-900 
900-1600 
300-1500 
500-800 
500-800 
300-700 
100-400 
150-350 
150-350 
50-200 

250-500 
300-800 
150-400 
100-500 
400-800 
400-1000 

Financial Returns 
s/acre 

8-14 
9-12 
9-12 

25 (15 wildlife + 10 cattle) 
6-8 

17(10 wildlife + 7 cattle) 
3.00-4.00 

8-14 
28 (20 wildlife + 8 cattle) 

4.50-5.50 
4.00-10.00 
3.80-4.50 
2.50-3.50 
2.50-3.00 
1.00-3.00 
1.25-2.50 

4 (2.50 wildlife + 1.50 cattle) 
0.60-1.00 
0.30-0.60 
0.30-0.70 
0.15-0.40 
0.10-0.30 
0.50-0.80 
1.00-2.00 
0.50-1.50 
0.25-1.00 
2.00-3.00 
2.40-3.00 

ished on most southeastern Oregon sites (Bartolome and 
Heady 1988). 

In contrast mesquite control has resulted in more erratic 
initial increases forage yields occurring primarily in wet 
years (Dahl et al. 1977, Martin and Cable 1974). A south- 
ern New Mexico study on long term impact of mesquite 
control on forage yield indicated areas with 65% kill of 
mesquite yielded no more than non-control areas 20 to 30 
years after treatment (Warren 1993). On an experimental 
area in Arizona a site with 100% kill of mesquite yielded 
about 40% more forage than an equivalent site without 
control 10 years after treatment (Gait et al. 1982). It is 
important to recognize that for ranchers 100% control of 
mesquite would be impractical because repeated treat- 
ments are necessary, making the costs excessive. 

In the shinnery oak ranges of Texas and New Mexico, a 
600-800 lb/acre/year increase in perennial grass yield 
occurred the first few years after herbicidal control on the 
more mesic/sandier sites (Pettit 1979). However on some 
of the drier sites there has been little increase to no 
increase in perennial grasses. Here brush control can be a 
disadvantage since shinnery oak helps to stabilize the site 
and receives some browsing use by livestock. Because the 
cost of shinnery oak control with herbicides is high ($16- 
18/acre), a rancher has to ask the question "Are the 
rewards when everything goes right worth the risk of invest- 
ment loss if things go wrong?". 

Does the Reward Justify the Risk? 

We favor approaching the risk/reward question using the 
best case scenario. Basically what is needed for a best 
case scenario is reasonable information on ranching costs, 
livestock prices, brush treatment costs, and the amount of 
possible forage increase. 

As an example we have selected big sagebrush control in 
northwestern New Mexico since 6 years of brush control 
data using tebuthiuron across 9 sites are available 
(McDaniel et al. 1992). Detailed ranch budgets for north- 
western New Mexico area are provided by Toreil and Word 
(1991). In this area burning is seldom possible due to lack 
of understory, and excessive cost ($30/acre) rules out 
plowing. In northwestern New Mexico the herbicide 2, 4-0 
has not worked well on big sagebrush in contrast to 
Oregon, Idaho, Wyoming, and Utah. 

On big sagebrush ranges of northwestern New Mexico an 
average annual increase in forage of 420 lbs/acre for at 
least six years with tebuthiuron herbicide treatment is a rea- 
sonable expectation. At 1993 prices the herbicide and 
added cattle costs would be $16/acre and $14.60/acre, 
respectively, for a $30.60/acre total. if the rancher treated 
3,000 acres of private land, his total costs would be 
$91,800. However if the Soil Conservation Service covered 
65% if the herbicide treatment cost under their cost-sharing 
program the combined expenses would be reduced to 
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Table 2. ProductIon and efficiency characteristics for medium- 
sized 250 animal unit cattle ranch in northwestern New Mexico 
without big sagebrush control on 3000 acres of private land. 

WI 
Characteristic 

thout Sagebrush 
Control 

With Sagebrush 
Control 

— 

Ranch size (acre) 28614 28,614 
Number AUY 250 310 
Number of mature cows 186 230 

Replacement rate % 14 14 
Bull to cow ratio 1:15 1:15 
Calf crop % 80 80 
Calf death loss % 2.5 2.5 
Steer calf weight (lb) 450 450 

Average forage production, 
lbs/acre/year 155 (Entire ranch) 575 (Treated area) 

%use of forage 50 (Entire ranch) 35 (Treated area) 

$20.20 per acre for a total of $60,600. Using the financial 
information in Tables 2 and 3 a rancher could expect an 
extra annual return on investment of $11,936 or $3.98/acre. 
Without cost-sharing 7.69 years would be required to 
recover the investment and with cost-sharing 5.08 years 
would be required. The rates of returns on investment are 

13% without and 20% with cost-sharing. Here we have 
stocked the brush control area for 35% use of forage (50% 
use overall ranch) and we have assumed that no correction 
for distance from water, slope or deferment period is neces- 
sary. 

If the rancher borrowed the money necessary for this 
investment at 10% interest for 10 years, his annual pay- 
ments would be $14,557 without SCS cost-sharing and 
$9,530 with cost-sharing. The annual negative cash flow of 
$2,621 associated without cost-sharing would nullify the 
investment for the rancher who had to borrow the money. 

The question might also be asked "What if the rancher 
controlled brush to improve land condition and livestock 
performance rather than increase grazing capacity?" In this 
situation we'll assume the rancher controlled big sagebrush 
on the same area in the above example but did not 
increase his cattle numbers. This should allow him to lower 
the level of forage use on the ranch from 50% to 38%. An 
increase in calf crops of 5% and in calf weaning weights of 
25 lbs might be a reasonable expectation. What would be 
the reward versus risk from this investment? 

In this situation the only cost would be the $16/acre 
($48,000 total) for herbicide treatments. Fixed and variable 

Table 3. Budget costs and returns for a 250 animal unit cattle without and with big sagebrush on 3,000 acres of private land. 

Cost type 
A. Variable Costs 

1. Grazing fees 
State Lease 
BLM/Forest Service fees 

2. Supplemental feed 
3. Livestock Expenses 

Purchased bulls 
Fuel & repairs 
Vetennary & medicine 
Property taxes (livestock) 
Maintenance 
Other 

0.60 
3.00 

2,431 
2,883 

10,672 

2,700 
5,410 
1546 
1,212 
3,276 

500 
SAQQ 

36,030 

1,440 
800 

1,200 
5,200 

14,535 
1,182 

24,357 
60,387 
12,809 

2,431 
2,883 

13,233 

3,348 
5,410 
1,917 
1,502 
3,276 

620 

41,316 

1,440 
800 

1,200 
5,200 

14,535 
1,182 

24,357 
65,673 
24,745 

Gross Returns 
Total$ Total$ Without brush control with brush control 

Number Number $.CWT Lbs sale wt. without brush control with brush control 

Yearlings 23 28 82.00 550 10,373 12,628 
Calves 121 150 96.00 425 49,368 61,200 
Cull bulls 3 4 60.00 1,475 2,655 3,540 
Cull cows 24 29 50.00 900 10.800 

73,196 
13.050 
90,418 

$/Unit #/Unit 

4,070 (acres) 
1,896 (AU M's) 

Total Production Costs 
without brush control with brush control 

4. Hired labor 
Total Variable Costs 

B . Fixed Costs 
Electricity 
Telephone 
Butane & heating 
Insurance 
Depreciation 
Property Taxes 
Total Fixed Costs 
Total Cash Costs 

C. Net Ranch Income(S) 
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cost would essentially stay constant for the ranch defined in 
Table 2 and 3. Annual added income from the improved 
cattle performance would be $7,400. A total of 6.5 years 
would be required to recover the investment without cost- 
sharing and 2.3 years would be required with cost-sharing. 
The rates of return on investment without and with cost- 
sharing would be 15% and 44%, respectively. If the rancher 
borrowed the money for brush treatment at 10% for 10 
years, his annual payments would by $7,549 without cost- 
sharing and $2,220 with cost-sharing. In this case the 
investment would be sound with and without cost-sharing if 
financed by the rancher. Clearly the investment would be 
unsound without cost-sharing if bank financed since net 
cash flow would be a negative $159. 

Brush control to increase livestock performance and land 
condition is a low risk/low reward proposition compared to 
increasing grazing capacity. However, it may have greater 
benefits in the 10-30 year period based on several studies 
that show long term increases in grazing capacity from con- 
servative stocking (see reviews by Holechek et al. 1989 
and Vallentine 1990). In contrast brush control with full use 
of forage appears to be decaying asset after 5-10 years, 
but this needs better study. 

The previous example demonstrates how government 
cost-sharing can greatly alter the financial effectiveness of 
a range management practice. It is our analysis that under 
present economic conditions brush control with herbicides 
in desert and semi-arid areas to increase grazing capacity 
is usually unprofitable without government cost-sharing. 

Implications 

Brush control to increase grazing capacity on western 
rangelands under the most favorable conditions is often 
financially unsound. It is economically and ecologically 
more justifiable if the goal is to improve land condition and 
livestock performance. Government subsidies make it eco- 
nomically more rational to graze at levels that are not sus- 
tainable. This increases the supply of livestock by masking 
true production cost, and to some extent has adversely 
impacted livestock prices for non-subsidized livestock oper- 
ations. This problem is exacerbated by the government 
emergency feed subsidy administered by the USDA 
Agricultural Stabilization and Conservation Service that 
compensates ranchers monetarily for the extra feed they 
need in drought years. Ranchers who practice sustainable 
grazing and do not use these programs are negatively 
impacted by lower prices they create through expanded 
supply. 

Discontinuation of federal government brush control and 
emergency feed subsidies would force ranchers who use 
unsustainable grazing practices to reap the consequences 
of their actions. Higher livestock prices from reduced supply 
could make privately funded brush control more cost-effec- 
tive. 
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TEBUTHIURON TO ENHANCE RANGELAND 

DIVERSITY 
Rich Olson, John Hansen, Tom Whitson, and Kris Johnson 

Big sagebrush is the dominant shrub on more than 100 
million acres of North American rangeland where livestock 
grazing is the primary commercial use (Vale 1974). Large 
expanses of dense, monotypic stands of big sagebrush 
have limited value for livestock grazing and wildlife habitat 

(Figure 1). However, when sagebrush is combined with a 
balanced mixture of grasses and forbs, this major range- 
land habitat can provide optimum forage and cover for live- 
stock grazing and diversified wildlife production. Resource 
managers across the West have consistently advocated big 
sagebrush management efforts to achieve a diverse mix- 
ture of forbs, grasses, and shrubs beneficial to livestock, 
wildlife, and other rangeland uses. The Bureau of Land 
Management in Farmington, New Mexico, and the 
University of Wyoming in Laramie, are actively investigating 
the use of tebuthiuron as a rangeland management tool to 
enhance forage production for livestock grazing, improve 
vegetative diversity to increase wildlife habitat quality, and 
promote better grazing distribution to improve range condi- 
tion. When applied at reduced application rates, this soil- 
active herbicide results in selective thinning of big sage- 
brush by inhibiting photosynthetic activity (Whitson and 
Alley 1984). Perennial grasses and forbs produce 2-4 times 
as much forage following sagebrush thinning by utilizing the 
additional moisture available from thinned big sagebrush 
stands (Figure 2). 

Historical Background 

Historical evidence suggests that prior to European set- 
tlement, big sagebrush was an important component of 
western rangelands (Vale 1974). Intensive grazing during 
the late 1800's and early 1900's, along with recent wildfire 
control efforts, has allowed big sagebrush to become the 
dominant plant species on western rangelands (Miller 1991, 
Pieper 1991). 

In New Mexico, vegetation within grazing exciosures on 
public lands administered by the BLM has shown no 
improvement in herbaceous production or ecological condi- 
tion over the past 20 years. The dominance of big sage- 
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brush continues within exciosures despite the absence of 
livestock grazing. Reduced grazing under a deferred rota- 
tion grazing system outside exclosures has likewise little 
effect on improving herbaceous production or ecological 
condition. A similar scenario exists for Wyoming's 52 million 
acres of sagebrush rangeland. 

Big sagebrush has little forage value to cattle and com- 
petes with desirable herbaceous plant species. For this rea- 
son, sagebrush control projects traditionally included pre- 
scribed burning, mechanical methods, and chemical (2,4- 
D) treatments aimed at total control. Conversions of big 
sagebrush communities to grass/forb monocultures 
increases forage for livestock grazing, but also reduces 
wildlife populations and biodiversity (Schroeder and 
Sturges 1975; Swenson et. al. 1987; Zou et. al. 1989). 
Heavy use of the herbicide 2,4-D can eliminate many forb 

plant species as well as big sagebrush, which also 

degrades wildlife habitat quality. 
Early efforts by the BLM Farmington District to improve 

herbaceous forage production on big sagebrush dominated 
rangeland included chaining, railing, rotary brush cutting, 
cabling, and plowing/reseeding treatments. Inadequate 
amounts of fine fuels and numerous archaeological sites 
precluded the use of prescribed burning. High costs of 2,4- 
D applications discouraged the use of herbicides. With few 
exceptions, the areas treated during the 1950's, 60's and 

Fig. 1. Typical unthinned Wyoming big sagebrush community of the 
North Kaime unit, New Mexico. 
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70's using mechanical methods have all reverted back to a 
big sagebrush-dominated plant community. 

Current Work 

Study Areas and Methods 
New Mexico: In 1982, tebuthiuron was applied at the rate 

of 0.5 lb. active ingredient per acre (ailacre) to 243 acres of 
public land within the Rosa Community Allotment (Rosa #1) 
near Gobernador, New Mexico. The treatment area was a 
loamy range site dominated by Wyoming big sagebrush. 
Average annual precipitation is 12-15 inches. Following 
treatment, all grazing use was deferred for two growing 
seasons (April 1-September 30) and then grazed as part of 
a deferred rotation grazing system. 

A subsequent tebuthiuron treatment of 0.5 lb. ai/acre was 
applied to an additional 629 acres within the Rosa 
Community Allotment (Rosa #2) in 1990. In addition to 
these two plots, tebuthiuron was applied at the rate of 0.5 
lb. al/acre to 1,230 acres on a different allotment, the North 
Kaime unit, in 1986. 

In August of 1993, data was collected on vegetative pro- 
duction and cover from the three different aged tebuthiuron 
treatments and two untreated areas adjacent to the treat- 
ment plots. Vegetative production data was evaluated by 
using the weight estimate (Pechanec and Pickford 1937) 
and double sampling method (WiIm et. al. 1944), utilizing 
9.6 sq. ft. sample hoops. Vegetative cover was determined 
by running a 100 point pace point transect adjacent to the 
production transects. 

Wyoming: In 1978, tebuthiuron was applied at 0.94, 0.67, 
and 0.31 lbs. al/acre to single, 10 acre plots in homogeneous 
big sagebrush stands in northcentral Wyoming near Ten 
Steep. In 1992, before sampling, a control plot was estab- 
lished near the treatment plots. Soils on the treatment area 
were predominately sand and silt with a 2.3% organic matter 

content. Average annual precipitation is 12-15 inches. 
Four vegetation sampling transects 230 ft. long were ran- 

domly located in each plot. Ten 2.8 sq. ft. quadrats were 
sampled at even intervals along the length of each transect 
to assess plant density and cover. Weight estimate and 
double sampling methods were used to determine biomass 
production for each species. Importance values (Curtis and 
McIntosh 1951) were calculated from this data for each 
species to identify dominants within the plant community. 

