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Executive Vice-President's Comments 

The Question of Rangeland Sustainability 
Beginning this past July, SRM has been participating in a 

series of meetings dealing with the question of sustainable 
forests and the use of the Montreal Criteria and Indicators 
to measure sustainability. 

Various groups from the U.S. have been working with 
other countries since 1994 to produce a set of criteria for 
sustainable management of forests. This effort resulted in 
the issuance of the criteria and indicators (C&l) in 1995. 
The C&I are a statement of seven key goals, with associat- 
ed measurements, designed to promote an understanding 
of what would constitute sustainable management of tem- 
perate and boreal forests. The criteria are: 

1. Conservation of biological diversity 
2.. Maintenance of the productive capacity of ecosystems 
3. Maintenance of ecosystem health and vitality 
4. Conservation and maintenance of soil and water re- 

sources 
5. Maintenance of forest contributions to global carbon 

cycles 
6. Maintenance and enhancement of long-term multiple 

socio-economic benefits to meet the needs of societies 
7. Legal, institutional, and economic framework for forest 

conservation and sustainable management 
In 1997, the U.S. Forest Service (USFS), at the urging of 

the National Association of State Foresters, made a com- 
mitment to sustainable forest management. In July of this 
year, the USFS sponsored a 'roundtable' meeting to dis- 
cuss further the application of sustainable management. At 
this meeting, representatives of 32 key Federal and State 
agencies and national organizations, including SRM, spent 
time in an effort to develop a commitment to coordination 
and collaboration regarding sustainable forest and range- 
land management. 

Rangelands have been made part of the equation by the 
USFS because of the obvious difficulty in separating the 
two classifications in many instances. SRM was asked to 
represent the rangeland side of this issue, and at the first 
discussion it seemed acceptable to the group that this was 
a logical approach. At a second meeting in September, 
some attendees questioned complicating the exercise with 
the inclusion of range. A third meeting is planned in a few 
weeks to explore the question further. 

In the meantime, an additional but separate activity was 
held in November, sponsored by the National Association 
of State Foresters and Forest Service. I attended this meet- 

ing and the purpose was to discuss the state of current 
knowledge in the use of C&I for sustainable forest manage- 
ment. At this meeting John Mitchell was invited to present a 
paper discussing the applicability of the Montreal process 

C&I to rangelands. John and several other scientists from 
the Rocky Mountain Station and Colorado State University, 
have begun a project to explore the question of rangeland 
sustainability and the application of C&l as measures of 
success. Their initial findings are that it is appropriate to 
consider the inclusion of rangeland as part of the Forest 
Service program for sustainable forest management. The 
basis for the finding is that the agency manages both 
forests and grasslands, other participating countries in the 

process have a similar situation which includes a very sig- 
nificant portion of the worlds rangelands. They also found 
that the C&l would be applicable in many respects even 
though the language in the work to this point does not in- 
clude rangelands. This project is still a work in progress, 
and includes detail on the applicability for each criterion as 
well as the indicators for each. We look forward to publish- 
ing the final results in the future. 

So what? The reason we have been involved, and the 
reason I am bringing the membership up to date is that this 
effort represents a broad natural resource dialog which is a 

good example of some of the choices we are continually 
faced with these days. Many of our members will be skepti- 
cal of the subject of sustainability, and in particular the in- 
ternational aspect of the discussion. Others will be keenly 
interested and feel that thus is cutting edge resource man- 
agement and exactly where we should be. Whichever way 
you feel, I am sure that you are aware that we will loose out 
if we are not at the table. I think it's important that we be in- 
volved in as many natural resource issues and science dis- 
cussions as possible. It's important for our profession and 
it's important for the land—Craig Whittekiend, Executive 
Vice President 
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(low Do Animals Learn if 
Raneland Plants are Toxic or 
Nutritious? 

Larry D. Howery, Frederick D. Provenza, George 
B. Ruyle, and Nancy C. Jordan 

O ver the past 15 years, Dr. Frederick Provenza and 
his associates at Utah State University have studied 
how animals use certain physiological and behav- 

ioral processes to learn whether rangeland forages are 
toxic or nutritious. This article summarizes key concepts 
presented in recent articles (e.g., Provenza et al. 1992; 
Provenza 1995, 1996, 1997) about how learning plays a 
major role in the development of dietary choices made by 
rangeland animals. 

PALATABILITY AND PREFERENCE 
Palatability is traditionally defined as "the relish an ani- 

mal shows for a particular plant as forage.. .which varies 
with succulence, fiber content, nutrient and chemical con- 
tent, and morphological features such as spines and 
thorns". Palatability is often called a "plant characteristic". 
Preference is traditionally defined as "relative consumption 
of one plant over another by a specific class of animal 
when given free choice at a particular time and place" 
Preference is often referred to as an "animal characteris- 
tic". (Frost and Ruyle 1993). Rangeland herbivores have 
the ability to assess the nutritional value of rangeland for. 
ages (palatability), and select a more nutritious diet than is 
available within their particular environment (preference). In 
addition to selecting nutritious diets, rangeland animals 
generally avoid plants that cause toxicosis, inhibit digestion, 
or cause malnutrition. This is remarkable given that nutri- 
ents, toxins, and digestion inhibitors vary seasonally and by 
location, both among and within plant species. Animals do 
occasionally over-ingest plant nutrients and toxins, but gen- 
erally speaking, herbivores select forages that meet their 
nutritional needs and avoid forages that do not. Although 
this observation has been often reported in the literature, 
Dr. Provenza's work suggests that animal preference for 
foods (and hence their palatability) are best understood as 
the interrelationship between a food's taste and its 
postingestive effects, which are determined by the interac- 
tion between a food's chemical and physical characteris- 
tics, and an animal's age, morphology, and physiology. 

POSTINGESTIVE FEEDBACK AND HEDONIC SHIFTS 
Animals regulate their forage intake according to whether 

postingestive feedback is positive (e.g., from macronutri- 
ents) or negative (e.g., from toxins). Animals change their 
"preference" for various forages (i.e., forages become more 

or less "palatable" and relatively more or less "preferred") in 
accord with postingestive feedback. This process is known 
as a hedonic shift. For example, lambs develop strong 
preferences and increase intake of poorly nutritious foods 
like straw (a positive hedonic shift) when they receive ener- 
gy or nitrogen through a stomach tube while eating the 
straw. Lambs, however, quickly learn to avoid a previously 
palatable food (a negative hedonic shift) after receiving one 
dose of a toxin like lithium chloride (LiCI) that causes nau- 
sea. These results demonstrate that palatability and prefer- 
ence can be manipulated experimentally. However, palata- 
bility and preference are also altered by nature across 
space (e.g., range sites differing in kinds and amounts of 
forage) and time (e.g., decline in forage quality as plants 
mature). 

AFFECTIVE AND COGNITIVE SYSTEMS 
Two interrelated systems mediate shifts in food intake 

through postingestive feedback from the gut to the brain: 
the affective system (subconscious) and the cognitive 
system (conscious). The senses of taste, smell, and sight 
are linked with postingestive feedback across the two sys- 
tems, but in functionally different ways (Figure 1). 

Affective (involuntary) processes cause animals to as- 
sociate the taste of forages with their positive or negative 
postingestive effects and form either conditioned prefer- 
ences or conditioned aversions. If a forage causes malaise 
or nausea, animals acquire conditioned taste aversions 
(mild to strong, depending on the amount ingested). 
Malaise may occur when the forage ingested contains ex- 
cess nutrients (e.g., energy, protein, minerals), excess tox- 
ins (e.g., tannins, alkaloids), or inadequate nutrients (Figure 
2). What constitutes excesses and deficits in nutrients or 
toxins depends on the animal's age, size, type of digestive 
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system, and physiological condition (Figure 3). On the other 
hand, if a forage causes satiety (the sensation of being full), 
animals acquire conditioned taste preferences (mild to 
strong). Satiety results when an animal ingests the kinds 
and amounts of forages necessary to meet its nutritional re- 
quirements (e.g., energy, protein, sodium, phosphorus) 
again depending on age, morphology, and physiology. 

Cognitive (voluntary) processes allow animals to inte- 
grate the senses of taste, smell, and sight to discriminate 
among forages and make "conscious" choices to select or 
avoid a food based on previous experience with the food's 
postingestive effects (Figure 1). If a food previously result- 
ed in malaise (i.e., negative feedback), its taste becomes 
undesirable and the animal uses its senses of smell and 
sight to avoid it in the future; the opposite occurs if a food 
previously caused satiety (i.e., positive feedback). 

CONDITIONED TASTE AVERSIONS 
Conditioned taste aversions have evolved as a survival 

mechanism to help animals limit their intake of otherwise 
nutritious plants that contain toxins, or plants that fail to 
meet nutritional requirements. Supporting this notion is the 
fact that conditioned taste aversions have been observed in 
many different animal species (e.g., snakes and tiger sala- 
manders; quail, blackbirds, blue jays, and crows; rats, 
opossums, and mongooses; coyotes and timber wolves; 

Fig. 1. Schematic representation of affective and cognitive 
processes in diet selection. The affective system links the taste 
of food with its postingestive feedback (positive or negative). 
The cognitive system integrates the senses of taste, smell, and 
sight which animals use to seek or avoid foods in accord with 
positive or negative postingestive feedback. There is an iterative 
exchange of information between these systems which allows 
animals to modify their foraging behavior in response to chang- 
ing forage conditions, and in response to changing nutritional 
needs (adapted from Provenza et al., 1992). 

Fig. 2. Preference is dependent on how adequately a food satis- 
fies an animal's particular nutritional requirements. Preference 
resides along a continuum, wherein foods with inadequate or 
excessive concentrations of nutrients (or excessive concentra- 
tions of toxins) cause preference to decline, and foods with ade- 
quate amounts of nutrients cause preference to increase (adapt- 
ed from Provenza 1995). 

goats, sheep, and cattle; olive baboons and humans) using 
a variety of compounds (e.g., tannins, alkaloids, 
cyanogenic glycosides, oxalates, terpenes). The emetic 
system (responsible for nausea and vomiting in people) is 
a critical component of the affective system and plays a key 
role in the formation of conditioned taste aversions to for- 
ages that cause malaise (nausea and discomfort). 

Because the emetic system is part of the affective system 
and involves non-cognitive or involuntary processes, it op- 
erates even as animals sleep, are deeply anesthetized, and 
with considerable time lags between food ingestion and 
feedback. This is important because digestion and absorp- 
tion rates can be fast (less than 1 hour) or slow (up to 12 
hours) and occur as animals sleep or rest. After animals re- 
late a forage's taste with malaise, smell and sight become 
powerful arbitrators of anticipated negative feedback and 
the cognitive response is to avoid the forage when encoun- 
tered in the future (Figure 1). The emetic system may be 
stimulated (resulting in malaise and conditioned taste aver- 
sions) when animals ingest forages that contain excess nu- 
trients or toxins, or inadequate nutrients (Figure 2). 

EXCESS NUTRIENTS 
• Ruminants prefer high-energy foods like grains, but limit 

grain intake and increase intake of alternative foods if 
grain is over-eaten, evidently because negative feedback 
caused by excess byproducts from microbial fermenta- 
tion (i.e., volatile fatty acids like lactate, acetate, and pro- 
pionate) produces a negative hedonic shift within a meal. • Goats learn to limit intake of various sources of non-pro- 
tein nitrogen within minutes of ingestion. For instance, 
urea is quickly converted to toxic levels of ammonia 
which explains why intake rapidly declines as urea is pro- 
gressively added to foods. 

Preference Depends on How Adequately a Food 
Satisfies an Animal's Particular Nutritional Needs 

C 
C 

C 
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Fig. 3. Animal nutrient requirements vary with age and physiologi- 
cal condition. The ideal nutritional state (center line) occurs 
when all nutrients are obtained simultaneously. It is dynamic 
and multidimensional, with as many dimensions as there are 
functionally relevant nutrients. However, animals need not maxi- 
mize (optimize) intake of any particular nutrient or mix of nutri- 
ents within each meal or even on a daily basis, because they 
can withstand departures from the normal average intake of nu- 
trients (i.e., energy-rich substances, nitrogen, various minerals, 
and vitamins). Rather, homeosta tic regulation needs only some 
increasing tendency, as a result of a gradually worsening deficit 
of some nutrient (lower line) or of an excess of toxins or nutri- 
ents (upper line), to generate conditions (i.e., malaise) to correct 
the disorder (i.e., cause the animals to change food selection). 
Malaise causes animals to increase diet breadth, to acquire 
preferences for foods that rectify states of malaise, and to exhib- it state-dependent food selection (adapted from Pro venza 
1995). 

• Sheep fed an oat hay-lupine mixture containing 0 to 21% 
of a mineral mix, ate less as the mineral concentration 
was increased. Most of the sheep consuming the highest 
mineral concentrations eventually refused to eat the 
food. 

