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President's Notes 

internationational Range 
Management 

The Society for Range Man- 
agement (SAM) is an INTERNA- 
TIONAL organization and has 
been since its inception in 1948 
even though our original name 
was The American Society of 
Range Management. Most SRM 
members reside in the United 
States, Mexico, and Canada, but 
we have members in some 48 

countries at last count. These are people in various parts 
of the world who recognize the value of belonging to the 
world's premier professional society dealing with the art 
and science of management of the earth's rangelands and 
who want to subscribe to the Journal of Range Manage- 
ment, the top scientific journal of its kind. Our popular, 
practical magazine, Ran gelands, also offers good, usable 
information to our international members. 

Despite SRM's international membership, we are not 
the "International Society for Range Management" (any 
more than we are the "National SRM"). In fact our 
members need to recognize the sensitivity of this issue in 
other countries who have their own rangeland or grass- 
land societies. At the IV International Rangeland Con- 
gress in Montpell ier, France, this past April, our Executive 
Vice-President, Pete Jackson, presided over a meeting of 
rangeland and grassland societies from 16 countries in 
various parts of the world. The first item of business was 
to clear up a misunderstanding that the meeting's pur- 
pose was to organize an international society promoted 
by SRM. Although some in attendance wanted to do just 
that, most were fearful that such an effort would consti- 
tute a "takeover" by SAM, a sort of an "empire building" 
scheme. The real purpose, as explained by Pete, was to 
talk about how we might establish better communication 
among the various societies involved, share range man- 
agement information more effectively, and develop a link- 
age or network for cooperation. Initial efforts to meet 
those objectives are underway through out International 
Affairs Committee and its newsletter. There is still a lot to 

do and more discussion is needed involving representa- 
tives of the societies involved. 

The first International Rangeland Congress was organ- 
ized primarily by SRM and held in Denver in 1978. SRM 
Past President Harold Heady was chairman of that first 
Congress, setting the pattern for a continuing successful 
venture. Australia hosted the second Congress in Ade- 
laide in 1984; India the third Congress in 1988 in New 
Delhi. The fourth IAC was held in Montpellier, France, in 
1991. There the Continuing Committee elected Dennis 
Child of the USA as IRC President. 

The Society for Range Management was selected to 
host the fifth IRC in 1995 in North America. SRM Director 
Phil Sims chaired an organizing task group that selected 
Salt Lake City as the site and July as the month (between 
July 22 and 29). Much work lies ahead as arrangements 
are made, program planned, pre- and post-congress 
tours and mid-congress tours scheduled. It will be some- 
what similar to an SRM annual meeting but much more 
complex with international travel involved, simultaneous 
translation provided, and protocol observed. 

International range management is an exciting concept 
with extraordinary opportunities for SRM to provide lead- 
ership in the study, care, and use of rangelands through- 
out the world. Prospects for "free trade agreements" in 
North America involving Mexico, Canada, and the U.S. 
will have us discussing opportunities to have rangelands 
and their products included. Mexico's Range Manage- 
ment Society (SOM MAP) is a dynamic organization (see 
President's Message in the November, 1991, Trail Boss 
News) and, along with the Mexico Section of SRM, makes 
that country one of the world leaders in range manage- 
ment. The Chinese Grassland Society is planning an 
international rangeland conference in Beijing in 1992 or 
1993. Libraries all over the world subscribe to the Journal 
of Range Management, making that valuable information 
available to range managers and scientists everywhere. 
Results of these sorts of efforts will make a difference as 
better management is applied, over time, to the more than 
40% of the earth's land surface that is Rangeland.—Stan 
TIxier, President of SRM 
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Executive Vice-President's Report 

I put it right on top of my 
Christmas list for Santa Claus, 
no luck. It was my number one 
New Year's Resolution, still noth- 
ing. It would certainly be a nice 
Valentine gift. What is it? An addi- 
tional computer for the SAM 
office, that's what. Just a nice lit- 
tle lap top would make us very 
happy. Seriously, once before 
we put out a sincere request 
wondering if some nice generous member would donate 
an extra one for the office staff. Lo and behold, such a 
wonderful person stepped forward with a fine machine 
which has been working hard ever since. Now in our 
efforts to continue the up scaling of the SRM Denver 
office, we have found that there is a real need for an 
additional computer. Not a complicated unit, just a small 
compact one that would be available when our regular 
ones are all tied up with high priority projects, one we 
could pack along to meetings, simply to be more efficient. 
So, if someone has an extra computer stored away, please 
think of us—we could make very good use of it here in 
Denver. 

BecomIng more effIcIent is an on-going and never- 
ending process in our Society. With the involvement and 
exposure we enjoy these days, every cent that comes in 
must be made to do double duty. Facing this fact of life, 
we constantly are reviewing our contracts with compan- 
ies that do our printing both large and small, the mainte- 
nance agreements for our office machines, and those 
persons who simply keep our facilities in good repair. So 
far this year we have made some excellent improvements. 
For example, a new group has been put on to maintain the 
typesetting equipment at a saving of at least one third. 
Now that's progress. It has always mystified me why we 
couldn't find a garage for office equipment like for auto- 
mobiles. Well, at last they are finally showing up. Way past 
due in my opinion, but better late than never. I was begin- 
ning to think that the free enterprise system had died and 
gone to heaven. 

In spite of my plans of retIrement I'm still on the road. 
Nothing makes me feel better and more optimistic than to 
attend our Section meetings both large and not so large. 
Joint meetings are without question the best. I have 
nothing but compliments for the Colorado and Utah Sec- 
tions for their meeting in Grand Junction, Cob. Their 
agenda was superb with a large number of very influential 
persons making presentations to a standing room only 
crowd. If numbers mean progress, then we are in high 
gear. 

Before I forget, I want to also take this opportunity to 
thank those Sections for the wonderful retirement gift, a 

complete set of the video series by Ken Burns of the Civil 
War. Ijust can't think of anything I could receivethatl will 
enjoy more. But justthink—if we could only have a similar 
video series of our rangelands, wouldn't that be wonder- 
ful. It would take at least as many tapes as the Civil War, 
perhaps a lot more, but the value would be worth the 
effort. It certainly would not be dull watching either. I've 
heard rumors that something like this could be in the 
wings, if so, the SAM needs to volunteer our complete 
support. It's a once in a lifetime opportunity if it happens. 

I can't go on to other subjects without commenting on 
our Sections who are not privileged with large amounts of 
rangeland and membership. I have always made a special 
effort to attend their tours and annual meetings. For 
example, the North Central Section held their Annual 
Meeting in Champaign, III., right in the heart of the tall 
corn country. We had a great time planning and thinking 
of great things to do. When you leave those sessions, 
you're inspired with the dedication. After all, not many 
Section Presidents travel from a new job in California to 
conduct an Annual Meeting in Illinois. It makes you 
humble. 

I represented our SocIety at the Annual Meeting of the 
Greater Yellowstone Association of Conservation Dis- 
tricts held in Idaho Falls, Idaho, in mid December. I have 
great hopes for that organization. They are working hard 
to represent the private lands in the planning for the 
future of that unique area. 

During a panel discussion at that meeting everything 
was brought out from wolves to buffalo, but nothing 
about the vegetative base. I feel the SAM needs to speak 
up when the occasion arises in behalf of the rangelands. 
When I raised the concern about the condition of the 
rangelands in the park areas I was told that the planning 
was for a natural situation and there were no plans for a 
range management position on their staff. Well, I objected 
strenuously. When I settle down on the ranch I will con- 
tinue to voice my concerns. That is one situation that 
needs correcting if it takes years to do it. 

Our SocIety Is InternatIonal In scope without question. 
We have signed contracts for the facilities for the Fifth 
International Rangeland Congress to be sponsored by 
the SAM and held in 1995 in Salt Lake City. This will be no 
small task, I found out, when you take into consideration 
the need for the language interpretation at the meeting 
sessions, let alone at the hotel registration desks. It's 
going to be fun and a real challenge. 

Finally a sobering thought for me. My plans call for 
April 30th to be my last day. It's coming too darn fast.— 
Peter V. Jackson, E.V.P. 
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Horse Removal at the Sleeping Giant 
Rich Adams 

When the Bureau of Land Management's (BLM) Butte 
District acquired a large portion of the landmark Sleeping 
Giant area in the early '80's, we discovered we had also 
inherited a band of about 25 horses which were running at 
large through the steep and forested terrain. 

The Sleeping Giant is about 10,000 scenic acres front- 
ing the Upper Missouri River just north of Helena and 
boasts some very high multiple-use values. Habitat for 
elk, mule deer and mountain goats, livestock grazing, 
recreation, and historic and potential bighorn sheep habi- 
tat are among some of the primary resource values. 

Location Map 
sleeping Giant Study Area 

The Montana Department of Fish, Wildlife, and Parks 
(FW&P) and BLM planned to transplant bighorn sheep 
into the area to reestablish the herd. This plan had to be 
put on hold because of the horses. Much of the sheep's 
projected range overlapped the area used by the horses. 
They were severely impacting both uplands and riparian 
zones. We knew that if the horses were left unattended, 
the problem would only get worse. 

To begin the process, we put together the Headwaters 
Resource Area horse brigade. First we attempted to 
locate the owner(s) of the feral animals. A local individual 
claimed ownership of some of the horses and removed 13 
head in 1987. The remaining horses were deemed to be in 
trespass and planning got underway to remove them. 

The following fall, BLM horsewranglers from the Pryor 
Mountain Wild Horse Range attempted to remove the 
remaining horses. The Montana Department of Livestock 

Author is range conservationist, Headwaters Resource Area, BLM, 106 
North Parkmont, P.O. Box 3388. Butte, Montana 59702. 

provided a helicopter to haze the animals toward the 
riders. After five days only three horses were captured 
and the operation was suspended. 

Between April, 1989, and June, 1990, two local individ- 
uals made three more attempts to capture them. Four 
head were removed through these efforts. 

A proposal to use BLM horse wranglers from Wyoming 
along with a helicopter was rejected because of a pro- 
jected cost of $35,000, considerably more than the district 
could afford. 

The Headwaters Resource Area was left with three real- 
istic options. The first was to allow the unmanaged horses 
to stay in the area. The second was to shoot them. The 
third was to revive a previously discarded idea of tranqui- 
lizing and slingloading them out with a helicopter. 

The first two options were quickly dismissed as unac- 
ceptable to management. A consensus evolved that tran- 
quilizing by darting and slingloading was the way to go. 
Larry Rau, wildlife biologist, had originally come up with 
the idea of using helicopters to dart the animals. He then 
went on to secure the funding through the Challenge 
Cost Share program (private individuals or groups con- 
tribute funds for projects or studies and BLM matches 
those funds) and made arrangements to borrow two 
slings from the Utah Department of Wildlife. Larry nego- 
tiated with FW&P and the Department of State Lands 
(DSL) for the use of their aircraft. Larry arranged for Dick 
Kinyon, a veterinarian from Conrad, Montana, to do the 
darting. 

I wrote the Air Operation Plan which coordinated the 
aircraft, arranged for use of a corral to temporarily place 
the slung horses, and for transportation of the collected 
animals to a holding facility in Helena. Because of the 
types of drugs used in the operation, a 30-day quarantine 
period was required prior to sale. 

The procedure had never been attempted before. It met 
with considerable skepticism throughout the planning 
process and during the operation. 

The Operation 
Three aircraft and sixteen people were involved. The 

FW&P Hughes 500 helicopter, was used by the veterinar- 
ian in the darting operation. A DSL Bell 205 helicopter 
was used to sling horses and transport personnel. The 
FW&P also provided a Cessna 182 airplane to locate the 
horses and keep track of them while the vet worked with 
the tranquilized horses. 

There were two ground crews, a mountain crew con- 
sisting of four people and a two-person crew located at 
the corral. Three additional people helped load the cap- 
tured horses into a trailer. 

The cross hatching is public lands administered by the Headwat- 
ers Resource Area, BLM. 
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A coordinator directed all the aircraft during the opera- 
tion to insure safety measures were followed. Others 
involved were the project manager, three pilots, a helicop- 
ter manager and an observer in an airplane. 

The Hughes 500 proved to be a nimble ship that was 
able to get the veterinarian in close for darting and land- 
ing near the horses to remove the darts. The Bell 205 was 
too big to get into some of the tight spots, making it 
necessary for the mountain crew to walk to the downed 
horse. 

Dr. Kinyon used Carfentanil and Dormosedan to im- 
mobilize the horses. Carfentanil is a very potent drug that 
can prove fatal to humans at very small dosages if it gets 
in the eyes or in an open wound. The dosages were 
determined by the weight of the animal to be captured. 
Adult animals (900-1,200 lbs.) got eight mgs. of Carfen- 
tanil and 1 cc. of Dormosedan; yearlings and colts 
(200—500 lbs.) received six mgs of Carfentani I and 3/4 cc. 
of Dormosedan. 

The dosages are very high when compared to the 3 
mgs. and 3.9 mgs. used for elk or moose, respectively. 
The horses' physiological make-up and the stressful 
situation required a larger dosage. At the corral, 300 mgs. 
of Naloxone l.M. and 20 mgs. of Diprenorphine S.Q. were 
administered as reversal drugs for the narcotics. 

The procedure started when Dr. Kinyon darted a horse 
and then stabilized it once the drugs took affect. The 
mountain crew would arrive at a landing zone near the 
horse, bringing the sling set-up, extra ropes, a halter, and 
cloth to cover the horse's eyes. 

The darted horse was then placed in the sling and 
secured. A metal bar was attached to rings on the sling 
and then to a hundred-foot cable from the helicopter. The 
lead rope on the halter was tied to the bar to keep the 

The Hughes 500 lifts of f to dart a horse located by the Cessena 
182. The Bell 205 waits for a darted horse. All photos by Millard 
Hulse, Public Affairs. 

The Bell 205 transporting a darted horse to the corral. 

A horse is lowered into the corral. The sling set-u p is the same type 
used to transport moose. The hills in the background are similar to 
the Sleeping Giant area. 
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horse's head up to prevent congestion in their upper air- 
way. A tag rope was attached to a foot. 

The darting and slinging portion of the operation took 
from 10 minutes to an hour depending on the size of the 
horse and where it was stabilized. The trip to the corral 
took less than three minutes. Once a horse was airborne, 
the mountain crew hiked to a pick-up point. 

The corral crew guided the load in, using the tag rope to 
prevent the horse from swinging into the corral rails. 
Once the horse was on the ground, the crew removed the 
sling and put on another halter and a rump rope to aid in 
loading. Dr. Kinyori checked the animal and administered 
the antidote along with a dose of vitamin E, selenium, and 
penicillin to reduce the shock of tranquilizing. 

The horse would revive in a few minutes and the fun 
would begin. The horses were loaded into a trailer for 
transportation to Helena. Sometimes this went smoothly 
and the horse loaded quickly into the trailer, but more 
often it took several tries and much coaxing. 

Fourteen horses were darted in the two and one-half 
day operation. Twelve head were successfully removed 
from the mountain but two mares died after darting. Their 
deaths were attributed to drug reaction, stress, and 
advanced pregnancy. 

After the operation was completed we discovered that 
two yearling horses had been missed. Their sexes are 
unknown. As of late March, neither horse had been seen 
by the FW&P biologist during late winter surveys. 

The gathered horses were inspected by the state brand 
inspector to determine ownership. None were branded. I 
photographed and documented each animal's color and 
physical markings. If a captured horse was found in the 
area I would be able to locate the person responsible for 
releasing the animal. 

Conclusion 
The total cost of the operation was about $14,000. Air- 

craft rental was $8,465; the veterinarian cost $3,400; per 
diem for the crews was $1,000; and pasture and transpor- 
tation costs accounted for the rest. The bureau recouped 
$1,933 from the sale of the horses. 

To my knowledge, this was the first time that horses 
have been darted and slingloaded from public lands. This 
was a potentially dangerous undertaking with ample 
opportunities for someone to get hurt, equipment to be 
damaged, or horses killed. Everyone involved felt the 
operation was very successful and a fine example of how 
three different agencies can work together to accomplish 
a common objective. The techiques developed, tested, 
and refined during this operation could be used through- 
out the bureau and by other agencies. 

A horse is being coaxed into the trailer to await transportation to 
Helena. 

Merle Good, Project Manager andArea Manager for the Headwat- 
ers Resource Area, checks on a horse that has been administered 
one of the reversal drugs. Dr. Kin yon, on the left, prepares the other 
injection. 
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Wall Creek Game Range—A Dissenting View 
George Wuerthner 

As livestock grazing on public lands comes under 
increasing attack, livestock advocates have scurried to 
find examples of successful range management pro- 
grams to demonstrate the compatability of livestock 
range use with other resource considerations. Some of 
the areas selected do represent improvements in range 
management over past conditions. On others, however, 
there are far too many claims for improvement with dub- 
ious scientific facts. In many instances, there are mislead- 
ing statements and false innuendos that can not be sub- 
stantiated by the evidence presented. 

One recent example can be found in a brochure collec- 
tively published by the USDA Forest Service (FS), USD1 
Bureau of Land Management (BLM), and Public Lands 
Council (PLC) titled "Livestock Grazing Successes on 
Public Range" (USDA 1989). The brochure features sev- 
eral introductory chapters on the value of livestock graz- 
ing to other resources and its role in Western land man- 
agement and local economies. Several brief examples of 
range "successes" are presented. Range management on 
the Wall Creek Game Range managed by the Montana 
Department of Fish, Wildlife and Parks (MDFWP) 
is featured in the brochure as an example of how livestock 
grazing can "improve" wildlife habitat. But a closer scrut- 
iny of the Wall Creek example reveals a lack of convincing 
evidence and almost no scientific research to back up 
claims. 

The Wall Creek Game Range is located in southcentral 
Montana along the Madison River Valley south of Ennis, 
Montana. The range is managed by the state of Montana 
primarily to provide winter range for elk that summer in 
the nearby Gravelly Mountains. 

The USDA brochure claims that livestock grazing has 
improved conditions for "wildlife". One immediate prob- 
lem is that there is more to wildlife than elk. The brochure 
fails to make this distinction and the positive or negative 
impacts associated with livestock grazing vary from spe- 
cies to species. I'll discuss this in more depth later. 

Even limiting the dIscussion to elk, a review of the 
evidence suggests that livestock grazing may not be the 
positive influence claimed. Indeed, another explanation 
is that present management reduces many of the negative 
impacts associated with livestock and the cumulative net 
reduction in negative influences may be responsible for 
any "improvement" rather than any presumed "benefit" 
associated with livestock grazing. 

That many people believe that livestock is responsible 

for improving the condition of this site is suggested by an 
article on Wall Creek Game Range in the June, 1990 
Montana Farmer-Stockman which quoted refuge man- 
ager Fred King saying: "cattle were being used as tools to 
improve the basic natural resources, the soil and vegeta- 
tion in the best interests of wildlife and the livestock" 
(Peck 1990). is this really what is happening here? Per- 
haps even more important, does it really have widespread 
applicability to most public lands given present goals, 
personnel and financial limitations? 

Consider the following. The brochure says "...elk did 
not use some areas and that forage quality had declined 
as old plants developed." To change this situation the 
MDFWP "...began to experiment with livestock grazing to 
improve range condition and forage-use patterns." The 
experiment included the construction of additional fen- 
ces, water pipelines, and water developments, plus greater 
monitoring and coordination of livestock movements to 
meet range readiness parameters. The article concludes 
that "...changes in elk use patterns are notable, cattle are 
speading out to previously ungrazed areas and regrowth 
of vegetation is increasing." 

One of the pieces of "evidence" given to support the 
contention that livestock grazing had improved wildlife 
habitat is the observation that elk numbers have increased 
in the Wall Creek area. The brochure states that "elk 
wintering on the Wall Creek area increased from 6 anim- 
als in 1935 to more than 1,200 by 1987". However, since 
the game range was only opened to livestock use in 1982 
on an experimental basis and rested in 1983, before 
resuming the present rest-rotation management system 
in 1984, much of the noted increase in elk numbers 
occurred prior to the introduction of livestock to game 
range lands. Such a distinction was artfully left out of the 
brochure. 

In addition, elk numbers are up all over western Mon- 
tana, partially due to five mild winters which have reduced 
winter mortality. Not only could the mild winters have 
contributed as much or more to the perceived elk increases 
than anything to do with "improvements" resulting from 
livestock use, but higher elk populations would also 
cause elk to seek out and expand use into formerly 
unused areas merely as a consequence of population 
pressures. This has been documented elsewhere in Mon- 
tana (MDFWP 1989). Since elk learn and pass on informa- 
tion about range use to their offspring, the expansion in 
elk use at Wall Creek may be something that was recently 
acquired as increasing elk numbers necessitated expan- 
sion of winter range utilization. 

Furthermore, the rise in elk numbers is part of long-term 

The author, who lives in Livingston, Montana, is an ecological consultant. 
freelance writer, and photographer specializing in natural resources. 

This paper isa part of a point-counterpoint viewpoint. The companion paper 
In this issue is "Coordinated Management of Elk and Cattle, A Perspective— 
Wall Creek Wildlife Management Area" by Kurt L. Alt, Michael A. Frisina, and 
Frederick J. King. 
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population increase found, not just at Wall Creek, but 
throughout Montana. Since bottoming out at historic 
lows just after the turn of the century, elk numbers have 
increased all over the West, not only in areas grazed by 
livestock, but in many areas without livestock as well. For 
instance, the MDFWP notes in its recently released Draft 
Elk Management Plan that in 1910 there were only an 
estimated 3,000 elk in the entire state of Montana outside 
of Yellowstone National Park! Yet, today the state sup- 
ports in excess of 100,000 elk, with the highest popula- 
tions centered on wilderness areas where little or no 
competition for forage and space between elk and lives- 
tock occurs (MDFWP 1991). To imply the increase in elk 
numbers is a result of "improved" conditions attributable 
to livestock use may be inaccurate. Much of this popula- 
tion increase is due to better game management, trans- 
plants of elk, and natural range expansion due to increas- 
ing populations (Peek 1982). In fact, since livestock 
numbers HAVE DECREASED significantly on public 
lands throughout the West since the 1900's, one could 
suggest that fewer domestic animals translates into more 
wild animals. Because of these changes in game man- 
agement as well as a reduction of livestock use of public 
lands, another interpretation may be that elk numbers 
have increased, not because of, but in spite of livestock. 