In addition to plant community data, small mammal popu- 
lations were sampled on each treatment plot for abundance 
and diversity using mark-and-recapture trapping tech- 
niques. A 10- by 10-station grid, 11 yds. between stations, 
with 1 aluminum livetrap per station, was established in 
each plot. Trapping was conducted for 5 consecutive 24- 
hour periods in July 1992. Captured individuals received 
unique toe-marking codes, using fingernail polish, for posi- 
tive identification. Mark-and-recapture data were analyzed 
using the Schnabel estimator (Krebs 1989) to assess abun- 
dance of small nongame mammals. 

Importance values for plant species and Schnabel esti- 
mates of abundance for small nongame mammal species 
were used to calculate a Shannon-Wiener diversity index 
for those communities in each plot. 

Vegetative Composition 
In New Mexico, a comparison of the tebuthiuron treated 

plots to the control plots for both the Rosa and North Kaime 
areas revealed a substantial increase in the percent of all 
grass species on treated plots (Figure 3). At an application 
rate of 0.5 lb. ai/acre, the percent of shrub species (primari- 
ly big sagebrush) was reduced significantly white the per- 
cent of forbs increased only slightly. Tebuthiuron-treated 

New Mexico 

Application rate (lb ni/acre) 

Wyoming 

Fig. 3. Percent composition of grasses, forbs, and shrubs on New 
Mexico and Wyoming sites treated with tebuthiuron at different 
application rates. 

FIg. 2. Thinned Wyoming big sagebrush community of the North 
Kaime unit, New Mexico, following tebuthiuron application of 0.5 lb. 
al/acre in 1986. 

I. 
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plots in New Mexico changed from a plant community dom- 
inated by big sagebrush to one dominated by grasses. 
There was little effect on the forbs. 

In Wyoming, a similar change in vegetative composition 
occurred when tebuthiurori-treated plots were compared to 
the untreated plot (Figure 3). Percent shrub composition 
was greatest on the control plot and reflected progressively 
decreased percent composition with increasing rates of 
tebuthiuron application. Likewise, percent grass composi- 
tion was lowest on the control plot and increased with heav- 
ier tebuthiuron application rates. Forbs displayed small 
declines in percent composition with increased tebuthiuron 
rates. 

When evaluating dominant plant species only, as identi- 
fied from importance values, big sagebrush comprised 35% 
of the composition on the untreated plot, and correspond- 
ingly decreased to 5% composition on the plot of heaviest 
tebuthiuron application (Table 1). Likewise, among domi- 
nant grasses, western wheatgrass increased significantly in 

percent vegetative composition with increasing application 
rates of tebuthiuron. The lowest percent composition of 
western wheatgrass occurred on the untreated plot. Other 
dominant grass species showed little response to different 
tebuthiuron rates. The overall number of species present 
was lowest in the untreated plot. 

Table 1. Percent composition of dominant plant species on 
Tensleep, Wyoming sites treated with various levels of tebuthi- 
uron (lb. al/acre) in 1978. 

Composition Of Dominant Plants 
Site #1 Site #2 Site #3 

Species (0.94) (0.67) (0.31) Control 

Western wheatgrass 

Sandberg bluegrass 

Prairie junegrass 

Woolly loco 

Big sagebrush 

Number Species Present 

(%) 

duction among the treated areas regardless of differences 
in treatment years. This would imply that tebuthiuron pro- 
motes long-lasting effects in maintaining production. 

On Wyoming sites, production of all grasses combined 
also increased significantly as big sagebrush was thinned 
with tebuthiuron (Figure 4). Grass production increased 
progressively with heavier tebuthiuron application rates 
while forbs and shrubs decreased. - 
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In both New Mexico and Wyoming, tebuthiuron is an 
effective management tool to reduce big sagebrush domi- 
nance and enhance grasses, with little effect on forbs. 

Biomass Production 
Vegetative production on New Mexico sites was signifi- 

cantly greater among grass species on tebuthiuron-treated 
areas compared to the control areas (Figure 4). There was 
some increase in forb production following treatment, 
although the production increases were not as great com- 
pared to grasses. 

An interesting observation is the uniformity of grass pro- 

Application 
Rate Western Prairie Sandberg 

Sample Sites (lb ailac) Wheatgrass Junegrass Bluegrass 

(lbs/ac) 

Tensleep#1 0.94 730 41 48 

Tensleep #2 0.67 656 89 28 

Tensleep #3 0.31 409 71 102 

Tensleep Control 272 83 16 

I I I 
0 - — I _________ 

No.. 12 Ix 10) N Nno. Ix 50) T.d.mI2 NI') T....l Co.*0 
Ra..Il 010? Ro..Cns N K,.Cas T..-s..pI1 004) T.d..904 0)31) 

New Mexico Wyoming 

'Applicatron rate (lb. al/acre) 

_______________________________________ Fig. 4. Biomass production (lbs./acre) on New Mexico and Wyoming 
sites treated with tebuthiuron at different application rates. 

64 51 39 23 
An evaluation of biomass production changes among 

dominant grass species reveals that western wheatgrass 
9 7 9 6 was the primary species that consistently responded to 

increased levels of big sagebrush thinning (Table 2). The 
7 9 7 11 two other predominate grass species, prairie junegrass and 

4 sandberg bluegrass, were inconsistent in biomass produc- 2 6 
tion changes with different levels of tebuthiuron application. 

5 12 18 There is a direct relationship in both New Mexico and 

23 23 24 20 Table 2. Biomass production (ibsJacre) of major grass species 
on Tensieep, Wyoming sites following different tebuthiuron 
application rates in 1978. 

uiomass rroauction 
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Wyoming sites between the amount of grass biomass pro- 
duction and level of big sagebrush thinning. On the New 
Mexico sites, blue grama and galleta were the primary 
species accounting for the increased biomass production 
among grass species. In Wyoming, the increased biomass 
production was primarily from western wheatgrass. This 
observation indicates that tebuthiuron enhances biomass 
production of both warm and cool season grasses. 
Personnel from the BLM Farmington District estimated that 
a four-fold increase in stocking rates occurred on the 
tebuthiuron-treated areas compared to the control sites. 

Small Mammal Relationships 
Small mammals are particularly sensitive to habitat alter- 

ations (Frischknecht and Baker 1972; Zou et. al. 1989) and 
can be used as a barometer for assessing overall biodiver- 
sity of an area. For this reason, small mammal populations 
were evaluated on the Wyoming sites to determine the rela- 
tionship between vegetative diversity and small mammal 
abundance and diversity. 

Estimates of small mammal populations from mark-and- 
recapture efforts showed that the Wyoming ground squirrel 
increased in abundance as the level of big sagebrush thin- 
fling increased (Table 3). Conversely, the white-footed deer 
mouse was least abundant in the heavy treatment (0.94 
lbs. ai/acre) area. Overall, the number of small mammal 
species was lowest in the untreated plot. 

Table 3. Estimates of small mammal abundance on Tensleep, 
Wyoming sites treated with tebuthiuron at different application 
rates (lb. al/acre) In 1978. 

Site #1 Site #2 Site #3 
(0.94) (0.67) (0.31) Control 

(noiacre) 
26 25 24 12 

White-footed deer mouse 

Northern grasshopper mouse 

Total All Species 31 34 34 18 

Diversity indices, calculated for both plant communities 
and small mammal populations, reflect higher values at 
lower thinning rates of big sagebrush (Figure 5). There is a 
progressive decrease in plant and animal diversity as thin- 
ning levels increase. Plant community and small mammal 
diversity was lowest in areas treated with the heaviest 
tebuthiuron application rates. Conversely, plant and animal 
diversity was highest in the plot receiving the lowest 
tebuthiuron application rate. 

A comparison of the relationship between vegetative 
diversity and small mammal diversity illustrates a close 
association between these factors (Figure 5). As plant com- 
munity diversity increases, small mammal population diver- 
sity also increases, indicating the importance of habitat 

I 

TeIeep #1 (O.94) Terieep #2 (O.#7) 

% Sagebrush cover: 
12 31 

tShannon-Wiener index. Larger numbers signify higher diversity. 
Application rate (lb. ai/acre) 

FIg. 5. Plant community and small mammal population diversity 
on Wyoming sites treated with tebuthiuron at different applica- 
tion rates in 1978. 

quality for wildlife. 

Management Implications 

Species 

Wyoming ground squirrel 

Information from the work in New Mexico and Wyoming 
illustrates that thinning big sagebrush with tebuthiuron can 

_______ _____ increase herbaceous forage production for the benefit of 
livestock and wildlife, while also increasing plant and ani- 
mal diversity. The increase in dominance of grasses in both 
New Mexico and Wyoming sites supports the suggestions 

4 7 5 6 by Vale (1974) and Frischknecht and Baker (1972) that big 
2 5 0 sagebrush competes with cattle-preferred herbaceous for- 

age, and big sagebrush control improves desirable forage 
production. Resource managers from the BLM Farmington 
District strive to maintain an overall composition of 65% 
perennial grasses, 15% forbs, and 20% shrubs in big sage- 
brush dominated areas. This ratio is not a uniform mix on 
every acre, but rather a mosaic of various communities. 
They believe this diverse plant community composition will 
provide optimum conditions for livestock grazing, wildlife 
habitat, and protection of watershed systems. 

Resource managers generally recognize that ideal habitat 
for antelope and sage grouse consist of big sagebrush with 
associated stands of other shrubs, grasses, and forts com- 
prising a variety of cover types from dense brush to grassy 
openings. In New Mexico, Hooley (1991) reported that 
antelope heavily used tebuthiuron-treated areas, especially 
during non-winter periods, to take advantage of the avail- 
able grasses and forbs. The BLM purposely leaves large 
tracts of untreated big sagebrush for wintering use by ante- 
lope when browse demands are higher. 
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Elk populations in the BLM Farmington District have also 
increased dramatically since tebuthiuron treatments were 
implemented 11 years ago. In 1982, the first year of 
tebuthiuron treatments, 284 elk licenses were issued for the 
game management area encompassing the BLM 
Farmington District. The number of elk licenses issued in 
1993, 11 years later, was 1,1301. Since the initiation of 
tebuthiuron treatments, BLM resource managers have 
observed reduced runoff, erosion, and sedimentation from 
watersheds due to higher absorption of precipitation from 
increased vegetative cover. The percent vegetative cover 
on Rosa and North Kaime tebuthiuron-treated areas aver- 
aged 78.5% and 67%, respectively, compared to 44% and 
43%, respectively, on adjacent untreated areas (Table 4). 

the amount of wind-caused soil erosion. 

Treatment Costs 

In 1993, the BLM treated 6,550 acres of big sagebrush- 
dominated rangeland with tebuthiuron. The average cost 
per acre using a fixed wing aircraft to apply 0.4 lb. aVacre 
was $12.39. Based on an estimated 20-year expected ben- 
efit, tebuthiuron treatments cost only $0.62 per acre per 
year. Considering the limited beneficial period from past 
mechanical treatments in New Mexico, tebuthiuron applica- 
tions offer an attractive cost-benefit range improvement 
alternative. 

Summary 

Bare 
Sample Sites Grass Forbs Shrubs Rock Litter Ground Trees 

(%) 
Rosa#1 57 20 3 0 14 5 

Determining the appropriate prescribed application rate of 
tebuthiuron to achieve optimal multiple-use benefits on 
western rangelands dominated by big sagebrush has been 
an evolutionary process to this point. However, applications 
ranging from 0.3 to 0.5 lb. ai/acre are cost effective pre- 
scriptions to achieve a mixed plant community. This range 
of application appears to provide maximum benefits to her- 
bivores and a wide variety of wildlife, as well as additional 
benefits to the watershed. 

Rosa#2 66 9 2 0 14 9 0 

In addition to increasing forage production for herbivore 
grazing, enhancing wildlife habitat, and protecting against 
watershed erosion, thinned big sagebrush areas attract 
livestock away from riparian habitat. Several ranchers 
already using tebuthiuron report that livestock spend less 
time in riparian areas, preferring to graze the more palat- 
able and nutrient-rich herbaceous forage produced on 
thinned big sagebrush uplands This management tech- 
nique offers a promising tool to protect and improve valu- 
able riparian areas across the West. 

Skeletons of big sagebrush remaining after treatment with 
tebuthiuron provide perch sites for a variety of avian wildlife 
and trap blowing snow thereby further improving moisture 
availability for plant production. In some areas of heavy 
herbivore grazing, skeletons of big sagebrush offer some 
protection to herbaceous understory vegetation normally 
subjected to intensive utilization. The increase in grasses 
and forbs associated with sagebrush thinning also reduces 

'(Personal communication from ft. Gulp, Conservation Officer, New Mexico 
Game and Fish Department). 

Table 4. Percent ground cover on New Mexico sites treated with 
tebuthiuron (0.50 lb. al/acre) compared to control sites In 1993. 

Ground Cover 

Rosa Control 24 5 15 1 24 31 0 
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Badlands on the Brink! Is Wilderness 
Designation the Answer? 

LaDean Olsen 
Mandan, North Dakota 

North Dakota is the seventeenth largest state covering 
70,665 sq. miles. We are an agricultural based state grow- 
ing everything from soybeans, potatoes and sugarbeets in 
the fertile Red River Valley to wheat and barley in the cen- 
tral part of the state. Sheep and cattle are in the far west 
portion of the state. 

It's the western part of the state that is embroiled in con- 

troversy. It pits the cattle and petroleum producers against 
the preservationists. The preservationists want to take 
191,000 acres of public North Dakota range land and des- 
ignate it for wilderness protection. The pro-wilderness 
groups have written a proposal for these lands called: 
"Badlands on the Brink". 

Myself and several other North Dakotans feel this propos- 
al is not the best idea for these lands. There is the threat of 
regulations on grazing levels and recreational uses and the 
oil and gas exploration could be completely aborted. The 
western part of our state is known for its large ranches and 
oil production. Even slight limitations on a few acres would 
be detrimental to these areas and the state. 

Everyone has an idea of what our state looked like four 
hundred years ago. I see North Dakota in the past as a flat 
treeless area, winding rivers, waist high grass and buffalo 
herds. Today, North Dakota is crisscrossed by roads, grain 
and oil fields, inhabited by small towns, civilized with power 
lines and viewed from airplanes. However, there are lands 
in Western North Dakota that are virtually uninhabited by 
humans. These lands are grazed by cattle and sheep, hunt- 
ed, and explored for the earth's riches. These are the lands 
the preservationists want to designate for wilderness pro- 
tection. 

Using National parks for recreation sparked the whole 
idea of wilderness designation. In 1964 Congress passed 
the WIlderness Act. The Act establishes a preservation 
system that is shaped by federally owned lands set aside 
by Congress as wilderness. These lands will be regulated 
in a way that will leave them natural and undamaged for 
future generations. 