EXCESS TOXINS 
• Goats prefer old-growth to current-season growth black- 

brush twigs (Coleogyne ramosissima), even though cur- 
rent-season growth contains more nitrogen (2.3 vs.1.7 
%) and is more digestible (48 vs. 38%) than old-growth. 
Condensed tannin in the current-season growth causes 
negative feedback. 

• Toxic compounds in larkspur (Delphinium barbey,) and tall 
fescue (Festuca arundinacea) (alkaloids), brassica crops 
(glucosinolates), and sacahuista (Nolina microcarpa) 
(saponins, coumarins, furocoumarins, and an- 
thraquinones) cause decreased intake in cattle, sheep, 
and goats. 

INADEQUATE NUTRIENTS • Deficits or imbalances of energy and/or protein cause 
lambs to decrease intake. • Phosphorus deficient diets cause cattle, sheep, and goats 
to decrease intake; the decline in intake is directly related 
to the degree of the deficit. 

CONDITIONED TASTE PREFERENCES 
Conditioned taste preferences, like conditioned taste 

aversions, are mediated through the affective and cognitive 
systems, except of course, animals seek forages that 
cause positive postingestive feedback (Figure 1). Animals 
may form preferences and seek forages when their taste 
has been paired with adequate: 1) energy, 2) protein, or 3) 
recovery from nutritional deficiencies or malaise. 

ENERGY AND PROTEIN 
Both energy and protein can readily change preferences 
but animals require much more energy than protein each 
day (NRC 1985). Accordingly, animals typically acquire 
stronger preferences for non-nutritive foods paired with 
energy than with protein. However, meal to meal prefer- 
ence for energy and protein depends on whether energy 
and protein requirements were satisfied during previous 
meals. After a high-energy meal, lamb preference for en- 
ergy declines and preference for protein increases; the 
reverse is also true. • Animals acquire the strongest preferences when the 
sources of energy and protein ferment at similar rates 
and in similar amounts in the rumen. Conversely, when 
the balance of energy and protein is skewed in rate or 
amount, animals tend to form aversions to the food. 

RECOVERY FROM NUTRITIONAL DEFICIENCIES 
• Cattle and sheep readily consume supplemental protein 

when ingesting forages low in protein. Goats consume 
woodrat houses soaked in urine (nitrogen) when brows- 
ing a low-protein blackbrush diet. 

• Cattle ingesting mineral-deficient forages lick urine patch- 
es of rabbits and man, chew wood, consume soil, eat 
fecal pellets of rabbits, and ingest non-food items such 
as plastic, feathers, bones, cinders, sacks, and tins. 

Animal Nutrient Requirements Vary with 
Age and Physiological Condition 

I 

I 
I 

Yorng Adult Pre9nant Lactating Old 

Animal Age and Physiological Condition 
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Mineral-deficient cattle also eat rabbit flesh and bones, 
whereas non-deficient animals may sniff or lick the flesh, 
but never eat it, and they ignore the bones. Sheep eager- 
ly ingest mineral supplements when they are mineral-de- 
ficient (e.g., phosphorus, sulfur, and selenium). 

Other ruminants experiencing various nutrient deficiencies 
have been known to eat the following: live and dead lem- 
mings, rabbits, birds (caribou, red deer, sheep), antlers 
(deer), rodent middens (goats, bighorn sheep), ptarmi- 
gan eggs (caribou), arctic terns (sheep), and fish (white- 
tailed deer). 

ANIMALS SAMPLE BOTH FAMILIAR AND NOVEL 
FORAGES 

Animals may change intake of familiar foods in familiar 
environments because the nutrient and toxin content of fa- 
miliar plants can change dramatically within a matter of 
hours or even minutes depending on previous herbivory 
and/or environmental conditions. If toxicity of a food de- 
creases (or its nutrient content increases), the food is no 
longer paired with negative feedback and intake may in- 
crease. Conversely, forage intake may decrease as forage 
toxicity increases or as nutrient content decreases. Thus, 
forage sampling and postingestive feedback provide ani- 
mals with a means of tracking and adapting to changes in 
nutrients and toxins in familiar foraging environments. 

Animals sample new (novel) forages even more cautious- 
ly than familiar forages evidently because the consequence 
of eating a new forage is unknown. Animals are apt to 
"blame" a novel food for negative feedback even when it is 
not responsible for the malaise. For instance, young ani- 
mals that were given lithium chloride avoided a novel nutri- 
tious food when fed in combination with one novel and four 

familiar nutritious foods, even though the LiCI was adminis- 
tered orally in a gelatin capsule. "Blaming" new rather than 
familiar forages for aversive consequences likely evolved 
as a means of protecting herbivores from overeating new 
foods prior to confirming their potential harmful effects. 

Herbivores on rangelands routinely sample both nutritious 
and toxic forages (both familiar and novel) and regulate for- 
age intake according to whether feedback is positive or 
negative. In addition to sampling and postingestive effects, 
animals have evolved specialized physiological mecha- 
nisms that bind, metabolize, or detoxify certain thresholds 
of harmful plant compounds. Animals seldom exceed the 
capacity of these mechanisms when provided adequate di- 
etary choices because they quickly sense negative feed- 
back and limit intake before toxicosis ensues. Thus, physio- 
logical mechanisms work in concert with postingestive 
feedback, and provide animals with flexibility to regulate 
their intake and ingest adequate diets in ever-changing for- 
aging environments. 

WHY DO ANIMALS SOMETIMES OVERINGEST 
NUTRIENTS AND/OR TOXINS? 

Animals occasionally overeat plant nutrients and toxins 
which may cause declines in intake, production, and even 
death. Any of the following scenarios (or combinations 
thereof), involving both the affective and cognitive systems, 
could be responsible for such a breakdown. 

EMETIC SYSTEM NOT STIMULATED 
Malaise apparently must be experienced by animals to 

produce a conditioned taste aversion. However, over-inges- 
tion of certain nutrients and toxins may not stimulate the 
emetic system. 

Animals that over-ingest alfalfa experience bloat and de- 
crease short-term intake, apparently because tension re- 
ceptors in the rumen and reticulum are stimulated which 
may cause short-term physical discomfort. However, 
bloat evidently does not stimulate the emetic system or 
cause a long-term negative hedonic shift because ani- 
mals will ingest alfalfa soon after bloat subsides. In con- 
trast, forages that stimulate the emetic system (cause 
malaise) have been avoided for as many as 3 years. 

INTERACTIONS BETWEEN AVERSIVE AND POSITIVE 
POSTINGESTIVE FEEDBACK 

The longer the delay between food intake and aversive 
feedback, and the higher proportion of positive to negative 
feedback during that time, the more likely that livestock will 
continue to ingest the food and become poisoned. 

Some animals may die from overeating larkspur (D. bar- 
beyi) because there is immediate positive but delayed 
aversive feedback. For instance, cattle ingest larkspur 
because it initially enhances ruminal fermentation and di- 
gestion (i.e., larkspur is high in energy and protein). 
Consumption generally increases over a 2- to 4-day peri- 
od before declining dramatically when alkaloids have 
their maximum aversive effects. 

• Poisoning is delayed when animals consume various lo- 
coweed species (Astragalus and Oxytropis spp.) that 
contain indolizidine alkaloids. Cellular damage does not 
occur for 8 days and there are no clinical signs of poison- 
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ing for 3 weeks. Animals acquire aversions to such foods 
only after vital organs (e.g., the liver) have been dam- 
aged. 

Liver damage caused by pyrrolozidine alkaloids in species 
like groundsel (Senecio spp.) is progressive and death 
may not occur for months or even years. 

DIFFERENTIATING NUTRITIOUS FROM TOXIC PLANTS 
IN UNFAMILIAR ENVIRONMENTS 

It is apparently more difficult for herbivores to differentiate 
nutritious from toxic foods in unfamiliar environments be- 
cause all foods may be new. 
• Ninety percent of naïve goats introduced into pastures 

containing white snakeroot (Eupatorium rugosum) died 
during the first 2 weeks of grazing. Survivors apparently 
learned to avoid the plant. 

• Sheep in South Africa eat groundsel for the first 3 days in 
an unfamiliar pasture but then refuse to eat the plant 
even if starving. • Cattle ranchers in South Africa stomach-tube a sublethal 
preparation of tulips (Homeria pal/ida) to prevent deaths, 
and report that only naïve or extremely hungry animals 
eat the plant. Naïve animals given the preparation, or un- 
treated animals that survive beyond 4 days of grazing 
pastures containing tulips learn to avoid the plant. • Many cattle deaths caused by larkspur (D. barbeyl) occur 
within 10 to 14 days after cattle enter a new pasture. 
Survivors may learn to avoid ingesting a lethal dose. 

CHANGE IN ENVIRONMENT MAY ALTER ANIMAL 
PHYSIOLOGY 

The same dose of a familiar toxin may have a greater ef- 
fect in an unfamiliar than in a familiar environment. Work in 
this area has mainly involved drug research on humans 
and rats, but there are important implications about how 
rangeland animals may respond to familiar toxic plants after 
being moved to an unfamiliar environment. 
• A cancer patient died when injected with morphine in a 

different room; the patient had tolerated the same dose 
when injected every 6 hours for 4 weeks in a familiar 
room. • Social drinkers become more impaired when they drink at 
unusual times or in different settings. • Rats with or without previous experience with heroin were 
given a strong dose either in a familiar or an unfamiliar 
environment. The dose was lethal for 32% of 
the experienced rats in a familiar envi- — 
ronment, 64% of the experienced rats in 
an unfamiliar environment, and 96% of the 
inexperienced rats in an unfamiliar envi- 
ronment. 

• More lambs died from a high dose of lithium 
chloride in an unfamiliar environment than in 
a familiar environment. 

• Cows raised in Gila County Arizona and moved 
100 miles east to Apache County suffered se- 
vere lupine and locoweed poisoning. Sister cows that re- 
mained in Gila county did not experience lupine or lo- 
coweed poisoning even though these species were avail- 
able in small to moderate stands. 

SOCIAL FACILITATION 

• Animals influence one another's diets. A group of heifers 
that were averted to larkspur (with LiCI) avoided the plant 
over a 3-year period until they were placed in a pasture 
with nonaverted heifers, at which point they began eating 
larkspur at similar levels to the nonaverted heifers. 

SUBTLE MOLECULAR CHANGES IN PLANT COM- 
POUNDS INCREASE THEIR TOXICITY 
• Animals may be unable to readily detect subtle molecular 

changes that increase plant toxicity. Cattle typically in- 
crease intake of larkspur (D. barbeyl) after a drop in 
barometric pressure and mortality increases, probably 
because changes in plant chemistry simultaneously in- 
crease both the palatability and toxicity of the plant 
which greatly increases susceptibility to poisoning. • Bitterbrush (Purshia tridentata) is more palatable than 
blackbrush both for goats and snowshoe hares even 
though both shrubs contain condensed tannins. Slight 
chemical differences render blackbrush tannins more 
aversive than bitterbrush tannins. 

TOXINS MAY OCCUR IN MORE THAN ONE PLANT 
It may be difficult for herbivores to associate toxicity with 

a specific food when the same toxin exists in more than 1 

food, or when 2 or more compounds in different foods inter- 
act to cause toxicity. • Sheep that consume hemlock (Gicuta spp.) may be more 

susceptible to compounds in crown beard (Verbesina 
enceliodes). • Sheep that consume black sagebrush (Artemesia nova) 
before horsebrush (Tetradymia glabrata) are predis- 
posed to photosensitization. Photosensitization by itself 
is not likely to cause a food aversion because the emetic 
system is not directly stimulated, but liver dysfunction as- 
sociated with ingesting these two plant species might in- 
directly stimulate the emetic system and ultimately cause 
a conditioned food aversion. • Various locoweed species contain toxic nitrogen com- 
pounds and selenium which when combined increases 
their toxicity. 

SUMMARY 

Animals continually sample and evaluate the nutritional 
value of forages using their senses of taste, smell, and 
sight. Postingestive feedback adjusts a forage's hedonic 
value (i.e., preference and palatability) commensurate with 
its utility to the animal (i.e., animal age, morphology, and 
physiology) enabling survival when the animal's foraging 
environment and nutritional needs are constantly changing. 
Plant species that cause positive hedonic shifts are usually 
highly correlated with nutritional well-being, while plant 
species that cause negative hedonic shifts are typically 
highly correlated with nutrient deficiencies and toxicosis. 
Hence, what makes a forage taste "good or bad" (and thus, 
sought or avoided) is not taste per Se, but rather nutritional 
benefits or deficits received from forage ingestion, which 
are sensed by animals through feedback and linked with a 
forage's taste. Animals use their senses (smell and sight) to 
seek foods that cause positive feedback (i.e., nutritional 
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well-being) and avoid foods that cause negative feedback 
(i.e., nutrient deficiencies and toxicosis), and accordingly 
possess a high degree of "nutritional wisdom." This process 
occasionally breaks down when animals fail to properly link 
the feedback of a particular food with its taste, smell, or 
sight, or when their physiological means for binding, metab- 
olizing, or detoxifying toxic compounds is exceeded. 
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GLOSSARY OF TERMS USED IN THIS PAPER 

Affective Processes—Involuntary processes that do not 
require conscious thought. For example, breathing, diges- 
tion, and hedonic shifts are affective (involuntary) process- 
es that occur even while an animal sleeps or is anes- 
thetized. 