To understand what happened on the Wall Creek Game 
Range, it's important to review some of the area's grazing 
history. Originally, the Game Range was closed to live- 
stock use. Cattle did, however, graze the adjacent Bea- 
verhead National Forest lands. Each year after the first 
snow, the cattle would leave the high country and con- 
gregate on the lower elevation pastures which were criti- 
cal elk winter range lying immediately adjacent to, but 

outside of, the Wall Creek Game Range. Excessive live- 
stock grazing of these lower elevation rangelands des- 
troyed their value as elk winter range (Per. Comm. 
MDFWP. 1991). 

To alleviate some of these overgrazing problems, the 
Montana Dept. of Fish, Wildlife and Parks decided to open 
the Wall Creek Range to livestock, thereby increasing 
management flexibility as well as reducing overall live- 
stock grazing pressure. Part of the motivation for this 
change in policy was political. If the ranchers were get- 
ting some forage from Fish, Wildlife and Parks lands, then 
they might be more tolerate of elk use and hunter access 
on their deeded lands. According to MDFWP officials this 
seems to have worked. 

The biologIcal implications of opening the Wall Creek 
Game Range to livestock was to bring a defacto REDUC- 
TION in cattle stocking rate throughout the area since the 
same number of animals were spread over a much larger 
area (the combined game range and Forest Service allot- 
ment), effectively reducing the overall cattle numbers on 
the allotment. As a consequence of these changes, live- 
stock grazing of important elk winter range on Beaver- 
head National Forest lands was significantly reduced, 
thereby increasing the value of the entire area to winter- 
ing elk. 

This reduction in stocking rate may have contributed to 
an overall "improvement" reportedly observed. But is it 
really fair to suggest that mitigation of previous negative 
impacts of livestock grazing has "improved" elk habitat? 

Since there was an improvement in elk habitat with the 
reduced livestock stocking rate, the question can be 
raised that perhaps total removal of livestock might not 
bring about an even greater "improvement" in elk habitat. 

Looking across the Wail Creek Game Range towards the Madison Range. 
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To further complicate the situation, there is no control. 
No significant portion of the Wall Creek Range is closed 
to livestock grazing, consequently there is no way to 
determine whether livestock grazing or perhaps a combi- 
nation of other factors is responsible for the observed 
changes in elk habits and utilization. Would we haveseen 
the same increase in elk numbers if livestock grazing of all 
winter range was terminated? 

Another bit of circumstantial evidence used in the bro- 
chure and by livestock supporters to demonstrate that 
livestock "improved" wildlife habitat is the observation 
that elk appear to prefer to graze some portions of the 
range which were lightly used in the past. 

The MDFWP attributes thIs change to greater palatabi I- 
ity in recently cropped forage (Frisina, M.R. 1986). A 
number of studies have demonstrated that cropping will 
increase forage nitrogen content and palatability (Ander- 
son, W.E. and Scherzinger, R.J. 1975; Pitt, M.D. 1986) and 
may indeed partially account for some of the observed 
elk behavior changes seen on the Wall Creek Game 
Range, but does this mean that livestock have "improved" 
elk habitat? 

Such an observation does not necessarily mean that elk 
"need" livestock to "improve" range conditions. Elk in 
Yellowstone National Park and other areas where little or 
no overlap in livestock and elk ranges occurs do fine 
withoutthe influence of cattle grazing. In fact, the highest 
elk populations in Montana are found in areas with little or 
no overlap in livestock-elk habitat use such as the Bob 
Marshall Wilderness and areas immediately adjacent to 
Yellowstone National Park (MDFWP 1991). Without a 
substantial control area with no livestock grazing, we 
don't know if elk numbers would increaseto a pointwhere 
the elk themselves would remove enough "wolf" plants to 
bring about the same increases in palatability. There is 
some recent evidence that this may be happening in Yel- 
lowstone Park (Singer 1991). 

Furthermore, any "improvement" due to livestock, if it 
exists, must be weighed against all negative effects as 
well. For example, observations of cattle and elk interac- 
tions by biologists at the MDFWP's Mount Haggin Wildlife 
Management Area (which has a similar rest-rotation pro- 
gram as implemented at the Wall Creek Game Range) 
found that 94% of all elk observations were not in pastures 
being grazed by cattle. Elk definitely appeared to avoid 
any areas actively being used by livestock, although in the 
following rest year, in the absence of livestock, such pas- 
tures appeared to be preferred by elk. The author felt the 
removal of vegetation by cattle reduced cover for elk 
calves and reduced forage availability for adults, possibly 
explaining this habitat separation (Frisina, M.R. 1986). A 
similar avoidance of cattle by elk was observed in Arizona 
(Wallace and Krausman 1987). 

Thus, at least while cattle are actively grazing a pasture, 
livestock use appears to displace elk from potentially 
useable habitat. This could have an overall negative 
impact upon elk fitness if they are forced to utilize habitat 
which exposes them to greater predation, with less ther- 

mal cover, greater human disturbance, lower forage qual- 
ity, less water, or other variables. These ecological 
"costs" must be balanced against any potential benefits 
derived by enhanced forage palatability as a conse- 
quence of livestock grazing. In addition, it must be noted, 
similar increases in palatability could be achieved by 
prescribed burning, which is also never mentioned as a 
viable alternative by livestock boosters. 

Furthermore, according to the MDFWP biologists I 
questioned, enhanced forage palatability may not be the 
only or even the major factor accounting for the observed 
greater elk numbers and use of the Wall Creek Game 
Range. Other changes in the management of the game 
range by MDFWP may also account for some or most of 
the observed changes in elk habitat use. For example, the 
agency installed a removable electrical fence that is taken 
down each winter to facilate movement of elk. 

In addition, the range was recently closed to human 
activities between December and June. A great deal of 
research has demonstrated that hunted elk avoid areas 
with intense human use (Lyons, J. 1975). 

Even if livestock grazing did influence elk habitat selec- 
tion, it would be wrong to assume that this was a net 
benefit to elk. Were elk in any way deprived in the past? 
Was poor forage quality a limiting factor prior to the 
introduction of livestock to the game range? Or was the 
reduction in winter range quality really the most impor- 
tant factor? Certainly this would have eliminated the ear- 
lier competition and overgrazing problem of elk in winter. 
Competition for forage between elk cattle has been doc- 
umented elsewhere (Skovlin et al. 1968). And how many 
elk could the Wall Creek Game Range support if livestock 
were removed from both the adjacent portions of the 
Beaverhead National Forest as well as on the game 
range? 

But even if livestock grazing as practiced on the Wall 
Creek Game Range were found to be a positive influence 
on elk numbers, is such management really practical on 
most public lands? Very likely not for several reasons. 

First, grazing fees paid by livestock permittees do not 
cover the administrative and monitoring costs incurred 
by the Fish, Wildlife and Parks to manage the Wall Creek 
Range. In the case of the Wall Creek Range, this includes 
the cost of a year round full-time manager (Per. Comm. 
FDFWP 1990). One reason livestock impacts are mit- 
igated better on Wall Creek than on other public lands is 
due to close monitoring of range readiness, livestock 
utilization and other factors by the MDFWP on an almost 
daily basis. Monitoring of allotments on federal public 
lands may not occur yearly, much less on any kind of daily 
basis. According to a recent General Accounting Office 
study, most BLM allotments in Nevada are visited only 
once every three years (GAO 1990). To provide daily or 
even weekly monitoring of federal range allotments 
would significantly increase administrative costs and is 
not likely to be adopted as public range policy. 

Anotherfactorwhich distinguishes the Wall Creek area 
from other federal lands is that management is specif i- 
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cally designed to benefit elk, not cattle. This results in a 
significantly reduced season of use by livestock on the 
state lands than on comparable nearby federal lands 
where management emphasis is not on elk production. 

It may well be that the management policies at Wall 
Creek mitigate many of the negative impacts typically 
associated with livestock production on public lands, and 
consequently may be responsible for the "improved" 
conditions observed. Indeed if this is occurring on the 
Wall Creek Range, then it could be questioned whether 
mitigation of negative impacts should be presented as a 
"benefit". 

As mentIoned earlIer, the brochure deceives the public 
by using the collective term "wildlife" loosely. Whether 
livestock improves wildlife habitat depends greatly on 
what species we are discussing. Not all benefit equally, 
some not at all. No one at Wall Creek, for example, has 
looked at the impacts of livestock grazing on other native 
species. For instance, cows tend to congregate on wet 
meadows and seeps in the summer months. These same 
areas are important nurseries for sage grouse chicks 
which depend upon these relatively rare areas for cover 
from predators. In addition, since chicks feed mostly on 
insects in their first few weeks of life, these same wet 
meadows are an important food source (Call and Maser 
1985). What is the impact of livestock grazing on sage 
grouse? How about impacts to rodents, butterflies, song- 
birds and the host of other species which also use the Wall 
Creek Game Range? It is doubtful that livestock grazing 
has "improved" wildlife habitat for all these species. 

Other environmental "costs" which may be present as a 
consequence of livestock use, such as impacts upon soil 
lichens, soil compaction, or plant community structure, 
have not been inventoried or accounted. And even the 
underlying assumptions about what is range health can 
be challenged. What ecological role do wolf plants play in 
ecosystem function? Can we assume that it is desirable to 
eliminate these kinds of grasses from our rangelands? 

The present management regime of the Wall Creek 
Game Range and adjacent Forest Service lands is, collec- 
tively, a tremendous improvement over past management 
in the area, and for this the MDFWP deserves credit. 

However, too many questions are unanswered for anyone 
to make broad generalizations that cattle have improved 
range condition or "wildlife" habitat. In absence of good 
scientific controls, another interpretation of perceived 
"improvements" in elk habitat and use at Wall Creek could 
be that negative livestock impacts on winter range as well 
as a general reduction in stocking, when combined with 
changes in other non-livestock related management 
changes at Wall Creek such as closure to public entry in 
the winter months, could explain the higher elk numbers 
and purported "improvements" in range condition. 
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Coordinated Management of Elk and Cattle, A Perspective— 
Wall Creek Wildlife Management Area 

Kurt L. Alt, Michael R. Frisina, Frederick J. King 

During the 1980's, a coordinated management program 
was developed for the Wall Creek Wildlife Management 
Area (WMA) in an effort to improve overall management 
of the area and resolve conflicts between elk and agricul- 
tural use of lands adjacent to the WMA. Emphasis was 
placed on improved management of public lands to 
encourage elk use through improved palatability and 
availability of winter forage for elk. This program was 
developed as a coordinated effort between the Montana 
Department of Fish, Wildlife and Parks (FWP), Beaver- 
head National Forest and the Wall Creek Stock Associa- 
tion with the following objectives: * allow for maintenance and enhancement of the soil 

and vegetative resource. * maintain high quality forage for wintering elk through- 
out the entire elk winter range. * reduce elk/cattle competition on critical elk winter 
range. * enhance the desirability of the entire Wall Creek 
WMA to alleviate game damage problems on adjacent 
private lands. 

Kurt L. Alt and Michael R. Frisina are wildlife biologists, and Frederick J. 
King, wildlife area manager, Montana Department of Fish, Wildlife and Parks. 

This paper is a part of a point-counterpoint viewpoint. The companion paper 
In this Issue is "Wall Creek Game Range—A Dissenting View" by George 
WuerTher. 

Schematic of the Wall Creek Grazing System. 

* 
manage the entire elk winter range in a coordinated 
fashion regardless of ownership. 

* provide for spring, summer and fall cattle use. 

Description of the Wail Creek Wildlife Management 
Area 

The Montana Department of FWP acquired the Wall 
Creek WMA in 1960 primarily for elk winter range. The 
purchase included 7,067 acres, of which 918 acres are 
State School Trust leased lands. 

The Wall Creek WMA is located 26 miles south of Ennis, 
in the Madison Valley of southwestern Montana. Precipi- 
tation averages l2to 14 inches annually. Plant communi- 
ties are dominated by bluebunch wheatgrass and Idaho 
fescue. Slopes are generally blown free of snow during 
the winter period. 

History of Elk Populations 
Interviews with local ranchers indicated that only ,a 

handfulof elk, 5—6, were present on the Wall Creek area in 
1935. One of the earlier owners of this property reported 
in the early 1940's that about 30 elk wintered on the Bea- 
verhead National Forest lands adjacent to his place. Dur- 
ing one of the first population counts conducted by FWP, 
the winter of 1942—43, 56 elk were observed in the Wall 

Madison 
River 
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Creek area. By 1950, damage to agricultural crops by deer 
and elk was reported. 

At the time of FWP purchase, wintering elk had increased 
to 273; by 1970, the population had expanded to around 
600 wintering elk. Since 1987, the herd has stabilized 
around 1,200 to 1400 elk. 

Historical Grazing 
During private ownership prior to 1960, the Wall Creek 

area was grazed intensively by cattle. The grazing pro- 
gram could best be characterized as continuous, year- 
round grazing. 

Immediately following FWP purchase, all livestock 
were removed from the Wall Creek WMA. Adjacent 
Bureau of Land Management lands along the Madison 
River were also withdrawn from livestock grazing and 
dedicated for recreational purposes. In 1961, the Beaver- 
head National Forest withdrew 311 head of cattle, pre- 
viously associated with the Wall Creek base property, 
from the Wall Creek Grazing Allotment adjacent to the 
WMA. 

In 1967, the Beaverhead National Forest implemented a 
six pasture grazing system which applied some of the 
rest-rotation grazing principles described in Hormay 
(1970). The lower two pastures, encompassing important 
elk winter range adjacent to the WMA, were grazed only 
during alternating years. However, during many years 
early fall storms would force cattle down out of the high 
elevation pastures and back into the lower two pastures 
(Schott 1989). The grazing season for the Wall Creek 
Allotment ran from June 16 to October 15. 

From 1960 until the summer of 1982, a period of 21 

years, the Wall Creek WMA was rested from all livestock 
grazing. During this period of no cattle grazing, frequent 
game damage complaints were received from private land- 
owners adjacent to the WMA. A full-time manager was at 
that time stationed at Wall Creek and one of his primary 
winter duties was to haze elk back onto the WMA from 
private lands to the south. In addition, FWP fertilized both 
cultivated and native range lands, cut existing hay mea- 
dows so as to remove the residual vegetation to increase 
desirability by elk during spring and, in short, tried nearly 
all economically feasible means to lure wintering elk off 
adjacent private land lying to the south. 

To address game damage and in an effort to more 
responsibly manage the entire elk winter range, FWP 

experimentally grazed cattle on the Wall Creek WMA for 
approximately three weeks during the summer of 1982. 
The initial experimentation was done in cooperation with 
the Beaverhead National Forest and followed rest-rotation 
grazing principles described by Hormay (1970). No graz- 
ing occurred in 1983. During the four-year period from 
1984 through 1987, adjustments were made to the system. 
By 1988, the system was fully implemented and strictly 
applied the principles of rest-rotation grazing (Hormay 
1970). 

Current Grazing Program 
The current system consists of 10 pastures, all of which 

are periodically grazed by cattle. In a coordinated pro- 
gram, four FWP pastures and two National Forest pas- 
tures provide winter habitat for elk. The remaining four 
pastures are administered by the Forest Service and pro- 
vide summer range for elk. 

These pastures are arranged along an elevational gra- 
dient ranging from 5,600 feet to 9,000 feet (Figure 1). The 
three low elevation and three mid-elevation pastures pro- 
vide winter elk forage. The four high elevation pastures 
are summer habitat for elk. 

To make the system work properly, a considerable 
amount of interior fencing had to be constructed on the 
Wall Creek WMA. Most of the exterior boundary fences 
were and still are barbed wire, but all the interior fencing 
is three strand electrical fence which is dropped during 
the winter period to facilitate elk movement within the 
WMA. Pastures vary somewhat in size; however, they are 
balanced in cattle-grazing capacity. 

The Wall Creek Stock Association consists of seven 
members who graze approximately 700 head of livestock 
through this system from May 1 through September 30. 

In any given year, one set of 3 pastures is grazed by 
moving cattle up in elevation during the growing period, 
one set is grazed by moving cattle down in elevation 
during the post-seed ripe period, and the third set is 
rested. Over a three-year period, a given set of three 
pastures will be grazed during the growing season in year 
one, grazed post-seed ripe in year two, and totally rested 
in year three. 

Under this system, following a grazing treatment dur- 
ing the growing season, two years of vegetative rest are 
provided with one of these being a year of total rest from 
livestock use. 

Each year, cattle first enter one of the low elevation elk 
winter range pastures on May 1, where they remain for 
one month. On June 1, which corresponds to the period 
of rapid plant growth (boot stage), they are moved to the 
mid-elevation elk winter range pasture where they spend 
six weeks. On July 15, they are moved to a high elevation 
pasture until seed ripe. Following seed ripe, mid-August, 

May 1, on day cattle are moved onto pasture. The first three photos 
are from the same photo plot, 1990, in low elevation winter range 
pasture receiving the early use, prior to boot stage treatment. 
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Interior electric drop fence. 

Following is a summary of the management benefits 
derived from this program as related to the objectives 
presented in the introduction 
Low Elevation ELk Winter Range Pastures 

Each year one pasture is grazed by cattle in the spring 
with grazing timed to provide substantial regrowth the 
same growing season. This regrowth is very nutritious 
and available for winter use by elk. A second pasture that 
was rested all growing season and grazed by cattle for 
one week during fall has most of the current year's growth 
available for wintering elk. The third pasture is totally 
rested from cattle use with the entire year's plant growth 
available for wintering elk. Although two of the three low 
elevation pastures are grazed by cattle, they all have a 
substantial amou nt of winter forage left for winter elk use. 

Mid-elevation Elk Winter Range Pastures 
Because one of the three pastures is rested from cattle 

grazing and a second is grazed for one week in the fall, 
two thirds of the mid-elevation pastures provide substan- 
tial forage for wintering elk. Additionally, there is some 
regrowth provided for elk in the pasture grazed by cattle 
during June and early July. 

June 1, the day after cattle leave the pasture. Coordination between FWP, USFS and permittees. 

Management Benefits 

September 21, well after seed ripe in this pasture, i.e., showing 
re-growth following the early use treatment. 

cattle are moved to a second high elevation pasture where 
they remain until September 15. On September 15 cattle 
are moved down slope into a mid-elevation elk winter 
range pasture and then into a low elevation winter range 
pasture, spending one week in each. On September 30, 
cattle are moved off the area to Wall Creek Stock Associa- 
tion private lands where they spend the winter months. p•t 

Low reaches of the Wall Creek Wildlife Management Area. 
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High Elevation Elk Summer Range Pastures 
Livestock grazing is timed so that cattle are in only one 

of the high pastures during the growing season or 
summer months. Cattle are then moved to a second pas- 
ture in early fall after the growing season. This leaves 
three of the four available pastures for elk summer use 
without the presence of cattle. 

Rest-rotation principles were developed to maintain 
the soil and vegetation with the presence of livestock 
grazing (Hormay 1970). Although the grazing system has 
not been in place long enough to detect significant 
changes in species composition of plant communities, 
our vegetation monitoring effort is designed to document 
change over the long term. 

Cattle moving onto a low elevation winter range pasture on May 1. 

Observations to date indicate increased palatability of 
the major vegetative types on the Wall Creek WMA facili- 
tated by the removal of accumulations of old plant mate- 
rial. For example, smooth brome fields and crested 
wheatgrass stands, which under no livestock grazing had 
a relatively large accumulation of residual vegetation, are 
now being used by elk. 

Members of the Stock Association are currently receiv- 
ing an additional month of livestock grazing. This resulted 
in an increase of 826 Animal Unit Months of grazing by 
cattle. 

Other recent management activities not related to graz- 
ing were developed as a result of this coordinated man- 

agement approach. For example, to minimize human 
harassment of wintering elk, the Wall Creek WMA was 
closed to all unauthorized human activities from Decem- 
ber 1 through May 15 of each year. Although weather 
patterns are a major influencing factor affecting the way 
in which wintering elk utilize the WMA, there are noticea- 
ble differences in certain vegetation types currently being 
utilized by elk. 

This program has eliminated the need for a full-time 
manager to be housed at Wall Creek since hazing winter- 
ing elk off private lands is no longer a major factor. This is 
partially a result of a closer and more productive relation- 
ship between FWP, private landowners and the Beaver- 
head National Forest created by this cooperative approach 
of looking beyond the fencelines. 

This project was established as a management pro- 
gram rather than a full-scale research project. However, 
monitoring and evaluation is an important element and 
includes: * elk pellet group transects and bi-monthly winter elk 

counts to monitor elk distribution and use patterns. * 
permanently marked photo plots and vegetation 
transects, and cattle exclosures in each of the FWP 
pastures to document changes in species composition. 

* paired vegetation transects on BLM land and an adja- 
cent FWP pasture. The BLM land closed to cattle 
grazing is indicative of the WMA priorto implementa- 
tion of the grazing system and will, over time, facili- 
tate detection of changes in plant communities result- 
ing from the cattle grazing program. 

In conclusion, mixed ownership of the elk winter range 
at Wall Creek is typical of many elk winter ranges, not only 
in southwest Montana, but throughout the West. The Wall 
Creek area serves as an example of a practical solution for 
managing both livestock and elk on the same piece of 
ground. 
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Readers Write 
To: Gary Frasier 

I applaud the efforts of Ran gelands to reach ranchers 
and managers in field situations with usable information. 
However, I have some concerns regarding the informa- 
tion published in the February 1991 issue. Published 
information in a journal represented by a professional 
society should warrant a high degree of credibility and 
accuracy. 