The first question you should be wondering is: What is a 
wilderness? The WIlderness Act interprets a wilderness to 
be: 

Undeveloped Federal land retaining its primeval char- 
acter and influence, without permanent improvements 

or human habitation, which is protected and managed 
so as to preserve its natural conditions and which 1) 
generally appears to have been affected primarily by 
the forces of nature, with the imprint of man's work sub- 
stantially unnoticeable; 2) has outstanding opportunities 
for solitude or a primitive and unconfined type of recre- 
ation; 3) has at least 5,000 acres or is of sufficient size 
as to make practical its preservation and use in an 
unimpaired condition AND 4) may also contain ecologi- 
cal, geological, or features of scientific, educational, 
scenic or historical value. 

Since the establishment of this Act, almost every state 
has implemented some sort of wilderness system on their 
Federal Forest Service land. North Dakota is one of three 
states that has not implemented a wilderness system to 
date, but there are 191,000 acres being studied for desig- 
nation. These acres are split into thirteen different units reg- 
ulated by the Forest Service in a multiple use system. 
Currently grazing and range improvements are permitted 
on all thirteen units. According to Wayde Schafer, 
Chairman of the Teddy Roosevelt Group of the Sierra Club, 
who is referring to the establishment of the pro-wilderness 
proposal, "There is nothing to indicate grazing won't contin- 
ue... there will be some reductions in grazing." Mr. Schafer 
doesn't go on to say what those reduction will be. He only 
states "...reasonable regulations designed to protect wilder- 
ness." It's not clearly stated what is reasonable nor who will 
decide the reasonability. 

Another obstacle ranchers face is the limitations placed 
on grazing levels. They may only be increased if it has no 
adverse impact on wilderness values. The development 
and repair of fences may only be done if it is aimed at pro- 
tecting resources. Probably the largest obstacle ranchers 
face is the fact that motorized vehicle travel could be 
stopped. This would greatly complicate a rancher's work. 
The expense of using horse to replace the pickup is 
tremendous. 

As stated before, there is extensive oil drilling on these 
lands. Seven of the thirteen units already have wells on 
them and one unit is on the drawing board. Currently there 
are 675 producing wells with 500 more wells expected in 
the next ten years. These oil sights pump millions of dollars 
into the State's revenue. In 1992 our State collected more 
than $22 million in tax monies, the majority of this money 
was spent on education. To eliminate future wells would 
adversely affect our State's economy, not to mention the 

Editor's Note: This was the First Place winner in the High School 
Youth Forum at the SRM Annual Meeting in Colorado Springs, Feb. 
1994. 
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small towns that are kept afloat by oil. 
The Sierra Club states that "these areas have the least 

oil and gas potential and would have been drilled years ago 
if there was significant oil located there." This is true, but 
across the world readily available sources of oil are being 
depleted. We need alternative sources and Western North 
Dakota is one. 

Along with these controls is the introduction of non-native 
plant species to the rangeland. The proposal blames 
improper managing of livestock grazing for these introduc- 
tions. Truth be told, the invasion of many non-native plant 
species can occur at any time. Two of these in North 
Dakota are crested wheatgrass and leafy spurge. 

The Highway Department plants crested wheatgrass in 
the road ditches. It then spreads to surrounding lands. 
Leafy spurge is a nasty little monster, classified as a nox- 
ious weed. It takes a few plants and you have a spurge for- 
est. There would be no chemical treatments allowed, which 
is the only sure way to control spurge. In time these two 
introduced plants, can choke out any native grasses or 
endangered plant species. There is nothing natural about 
them. 

Lindi Clayton 
Bryson, Texas 

North Central Texas is a great place to live. If you are in 
the ranching business in this area, you are also probably in 
the brush business, too. Fifty six million acres of Texas 
rangelands are infested with brush. 

My family is in the cow-calf business. We operate three 
ranches northwest of Fort Worth. The ranch that I will be 
focusing on was purchased by my great grandfather in 
1935 and has been in our family for three generations. 
Various types of brush management have been carried Out 
over the years ranging from oiling mesquite with kerosene, 
cutting and piling prickly pear, to mechanical grubbing of 
mesquite. 

My cousin, Tom Howorth, now owns the ranch. With help 
from my Dad and Uncle, who operate the ranch, it was 
decided the time had come to wage war on the brush. With 
help from the local Soil Conservation Service, a conserva- 
tion plan to manage the brush was developed. 

What are the reductions on grazing going to be? Who 
decides the reasonability? What would North Dakota do 
without the tax monies from oil drilling? How can lands 
overrun with non-native plants or covered with the yellow- 
ish tint of spurge be considered "land retaining its primeval 
character" as is required by the Act? 

These are a few questions North Dakota must have 
answered but most importantly is: "Do these lands meet 
the purity requirements established in the Wilderness Act 
of 1964?" 

Lowell Ridgeway, director of the North Dakota Petroleum 
Council, states in his editorial to the Fargo forum on 
February 6, 1994, "Of the 191,000 acres being studied 
none of the lands, except for the Twin Buttes unit, qualify 
for designation as defined in the Act of 1964." 

Wilderness designation is a good idea but if the North 
Dakota proposal is passed as it is now and the questions 
are not answered, I can foresee a fall in out state's econo- 
my and the extinction of America's most endangered 
species-the small town. 

The brush that needed to be managed were prickly pear, 
mesquite, lotebush, and tasajillo, sometimes called jumping 
cactus or scatter cactus because its leaves break oft easily 
and fly everywhere when ran into. In several areas of the 
ranch the brush was so thick cattle would not graze even if 
there was fresh grass. In other areas prickly pear almost 
completely covered the ground. The competition between 
the grass and the brush was being won by the brush. My 
Dad said he was tired of not being able to ride horseback 
through the pastures, because the brush was so thick. He 
also said he was tired of cattle eating prickly pear, getting 
sore mouths, and drying up to nothing but skin and bones. 
We knew that it was time to do something. 

My family felt they had four alternatives to help manage 
the brush. 

1). We could do nothing. Just sit back and let the brush 
take over. This was not acceptable. We felt the brush 
canopy had to be reduced to operate the ranch the way we 
wanted. 

2). Mechanical grubbing would be very effective on the 
mesquite, but it would only spread the prickly pear, and On 

"Brush Management: One Families 
Solution." 

Editor's Note: This paper was the Second Place winner in the High 
School Youth Forum competition at the SRM Annual Meeting of the 
Society for Range Management in Colorado Springs, Colorado 
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tasajillo. Our goal would only be partly accomplished. 
3). Hand removal would also be very effective, but not 

practical because of the large number of trees, bushes, and 
acres involved. Hand removal would just be to slow. 

4). Chemical management was our only feasible alterna- 
tive. We felt it would be our best option to get the results we 
wanted, in the time frame needed. 

With the decision made to use chemicals, we need to 
decided how to apply the chemicals. In our area the only 
solution was aerial spraying. Dave Coleman with Midwest 
Aero, who did the spraying said if he had a place to land 
within six miles he could spray 300 acres an hour under 
optimum conditions. The spraying began in 1986, and in 
four years we sprayed one 600 acre pasture each year. 

We will look more closely at the results from one pasture. 
In June 1985 the SOS estimated the brush canopy in this 
pasture to be at 65%. (25% mesquite, 30% prickly pear, 7% 
tasajillo, and 3% lotebush.) In some areas overlapping may 
occurred when one brush plant grew under and around 
another plant. 

July 14, 1986 this pasture was sprayed with one half 
pound of picloram and one quarter pound of 2,4,5-T per 
acre. Picloram manages most cactus species, so it attacks 
the prickly pear and tasajillo. It also affects mesquite when 
used with 2,4,5-T. The 2,4,5-T attacks the mesquite and 
lotebush. It takes time to see the results of the treatments. 
The mesquite and lotebush defoliate quickly, but you do not 
know the degree of root kill until the following year. The 
prickly pear and tasajillo are another matter. It takes from 
two to four years to get complete management. The plants 
show stress and discoloration the first year, gradually die 
over a period of time, and eventually disappear. 

All plants compete for moisture and sunlight. The mois- 
ture that was being used by the brush, is now going to 
grass. 

In November 1993, the SOS estimated the brush canopy 
in this pasture to be at 7%. (5% mesquite, 0% prickly pear, 
1% tasajillo, and 1% lotebush.) With these results we 
believe our goal for brush management was a big success. 

My Uncle said all the spraying was definitely expensive, 
but dividends are already being received. We have more 
grass and are running more cattle with less labor. 

The results of the spraying are looking good. But, how do 
we keep on winning this battle? One of the best ways to 
help hold back brush invasion is to maintain a better grass 
cover. To accomplish this, we built 15,000 feet of cross 
fencing. We rest on pasture each year for at least three 
months during the growing season. We believe the pasture 
rest is improving the grass cover. 

What about wildlife? We did consider wild life when 
putting this plan together. The wildlife was important to my 
family, because some of us enjoy hunting. Hunting leases 
also supplement ranch income when needed. 

There is an escarpment running from west to east across 
the ranch. The escarpment areas were not sprayed. In 

addition to the escarpments there are several drainage 
area that run from north to south, where many elm trees 
and other brush plants grow. These area were not in the 
treatment sites. These areas provide excellent cover for 
deer, quail, turkey and other wildlife. 

In conclusion, the mesquite was reduced by 75 to 80%. 
The prickly pear was completely eliminated which my Dad 
says,"Was definitely worth all the time, planning and 
expense." The tasajiuo was reduced by 85% and the lote- 
bush by 65%. With the brush canopy reduced and .with a 
grazing plan in place, the brush will be easier to manage in 
the future. 

We realize that chemical use in agriculture has been criti- 
cized by many environmental groups. We believe that to 
"make ends meet" we need these chemicals as long as 
researchers and regulatory agencies declare them safe for 
us and our environment and we use them according to 
label directions. 

We realize that chemical management of brush is not for 
everyone, but on the Howorth Ranch in Jack County, Texas 
aerial spraying of brush meet this family's needs. 
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History, Status and Management of Lehmann Lovegrass 
Noelle Humphrey 
Safford, Arizona 

Southern Arizona displays a dry, hot climate with much of 
the vegetation being desert or desert grassland. Because 
of past land uses, rangelands were degraded with a result- 

ing loss of native perennial grasses. This gave many non- 
native species an opportunity to invade the rangelands and 

displace native grasses. One such non-native grass is 
Lehmann lovegrass. 

The presence of Lehmann lovegrass in southern Arizona 
has an interesting history. Lehmann lovegrass is a native of 
South Africa. It is an early successional species and is 
short lived in plant communities due to the competitiveness 
of other plants, including other lovegrasses. 

Lehmann lovegrass was introduced to Arizona in 1932. 
Maria Wilman, a museum curator and botanist from South 
Africa, sent a series of seeds to F.J. Crider at the Boyce 
Thompson Arboretum in Superior, Arizona. Crider set up a 
series of screening tests that evaluated the establishment 
and persistence of the seeds. One group of seeds matured 
quickly and produced seed heads within one growing sea- 
son. This groups of seeds was selected for future use in 

revegetation projects. 
The search for a species that could be used for revegeta- 

tion was initiated for several historical reasons. Between 
1890 and 1930, wet periods with abundant forage were fol- 
lowed by overstocking. 

These periods were each followed by a severe drought 
season. With each cycle perennial grass productivity 
declined and grasslands supported fewer livestock. In the 
mid-i 930's attempts were made to restore grassland pro- 
ductivity with native grasses, but most plantings failed 
because the native grass seedlings could not compete with 
shrubs. In 1937 Lehmann lovegrass was identified in an 
international search for grasses that would revegetate 
degraded areas. The seeding of Lehmann lovegrass was 
strongly promoted and used on rangelands in Arizona, New 
Mexico and Texas. Early uses of Lehmann lovegrass in the 
United States were primarily for forage production and ero- 
sion control. It is now established on more than 350,000 
acres of Arizona rangeland. 

In 1965 the Arizona Department of Transportation also 
began to seed Lehmann lovegrass along highways and 

pipelines. Between 1965 and 1985 the Department seeded 
over 4,000 acres. The area seeded along highways and 

pipelines represents a small portion of the total area seed- 
ed but contributes greatly to the natural spread of Lehmann 

lovegrass. 

In 1971 it was predicted that Lehmann lovegrass would 
spread beyond seeded areas regardless of conditions and 
management practices on adjacent lands. Opposing views 

predicted that 90% of the favorable habitat for Lehmann 
lovegrass in Arizona was already occupied by 1984 and 

subsequent spread would result primarily from removal of 
shrub competition. Specialists estimated that Lehmann 
lovegrass could establish best between elevations of 3,000 
feet and 5,000 feet and that it would need an average of 
10-14 inches of annual precipitation. In 1991 information on 
the potential pattern of Lehmann lovegrass spread was 

analyzed from data collected over a period of 37 years on 
the Santa Rita Experimental Range near Tucson, Arizona. 
The data showed continued spread and increase of 
Lehmann lovegrass. It had outstepped the boundaries it 
was believed to be restricted to. The continued spread sug- 
gests that the exact limits for Lehmann lovegrass habitat 
remain unknown. However, it's absence on the driest area 
of the Santa Rita Experimental Range suggests a minimum 
of rainfall inhibits the spread. Lehmann lovegrass spread 
aggressively from intentional seedings and increased to 
dominate perennial grass composition. It also increased 
biomass production by 4 times that of native grasses. 

It is interesting to note that while Lehmann lovegrass is 
an early successional species in South Africa, it is an 
aggressive competitor that stays in a plant community well 

past the early successional stages in southern Arizona. 
Lehmann lovegrass easily spreads naturally in Arizona 
because of its favorable establishment characteristics. 
Mature Lehmann lovegrass plants can produce more than 
one crop of seeds in a year. They produce a large amount 
of small seeds, 6 million seeds per pound, which enable 
them to be distributed easily by the wind and water. This 
unique feature also eliminates seed predators because the 
seeds are to small for animals and insects to eat. Another 
characteristic that helps in the spread of Lehmann love- 
grass is that not all of the seeds germinate at the first sign 
of moisture. Instead, some seeds have a longer germina- 
tion period and wait until there is sufficient moisture to 
establish. A portion of Lehmann lovegrass seeds lay dor- 
mant while the others emerge, providing a reserve seed 

supply. This gives Lehmann lovegrass an advantage over 
native grasses whose seed supplies are depleted in 
instances of drought or fire. 

One of the primary reasons for seeding Lehmann love- 

grass was to increase forage production. Because of it's 

widespread presence Lehmann lovegrass has become a 
major part of cattle diets. It produces more herbage during 
the spring and winter than native perennials. Cattle prefer 
Lehmann lovegrass during this time of year because it 

greens up early. Contrary.common belief, studies show that 

Editor's Note: This was the 3rd Place paper in the High School Youth 
Forum competition at the 1994 Annual SAM Meeting in Colorado 

Springs. 
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grazing has little effect on the spread of Lehmann love- 
grass. There is still much that is unknown about the effect 
of grazing on Lehmann lovegrass and this makes it difficult 
to develop grazing management guidelines. 

When planning management of Lehmann lovegrass 
ranges, several things must be considered. First, cattle use 
Lehmann lovegrass primarily in the spring and it may con- 
stitute more than 50% of their diet. It contains more crude 
protein than native grasses at this time so it is an important 
forage source for lactating cows. Second, Lehmann loveg- 
rass is used as a source for revegetation because it 
matures quickly and provides quick soil cover, improving 
watershed conditions. Third, studies have shown fires 
increase the spread, density and germinability of Lehmann 

lovegrass, so management of wildfires may control the 
spread. 