Cognitive Processes—Voluntary processes that require 
conscious thought. For example, walking, running, or seek- 
ing/selecting a particular food are cognitive (voluntary) 
processes. 
Emetic System—System responsible for nausea, vomiting, 
and malaise in animals. It is a critical component of the af- 
fective (involuntary) system and plays a key role in the for- 
mation of conditioned taste aversions to forages that cause 
malaise. 

Hedonic Shift—A shift in preference (i.e., either increased 
or decreased intake) for a food following positive or nega- 
tive postingestive feedback. 

Malaise—Negative postingestive feedback. Feeling of 
malaise (i.e., nausea or unpleasant feelings of physical dis- 
comfort) after ingesting a food or foods. 

Postingestive feedback—Feedback from the gut to the 
brain that allows animals to sense the nutritional or toxico- 
logical effects of food ingestion (positive or negative) and 
accordingly adjust their preference (increase or decrease 
intake) for the food. 

Satiety—Positive postingestive feedback. Feeling of satis- 
faction after ingesting a food or foods. 

• Medium sized wheat grasses 
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Revegetating Weed-Infested Rangeland: 
What We've Learned 

James S. Jacobs, Michael F. Carpinelli, and Roger L. Sheley 

3 eed management efforts often focus on simply 
controlling weeds, with limited regard to the exist- 
ing or resulting plant community. Because of envi- 

ronmental, ecological, and economic concerns, the appro- 
priateness and effectiveness of rangeland weed manage- 
ment practices are being questioned. It has become clear 
that weed management decisions must consider these con- 
cerns. The development of future weed management prac- 
tices must be based on our understanding of the biology 
and ecology of rangeland ecosystems. 

Land-use objectives must be developed before rangeland 
weed management plans can be designed. Strictly killing 
weeds is an inadequate objective, especially for large-scale 
infestations. However, a generalized objective might be to 
develop a healthy plant community that is relatively weed- 
resistant, while meeting other land-use objectives, such as 
forage production, wildlife habitat development, or recre- 
ational land maintenance. 

Highly degraded rangeland dominated by noxious weeds 
is often devoid of competitive desirable 
plants. On these sites, rangeland weed con- 
trol is often short-lived because desirable 
species are not available to occupy niches 
opened by weed control procedures (James 
1992, Sheley et al. 1996). Introducing and 
establishing competitive plants is essential 
for successful management of weed infesta- 
tions and the restoration of desirable plant 
communities (Borman et al. 1991). 
However, revegetation often is not included 
in a weed management plan because it is 
costly and there is a high risk of failure. The 
process of revegetation must first identify 
the desirable plant community that meets 
management objectives, and then deter- 
mine the seeding method, herbicide treat- 
ment, species to be seeded, and follow-up 
treatments to best achieve the desirable 
plant community. 

The decision to revegetate must consider direct costs 
(seedbed preparation, seeds and seeding, follow-up man- 
agement), indirect costs (risk of failure, non-use during es- 
tablishment period), and benefits (increased forage, im- 
proved ecosystem function, soil conservation). 
Revegetation efforts should focus on sites and methods 
with the greatest potential for increasing net benefits in the 
shortest amount of time. 

Rangeland revegetation is costly because current meth- 
ods use agronomic practices. Typically, revegetation of 

weed-infested rangeland requires multiple entries. First, the 
site is disced in late fall to loosen the soil surface and en- 
courage the germination of weed seeds in the seedbank. A 
few weeks later, a non-selective herbicide such as 
glyphosate (N-[phosphonomethyl] glycine) is applied to kill 
the newly establishing weeds. The combination of discing 
and herbicide application reduces the number of weed 
seeds in the seedbank and reduces weed competition the 
following spring. Soon after the herbicide is applied, fall- 
dormant grasses are seeded. The following spring, some of 
the remaining weed seeds in the seedbank and seeded 
grasses germinate and emerge. With adequate spring pre- 
cipitation, both grass and weed seedlings survive. If grass 
seedlings survive until mid-summer, a reduced rate of 2,4- 
D ([2,4-dichlorophenoxy]acetic acid) or mowing is usually 
applied to weaken weeds and retard them from going to 
seed. Although revegetation with aggressive species has 
been shown to inhibit weed reinvasion (Borman et al. 
1991), managers are reluctant to attempt it because of the 

high probability of failure and expense asso- 
ciated with this multiple-entry approach. 
Effective, single-entry methods must be de- 
veloped for revegetation to be affordable 
and applicable to remote areas. 

Failures in revegetation of weed-infested 
rangeland are usually caused by a combi- 
nation of factors. The most important are in- 
sufficient soil moisture and intense weed 
competition. While some factors, such as 
climate, are beyond our control, we can use 
what we know about ecology to improve our 
success rate. 

Seedling establishment is the most critical 
phase of revegetation (James 1992). 
Seedling establishment appears associated 
with the availability of safe sites (Harper et 
al. 1965, Wright et al. 1978) and the avail- 
ability of seeds (Pickett et al. 1987). 

Rehabilitating weed-infested rangeland with desirable 
grasses typically fails, however, because of competition 
with weeds for safe sites during the initial stages of estab- 
lishment (Borman et al. 1991, James 1992). In addition, 
density-dependent (e.g., competition) and density-indepen- 
dent factors (e.g., climate) interact to determine seedling 
survival during grass establishment in weed-infested range- 
land (Velagala et al. 1997). Revegetation methods must ad- 
dress both of these factors to improve revegetation suc- 
cess. 
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Seeding Methods 
Seedbed preparation and seeding depth affect seedhng 

survival. The ideal seedbed for range seeding consists of 
pulverized surface soil with moderate amounts of mulch or 
plant residue, firm soil below seeding depth, and no resid- 
ual competitive plants. Ideal seeding depths are about one- 
quarter inch (6 mm) for small seeds, and one-half inch (12 
mm) for large seeds. Site conditions and cost will determine 
which seedbed preparation method is most appropriate. 

Plowing and drilling. Plowing is the most effective method 
for preparing an ideal seedbed. However, it is costly and 
only practical on sites that are accessible to machinery and 
that have fertile, deep, and rock-free soils. Plowing not only 
removes competitive vegetation, it increases the establish- 
ment of seeded species. Seed placement is enhanced by 
plowing because the, roughening of the soil surface in- 

creases the number of safe sites. Plowing also loosens the 
upper layer of soil, thus facilitating root extension by estab- 
lishing seedlings. In areas that can be farmed and inten- 
sively managed, plowing and drill-seeding has the best 
chance of insuring revegetation success (Figure 1). A typi- 
cal three-year intensive revegetation plan includes plowing 
and seeding an annual hay crop in the first and second 
years, and replowing and seeding to a grass-legume mix- 
ture in the third year. The hay-cropping allows for the ger- 
mination and removal of weeds from the seedbank while 
providing immediate financial return. 

No-till-drill. The no-till-drill is a tractor pulled machine 
which opens a furrow in untilled ground, drops seeds in the 
furrow at a specified rate and depth, and then rolls the fur- 
row closed (Figure 2). This method is the most practical 
and commonly used method on rangeland that is accessi- 
ble to machinery because it is less expensive than tillage 
and because it reduces the risk of erosion associated with 
tillage. This is especially important in arid and semi-arid 
areas where tillage may exacerbate wind and water ero- 
sion. Because this method does not remove competitive 
plants, no-till-drill seeding is commonly preceded by a non- 
selective herbicide application. 

Broadcast seeding. On sites that are inaccessible to ma- 
chinery, site preparation is limited to removal of competitive 
plants via herbicide or fire. On small-scale projects, seeds 
are typically broadcast with a hand-held seed scattering de- 
vice such as a cyclone spreader. Large-scale projects are 
usually helicopter seeded. Untilled soil usually lacks in safe 
sites, which may be countered by using a higher seeding 
rate than would be used on plowed ground. Covering seeds 
with soil or mulch improves germination and establishment. 
Other disadvantages to broadcast seeding are poor seed 
distribution, loss of seeds to rodents and birds, and slower 
establishment. 

Alternative methods. Recent studies show that increasing 
the seeding rate above agronomic levels improves grass 
seedling establishment on weed-infested rangeland 
(Jacobs et al. 1996, Velagala 1996, Velagala et al. 1997). 
Alternative revegetation methods may be developed that 
use high seeding rates without increasing cost. For exam- 
ple, a strip-tilling/seeding method could seed desirable 
species at high densities on evenly spaced tilled strips. 
Successful seedling establishment would be increased be- 
cause of the high seeding rate, and under proper manage- 
ment, the established species within the strips would 
spread naturally to the interstrip area. One way to facilitate 
the expansion of seeded species to the interstrips would be 
to first apply a herbicide to remove existing vegetation from 
the entire area prior to strip-tilling/seeding. Another way 
would be to use selective grazing of broadleaf species by 
sheep or goats to control the establishment of weeds in the 
interstrips. Similarly, islands of desirable plants could be 
established using high seeding densities so that the plant 
cover is dominated by desirable species. From these is- 
lands, desired species could spread naturally. 

Herbicides 
Herbicides provide an alternative to tillage for the removal 

of unwanted vegetation. Herbicides are often used where 
accessibility or erosion is a concern or tillage is cost-prohib- 
itive. Herbicide selectivity, persistence, and timing of appli- 
cation are important considerations when deciding how to 
use herbicides for weed control in revegetation. 

Fig. 2. No-till drilling grass seeds on ran geland. 

Fig. 1. Second years growth of "Luna" pubescent wheatgrass 
drill seeded after plowing. 
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Non-selective herbicides. Most revegetation seedings are 
preceded by an application of a non-selective herbicide 
such as glyphosate. On rangeland where fall-dormant 
seedings are most practical, a late-season application of 
glyphosate can be used to eliminate fall-germinating annual 
weeds like cheatgrass (Bromus tectorum L.) and yellow 
starthistle (Centaurea solstitialis L.) that have emerged 
prior to the application. This may substantially reduce weed 
competition for early season moisture the following spring. 

Broadleaf herbicides. Broadleaf herbicides are often used 
in rangeland revegetation because ________________ 
most weeds are broadleaved species 
and most seeded species are grass- 
es. An advantage to some broadleaf 
herbicides is they have soil residual 
that will control broadleaf seedlings 
for up to 18 months. Picloram (4- 
amino-3,5,6trichloropicolinic acid) ap- 
plied at a rate of 0.28 kg active ingre ________________ 
dients per hectare (0.25 pounds per 
acre) provides control of many weeds for two or three years 
(Davis 1990). The combination of glyphosate and a residual 
broadleaf herbicide, such as picloram, may provide the best 
control of weeds for a one-pass revegetation procedure 
where only grasses are seeded. Broadleaved desirable 
species can be incorporated once the grasses are estab- 
lished and the residual effect of the herbicide is gone. Of 
course, where broadleaved desirable species are seeded in 
a one-pass operation, herbicide selection will be limited to a 
non-residual broadleaf herbicide such as 2-4, D or a non- 
selective, non-residual herbicide such as glyphosate. 

Species Selection 
Selection of desirable plant species is determined by in- 

tended use, soils, precipitation, temperature, and establish- 
ment characteristics. Another important consideration is the 
ability of the desired species to withstand reinvasion. For 
example, many aggressive introduced species and some 
native species have been shown to reduce leafy spurge in- 
festations. 

Intended use. The intended use of a revegetation site is 
important in determining what species to plant. If livestock 
grazing is the intended use, a perennial with high forage pro- 
duction is an obvious choice. One such species, crested 
wheatgrass (Agropyron cristatum L.), is a good spring pas- 
ture bunchgrass that can withstand a 60% defoliation without 
affecting its biomass production (Sheley and Larson 1997). 
Intermediate wheatgrass [Elytriga intermedia (Host) Nevski 1' a late-maturing grass, may be more appropriate if the intend- 
ed use is summer pasture. Some areas such as state and 
federal parks mandate the use of native plants. Here, the 
plant community composition prior to weed invasion should 
be used as a guide to determine which species to seed. 