My concerns are in regard to the articles: "Wyoming's 
Land Managers" by Jim Schwartz, and "Riparian Man- 
agement Improves Western Rangeland" by Leland Camp- 
sey. I believe the perceptions and conclusions generated 
by the articles and accompanying pictures mislead or 
distort the concepts of "good" management. 

Few biologists would consider the picture on page 25 
as "Elk in excellent habitat". Judging from the stage of 
antler development, the photo was probably taken in mid 
to late summer and herbaceous vegetation has been 
removed to the point that the hooves on the animals are 
clearly visible. There is considerable evidence of deca- 
dence in the woody species as evidenced by the dead and 
down material in the foreground and center of the photo. 
The background depicts a browse line on the deciduous 
trees. 

"Creek with good vegetation on banks" is also mislead- 
ing (p. 26). Most riparian ecologists consider "good" 
vegetation to include woody species that are characteris- 
tic of the available moisture. There is little, if any, evi- 
dence of woody riparian species of vegetation along the 
stream channels in the photos. In fact, the banks in the 
photo on page 26 show considerable evidence of abuse 
as evidenced by the gradual sloping into the channel. The 
bank slough ing in the center of the picture also suggests 
unstable conditions. If the point of the article was to show 
the improvements made, then there should be accom- 
panying photos to show previous conditions. 

Any improvements in the habitat conditions should be 
applauded. However, the photos displayed in these arti- 
cles should not be interpreted as "good habitat". The 
article by Campsey did not state that these were examples 
of "good habitat". However, such an interpretation was 
available. The article by Schwartz did. Efforts by ranchers 
and managers to improve the condition of the land for 
wildlife, or any reason, are to be congratulated. These 
articles and the accompanying photos should not be 
construed as any standard of excellence based on habitat 
conditions portrayed in the photos. 

Mark A. Rumble 
Research Wildlife Biologist 

Editor 
Ran gelands 
RE: "A Drought and Two Grazing Systems" (October 
1991) 

Your October edition included an article, "A Drought 
and Two Grazing Systems", that not only misrepresented 
Holistic Resource Management but also indicated clearly 
that neither the author nor your editors have even a basic 
understanding of this process for managing resources as 
a whole. 

The Center for Holistic Resource Management would 
like to note for your readers a couple of points that qual ify 
this ignorance. 

First of all, Holistic Resource Management is not "a 
grazing system" though it is sometimes used as such and 
often wrongly referred to in this manner. We have expe- 
rienced that any land manager who uses Holistic Resource 
Management as a "grazing system" will eventually meet 
with failure. This is because he or she is not truly manag- 
ing for the whole, rather applying some sort of "short 
duration grazing system." 

The author states at one point that a certain strategy 
was used to "achieve benefits described in the HRM 
model." Apparently, neither the author nor your editors 
even bothered to look at the Holistic Resource Manage- 
ment model since nowhere in that model is there a single 
mention of "benefits" received from applying a certain 
strategy. 

Additionally, the author states "higher stocking levels 
are designed to chip the soil from hoof action." This 
however, is never true. Animal behavior is altered if 
animal impact is required. This decision is always made in 
a bigger picture of understanding wherethe land lies on a 
scale of "brittleness." If the land manager was using the 
higher stocking rates to "chip the soil," it is clear that the 
HRM model was neither understood nor used. 

The actions and results described in this article indicate 
clearly that the biological planning to handle livestock 
within a holistic management framework was not used. 
Had the manager's planning been done correctly, minor 
and early decreases in livestock would have seen him or 
her through the drought periods. We have documented 
experiences of land managers who did the biological 
planning and understood how to handle the livestock as 
part of a larger whole who prospered during 10 years of 
frequent and severe drought. 

Perhaps your editors should acquire a basic under- 
standing of Holistic Resource Management. At the very 
least, they should have a copy of our model, which we are 
enclosing, so that they can verify direct statements made 
by authors about this model. 

Sincerely, 

Shannon A. Horst 
Director of Public Awareness 
Center for Holistic Resource Management 
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Why Range Research? 
The earth's land surface is 

approximately 51 percent range 
and permanent pasture. Range and 
pasture are found in every state and 
cover 55 percent of the land surface 
of the United States and about 80 
percent of the western states. 
These range and pasture lands pro- 
vide forage for some 70 million cat- 
tle, 20 million deer, 8 million sheep, 
500,000 pronghorn antelope, 
400,000 elk, 55,000 wild horses and 
burros and many other grazing 
animals. 

To many people, range has nar- 
rowly been identified only for its 
tradition of supporting livestock. 
The goods and services rangeland 
provides and the important linkages 
it has with other components of the 
production system have often been 
forgotten when range is thought of 
as a "use" and not a 'type" of land. 

The different users of rangeland, in 
a multiple use context, have often 
viewed each other as competitors, 
and have not joined voices to 
express opinions on its common 
importance. In addition, many of 
the goods and services marketed 

from range and pasture land have a 
value that is marketed separate 
from the land which produced it. 

Many people believe that much of 
the land that is classified as range- 
land has or is undergoing change. 
This change, for the most part, is 
perceived to be destructive in 
nature and lowering the productive 
capacity of the land. In contrast to a 
global downward trend, the condi- 
tion of the range and pasture lands 
in the United States has improved 
on a substantial fraction of both 
private and public lands in the last 
thirty years. Research has played a 
key role in this improvement. 
Balancing the many uses of range- 
land for the benefit of society 
requires a research program that is 
conducted within an ecological 
framework. 

Relevant Outside Influences 
Change has characterized the 

1980's and the first part of this 
decade. Change is reflected in all 
components of our world. Some of 
the major changes related to range- 
land ecosystems are: 
Global Environmental Change. The 
specter of Global Environmental 
Change haunts contemporary 
society. The 1987 report, Our 
Common Future, published by the 
World Commission on Environment 
and Development, concluded that 
the environmental crisis and the 
developmental crisis were one and 
the same and that sustainable 
development was the only way to 
ameliorate the crisis. They defined 
"sustainable development" as: 
"Development that meets the needs 
of the present without compromis- 
ing the ability of future generations 
to meet theirs." 

World Political Change. In the 

past few short years, we have expe- 
rienced unprecedented change in 
the political environment through- 
out the world. A workshop co- 
sponsored by Colorado State Uni- 
versity and Senator Wirth held in 
October 1989 focused on global 
change. During the workshop, the 
expression was made, stop the 
"cold war" and begin the "green 
war." Many nations that in the past 
would have been unlikely partners 
are now ready to join forces and 
work together for our environmen- 
tal future. 

A Changing Public Opinion. We 
are in an era of renewed environ- 
mental awareness. It seems obvious 
that changes on rangeland have 
ties to global environmental 
change. If the general public con- 
tinues to shift thinking and priori- 
ties toward long-term payoff, or an 
ecological outlook, and if we are 
seen to have a strong ecological 
base as well as interests in sustain- 
able production systems on range- 
land, range research should rise in 
priority. 

Research Program and Areas of 
Emphasis 

Range research in the United 
States Department of Agriculture, 
Agricultural Research Service 
(USDA-ARS) currently has an 
appropriation of about $13 million. 
Approximately 37 percent of the 
1991 ARS appropriation for range 
research is allocated to Great 
Plains ecosystems, 20 percent to 
sagebrush and desert grasslands, 
and 13 percent to more arid shrub 
types. The remaining 30 percent is 
categorized as "other rangeland" 
and is mostly allocated to range 
insect research, remote sensing, 
brush and weed control, and other 
management practices. 

In November 1988, scientists 
from the ARS and other research 
and academic institutions were 
asked to identify accomplishments 
and products they would anticipate 
to be completed during the next 
decade. For the most part, their 
inputs build from and represent the 
direction that current ARS pro- 
grams are taking. A brief overall 

ARS Range Research 
R. Dennis Child and Gary W. Frasier 

Range scientist Herman Mayeux checks 
light-sensing bars that indicate solar radia- 
tion in a growth tunnel. 

National Program Leader, Ranger. USDA-ARS. Beltsville, MD, and Research 
Hydraulic Engineer, USDA-ARS, Ft. Collins, CO. 
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summary of the expected accomp- 
lishments follows: 

...New releases of grass, legume 
and shrub germplasm with: (1) 
improved heat tolerance, (2) elimi- 
nation of post harvest dormancy, 
(3) drought resistance, (4) forage 
yield, (5) winter hardiness, (6) 
digestibility, (7) seedling vigor, (8) 
nitrogen fixation, and (9) adaption 
to saline soils. 

...A comprehensive synthesis of 
seed and seedbed ecology of major 
plant species along with innovative 
or "natural" methods for distribut- 
ing and establishing seedlings of 
desirable plants. 

...Procedures and integrated 
management systems that will con- 
sider all users of rangelands, pro- 
tect existing water supplies and 
prevent soil and water 
contamination. 

...Techniques for managing 
unwanted plants including biologi- 
cal control methods using the graz- 
ing of sheep, camels or goats, 
insects or the use of pathogens. 

Management tools (geographical 
information systems (GIS), artificial 

intelligence (Al) and other models) 
to develop cost effective manage- 
ment strategies. 

The Society for Range Manage- 
ment identified seven broad 
research areas for rangeland in the 
1990's. These areas used by the 
ARS to organize its range research 
program are: 

1) Water Quantity, Quality and 
Management 

2) Basic Ecology 
3) Soil, Plant, Animal Relations 
4) Integrating Land Uses 
5) Integrated Systems Research 
6) Plant Improvement and 

Protection 
7) Weed and Brush Management 

ARS Organizational Structure and 
Research Approach 

Public goals in government have 
shifted from supporting generalized 
capabilities (research, information, 
and education) to programs that 
are accountable for visible results. 
There has been a shift in societal 
thinking regarding agriculture from 
emphasizing only quantity to seek- 
ing for quality and sustainability 

with an overall concern for the total 
environment. The research 
approach and objectives of the next 
decade must broaden to encom- 
pass these values while addressing 
them within a total production unit 
framework. This will be one of the 
challenges for ARS range research 
in the next decade. 

The ARS research approach 
requires stronger linkages between 
scientists from a wide variety of 
disciplines to improve the inte- 
grated production systems that typ- 
ify today's changing world. Work- 
groups within the major 
physiographic regions were estab- 
lished to focus limited resources to 
the most critical problems and help 
range research achieve greater 
effectiveness. 

Seven Systems Research Regions 
have been identified with a lead 
location to implement specific 
research objectives. Their primary 
objective is to learn how production 
systems work from a basic ecologi- 
cal perspective and adapt this 
understanding to meeting the 
needs of resource managers and 
decision makers in the region. Six 
locations have also been desig- 
nated as lead locations for Spe- 
cialty Research, each having a 
research leadership and coordina- 
tion role in an application that has 
broad implication across physio- 
graphic regions. 

Public goals in govern- 
ment have shifted from 
supporting generalized 
capabilities (research, in- 
formation, and education) 
to programs that are ac- 
countable for visible 
results. 

Measurement of plant responses to changes in CO2. ARS in Fort Collins, Cob. 
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Principal Regional Systems for Sus- 
tainable Range/Pasture Crop Produc- 
tion Systems 

Northern Plains/Systems 
Research 

Principal location—Miles City, 
MT 

Linked locations—Mandan, ND; 
Sidney, MT; Fargo, ND 

The research program at the Fort 
Keogh Livestock & Range Research 
Laboratory USDA-ARS, Miles City, 
Montana is to develop sustainable 
and economical range livestock 
production systems for the Northern 
Great Plains. Fort Keogh, a 55,300- 
acre laboratory, has a multi-disciplin- 
ary research program in four 
broad disciplines: (1) range ecology 
and management; (2) range animal 
nutrition; (3) beef cattle genetics; 
and (4) beef cattle reproductive phy- 
siology. The current emphasis of the 
research program is on developing 
beef cattle grazing strategies that 
maintain the range resource on a 
sustained basis. 

Fundamental to the program is the 
underlying belief that grazing by large 
herbivores is essential for maintain- 
ing the health of Northern Great 
Plains rangelands. An important 
question centers on whether domes- 
tic livestock are acceptable substi- 
tutes for historically wild ungulates, 
in terms of imposing equivalent evo- 
lutionary impacts on the rangeland 
resource. At present, no profound 
evidence is available suggesting live- 
stock are not acceptable substitutes 
for wild herbivores. With 150 million 
acres of native rangelands in the 
Northern Great Plains, an understand- 
ing of the potential impacts of cur- 
rent livestock management regimens 
on the sustain ability of these range- 
land ecosystems is critical for the 
development of ecological ly and eco- 
nomically sound management strat- 
egies. 

Drought-G razing Interaction Stu- 
dies. Field studies are designed to 
examine fundamental drought-graz- 
ing interactions in a timely and scien- 
tifically sound manner in temporarily 
variable environments. in addition to 

quantifying the interaction effects of 
drought and grazing on the long- 
term stability of Northern Great Plains 
rangeland ecosystems, concurrent 
detailed plant physiological studies 
are being initiated to identify key 
mechanisms associated with induced 
changes. Such studies are designed 
to provide insight into how plant 
communities respond to imposed 
climatic stresses, how such responses 

are altered by grazing, and whether 
such responses result in temporary 
or permanent change in the struc- 
ture and function of Northern Great 
Plains rangeland ecosystems. 

Seed Bank Dynamics Studies. Stu- 
dies are underway to quantify the 
seed bank dynamics of indigenous 
Northern Great Plains rangelands. 
Knowledge of seedbank dynamics is 
critical for the development of sus- 
tainable vegetation management 
strategies. For example, how vegeta- 
tion communities respond to a dis- 
turbance event such as fire, herbi- 
vory, plowing, herbicide application, 
and severe drought is conditioned in 
part by the seeds present at the time 
of disturbance. 

Range Renovation Studies. There 
are a number of fundamental prob- 
lems associated with renovation of 
rangeland ecosystems. In the North- 
ern Great Plains, the two annual 
bromes, Japanese brome and cheat- 
grass, are classified as invader spe- 
cies. Both are assumed to seriously 
depress perennial grass production 
and to be of limited nutrient value to 
grazing livestock. Unfortunately,quanti- 

tative data validating these assump- 
tions is absent. A major effort is 
underway to quantify the ecological 
niche that these two annual grasses 
fill in Northern Great Plains range- 
land ecosystems and to assess their 
potential economic impact on the 
beef cattle industry. 

A second problem associated with 
renovation of rangelands is related 
to post-establishment persistence. 
This is of a major concern through- 
out the central Great Plains Region 
of the United States because of the 
vast number of acres of farmland 
currently committed to the Conser- 
vation Reserve Program. How should 
these lands be managed once they 
are released from the program? A 

Tagged for study. 
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portion of the range research pro- 
gram is focused on quantifying the 
multi-facet impacts of defoliation, 
fertilization, and/or irrigation on 
regrowth potential and nutrient qual- 
ity of several introduced forages. 

Range Animal Nutrition. The range 
animal nutrition research program 
focuses on the efficient harvest and 
utilization of the Northern Great 
Plains forage base on a sustained 
basis. This requires a basic under- 
standing of various management 
strategies as they relate to balancing 
the relationship between plant growth 
and reproduction, and removal of the 
growing tissue via the grazing process. 

The goal during the next 5 years is 
to attain a creditable data set that 
clearly identifies the factors that drive 
Northern Great Plains successional 
processes and to relate the effect of 
these factors to beef cattle produc- 
tion. To successfully meet this goal 
will require recognition of different 
steady and transitional ecological 
states and associated critical thres- 
holds. Once the successional dynamic 
processes are known governing the 
Northern Great Plains rangeland and 
the associated factors altering these 
processes, research will be initiated 
to develop effective management 
schemes for steering succession. 

[Rod Heitschmidt, Research Leader, 
USDA-ARS, Fort Keogh Livestock 
and Range Research Laboratory, R. R. 
1, Box 2021, Miles City, Montana 
59301 TEL: 406-482-2020] 

Central Plains Systems 
Research 

Principal location—Ft. Collins, 
Co 

Linked locations—Cheyenne, 
WY; Akron, CO, Lincoln, NE; 
Clay Center, NE 

Research of the Rangeland Resour- 
ces Research Unit, Cheyenne, Wyom- 
ing/Fort Collins, Colorado is direct- 
ed toward understanding the inter- 
relations and interactions of the short- 
grass and mixed grass prairies of the 
Central Great Plains in Wyoming, 
Colorado and adjoining states. The 
area is flat to gently rolling with 
minor topographic features except 

the drainages of the Platte and Ar- 
kansas Rivers. The area is ideally 
suited for grazing by large animals. 
Native vegetation is dominated by 
blue grama and buffalograss with 
some western wheatgrass, needle- 
and-thread, other midgrasses and 
dryland sedges. Midgrasses become 
more abundant in the mixed grass 
prairies. Many broad-leaved plants 
or forbs are found, but none are as 
abundant as the grasses. There is 
significant variability in the amount 
and timing of annual rainfall which 
affect forage production. 

A major portion of the research is 
conducted at two experimental field 
facilities, the Central Plains Experi- 
mental Range (CPER), Nunn, Colo- 
rado and the High Plains Grasslands 

Research Station (HPGRS), Chey- 
enne, Wyoming. Some of the major 
research objectives are: to develop 
improved germplasm for use in semi- 
arid rangeland regions; develop an 
understanding of soil-water-plant 
relations of desirable range grasses, 
legumes, and shrubs based on sound 
plant physiological responses; 
develop management alternatives for 
disturbed lands and marginal soils; 
develop grazing management tech- 
niques for sustainable economic 
returns and; develop an understand- 
ing of the factors affecting forage 
quality in the semiarid rangeland 
regions. 

There is a major need for legumes 
in pastures and rangelands in the 
area. Two species, cicer milkvetch 
and yellow flowered alfalfa are being 

emphasized. Forage quality of cicer 
milkvetch is equal to that of many 
common legumes; however, it does 
not cause bloat. It is also a winter- 
hardy, long-lived perennial that has 
excellent potential for maintaining 
productivity and sustainability on 
rangelands in the northern half of the 
United States. The yellow-flowered 
alfalfas have several desirable traits, 
including cold and drought toleran- 
ces that are of considerable value in 
the rangeland environments of the 
Central Great Plains. Both legumes 
have the possibility of elevating nut- 
ritive value available to livestock them- 
selves and for increasing the nutri- 
tive value of other species grown 
with them. 

Fifty years of grazing research has 
shown that moderate grazing inten- 
sities maintain shortgrass prairie 
vegetation and that short-term cli- 
mate changes have more effect on 
vegetation change than does graz- 
ing. The type of grazing system util- 
ized did not have any major effect on 
the total plant and grass cover or the 
dominant species frequency and den- 
sity values. Procedures have been 
developed to estimate the most prof- 
itable stocking rates and returns based 
on items such as forage supply, for- 
age utilization, and costs. 

Carbon and nitrogen cycling stu- 
dies on marginal highly eroded crop- 
lands are being used to evaluate the 
soil benefits that might be achieved 
from the Conservation Reserve Pro- 
gram land in the Central Plains area 
and to develop alternative manage- 
ment systems that would prevent 
further degradation. Germination and 
seedling establishment characteris- 
tics of desirable rangeland plants are 
being evaluated for application in 
returning disturbed and eroded lands 
back to diverse, stable, and produc- 
tive plant communities, for improv- 
ing the quantity and quality of the 
forage resource, and for preserving 
the aesthetic features of the land- 
scape. 

Future grazing research will focus 
on optimizing the use of native vege- 
tation by defining vegetative growth 
and quality factors and matching 
these factors with the nutritional re- 
quirements of animals. Low palata.- 

50 years of grazing re- 
search has shown that 
moderate grazing inten- 
sities maintain short- 
grass prairie vegetation 
and that short-term 
climate changes have 
more effect on vegeta- 
tion change than does 
grazing. 
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bility shrubs and grasses will be in- 
corporated in the rangeland plant 
community for trapping snow and 
conserving soil moisture which is 
necessary for optimizing plant sus- 
tainability, utilization, and production. 
Historical trends and current projec- 
tions of future patterns in atmos- 
pheric levels of CO2 indicate a con- 
tinued global enrichment. Changes 
in the global CO2 levels are bound to 
have significant impacts on the com- 
position and nutritional values of 
range plant communities. It is 
expected that the changes in the 
atmospheric gasses will affect both 
above and below ground plant growth 

processes with some long term im- 

pacts. Future work will beto evaluate 
the range plant community response 
to various aspects of the environment. 

[Gerald Schuman, Research Leader, 
Range/and Resources Research Unit, 
8408 Hi/dreth Road, Cheyenne, 
Wyoming, Tel. 307-772-2433] 

Southern Plains Systems 
Research 

Principal location—Woodward, 
OK 

Linked locations—El Reno, OK; 
Temple, TX; College Station, 
TX 

The USDA-ARS Southern Plains 
Research Station, Woodward, Okla- 
homa, serves an extensive area of 

rolling plains in Oklahoma, Texas, 
New Mexico, Kansas, and Colorado. 
The major land uses in the area are 
cattle grazing on native rangeland 
and improved pastures, and wheat 
farming. These uses are often com- 
bined within operational units and 
managed to optimize forage use from 
both grass and wheat pasture. 

Research is directed toward inves- 
tigating the structure and function of 
Southern Plains rangeland and related 
ecosystems to select and develop 
enhanced germplasm of native and 
introduced forage species and to 
develop efficient forage-livestock 
production systems. Program areas 

are: plant materials improvement; 
plant physiology, morphology, and 
ecology; soil-plant relations; plant- 
animal interactions; and systems 
ecology. 