Lehmann lovegrass has come a long way. From it's ori- 
gins in South Africa to becoming a major species in south- 
ern Arizona, it has improved watershed conditions and for- 
age production for livestock. Lehmann lovegrass has also 
reduced the diversity of native vegetation. Complete under- 

standing of the extent and impacts lovegrass will have still 
await further study. Until then, individuals and government 
agencies should remember "If Lehmann lovegrass is plant- 
ed, it should be with the expectation that it will eventually 
developed into a nearly pure stand, and will spread to adja- 
cent range". 
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1994 High School Youth Forum 
- A Report 

Mark G. Francis 
Logan, Utah 

The SRM High School Youth Forum, which began in 
1966, was held once again during the Society's Annual 
Meeting, February 13-18, 1994, in Colorado Springs, 
Colorado. While each of the 21 SAM Sections were given 
the opportunity to send up to 3 delegates, a total of twenty- 
nine youth representing 14 Sections participated in this 
year's Forum which included the current President and 
paper winner, selected from the previous year. 

As an activity specifically designed for those high school 
students selected to attend, the Forum's goals were to: 1) 
provide insight for these delegates concerning the function 
and workings of the Society; 2) provide opportunities to 
meet Society members; 3) provide a format that encour- 
ages thinking and enhancement of communicative skills; 4) 

provide an opportunity to learn about range management 
and future careers through interaction with Society profes- 
sionals; 5) provide an opportunity to learn about the charac- 
teristics of the area of the Annual Meeting site; and 6) pro- 
vide an atmosphere that fosters camaraderie, friendship 
and lasting relationships. To achieve these goals, various 
activities were conducted throughout the week which began 
with an orientation session on Sunday night. Activities at 
this session included introduction of special guests, a 
review of the week's activities, and various interactive 
games to help the delegates get to know each other better. 
In addition, each delegate was given the opportunity to 
introduce themselves with a 1-2 minute presentation. All of 
the delegates got involved in the activities and began mak- 
ing friends. The evening ended with a short workshop on 
presentation information and skills, and a chance to prac- 
tice their talks in a live format. 

On Monday, the Forum attended the SRM membership 

Co-chair of the High School Youth Forum sub-committee and 
Extension Associate, Department of Range Science, Utah State 
University, Logan, Utah, 84322-5230. 
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breakfast, and then left on a ecological tour of the local 
area. This tour included land management information and 
practices of lands owned and leased by the Hanna Ranch 
and the United States Air Force Academy. While at the 
Hanna Ranch, the delegates and staff spent time observing 
and listening to information about several aspects of this 
ranch including it biological weed control program and how 
the Coordinated Resource Management process has been 
used by both the ranch and Division of Wildlife personnel. 
Likewise, the delegates and staff were presented informa- 
tion from the Academy's natural resources personnel on 
their various programs including rangeland, woodland, nox- 
ious weeds, and wildlife management, and forage manage- 
ment for horses. Both of these ecological stops proved to 
be very informative to not only the delegates, but to the 
staff as well. As a final stop, the tour was completed with a 
visit to the Pro Rodeo Hall of Fame which served as a high- 
light to many of those attending. 

That evening, the Forum held its professional interaction 
dinner which served to provide information about the vari- 
ous jobs associated with range management. Special 
guests included personnel from the various land manage- 
ment agencies, the parent SAM, and the Student Conclave. 
From these invited guests, the delegates were able to find 
out what skills and kinds of knowledge are needed to do 
work in range and natural resource management in an 
interactive communication format. 

The annual Forum presentation session was held on 

Tuesday, and ran for most of the day. This proved to be the 
most highly rated activity of the week for the delegates. In 
comments provided on their evaluations, many echoed the 
fact that it was a great learning experience both in terms of 
presenting their talks and listening to other delegates. As a 
session, it was well attended, staying mostly full throughout 
the day. As those who attended can attest, all of the papers 
were of high quality, making the judging very hard. 
However, five top papers were selected and are as follows: 
5th place - Will Ward, Colorado; 4th place - Gwen 
Rentner, Nevada; 3rd place - Noelle Humphrey, Arizona; 
2nd place - Lindi Clayton, Texas and 1st place - LaDean 
Olsen, North Dakota. LaDean will be returning to next 
year's Forum to help prepare next year's delegates for their 
presentation and to present her talk at the Awards 
Ceremony. For their time and effort, the Forum thanked 
Kristi Gay (Colorado), John Valentine (Colorado), and 
Chris Allison (New Mexico) for serving as judges at this 
year's session. Each was awarded a Certificate of 
Appreciation by the Forum for their excellent contribution to 
this activity. The rest of the day was spent relaxing and 
preparing for the SAM dance. Those delegates that attend- 
ed had an enjoyable evening dancing and socializing with 
both each other and other members of the Society. 

On Wednesday, the Forum delegates attended the trade 
show and several papers of the general SAM paper ses- 
sion. From there, the Forum conducted a conflict resolution 
workshop (2nd highest rated activity by the delegates) 
where the goal was to provide a setting for the delegates to 
learn about conflict resolution techniques and characteris- 

tics in dealing with conflicting natural resource issues. A 
hypothetical natural resource issue was developed and the 

delegates were then randomly placed in one of six involved 
interest groups. Each group participated in the process of 
developing a proposal that would be agreed upon by all 
involved parties. This activity proved to be highly effective, 
and generated many important questions from the dele- 
gates and staff. This activity also gave the delegates ideas 
for conducting similar workshops back at home. Later that 
evening, the Forum delegates elected their new president, 
Caleb Stone of Oklahoma, who will preside over the Forum 
next year at Phoenix, Arizona. 

On Thursday, the final day for the Forum, the High 
School Youth Forum president, KImberly Walters of 
Texas, presided over the presentation of the Forum paper 
awards during the SAM awards ceremony and conducted 
the Forum's last activity, the business meeting. It is impor- 
tant to recognize that Ms. Walters, as HSYF President, 
presided over all meetings throughout the week and provid- 
ed an excellent role model for the participants. Overall, her 
leadership was vital to the success of this Forum. In addi- 
tion to the presentation of the Forum paper awards, Jason 
Nichols of Colorado, last year's paper winner, presented 
his award-winning paper to the general membership of the 
Society at the Awards Ceremony. This opportunity is part of 
the overall award given to the top paper winner each year. 

In summary, all of the student evaluations were very posi- 
tive towards the Forum, with each expressing how much of 
an impression it has made on their life. Without exception, 
the delegates stated that this experience was well worth the 
time committed to it and that it would be something they 
would never forget. Also, sincere appreciation is expressed 
to the excellent staff of Barron Rector (Co-Chair of HSYF) 
of Texas, Becky Gravenmeier of Oregon, George Cook of 
Utah, and Ben Berlinger of Colorado for their time, dedica- 
tion and commitment to this year's Forum and helping to 
insure its success. Similarly, the Forum coordinators would 
like to thank the Society and the Student Affairs committee 
for their continued support of this activity. The students of 
today are the future of this Society, and with high quality 
delegates and interested staff like were present this year, 
the future of range management is in good hands. 

1994 High School Youth Forum delegates. 
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Rrizona's Diverse Vegetation and 
Contributions to Plant Ecology 

Mitchel P. McClaran, and Ward W. Brady 

In the 1880's, Mr. and Mrs. J.C. 
Lemmon were among the few 
botanists to collect plants in Arizona 
during the conflict between Apaches 
and European settlers. Unlike many 
settlers, the Lemmort's traveled safely. 
Apparently the Apaches considered 
plant collecting a form of insanity 
(Benson 1959). Many have continued 
collecting plants and studying vegeta- 
tion in the groundbreaking and 
unyielding tradition of the Lemmons. 
These subsequent contributions have 
been at the forefront of plant ecology, 
and their legacy spreads well beyond 
the state borders. 

Arizona extends over 7 million acres 
between 31 and 36° north latitude, and 
about 80% of the area is state or fed- 
eral public land. The climate is gener- 
ally arid, with a bimodal precipitation 
pattern of wet summer months (July- 
September), moderately moist winter 
months (December-March) and a very 
hot and dry spring and early summer 
(Green and Sellers 1964). The propor- 
tion of winter precipitation increases to 
the north. Additionally, dramatic eleva- 
tiortal gradients in Arizona alter the 
magnitude of the temperature and pre- 
cipitation values. This elevational gra- 
dient ranges from 68 feet near the 
Colorado River in southwest to over 
12,630 feet on Humphery Peak in the 
north. The Mogollon Rim is a 1,600- 
2,300 foot escarpment that rises 
above the central desert regions. 
Rising above the Rim to greater than 
9,800 feet are the White Mountains to 
the east, and San Francisco 
Mountains to the north. In the south- 
east, a basin and range physiography 
dominates the landscape with valleys 

The authors are associate professor of Range 
Management, University of Aflzona, Tucson 85721 
and professor of Environmental Resources, Arizona 
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at 2,600-4,900 feet elevation separat- 
ed by mountain ranges reaching 
8,200-10,800 feet. These sharply ris- 
ing mountain ranges are often referred 
to as sky islands surrounded by a sea 
of desert. 

As expected, the elevation gradient 
and associated climate gradient pro- 
vide the ingredients for a rich and 
diverse flora. Over 3,400 vascular taxa 
are recognized (Kearney et al. 1960), 
and an ongoing flora revision will 
increase that number (Vascular Plants 
of Arizona Editorial Committee 1992). 
Plant taxa range from subtropical 
species with distributional and genetic 
affinities with taxa in Mexico and 
Central America, Mediterranean 
species with affinities in California, and 
temperate and alpine species with 
affinities to the north and east includ- 
ing the Rocky Mountains. 

The biotic diversity and the dramatic 
elevation/climate gradients in Arizona 
have provided important cases for a 
rich discussion concerning the organi- 
zation of plant communities. The life 
zone classification was developed by 
Marriam (1898) while working around 
Humphrey Peak north of Flagstaff. His 

approach described a series of dis- 
crete and sharply differentiated biotic 
communities. In contrast, Shreve 
(1915) and Whittaker and Niering 
(1965) applied a more gradual or con- 
tinuum approach to describing the dis- 
tribution of plant species along the ele- 
vation/climate gradients in the sky 
islands of southeastern Arizona. They 
suggested that the abundance of 
species along the gradients were 
dependent on the tolerance of individ- 
ual species to the physical environ- 
ment, and largely independent of other 
plant species. 

Although the debate focuses on the 
factors controlling species distribution, 

the discrete approach has decided 
advantages when the goal of classifi- 
cation is to improve communication 
about the general appearance and 
location of vegetation. In this paper, 
we use a discrete classification to 
communicate the variety and dynam- 
ics of nine plant communities in 
Arizona: desert scrub, desert grass- 
land, chaparral, northern desert scrub, 
Juniper-pinyon woodland, oak wood- 
land, ponderosa pine forest, mixed 
conifer forest and riparian forest. By 
using the discrete approach for com- 
munication, we are not endorsing its 
use for describing the factors that 
determine species distributions. 

Desert Scrub 

Covering about 25 million acres 
(Nichol 1937) in southern and western 
Arizona, the desert scrub is a sparse, 
low stature vegetation of shrubs, short 
trees, cacti and scattered perennial 
herbs (Fig. 1). Conspicuous species 
are saguaro (Carnegiea gigantea 
(Ertgelm.) Britt. & Rose), palo verde 
(Cercidium spp.) bursage (Ambrosia 
spp.) and creosote (Larrea tridentata 
(D.C.) Coville). Generally, annual pre- 
cipitation does not exceed 10 inches, 
and precipitation in this area has the 
greatest annual variation in the United 
States (Hidy and Klieforth 1990). 

The majority of biomass productivity 
occurs in the spring following winter 
rains, but some significant growth can 
occur following summer rains. Spring 
wildflower displays are most common 
when fall precipitation exceeding 1 

inch stimulates germination, and suff i- 
cient winter and spring precipitation 
sustains growth until flowering in 
March (Beatley 1974). Germination 
and survival of many species are more 
common under other plants than in 
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open areas (McAuliffe 1988). This is 
commonly referred to as a nurse plant 
relationship. Bursage, living or dead, is 
a common nurse plant while creosote 
rarely serves as a nurse plant. 

In 1903, the Carnegie Institute 
established the Desert Laboratory in 
Tucson as one of the first facilities 
dedicated to the study of desert 
ecosystems (Bowers 1990). The 
genus Carnegiea used for the saguaro 
cactus reflects the early involvement 
of the Carnegie Institute Desert 
Laboratory. The world's oldest, regu- 
larly measured plots that monitor indi- 
vidual plant size and mortality are 
located on this facility (Goldberg and 
Turner 1986). This long term informa- 
tion has shaped the understanding 
and approach to studying desert vege- 
tation dynamics worldwide. 

The development of packrat midden 
analysis in Arizona desert scrub facili- 
tated the study of vegetation dynamics 
in arid environments over geologic 
time-frames. The middens include 
plant material and various attractive 
objects collected by packrats 
(Neotoma spp.) and preserved in a 
matrix of crystallized urine in their 
latrine caverns (Betancourt et al. 
1990). Analysis of the plant material 
and radiocarbon dating were originally 
applied to describe changes in desert 
vegetation over the last 40,000 years, 
but it has since been applied to a van- 

ety of ecosystems worldwide. 
According to packrat midden analy- 

ses, much of this area has changed 
from a juniper-oak woodland as the 
warmer and drier post-Pleistocene cli- 
mate developed over the last 11,000 
years (Van Devender 1990b). The 
recent increase in annual plants from 
the Mediterranean region, including 
red brome (Bromus rubens L.) and red 
filaree (Erodium cicutarium (L.) L'Her.) 
represent a vegetation change 
(Burgess et al. 1991) equal to the geo- 
logic time-frame changes because 
these recent arrivals with increased 
biomass depress native wildflowers 
and promote wildfires. An increased 
frequency of wildfires may then lead to 
further changes in desert scrub includ- 
ing the loss of some fire sensitive 
species such as some cacti. 

Desert Grassland 

Spread over nearly 15 million acres 
in southeastern Arizona, and scattered 
areas in central Arizona, the desert 
grassland includes herbaceous, shrub- 
by and short tree species with at least 
20-40% bareground. The ability of 
these diverse lifeforms to persist and 
co-exist has led some to suggest that 
mixed shrub savanna is a more accu- 
rate name. Conspicuous species are 
velvet mesquite (Prosopis velutina 
Woot., burroweed (Isocoma tenuisecta 

Greene), snakeweed (Gutierrezia 
sarothrae (Pursh.) Britt. & Rusby), 
Arizona cottontop (Digitaria californica 
(Benth.) Henr.), tobosa (Hilaria mutica 
(Buckl.) Benth.), and grama grasses 
(Bouteloua spp.). Generally, annual 
precipitation is between 10-16 inch- 
es/yr. The majority of herbaceous bio- 
mass production occurs in August and 
September, and total net annual pro- 
ductivity is usually less than 1,300 
lb/acre (Schmutz et al. 1991). Woody 
species growth is most abundant in 
spring when winter moisture is utilized, 
and some growth occurs in summer 
with sufficient precipitation. 