Soils. Soil texture affects the establishment success of 
seeded species. While medium- to fine-textured soils are 
optimal for most species, some species do best in either 
sandy or clay soil. For example, Indian ricegrass [Oryzopsis 
hymenoides (R & S) Ricker] and pubescent wheatgrass 
[Thinopyrum intermedium spp barula turn ( Schur) Barkw. 
D. R. Dewey] are well adapted to sandy soils, western 

wheatgrass (Agropyron srnithii Rybd.) does well on clay 
soils, and most other species commonly used in revegeta- 
tion do well on medium- to fine-textured soils (Table 1). 

Precipitation. Seeded species need to be adapted to the 
precipitation level of the site. Crested wheatgrass and 
Russian wildrye [Psathyrostachys juncea (Fisch.) Nevski], 
(introduced species), and Indian ricegrass and bluebunch 
wheatgrass [Pseudoroegneria spicata ( Prush.) Läve] (na- 
tive species), are adapted to rangeland sites receiving 10 to 
12 inches of annual precipitation. Pubescent wheatgrass 

________________ and intermediate wheatgrass (intro- 
duced species), and green needle- 
grass (Stipa viridula Trin .) and west- 
ern wheatgrass (native species), are 
adapted to 13 tolS inches of annual 
precipitation. Requirements for some 
other common revegetation species 
are summarized in Table 1. 

_______________ Temperature. Temperature zones 
should be considered when designing 

seed mixes for revegetation. Warm season, C4 grasses 
(e.g., big [Andropogon gerardii Vitman ] and little bluestem 
[A. scoparius Michx .]) are well adapted to the midwestern 
prairie. Cool season, C3 grasses (e.g., Idaho fescue 
[Festuca idahoensis Elmer] and bluebunch wheatgrass) 
are well adapted to mountain meadows of the Great Basin. 
Seed supply companies are good sources of information on 
the environmental requirements of revegetation species. 

Establishment. Species differ in how fast and how well 
they establish. Crested and pubescent wheatgrasses are 
some of the easiest species to establish. Natives are gen- 
erally slower and more difficult to establish. Seed size pre- 
sents a trade-off between quick establishment and seed 
placement. Generally, larger seeds establish quickly, but do 
best if drill seeded or sown in tilled ground. Smaller seeds 
are more likely to find a safe site in untilled ground, but their 
limited amount of stored carbohydrates may inhibit estab- 
lishment. 

Designing seed mixes. Though grasses dominate range- 
land and are the most commonly used species in revegeta- 
tion, it is advantageous to use a combination species with 
differing growth forms when designing seed mixes. For ex- 
ample, seed mixtures of grasses with legumes improve the 
rate of microbial and soil structure recovery on conserva- 
tion reserve program (CAP) land compared to grasses 
alone. In addition, a species mix of contrasting root growth 
forms (e.g., fibrous-rooted grasses and taprooted forbs) 
more efficiently fills niches and uses resources (Jacobs and 
Sheley 1999). In turn, where resource use is maximized, 
productivity is maximized. A diverse plant community is 
likely to be weed-resistant because few resources are 
available to a potential invader. Niche occupation can also 
be maximized by combining species that grow at different 
times of the year. 

Seeding Rate 
Increased seeding rates can alter the competitive interac- 

tion between desired species and weeds and can aid stand 
establishment. Increasing densities of intermediate wheat- 
grass from less than 1,000 seeds/rn2 to more than 1,000 

Another important con- 
sideration is the ability ot' 
the desired species to with- 
stand reinuasion. 



RANGELANDS 20(6), December 1998 13 

Table 1. Characteristics of rangeland revegetation grass species. 

Grass Species Native/Intro Growth form Soil type Precip. range Establishment 

(inches) 
Russian wildrye I Bunchgrass Silty-clay <13 Difficult 
Psathyrostachys juncea 
Crested wheatgrass I Bunchgrass Silty-clay <13 Easy 
Agropyron cristatum 

Siberian wheatgrass I Bunchgrass Silty-clay <13 Easy 
Agropyron fragile ssp. sibericum 

Orchardgrass I Bunchgrass Silty-clay <13 Easy 
Dactylis glomerata 
Bluebunch wheatgrass N Bunchgrass Silty-clay <13 Fair 
Pseudoroeneria spicata spp. spicata 
Streambank wheatgrass N Rhizomatous Silty-clay <13 Fair 
Elymus lanceolatus spp. riparium 
Thickspike wheatgrass N Rhizomatous Silty-clay <13 Fair 
Elymus lanceolatus spp. lanceolatus 

Slender wheatgrass N Bunchgrass Silty-clay <13 Quick 
Elymus trachycaulus spp. trachycaulus 
Bluegrass (big blue/canby) N Rhizomatous Shallow <13 Easy 
Poa ampla/canbyi 

Indian ricegrass N Bunchgrass Sandy <13 Easy 
Orizopsis hymenoides 
Sheep fescue N Bunchgrass Silty <13 Easy 
Festuca ovina 

Basin wildrye N Rhizomatous Silty-clay <13 Slow 

Leymus cinereus 

Pubescent wheatgrass I Rhizomatous Sandy-silt 13—15 Easy 
Elytrigia intermedia spp. trichopho rum 

Beardless wheatgrass N Bunchgrass Silty-clay 13—15 Fair 
Pseudoroegneria spicata spp. inermis 

Western wheatgrass N Rhizomatous Clay 13—15 Fair 
Pascopyrum smithii 

Green needlgegrass N Bunchgrass Silty-clay 13—15 Slow 
Stipa viridula 
Prairie sandreed N Rhizomatous Sandy 13—15 Fur 
Calamovilfa longifolia 
Intermediate wheatgrass I Rhizomatous Silty-clay 14—15 Fair 
Elytrigia intermedia spp. intermedia 
Smooth bromegrass I Rhizomatous Silty-clay 14—15 Easy 
Bromus inermis 

Altai wildrye I Rhizomatous Saline 14—15 Slow 
Leymus angustus 
Meadow bromegrass I Rhizomatous Silty-clay 15—18 Quick 
Bromus biebersteinii 

Tall wheatgrass I Bunchgrass Saline 15—18 Fair 

Elytrigia elongata 

Timothy I Bunchgrass Silty-clay 15—18 Easy 
Phleum pra tense 
Idaho fescue N Bunchgrass Sandy-silt 15—18 Slow 
Festuca idahoensis 
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seeds/rn2 removed the effect of spotted knapweed on inter- 
mediate wheatgrass where interspecific interference oc- 
curred (Velagala et al. 1997). In a field study, Velagala 
(1996) found the greatest seedling establishment at the 
highest seeding rates, especially when combined with 
tillage. In that study, intermediate wheatgrass did not estab- 
lish at a seeding rate of 500/rn2, which is the standard rec- 
ommended seeding rate. The wide range of seeding rates 
studied by Velagala (1996) showed the potential for using 
seeding rates to enhance establishment. 

Seed Treatments 
Seed treatments may enhance the establishment phase 

of revegetation. Seed priming (Callan et al. 1990) is a treat- 
ment that initiates the germination process in a seed, al- 
lows it to continue to a certain point, and then suspends it. 
The primed seed is then ready to continue germination in 
the field when conditions are favorable. The idea behind 
seed priming is that the first seedling to capture resources 
has a competitive advantage (Harper 1980). Another ad- 
vantage to priming is that dormancy is broken and germina- 
tion is assured. This treatment has been shown to aid es- 
tablishment under agricultural conditions, and it holds 
promise in rangeland revegetation. 

Soil pathogens may accelerate the death of seeds and 
seedlings. Their role is best understood in crop species, 
though Tadros (1957) found fungal decomposition of seeds 
or very young seedlings in the soil could account, in part, 
for the different floristic composition of the natural vegeta- 
tion. Seed fungicide treatments confer numerous advan- 
tages, including protection against diseases and pests and 
enhancement of growth (Powell and Mathrews 1988). A va- 
riety of these fungicides are commercially available for 
grass seeds and are intended to improve seedling estab- 
lishment in reclamation projects (Taylor and Harmon 1990). 
Perennial grass seeds and seedlings can be protected from 
soil-borne organisms, including Pythium and Rhizoctonia 
spp., and many of the systemic fungicides provide the 
crowns and roots with a longer protection against Fusarium 
spp. and common root rots (Sprague 1950). 

Putting It All Together 
For revegetation of weed-infested rangeland to become 

more widely applicable to the various rangeland conditions, 
cost-effective and reliable methods need to be developed. 
Developing strategies that enhance our ability to cost-effec- 
tively establish desired plant communities may provide 
ranchers and land managers with a sustainable method for 
managing noxious weed-infested rangeland. Reducing the 
number of entries onto the land will reduce the cost of 
revegetation. Combining the factors discussed above to im- 
prove the success of establishing desirable species, and 
applying them in a single pass will be the most cost-effec- 
tive and reliable way to revegetate rangeland. New equip- 
ment has made possible the simultaneous application of 
herbicides, tillage, and seeding as well as seeding using 
no-till methods. 

For example, cost-effective and reliable revegetation of 
spotted knapweed/cheatgrass infested rangeland can be 

accomplished using a single pass system. This system in- 
volves applying 1/2 pint of Tordon® at the same time as 
seeding about 16 lbs/acre of 'Luna' pubescent wheatgrass 
using a no-till drill in the late-fall prior to the first hard frost. 
Tordon® provides 3 to 5 years of spotted knapweed control, 
and Luna pubescent wheatgrass is aggressive enough to 
compete with cheatgrass during the establishment period. 
Data suggest that successful stands can be established for 
about $40 per acre. tuna' pubescent wheatgrass has also 
been used in revegetation of leafy spurge infestations and 
can withstand re-invasion by leafy spurge for at least 8 
years. The single pass system has also been marginally 
successful using the native, bluebunch wheatgrass. 

Revegetation will be most successful if it works with suc- 
cessional processes. The three processes that influence 
the direction of succession are site availability, species 
availability, and species performance (Sheley et al. 1997). 
Combining these three processes in a revegetation applica- 
tion will provide the highest chance for long-term success. 
Tilling, herbicides, and intensive grazing create available 
safe sites. Species availability is accomplished by success- 
fully selecting and distributing seeds. Herbicides, fertilizers, 
and selective grazing can be used to enhance desirable 
species performance. 

Follow-up Management 
Money and effort spent on revegetation will be wasted 

unless management practices are changed to favor the de- 
sirable species that were seeded. Rangelands are dynamic 
plant communities that are constantly being shaped by the 
process of succession. Successful revegetation requires 
that managers continuously monitor the land and adjust 
management practices to direct succession in a way that 
maintains a desirable plant community. For example, timing 
and frequency of cattle grazing can be adjusted to minimize 
the impact on grasses. Sheep or goats can be used to tar- 
get broadleaved weed species. Biological control can be 
used to reduce the performance and seed production of 
weeds. Livestock given feed containing seeds of desirable 
species can be used as a tool to spread seeds. The possi- 
bilities are endless, and the success is dependent on the 
creativity and vigilance of the land manager. 
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The Uncompahgre Rangeland Initiative Project 
An Example of How to Make the National Environmental Policy Act More Efficient 

MARLIN H. JENSON 

T he work of federal land manage- 
ment agencies has been guided 

by the National Environmental Policy 
Act of 1969. Federal agencies are re- 
quired to develop a process of scientif- 
ic study, referred to as an environmen- 
tal analysis, that discloses environ- 
mental effects of any proposed action. 
Alternative solutions and their effects 
are documented in an environmental 
assessment. As the act has been in- 
terpreted and tested by the courts, the 
work required to implement the 
National Environmental Policy Act has 
exploded. Environmental Assess- 
ments of the 1990's often resemble 
environmental impact statements of 
the 1980's. 

Federal range budgets have not 
kept pace with the expanding require- 
ments of the National Environmental 
Policy Act. The disparity between 
funding and the amount of work re- 
quired under the National Environ- 
mental Policy Act has proven to be 
one of the biggest challenges facing 
range people who work in the federal 
sector. 

The Recission Act of 1995 (Public 
Law 104-19) became law on July 27, 
1995. Section 504(a) of this act re- 
quires the US Forest Service to deter- 
mine which of its allotments need an 
environmental analysis to support con- 
tinuation of livestock grazing, develop a 
schedule for completing the analysis, 
and to adhere to the schedule. Thus, 
the Grand Mesa, Uncompahgre and 
Gunnison National Forest was faced 
with developing a strategy for complet- 
ing the required environmental analysis 
for 153 allotments by the year 2010. 
Allotments needing an environmental 
analysis and new management plans 
were scattered across the Forest. 