Forage Variety Development. De- 
velopment of superior plant mate- 
rials is a major research effort. The 
Woodward station is known for its 
work on native grasses, weeping love- 
grass, and Old World bluestems, and 
more recently eastern gamagrass. 
Other plants underdevelopment include 
accessions of big and sand blue- 
stem. A long-lived cool season plant, 
Texas bluegrass, may increase the 
availability of high quality forage 
during fall, winter, and early spring. 

Old World bluestem releases dur- 
ing the past decade are estimated to 
have generated $100 million annu- 
ally for the economy of the Southern 

Plains. The drought tolerant Wood- 
ward variety WW-Spar' Old World 
bluestem, released in 1982, is boost- 
ing productivity on more than 1 mil- 
lion acres. A chaffy seed harvester 
developed at Woodward contributed 
significantly to this accomplishment. 
'NW-Iron Master' bluestem has proven 
useful on iron-deficient cropland. 
Other grass releases include 'Wood- 
ward' sand bluestem, 'Coronado' 
sideoats grama, and 'Morpa' weep- 
ing lovegrass, now grown on millions 
of acres in the Southern Plains. These 
releases have benefitted livestock pro- 
duction, the seed industry and the 
general economy of the region while 
conserving millions of tons of soil 
through reduced erosion. 

Much of the current work centers 
on eastern gamagrass, a native 
warm-season grass, which shows 
promise for increasing forage pro- 
duction in many parts of the South- 
ern Plains and in south and eastern 
U.S. It produces forage earlier in the 
spring than most otherwarm-season 
grasses, allowing deferment of native 
rangeland during the critical early- 
summer growth period. Eastern gama- 
grass can increase the productivity 
of areas with high water tables, while 
stabilizing sites and reducing ero- 
sion. High productivity for green- 
chop, hay or silage or for intensively 
managed pastures makes eastern 
gamagrass a candidate for incorpo- 
ration into complementary forage 
systems and drought and other 
emergency feeding systems. 

I he germplasm research is con- 
ducted in an ecosystem context. Plant 
materials screening and evaluation 
includes measurements of stem/leaf 
ratios, rates of leaf and stem produc- 
tion per unit of soil water and solar 

energy, and CO2 uptake rates. Poten- 
tial cultivars are evaluated for their 
soil conserving characteristics, estab- 
lishment and production requirements, 
fertility needs, palatability, forage 
quality, grazing tolerance, and red 
meat production potential. Work is 
also underway to identify plants which 
are able to tolerate adverse condi- 
tions such as low soil fertility, saline 
conditions, temperature and mois- 
ture extremes, and insect and dis- 
ease problems. 

1 - 

Water conservation by snow management, Cheyenne, Wyoming. 
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Rangeland Ecosystem Manage- 
ment. Understanding, developing, 
and maintaining grazing land sys- 
tems is another main area of research. 
The focus here is investigation of 
methods to maintain and improve 
existing native communities, and to 
establish and use forage plant spe- 
cies on marginal farmlands. Research 
thrusts include the effect of fire and 
grazing intensity on the long-term 
health of rangeland condition, and 
the development of more cost- 
effective grazing through the altera- 
tion of plant quality characteristics 
such as leafiness and digestibility. 

FIfty Years of Grazing Research. 
—Fifty years of grazing research at 
the station has produced a know- 
ledge base from which management 
recommendations of regional and 
national significance are made. For- 
age systems research has provided 
more resource efficient management 
practices. Land requirements per year- 
ling steer, for example, can range 
from 8 acres for yearlong grazing of 
native rangeland to as little as one 
acre for double-cropped warm- and 
cool-season annuals. Production per 
yearling remained similar for all sys- 
tems while gain per acre steadily 
increased from around 50 to 400 lbs 
with significantly increasing levels of 
management intensity. 

Future Research. Work on forage- 
livestock production systems will em- 
phasize the use of native perennial 
pastures to complement the mixed 
grass prairie. In these studies east- 
ern gamagrass and Texas bluegrass 
will be tested for their potential to 
provide high quality forage in suffi- 
cient quantities to the complemen- 

tary system. A long-term goal is to 
develop eastern gamagrass into a 
dual purpose forage-grain crop. Re- 
search to understand climate-soil- 
plant systems interactions for a range 
of utilization strategies will continue. 
This work will increasingly rely on 
the use of mathematical descriptions 
of plant growth dynamics that more 
precisely define and prioritize the 
gaps in the knowledge required to 
efficiently manage these resources. 

[Phillip L. Sims, Research Leader, 
USDA-ARS, Range and Pasture Re- 
search, 2000 18th St., Woodward, OK 
73801 Tel.: 405-256-7449] 

Great Basin Systems 
Research 

Principal location—Burns, OR 
Linked locations—Reno, NV; 
Dubois, ID; Logan, UT; Boise, 
ID 

The USDA-ARS has 5 research 
locations in the Great Basin area 
concerned with the sagebrush steppe 
and associated forested range at the 
higher elevations. These research 
programs are directed from the For- 
age and Range Research Laboratory, 
Logan, UT; U.S. Sheep Experiment 
Station, Dubois, ID; Northwest Water- 
shed Research Center, Boise, ID; 
Rangeand Meadow Management Unit, 
Burns, OR; and the Landscape Ecol- 
ogy of Rangelands Unit, Reno, NV. 

Many of the range research pro- 
grams in the area have dealt with 
range improvements and/or range 
weed control. The spread of halo- 
geton across the Great Basin 
increased the push to develop weed 

control strategies. Many acres of 
crested wheatgrass were seeded to 
biologically suppress halogeton. No 
other viable control strategy was 
found. Range research at Logan, 
Dubois, Burns, and Reno centered 
around the development and testing: 
of appropriate germplasm; seeding 
technology; and chemical control of 
weedy species. The development of 
2,4-D during World War II opened a 
new area of research—the chemical 
control of big sagebrush and subse- 
quent release of native perennial 
grasses. Much of our knowledge of 
the genetics of wheatgrasses was 
developed by ARS scientists at Logan, 
and germination responses of native 
and introduced species and seeding 
techniques were extensively tested 
by the ARS team at Reno. Addition- 
ally, research on the genetics and 
physiology of sheep was conducted 
at the U.S. Sheep Experiment Sta- 
tion, resulting in the development of 
the Columbia, Targhee, and Polypay 
breeds. The program at Burns ac- 
quired much information on nutri- 
tion and management of cattle on the 
sagebrush steppe. The Northwest 
Watershed Research Center provided 
information on water supply, flood- 
ing, and sedimentation. 

There has been a general shift 
toward explaining why we see a par- 
ticular response. We still do not have 
a complete picture of the reasons for 
success or failure of various reseed- 
ing trials. We know juniper can estab- 
lish on a site and eventually eliminate 
many other species, but the reasons 
have only recently been documented. 
There is also recognition that we 
need to apply results to more sites 
than just those where the data were 
collected. The best way to accomp- 
lish this task is to determine which 
factors influence the success of a 
particular management practice. 

The Northwest Watershed Research 
Center serves as the basis for devel- 
opment and testing of models that 
predict hydrologic responses to cli- 
mate and management. At Reno, NV, 
data on seed germination serves as a 
starting point in determining why 
and when seedlings become estab- 
lished in the field. A common garden 
of plant material from around the 

Ecologist Wayne Polley uses a surface neutron meter to monitor moisture levels in 
various parts of a growth tunnel. 
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world has been assembled at Logan, 
Utah. This collection serves as the 
basis for plant breeding programs, 
and for the study of cytogenetics and 
plant physiology. New cultivars of 
grasses, forbs, and legumes have 
been released from the breeding 
program. The grass release 'Hycrest' 
crested wheatgrass is currently the 
second most widely planted cool- 
season grass in the U.S. Research at 
Logan has also contributed to a bet- 
ter understanding of water use eff i- 
ciency, carbohydrate metabolism, 
cool-temperature growth, and taxo- 
nomic relationships of the various 
species and cultivars of interest. The 
effort has expanded to include native, 
as well as, introduced species. 

Research at Dubois, ID, and Burns, 
OR, has been focused on livestock 
and the influence of livestock on 
native and introduced plant species. 
At Dubois, the major emphasis is on 
co-species grazing (primarily sheep 
and cattle) and using livestock to 
manage noxious weeds. Scientists at 
Dubois have shown that exposing 
lambs to leafy spurge early in life can 
increase consumption of this weedy 
species by 50%. Studies from Burns 
provide information on the relative 
palatability of both native and intro- 
duced species, and alternative man- 
agement strategies, such as nontra- 
ditional seasons of grazing. In addition, 
Burns, Dubois and Reno have pro- 
grams addressing the influence of 
grazing on riparian zones. 

Future research will address ques- 
tions like: how might global climate 
change influence water and vegeta- 
tion patterns? How does manage- 
ment influence biodiversity and what 
can be done to enhance habitat di- 
versity? The emphasis on multiple 
uses of rangelands and sustainable 
resource use will continue to increase. 

[Tony Svejcar, Research Leader, 
USDA-ARS, Range andMeadow For- 
age Management and Research, 
Squaw Butte Experimental Station, 
HC71 4.51 Hwy. 205, Burns, Oregon 
97720 TEL: 503-573-2054] 

Southwest Desert Systems 
Research 

Principal location—Las Cruces, 
NM 

Linked locations—Tucson, AZ; 
Temple, TX 

In 1908 E.O. Wooton, a New Mex- 
ico botanist, published a report on 
the range problems in the South- 
west. Wooton cited a 1905 Public 
Lands Commission survey of 118 
New Mexico stockmen, of which 102 
believed that rangeland grazing 
capacity had been reduced in the 
prior two decades due to either over- 
stocking or drought. Wooton specu- 
lated that from 20 to 100 percent 
improvement in nearly all of these 
ranges could be obtained through 
ordinary sound judgement, livestock 
control and good management prac- 

tices. 
Research at the USDA-ARS, Jor- 

nada Experimental Range, Las Cru- 
ces, New Mexico, have provided many 
of the tools required for good man- 
agement, especially those related to 
revegetation practices, livestock graz- 
ing management strategies and brush 
control technologies. With identifi- 
cation of some basic management 
principles, range livestock produc- 
ers have developed their own site 
specific grazing strategies and 
methods. 

Current rangeland condition as- 
sessment show a continued need for 
focused research, but in new direc- 
tions. Demands for wildlife habitat, 
especially for threatened and en- 
dangered species (the desert tortoise 
and mexican wolf are examples), 
recreational areas, development of 
mineral and fossil fuel resources, 
watershed protection, as well as live- 
stock forage requirements are vigor- 
ously vocalized in the Southwest. 

We must thoroughly understand 
how desert ecosystems function 
before we manipulate management 
on any scale. A basic understanding 
of pertinent mechanisms becomes 
even more important if we are to 
anticipate ecosystem responses to 
ongoing environmental changes, such 
as increases in specific atmospheric 
gasses. We are no longer simply 
interested in monitoring forage 
responses after attempts to remove 
undesirable species. The focus now 

Harvesting WW-SPAR' Old World bluestem with the Woodward flail-vac seed stripper. ARS, Woodward, Ok/a. 
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isto more fully understand why these 
undesirable species are successful, 
how desirable species can be com- 
petitive, and how so-called undesir- 
able species may be effectively util- 
ized. Our contributions to basic re- 
search efforts include examination 
of above and below ground processes 
which can explain competitiveness 
of encroaching shrubs. 

Demands for information on re- 
source conditions are escalating. New 
technologies must be developed that 
provide stewardship agencies with 
methods for rapid and accurate ana- 
lyses of large land areas. Research in 
the Southwest includes an emphasis 
on integration of remote sensing tech- 
nologies and geographic information 
systems. It is envisioned that these 
tools will enhance stewardship efforts, 
including wildlife habitat manage- 
ment. Further development of deci- 
sion support systems should incor- 
porate this technology into usable 
forms. Developing capabilities to use 
these technologies for land manage- 
ment becomes more crucial as evolv- 
ing instrumentation is more applica- 
ble, more miniaturized, and less 
expensive. 

Finally, we need to search for new 
products that can be conservatively 
harvested from these desert range- 
lands. Considerable emphasis has 
been placed on the biological basis 
of sustainable uses within these eco- 
systems. It is important to recognize 
that sustainability requires profitabil- 
ity. Equally important is the explora- 
tion for new economic values that 
could be tapped by users and lead to 
new economic ventures. 

Ninety years of range research in 
the Southwest have led to established 
guidelines forsustainable range live- 
stock production and improved re- 
source conditions. Our new challenges 
are to establish criteria for sustaining 
a variety of additional uses, meld 
new techologies into sound steward- 
ship practices, and develop new 
economic and sustainable values for 
these renewable resources. 
[Kris Havstad, Research Leader, 
USDA-ARS, Jornada Experimental 
Range, P.O. Box 30003, New Mexico 
State University, Dept. 3 JER, Las 
Cruces, NM 88003 TEL: 505-646-4842 

Dryland Plant Improve- 
ment Research 

Lead location—Logan, UT 
Linked locations—Mandan, 
ND; Temple, TX; Woodward, 
OK; Lincoln, NE 

Research at the USDA-ARS For- 
age and Range Research Laboratory 
Logan, Utah! is directed toward the 
development of plant materials for 
improving soil and water resources 
and reclamation of rangelands. New 
plant materials are needed that can 
be easily established to provide proper 
ground cover, stabilizeeroding soils, 
including riparian areas, and produce 
vegetation for forage, aesthetic, and 
recreational purposes. The need for 
a proper vegetative cover is a corn- 

mon objective of the many diverse 
constituents who frequently have con- 
flicting views on proper land use. In 
many cases, it is extremely difficult, 
if not impossible, to re-establish those 
plant species that earlier occupied 
an area. 

The general approach is to collect 
and evaluate a broad genetic base of 
plant germplasm and fix selected 
characteristics in stable populations 
through intra- and interspecific hy- 
bridization. A multidisciplinary team 
approach provides basic information 
in biochemistry, physiology, cyto- 
genetics and molecular genetics, 
pathology, and ecology. 

Assemblage of the world's largest 
living collection of Triticeae grasses 
at Logan provides a ready and impor- 
tant source of genetic variability for 
plant breeders world-wide. One 
thousand to 1,500 seed requests are 
provided to other scientists each year. 

Principal Workgroups for Specialty 
Research 



Numerous new grass and legume 
germplasms and varieties that have 
been released from the breeding 
program include: Kura clover, Trifo- 
hum ambiguum—a material with 
tremendous potential for stabilization 
of riparian areas and for providing 
nitrogen fixation on otherwise def i- 
cient soils; Hycrest crested wheat- 

grass—a cross between a diploid 
(Agropyron cristatum and tetraploid 
(A. desertorum) crested wheatgrass 
which expresses a high degree of 
hybrid vigor in and greatly improved 
seedling vigor. Its currently the most 
widely grown grass for conservation 
in the U.S. and has an estimated 
annual economic return of $50 mil- 
lion; Bozoisky-Select- A Russian wild- 
rye (Psathyrostachys juncea) which 
has significantly better seedling vigor, 
seedling establishment, and forage 
production than other varieties of 
Russian wildrye. It has excellent for- 

age quality and remains green later 
in the season than crested wheat- 
grass; NewHy—a hybrid 
between Ehytrigia repens (quack- 
grass) and Pseudoroegneria spicata 
(bluebunch wheatgrass) which com- 
bines the best qualities of the paren- 
tal species and yields a plant with 
excellent salt tolerance forage qual- 
ity, grazing tolerance, and a moder- 
ate degree of drought resistance; 
and Alfalfa, Medicago sativa—two 
germ plasms adapted for use on dry- 
lands that have been used in the 
development of proprietary cultivars 
by private industry. 

Future research efforts will focus 
on the development of improved plant 
materials to meet the needs of both 
public and private land managers. 
Molecular biology techniques will be 
used to complement conventional 
methods of germplasm enhancement. 
Plants will be developed with en- 
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hanced growth under cool tempera- 
tures to provide winter feed for wild- 
life and livestock. The development 
of improved forb and legume species 
will provide materials to improve 
species diversity on rangelands and 
provide enhanced opportunities for 
site renovation. Semiarid rangeland 
grasses will be adapted for use in 
lawns to reduce water requirements. 
New techniques will allow develop- 
ment of critical seed identification 
procedures, an improved under- 
standing of genome relationships in 
breeding populations, and provide 
the opportunity to mark specific genes 
thus facilitating enhanced genetrans- 
fers. 
N.J. Chatterton, Research Leader, 

USDA-ARS, Forage and Range Re- 
search Laboratory, Utah State Uni- 
versity, Logan, Utah 84322 TEL:801- 
750-3066] 

Rangeland Pests and Poi- 
sonous Plant Research 

Lead Location—Logan, UT 
Linked locations—Bozeman, 
MT; Albany, CA; Temple, TX 

The mission of the USDA-ARS 
Poisonous Plant Research Labora- 
tory, Logan, Utah, is to investigate 
poisonous plants, their toxins and 
teratogens, and their mode of action; 
identify conditions under which poi- 
soning occurs; and, from the infor- 
mation gained, develop methods to 
prevent or moderate livestock poi- 
soning. Major investigations include: 
determining the mechanism(s) by 
which toxic plants cause injury to 
grazing animals and developing pro- 
cedures for better diagnosis of natu- 
rally occurring plant intoxications; 
determining the toxic and reproduc- 
tive process in livestock from inges- 
tion of poisonous range plants, such 
as locoweed, ponderosa pine nee- 
dles, broom snakeweed, and selenif- 
erous forage; isolating and identify- 
ing teratogenic and toxic compounds 
from poisonous plants, such as pon- 
derosa pine needles, broom snake- 
weed, and certain mustards; measur- 
ing toxins within poisonous plants as 
influenced by soils, sites, environ- 
mental conditions, plant parts, and 
stage of growth; and determining 
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grazing behavior and conditions under 
which livestock consume poisonous 
plants such as locoweed, pine nee- 
dles, broom snakeweed, and larkspur. 

Pine Needle-induced Abortion in 
Cattle: Ponderosa pine needles (PN) 
induce premature parturition or 
abortion in cattlewhen ingested dur- 
ing the latter stages of pregnancy. 
Estimated losses range from $6 to 
$20 million annually. Currently, the 
only method of prevention is avoi- 
dance of pastures having ponderosa 
pine growing in them. Efforts are 
being made to isolate and character- 
ize the abortifacient compound in 
the pine needles. Bioassay techniques 
are being developed to aid in the iso- 
lation of the abortifacient material- 
mechanism by which pine needles 
elicit the premature birth or abortion. 
Grazing studies are currently being 
conducted to determine the condi- 
tions under which cows will graze 
pine needles in sufficient quantities 
to cause abortions. 

Larkspur Poisoning in Cattle: Lark- 
spur kills more cattle on mountain 
rangelands in the western U.S. than 
any other cause. Over 1,000 cattle 
die annually from larkspur poisoning 
in the intermountain Forest Service 
Region, and similar losses occur in 
the Rocky Mountain and Northern 
Regions. 

A group of structurally similar alka- 
loids in larkspur have recently been 
implicated in causing the acute tox- 
icity. Research is currently under- 
way to identify environmental and 
site factors that influence the biosyn- 
thesis and accumulation of these 
toxic alkaloids in an effort to mea- 
sure and predict the potential toxic- 
ity of a given larkspur population. 
Research is also underway to iden- 
tify the mechanism of action of these 
alkaloids and develop antidotes. 

Consumption of larkspur increases 
and toxicity decreases as the plant 
matures. The most dangerous time is 

when cattle start to eat larkspur dur- 
ing the bud and flower stages while 
the alkaloid levels are still sufficiently 
high to harm them. The overall ob- 
jective of this research is to combine 
the information on grazing behavior 
and toxicity of the plant to predict the 
risk of grazing infested areas. 

Several management practices are 
also being evaluated to reduce the 
incidence of loss. These include 
mineral supplements, grazing lark- 
spur with sheep before cattleturn-in, 
training cattle to avoid eating lark- 
spur by conditioned food aversion, 
and herbicide control. Recent re- 
search has shown that intravenous 
injection of the drug physostigmine 
will rapidly reverse acute larkspur 
poisoning in cattle. This drug appears 
promising for field treatment of in- 
toxicated cattle. 

Locoweed Poisoning: Locoweed 
poisoning is the most widespread 
poisonous plant problem in the 
western U.S. and can occur in almost 
all rangeland plant communities. The 
locoweed toxin, swainsonine, inhib- 
its an essential enzyme in glycopro- 
tein metabolism, resulting in meta- 
bolic dysfunctions. There are multiple 
symptoms of locoweed poisoning: 
neurological disturbances such as 
depression, abnormal behavior, im- 
paired vision and loss of motor con- 
trol; reduced fertility in both males 
and females, birth defects, abortion, 
small and weak offspring, and lack of 
maternal-infant bonding; difficulty in 

prehending food and emaciation. 
Locoweed is not addictive, rather, 

livestock graze it because it is rela- 

tively more palatable and higher in 
nutrition and digestibility than asso- 
ciated species. Locoweed grow on 
specific soil sites; thus moving live- 
stock to noninfested sites is one 
management practice that can be 
used to prevent poisoning. Loco- 
weed-free pastures could be created 
by spraying with rangeland herbi- 
cides. Periodic retreatment will be 
necessary because of the large seed 
bank in the soil that will germinate 
and establish when conditions are 
favorable. 

Selenium Toxicity in Livestock: Se- 
lenium is taken up by plants from the 
soil. Forage containing excessive 
amounts of selenium (Se) can cause 
various toxic effects in livestock. Some 
plants, such as certain species of 
Astragalus, have the ability to ac- 
cumulate high levels of selenium. 
These are known as Se indicator 
plants. Some grasses, shrubs, and 
crop plants accumulate Se at levels 
that render them toxic to livestock. 

Acute Se poisoning is uncommon 
and usually results from ingestion of 
excessive amounts of Se indicator 

plants. These plants are all relatively 
unpalatable and are grazed only under 
extreme conditions. 