The study of historic vegetation 
changes have been facilitated by the 
development of repeat photography 
techniques and the establishment of 
the Santa Rita Experimental Range in 
southern Arizona (Fig. 2). The 
Changing Mile by Hastings and Turner 
(1965) was one of the earliest and 
most influential applications of repeat 
photography (comparing old and con- 

temporary photographs from the same 
location) to describe vegetation 
dynamics. Some of the original pho- 
tographs were taken on the Santa 
Rita, which was established as the 
world's first range experiment station 
in 1903. Research initially focused on 
sustainable livestock production, but 
the focus quickly expanded and has 
continued to include more general 
plant ecology pursuits (Martin 1975). 
The Bureau of Plant Industry initially 
administered the area. The Forest 
Service then administered the area 
from 1915 until 1989, when it was 
transferred to the State of Arizona and 
administration was assumed by the 
University of Arizona College of 
Agriculture. 

In the past 100 years, the abun- 
dance of woody species particularly 
velvet mesquite has increased and 
grass has decreased. Hastings and 
Turner's (1965) classic repeat photog- 
raphy shows the magnitude of this 
change and that while woody species 
were present 100 years ago their 
abundance has clearly increased. 
Several hypotheses have been pre- 
sented to interpret this vegetation 
change including shifts in seasonal 

Fig. 1. Hot Desert vegetation with saguaro, foothill palo verde (Cercidium microphyllum 
(Torrey) Rose & Johnson) and triangel leaf bursage (Ambrosia deltoidea (Torrey) Payne) in 
Tucson Mountains. 



210 RANGELANDS 16(5),October 1994 

FIg. 2: Desert Grassland vegetation dynamics depicted with repeat photography from Santa 
Rita Experimental Range. A livestock exclosure constructed in 1916 is visible on the right 
side of the images, and the similarity of vegetation dynamics within and outside the exclo- 
sure suggest that livestock grazing is not necessary to produce dramatic vegetation 
changes. Instead, weather patterns and the arrival of new species can be more dominant in 
producing these vegetation changes than livestock grazing. 

precipitation toward winter months 
(Neilson 1986), decreased fire fre- 
quency from reduced fuels and fire 
suppression (Bahre and Shelton 1993; 
Humphrey 1958), decreased grass 
cover from grazing (Glendenning and 
Paulson 1955) and wild hay harvesting 
(Bahre 1987), and seed dispersal by 
livestock (Glendenning and Paulson 
1955). 

According to packrat midden analy- 
ses, the dominant woody species have 
changed from pine, luniper and oak to 
the more subtropical velvet mesquite 
and desert hackberry (Celtis pal/ida 
Torr.) over the last 11,000 years as 
the warmer and drier post-Pleistocene 
climate developed (Van Devender 
1990a,b). However, the dominant 
grass species are largely the same as 
during the Pleistocene. The recent 
increase and spread of the south 
African Lehmann lovegrass (Era- 
grostis /ehmanniana Nees.) from iso- 
lated seedings (Anable et al. 1992) 
represents a vegetation change of a 
magnitude similar to the contemporary 
woody species increase and the dis- 
appearance of the pine, junipers and 
oaks over the last 11,000 years. 
Because lovegrass spread does not 
require disturbance associated with 
livestock grazing (McClaran and 
Anable 1992), it appears that the 
spread will continue regardless of 
management actions. 

Chaparral 

Chaparral vegetation occurs south of 
the Mogollon Rim on rough mountain- 
ous terrain between 3,000 and 9,800 
feet (Fig. 3). The extent of the chapar- 
ral depends on definition and varies 
between 6 million acres (Nichol 1937) 
and 4 million acres (Cable 1975' 
Ffolliott and Thorud 1975). Dominant 
shrubby species are similar in appear- 
ance to the sclerophyllous species that 
dominate true chaparral vegetation 
(Plummer 1911). However, Arizona 
chaparral differs from "true" chaparral 
by having summer precipitation in 
addition to winter precipitation that 
occurs in both. Total annual precipita- 
tion is between 15-27 inches, with 
over 50% typically falling in the cooler 
months. 

Ag. 2A: In December 1922, annual grama grasses (Bouteloua aristidoides (H.B.K. Gnseb. and 
B. barbata Lag.) appear to be the dominant herbaceous species with scattered velvet 
mesquite and desert hackberiy (Celtis pallida Torr.) small trees and shrubs. The 3 metal 
stakes at the bottom of the picture are the plot markers for a permanent plot where charting 
of individual plants was performed. 

Fig. 2B: In July 1970, the small shrub burro weed and chain fruit choila cactus (Opuntia fulgida 
Engelm.) dominate the scene. Inside and outside the exciosure, the majority of the bur- 
roweed plants are dead, and they died within the previous 12 months. There are also a num- 
ber of dead cacti. 
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Numerous shrub species occur in 
Arizona chaparral, but rarely do more 
than two species co-dominate a partic- 
ular stand (Cable 1975). The most 
common species is shrub live oak 
(Quercus turbine/Ia Greene). Other 
important species include Emory and 
Palmer oaks (Q. emor,'i Torr. and Q. 
dunnhi Kellog), species of mountain 
mahogany (Cercocarpus spp.) and 
several species of manzanita 
(Arctostaphylos spp.). Understory 
species are typically scarce, highly 
variable and the same species found 
in adjacent vegetation types (which 
includes ponderosa pine forest, 
juniper-pinyon woodland, oak wood- 
land and desert grassland). Annual 
production of understory species is 
typically around 175 lb/acre. 

Like true chaparral, Arizona chapar- 
ral is prone to fire. Many species, par- 
ticularly the oak-mountain mahogany 
complex, are vigorous sprouters fol- 
lowing fire and rapidly reestablish 
even after severe burns (Pase and 
Lindemuth 1971; Pond and Cable 
1960). Other species, such as the 
manzanitas, do not sprout but germi- 
nate profusely following fire (Pase 
1965). 

Livestock were first introduced into 
the Arizona chaparral in 1874 when 
the first cattle were driven into Tonto 
Basin in central Arizona (Croxen 
1922). Cable (1975) suggested that 
chaparral, at this time, had consider- 
ably lower shrub cover and included 
good stands of interspersed grasses. 
Peak stocking did not occur until 1900 
when stocking levels were estimated 
as being 15 to 20 times the carrying 
capacity of the range (Croxen 1926). A 
major drought occurred in 1903-1904 
and resulted in the death of many cat- 
tle and a permanent reduction in 
stocking. Cable (1975) hypothesized 
that this period of intense livestock 
grazing and the continuing suppres- 
sion of fire resulted in an increased 
density of overstory species and 
reduction in herbaceous species. 

Chaparral research in the 1950's 
began to emphasize the conversion of 
chaparral to grass-forb cover to 
increase water yield for downstream 
users (Barr 1956). Calibrated water- 
sheds were established in four areas 
(Whitespar, Mingus, Threebar, and 
Natural Drainage watersheds) to eval- 
uate the effects of conversion on water 
yield. Studies on these watersheds 

laid important groundwork that helped 
plant ecologists better understand 
dynamics of the hydrologic cycle in 
arid environments (Ffolliott and Thorud 
1975). Conversion programs, howev- 
er, were effectively suspended when 
the use of herbicides attracted interna- 
tional attention and resulted in recon- 
sideration of both the methods and 
desirability of conversion (Ftolliott and 
Thouud 1975, Shoecraft 1971). 

Northern Desert Shrub 

Most of the 4 million acres (Nichol 
1937) of northern desert shrub occurs 
in Arizona north of the Colorado River: 
an area known locally as the "strip" 
which also includes Grand Canyon 
National Park. Shrubby species domi- 
nate this vegetation type which occurs 
between 2,300-5,900 feet. Annual pre- 
cipitation is approximately 4-14 inches 
with approximately 50% falling in 
June-September when the majority of 
herbaceous plant growth occurs 
(Arizona Inter-Agency Range Tech- 
nical Subcommittee 1969; Judd 1962). 

Much of the northern desert shrub is 
dominated by pure stands of big sage- 
brush (Artemisia tridentata Nutt.). Pure 
stands of blackbrush (Coleogyne 
ramossissima Torr.) also occurs in the 
northwestern portion of the state. 
Locally important shrubs are winterfat 
(Eurotia lanata (Pursh) Moq.) and four- 

wing saltbush (A triplex canescens 
(Pursh) Nutt.). There is a diverse 
group of herbaceous understory 
species, and common species are 
blue grama, (Boute/oua gracilis 
(H.B.K.) Lag.), needle-and-thread 
grass (Stipa comata Trin. & Rupr.), 
Indian ricegrass (Oryzopsis 
hymenoides (Roem. & Schult.) 
Ricker), squirreltail (Sitanion hystrix 
(Nutt.) J.G. Smith), and western 
wheatgrass (Agropyron smithii (Rydb.) 
(Judd 1962; Nichol 1952). 

Understory production is highly vari- 
able from year to year and from stand 
to stand and is inversely related to 
cover of the shrub canopy. Most 
herbaceous production occurs in the 
summer and standing biomass can 
range from 350 to 1,000 lb/acre 
(Ffolliott and Throud 1975). 

Fig. 2C: In September 1993, the south African Lehmann lovegrass dominates the scene both 
inside and outside the exciosure. The grass was aerially seeded in the area in the mid- 
1970's. Burro weed is present beneath the grass canopy, but cactus plants are very scarce. 
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Juniper-pinyon Woodland 

Covering about 12 million acres in 
northern, northeastern and scattered 
areas in southeastern Arizona (Nichol 
1937), the juniper-pinyon woodland 
varies from widely scattered trees and 
shrubs in grasslands to dense wood- 
lands with little herbaceous understo- 
ry. Conspicuous species are one seed 
and Utah junipers (Juniperus 
monosperma (Engelm.) Sarg. and J. 
osteosperma (Torr.) Little), pinyon 
pine, (Pinus edulis Engelm.), algerita, 
(Berberis fremontii Torr.) western 
wheatgrass and blue grama. Annual 
precipitation ranges from 12-20 inch- 
es, and some winter precipitation 
occurs as snow (Springfield 1976). 

Woody species growth is most abun- 
dant in spring and early summer, 
whereas herbaceous production is 
greater in the summer when warm 
season species are present 
(Springfield 1976). Herbaceous pro- 
duction ranges from 45-4501b/acre and 
is inversely related to tree cover. 

In the past 100 years, the extent and 
density of the woodland has increased 
dramatically (Springfield 1976). 

Decreased fire frequency from sup- 
pression and reduced fuels from live- 
stock grazing is the generally accept- 
ed interpretation of this increase. 
Management efforts to reduce tree 
cover and density were most common 
between 1950-1970, but only about 
5% of the area ever experienced tree 
removal and less than 1% was ever 
retreated (Dalen and Snyder 1987). 
Current efforts to reintroduce fire are 
hindered by the reduction of herba- 
ceous biomass following the increased 
tree cover. 

Evidence from packrat midden 
analyses suggest that during the cool- 
er and wetter Pleistocene period more 
than 18,000 years ago, this area sup- 
ported mixed conifer vegetation, and 
the junipers and pinyons arrived about 
8-10,000 years ago from areas to the 
south and southeast (Betancourt 
1987). It is possible that some part of 
the recent spread of these trees is a 
continued expression of this geologic 
time-frame expansion. 

Oak Woodland 

Oak woodland covers about a million 
acres on the slopes of the sky islands 
in southeastern Arizona, and its 
appearance ranges from open savan- 

nas to dense woodlands (McClaran et 
al. 1992). Conspicuous species are 
Arizona white oak, Mexican blue oak, 
and Emory oak (Quercus arizonica 
Sarg., Q. oblongifolia Torr. and Q. 
emoryi Torr.), point leaf manzanita 
(Arctostaphylos pun gens H.B.K.); 
and warm-season grasses including 
gramas (Bouteloua spp.) and blue- 
stems (Andropogon spp.). Precipi- 
tation varies from 20-26 inches/yr and 
only rarely occurs as snow (McClaran 
etal. 1992). 

Spring is the primary period of tree 
growth following sufficient winter mois- 
ture, but during dry winters some trees 
become deciduous and resume 
growth with the onset of summer rain. 
In contrast, herbaceous growth is 
largely in summer, but some cool sea- 
son species under tree canopies grow 
in the spring including pinyon rice- 
grass (Piptochaetium fibriatum 
(H.B.K.) Hitch.) and prairie Junegrass 
(Koeleria pyramidata Lam.) Beauv. 
Oak cover can reduce herbaceous 
biomass production from 140 lb/acre 
down to 80 (McPherson 1992). 

Disparate descriptions of historic 
changes in lower boundary of oak 
woodland show an upslope retreat 
(Hastings and Turner 1965) and rela- 
tively static boundaries (Bahre 1991). 
From 1880-1940, extensive areas of 
oak were cut for domestic and smelt- 
ing fuel, but much of the cut-over area 
again supports oak because the cut 
trees produced stump sprouts that 
have matured (Bahre and Hutchinson 
1985). 

Recently, McPherson et al. (1993) 
described the first application of new 
techniques in stable carbon isotope 
analysis to describe a downslope 
movement of oaks. This technique is 
based on the different concentration of 
carbon isotopes in woody species (C3) 
and warm season grasses (C4), and 
the concentration of the carbon iso- 
topes in the soil will reflect the type of 
vegetation growing above the soil. 
Subsequent carbon4 analysis sug- 
gests that the downslope movement 
has occurred over the last 700-1 ,000 
years. This relatively recent, pre-his- 
toric downslope movement is contrary 
to the general pattern of unslope 

FIg. 3. Chaparral vegetation near Mayer, Arizona is dominated by shrub live oak and other 
small shrubs with vety little herbaceous biomass. 
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retreat of oak since the Pleistocene 
(Betancourt et al. 1990). 

Ponderosa Pine Forest 

Primarily above the Mogollon Rim in 
north and eastern Arizona and scat- 
tered areas on the sky islands in the 
southeast, the 4 million acre pon- 
derosa pine forest (Nichol 1937) varies 
from dense, dog-hair thickets of pine, 
park-like stands of large trees with 
herbaceous understory. Conspicuous 
species are ponderosa pine (Pinus 
ponderosa Lawson), Gambel oak 
(Quercus gambelii Nutt.), blue grama 
mountain muhly (Muhienbergia mon- 
tana (Nutt.) Hitch.), squirreltail and 
Arizona fescue (Festuca arizonica 
Vasey). Annual precipitation ranges 
from 13-20 inches with a significant 
proportion occurring as snow (Clary 
1975). 

Tree growth and cool season herba- 
ceous growth is primarily in the late 
spring and early summer, and warm 
season grass growth is generally later 
in July-August (Clary 1975). Her- 
baceous growth declines from 890 
lb/acre down to less than 175 as tree 
density and cover increases. 