One approach would have been to 
examine the allotments one at a time. 
This is the way the US Forest Service 
has traditionally conducted business. 
If the time frame was used under the 
Rescission Act, 10 analyses must be 
completed per year. With current bud- 
getary constraints in view of other 

work priorities it would take the Forest 
more than 20 years to complete the 
environmental analyses required by 
the Recission Act. Forest Staff con- 
cluded that the work could not be com- 
pleted on schedule by simply following 
a "business as usual" course of action. 
The idea of combining allotments and 
expanding the area of analysis sur- 
faced in a Forest range staff meeting. 
This approach would make it possible 
to do one analysis on a broad land- 
scape basis and meet the 15-year 
schedule established by Congress. 
The Uncompahgre Rangeland 

Initiative Project was one such land- 
scape and one of the first projects of 
this magnitude undertaken on the 
Grand Mesa, Uncompahgre and 
Gunnison National Forest. 

The landscape evaluated by the 
Uncompahgre Rangeland Initiative 
project is a part of a vast area known 
as the Uncompahgre Plateau. This 
Plateau is located in western Colorado 
some 50 miles from the Utah border 
and stretches for more than 100 miles 
between the San Juan Mountains and 
Grand Valley (vicinity map). A pinyon 
pine and juniper woodland dominates 

Uncompahgre Rangeland Initiative 
Vicinity Map 

COLORADO 

Grand Mesa, Uncompahgre and Gunnison National Forests 
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the landscape at lower elevations. A 
spruce-fir forest flourishes on top of 
the Uncompahgre. Vegetation in be- 
tween includes communities of sage- 
brush, Gambel oakbrush, ponderosa 
pine and aspen. The highest elevation 
on the Plateau is 9,731 feet. By con- 
trast the elevation for the Grand Valley 
which lies just north of the Uncom- 
pahgre Plateau is 4,858 feet. These 
lands support thriving populations of 
elk, mule deer, wild turkey, forest 
grouse, bear and coyote. 

Lands at lower elevations are man- 
aged by two Bureau of Land 
Management districts; whereas, high 
elevations are cared for by the US 
Forest Service. The project area lies 
within the National Forest and con- 
tains 442,582 acres on the northern 
two-thirds of the Uncompahgre 
Plateau. Twenty one grazing allot- 
ments are included in the project area, 
and management of these are shared 
by the Norwood, Ouray and Grand 
Junction ranger districts. 

One of the major uses of the project 
area is livestock grazing. Twenty eight 
ranch operations with headquarters in 
Delta, Montrose and Mesa counties 
graze 13,080 head of cattle and 101 
horses on the area from June 1 to 
October 15. These operations harvest 
75,093 animal unit months of forage 
from the project area. Additionally, 44 
families obtain all or a portion of their 
income from these operations. Each of 
these families was potentially affected 
by any decision made as a result of 
the Uncompahgre environmental 
analysis. 

Public contact was deemed essen- 
tial. A written inquiry referred to as 
"scoping" was conducted on March 20, 
1995, when the project began. Thirty 
five people responded to the inquiry. 
From the comments, a total of fifty 
seven issues were identified. Four 
were determined to be paramount to 
any grazing decision on the 
Uncompahgre. These included (1) 
rangeland health and productivity, (2) 
effects on wildlife habitat, (3) effects 
on the local economy, and (4) condi- 
tion of aquatic and riparian ecosys- 
tems. Other issues identified in scop- 
ing could be mitigated by applying 
specified management practices, and 
still others did not apply to the decision 
at hand and were dismissed. 

Canyons and Mesas of the Uncompahgre Plateau. Love and Kelso Mesa.s Escalante 
Canyon. Photo by Marlin Jenson. 

Open park on the Uncompahgre Plateau. Heifer pasture on the Hereford Allotment. 
Photo by Marlin Jenson. 
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As with any environmental analysis 
the need for accurate information was 
critical. Range conservationists from 
across the Forest converged on the 
planning area to collect data in 1995 
and 1996. Information was aimed at 
analyzing the four key issues. Working 
with grazing permittees, range conser- 
vations evaluated trend, forage canopy 
cover and production information. 
Wildlife biologists collected information 
on wildlife species, completed elk use 
surveys and compiled biological evalu- 
ations for threatened and endangered 
species. With the help of the Forest hy- 
drologist, range conservationists select- 
ed a few streams to survey. Streams 
selected had conditions that were simi- 
lar to those on other streams elsewhere 
in the planning area. Information about 
willow canopy cover, stream width vers- 
es depth and plant composition was 
gathered from the riparian habitats and 
used in the evaluation. 

Information on the economies of 
Grand Junction, Montrose and Delta 
counties was accumulated and ana- 
lyzed by an economist. The change in 
the number of jobs (especially agricul- 
tural jobs) and cost of operation were 
used to measure impacts of each al- 
ternative on the local economy. 

As the information was collected, it 
was summarized in a project file. 
Besides the biological and economic 
data, the file contained a summary of 
the management situation for each al- 
lotment, photographs (both past and 
present), a record of how each of the 
57 issues were treated and specialist's 
reports. One of the team goals was to 
produce a quality Assessment. So the 
team adopted the motto: "a good pro- 
ject file results in a quality assess- 
ment." A site specific analysis for each 
allotment was the basis of all conclu- 
sions highlighted in the environmental 
assessment. 

The value of the project file became 
clear during the 30-day public review 
of the Environmental Assessment. 
Eighteen people read the Assessment 
and raised questions to which the doc- 
ument did not respond. Even though 
the answers to these questions were 
not in the Assessment, they were in 
the project file. Responses were sim- 
ple because the project file was well 
organized and contained an abun- 
dance of information pertaining to the 

four key issues. Supplemental informa- 
tion was extracted from the project file 
and provided to those with questions. 
As a result all concerns were satisfied 
and the project moved forward. 

Using the information collected and 
the four key issues identified during 
the inquiries three alternatives were 
developed. Evaluation of these alter- 
natives provided the basis for the 
analysis outlined in the Assessment. 
The proposed action was one choice 
that was evaluated. It recognized a 
need to improve resource conditions 
on portions of the landscape. The pro- 
posed action called for implementation 
of the best management practices sci- 
ence had to offer (Table I). These 
practices included grazing pastures for 
no more than 20 days during periods 
of fast growth, a standard that was de- 
veloped locally. Changing the dates of 
use in each pasture from one year to 
the next, and only grazing a pasture 
once during a yearly cycle are also in- 
cluded. Such practices are closely 
linked with meeting the needs of 
plants that sustain and support live- 
stock grazing. 

The combining of eleven-2,000 acre 
allotments was a particularly useful 
part of the proposed action. This ac- 
tion resulted in five larger allotments 
containing 40,000 to 50,000 acres 

each. Trial combinations had been 
tested in the early 1990s and proved 
to be practical. Herds of cattle were 
combined into one large herd on the 
new allotment, and the amount of time 
plants were exposed to grazing was 
shortened. Consequently, plants 
would have more time during the 
growing season to recover from the ef- 
fects of livestock grazing. 

One alternative to the proposed ac- 
tion would not have changed manage- 
ment practices. Under this "no action" 
alternative, trend of vegetation and soil 
conditions on 40 percent of the land- 
scape would continue to decline. 
Trend of range condition on the other 
60 percent of the landscape would be 
split between no measurable change 
and improving. 

A third alternative to the proposed 
action would eventually lead to no live- 
stock grazing on the landscape. Under 
this alternative livestock grazing would 
be phased out as grazing permits ex- 
pire and the landscape would be de- 
voted exclusively to other purposes. 

During the course of the analysis a 
grazing permit assigned to the 
Hereford/Love Mesa allotment was 
given back to the government. The 
Hereford/Love Mesa allotment is locat- 
ed near the center of the Uncom- 
pahgre planning area (grazing allot- 

Table I. 
Overview of Proposed Action 

• Provides for 69,985 animal unit months of cattle grazing. • Makes five combinations that included 11 of 21 allotments. • Provides for the preparation of 15 new allotment management plans that capitalize 
on existing improvements. • Provides for quick moves from one pasture to the next during periods of rapid plant 
growth. • Provides for each pasture to be grazed once during the summer grazing season. • Allowable use on uplands is no more than 50 percent of current years growth. • Livestock are cleaned from pastures within five days of the date of a move. 

• A tour inch stubble height will be left on tall sedges in spring use pastures. • A tour to six inch stubble height will be left on tall sedges in summer and fall use 
pastures. • The proposed action applied several management requirements for locating salt, 
range improvements, and threatened and endangered species and coordination 
with personnel who work for the Bureau of Land Management. • Range improvements: 
78 water developments 
13 miles of fence removal 

1 corral 
17 erosion control structures 
2 water catchments 

26 miles of fence 
1,800 acres of prescribed burning 

4.5 miles ot stock trail 
1 cattleguard 



RANGELANDS 20(6), December 1998 19 

ment map). This became a key event 
in the process because this transaction 
made it possible to correct some of the 
resource problems identified on the 
landscape. The interdisciplinary team 
capitalized on these opportunities by 
making simple changes in the way live- 
stock grazing would be managed. 

Specifically, one half of the livestock 
permitted to graze on the Monitor al- 
lotment were moved to the Here- 
ford/Love Mesa allotment. Once com- 
pleted, a number of changes were 
made to allotment boundaries. A large 
pasture from the Monitor allotment 
was moved to the Twenty-Five Mesa 
allotment. Then a portion of the 
Hereford/Love Mesa allotment was 
split off and attached to the Dry Fork 
allotment. These changes resulted in 
a closer match between the grazing 
capacity of the land and the stocking 
rate on each allotment. 

One question remains unanswered. 

"Was it worth it?" To respond to this 
question one must first understand 
that some costs do not change in any 
environmental analysis. These include 
the cost of collecting field data and op- 
erating the local Forest Service organi- 
zation. If these costs were disregarded 
savings could be calculated by com- 
paring the cost of doing one environ- 
mental assessment for a large land- 
scape instead of one for each allot- 
ment within that landscape. Econ- 
omies of scale provide for greater effi- 
ciency when several allotments are 
analyzed at once instead of one at a 
time. Forest records indicate that the 
costs for completing the Uncompahgre 
Rangeland analysis and assessment, 
which include manpower, travel and 
supplies, was $20,800. Compare this 
figure with the cost of doing this same 
work for a typical range allotment on 
the Grand Mesa, Uncompahgre and 
Gunnison National Forest, which is ap- 

proximately $6,000. If 21 assessments 
were prepared that would equal a cost 
of $126,000. This value minus the cost 
of the Uncompahgre Rangeland 
Initiative project would result in a sav- 
ings of $105,200. 

In summary, limited funding may be 
a barrier to accomplishment, especial- 
ly when the volume of work is not 
closely matched with established time 
frames. A landscape approach to an 
environmental analysis and assess- 
ment has the possibility of extending 
limited financial resources in two ways. 
Streamlining the environmental analy- 
sis process is one way. The process 
may be streamlined by narrowing the 
scope of a decision to four key issues 
and collecting data that measures the 
effects of one alternative compared 
with another is also a part of the sav- 
ings equation. Likewise, when the 
number of alternatives analyzed is low, 
the cost to complete a project is pro- 
portionately lower. Collecting informa- 
tion from areas that have conditions 
that are representative of conditions in 
other places on the landscape may 
also save time and money. 

Savings may also be realized by tak- 
ing advantage of opportunities that exist 
upon a broad landscape. Such opportu- 
nities include combining small allotments 
into larger allotments, moving permitted 
livestock to vacant allotments and 
changing allotment boundaries. 

An environmental analysis conducted 
on a broad landscape basis shows 
great promise. Uncompahgre Range- 
land Initiative Project is an example of 
simplifying the environmental analyses. 
It extended the area of analysis, limited 
the scope of the decision, and focused 
on the significant issues. The project re- 
sulted in a quality analysis that effective- 
ly displayed the impacts of livestock 
grazing on the Uncompahgre Plateau 
and allowed managers to make good 
resource decisions. 

On September 27, 1996, a decision 
was made to implement the proposed 
action. No appeals or lawsuits were 
filed. The decision is currently being set 
in motion on the Uncompahgre land- 
scape. 

The author is a range conservationist 
with the Grand Mesa, Uncompahgre and 
Gunnison National Forest and lives in 
Montrose, Colorado. 

Uncompahgre Rangeland Initiative 
Grazing Allotments 

Deh. 

Grand Mesa, Uncompahgre and Gunnison National Forests 
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Cattle and 
Quail: Hand- 
in-Hand on 
Ran geland 

Tom Ben Williams 

S 
ir Isaac Newton acquired a reputation as a highly 
renowned physicist, but would he have achieved that 
same legacy as a wildlife manager? Probably not. His 

Third Law of Motion—"to every action there is an equal and 
opposite reaction"—rnay be all well and good for physics, but it is just too simplistic for rangeland resource manage- 
ment. In wildlife management (which is based on ecology 
and not physics), to every action there are many reactions, 
some are very apparent while others are more transparent 
(Rollins 1996a). 