Chronic poisoning has been des- 
cribed to occur in two forms: alkali 

Livestock death from poisonous plants, ARS, Logan, Utah. 
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disease and blind staggers. Alkali 
disease results from prolonged inges- 
tion of non-indicator forages such as 
certain grasses, crops, and shrubs. It 
is characterized in livestock by rough 
hair coat, hair loss, emaciation, hoof 
lesions, and overgrown feet. Investi- 
gations are continuing to further des- 
cribe selenium poisoning in live- 
stock. The effects of seleniferous 
forages on reproduction in livestock 
are being investigated. 

[Lynn F. James, Research Leader, 
USDA-ARS, Poisonous Plant Re- 
search Laboratory, 1150 E. 14th N., 
Logan, Utah 84321 TEL: 801-752- 
294 1] 

Rangeland Hydrology 
Lead location—Boise, ID 
Linked locations—Tucson, AZ; 
Bushland, TX; Ft. Collins, CO 

In 1959, the United States Con- 
gress appropriated funds to the USDA, 
Agricultural Research Service to 
initiate rangeland watershed research 
in a geographical area associated 
with winter precipitation (snow and 
rain), frozen soils, and snowmelt run- 
off. The project headquarters were 
located at Boise, Idaho, and the 90 
square mile Reynolds Creek Water- 
shed about 50 miles southwest of 
Boise was chosen as the experimen- 
tal watershed and field research head- 
quarters. Reynolds Creek is the only 
experimental watershed in the world 
which provides an uninterrupted and 
realistic hydrologic and climatic re- 
cord representative of the Inter- 
mountain West and Northwest range- 
lands. Elevations vary from 3,600 feet 
at the outlet to 7,390 at the summit. 
Plant communities typical of the Great 
Basin Desert are found at the lower 
and middle elevations. Mountain 
brush and forest vegetation is typical 
of the higher elevations. Annual pre- 
cipitationvariesfrom lOinches at the 
outlet to over 40 inches at the summit 
where 75 percent occurs as snow. 
Annual water yields vary from less 
than 1 inch at the lower elevations to 
over 23 inches at the higher eleva- 
tions. Annual sediment yield aver- 
ages 0.25 ton per acre of which 97 
percent originates from snowmelt or 
rain-on-snow events. 

The USDA-ARS Northwest National 
Watershed Research Center's re- 
search objectives are to acquire a 
predictive understanding of range- 
land hydrologic processes to better 
assess the impacts of land use, alter- 
native management strategies, and 
global change. The research program 
focuses on developing and modify- 
ing watershed-level hydrologic pre- 
dictive techniques that account for 
temporal and spatial variability and 
that improve water supply and flood 
forecasting and the use of water on 
rangeland. The effort is concerned 
with adapting, validating, and apply- 
ing modeling technology to the man- 
agement and research of rangeland 
ecosystems. Some ongoing research 
programs include: soil freeze and 
thaw processes and their relation- 
ship to runoff and erosion; character- 
ization of the spatial and temporal 
variability of precipitation and runoff 
and development of linkages with 
natural resource and climate mod- 
els: evaluation of the evapotranspira- 
tion processes at the rangeland plant 
community level; evaluation of optimal 
seedbed conditions for range plant 
establishment; and development of a 
real-time, watershed-level water 

supply and flood forecasting models 
that account for the spatial and tem- 
poral variability of snow accumula- 
tion and melt associated with range- 
lands. 

Water flow measuring weir on experimental watershed, Boise, Idaho. 

Insect enemy of leafy spurge. 
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Future research will investigate the 
potential impacts of global change 
and the increasing demands on our 
rangeland resources. The ability to 
understand theeffects of global change 
on precipitation and streamflow is 
critical to sustaining agriculture. 
Competitive demands for rangeland 
resources by livestock, wildlife, recre- 
ation, mineral exploration, and off- 
site water users far exceed the avail- 
able supply. Future research will 
address these concerns by: develop- 
ing models that can accommodate 
the spatially and temporally variable pro- 
cesses that could be impacted by 
global change; quantifying the impacts 
of livestock and other uses on habitat 
and water quality in riparian areas 
and developing decision support 
systems that bring together expert 
information, resource models, remote 
sensing, and other technology into a 
readily useable package for use by 
resource managers. 

[W.H. Blackburn, Research Leader, 
USDA-ARS, Northwest Watershed Re- 
search Center, 800 Park Boulevard, 
Plaza IV, Suite 105, Boise, Idaho 
83712 TEL: 200-334-1363] 

Climate Research 
Lead location—Temple, TX 
Linked locations—Tucson, AZ; 
Bushland, TX; Ft. Colins, CO 

Carbon dioxide levels in the Earth's 
atmosphere have been increasing 
since prehistoric times. Currently the 
the atmospheric carbon dioxide level 
climbs almost 2 ppm every year. Lev- 
els of other trace gases such as 
methane, nitrous oxides and chloro- 

flourocarbons are also increasing. 
This chemical change in the corn po- 
sition of the atmosphere is believed 
to be of critical importance because 
these gases may trap more and more 
heat. 

Scientists have recently shown that 
future, higher carbon dioxide levels 
will increase photosynthesis, often 
without increasing water use, and 
thereby improve the productivity of 
many plant species. USDA-ARS 
scientists at the Grassland Protec- 
tion Research Unit at Temple, TX 

suspect that the carbon dioxide in- 
creases during ancient and more 
recent times have already improved 
productivity of many kinds of plants, 
perhaps at the expense of other plants, 
and may even have influenced im- 
portant characteristics of plant 
communities, like species composi- 
tion. It is important to test this 
hypothesis because an understand- 
ing of the carbon dioxide fertilization 
effect on plants and whole ecosys- 
tems may help explain how range- 
land vegetation types formed, why 
they are changing today, and how 
the continuing, rapid increases in 
carbon dioxide will influence eco- 
system processes and the productiv- 
ity and use of rangelands in the 
future. 

Most plants use one of two princi- 
pal kinds of photosynthesis, termed 
'C3" and "C4" photosynthesis. C3 
plants are the most abundant and 
include the trees, almost all of the 
shrubs and most of the forbs, and the 
cool-season grasses. Warm-season 
grasses areC4 plants. Recent research 
has shown that increased carbon 
dioxide above the current level in- 
creases rates of photosynthesis and 
consequent productivity of the C3 
plants more than the C4 plants. Ris- 
ing carbon dioxide reduces transpi- 
ration of water by both C3 and C4 
plants, allowing them to use less of 
the available water to produce the 
same amount of growth or to be 
more productive while using the same 
amount of soil water. This is espe- 
cially important for arid areas. 

To determine whether C3 grasses 
respond significantly to changing at- 
mospheric carbon dioxide over the 

range of prehistorical and more recent 
increases, oats were grown in a spe- 
cial chamber over a gradient of car- 
bon dioxide from well below levels of 
the geological past, to the current 
level. Photosynthetic rates tripled over 
the entire range, and almost half of 
that increase occurred over the rise 
in carbon dioxide experienced dur- 
ing the last 200 years. Forage pro- 
duction increasedtothesameextent. 
Response of wild mustard, aC3 broad- 
leaf plant was even more impressive. 
Low carbon dioxide content would 
favorC4 plants like the warm-season 
grasses, which grow equally well at 
low and high carbon dioxide levels. 
Productivity of a C4 bunchgrass, lit- 
tle bluestem, did not improve when 
grown at increasing carbon dioxide 
levels. Woody brush species like cre- 
osotebush, mesquite, sagebrush, 
junipers, snakeweeds, and others that 
have increased in abundance on many 
rangelands areC3 plants. This poses 
the possibilitythatthey have benefit- 
ted from the historical increases in 
atmospheric carbon dioxide, while 
the C4 warm-season grasses they 
replaced in the Desert Grasslands 
and southern Great Plains have not. 
Increasing carbon dioxide may have 
played a role in brush encroachment 
by shifting the competitive balance 
between the two kinds of plants. 

Current and future experiments 
will compare the effects of historical 
carbon dioxide increases on growth, 
competitive ability, and "resource use 
efficiency" of C3 shrubs and C4 
grasses, and determine whether the 
C3 grasses of rangelands have been 
favored. Differences among plants in 
the effects of carbon dioxide level on 
their ability to use resources like 
water, nitrogen, and sunlight ef- 
ficiently may explain how atmospheric 
change has altered the balance be- 
tween C3andC4grassesand between 
perennial and annual C3 grasses such 
as cheatgrass. Competition between 
different kinds of plants leading to 
replacement of one by another is 
only one example of an ecosystem 
process that may be changing in 
response to increasing atmospheric 
carbon dioxide. Other important pro- 
cesses that may be affected are nut- 

Scientists have re- 
cently shown that future, 
higher carbon dioxide 
levels will increase pho- 
tosynthesis, often with- 
out increasing water 
use... 



rient cycling and nitrogen fixation. 
The high probability that the chang- 
ing atmosphere has influenced ran- 
geland ecosystems and will continue 
to do so makes it necessary that we 
understand the mechanisms. Other- 
wise, we may not be able to adjust to the 
ways these effects are manifested in 
a practical sense. 

[Herman Mayeux, Research Leader, 
USDA -A RS, Grassland Protection Re- 
search Unit, 808 East Blackland Rd., 
Temple, TX 76502 TEL: 817-770-6533] 

Remote Sensing and Geo- 
graphic Information Sys- 
tems Research 
Lead Location—Weslaco, TX 

Rangelands are too extensive and 
inaccessibleto closely monitor using 
traditional ground survey techniques. 
Remote sensing and geographic infor- 
mation systems (GIS) are two tech- 
nologies that can be used with limited 
ground sampling to produce timely 
and low-cost information about spe- 
cific rangeland resources. The Remote 
Sensing Research Unit, USDA-ARS, 
Weslaco, TX, is involved in evaluat- 
ing how remote sensing and GIS 
technologies can be used to address 
a myriad of agricultural problems. 

Remote sensing is the measure- 

ment or acquisition of information 
about an object or phenomenon with- 
out physical contact. Common remote 
sensing tools include aerial photo- 
graphy, airborne video, and satellite 
imagery. Aerial black-and-white, 
natural color, and color-infrared 
photography have been used to class- 
ify, and monitor rangelands. Color- 
infrared photographs have been par- 
ticularly useful for mapping plant 
communities, distinguishing noxious 
plant species, documenting response 
to drought and overgrazing, and de- 
lineating wildlife habitats. Aerial pho- 
tographs provide higher resolution 
(most detailed information) than any 
other remote sensing technique but, 
each photograph must be manually 
interpreted. 

Commercially available airborne 
video imaging systems are a rela- 
tively new development in remote 
sensing. These systems can record 
black-and-white, natural color, or 
color-infrared images. They have the 
advantages of near-real-time avai la- 
bility of the imagery and the relative 
low cost of image acquisition and 
display. Video imaging systems also 
have wider spectral sensitivity in the 
infrared spectrum than photographic 
film and the use of narrowband filters 
can aid in feature discrimination. 
Video imagery can be easily digitized 

and processed in the same manner 
as satellite data. Although video has 
lower resolution than film, it is ample 
to detect differences among many 
rangeland variables such as plant 
communities and species, phytomass 
levels, grazing intensity, and burned 
areas. 

The use of satellite data for range 
research has been limited, primarily 
due to the cost of the data. In the 
past, LANDSAT and SPOT satellite 
images have been used to estimate 
green forage biomass, determine fol- 
iar cover percentages, detect stress 
and physical change, and map or 
classify vegetation. The resolution of 
satellite imagery is less than that of 
video or photographs. The smallest 
picture element recorded on the 
LAN DSAT Thematic Mapper sensor 
is approximately 98 square feet. The 
French SPOT satellite can record 
black-and-white images with a ground 
resolution of 66 square feet. The 
lower resolution of satellite images 
produces a less distinct image than 
video or photographs; however, 
satellite images cover much larger 
areas (LANDSAT 115 mile and SPOT 
37 miles swath width). Satellite images 
arestored as digital values and require 
image processing software and hard- 
ware to analyze and display the 
images. The advantage is that auto- 
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Plant physiologist Marshall Haferkamp inspects improved forages for row spacing, Fort Keogh, Mont. 
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Depicts: (A) false broomweed infestation on south Texas ran geland; (B) aerial color-infrared video image of area delineated on SPOT satellite image (C) showing the dark-gray signature of false broomweed; and (0) computer classification of false broomweed areas (yellow 
Overlay). 
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mated computer analysis techniques 
make it possible to analyze large 
areas, while the disadvantages are 
the more costly data and image pro- 
cessing hardware and software. 

Geographic InformatIon system 
technology is a relatively new tool 
that originated within the computer- 
aided cartographic field. GIS allow 
accurate entry, placement, and label- 
ing of map features (themes) such as 
pasture fences, topgraphy, vegeta- 
tion, soil, water sources, and green 
biomass within a spatial-coordinate 
system (electronic mapping). Themes 
can be used separately or in combi- 
nation to place new fences, identify 
optimum water point locations, and 
identify specific areas to receive var- 
ious chemical treatments. GIS tech- 
nology will let range managers tailor 
specific management strategies to 
specific sites and reduce the invest- 
ment required by broad management 
approaches. 

Remote sensing and GIS technol- 
ogies are unique in their ability to 
portray data as a picture. While many 
will scoff at the usefulness of "pretty 
pictures", anyone who has used this 
medium will tell you that the informa- 
tion in the images can contribute 
much to our understanding and per- 
ception of the rangeland resource. 
Digital GIS maps and remote sens- 
ing images also allow for rigorous 
statistical analysis and the corn bina- 
tion of data in many ways never 
thought possible. Research at the 

remote sensing lab will continue to 
focus on the development of tools 
that integrate remote sensing and 
GIS technology for on-ranch man- 
agement. The initial investment re- 
quired to obtain and use these imag- 
ing and mapping tools can be sub- 
stantial, but the return is an infor- 
mation source that can be used to 
solve many problems encountered 
by range managers in developing 
sound management strategies. [J.H. 
Everitt, Research Leader, Remote 

Other Groups not Included 
in this Article 

Superior gaining Angus X Hereford and Brahman Hereford steers, Woodward, OkIa. 

Sensing Research Unit, 2413 E. High- 
way 83, Weslaco, Texas 78596 TEL 

312-968-5533] 

Intermountain Systems Research 
Principal location—Boise, ID 
Linked locations—Dubois, ID; 
Logan, UT 

Small grazer kangaroo mouse. 
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Tall Grass Prairie Systems Research 
Principal location—To be deter- 
mined 

Mixed Species Systems Research 
Lead location—Dubois, ID 
Linked locations—Las Cruces, NM; 
Miles City, MT 

South-Central Family Farm Research 
Lead ocation—Booneville, AR 

Summary and future 
research 

Ran gelands are the largest of the 
terrestrial ecosystems. These lands 
are a primary source of food, fuel, 
fiber, and quality water supply. 
They are the front line defense 
against soil erosion, ecosystem 
instability and degradation, and 
inadequate supplies of quality 
water. Periodic drought, atmos- 
pheric change, and increased pub- 
lic interest require innovative man- 
agement strategies that will 
improve the stewardship of public 
and privately owned rangelands. 
These strategies are needed to 
improve the ecological stability and 
productivity of rangeland plants 
and maintain the diversity of range- 
land ecosystems. The strategies 
must be efficient for energy and 
water use and nutrient production. 

At the White House Conference 
on Science and Economic 
Research Related to Global 
Change, April 1990, President Bush 
stated that, "Global stewardship will 
become a dominant scientific, eco- 
nomic, and environmental issue of 
the 21st century." The President 
concluded that "Global stewardship 
is not a fixed state, but a process of 
change in which environmental and 
economic values are brought into 
balance to meet human needs and 
to expand human prospects." 

Development of rangeland eco- 
system management strategies that 
can be used effectively by Federal 
agencies as well as by private land- 
owners requires detailed under- 
standing of ecosystem structure 
and function. Our ability to become 
wise stewards will determine the 
contribution of these resources to 

the Nation's economy and security. 
Several factors must be incorpo- 
rated into our thinking. The global 
environment is experiencing sign if- 
icant changes, developed and 
developing nations have become 
more competitive, and we have 
become more aware of the relation- 
ship between the quality of life and 
national security and the productiv- 
ity and resiliency of our natural 
resources. 

We must pay more attention to 
management of rangeland, particu- 
larly to the fragile riparian land- 
scapes, public and private grazing 
lands, and to those lands that are 
vulnerable to invasion by plant and 
animal pests that diminish our 
already-limited energy, nutrient, 
and water resources. Managers at 
all levels must have the tools that 
provide integrated knowledge of 
complex terrestrial systems with 
large and varied data bases in use- 
able format for rapid, efficient, and 
accurate decision making. 

Understanding the stability and 
resiliency of rangeland ecosystems 
and the transfer of this knowledge 
to more intensely managed systems 
will only be possible through in- 
depth investigation of the complete 
ecosystem. The objectives of this 
research are divided into three 
parts: 

Managing Ecologically Complex, 
Natural Rangeland Ecosystems— 
Research will be started to under- 
stand the genetic diversity of key 
rangeland plants and the relation- 
ship of ecological processes basic 
to: (1) selecting and improving 
germplasm of certain grass, 
legume, and shrub species; (2) 
developing cultivars with enhanced 
seed viability, establishment char- 
acteristics, and stress tolerance; 
and (3) developing and releasing 
appropriate varieties of grasses, 
legumes, and shrubs for use on 
rangelands, including germplasm 
adapted to fragile land and riparian 
areas. 

Maintaining and Restoring Ran- 
geland Biodiversity—Research to 
improve biodiversity on rangeland 

will have four elements: (1) develop 
technologies for evaluating how 
water and temperature stress affect 
productivity and reproduction of 
grasses, legumes, and shrubs; (2) 
evaluate regeneration requirements 
and competitive ability of natural 
and introduced plant species at 
both the individual plant and plant 
community level; (3) develop tech- 
nologies for improving success of 
field regeneration of desirable plant 
species; and (4) devise succes- 
sional concepts and strategies for 
managing complex, multiple- 
resource-based natural rangeland 
ecosystems. 

Plant/Soil Microbial Interactions 
Controlling Vegetation Dynamics— 
Research will be started to identify, 
describe and manipulate plant/soil 
microbial populations that benefit 
rangeland vegetation structure and 
resiliency to herbivory and to global 
and regional change. Specific 
markers will be developed to moni- 
tor ecosystem stresses that can be 
attributed to either natural or 
human activity. 

Three specific objectives for 
increased research emphasis are: 

Riparian Ecology and 
Management—Measure the impact 
of grazing animals and the influ- 
ence of alternative management 
strategies on the condition of ripar- 
ian areas and their effect on the 
hydrology and water quality. 

Impact of Large Grazing 
Animals—Determine the impact of 
large herbivores on range condition 
and successional dynamics and 
improve production of high-quality 
forage for livestock and wildlife and 
the yield of high-quality water for 
domestic and industrial use. 

Decision Support Systems— 
Develop and test decision-support 
systems that improve multiple-use 
management of rangeland ecosys- 
tems to ensure the stability and 
quality of soil, plant, and water 
resources. Systems could incorpo- 
rate the use of geographic informa- 
tion systems (GIS) and remote- 
sensing technologies to evaluate 
alternative management strategies. 
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The Desert Tortoise 

Nichia Huxtable 

Editor's Note: 
This paper is the Second Place winner of the papers presented at 

the Society of Range Management Annual Meeting High School 
Youth Forum in Washington D.C. in January 1991. The author is 
from Tucson, Arizona. 

Unless you have thoroughly explored the Southwest, or 
have been to a desert zoo, you have probably never seen a 
desert tortoise. Not the giant creatures that live on the 
Galapagos Islands, but the small, compact reptiles that 
cruise the Sonoran and Mohave deserts. 

The desert tortoise Is a dry land turtle and cannot swim. 
Its desert environment limits water availability, so this 
omnivore obtains most of its moisture from native grasses 
and plants. The desert tortoise does not require much 
moisture intake because its thick and scaly skin greatly 
reduces moisture loss. It is a cold-blooded animal, and 
uses the sun to regulate its body temperature. However, if 
it is out in the hot summer sun for too long, it will cook 
inside its shell. 

The desert tortoise has few natural predators. If they 
are found, the thick camouflaged shell often proves to be 
more trouble than it's worth. The average tortoise life- 
span can exceed one hundred years. They don't reach 
sexual maturity until about 10 to 15 years of age. This 
makes sexing tortoises very difficult, since immature tor- 
toises of both sexes appear identical. The undershell of a 
mature male is concave towards the posterior end. This 
concavity enables it to fit onto the upper shell of the 
female during mating. By contrast, the lower shell of a 
mature femle is perfectly flat. 

Two sub-species of desert tortoises exist in North 
America. The first, the Mohave population, includes all 
tortoises north and west of the Colorado River. The Sono- 
ran population includes all tortoises to the south and east 
of the river. Because the Colorado River has proven to be 
an effective barrier between the two populations for thou- 
sands of years, some distinctive physical characteristics 
exist in each. For example, Mohave tortoises are gener- 
ally square shaped with a highly domed upper shell, 
whereas Sonoran tortoises are more pear shaped with a 
flatter upper shell (Dickinson). However, the shapes of 
individual shells are so varied that it is very hard to deter- 
mine the species without a geographic location. Mohave 
tortoises live in vast, flat deserts and use the dry washes 
and riverbeds as "tortoise highways". Sonoran tortoises 
live on the steep slopes of foothill regions. Perhaps the 
most important difference between the Mohave and Son- 
oran populations is the fact that the Mohave tortoise is 

presently listed as threatened under the Endangered 
Species Act of 1973 while the Sonoran tortoise is not. 