Northern Arizona has been the site 
of continuous observation of an 
increase in tree density and decreased 
grass cover over the last 100 years 
(Arnold 1950; Cooper 1960; White 
1985). This long-term research utilized 
study areas that were established near 
the turn of the century and produced 
some of the most precise descriptions 
of vegetation change available in the 
western United States. The results of 
this impressive research suggest that 
decreased fire frequency from sup- 
pression and reduced fuels from live- 
stock grazing was responsible for this 
vegetation change. Ponderosa pine 
germination requires bare mineral soil 
and grass reduces pine seedling 
growth (Elliot and White 1987). Cool 
season grasses reduce pine seedling 
growth more than warm season grass- 
es because seedling growth coincides 
with the earlier season growth of the 
cool season tree species. Therefore, 
less grass will favor more trees 
because seed germination and 

seedling growth are enhanced as well 
as seedlings survival because fuel lev- 
els are reduced. 

Tree ring analysis has been widely 
used to assess the frequency of pre- 
settlement fires and tree recruitment. 
The study of tree rings was developed 
at the Tree Ring Labatory, University 
of Arizona. Established in 1937, this is 
the world's foremost tree ring facility 
for climate reconstruction, fire history 
and stand age structure (Douglass 
1944). Recent tree ring analysis has 
identified variable weather patterns as 
an additional variable leading to pine 
increase. Working with tree rings from 
the Navajo Indian Reservation, 
Savage and Swetnam (1990) showed 
decreased fire frequencies following 
increased livestock grazing beginning 
in 1980, but pine increase did not 
occur until 1910-1930 when unusually 
wet years coincided with the fire-free 
period. Current efforts to reintroduce 
fire are hindered because the 
increased pine cover has created a 
heavy, vertical stacking of fuel that will 
result in serious crown fires rather 
than the cooler ground fires than prob- 
ably existed before the increase in tree 
density and cover (Covington and 

Moore 1994). 
Evidence from packrat middens sug- 

gest that this area supported mixed 
conifer vegetation more than 18,000 
years ago, and that ponderosa pine 
arrived about 8-10,000 years ago from 
areas to the south and southeast 
(Thompson 1988). In fact, in the last 
10,000 years, the extent of ponderosa 
pine has increased from a very isolat- 
ed distribution to become of the most 

widespread pines in North America. 

Mixed Conifer Forest 

Mixed conifer forest occupy approxi- 
mately 2.5 million acres above pon- 
derosa pine forests in northern and 
eastern Arizona (Fig. 5) and on the 
higher sky islands in the southeastern 

portion of the state (Spencer 1966). 
One of these sky islands has achieved 
considerably notoriety as environmen- 
talists and a University of Arizona-led 
consortium have clashed over the 
effects of the under-construction Mt. 
Graham Observatory and attendant 
loss of mixed conifer forest on the sur- 
vival of the isolated and endangered 
Mt. Graham red squirrel (Tamiasciurus 
hudsonicus grahamensis) population 
(Turbak 1993). Mixed conifer forests, 

wnicn occurrea ai mucn uower eevd- 

Fig. 4. Ponderosa Pine Forest vegetation near Flagstaff, Arizona is dominated by pine trees 
with blue grama and squirreltail grasses in the understo,y. 
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tion as early as 10,000 years ago 
(Thompson 1988), may not continue to 
persist on some mountain tops if pro- 
jections of warmer climates are real- 
ized. 

Annual precipitation in the mixed 
conifer forest ranges between 12-16 
inches with half or more falling during 
July through September. Because 
mixed conifer forests occur at higher 
elevations, much of the winter precipi- 
tation falls as snow. These forests are 
uniformly cold with nighttime freezing 
temperatures beginning mid- 
September and continuing into May 
(Brown 1982). 

Higher elevation mixed conifer 
forests are dominated by Engelmann 
spruce (Picea engelmannhi Perry), and 
corkbark fir (Abies lasiocarpa var. an- 
zonica (Merriam) Lemm.) (Embry and 
Gottfried 1917). Douglas fir 
(Pseudotsuga menziesii (Mirb.) 
Franco), and the largest native tree in 
Arizona (sometimes exceeding 51 
inches in diameter and 170 feet in 
height, Little 1950) occurs in mixtures 
with blue spruce (Picea pungens 
Engelm.), southwestern white pine 
(Pinus strobiformis Engelm.), white fir 
(Abies concolor (Gord. & Glend.) 
LindL), and ponderosa pine. Fire stim- 
ulates sprouting of quaking aspen 
(Populus tremuloides Michx.) in mixed 
conifer forests and repeated fires 
result in persistence of quaking aspen 
stands. 

Mixed conifer forests typically have 
dense overstory canopies with little or 
no herbaceous vegetation occurring 
beneath the canopy (Pase 1966). 
Exceptions occur where disturbances 
have opened the canopy (fire or timber 
harvest), beneath quaking aspen 
stands, or where soils favor the dense 
herbaceous of mountain meadows. 
Among the species that do occur in 
the mixed conifer type are pine 
dropseed, several bromes, and fes- 
cues (Bromus spp. and Festuca spp.), 
rushes, sedges, (Juncus spp. and 
Carex spp.) pine dropseed (Blephar- 
oneuron tricholepis (Torr.) Nash), 
numerous forbs, and shrubs such as 
Fendler ceanothus (Ceanothus fend- 
len Gray), and bearberry manzanita 
(Arctostaphylos uva-ursi (L.) Spreng.). 

Mixed conifer forests are a valued 
resource for their recreational and 
wildlife values. These forests are used 
extensively for winter sports and also 
support a large portion of Arizona's 
cold water fishery including several 
streams supporting endangered native 
Arizona trout. The Merriam elk 
(Ceivus elphus merniami) which once 
dominated the White Mountains of 
Arizona is now extinct. Populations of 
Rocky Mountain elk (Cervus elphus), 
which once were restricted to a much 
smaller range, have increased dramat- 
ically (from 10,000 elk in 1980 to over 
30,000 in 1990) and now present a 
challenge to managers of this and 
adjacent ecosystems (Brown 1982, 
Arizona Game and Fish Dept. 1992). 

Riparian Forests 

Riparian vegetation occurs on 0.25 
million acres in Arizona along 
drainages and/or floodplains that tra- 
verse the entire state (Szaro 1989). 
The ecological and aesthetic impor- 
tance of this vegetation type is far out 
of proportion to its relative area, partic- 
ularly in arid and semi-arid habitats. 
Carothers and Johnson (1975), for 
instance demonstrated the importance 
of riparian vegetation as habitat for 
breeding birds. The discipline of land- 
scape ecology has emphasized the 
importance of streams and their asso- 
ciated vegetation as corridors facilitat- 
ing movement of terrestrial plants and 
animals across the landscape (For- 
man and Gordon 1986). 

Szaro (1989) provided a detailed 
classification of riparian communities 
in the Southwest. Forest communities 
above 6,500 feet in elevation are dom- 
inated by mixed conifer species includ- 
ing big tooth maple (Acer grandidenta- 
turn Nutt), white fir, blue spruce, and 
narrow-leaf cottonwood (Populus 
angustifolia James). In the ponderosa 
pine zone, riparian forests are often 
dominated by box elder (Acer negun- 
do L. var. interius (Britt.) Sarg.) and 
alder (Alnus ob/ingofolia Torr.). Below 
this, extending through chaparral and 
grassland into the desert, black walnut 
(Juglans major (Torr.) Heller), Arizona 
sycamore (Platanus wnightii Wats.), 
velvet ash (Fraxinus velutina Torr.), 

and Fremont cottonwood (Populus fre- 
month Wats.) become major species. 
The lowest elevation riparian commu- 
nities traverse desert vegetation and 
are dominated by mesquite, willows 
(Salix spp.), and the introduced salt 
cedar (Tamarix pentanda Pall.). Other 
riparian communities are dominated 
by shrubs including alders and willows 
at the higher elevations and burro 
bush (Hymonoclea mono gyra T. & G.) 
at the lower elevations. 

Because of the uniqueness of ripari- 
an vegetation, concern has arisen 
concerning loss or degradation of 
these ecosystems (Stromberg 
1993a,b). Ohmart et al. (1977) report- 
ed that over 90% of riparian vegetation 
along a small portion of the lower 
Colorado river had been either lost or 
degraded. While one cannot extrapo- 
late this percentage to the remainder 
of Arizona's riparian systems, consid- 
erable habitat has been lost and/or 
degraded and plans once existed to 
remove riparian vegetation from very 
large portions of Arizona's rivers to 
reduce evapotranspiration and 
increase water delivery downstream 
(Pacific Southwest Inter-Agency 
Committee 1969). 

Intensive livestock grazing has been 
identified as a major factor in the 
degradation of western riparian sys- 
tems (Ames 1977; Davis 1977; Martin 
1979; Thomas et al. 1979). Szaro 
(1989), in a study of southwestern 
riparian vegetation, reported that virtu- 
ally all riparian systems were grazed, 
the only exception being unique topo- 
graphic or ownership situations. Many 
studies have reported adverse effects 
of cattle grazing and recovery when 
grazing is modified (Ames 1977; Knopf 
and Cannon 1982; Taylor 1986; 
Winegar 1977). The Environmental 
Protection Agency (Chaney et al. 
1993) recently described management 
to mitigate the effects of livestock. 
However, the most serious challenge 
to grazing may come from proposals 
to protect the habitat of the endan- 
gered willow flycatcher (Ernpidonax 
trail/li extimus) (Endangered Species 
Technical Bulletin 1993). These pro- 
posals, if enacted, will potentially elimi- 
nate grazing on many southwestern 
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ue to provide fertile ground for ecolo- 
gists to work in the Lemmon's resolute 
tradition. 
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Current Literature of Range Management 

This section has the objective of alerting SRM members and 
others readers of Rangelands of the availability of new, useful 
literature being published on applied range management. 
Readers are requested to suggest literature items—and 
preferably also contribute single copies for review—for includ- 
ing in this section in subsequent issues. Personal copies 
should be requested from the respective publisher or senior 
author (address shown in parenthesis for each citation). 

Animal Science Research Report: Beet and Dairy Cattle, Swine, 
Poultry, Sheep, Horses and Animal Products; by OkIa, Agric. 
Expt. Sta.; 1993; OkIa. Agric. Expt. Sta., P-933; 372 p. ($7.50; Agric. 
Bul. Room, Okia. State Univ. Stillwater, OkIa. 74078) Research 
reports include beef cow body condition and energy supplementa- 
tion, forage availability and forage intake, and midgrass prairie vs. 
old world bluestem for winter-spring grazing. 

Black-tailed Jackrabbit Preferences for Eight Forages Used for 
Reclamation of Great Basin Rangelands; by D. Ganskopp, B. 

Myers, and S. Lambert; 1993; Northwest Sci. 67:(4):246-250. 
(USDA-ARS, N. Great Basin Expt. Range, NC 71 4.51 Hwy. 205, 
Burns, Ore. 97720) Two crested wheatgrass cultivars were highly 
preferred, while two cultivars of basin wildrye and one selection of 
Russian wildrye were avoided; it was projected that palatability dif- 
ferences might be used either to discourage usage of certain for- 
ages or lure animals away from vulnerable crops. 

Combined Effects of Stocking Rate and Supplemental Feeding 
Level on Adult Beef Cows Grazing Native Rangeland In Texas; 
by J.E. Huston, P.V. Thompson, and C.A. Taylor, Jr.; 1993; J. Anim. 
Sd. 71 (1 2):3458-3465. (Texas Agric. Expt. Sta., San Angelo, Texas 
76901) Low-level feeding of high-protein supplement increased 
intake of dormant range forage, thereby increasing nutrient intake; 
high-level feeding increased nutrient intake by providing an abun- 
dance of supplemental nutrients; high grazing pressure decreased 
forage intake and resulted in unfavorable animal response. 

CRP—What Are the Options; by Paul D. Ohlenbusch and Michael R. 

Langemeier (Co-chairs); 1993; Kan. Coop. Ext. Serv., Manhattan, 
Kan.; 48 p.; (AND) The Future of Conservation Reserve Program 
Land In Kansas: The Landowner's View; by Penelope L. Diebel, 
Ted T. Cable, and Philip S. Cook; 1993; Kan. Agric. Expt. Sta. Rep. 
Prog. 690; 56 p. ($7.50 set; Extension Agronomy, Throckmorton 
Hall, Kan. State Univ., Manhattan, Kan. 66506) These comprise, 
respectively, the proceedings of a workshop and the results of a 

questionnaire; both pertain to the future of CRP, particularly in 
Kansas. 

Dissipation, Movement, and Environmental Impact of Herbicides 
on Texas Rangelands: A 25-Year Summary; by Rodney W. 
Bovey; 1993; Texas Agric. Expt. Sta. Bul B-i 71 3; 22 p. (Agnc. Bul. 
Room, Texas A&M Univ., College Station, Tex. 77843) Summarizes 
data obtained on the behavior and fate of important herbicides used 
on Texas rangelands and includes an assessment of their effect on 
environmental quality. 

Compiled by John F. Vallentine, Emi rofessor of Range Science, 
Bflngham Young University, Provo, Utah 84602. 

Effects of Early Spring Grazing of Rangelands Used in Winter 
Grazing Programs in the Northern Great Basin; by S.D. 
Brandyberry, T. DelCurto, R.K. Barton, K.J. Paintner, and K.H. 
Brandyberry; 1993; Amer. Soc. Anim. Sci., West. Sect. Proc. 
44:223-226. (Eastern Ore. Agric. Res. Center, Ore. State Univ., 
Bums, Ore. 97220) "Preconditioning" winter range forage by early 
spring grazing reduced the quantity of forage available for winter 

grazing programs; quality of the standing crop was improved but 
with little enhancement of diet quality. 

Elk Management in the Northern Region: Considerations in 
Forest Plan Updates or Revisions; by Alan G. Christensen, L. 
Jack Lyon, and James W. Unsworth; 1993; USDA, For. Serv. Gen. 
Tech. Rep. INT-303; 10 p. (USDA, lntermtn. Res. Sta., 324 25th St., 
Ogden, Utah 84401) Discusses the key components of elk manage- 
ment, habitat effectiveness, and elk vulnerability analysis and focus- 
es on procedures recommended for coordinating national forest 
plans with the state elk plans. 

Field Guide: Identification of Common Range Plants of Southern 
Saskatchewan; by Zoheil Abouguendia; 1993; Sask. Agnc. & Food, 
Regina, Sask; 53 p. (Public. Office, Sask. Agric. & Food, Walter 
Scott Bldg., Regina, Sask. S4S Bi) A practical guide to the identif i- 
cation of common range plants of southern Saskatchewan. 

Forage Intake and Ingestive Behavior of Cattle Grazing Old World 
Bluestems; by T.D.A. Forbes and S.W. Coleman; 1993; Agron. J. 
85(4):808-816. (Texas A&M Univ. Res. & Ext. Center, 1619 Garner 
Field Road, Uvalde, Texas 78801) The management of old world 
bluestems should aim to maintain swards with a high proportion of 

green leaf along with moderate amounts of green leaf mass. Light 
stocking rates early in the season resulted in tall, poor-quality 
swards late in the season with herbage intake then nearly as poor 
as on heavily stocked pastures. 