In the past, native animals supported humans, by provid- 
ing a staple food source. Through time people discovered 
that ranching and farming were more dependable re- 
sources for survival than hunting and gathering. But today, 
ranching is not as economically secure and is in need of a 
"boost". The effective utilization of native wildlife (via leas- 
ing trespass rights) can yield more profit per acre to some 
landowners than livestock operations alone. An average 
price per acre for a cattle lease in Texas fluctuates around 
three dollars, but a quail hunter can expect to pay up to four 
dollars an acre (Rakowitz 1996). Four dollars minus three 
dollars equals one dollar. That is simple mathematics prov- 
ing you could earn a profit by incorporating a wildlife enter- 
prise. Thus bringing the concept of combining wildlife and 
livestock into focus. A good example of this relationship in- 
cludes quail and cattle going hand-in-hand on rangeland to 
produce a two-way income. Nevertheless, the catch to the 
whole idea consists of proper management. 

Aldo Leopold, recognized as the "Father of Wildlife 
Management," clearly had an understanding of trade-offs 
when he reminded wildlife managers that, 'The urge to 
comprehend must precede the urge to reform." In other 
words we need to understand how quail and cattle affect 
one another. Habitat containing approximately 30—50% tall- 
grass, 40—60% midgrass, and 10—15% shortgrass, with the 
three types well interspersed, is ideal for quail and works 
well for cattle also (Bidwell et al. 1985, Drawe 1994). With 
further investigation into the quail's lifestyle, the four main 
ingredients to a quail's habitat become evident. These 
items, no different than other wildlife species' needs, in- 
clude water, shelter, food, and space. 

Water is the habitat component least likely to be limiting 
the quail (Guthery 1986). Quail need about a half teaspoon of water each day and this need is usually met by succulent 
herbs, insects, or dew (Rosene 1969). Also, metabolic 
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water is produced during digestion and provides an addi- 
tional source of water. Surface water is not essential for 
quail, although it may be used if provided. Such "free" water 
can be managed (e.g., perhaps by adjusting floats on water 
troughs to allow a seep) to facilitate green vegetation and 
insect numbers during dry weather. 

Shelter is necessary for escaping predators and can also 
be used for loafing. Low-growing woody plants like agarito, 
littleleaf sumac, lotebush, mesquite, and whitebrush are 
used for protective covers from aerial and ground preda- 
tors. These canopies need to be arranged in a patchwork 
quilt-like fashion, known as interspersion, to promote popu- 
lation growth. This cover must also persist during cold 
weather when thermal protection is needed. Nesting cover 
(a requirement) contributes to population growth. Practically 
any tall warm-season grass (more specifically unburned 
bunchgrasses, such as native bluestems, Indiangrass, 
switchgrass, and sideoats grama) may be used for this pur- 
pose. Little bluestem clumps 
about the size of a basketball are 
ideal for quail (Guthery 1986). A 
recent evaluation of nest site se- 
lection by quail in West Texas re- 
vealed a surprising fidelity for 
nesting in, or adjacent to, prickly 
pear, because of its protection 
against predators (Slater 1996). 

Food is always a management 
concern. The diet of an adult 
quail may consist of insects, 
seeds, and fruits of native forbs, grasses, shrubs, trees, and 
cultivated crops. Many of the good seed-producing forbs 
("weeds") desirable for quail are also high on the shopping list for sheep, goats, and deer (Rollins 1996b). A prerequi- 
site for obtaining adequate food supplies involves plant suc- 
cession occurring at different stages throughout an area 
(Bidwell et al. 1985). This will enable a variety of seed types to be available for quail. 

A bobwhite stands tall in the saddle at about six inches 
(Rollins 1996b). As such, a dense pasture becomes a jun- 
gle. Bare ground is an important quail habitat component 
accustomed for food gathering, dust-bathing, and gives 
quail chicks accessibility to move about. Quail (peculiar 
creatures) would prefer to scratch for seeds on bare ground 
rather than pick them from a plant. Dust-bathing would 
sound absurd to humans, but for quail it is a rewarding 
method of parasite control. 

Managing for livestock and wildlife involves two different 
ways of thinking. John Richard (Rich) Anderson, a noted 
Texas rancher in his cowboy hat stated, "Our business is 
really growing grass. Cattle gather the grass for us, and we 
market it as beef." So, brush is a nuisance from strictly a 
cattleman's standpoint. However, a hunter, dressed in a 
camouflaged hat (i.e., a wildlife perspective), eyes the 
same brush for his prey to come out. Hence, with two con- 
flicting thoughts vying for control, a new paradigm called, 'The Camouflaged Cowboy Hat' appears. This headgear 
implies the need to seek compromises between both ranch- 
er and hunter in order to maximize returns from rangelands 
(Rollins 1996a). 
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Now, how do you create quail habitat in cattle country? its, and cattle can be used to improve quail habitat. A range 
Aldo Leopold (1933) summed it up nicely when he stated, manager who understands the value of wildlife-based 
"The creative use of the same tools that were heretofore recreation should tip his "Camouflaged Cowboy Hat" to 
used to destroy wildlife and their habitats, namely the axe, mother nature knowing that it may soon become his major 
plow, cow, fire and gun, can also be used to restore wildlife source of income. 

populations." Four of these, the axe, plow, cow and fire, are The renowned prairie ecologist J.E. Weaver once stated 
tools employed by the range manager. that, "Nature is an open book for those willing to read. Upon /' The axe symbolizes brush management. This each grass-covered hillside is revealed the history of the /' approach to habitat enhancement might include past, the conditions of the present, and the hopes for the 

mowing, axing, root plowing, chaining, or bulldozing future." Yes, rangelands are an open book and class is in 

(Welch et al. 1995). Interspersion can be enhanced session every day on the back forty. Shall we get on with 

by mechanical means to produce brush strips or mottes. our homework? 
Cleared strips should be no more than one hundred yards 
wide and at least two hundred yards apart for quail popula- 
tions to flourish (Drawe 1994). The clearings would not only Literature Cited 
supply quail with a food source and an edge (a joining of 

Bidwell, T.G., S.R. Tully, A.D. Peoples, and RE. Masters. 1985. 
plant communities) for diversity but also would give both Habitat Appraisal Guide for Bobwhite Quail. Okia. Dept. WildI. 
cattle and quail easier maneuverability. On some ranges, Cons., Oklahoma State University. Circular E-904. (3rd ed.) 11 
brush cover is insufficient to harbor quail. In such areas, a 
technique to develop loafing and escape cover is half-cut- Carter, P.S. 1995. Post-Burn Ecology of Northern bobwhites in 

ting mesquite. Half-cutting consists of sawing mesquite West Texas. Angelo State University. (Dec.) 38 pp. 

branches half way through and breaking them over to make Drawe, D.L. 1994. Importance of Plant Succession, Interspersion, 

an umbrella canopy (Rollins 1997). Overall, the best thing and Cover Types to Quail Survival. Rob and Bessie Welder 
Wildlite foundation Contribution #421. Proceedings of the Texas 

about mechanical methods is that you can be selective in Quail Short Course. Texas A&M University. pp. 19—23. 

Guthery, F.S. 1986. Beef, Brush and Bobwhites. Ceasar Kleberg 
Wildlife Research Institute. Kingsville, Texas. 182 pp. Cowboy Hat'. 

how you tailor your 'Camouflaged 

Leupold, A. 1933. Game Management. Univ. of Wisconsin Press, The plow involves using farming 
Madison. 533 pp. techniques to create habitats suit- 

able for both livestock and quail. Reserving a portion of Lutz, S., G.L. Valentine, S. Nellie, D. Rollins, C. Coffman, and 
G. Miller. 1994. Wildlife Habitat Management on Former CRP 

cropland acres for annual food plots or leaving portions of Lands. Management Note 15. Texas Tech Univ. 4 pp. 
grain fields unharvested will benefit quail without unduly Rakowitz, L. 1997. The Significance of Prickly Pear on South 
sacrificing livestock forage (Lutz et al. 1994). Texas Rangelands. Rangelands. Vol. 19 (6). pp. 15—17. 

The cow represents responsible grazing man- Rollins, D. 1996a. Wildlife by Design. Livestock Weekly. (May 9) 

agement. With proper stocking rates, live- p. 20. 
stock grazing can be used as a tool to bene- Rollins, D. 1996b. Wildlife by Design. Livestock Weekly. (April 11) 

fit quail. Cattle can help promote plant p.20. 
Rollins, D. 1997. Wildlife by Design. Livestock Weekly. (Feb. 27) 

species diversity by their influence on sec- p. 16. 
ondary succession in the area. Controlling where Rosene, W. 1969. The Bobwhite Quail, Its Life and Management. 

and how the livestock graze can also improve quail habitat. Rutgers University Press. Rutgers, N.J. 418 p. 

Without cattle or fire, grass may become too dense, and Slater, S.C. 1996. An Evaluation of Prickly Pear as a Predator 

plant litter may crowd out desirable quail food plants mak- Deterrent in Nest Site Selection by Northern Bobwhites. Angelo 

ing travel and foraging difficult, especially for quail chicks State University. (Dec.) 52 pp. 
Umber, R.W., C.P. Pregler, and J.H. Eve. 1979. The Bobwhite 

(Umber et al. 1979). Quail in Oklahoma. Okla. Dept. Wildl. Cons., Oklahoma City, 
Fire, or prescribed burning, can be Oklahoma. 40 pp. 

another effective management tool if Welch, T.G., R.P. Smith, and G.A. Rasmussen. 1995. Brush 
used correctly. Burning can produce Management Methods. Tex. Agr. Ext. Service. B-5004. 17 pp. 

a number of desirable responses for 
both livestock and quail. In conjunc- 
tion with grazing, late-winter or early-spring burns in a 

Other Resources 
checkerboard or strip pattern every two to three years is 
recommended. Such patchwork burns ensure that enough 5th Battalion Bobwhite Brigade Camp. Top Cadet. 1997. Abilene. 
adequate escape cover and nesting cover is available on Dr. Rollins. 
the unburned patches. Prescribed burning is a complex tool Personal interviews with Dr. Rollins 1997. 

and should be used carefully (Carter 1995, Umber et al. Texas Youth Range Workshop Camp. 1997. Junction. Dr. Rector. 

1979). There are always going to be trade offs. However, 
livestock and quail can complement each other under good 
management. The axe, plow, cow, and fire, are manage- 

the rancher. Revenue from quail hunting can improve prof- This was the 1st Place winner in the High School Youth Forum con- 
ment tools, that if used correctly, can maximize revenues to Editor's Note: 

itability of livestock operations by producing additional prof- test at the SAM Annual Meeting in Guadalajara, Mexico, Feb. 1998. 
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will excite more American range 
ecologists, livestock production 
and pastoral development special- 
ists, ranchers, cowboys, and cow- 
girls to want to visit Tibetan range- 
lands in western China. 

Geography and Climate 
Stretching for almost 1,500km 
north to south and about 3,000km 
from east to west, the Tibetan 
Plateau encompasses an area of 
about 2.5 million km2 (equivalent to 
one third the size of the continental 
USA or almost as large as the 
country of Argentina). Comprising 
one quarter of China's total land 
area, the Tibetan Plateau is the 
largest and highest plateau on 
earth. Over 80 percent of the land 
area is above 3,000 m in elevation, 
and about half is over 4,500 m. As 
such, the plateau is an extremely 
harsh environment—undoubtedly 
one of the harshest pastoral areas 
on earth still used extensively by 
nomads. Some nomads maintain 
permanent camps at as high as 
5,100 m. Temperatures of minus 
30° C are often reached in winter 
and snowstorms are common even 

in summer. Annual precipitation 
varies from about 700 mm in the 
east to less than 100 mm in the 
west, with most of this falling dur- 
ing the summer, often as wet snow 
and hail. 

Rainfall in many parts of the 
Tibetan Plateau, especially the 
eastern region, is usually reliable 
because it is monsoonal. Forage 
growth is predictable for many 
areas and the system may appear 
to operate in a stable manner. 
However, even in these regions, 
heavy snow fall occurs periodically 
that devastates livestock herds and 
causes the system to function in a 
more non-stable manner. Unlike 
droughts in the semi-arid pastoral 
areas of the world, heavy snowfall 
does not usually negatively affect 
rangeland vegetation. In fact, heavy 
snowfall can lead to increased 
grass growth the next spring. With 
livestock numbers often reduced 
because of the blizzards, there is 
also less subsequent grazing pres- 
sure on the rangeland and vegeta- 
tion has a chance to recover from 
prior heavy grazing. 