The Mohave desert tortoise has taken a long, hard road 
to gain the status that it now claims. It first received 
attention in 1980 when the northeastern corner of the 
population, sometimes called the Beaver Dam Slope sub- 
population, was listed as threatened in Utah. However, 
this population also encompasses tortoises in parts of 
Arizona and Nevada that were not listed (USD1, 1990, p 
12179). On September 14, 1984 the U.S. Fish and Wildlife 
Service received a petition from The Environmental 
Defense Fund, The Natural Resources Defense Council, 
and The Defenders of Wildlife to list the desert tortoise 
also in Arizona, California, and Nevada as endangered 
under the Act, but its listing was delayed due to other 
listing actions of "higher priority" (USD1, 1990, p 12179). 

To help protect the tortoises, the Arizona Game and 
Fish Commission (AGFC) made it illegal to take tortoises 
from the wild after January 1, 1988, but all tortoises legally 
held prior to 1988 could continue to be possessed, trans- 
ported, and propagated. Captive-bred tortoises, in excess 
of the stated limit of one desert tortoise per person, may 
be kept up to two years after hatching, but then must be 
disposed of either by gift or as specifically directed by the 
AGFD. They cannot be sold, exported from the state, or 
released back into the wild (Arizona Interagency Desert 
Tortoise [AIDTT], 1990, p 17). 

The next step towards their preservation was taken on 
August 4, 1989, when the Mohave population was deter- 
mined to be an endangered species under an "emergency 
rule" and was officially listed as a threatened species 
under the Endangered Species Act on April 2, 1990. The 
Service's regional office in Albuquerque was expected to 
make a recommendation in January, 1991, on the listing 
of the Sonoran tortoise as either threatened or endangered. 

Although many factors influence tortoise populations, 
the main reason in the listing was an upper respiratory 
disease that has reached epidemic proportion in the 
Mohave population (Dickinson). Upper Respiratory Dis- 
ease Syndrome (URDS), a new and recently identified 
disease, has apparently spread throughout much of the 
Mohave desert tortoise population. Unobserved in the 
wild until 1987, this respiratory disease has been known 
for some time in captive tortoises. The epidemic is 
believed to have started from the reintroduction of dis- 
eased captive tortoises into the wild population, since the 
disease found in wild tortoises is clinically similar to that 

Nichia Huxtable 
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described in captive tortoises. Only chronically ill tor- 
toises have been observed to date, so the early symptoms 
of the disease are not yet known. The significant feature 
of URDS is rhinitis, or inflammation of the nasal cavities. 
Animals also show nasal discharge, which can com- 
pletely close the nasal passages. Tortoises may rub their 
noses with their forelimbs, or their passages may be com- 
pletely blocked, hiding awet nosefrom detection. Moreadvanced 
stages of the condition leads to dull skin and sunken eyes, 
due to dehydration. This disease only seems to affect the 
upper respiratory system, such as the nasal passages, 
with little or no effect on the lower tract, including lungs 
(USD1 1990, p 12187). No cure has been found for the 
disease, although antibiotics have shown to be a success- 
ful treatment. If the disease does go into remission, a 
relapse may occur if the animal is under stress. Tortoises 
with the active disease have been found to live up to one 
year, but that has only been in captivity. This disease can 
spread from tortoise to tortoise, or from person to tor- 
toise. The respiratory disease has only been a significant 
problem in the Mohave population, where tortoises are in 
regular contact with each other due to their dense popula- 
tions and flatland habitat. Hardly any evidence of URDS 
has been found in the Sonoran population, since the 
sparcely population Sonoran tortoises live on steeper 
slopes and mostly isolated from one another, preventing 
the quick spread of disease (Schwalbe). 

Another factor that may Influence desert tortoise popu- 
lations is cattle grazing. Cattle grazing occurs on most of 
the Mohave Desert within the range of the desert tortoise. 
The biggest concern with cattle grazing is dietary overlap. 

The highest degree of overlap between tortoises and cat- 
tle occurs in April, right in the middle of the tortoise's 
active period (AIDTT, 1990, p 11). The desert tortoise 
must consume its forage requirements during the period 
of six weeks to five months out of the year (March to June, 
and September). If the vegetation produced is scarce or 
of poor quality, the tortoise does not have another chance 
to meet its nutritional requirements until the next year. 
Cattle are blamed for eating or destroying most of the 
available vegetation, but there is no actual proof of this. In 
fact, the only actual evidence of cattle encroachment on 
tortoise habitat is an occasional hoofprint or cow patty 
(Dickinson). 

The desert tortoise remains such a fascinating creature 
perhaps because there is so little known about it. Only 
two years of intense Mohave tortoise research has been 
conducted, and only a half year on the Sonoran tortoise. 
Now what is needed most is research, and it will take 
many years to compound conclusive evidence regarding 
the factors affecting desert tortoise populations, such as 
URDS and cattle grazing. However, if we start protecting 
them now, we can get a head start on the future. 
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Will a water trough reduce the amount of time hay-fed livestock 
spend in the stream (and therefore improve water quality)? 

J. Ronald Miner, John C. Buckhouse, and James A. Moore 

Background 
The impact of grazing cattle on water quality is of con- 

siderable importance to water planning agencies. Many 
people are concerned over health implications of grazing 
cattle along Western U.S. streams. As use of rangeland 
streams increases, the possibility of contracting a bacte- 
rial disease from water increases. Bacteria from animal 
manures can be transferred to humans from natural 
waters. Bacteria in fecal matter deposited on rangeland 
may remain viable for at least one grazing season. In 

order for water to be part of the transmission process, 
however, the fecal matter must reach the stream. 

Most fecal contamination in water courses occurs as a 
result of an animal defecating directly into the flowing 
water. Fecal material deposited on the streambanks will 
reach the water only under conditions of overland flow 
(when rainfall and/or snowmelt rates exceed the infiltra- 
tion capacity of that particular soil). U.S. Weather Bureau 
records indicate, however, that overland flow events 
occur less than one percent of the time in most of the arid 
west. An analysis of streamflow and weather data for the 
Bear Creek watershed in central Oregon revealed in a 
six-year period (1975—1981) there were 29 runoff events, 
an average of almost five per year. Of these 29 events, six 
were related to snowmelt, six to rainfall on frozen or 
snow-covered ground, and 17 due to rainfall. Two-thirds 
of the rainfall-induced runoff events occurred during the 
summer months. This analysis indicates, that for over 99 
percent of the time, the water quality of a stream in a 
rangeland pasture is dominated by the direct deposition 
of animal fecal matter, rather than fecal material which is 
"washed" into the stream during a runoff event. 

Bacteria from the enteric tract are the primary indica- 
tors of livestock grazing impacts on surface water quality. 
Though fecal coliforms (FC) and fecal streptococci (FS) 
are not generally considered to be pathogenic, they are 
easily measured and most commonly used to indicate the 
presence of pathogens. Most water quality regulatory 
agencies utilize concentrations of these organisms as 
their major criteria for regulatory purposes. 

Total fecal output of cattle will range from 0.5 to 0.75 
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percent of body weight per day on a dry matter basis. Free 
ranging cattle will defecate an average of 12 times per 
day. Earlier work by several researchers places daily FC 
and FS production, per cow, at several billion. Our 
research shows, however, that over 95 percent of these 
organisms settle to the bottom and that over the next 
several weeks a large fraction die entrapped in the 
sediment. 

In critical watersheds where even low levels of fecal 
contamination are of concern, it is logical to look for 
economical ways to limit livetock defecation directly into 
live streams. One promising way to reduce the winter 
water quality impact of grazing cattle, or conversely to 
increasethe numberof cattlethat can be winter fed along 
a stream without exceeding the current water quality 
constraints, is to reduce the amount of time the animals 
spend in, or near, the stream. By minimizing time spent in 
the stream, the opportunity for direct fecal deposition into 
the water is correspondingly diminished. (This may also 
reduce potential silt loads from streambank degradation 
due to trampling.) 

We evaluated the effectiveness of an off-stream water 
source in reducing the amount of time a group of hay fed, 
but free-ranging cattle spent in or immediately adjacent 
to a stream during the winter months. Our logic was that if 
the presence of an alternate water source could reduce 
the amount of time the cattle spent in the stream it would, 
in turn, reduce the amount of manure directly deposited 
into the stream. Additionally, by encouraging the animals 
to spend time away from the stream, the manure would be 
a greater distance from the stream, hence allowing for 
greater filtration at times of infrequent overland flow. 

The William McCormack family ranches in Crook 
County, Oregon, and as previous cooperators, agreed to 
participate in this study by allowing access to their pas- 
tures and animals. A site was selected along Bear Creek 
which they normally use as a wintering pasture. This site 
was selected because it is adjacent to an abandoned 
homestead which had an operating well that could be 
used to provide a continuous flow of water to a stock 
watering tank. A buried plastic water supply line was 
installed from the well to the tank, which was located 
approximately 100 yards from the stream. The pasture 
was divided into two to allow a comparison between pas- 
tures, one with both a watertank and stream access and 
another, the control, in which the only water available to 
the cattle was the stream (Figure 1). 
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Figure I 

I inch= 50 yards 

The watering facilities and supplemental fencing were 
installed in the fall of 1989. The mild weather experienced 
during the fall delayed the need to move the cattle into 
these lower elevation pastures and begin the hay feeding 
phase of the McCormack ranch activities until mid- 
January 1990. In mid-January, 150 head of two-year-old 
pregnant heifers of Hereford, Angus, and Shorthorn 
bloodlines were moved into the experimental pastures. 
These "first calf heifers" were a uniform group which were 
separated into the control pasture (water available only 
from the stream) and the experimental pasture (water 
available from both the stream and from the watering 
tank). 

Shortly after the animals were brought into the pasture, 
they were divided into two groups. Approximately 50 
were placed in the smaller pasture with the watertank; the 
remainder were placed in the larger pasture where the 
creek was the only available water source. Within a few 
days, those animals in the pasture with the watertank 
were judged to have acclimated sufficiently to the pres- 
ence of the watertank and observations were begun. Dur- 
ing the first four days of observing the cattle behavior, 
they were fed hay at a rate of approximately 13 pounds 
per day at about nine o'clock each morning. Those cattle 
in the pasture with the watertank were fed about 20 yards 
upslope from the watertank. The tank was a much closer 

source of water than the creek for those cattle feeding on 
the distributed hay. Those animals in the adjacent pasture 
but without a watertank were fed in a location a similar 
distance from the stream. A second four-day period of 
observations was done using an identical set-up, but 
altering the hay placement so that the hay was midway 
between the trough and the stream. 

On those days in which cattle behavior was observed, 
we positioned ourselves outside the pasture at a point 
where we could observe the cattle both in the creek area 
and in the area of the watertank but at a distance suffi- 
ciently non-obtrusive that our presence did not impact 
animal behavior. We always used a minimum of two 
observers. Our data collection strategy was to make an 
observation every 60 seconds. Three bits of information 
were recorded: the number of cattle standing in the creek 
(pasture without watertank), the number of cattle stand- 
ing in the creek (pasture with watertank), and number of 
cattle at the watertank (within one animal length of the 
tank). In addition, periodic note was made of air and water 
temperatures, weather and other observations that would 
help interpret the numerical data. We made our observa- 
tions from daybreak until dark. This period was normally 
7:30 a.m. until 5:00 p.m. We noted that there was very little 
animal activity during the hours of darkness. 

Fig. 1. Schematic layoug of winter feeding area, creek, and supplemental water tank. 

Approximate Scale 
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Table 1. Data summary: Comparison of the time cattle spent in the 
stream and at a water tank (minutes per cow per day). 

Date 

Pasture without 
water tank 

in stream 
Pasture wit h water tank 

In stream At water tank 

January22 
January23 
February4 
February 5 

12.1 
10.7 
11.2 
24.0 

1.8 
0.9 
4.2 
1.5 

14.5 
14.7 
10.8 
19.3 

4-day average 14.5 2.1 14.8 

February 6 
February 7 
February 8 
February 9 

31.6 
61.7 
31.0 
22.3 

1.4 
0.8 
1.9 
0.6 

4.6 
11.6 
6.6 

10.7 

4-day average 
8-day average 

36.6 
25.6 

1.2 
1.6 

8.4 
11.6 

1. During the first four days of data collection, the water tank was located 
between the feeding area and the stream. 
2. During the second four days of data collection, the feeding area was 
mid-way between the water tank and the stream. 

Table 1 summarizes the observations made during the 
eight days of observation. 

Observations and Discussion 
Between 8:00 a.m. and feeding time, the animals were 

obviously waiting for the feed truck to arrive but tended to 
be distributed throughout the pasture area and to remain 
largely stationary. When the feed truck could be heard in 
the distance, the animals moved immediately from wher- 
ever they were grazing/loitering to the previous day's 
feeding area. 

Once the ranchers began to distribute hay, eating 
became the animals' major agenda item. The animals in 
the pasture without the watertank tended to spend the 
next two to three hours eating hay. When they began to 
leave the feeding area to go to the stream and drink, large 
numbers tended to go and only a small fraction returned 
to the feeding area. The others seemed to randomly dis- 
tribute themselves around the pasture once they ieft the 
stream. In contrast, the animals in the pasture with the 
watertank, tended to leave the feeding area sooner to 
drink at the tank. They then tended to return to the feed- 
ing area until the hay was consumed and the feeding area 
was thoroughly picked over. 

it is clear from the data in Table 1 that there is consider- 
able variability in the amount of time animals spend in the 
proximity of the stream. This variability existed between 
days and among the hours within the day. During the first 
three days of observation, January 22,23, and February 4, 
1990, the animals in the pasture without the supplemental 
watertank averaged 11.3 minutes per cow per day in the 
stream. For the next five days, these same animals in the 
same pasture averaged 34.1 minutes per cow per day. 
There was no measured change in weather or other con- 
dition that would seem to dictate such a change. Our 
observations were that after the animals in the stream- 
only pasture finished eating their hay, they tended to 
move in groups to the stream. Furthermore, they tended 
to remain in the stream area until something distracted 

them and caused them to move away. For some of the 
animals, this distraction was the residual hay in the feed- 
ing area, for others it was the infrequent passage of a 
vehicle on the road several yards away. 

There appeared to be two types of animal activity in the 
stream. One was that time which the cattle at the stream 
actually drank. The second type was loitering in the steam 
or on the adjacent stream bank since there was nothing 
that attacted those animals away from the stream. The 
data in Table 2 compare the amount of time cattle in the 
pasture with the supplemental watertank and those in the 
stream-only pasture spent in the creek during the four 
Table 2. Comparison of time cattle spent In the creek (minutes/cow) 
within four hours of feeding. 

Date 

Pasture with creek as 
the only available 

water source 

Pasture with 
water tank 
available 

January22, 1990 6.7 0.02 
23, 1990 6.5 0.38 

February 4, 1990 6.2 0.70* 
5, 1990 8.7 0.0 
6, 1990 21.3 0.22 
7, 1990 24.2 0.03 
8, 1990 25.9 0.0 
9, 1990 16.2 0.0 

Average 14.5 0.17 

*Observation largely attributable to three animals that lingered in the riparian 
zone while the other animals watered at the tank. 

hours following hay distribution. These data suggest that 
the watertank was more than 99 percent effective in 
attracting the animals away from the stream during that 
period of the day when thirst was the animals' driving 
behavioral force. For the remainder of the day, the water- 
tank was able to compete with the stream at an effective- 
ness of over 80 percent as a place to loiter. 

The strong preference which the animals demonstrated 
for the watertank over the stream leads one to speculate 
on its appeal. Perhaps it was temperature driven: the 
water in the tank varied between 2_140 F warmer than that 

Fig. 2. Snow-covered winter feeding ground on McCormack and 
Sons Ranch. 
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in the stream. Perhaps it was ease of access: the tank was 
located on level ground and its overflow was piped well 
away from the tank. Therefore, the ground was dry and 
firm at the tank as compared to the steep, rough, and 
muddy access at the streamside. 

We also wondered if consumption of water might be 
higher at the tank. If so, it would follow that livestock 
performance, in terms of maintaining weight during a 
time of year when animals frequently lose weight, might 
be improved since high volumes of water intake are 
necessary for animals to efficiently process dry feed. This 
speculation is food for thought. Perhaps a secondary 
benefit with economic rationality accompanies the eco- 
logical benefits demonstrated by the alternative water 
source. 

Conclusions 

Under winter feeding conditions, the amount of time 
cattle spent drinking or loafing in the area of the stream 

was dramatically reduced by the presence of a watering 
tank. The amount of time that the animals spent in the 
stream was reduced by more than 90 percent. 

Even when the feed source was placed equal distance 
between the water tank and the stream, the water tank 
was effective in reducing the amount of time the cattle 
spent in the stream. 

In terms of water quality, the relationship between time 
spent in the stream and fecal pollution is evident. Since it 
was possible under these cold and snowy conditions to 
eliminate 90 percent of the animals' wintertime use of the 
stream through the use of a watering tank, economic and 
environmental implications suggest that this may be a 
viable alternative to the total exclusion of livestock along 
sensitive stream systems. 

(References for livestock relationships to bacterial con- 
tam ination of streams are available upon request from the 
authors.) 

Building Consensus for Rangeland Uses 

William C. Krueger 

The people of the "Wild West" are largely urbanized, It 
is common for people living in cities to have no close 
relatives that live or work on ranches or farms. The family 
bonds that historically tied rural and urban people together 
are gone and with them a major communication link. 
Without the intense common understanding that charac- 
terizes close relationships of a family, fundamental beliefs 
and ways of evaluating natural resource issues among 
urban and rural groups have become increasingly differ- 
ent. Each group has lost information in this evolution of 
paradigms. Each group analyzes different, sometimes 
selected, information in a different logical framework and 
naturally, then, defines the truth differently. This has pre- 
vented a common understanding of many issues. One 
result has been generation of intense controversy con- 
cerning protection and use of natural resources. 

Society has made little progress in bringing the visions 
of environmentalists and ranchers together to find con- 
sensus on resource issues of the western states. This is 
not surprising when we consider the way we generally do 
business in the United States. Our laws and policies are 
based on allocation of scarce resources. Society must be 
sure everyone gets a fair share of the resources, espe- 

cially public resources, so we pass laws and make policy 
to allocate what we have according to certain priorities. A 
major assumption underpinning our laws and policies is 
that there is not enough for everyone and so each will get 
a share that is less than they want. Inevitably, allocation of 
any scarce resource leads to conflict and often to mis- 
trust. This inevitably leads to fear. There is a fear that the 
representatives of other interests will be more skilled at 
negotiating their position and that they will get the best 
deal in allocation of the resources in the end. This leads to 
fear of losing the profitability of watershed-based busi- 
nesses, fear of losing the sustainability of a resource, fear 
of losing the aesthetic values of a resource, and a multi- 
tude of other fears. One can see this by observing the 
relationships of environmental groups opposed to public 
land grazing and public land graziers. 

Leritz (1987) describes a procedure for successful neg- 
otiating. He indicated negotiating from a basis of scarcity 
involves three assumptions: There is not enough, people 
are greedy and the best approach is better strategizing. 
Negotiating from a basis of abundance involves a differ- 
ent set of assumptions: There is more than enough, peo- 
ple are basically needy not greedy and understanding is 
the best strategy. The acceptance of one set of assump- 
tions or the other has a major impact on relationships in 
negotiations. The former yields negotiations based on 

Author is chairman of Oregon Watershed Improvement coalition and is with 
the Department of Rangeland Resources, Oregon State University, Corvallis, 
Ore. 97331. 
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fear. The Iatteryields negotiations based on understanding. If society can change the negotiation for resources 
from allocation of scarcity to sharing in abundance, we 
can find a way to move from limiting peoples' wants 
through allocation to meeting peoples' needs through 
abundance of resources. The potential is there. The pro- 
fessional judgement of many range managers is that 
about two-thirds of the rangelands in the United States 
are meeting less than half of their perceived potential 
(Society for Range Management, 1989). It is obvious that 
the potential productivity of the western range is many- 
fold greater than its current level. This potential for abun- 
dance can allow ranchers and environmentalists to find 
common ground and to reach consensus in improving 
western watersheds. 

It is possible to achieve this abundance through pro- 
gressive range management that will meet the needs for 
all rangeland values. It may well require major changes in 
current practices, but if a sound ecological and economi- 
cal foundation is maintained, most problems can be 
resolved. 

Abundance Theory In Action 

Oregon Watershed Improvement CoalItion (OWIC) 
When OWIC was established in 1986, the prevailing 

view of those who would become members was that of 
scarcity of resources. During the first meeting, everyone 
knew resources were scarce and feared the future. At the 
same time, the developers of OWIC realized that for the 
most part the resources of concern were really abun- 
dant—if they were managed so they would develop to 
their potential. 
Formation 

The first step in setting up the initial meeting of the 
group involved determination of criteria for participation 
and selection of participants. This was done by the Ripar- 
ian Task Force appointed by the PNW Section, Society for 
Range Management. The criteria for participants were 
that they were leaders on the issues in Oregon and they 
they were willing to discuss riparian issues with an open 
mind. Achieving balance among the interests was attemp- 
ted. This was to create a safe environment and thus to 
maximize the opportunity for each participant to express 
concerns and ideas. 

It was decided by the Riparian Task Force to confine 
selection within Oregon's mainstream interest groups. 
These were environmental groups with national focus, 
environmental groups with local focus and livestock pro- 
ducers. Leaders of selected organizations were tele- 
phoned and the purpose of the program was explained. 
Each group was asked to participate in one meeting to see 
if there was common ground and to help in developing 
some communication about riparian issues. Every group 
contacted agreed to participate. Initially the group con- 
sisted of representatives from the Oregon Cattlemen's 
Association (five), Oregon Trout (two), Oregon Environ- 
mental Council (one), Izaak Walton League-Public Lands 
Restoration Task Force (one), Oregon Natural Resources 

Council (one), and Pacific Northwest Section of the 
Society for Range Management (four). Later, representa- 
tives from the Oregon Forest Industries Council (one) 
and Oregon Small Woodlands Association (one) were 
added since the upper portion of most Oregon watersheds 
is forested and forest interests are of significant impor- 
tance in dealing with an entire watershed. Recently, the 
Oregon Rivers Council has joined, expanding the envi- 
ronmental perspective. The Oregon Natural Resources 
Council has withdrawn. 