Grazing Systems for Rangelands of Southern Saskatchewan; by 
SSGA/ADF Grazing & Pasture Tech. Prog.; abt 1993; Sask. Agric. & 
Food, Regina, Sask.; 12 p. (Public. Office Sask. Agric. & Food, 
Walter Scott Bldg., Regina, Sask. S4S OB1) A practical guide to the 
selection and application of grazing systems on rangelands of south- 
ern Saskatchewan. 

Ingested Dry Snakeweed Foliage Did Not Impair Reproduction in 
Ewes and Heiters During Late Gestation; by J.H. Martinez, T.T. 
Ross, KA. Becker, and G.S. Smith; 1993; Amer. Soc. Anim. Sci., 
West. Sect. Proc. 44:32-35 (Dept. Animal & Range Sci., N. Mex. 
State Univ., Las Cruces, N. Mex. 88003) Their data suggested that 
pregnant ewes and heifers can tolerate 25 to 30% dried whole-plant 
snakeweed herbage, respectively, without detrimental effects. It was 
noted that this dried, old growth was less toxic than new growth. 

Managing Change: Livestock Grazing on Western Riparian Area; 
by Ed Chaney, Wayne Elmore, and William S. Platts; 1993; 
Produced for the U.S. Environmental Protection Agency by the 
Northwest Resource Information Center, Eagle, Idaho; 31 p. (U.S. 
E.P.A., Region 8, 999 18th St., Suite 500, Denver, Cob. 80202) A 
color-illustrated, non-technical discussion and guide for developing 
grazing strategies for improving water quality and riparian range 
condition. 
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Managing Livestock Stocking Rates on Rangelands: Proceedings 
of Symposia; by Jerry R. Cox and J. F. Cadenhead (Eds.); 1993; 
Dept. Rangeland Ecol. and Mgt., Texas A&M Univ., College Station, 
Texas; 149 p. ($10; Dr. Tommy G. Welch, 225 Anim. lnd. Bldg., 
Texas A&M Univ., College Station, Texas 77843-2126) Symposia 
papers presented at three workshops held in Texas in 1993; sym- 
posia topics were selected to demonstrate the importance of live- 
stock stocking rate decisions, how they affect ranch resources, and 

techniques that may be used to improve stocking rate decisions. 

Monitoring and Interpreting Ecological Integrity on Arid and 
Semi-Arid Lands of the Western United States; by Neil E. West, 
Kirk McDaniel, E. Lamar Smith, Paul T. Tueller, and Stephen 
Leonard; 1994; N. Mex. Range Improvement Task Force, Rep. 37 

(Copy available from Dr. Kirk McDaniel, Dept. Anim. & Range Sd. or 
from Agric. Mailing Room, N. Mex. State Univ., Las Cruces, N. Mex. 

88003) Reviews the status of monitoring rangelands in the U.S. and 

compares current monitoring approaches; considers the need for a 
universal monitoring system; and proposes a framework for examin- 

ing the adequacy of existing approaches and for developing new, 
improved means of monitoring the integrity of rangeland ecosys- 
tems. 

Noxious Brush and Weed Control; Range and Wildlife 
Management; Research Highlights—i 993 (Volume 24); by David 
B. Wester and R. Scott Lutz (Eds.); 1993; Texas Tech Univ., 
Lubbock, Texas; 39 p. (Range & Wildl. Dept., Texas Tech Univ., 
Lubbock, Texas 79409) Comprised of progress reports on proce- 
dures and techniques for successfully controlling noxious plants of 
Texas rangelands and the subsequent management of these lands. 

Performance of Warm- and Cool-Season Perennial Grasses under 
Irrigation; by Rex E. Kirksey, Jin Tae Park, Herman E. Kiesling, 
Leigh Murray, and Gary B. Donart; 1993; N. Mex. Agric. Expt. Sta. 

Res. Rep. 677; 16 p. (Agric. Mailing Room, N. Mex. State Univ., Las 
Cruces, N. Mex. 88003) Provides information on promising grass 
species/cultivars studied under irrigated conditions at Tucumcari, N. 
Mex.; the warm-season grasses generally produced more forage 
than the cool-season grasses. However, the cool-season grasses 
tended to have higher crude protein levels. 

The PRED-X Ear-Tag: Not a Deterrent to Predation on Lambs by 
Coyotes; by P.G. Hatfield and J.W. Walker; 1993; Sheep Res. J. 

9(3):101 -1 04. (USDA-ARS, Dubois, Ida. 83423) The results of three 

experiments were that the PRED-X ear-tag had no beneficial effect 
on controlling lamb losses to coyotes. Furthermore, the authors 

reported that, to date, no repellent has been found that consistently 
reduces coyote predation on sheep. 

Predicting White-Tailed Deer Habitat Use in Northern Idaho; by 
George R. Pauley, James M. Peek, and Peter Zager; 1993; J Wildi. 

Mgt. 57(4):904-913. (Dept. Fish & Wildlife Resources, Univ. Ida., 
Moscow, Ida. 83843) The authors concluded that habitats providing 
an abundance of preferred forage are important throughout winter 
on ranges with little snow accumulation and elsewhere during early 
and late winter. However, in northern Idaho and other white-tailed 
deer winter habitats where snow depths commonly exceed 40 cm, 
habitat managers should provide old growth forest or mature second 

growth stands with similar canopy structure to satisfy mid-winter 
habitat requirements. 

Pronghorn Management Guides; by Bart W. O'Gara and Jim D. 
Yoakum (Eds.); 1992; Pronghorn Antelope Workshop, Rock 
Springs, Wyo.; 101 p. ($5 postpaid; N. Amer. Pronghorn Found., 
120 E. 9th St., Suite 6273; Casper, Wyo. 82601) The subtitle of this 
works explains its objectives: "A Compendium of Biological and 
Management Principles and Practices to Sustain Pronghorn 

Populations and Habitat from Canada to Mexico." The first main sec- 
tion is divided into two subsections: habitat requirements and life 
history; the second main sections is divided into four subsections: 

management plans, the animal, the habitat, and specific problems. 
This comprehensive guide includes 11 pages of cited references. 

Rangeland Cover Types of the United States; by Thomas N. Shiflet 

(Ed.); 1994; Soc. Range Mgt., Denver, Cob; 152 p. ($8.00; Soc. for 
Range Mgt., 1839 York St., Denver, Cob. 80206) Described are the 
rangeland cover types of the United States exclusive of Hawaii. The 
classification is based on existing (present) vegetation rather than 
climax potential. Cover types are based entirely on biological consid- 
erations; cover type names are related to the dominant plant species 
(up to three); and cover types are organized and numbered under 
nine geographical regions. Each cover type is described under four 
subheadings: definition and composition, geographic distribution, 
ecological relationships, and variants and associated species. 

Rangeland Health: New Methods to Classify, Inventory, and 
Monitor Rangelands; by Committee on Rangeland Classification 

(Frank E. Busby, Chair); 1994; NatI. Academy Press, Washington, 
D.C.; 180 p. ($20; NatI. Academy Press, 2101 Constitution Ave., 
Washington, D.C. 20418) The report of a committee charged to (1) 

analyze current and historical procedures used by federal agencies 
to assess rangelands; (2) assess the success of current systems as 
tools for characterizing rangeland health and ecological condition; 

(3) identify the primary scientific obstacles to developing improved 
systems; and (4) make recommendations for improving systems to 
better characterize the health of U.S. rangelanids. 

Response of Big Bluestem (Andropogon gerard!! Vitman) to 
Timing of Spring Burning; by T.L. Benning and Thomas B. Bragg; 
1993; Amer. Midl. Nat. 130(1):127-132. (Dept. Blob., Univ. Neb. 

Omaha, Omaha, Neb. 68182) The results of this study indicate that 
the response by plants to spring burning can change significantly 
within as few as four days, at least under certain conditions. 

Sowing Depth and Soil Water Effects on Seedling Emergence and 
Root Morphology of Three Warm-Season Grasses; by Bruce A. 

Roundy, Von K. Winkel, Jerry R. Cox, Albert K. Debrenz, and Haile 
Tewolde; 1993; Agron. J. 85(5):975-982. (School of Renewable 
Natural Resources, Univ. Ariz., Tucson, Ariz. 85721) Deeper sowing 
of sideoats grama, blue panic, and Cochise bovegrass did not 
appear to be the mechanism for increasing water availability to 
seeds or roots to increase seedling establishment; shallow seeding 
followed by consistent water availability was found important to elon- 
gate seminal roots for establishment. 

Winter Foraging Behavior of Elk in the Shrub-Steppe of 
Washington; by Scott M. McCorquodale; 1993; J. Wibdb. Mgt. 
57(4):881 -890. (WildI. Resource Mgt., Yakima Indian National, P.O. 
Box 151, Toppenish, Wash. 98948) Elk were concluded to be mobile 

foragers during autumn and spring and were relatively sedentary 
during mid-winter. High mobility was associated with bow diet diversi- 

ty and generally with reduced forage harvesting rates; this resulted 
from their selecting limited best bites dispersed amongst a large bio- 
mass of less preferred forage. 



220 RANGELANDS 16(5),October 1994 

Capital Corral Ray Housley 
Washington Representative 

"Interior Secretaiy Bruce Babbit has taken on 
one of the most entrenched Western institutions... 
and (hat's (he cowboys." 

Ken Spann (in Nation's Business, July 1994) 

The USDA reorganization authorization bill passed 
the Senate just before the Labor Day recess-in an unex- 
pected form. Agriculture committee tacticians attached their 
version of Reorganization (which reflected most of what the 
Department wanted, with a few exceptions) to new crop 
insurance measure as an amendment. Since the House 
had already passed its version of the crop insurance bill, 
the Senate action meant that the reorganization language 
was headed for a conference committee after the recess. 
The House reorganization bill had been stalled since mid- 
summer after getting committee approval. It seems prob- 
lems with an amendment proposed by Rep. Gary Condit 
(R-CA) to establish a "risk assessment" unit in USDA kept 
the bill from getting to the House floor. 

An Office of Risk Assessment in the Environmental 
Protection Agency would be required by HR. 4306 as 
approved by the House Science, Space and Technology 
Committee July 20. The office would weigh and rank health 
risks of environmental hazards; the bill would also require 
all federal agencies to employ similar risk assessment pro- 
cedure. Risk assessment is part of a larger debate over the 
extent and cost of environmental regulation in which a lot of 
individuals and groups are demanding the new regulations 
be justified by demonstrating what risks are being 
addressed at what cost. The threat of risk assessment 
amendments was a key factor when legislation to elevate 
EPA to Cabinet status was turned back earlier this year. 

Private property rights is a real issue as the House 
Public Works and Transportation Committee addresses 
Clean Water Act Amendments. While Chairman Norman 
Mineta of that Committee and other Chairmen oppose leg- 
islation aimed at property right protection and risk assess- 
ment, both ideas are gaining ground in both Houses. 
Chairman Mineta has apparently failed to win support for 
his bill which would make mandatory many of the CWA 
non-point source control provisions, and he is not acting on 
other proposals which would include, among other things, 
compensation for takings. Meanwhile, 15 big environmental 
organizations are urging their members to resist the private 
property rights movement. 

The California Desert ProtectIon Act as passed by the 
Senate got worked over by the House and went back to the 
Senate, where the big question seemed to be whether a fili- 
buster might prevent the bill from going to conference. 
Although the biggest change had to do with whether the 

East Mojave area would become a National Park or be des- 
ignated a "Preserve' open to hunting and certain other 
activities, the roadblock seemed to be politics. Some in the 
Senate didn't want to see the legislation enacted because it 
would be seen as a victory for Sen. Diane Feinstein (D- 
CA), who is in a tough race for reelection. 

The Northern Great Plains Rural Development Act, S. 
2099, which passed the Senate in June, cleared the 
House Agriculture Committee early in August. The bill 
would establish a two-year Northern Great Plains Rural 
Development Commission to study the economic needs of, 
and develop a 10-year rural economic development plan for 
North Dakota, South Dakota, Nebraska, Iowa, and 
Minnesota. 

Bob Herbst, Tennessee Valley Authority executive 
and former Assistant Secretary of the Interior for Fish, 
Wildlife and Parks will receive the Natural Resources 
Council of America Award of Honor at the NRCA banquet 
in Washington October 27. 

NRCA has scheduled a "national summit" to assess 
the environmental agenda at the mid-point of the Clinton 
administration. The event begins with a dinner cruise on the 
Potomac October 20, and winds up with an all-day work 
session the following day. SAM is a member organization 
of NRCA. 

The Public Lands Foundation is accepting nomina- 
tions for its Outstanding Public Lands Professional Award 
until November 15. BLM employees who have demonstrat- 
ed outstanding professional performance in the past year 
are eligible. Nominations go to Ed "Moose" Zaidliz, 724 
Park Lane, Billings, MT 95102. 

Nancy Green, who has been the Wilderness Society's 
BLM-watcher since 1989 joined the Forest Service Fish, 
Wildlife and Rare Plants staff in July. 

The Forest Service practice of making programmatic 
decisions on herbicide use for vegetation management 
was up held by the Ninth Circuit Court of Appeals in a July 
decision. The decision makes the point that the courts will 
review Environmental Impact Statement adequacy using 
the rule of reason. It makes clear that the agency is entitled 
to rely on its own experts in instances where there is scien- 
tific disagreement. The decision also recognizes that the 
agency's two-tier analysis process (programmatic and site 
specific decisions) sets the parameters for "reasonable- 
ness" in disclosing effects of a proposed action. 

In another Ninth Circuit decision, the Forest Service 
was enjoined from announcing, awarding or conducting any 
logging, grazing on road construction project pending com- 
pletion of consultation on two National Forest Land and 
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Resource Management plans under Sec. 7 of the 
Endangered Species Act. The units involved are the 
Wallowa Whitman and Umatilla in Oregon. 

The Conservation Fund, Arlington, VA received a 
$100,000 grant from the Northwest Area Foundation to 
develop and implement a program for facilitating land 
exchanges between private parties and the Bureau of Land 
Management that would increase the effectiveness of nat- 
ural resources management and protection. 

Full text of House of Representatives bills available 
on Internet! Path: gopher gopher.house gov Menus: 
Congressional Information/Legislative Resources. 

The Grazing Lands Forum meets in Washington 
December 1. Topic for the all-day session is "Rangeland 
Health". 

The Renewable Natural Resources Foundation has 
added three new member organizations to its growing list of 
adherents. The American Meteorological Society, the 
American Society of Plant Physiologists and the Society of 
Wood Science and Technology were approved by the 
Board of Directors at a special meeting August 20. 
Membership now stands at 21 organizations. 

RNRF's principal program activity for 1994: a work- 
shop on "Human Activities and Ecosystem Function: 
Reconciling Economics and Ecology" October 13-16 at 
Solomons Island, MD. Financial support for the conference 
came from a half-dozen federal agencies. 

Reorganization of the BLM headquarters moved 
ahead carefully, despite some misgivings on the part of the 
House Appropriations Subcommittee on Interior and 
Related Agencies, Chairman Sidney Yates (D-IL). Like 
some constituent groups, the Chairman was reluctant to 
see the resource divisions disbanded in favor of problem- 
oriented interdisciplinary teams. The new matrix-type look 
will take as much getting used to by the public as the partic- 
ipants. Acting Director Make Dombeck has promised to 
keep everyone posted on progress. 