Unlike the vast open steppes of 
Eurasia, grazing lands on the 
Tibetan Plateau are divided by 
rugged mountain ranges, deep 
river valleys, and large lake basins 
that give rise to tremendous diver- 
sity in topography, climate, and 
rangeland types. The rangelands 
are diverse in structure and com- 
position, varying from cold deserts 
to semi-arid steppe, and shrub- 
lands to lush alpine meadows. 
They display a diverse assortment 
of plant communities, wildlife 
species, and various, distinct 
nomad groups and nomadic pas- 
toral production practices. Like the 
Great Plains of North America, the 
rangelands of the Tibetan Plateau 
also evolved with large grazing ani- 
mals. Over millennia, wild ungu- 
lates such as wild yaks, Tibetan 
wild ass, Tibetan gazelle, and 
Tibetan antelope exerted an influ- 
ence on the vegetation and helped 
create a unique symbiosis be- 
tween plants and ungulates. In 
contrast to North America, where 
the livestock industry on much of 
the Great Plains is only a little over 
100 years old, the Tibetan steppe 
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has been grazed by livestock for 
thousands of years. Domestic 
grazing animals have, without a 
doubt, impacted the evolution of 
many Tibetan Plateau rangelands. 

The Tibetan nomadic pastoral 
area, which is a subregion of the 
Tibetan Plateau where pastoral 
nomadism is the dominant land 
use, encompasses a large area 
(Fig. 1). Within this region, there 
are areas at lower elevations, usu- 
ally along valley floors, where culti- 
vated agriculture is practiced and 
where pure pastoralism is not 
found. Nevertheless, over a huge 
area where crops cannot be 
grown, nomadic pastoralism is 
practiced. 

Across this huge, pastoral region 
the nomads share many things in 
common, despite the distances 
and different ecosystems involved. 
For instance, the pastoral land- 
scape is strikingly similar across 
the area. Whether it is in the alpine 
steppes near the headwaters of 

the Yangtze River in southwestern 
Qinghai Province or 1,000 km 
away in the marshes near the first 
great bend of the Yellow River in 

most outsiders, especially those 
from the lowlands unaccustomed 
to high elevation, cold, wind-swept 
steppes. 

Nomadic pastoral areas on the 
Tibetan Plateau are complex envi- 
ronments that appear to function 
as highly dynamic ecosystems. 
Over much of the region, there is 
considerable variation in forage 
production from one year to anoth- 
er due to different precipitation pat- 
terns. There are even substantial 
differences in grass growth in a 
small geographic area within one 
year due to local climatic patterns. 
Winters on most of the Tibetan 
Plateau are generally dry with only 
light snow, and animals can usual- 
ly graze all winter. However, se- 
vere winter snow storms occur pe- 
riodically that bury forage, often re- 
sulting in large numbers of live- 
stock deaths. Low temperatures 
that often accompany these snow- 
storms put additional stress on 
livestock and prevent snow from 
melting as well. These climatic per- 
turbations add to the complexity of 
the pastoral system. 

A Tibetan nomad 
family near Lugu in 
southwestern 
Gansu Province. 

Pastoral History on the 
Tibetan Plateau 
When examining Tibetan nomads 
and nomadic pastoralism on the 
Tibetan Plateau today, it is impor- 
tant to keep in mind the region's 
long pastoral history. The move- 
ments of early hunters, herders, 

Fig. 1. TIbetan nomadic pastoral area In western China. 

northwestern Sichuan Province, 
the landscape is comparable. It is 
a steppe landscape battered by 
wind, frequent changes in the 
weather, severe storms, and re- 
markable temperature changes 
even during the course of a 12- 
hour day. It is a plains and moun- 
tain environment inhospitable to 
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traders, and warriors across the 
Tibetan rangelands had a major 
impact on the later historical devel- 
opment of nomadic kingdoms and 
dynasties throughout Central Asia. 
They, in turn, affected how pastoral 
areas were used. Understanding 
the historical developments that 
took place on Tibetan rangelands 
is invaluable in comprehending the 
present ecology of the landscape. 
It also helps to inculcate a better 
appreciation for present day 
Tibetan nomads and their long ex- 
perience herding livestock across 
the Tibetan steppe. 

Long before the first nomads ven- 
tured into the grazing lands of the 
Tibetan Plateau, there were no- 
madic hunters present. In many 
places on the Tibetan Plateau, 
stone artifacts such as microliths, 
scrapers, blades, and microblade 
cores have been found that are 
possibly 20,000 to 30,000 years 
old. 

The development of nomadic pas- 
toralism on the Tibetan Plateau 
was certainly shaped by nomads 
radiating into Tibetan rangelands 
from Central Asia to the north and 
west. Domestic animals such as 
sheep, goats, and horses were 
probably brought into Tibetan graz- 
ing lands from the west by Central 
Asian nomads moving into the 
area. The Tibetan black, yak-hair 
tent, for example, is strikingly simi- 
lar to the black, goat-hair tents of 
nomad tribes in Afghanistan, Iran 
and Iraq. Nomads, believed to 
have originated from the Kurgan 
culture of southern Russia, ex- 
panded into the Indian subconti- 
nent about 3,500 years ago. They 
brought with them not only the 
practice of nomadic pastoralism 
but also the lndo-European lan- 
guages that they spoke. 

Corridor region on the northeast- 
ern edge of the Tibetan Plateau in 
the second millennium BC. They 
must have moved into the region 
long before, probably following 
trails into the Tibetan frontier re- 
gion that later became the famed 
Silk Route. 

The Qiang, nomadic tribes be- 
lieved to be the ancestors of mod- 
ern Tibetans, were known to the 
Chinese in the Hsia dynasty 
(2205-1766 BC). They were nu- 
merous and widespread in the 
grazing lands of the northeastern 
Tibetan Plateau, in what is now 
eastern Qinghai and western 
Gansu Provinces of China, It is be- 
lieved the Qiang originated from 
tribes of the neolithic Yangshao 
culture, based in the Wei River val- 
ley of the Upper Yellow River 
basin. These tribes moved west 

Nomadic pastoralism originated 
about 9,000 years ago with the do- 
mestication of goats and sheep in 
the mountains of southwest Asia in 
what is now northeast Iraq and 
northwest Iran. Concomitant with 
cereal cultivation, which began 
somewhat earlier in the same gen- 
eral area, animal husbandry quick- 
ly dispersed from this center of ori- 
gin into Central Asia. 

Domestication of the yak, however, 
undoubtedly originated on the 
Tibetan Plateau, most likely by 
some very daring early hunters. 
Chinese scholars claim that yak 
husbandry is about 4,000 years old. 
Whenever it began, the domestica- 
tion of the yak was the single most 
important factor in the development 
of nomadic pastoralism on the 
Tibetan Plateau. Domesticated 
yaks enabled nomads to exploit 
Tibetan rangelands and to earn a 
living there. 

Other Central Asian nomads start- 
ed moving into the grazing lands of 
the northeastern part of the 
Tibetan Plateau. The Yuezhi, an 
Indo-European speaking nomadic 
tribe, were known to reside in the 
Qilian Mountains and the Gansu 

into the Tibetan Plateau highlands 
in the fourth millennium BC and 
took up a mixed hunting-gathering, 
animal husbandry, and agricultural 
way of life. As early as 4,000 years 
ago, the Qiang nomadic tribes 
were known for making a fine 

Tibetan nomad tent and yaks at 4,800 m near Phala in the Tibetan Autonomous 
Region 
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woolen woven material in their 
camps in the Kunlun Mountains on 
the northeastern edge of the 
Tibetan Plateau. 

The consolidation of power among 
Qiang tribes on the Tibetan 
Plateau in the period between the 
Han (220 BC—202 AD) and Tang 
(618 - 907 AD) dynasties led to the 
formation of early nomadic king- 
doms of considerable size in the 
Tibetan rangelands. One of these 
was the legendary Women's 
Kingdom located in the mountains 
south of the headwaters 
of the Yellow River. For 
long periods during the 
time between the Han 
and Tang dynasties, 
Tibetan tribal federations 
and dynasties controlled 
much of western China 
and the Silk Road. 

The Silk Road skirted 
the edge of the Tibetan 
Plateau, and it was 
crossed by other well-es- 
tablished caravan routes 
linking China, Tibet, India, and 
Europe. Tibetan nomads would 
have supplied pack animals (hors- 
es, mules, yaks) for caravans car- 
rying goods on the Silk Route. 
Annals from the Chinese Han dy- 
nasty indicate that large trade 
marts had been operating for cen- 
turies in the Qinghai Lake region 
on the northeastern edge of the 
Tibetan Plateau, with horses highly 
valued. 

In the third century AD, a nomadic 
tribe known as the T'u-yu-hun, 
from eastern Siberia, moved into 
the northeastern Tibetan Plateau 
rangelands. One of their mainstays 
was horse breeding and by the be- 
ginning of the fifth century the T'u- 
yu-hun had become a powerful 
kingdom. Their strength and influ- 
ence was due to their control of the 
lucrative Silk Road. The T'u-yu- 
hun maintained dominion over 

much of the northeastern Tibetan 
Plateau until the seventh century 
when the expanding Tibetan 
Empire overpowered them. 

During the reign of the Tibetan 
King, Songsten Gampo (602—650 
AD), the Tibetan Empire emerged 
as a force to be reckoned with in 
Central Asia. Marching out of their 
capital in the Tsangpo Valley in 
central Tibet, Tibetan troops con- 
solidated disparate Tibetan no- 
madic groups and in 660 con- 
quered the T'u-yu-hun. In 763, 

Tibetan troops even captured and 
briefly held the Chinese Tang dy- 
nasty capital at Chang-an (modern 
day Xian). By the end of the eighth 
century, Tibetan territory included 
vast domains in Central Asia and 
they controlled much of the Silk 
Route. Tibet's control of Central 
Asia and their monopoly of the 
major trade routes lasted well into 
the ninth century. 

At its height in the 7th and 8tt' cen- 
turies, the Tibetan Empire was re- 
ceiving an annual tribute of 50,000 
bolts of silk from China. For much 
of the period of Chinese-nomadic 
interaction, the amount of and fre- 
quency with which goods were ex- 
changed was often dictated by the 
nomads. Contrary to widely held 
beliefs about Chinese domination 
over the barbarian nomadic tribes, 
in reality it was often the Chinese 
who offered tribute to nomad 

rulers. Silks and princesses were 
presented to the nomads in ex- 
change for a cessation of hostili- 
ties. Homage was also made by 
the Chinese in order to establish 
trade marts on the steppe frontier. 
During the Tang dynasty (618 — 

907 AD), a lively tea-horse trade 
developed in the northeastern 
Tibetan rangelands with China 
supplying tea in exchange for 
Tibetan horses, which were re- 
quired by the Chinese military in 
large numbers. 

Tibetan nomad tent and 
yaks tied up for milking, 
near Hon gyuan, Sichnuan 
Province. 

The Tangut Kingdom, centered in 
what is modern day Ningxia and 
Gansu Provinces of China, con- 
trolled much of the northeastern 
Tibetan Plateau from the tenth to 
thirteenth century. The Tanguts, 
known as the Xi Xia in Chinese, 
were related to the Tibetans, and 
were a powerful force in the 
steppes of Central Asia until they 
were over run by the Mongols 
under Chinggis Khan in 1227. 

Mongol influences in Tibetan 
rangelands dates back to the 13th 
century when Khubilai Khan dis- 
patched Mongol troops to Tibet 
and set up an administration sys- 
tem patterned on Mongol rule in 
conquered territories. In the early 
1600s, the Koshot Mongol chief, 
Gushri Khan invaded Tibet, which 
resulted in many Mongols settling 
in Tibetan areas. Mongol nomads 
still inhabit grazing lands in the 
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Nomads returning home after going on a pilgrimage to Lhasa. 
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Qaidam Basin and surrounding 
Kunlun Mountains in Qinghai 
Province. Many Mongols that set- 
tled in the northeastern Tibetan 
grazing lands have become 
Tibetanized over the centuries but 
they continue to use the traditional 
Mongol felt tent, or ger (yurt). 