During the first meeting the partipants began to under- 
stand the sincerity of the interests of all parties. The fears 
and needs of each interest group were recognized. It was 
decided there was probably common ground and the 
participants agreed to a second meeting. 

At the second meeting, the structure for future meet- 
ings was determined. We did not all perceive the same 
things when talking about issues, so we were careful to 
keep the group oriented to the field. In doing this OWIC 
could discuss the issues from a common base of observa- 
tion. OWIC agreed to keep the focus of the group on a 
constructive basis. That is, OWIC focuses on the results 
of good management and how to improve current range- 
land conditions. Wedo not seek problems but rather seek 
solutions to problems. OWIC usually meets for two days. 
The first day is spent in the field to build understanding 
among OWIC on some issue or idea and to provide a basis 
for some future discussion. The second day is spent dis- 
cussing ideas generated during the previous tours and 
conducting the business of the OWIC. This Coalition has 
been actively working for five years with an average of five 
meetings each year. 

Principles of Operation 
Individuals with an interest in developing natural re- 

source-based programs based on building consensus 
often ask, "What makes OWIC work?" There are several 
principles of operation that we have agreed to or that we 
have accepted passively through evolution of the group. 

1. OWIC shares a common desire to achieve the 
potential of Oregon's watersheds. Products are of 
secondary importance. We know that if we achieve 
the potential of the watershed the products will 
follow. 

2. OWIC has agreed to seek acommon understanding 
and we share some common goals. 

3. OWIC is a private organization. Those members of 
OWIC that work for a government agency represent 
the profession of Range Management on the Coali- 
tion. This is important to enhance the outreach 
programs of OWIC in dealing with private lands and 
private interests on public lands. It also permits 
each member to represent the interest of the 
resources, independent of any governmental policy. 

4. OWIC recognizes that most resource damage of 
the past and present was not intentional. We, there- 
fore, accept the conditions of today without placing 
blame on anyone for resource destruction. What is 
important is to implement action to improve re- 
sources where needed. 
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5. OWIC focuses activities on developing programs or 
ideas for programs where everyone can meet their 
needs. This involves approaching rangeland use 

through a philosophy of abundance and conse- 
quently a focus on individual needs, not wants. 

6. OWIC operates from consensus. Every member of 
OWIC must agree on a course of action or we take 
no action. We do not discuss any issue if the 
members do not all agree to the discussion. By 
following this premise, we are able to maintain the 
actions of OWIC on a positive track. We know we 
don't agree on all facets of resource use, but we 
operate where we do agree. 

7. We keep the OWIC field-oriented. This helps dis- 
cussions to focus on real situations rather than 
abstractions. 

8. In dealing with riparian zones and watersheds. 
OWIC has focused its attention on inexpensive 
solutions. It is agreed that most of the time improve- 
ment in management will bring desired improve- 
ment in conditions. Structures are expensive and 
often are not needed. When structures are con- 
structed without the appropriate land management 
to sustain the system, they usually fail to do the 
intended job. 

9. OWIC focuses programs on constructive activities 
that will improve Oregon's watersheds. When 
Oregon's watersheds are all reaching their ecologi- 
cal potential, we will have been successful. 

10. Role playing has allowed each of the participants to 
better understand the position of different inter- 
ests. In the field we might ask a cattleman to evalu- 
ate a situation we are observing from the viewpoint 
of a specific environmental group. Or we might ask 
an environmentalist to evaluate from the view of a 
timber manager. By this approach we have forced 
ourselves to try to really understand the other per- 
son's point of view. 

In the final analysis, solutions to Oregon's watershed 
problems will be found by application of sound ecological 
knowledge. Implementation of an ecologically sound 
program will only be possible if it is practical and, there- 
fore, economical. There is no magic and there is no quick 
fix. We will only improve the land through hard work. 

Objectives 
The OWIC has agreed on four basic objectives: 

1. Provide a mechanism for landowners, land manag- 
ers and the public to determine achievable objec- 
tives for watershed management irrespective of 
ownership. 

2. Promote recognition that watersheds vary in poten- 
tial and the quality of riparian zones is influenced 
by these differences, so solutions to problems and 
responses of watershed streams are site specific. 

3. Help develop management programs that identify 
objectives which respond to and are consistent 
with riparian and upland ecological processes oper- 
ating in a watershed. 

4. Promote a greater understanding of watershed 
management potentials and riparian processes to 
private and public interests through an educational 
program. 

Accomplishments of OW/C 
The accomplishments of the Oregon Watershed Improve- 

ment Coalition have been significant and most satisfying 
to the membership. During the past five years there has 
been a real change in attitudes among the members of the 
OWIC. To some extent, positions of member organiza- 
tions have also changed. There is trust and respect within 
the membership. Environmentalists, ranchers, and timber 
interests share some expressed common goals. Within 
the Coalition there is honest and true communication. 
Together we share the confidence that we can help 
change Oregon for the better. 

The members of the Coalition continue to teach other 
about watershed management from their various per- 
spectives. Together the membership has produced bro- 
chures, a common statement of organizations, a slide 
show, and other information to use in teaching members 
of the parent organizations as well as the public. 

Through the efforts of OWIC and in cooperation with 
many legislators and interested parties, Oregon passed 
legislation to form the Governor's Watershed Enhance- 
ment Board (GWEB). This interagency organization pro- 
vides incentive funds to encourage improvement of pri- 
vate and public watersheds in Oregon. In the 1989—91 

biennium, the State al located $1 million for education and 
on-the-ground watershed enhancement. 

OWIC has developed a good foundation to build upon. 
We have been through difficult times, difficult problems, 
and have held together. OWIC has learned that ranchers, 
environmentalists and timber managers can work together 
in a constructive way. We have helped neighboring states 
understand, evluate and work towards developing similar 
organizations. California, Washington, Idaho, Utah, 
Wyoming, and Colorado have all been working toward 
similar organizations that reflect the special circumstan- 
ces of their states. 

The Future 
OWIC isa model forum for building understanding and 

networking among individuals with diverse needs and 
beliefs. In Oregon, action oriented consensus groups, 
such as the Trout Creek Mountains Working Group and 
Central Oregon Natural Resources Coalition are, in part, 
logical extensions of the OWIC philosophy. 

By approaching natural resources negotiations with a 
philosophy of abundance and opening communications 
among rural and urban citizens with common interests in 
the land, it is possible to come to a common understand- 
ing of site-specific land use. By sharing information and 
working from common information, the possibility to 
work together to achieve the potential of the range 
increases. We all need to recognize the truth as perceived 
by others, to understand their truth and to work together 
to reach the abundance that is the potential of the West. 
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When we do this, our plans for the future, based on broad 
consensus, can indeed meet everyone's needs when 
these plans are founded on a healthy resource. 
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Old World Bluestem Seedings in Western Oklahoma 

Scott D. McCoy, Jeffrey C. Mosley, and David M. Engie 

Old World bluestems (Bothriochloaspp.) are an assem- 
blage of warm-season perennial bunchgrasses first intro- 
duced into the United States in 1917 from Europe and 
Asia. These grasses are commonly seeded throughout 
much of the southern Great Plains for stabilizing marginal 
cropland and for increasing forage production on deteri- 
orated rangelands. Old World bluestem seedings can 
produce four times the forage of well-managed native 
rangeland (Coyne and Bradford 1985). Consequently, 
Old World bluestems are an ideal choice for seeded pas- 
tures used to complement native rangeland in an inte- 
grated forage-livestock production system (Sims and 
Dewald 1982). 

For the past 30 years, researchers at the USDA's South- 
ern Plains Range Research Station (SPRRS) at Wood- 
ward, Oklahoma have been studying these grasses and 
developing cultivars suited to the southern Great Plains 
To date, the five most commonly seeded Old World blue- 
stem cultivars are Caucasian, Plains, Ganada, WW-Spar, 
and WW-lron Master. Two experimental cultivars not yet 
available commercially, WW-51 7 and WW-857, also appear 
useful for the future (DahI et al. 1988, Masters and Britton 
1988). 

Caucasian bluestem (Bothriochloa caucasica) was intro- 
duced into the United States from the Soviet Union (Dal- 
rymple et al. 1984) and was one of the first Old World 
bluestems to be introduced into the United States. Plains 
bluestem (Bothriochloa ischaemum var. ischaemum) was 
developed at the SPRRS and released in 1982 (Taliaferro 
and Harlan 1973). It is a blend of 30 morphologically 
similar Old World bluestem accessions collected from 
Afghanistan, India, Iraq, Pakistan, Turkey, and the Soviet 
Union (Dalrymple 1978). One of these 30 original acces- 
sions was isolated and released by the SPRRS as WW- 
Spar (Bothriochloa ischaemum var. ischaemum) in 1982 

(Dewald et al. 1985). WW-Spar is noted for producing 
vigorous seedlings. Ganada bluestem (Bothriochloa is- 
chaemum var. ischaemum) originated in Turkey and was 
introduced into the Great Plains in 1979 (Dewald et al. 
1985). Ganada is noted for its cold tolerance. WW-lron 
Master (Bothriochloa ischaemum var. ischaemum), a Cu I- 
tivar tolerant of iron-deficient soils, was released by the 
SPRRS in 1987 (Dewald et al. 1988). 

The development and release of these well-adapted 
cultivars enabled many farmers and ranchers across the 
southern Great Plains to establish Old World bluestem 
seedings. USDA's Conservation Reserve Program (CRP) 
also helped proliferate Old World bluestem seedings 
throughout the region. But given the uncertain future of 
CRP seedings and the ever-changing crop and livestock 
markets, many farmers and ranchers are trying to assess 
the future, long-term role of Old World bluestem seedings 

Fig. 1. Non-irrigated Old World bluestem seedlings can yield 5,000 
to 8,000 lbs/acre. Production may be improved significantly where 

irrigation is feasible. 
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in their agricultural enterprises. Thorough assessments 
will require information on grass establishment, forage 
production, and management strategies. We believe that 
a valuable source of this needed information is other 
ranchers, so we surveyed 50 western Oklahoma ranchers 
seeking their knowledge and experience concerning Old 
World bluestem seedings. We hope thatthe results of this 
survey will provide practical insights into some sucessful 
and some not-so-successful strategies for managing Old 
World bluestems. 

Survey of Ranchers Managing 
Old World Bluestem SeedIngs 

Survey Response 
In February of 1990, a 26-question survey was sent to 50 

ranchers who managed Old World bluestem seedings in 
12 western Oklahoma counties. The list of ranchers was 
compiled from county agricultural extension agents, Soil 
Conservation Service personnel, and an Old World blue- 
stem seed dealer. Even without a follow-up questionnaire 
we received 31(62%) usable responses. The survey ques- 
tions asked ranchers about their Old World bluestem 
management practices, including seeding, fertilization, 
irrigation and livestock grazing. 

Background InformatIon 
Most of the respondents (77%) established their first 

Old World bluestem seedings during the 1980's, although 
one rancher's first seeding dated back to 1952. Before 
seeding the Old World bluestems, all of the land included 
in the survey was dedicated previously to growing wheat, 
sorghum, or cotton. One rancher commented that some 
of his Old World bluestem was planted on his less produc- 
tive land and on those areas that were more difficult to 
farm. Old World bluestems appear to be a viable alterna- 
tive crop for these sites. 

Most of the seedings (92% of the total 7,366 acres) were 
either the Plains or WW-Spar cultivars, with few seedings 
reported of Caucasian, Ganada, or WW-lron Master. 
These results were not unexpected, given that both Plains 
and WW-Spar were developed nearby at the SPARS and 
these cu Itivars are well-adapted across most of the survey 
area. 

Grass Establishment 
Old World blustems are generally considered to be 

relatively easy to establish on a wide variety of soils (Sims 
1988), and our survey respondents agreed. In fact, 94% of 
respondents successfully established Old World blue- 
tems during their first attempt, and only two respondents 
(6%) needed to reseed entire fields. Two other respond- 
ents reported that some portions of their fields required 
reseeding. The high rate of successful establishment may 
have been a result of the use of stubble mulch cover 
crops. This technique involves planting a residue- 
producing crop during the growing season immediately 
before seeding the Old World bluestems, and then seed- 
ing the perennial grass into the crop residue without 
further seedbed preparation. Erosion control, weed con- 
trol, and reduced evaporation are potential benefits 

achieved from preparatory cropping (DahI et al. 1988). 
Preparatory crops were used by 74% of the survey 
respondents. Preparatory crops used were either wheat, 
sorghum, or wheat-sorghum combinations; wheat was 
preferred. One problem reported with sorghum was that 
its tall growth habit created too much shade, which 
impeded the growth of bluestem seedlings. The thick 
sorghum stubble also made it difficult to drill through, 
and volunteer sorghum sometimes persisted for several 
years. 

Forage Production and Management 
Old World bluestems respond well to fertilizers. So well, 

in fact, that fertilizing Plains bluestem with 60 lbs N per 
acre can almost double its annual forage production 
(Sims and Dewald 1982). Old World bluestems' respon- 
siveness to fertilizer was well-appeciated by the ranchers 
in our survey, as 90% of them fertilized their seedings in 
1989. The type of fertilizer used varied widely, but most 
respondents applied a nitrogen fertilizer alone. The re- 
mainder of respondents also applied phosphorus and, in 
a few cases, potassium. One potential problem with fertil- 
izer application is that plant stem size and the number and 
weight of inflorescences increases with increasing fertil- 
izer rates (Sims and Dewald 1982). These changes in 
plant structure can reduce a plant's acceptability to graz- 
ing animals (Dalrymple 1978). Prescribed burning or rota- 
tional grazing may be needed to improve palatability by 
reducing old dead and persistent stems. 

Split applications with lesser amounts of fertilizer do 
not appear to increase forage yield compared with single 
applications (Berg 1990), and only 32% of the respond- 
ents who used fertilizer applied it in split applications. 
March 10 and June 4 were the average dates for the first 
and second applications, respectively, with about 64 lbs N 
applied per acre with each application. These rates cor- 
respond well with general recommendations made by 
Altom (1978). For those fields receiving single applica- 
tions, application dates ranged from January to August 
and rates ranged from 30 to 220 lbs N per acre, averaging 

Fig. 2. Many cattle ranchers in western Oklahoma manage their Old 
World bluestems with short duration grazing programs. High 
stock densities help prevent these grasses from becoming coarse 
and unpalatable. 
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80 lbs N per acre. We believe that applications as early as 
January or February and as late as August are probably 
less effective than applications in April, immediately 
before plant growth resumes. Early and late applications 
may stimulate cool-season plants and improve their 
competitiveness with the warm-season Old World blue- 
stems. 

About one-third of the seeded acreage (34%) was baled 
for hay in 1989. Twenty-seven percent of the hayed 
acreage yielded two cuttings, and none of the hayed 
acreage produced more than two cuttings. Average har- 
vest dates were July 1 and August 26 for the first and 
second cuttings, respectively. According to our respond- 
ents, hay production averaged 2,500 lbs/acre, and ranged 
from 1,500 to 10,400 lbs/acre. One of the two respondents 
who reported 10,000 lbs/acre or more of hay harvested, 
used split applications of fertilizer at 32 and 48 lbs N/acre. 
The other respondent reporting hay production of 10,000 
lbs/acre or more, fertilized with 50 lbs N/acre in both 
March and June and irrigated, too. Actual production 
values could vary significantly from these estimates, but 
hay production estimates from our respondents appear 
reasonable. For comparison, quantitative measurements 
of non-irrigated, well-fertilized Old World bluestems have 
revealed that single cuttings can yield from 5,000 to 8,000 
lbs dry matter per acre (Dalrymple et al. 1984). 

Forty-six percent of the ranchers used prescribed fire 
to help manage their seedings, while about one-third 
(29%) used irrigation. The amount of water applied bythe 
irrigators varied greatly, from 1.5 inches up to 22 inches! 
year. The average was 7.4 inches/year. However, because 
1989 was a high rainfall year, the amount of water applied 
would be expected to increase in most other years. One 
respondent stated that the annual production from his 
irrigated field is consistently double the hay production 
from his dryland seeding. 
Cattle Grazing Strategies 

Most respondents (94%) grazed their seedings with 
livestock. Beef cattle were the only kind of livestock used 
and included both cows and stockers. A short duration 
grazing (SDG) program was used by 13 of the 29 graziers. 
This is a surprisingly large proportion of respondents 
given the large managerial inputs required by SDG. None- 
theless, many ranchers apparently realize that the high 
utilization grazing form of SDG (Booysen and Tainton 
1978) is well-suited to management of Old World blue- 
stems and similar improved forage species (Dahi and 
Cotter 1984). 

Sixty-three percent of the respondents used their Old 
World bluestem seedings as complementary forage to 
allow grazing deferment of their native rangeland pas- 
tures. We believe that this is one of the greatest values of 
Old World bluestems. 

Two of the most common grazing management prob- 
lems cited by the ranchers were that (1) forage palatabil- 
ity was sometimes poor, and (2) that forage nutrient qual- 
ity was sometimes less than livestock required. These 
problems have also been documented by research (Dabo 

et al. 1987, 1988) and emphasize the need for intensive 
grazing management of these grasses. Large pastures 
grazed at low stock densities for long grazing periods 
cannot maintain Old World bluestems in a palatable and 
nutritious form. 

Summary and Recommendations 
Old World bluestems are valuable introduced grasses 

in the southern Great Plains. These grasses enable 
ranchers to increase livestock carrying capacity, provide 
grazing deferment for native rangelands, and provide for- 
age reserves for drought periods. For best results, Old 
World bluestems should be managed intensively. Fertili- 
zation and periodic burning or mowing will help keep 
seeded stands vigorous and productive. Production can 
be improved dramatically where irrigation is feasible and 
economical. Old World bluestems can be harvested for 
hay, but palatability and nutritive content decline rapidly 
with advancing plant maturity. Properly managed rota- 
tional grazing programs designed with small pastures 
and high stock densities will provide excellent livestock 
gains per acre. 

When asked whether Old World bluestems had met 
their expectations, 30 of the 31 ranchers replied favora- 
bly. It appears that Old World bluestems are truly a useful 
tool for ranchers in western Oklahoma. Of course, any 
tool is only as good as the craftsman using it. Our survey 
demonstrates clearly that ranchers in western Oklahoma 
are indeed managing Old World bluestem seedings in 

very successful ways. 
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Economic Multipliers 

Martin K. Beutler 

economics is often called upon to determine the value 
of a given use of rangeland and, more particularly, of 
public lands. For example, livestock grazing permittees 
may cite the value of livestock produced on public lands, 
while timber interests value the lumber harvested and 
environmental groups assign value to recreational visitor 
days. An economic analysis may then be employed to 
determine not only the initial impact of the goods or 
services provided, but also to value any additional impacts 
that may arise to a region or local community. 

The total impact of a dollar produced or spent in a 
community is often measured through the use of a 'mul- 
tiplier." Multipliers are commonly used in economic stu- 
dies which attempt to show how important one business 
or industry isto a given geographic region or community. 
Much confusion exists, however, over the proper usage of 
multipliers and how they fit in an economic analysis. 
Multipliers are numbers which measurethe magnitude of 
the direct and indirect effects that a given amount of 
production or expenditure has on a region or community. 
There are many different kinds of multipliers. The most 
commonly used are for total output, income, and employ- 
ment. 

There are also two types of effects, direct and indirect. 
A direct effect is equivalent to the initial impact of the 
original production or expenditure. For example, the 
direct effect of $1.00 spent on some good or service in a 
community is 1. Indirect effects measure the additional 
effects the original purchase may have as that expendi- 
ture "turns-over" within the region or community. Indirect 
effects may range from 0 to 2 or higher. 

For example, let us assume that we want to know the 
total impact on a community of the money received from 
the sale of a feeder steer. The direct effect represents the 
money received from the sale of the steer. The indirect 

effect represents what happens to me money receuveu 
from the sale of the steer. Receipts from the sale of the 
steer go to: (1) pay for inputs used to produce the steer 
and (2) provide income to the rancher. 

Many of the inputs used in the production of the steer 
were purchased from various businesses within the region. 
Money spent on these inputs is considered gross receipts 
by those businesses which supplied them. These busi- 
nesses use the money they receive to pay for inputs pur- 
chased from other businesses and to provide income 

Figure 1. Example of a Multiplier. 

_________ ECONOMIC IMPACT 

6O $i .OO+.40+.1 6+06+02+0141.65 
Leakage __________________________________ 

I i i Multiplier 1.65 
I I . Turnover 6 o- El ___ : 
sioo 

24f 
I — 

I 
Leakage 

I 1 
L 

Leakage 
16 ________ 4 1 

Leakage 

Turnovers (1) (2) (3) (4) 2f (5) l (6) 
I4. k uirec Indirect Effects 

Effect 
This example assumes 40% of the money spent in a community 
remains in the region while 60% leaks out. 

Thus, a dollar spent in the community turns—over 6 times while 
the multiplier is only 1.65. 

Martin K. Beutler is an assistant professor/extension ranch economist, 
South Dakota State University, West River Agricultural Research & Extension 
Center, Rapid City, SD 57701. 
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to their owners. Thus, a portion of the money spent in the 
production of the steer can cycle over and over in the 
local community as these businesses purchase and sell 
items, one with another. 

In addition to the expenditures for agricultural inputs, 
the ranchers uses the income portion of the sale price of 
the steer to purchase goods and services for family living 
and recreation. These expenditures may also cycle over 
and over in the local community. 

The magnitude of the indirect effect depends upon 
what proportion of the purchased goods and services 
were produced locally and how many were produced 
outside the local area. The continuing or multiplier effect 
of money spent on goods and services produced outside 
the local area is lost and no longer contributes to the final 
size of the local multiplier. This is called leakage. Another 
term, turnover, represents the number of times portions 
of the initial impact cycle in the economy. 