"Fear of FACA" might be the title if a book were to be 
written about implementing Rangeland Reform at Interior. 
The specter of lawsuits brought under the Federal Advisory 
Committee Act (as happened at the White House on Health 
Reform) has USD1 lawyers nervous, which in turns makes 
the workers goosey. The Department is trying to finesse the 
issue by using formally appointed advisory committees 
operating under FACA; the first was the committee on 
Incentive Grazing Fees. More compels and slower to 
emerge is what some call the "Mega-committee", which 
was conceived as the vehicle for consultation with users 
and interest groups in the process of implementing Reform. 

Ray Smith and Hank Kipp retired from the Bureau of 
Indian Affairs earlier this year. Both are remaining in the 

Washington D.C. area for the time being at least, perhaps 
proving that Potomac Fever is a powerful, if benign force. 
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'eade'i' cte: 
Dear Rangelands Editor: 

As the Mexican wolf recovery program staff for the U.S. Fish 
and Wildlife Service (Service), we were astonished to see an 
article published in the August issue of Rangelands Magazine 
purporting to summarize and review the "Mexican Grey Wolf 
Plan". We were not directly contacted by the author, Mr. Jim 
Brunner, although he cites Service publications. His interpreta- 
tion of material in those publications is often inaccurate, and 
there is a great deal of more current information available that 
we would have gladly provided Mr. Brunner had he contacted 
us. 

We appreciate the opportunity to present the basic proposal 
of the Service regarding Mexican wolf reintroduction, and to 
correct as many inaccuracies as possible in this limited space. 

The Service is proposing reintroduction of Mexican wolves to 
2 areas (not 1) within historic habitat; the White Sands Missle 

Range of New Mexico and the Blue Range area of the Apache 
National Forest in Arizona. The White Sands Wolf Recovery 
area encompasses over 4,000 square miles, and the Blue 
Range Area includes over 7,000 square miles of contiguous 
Federal land in the Apache and Gila National Forests. The 
Service is preparing an Environmental Impact Statement 
regarding the proposal for reintroduction; a draft will be avail- 
able for public review in February 1995. 

Mr. Brunner's portrayal of the captive breeding program for 
Mexican wolves is completely inaccurate. The facts are as fol- 
lows: When it became apparent that the Mexican wolf was on 
the verge of extinction in the 1970's, the Service contracted 
Roy McBride to trap remaining wild wolves in Mexico. Between 
1977-1980, he trapped 5 wolves in Chihuahua and Durango, 
including 1 pregnant female and 4 males. The female pro- 
duced her litter, and she was successfully bred to 2 of the 4 
captured males. Subsequent genetics research suggests that 
one of those males may have been her offspring. 

The Mexican wolf is the most genetically unique subspecies 
of the gray wolf in North America. Although the founding stock 
is small, the captive population has been carefully managed to 
preserve all possible genetic variability and there is no overt 
evidence of inbreeding problems. Because of their social struc- 
ture, wild wolves are also often somewhat inbred, and appear 
well-adapted to this phenomenon. There are 89, not "about 40" 
certified Mexican wolves in captivity. The American Zoo and 
Aquarium Association has included the Mexican wolf in its 
Species Survival Plan program; 18 zoos and captive breeding 
facilities in the U.S. and 5 in Mexico currently participate. None 
are Federally owned. 

The "captive gray wolves....mostly in private zoos" referred 
to by Mr. Brunner are presumably the other 2 lineages of 
Mexican wolves that, because of questions about either their 
origin or purity, are not currently certified as pure Canis lupus 
baileyi. Refinement of genetics research techniques has 
allowed examination of these two lineages. If genetic analyses 
demonstrate their purity, they may be certified and possibly 
bred to the currently certified Mexican wolves. 

Although Mr. Brunner correctly cites McBride (1980) as a 

source for Mexican wolf predatory behavior, he leaves out sev- 
eral important facts, e.g., McBride stated that wolves became 
more dependent on livestock because native prey species 
declined and livestock numbers increased. Pressure from con- 
trol efforts broke up packs, and it is more difficult for single ani- 
mals to capture wild prey. It is also important to note that 
McBride's food habits information came exclusively from trap- 
pers working in areas where livestock depredation was occur- 
ring; hardly an unbiased sample of wolf food habits. Further, 
stomach contents analysis does not differentiate scavenging 
from predation—studies indicate virtually all wolf populations 
scavenge extensively—if they did not, they would not have 
been so easy to kill with poisoned baits. 

Subjective observations by early biologists such as Bailey 
and Leopold suggest that deer were the most important prey 
species of the Mexican wolf. Because the lobo was exterminat- 
ed in the wild before it could be studied, we can only make 

projections about depredation based on our knowledge of 
wolves in other areas. In Minnesota, nearly 2,000 wolves coex- 
ist with over 7,000 private farms; on average, only 29 sustain 
confirmed losses to wolves annually, and the predation rate is 
less than 1 percent. Virtually all studies indicate that most 
wolves prefer to prey on wild ungulates, when they are present 
in adequate numbers. Livestock depredations tend to be 
caused by animals pressured by circumstances such as pup 
rearing, injury, or social strife. The Service's proposal to rein- 
troduce wolves as an experimental, nonessential population 
would allow management of problem wolves through translo- 
cation or removal. 

Finally, Mr. Brunner's theory that wolf reintroduction would 
dramatically change the vegetation from grass to brush land, 
because coyotes may be displaced, is far-fetched at best. 
First, Mexican wolves are now low desert shrub/grass land 
dwellers; unlike coyotes, they were primarily found at eleva- 
tions above 4,000 feet where ungulates are most abundant. 
Although it is likely that reintroduced wolves would displace 
some coyotes at higher elevations, other predators, including 
the wolve itself, foxes, and various raptors would continue to 
keep rodents in check. If Mr. Brunner's theory had any merit, 
our current desert grass lands would have been shrub lands 
before the wolf was exterminated—the precise opposite of his- 
toric reality. It is generally accepted that livestock grazing and 
fire suppression have been the primary forces changing vege- 
tative structure on western range lands. 

Sincerely, 
Wendy M. Brown, Wildlife Biologist 
David R. Parson, Mexican Wolf Recovery Coordinator 
U.S. Fish & Wildlife Service 
P.O. Box 1306 

Albuquerque, NM 87103 

The letters appearing in the Reader's Write column 
express the views of the individuals writing the letter and are 

[not 
necessarily those of SAM. 
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1994 Summer Meeting Highlights of 
the SRM Board of Directors 

The Summer Business Meeting of the SAM Board of 
Directors was held in the Patio Crystal Room of the Coast 
Terrace Inn in Edmonton, Alberta on July 15-16, 1994. 
President David A. Fischbach presided. 

The 1994 Annual Meeting Minutes were approved with 
minor editorial changes. 

A report was given on the Desktop Publishing Fund 
Drive. To date, 191 individuals have contributed to this cap- 
ital fund drive or a total of $4,909. Contributions have 
slowed considerably, and it was suggested that possibly 
the Sections would want to contribute. A letter will be sent 
to the Section Presidents. As well, it was suggested that a 
line be added to the 1995 Annual Meeting Registration form 
allowing individuals to contribute to this effort. This sugges- 
tions was passed on to the 1995 Annual Meeting Planning 
Committee. 

The Executive Vice President gave a detailed report on 
SRM's restricted/designated use funds. The West 5th 
Avenue property note was paid off. These funds will be 
deposited to the Building Trust Fund to accrue interest until 
the notes on the York Street Property become payable in 
1997. Following a recommendation from the Finance 
Committee at the 1994 Annual Meeting to maintain a bal- 
ance equal to an average of three year's operating budget 
in the Working Capital Account, the BOD recommended 
and approved to take the total A&G expenses, plus 
salaries, benefits, payroll taxes and insurance to determine 
SRM's annual operating expenses. The W.R. Chapline 
Research Award Fund was established to provide two $350 
cash awards each year which were given to recipients 
along with a certificate. Because growth in this fund has 
exceeded the amount of the cash awards annually, it was 
recommended and approved by the BOD that plaques be 
purchased and the balance of the earnings be split equally 
among the recipients. 

A recommendation from the Finance Committee at the 
1994 Annual Meeting requested that a committee be 
formed to evaluate the benefits of owning versus leasing 
office space for the Society. John Baker submitted a report 
to the BOO that indicated that SAM is far better off owning 
the York Street property than to lease office space. 

According the SRM Bylaws, Emeritus members are enti- 
tled to receive Rangelands only with their membership. 
Requests received in the Denver office from Emeritus 
members have questioned why they could not receive the 
Journal of Range Management instead. The BOD agreed 
that Emeritus members could have a choice of which jour- 
nal they would like to receive. They instructed the 
Executive Vice President to include this change the next 
time there is a Bylaws change on the ballot. 

Three publications were approved by the BOD for publi- 
cation, "Rangeland Wildlife" and "Plant Physiology" as well 
as the publication of the Unity in Concepts and Terminology 
Final Report. Rangeland Wildlife will be sent to the 

Publications Committee for their review prior to publication. 
The BOD appointed a committee consisting of Fred 

Bryant, Linda Hardesty, Martin Beutler, John Walker and 
Bud Rumburg to work out a mutually satisfying agreement 
with AFGC. The BOO charged the committee with coming 
to a conclusion or recommendation on this issue with the 
understanding that if worked out, the MOU with AFGC 
would move forward. The BOD also urged the Executive 
Vice President to initiate some discussions with the 
American Society of Animal Science (ASAS) regarding joint 
cooperation, as well as others like The Wildlife Society. 

The Position Statement on CAP was reviewed by the 
Board. The BOO felt strongly that SAM must prepare a 
response the CRP issue and the BOO prepared a state- 
ment on its position regarding CAP. 

The report and recommendations of the Awards 
Committee for the recipients of the 1994 awards were 
accepted 

Candidates for the 1994 ballot will be: Second Vice 
President—John C. Buckhouse and Kendall L. Johnson; 
Directors—E.T. "Tom" Bartlett, Henry A. Pearson, Carolyn 
Hull Sieg, and Meg B. Smith. 

The BOO established a 50th Anniversary Committee to 
work in concert with the Annual Meeting Planning 
Committee in planning for the 1997 Annual Meeting in 
Rapid City, SD. 

Handbooks were approved by the BOD for the following 
committees: Membership, Conservation Reserve Program, 
Remote Sensing & GIS, Research Affairs and 
Accreditation. 

A procedure for appointing committee chairs and chairs 
elect was prepared and approved by the BOD. 

Working from comments received from the Ad Hoc 
Committee, the BOD prepared a response to the 
Rangeland Reform documents. The BOD accepted the 
response in principal and suggested that it be distributed to 
the appropriate agencies. 

As a result of a recommendation from the Advisory 
Council to publish the complete Unity Report as a stand- 
alone document, in addition to the previously approved 
report scheduled to appear in the December issues of 
Rangelands, the BOD approved taking funds from the 
Working Capital Account not to exceed $5,000, to publish 
this document. 

Advisory Council Meeting Highlights 
AFGC Cooperation. The AC agreed with the Board to let 

a committee comprised of Bud Aumburg, Fred Bryant, 
Linda Hardesty, Marty Beutler and John Walker work out a 
new MOU which would be acceptable to SAM to present to 
the American Forage and Grassland Council with respect 
to their publishing articles in the Journal of Range 
Management. 

Section Boundary Changes. The Advisory Council 
agreed with the proposed realignment of the boundary 
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between the International Mountain Section and the 
Northern Great Plains Section. This realignment gives the 
IMS Section all of the Province of Alberta, as well as that 
part of Montana west of the eastern boundary of Toole, 
Pondera, Teton, Cascade, Meagher, and Park Counties. 

Definition of Ecosystem Management Desired. The 
Advisory Council is desirous that a definition of Ecosystem 
Management be developed for inclusion in the Society's 
Glossary of Terms. Discussion included the feeling that 
SRM needs to have a definition of new terms if we are to 
be recognized as the leader in range management issues. 

Executive Vice President's Report. Bud Rumburg pro- 
vided updates with respect to the budget, activities with 
Rangeland Reform, Affinity SAM credit cards, desktop pub- 
lishing equipment, and pending publications by the Society. 
We need to have more members respond to the fund drive 
for desktop publishing equipment. Only $5,000 of the 
$22,000 needed has been raised. Bud reported that SRM 
will publish: 1) the Unity Report in Rangelands, 2) Plant 
Physiology book, and 3) a text on Ran geland Wildlife. 

Costs of JRM and Ran gelands. As a follow up to the 
Colorado Springs meeting, the marginal costs of JRM and 
Rangelands were reported to be $.43 and $.64 per 1,000 
copies respectively, which includes postage. Postage costs 
are much higher if they are mailed individually, 4th Class 
from the office. 

Review of Videos. The Excellence in Range 
Management Committee will be working with the Denver 
office staff to insure that videos placed in the SAM Video 
Library meet SAM's policy and position statements. 

Future Meetings. The AC approved the 1997 Summer 
Meeting to be held in Billings, Montana on June 4, 5 & 6, 
which is prior to the XVII International Grasslands 
Congress. 

Joint Meeting of the Board of 
Directors and Advisory Council 

The Joint Meeting of the Board of Directors and Advisory 
Council was called into session at 2:00 p.m. on July 16 by 
President David Fischbach and Advisory Council Chair 
Martin Beutler. Chair Beutler submitted the report of the 
Advisory Council, which consisted of seven recommenda- 
tions and took action as noted below: 

Recommendation 1. That a definition of Ecosystem 
Management be developed for inclusion in the Society's 
Glossary of Terms. Referred to the Unity in Concepts and 
Terminology Task Group to develop. 

Recommendation 2. That the complete Unity Report be 
published expeditiously. The Board deferred action. 

Recommendation 3. That the Board of Directors act on 
the International Mountain Section's resolution to appoint a 
committee to assess the status and availability of range 
related electronic reference media. Referred to the 
Technology Transfer Committee to estab'ish committee. 

Recommendation 4. That the Board of Directors 

approve the realignment between the International 
Mountain Section and the Northern Great Plains Section 
boundaries by including all of the Province of Alberta, as 
well as that part of Montana lying west of the eastern 
boundary of the following counties: Toole, Pondera, Teton, 
Cascade, Meagher and Park in the International Mountain 
Section. Approved. 

Recommendation 5. That the 1997 SRM Summer 
Business Meeting be held June 4, 5 & 6 in Billings, 
Montana, hosted by the Northern Great Plains Section. 
Approved. 

Recommendation 6. The Advisory Council approved of 
a joint BOD/AC committee to develop recommendations 
with respect to partnerships between SAM and AFGC 
which would report back to the AC and BOD for final 
approval. The BOD had previously approved formation of 
this committee and empowered them to come to a conclu- 
sion or recommendation on this issue with the understand- 

ing that if worked out, the MOU would move forward, hence 
no final approval from either the AC or BOO is required. 

Recommendation 7. The AC affirms the desirability of 
developing partnerships and cooperative agreements with 
other organizations, however, the AC desired that the 
Journal of Range Management and Ran gelands remain 
SAM publications. No action. 



Be sure to read your October 
Trailboss News for information 
on the candidates for the 1995 
election Also read what your 
SRM President has to say in his 
Scene from the Saddle column 
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