Turnover versus Multiplier 
Peopleoften confuseturnoverwith multipliers. Figure 1 

is provided to demonstrate the difference between the 
two terms. The example in Figure 1 assumes that 40 per- 
cent of the value of purchases within a community 
remains in that region. Thus, 40 cents of an initial one 
dollar expenditure remains within the local economy 
each time the money turns-over in the region. 

The number of times an initial impact turns-over in an 
economy is not equivalent to the size of the final impact as 
represented by the value of the multiplier, because only a 

Current Literature 
This section has the objective of alerting SRM members 

and other readers of Ran gelands to the availability of new, 
useful literature being published on applied range manage- 
ment. Readers are requested to suggest literature items— 
and preferably also contribute single copies for review—for 
including in this section in subsequent issues. Personal 
copies should be requested from the respective publisher or 
senior author (address shown in parentheses for each 
citation). 

Altai Wild Ryegrass Yield Response to Herbicides Applied During 
Establishment; by N. Malik; 1991; Can. J. Plant Sci. 71(1)115—125. 
(Research Station, Agric. Can., Melfort, Sask. SOE lAO) Weed 
control achieved with metsulfuron, chlorsulfuron, thifensulfuron, 
and tank-mixed applications of bromoxynil with diclofop or 
fenoxaprop during the establishment year ensured satisfactory 
forage establishment of Altal wheatgrass when applied post- 
emergence on weedy sites. 

Compiled by John F. Vallentine, Professor of Range Science, Brigham Young 
University, Provo, Utah 84602 

portion of the original dollar turns over each time. Thus, 
hearing that a dollar spent in any given industry in a 
community turns over 7 times does not imply that the 
multiplier is 7. Some of the money may turn-over 7 times, 
but 7 is not the multiplier. 

In our example, some of the money turns-over locally 6 
times. However, when the indirect effects are added to the 
direct effect, the total (or multiplier) equals 1.65. Recent 
studies estimating multipliers have indicated that, espe- 
cially for smaller communities, multipliers typical ly range 
between 1 and 3, and normally are no more than 2. 

Comparing Multipliers 
There often is a tendency to directly compare the mag- 

nitude of multipliers which were Computed from different 
studies. When comparing two economic studies which 
employ multiplier analysis, one should not be overly con- 
cerned with the exact size of the multipliers which are 
presented. What is more important is to determine if the 
multiplier from one study is comparable to the multiplier 
of another. To answer this, the assumptions of each 
study, their model designs, and other considerations 
must be taken into account. 

Equally important is the size of the economy under 
analysis. The smaller the area of the study, the more 
leakage will occur. Thus, the origins of both multipliers 
must be compared before emphasis is placed on their 
magnitudes. However, as a general rule, multipliers above 
3 should be viewed with some skepticism. 

Alternatives for Managing Beef Yearlings after Intensive Early Stock- 
ing of Kansas Flint Hills Range; by G.L. Posler, G.M. Ward, J.G. 
Riley, C.E. Owensby, et. al.; 1985; Proc. Intern. Grassland Cong. 
15:1161-1163. (Dept. Agron., Kansas State Univ., Manhattan, 
Kans. 66506) Compared grazing alfalfa or hybrid sudangrass dur- 
ing the last half of the growing season after removal of yearling 
cattle from Flint Hills range grazed IES with placement directly in 
the feedlot. 

Availability, Quality, and Selection of Browse by White-Tailed Deer 
after Clearcutting; by Jeffrey W. Hughes and Timothy J. Fahey; 
1991; For. Sd. 37(1 ):261 -270. (Dept. Botany, Univ. Vt., Burlington, 
Vt. 05405) Clearcutting in a coniferous New Hampshire Forest 
greatly increased browse production and deer browsing in clear- 
cut areas. 

Biomass and Nitrogen Responses to Grazing of Upland Steppe on 
Yellowstone's Northern Winter Range; by M. B. Coughenour; 1991; 
J. AppI. Ecol. 28(1):71—82. (Natural Resource Ecol. Lab., Cob. 
State Univ., Fort Collins, Cob. 80523) This study used estimates of 
shoot and root standing crops and shoot nitrogen concentrations 
to evaluate the effects of concentrated winter grazing by elk. 
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Contributions of the Systems Approach to Improvement of Grass- 
land Management; by A.G. Matches; 1989; Proc. Intern. Grassland 

Cong. 16:1791—1797. (Dept. Agron., Texas Tech Univ, Lubbock, 
Texas 79409) Discusses the utility and components of the systems 
approach in researching and managing forage-livestock systems 
in which both the plants and animals are manipulated to achieve 

production and marketing goals. 
Correlation of Degree-Days with Herbage Yields on California's 

Annual Grasslands; by M.R. George, W.J. Clawson, C.B. Wilson, 
R.L. Willoughby, and N.K. McDougald; 1989; Intern. Grassland 
Cong. 16:1365-1366. (Dept. Agron. & Range Sci., Univ. Calif., 
Davis, Calif. 95616) Accumulated degree-days, which integrate 
time and temperature within the growing season, was concluded 
to be an efficient method for estimating seasonal herbage produc- 
tion profiles on California annual grassland range. 

Desert Crusts: Irreplaceable Veneer or Ecological Frosting?; by 
James Dobrowolski and Neil West; 1991; Utah Sci. 53(2):44—46. 
(Dept. Range Sci., Utah State Univ. 84322) These researchers 
concluded that microphytic crusts play inadequate ecological 
roles to be used as the basis of preventing or monitoring grazing 
impacts; they noted that their assumed role in slowing both wind 
and water erosion is not supported by well-designed experiments. 

The Effect of Ammoniation on the Nutritive Value of Tall Wheat- 
grass; by R.D.H. Cohen, J.A. Kernan, K.A. Cruise, E.C. Coxworth, 
and J.E. Knipfel; 1991; Can. J. Plant Sci. 71(3):867-870. (Dept. 
Animal & Poultry Sci., Univ. Sask., Saskatoon, Sask. S7N OWO) 
Ammoniation significantly improved the digestibility and intake of 
tall wheatgrass hay due primarily to increased fiber digestibility. 

The Effect of Depth of Seeding and Soil Crusting on Germination 
and Establishment of Seven Pasture Grass Species; by Jane R. 
King and C. Bladen; 1989; Proc. Intern. Grassland Cong. 16:551- 
552. (Dept. Plant Sci., Univ. Alta., Edmonton, Alta. T6G 2P5) Shal- 
low seeding depths of 1 to 2 cm. compared to 3 cm. or deeper 
greatly enhanced grass seedling emergence of all grass species in 
the study; larger seeds favored emergence from the 3 cm. depth 
and crust penetration at the soil surface. 

Fuel Consumption and Fire Behavior Associated with Prescribed 
Fires in Sagebrush Ecosystems; by David B. Sapsis and J. Boone 
Kaufman; 1991; Northwest Sci. 65(4):173-179. (Dept. Rangeland 
Resources, Ore. State Univ., Corvallis, Ore. 97331) Even though 
fire weather was equivalent, flame lengths were 2X, flame intensity 
7X, and rate of fire spread was 6X higher on fall than on spring 
burning, apparently the result of lower fuel moisture in the fall. 

Grazing Impacts on Soil Water in Mixed Prairie and Fescue Grass- 
land Ecosystems of Alberta; by M.A. Naeth, D.S. Chanasyk, R.L. 
Rothwell, and A.W. Bailey; 1991; Can. J. Soil Sci. 71(3):313—325. 
(Dept. Soil Sci., Univ. Alta., Edmonton, Alta. T6G 2E3) Soil water in 
grazed treatments was lower than in the ungrazed control on most 
sampling dates, but differences were least pronounced during 
summer months when evapotranspiration depleted soil water 
reserves in all treatments; normal patterns of soil water recharge in 
autumn and spring were not altered by grazing. 

A Habitat Evaluation Procedure for Rocky Mountain Bighorn Sheep 
in the Intermountain West; by Tom S. Smith, Jerran T. Flinders, 
and David S. Winn; 1991; Great Basin Nat. 51(3):205—225. (Dept. 
Botany and Range Sci., Brigham Young Univ., Provo, Utah 84602) 
Presents a stepwise approach for evaluating proposed bighorn 
reintroduction sites based on (1) qualitative assessment of re- 
sources to support a minimal viable population and (2) an assess- 
ment of the range to predict the probable density of bighorns the 
range can support. 

Herbage Dynamics and Plant-Animal Performance on Altered 
Northern Great Plains Rangelands; by P.O. Currie, D.C. Adams, 
and J.D. Volesky; 1989; Proc. Intern. Grassland Cong. 16:573—574. 
(USDA-ARS, Fort Keogh LARRL, Miles City, Mon. 59301) Com- 
pared contour furrowing and five combination range treatments 
utilizing the range improvement machine (RIM) for improving 
herbage and animal production efficiency. 

Influence of Free Water on Pronghorn Distribution in a Sagebrush!- 
Steppe Grassland; by Robert D. Deblinger and A. William All- 
dredge; 1991; WildI. Soc. Bul. 19(3):321 -326. (Dept. Fishery & 
WildI. Biol., Cob. State Univ., Fort Collins, Cob. 80523) More 
pronghorns were found in locations with free water, but high 
moisture content of the forage (particularly forbs) during the 
summers involved in the study did not preclude the use of areas 
where free water was not available. 

Land Development: A Guide to Clearing, Piling, Breaking, and Work- 
ing Down Land in Northwestern Alberta; by G.L. Barber and A.D. 

Taylor; 1990; Alta. Forestry, Lands, and Wildlife, Public Lands Div. 
Pub. 1/27; 28 p. (Alberta Energy/Forestry, Lands and Wildlife, 
Bramalea Bldg., 9920-108 St., Edmonton, Alta. T5K 2M4) Des- 
cribes land development methods for clearing woody cover for 
agricultural uses, giving special emphasis to sequencing steps 
and machinery selection. 

Morphological Development of Crested and Western Wheatgrass 
Following Grazing; by A.B. Frank; 1991; Agron. J. 83(5):826—828. 
(USDA-ARS, Northern Great Plains Res. Lab., P.O. Box 459, Man- 
dan, N. Dak. 58554) Determined the relationship between accumu- 
lated growing degree-days and plant morphological development 
of grazed forage plants as an aid to grazing management. 

Multispecies Grazing Systems in Iowa, Midwestern USA; by W.F. 
Wedin, MA. Sanderson, C. Ohlsonn, and D.G. Morrical; 1989; 
Proc. Intern. Grassland Cong. 16:1125-1126. (Dept. Agron., Iowa 
State Univ., Ames, Iowa 50011) Compared the Ieader:folbower 
system (steers followed by ewes) with separate, continuous graz- 
ing of the two animal species and co-grazing in improved pas- 
tures; the leader-follower system was concluded to be a more 
efficient system than the co-grazing system. 

Performance of Indigenous and introduced Slender Wheatgrass In 

Alaska, and Presumed Evidence of Ecotypic Evolution; by LeslieJ. 
Klebesadel; 1991; Alaska Agric. & For. Expt. Sta. Bul. 85; 20 p. (Bul. 
Room, Agric. & For. Expt. Sta., Univ. Alaska, Fairbanks, Alaska 
99701) Confirmed the desirability of using northern-adapted 
strains (cultivars, ecotypes) of perennial grasses for optimum 
winter survival in southcentral Alaska; indigenous strains of 
slender wheatgrass out-performed more southerly strains but 
genetic adaptations to colder climates were observed in the latter 
over a 50-year period of natural selection. 

Potential of Fertilization to Improve Nutritive Value of Pricklypear 
Cactus (Opuntla Ilndhelmerl Engeim.); by G.L. Gonzalez; 1989; J. 
Arid Environ. 16(1):87—94. (USDA, Agric. Res. Serv., Weslaco, 
Texas 78596) The application of N and P increased the nutritive 
levels of these elements, respectively, and biomass production of 
pricklypear cactus four- to five-fold; consideration was given to 
pricklypear both as an emergency cattle feed and as a permanent 
foodstuff. 

Productivity and Consumption of Wheatgrasses and Wheatgrass- 
Sainfoin Mixtures Grazed by Sheep; by T.C. Griggs and A.G. 
Matches; 1991; Crop Sci. 31 (5):1 267-1273. (Dept. Agron. & Range 
Sd. Univ., Calif., Davis, Calif. 95616) A study to determine the 
herbage production and consumption of crested, pubescent, and 
tall wheatgrass and their binary mixtures with sainfoin during 
spring and summer grazing, with management implications for 
Southern High Plains conditions. 

Risk, Biology, and Drought Management Strategies for Cattle Sta- 
tions in Centrai Australia; by B.D. Foran and D.M. Stafford Smith; 
1991; J. Environ. Mgt. 33(1):1 7—33. (CSIRO, Div. WildI. & Ecology, 
P.O. Box 2111, Alice Springs, N.T. 0871, Australia) This study 
sought to explore the difference between management systems 
which accept, ignore, or avoid the risks posed by climatic variation 
and drought; it used a dynamic herd model in comparing the 
financial returns of three contrasting management strategies 
(high-stock, average, low-stock) set in the variable climate of the 
pastoral lands of central Australia. 
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A Summary of Range Plant Seed Germination Research; by David B. 

Wester; 1991; Texas Tech Univ. ICASALS Pub. 91—2; 112 p. (Dept. 
Range & WildI. Mgt., Texas Tech Univ., Lubbock, Texas 79409- 
2125) Provides in tabular summary the results of germination 
research under controlled greenhouse, growth chamber, and/or 
petri dish settings; includes 212 papers published in JRM involving 
430 plant species; the objective of the compilation was to docu- 
ment the types of factors studied but not summarize the results, 
the latter being left to reference to the corresponding original 
paper. 

Tree Size and Understory Phytomass Production in a Western 

Juniper Woodland; by Milda R. Vaitkus and Lee E. Eddleman; 
1991; Great Basin Nat. 51(3):236-243. (Dept. Rangeland Resour- 
ces, Ore. State Univ., Corvallis, Ore. 97331) Determined the rela- 
tionship of phytomass production patterns of associated vegeta- 
tion relative to western juniper tree size and location within seral 
stands. 

Vegetation-Soil Relationships on Thin or Shallow Range Sites in 
Western South Dakota; by E.M. White; 1991; Soil Sci. Soc. Amer. J. 
55(5):1453-1 456. (Plant Sci. Dept., S. Dak. State Univ., Brookings, 
S. Oak. 57007) A study to identify soil properties that cause the 
nonrandom distribution of native grasses, with emphasis on parti- 
cle size, pH, organic matter, total N, total P. and available P. 

Water Restriction Effects on Northern Bobwhite Reproduction; by 
Nancy E. Koerth and Fred S. Guthery; 1991; J. Wildl. Mgt. 
55(1 ):132—137. (Caesar Kleberg WildI. Res. Inst., Texas A&l Univ., 
Kingsville, Texas 78363) The conclusion of the study carried out in 
south Texas was that water depriviation, largely through effects 
on females, could contribute to reproductive failure of bobwhites 
during drought. 

Capital Corral Ray Housley 
Washington Representative 

The principal mark of genius is 
not perfection but originality. 

Arthur Koestler 

"How Not to be Cowed—Livestock Grazing on the Pub- 
lic Lands, An Owner's Manual" is the first in a series of 
four "owner's manuals on grazing, mining, oil and gas, 
and BLM land use planning, the preface says. A dozen 
organizations includi ng the National Wildlife Federation, National 
Audubon, the Wilderness Society and some lesser-knowns 
have their names on the frontispiece, but the Natural 
Resources Defense Council and Southern Utah Wilder- 
ness Alliance copyrighted it. Joanna Wald, Ken Rait, Rose 
Strickland, and Joe Feller are the authors. 

The paperback book provides an overview of how to 
influence BLM grazing management practices and sug- 
gests key issues to raise regarding agency decisions. One 
chapter tells how to challenge BLM decisions that do not 
comply with legal requirements. The reader is warned in 
the first chapter that "change won't come easy—BLM and 
the ranchers have grown used to their way of doing busi- 
ness. Expect resistance to your suggestions...". But there 
is the apparently grudging admission that "most BLM 
staffers want to improve the management of your public 
lands, and many will appreciate the interest you show" 
(emphasis added). Readers are advised to "Support good 
managers whenever you find them". 

Meanwhile, the Forest Service is working over Its 

appeals regulation again, following a November 21 hear- 
ing at which Sen. Dale Bumpers, (D-AR), chairman of the 
Subcommittee on Public Lands, expressed concern about 
the impact of numerous appeals on FS activities, particu- 
larly timber sales. FS says it had 1,249 appeals on the 
books at the start of FY 1991, 1,386 were filed during the 
year, and 1,182 were disposed of. FS appeal regs have 

grown increasingly complex and legalistic with succes- 
sive revisions over the years. 

The 1991 Yearbook of Agriculture, Agriculture and the 
Environment is available for the asking from your Con- 
gressman, and is a good value, even considering the price 
of a postcard. The book, while printed on recycled paper 
using soy-based ink, is a pale shadow of some past clas- 
sic editions of the yearbook like, Grass, Trees, Soil, Cli- 
mate and Man and others of more recent vintage. There is 
no article on rangeland—in fact, we haven't even run 
across the word. 

Update on government ethics rulemaking: The Office 
of Government Ethics has decided not to include the 
controversial section on use of official time by profes- 
sional society officers when it prints final ethics regula- 
tions in March or April. Instead, OGE will consult with the 
Departments and agencies to see what their practice is. 
And that is what worries some folks about Agriculture's 
recently revised guidance apparently restricting officers 
to activities other than "internal" affairs of the organiza- 
tion. That sounds very much like the original OGE lan- 
guage that caused the problem in the first place! USDA's 
personnel director says the rule is not intended to be as 
restrictive as it sounds, and we have asked him to clarify 
that point before responding to OGE. 

Interior is apparently sticking to its position that em- 
ployees who are officers can use official time if there is 
advance approval, a written agreement, and the employee 
takes ethics training. 

Biodiversity legislation is still on the agenda for the 
House of Representatives. Two similar bills are being 
looked at by several committees. HR 585, sponsored by 
Rep. Scheuer (D-NY), passed the Science Committee last 
summer, and HR 2082, sponsored by Rep Studds (D-MA) 
cleared the Merchant Marine and Fisheries Committee. 
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Chief difference in the two bills: HR 2082 would authorize 
federal land acquisition under the Land and Water Con- 
servation Act. Rep. Studds and Rep. Tauzin (D-LA) tried 
to revise HR 2082 to meet commodity groups' objections, 
but some still have problems with it on the grounds it 
would lead to additional land withdrawals and fails to 
recognize other national priorities. 

A California Desert Bill (HR 2929) passed the House 
just before adjournment, 297 to 136. That version would 
create 4 million acres of wilderness and add 3 million 
acres of BLM land to national parks. It also includes a 
provision for a process to exchange state school lands 
within new conservation areas for BLM lands outside; this 
could set a pattern in other states if the bill survives the 
tenuous path ahead. A veto threat looms, and there are 
major problems in getting agreement between the Cali- 
fornia Senators. Don't hold your breath. 

The two Montana Senators got together on a corn prom- 
ise for FS RARE II wilderness in S 1696, but the Senate 
lacked timeto act before adjournment. Likethe Colorado 
bill (S 1029) which passed the Senate in August, the 
Montana bill does not reserve federal water rights. That 
virtually assures a battle in the House if and when the bill 
gets there. And there will be some tough sledding in the 
Senate over the issue of release language. 

Partners In the Public Spirit awards to BLM private 
sector partners were announced in December by Director 
Cy Jamison. Duane and Brad Phelps, a father and son 
from Gunnison, CO, were recognized for innovative graz- 
ing management to improve the Alder Creek riparian 
zone, critical wildlife habitat. In Dillon, MT, the Matador 
Cattle Co. received honors for jointly designing grazing 

strategies with BLM and the State of Montana to improve 
the Sage Creek Allotment; Matador has hosted numerous 
tours to educate the public about the importance of range 
management. 

People In high places have been moving. Dan Talbot 
stepped up from a Special Assistant slot in BLM to 
become Deputy Assistant Secretary of the Interior for 
Lands and Minerals. Ann Carey was named Associate 
Deputy Chief for Technology in the Soil Conservation 
Service; she is a former FS research biologist. A new 
Associate Deputy Chief for the National Forest System is 
Elizabeth Estill who was with the Tennessee Valley 
Authority before coming to the FS in the Recreation Staff, 
which she directed. Her predecessor in the new job, Larry 
Henson, moved to Albuquerque as Regional Forester 
replacing Dave Jolly who took over the same position in 
Missoula following John Mumma's early retirement. 

Outside, the magazine which rates things environmen- 
tal at the end of every year, gave its lowest marks to the 
Sierra Club and the Natural Resources Defense Council. 
Named among its "dirty half dozen" were Alaska Gov. 
Hickel and the cow. It says, "Woridwatch reports that a 
full 2.1 percent of greenhouse gases—an amount equal to 
almost one third the output from automobiles—was due 
to the flatulence of ruminant animals." No percentage is 
ascribed to the flatulence of other categories of fauna, 
such as magazine editors. 

The Public Lands Foundation newsletter quoted another 
organization's magazine's comments on former BLM and 
Grazing Service official Bud Molohan's achievements 
during a Point IV assignment in Israel, praising his "suc- 
cess in developing scrawny heifers into prize bulls." 

Moving? 
If you are changing your address, notifying the post office is not sufficient to keep your 

journal coming on time. Please send your new address and the label with your old address to 
the Society for Range Management, 1839 York Street, Denver, Colorado 80206, USA. 
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Native 
Grass Drill 

ACCUPATELY PLANTS 
ALL TYPES OF SEED 

• Fluf fly native grasses • Tiny legumes • Medium sized wheat grasses 