The foundation for the rise of all 
these tribal federations, kingdoms, 
and empires on the Tibetan 
Plateau were the rangelands. The 
boundless, fertile grazing lands 
and the livestock supported by 
them helped to create prosperous, 
pastoral-based cultures. Tibet's 
vast grazing lands nurtured a pro- 
lific pastoral industry based on 
sheep, goats, and yaks, all of 
which produced valuable fiber. 
Tibet was rich with wool, yak but- 
ter, and horses. The pastoral land- 
scape also attracted nomads ac- 

customed to tending animals. This 
pastoral legacy facilitated organi- 
zation of mounted troops that 
could travel swiftly and conquer 
far-flung territories. Without such a 
pastoral setting the nomad tribes 
of the Tibetan Plateau would never 
have developed into such an extra- 
ordinary civilization. 
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ferent trips to Tibetan nomadic pastoral 
areas in western China. He is presently 
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Editor's Note: This is the first part of 
a 3-part series. Part 2 and 3 will be in 
subsequent Range/and issues. 
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Drought, No Fear! 
LORI MOLDENHAUER 

Drought Management." It sounds like a great idea, but the sheep graze short grass and wildlife browse on trees and 
term might be an oxymoron since droughts have a tenden- bushes. A diversity of animal species can be used in a 
cy to manage us. Nevertheless, there still needs to be a grazing rotation allowing each grass or browse a two rota- 
"survival" strategy which recognizes the importance of plan- tion rest period. Even though diversification is extremely im- 
ning. The plan should be flexible enough to deal with the in- portant, the animals should be in good health and should 
dividual circumstances of each drought as it comes. be raised on a pasture where the carrying capacity is not 
Droughts are normal events in all environments, and as over exceeded. 
such, they have plagued all agriculturists since the begin- Pasture and range management is especially important 
fling. In 1934, the "Dust Bowl" caused 3.5 million people to during a drought in order to economically provide feed for 
leave the "Dust Bow" region which included Kansas, livestock. Although plant growth is minimal during a drought 
Nebraska, Oklahoma, Texas, and New Mexico. This there are management practices that will maximize produc- 
150,000 square mile region of the Great Plains lost an esti- tion from rainfall that does occur. For instance, controlling 
mated 650 million tons of topsoil which affected the crop cedar, brush and other weeds and replacing it with desir- 
and livestock production in 1934. The 1996 Drought also able grasses can be used. Weed and brush management 
had some difficult obstacles for Texas to get through. The can effectively be used to get limited rain to the more desir- 
"Drought of 1996" cost the Texas State economy 6.5 billion able plants. Forage crops can also be used to provide 
dollars. During the drought only 6 percent of the range and mulch, as well as minimize evaporation. Perennial plants 
pasture rated good while 62 percent rated poor. The previ- need to be protected from close, continuous grazing in 
ous year (1995) range and pasture rated 39 percent good order to survive. Rest periods should be increased in every 
and 12 percent poor. With prior planning these percentages pasture. During a drought, this means at least 80 to 120 
could have been improved. Planning before, during and days. In order to achieve this lengthy rest period, pastures 
after will help keep Texas ranches from having economical should be grazed according to a plan. Electric fencing can 
problems like in previous drought. be used for specialized grazing techniques such as creep 

Before a drought, various range and pasture manage- grazing, limited grazing or grazing based on animal require- 
ment procedures can be implemented. The management of ments. 
perennial pasture is different than that of annuals. Livestock producers are sometimes forced to liquidate 
Perennial pastures should be 

_________________________________________ cattle and sheep due to drought 
used moderately to develop and conditions. This may qualify the 
maintain deep rooted forage producer for special income tax 
plants. Heavy use develops Never, ever drought feed! consideration. The producers 
plants with shallow roots, which must separate the income and 
will dry out sooner. Cross fencing __________________________________________ expenses of breeding and non- 
can be a tool used to control breeding livestock enterprises 
when and where grazing occurs. Since an annual pasture which may allow these two livestock enterprises to be treat- 
depends on adequate moisture at the right time, the possi- ed differently from a tax standpoint. The producer can elect 
bility of zero forage production exists. This type of pasture to defer income or to postpone gains. 
can not be relied upon during a drought, due to the inability However, it is important that livestock producers consult 
to predict the amount of precipitation. However, with ade- their tax preparers or other qualified professional prior to 
quate moisture an annual pasture may produce forage two selling livestock due to drought conditions. 
to four times that of a perennial pasture. For a high quality, When it gets dry, nutritional requirements can be adjust- 
it must be hayed, stored and used over time. ed. For example, weaning a calf changes the cow from a 

Although there are many techniques available to manage lactating to a dry status. This change in physiological status 
livestock before a drought, one key word comes to mind, does two things that help during a dry spell. First, nutrient 
Diversification. This concept is stressed at home, at school, requirements are reduced which mean cows can be main- 
at judging contests and just about anywhere where the tamed on a lower quality diet. Second, dry cows eat less 
word agriculture comes up. In order to survive fluctuating than lactating cows, allowing current forage levels to be 
prices in livestock, a diversity of livestock should be main- used over a longer period of time. Meeting nutritional re- 
tained. Current species used in the Texas hill country in- quirements from pasture or range forage is the most eco- 
dude: cattle, sheep, goats, wildlife, native wildlife & exotic nomical approach. Never, ever drought feed! Drought 
species. To allow rangeland a period of growth, a combina- feeding is very expensive and if one doesn't know how long 
tion of various animals is needed. Cattle graze tall grass, the drought will last, a rancher could be paying for the ani- 
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mals several times over . "What can be done to aid or 
Drought feeding leads to Drought can cause changes to occur in the speed up range recovery?" 
overstocking, deterioration of •1 . • Drought can cause changes 
pastures and bankrupt ranch- pIaflLS, SOli anu anima's. to occur in the plants, soil and 
ers. A feeding program for a ________________________________________________ animals. Observations or 
rancher during a drought awareness of these changes 
should include protein supplements such as blocks, cakes, can serve as guideposts to understanding further deteriora- 
cubes and pellets. Unfortunately, we usually can not predict tion or future improvement. If these changes are not evalu- 
when a drought will occur, and therefore flexibility in plan- ated, improvement and grazing practices that are selected 
ning becomes crucial. Balancing forage supply to animals may not contribute to improvement in the recovery period. 
dry matter demand is a problem that occurs when a Some indicators that show range condition is deteriorating 
drought hits. Something a rancher should remember is that are as follows: Decrease in vigor and number of desirable 
a 1,000 pound dry cow requires about 20 pounds per day species, appearance of invader plant or an increase of less 
of dry forage, or 2,400 pounds per month. It is important desirable plant species. The indicators that a range land is 
that the rancher keep his livestock's body condition on a improving are an increase in number and vigor of desirable 
scale of five prior to calving, which in other words means no species, invading species less vigorous and less abundant, 
ribs showing. bare spots on gullies or trails are healing and there is an in- 

When dealing with a drought, several possibilities exist. crease in desirable plant seedlings. Management practices 
Each plan should be influenced by the financial conditions for range improvement following a drought should be modi- 
of the operator and their desire to remain in the livestock fled as conditions change. Several years of careful treat- 
business. Selling out entirely would be an economical plan ment may be necessary to overcome the effects of serious 
for a rancher who plans to quit the ranching business, drought on vegetation. A period of good conditions for plant 
Selling the herd only would be a safe way to go but then growth is the time to overhaul your range management pro- 
when the drought is over you would have to start from gram. 
scratch. A process one rancher has suggested for initial In conclusion, a drought is a traumatic experience that 
and worsening drought conditions: can cause a person to tremble in their shoes just at the 

(1) move yearlings or replacement heifers to lease grass, thought of it. This is why planning before, during, and after 
or sell, a drought is essential to surviving a drought. The best time 

(2) Cull borderline and old cows that probably would be to think about a drought is when it is raining straight down. 
culled at or near the end of the drought due to old age Start planning now because when you realize that there is 
or other reasons, a drought in effect it is to late to plan. 

(3) supplement weaned calves and the cow herd only as 
cash receivers will allow borrowing money to pur- 
chase feed only increasing risk, 

(4) remove calves from the cows earlier than normal, 
(5) determining the maximum amount of money that can Editor's Note: 

be spent per cow per year for food purchases, This was the 3rd Place winner in the High School Youth Forum 

(6) estimate the difference between the value of a pro- contest at the SRM Annual Meeting in Guadalajara, Mexico, Feb. 

ductive cow sold now and the replacement costs 
when the drought breaks. 

Commercial member 
Holt Company of Texas 
Attn: Howard D. Hicks 

P0 Box 207916 
San Antonio, TX 78220-7916 
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DON'T MISS THESE 

Scott L. Kronberg and John W. Walker 

Sheep and goats are used to control and utilize leafy spurge 
(Euphorbia esula L.) in many western states and Canadian 
provinces. A series of pasture and feeding trials were conducted in 
Idaho and North Dakota to determine if preference for leafy spurge 
differs because of sheep origin and (or) site location. Results show 
that preferences result from differences in the leafy spurge growing 
on the sites rather than from the differences in origin of the sheep. 
These and other results indicate that using sheep to manage leafy 
spurge may be more successful on soils with higher fertility. 

Jeanne C. Chambers, Robert R. Blank, Desiderio C. Zamudio 
and Robin J. Tausch 

Little information exists on soil characteristics for classifying or evalu- 
ating riparian ecosystem types or conditions. We examined the influ- 
ence of water table depth and watershed geology on physical and 
chemical soil properties of wet and mesic meadow ecosystems in cen- 
tral Nevada. Bulk density, organic matter, total nitrogen, cation ex- 
change capacity, and pH were highly responsive to water table depth, 
while soil particle size, pH, and exchangeable phosphorus were influ- 
enced by watershed geology. Riparian physical and chemical soil 
characteristics exhibit high spatial variability at both local and regional 
scales and must be carefully interpreted when classifying ecosystems 
or evaluating ecosystem condition. 

Jeffrey P. Bonner and Timothy E. Fulbright 
I 

White-tailed deer graze the edges of warm-season food plots with lit- 
tle use of the Interiors, We planted food plots in a design that includ- 
ed travel lanes free of vegetation to determine if deer would use the 
Interior of the plots. Deer used the perimeter of plots until forage was 
depleted, regardless of planting design, and utilized plot interiors 
once forage at the perimeter of plots was depleted. Designing food 
plots to maximize perimeter would minimize energy expended by 
deer in travel to forage and provide greater proximity of forage re- 
sources to escape cover. 

Stuart Hardegree, Steven S. Van Vactor, Frederick B. Pierson 
and Debra E. Palquist 

The spatial and temporal variability in seedbed microclimate makes it 
very difficult to infer potential field seed establishment from laboratory 
data. Studies were conducted to estimate the errors associated with 
prediction of variable-temperature germination response from fewer, 
constant-temperature germination data. Predicted and measured cu- 
mulative germination response generally coincided to within a day for 
most temperature treatments except for the most slowly germinating 
subpopulations of seeds Thermal response models can be parameter 
ized from relatively few experimental data to provide predictive infer- 
ences relevant to a wide number of variable-temperature conditions. 

Roger L. Sheley, James S. Jacobs and Rajendra P. Velagala 

Spotted knapweed control is often short-termed if desirable species 
are not available to occupy safe sites opened by control procedures. 
We evaluated the impact of 4 intermediate wheatgrass seeding rates 
in combination with tillage and herbicide control on wheatgrass es- 
tablishment at 2 spotted knapweed infested rangeland sites in 
Montana. Seeding at the recommended rate (500 seeds m2) failed to 
establish wheatgrass whereas the extraordinarily high seeding rate 
(12,500 seeds m2) established wheatgrass where there was no 
tillage or glyphosate. High seeding rates help overcome weed com- 
petition during establishment and increase the probability of desirable 

Abdullalif Suleirnan, Erasmus K. Okine, Laksiri A. 
Goonewardene, Phyllis A. Day, Barry Yaremcio, and 

Guillermo Recinos-Diaz 

Information on the yield of grasses as the plants mature is useful to 
optimize grazing potential and quality hay production. Using both 
NIRS and standard analyses, the yield and feeding values of 11 com- 
mon prairie grasses were evaluated over 2 yearly cycles of growth to 
determine which grasses may require supplementation to meet nutri- 
ent requirements of grazing cattle. Most grasses reached maximum 
yield in 8 to 12 weeks and the quality declined as the grasses ma- 
tured. While the Ca and protein levels in all grasses were adequate 
for cattle, some of the pastures would require P supplementation. 

b-" oI 
NEW articles from the January issue of 

JuxnaL o lilange Jilt anagement 

Sheep Preference for Leafy Spurge from 
Idaho and North Dakota 

Predicting Variable Temperature Response 
of Non-Dormant Seeds from Constant 

Central Nevada Riparian Areas: 
Physical and Chemical Properties of 

Meadow Soils 

Enhancing Intermediate Wheatgrass 
Establishment in Spotted Knapweed 

Infested Rangeland 

Spatial Use of Warm-Season Food Plots 
by White-tailed Deer 

Yield and Feeding Value of Prairie Grasses 
in East-Central Alberta 
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Livestock-Guarding Dogs in Norway: 
Part I. Interactions 

I 
inger Hansen and Morten Bakken 

I 

Livestock-guarding dogs are a potential means of protecting sheep 
from predators. A study evaluated the behaviour of Great Pyrenees 
in interaction with livestock, dogs, horses, reindeer, and bear to de- 
termine if they might be suitable for protecting livestock in Norway. 
The dogs showed a non-aggressive behaivor toward unfamiliar peo- 
ple, other dogs, or livestock and were willing to chase bears, but 91% 
of the dogs also chased reindeer. While the Norwegian iines of the 
Great Pyrenees exhibited suitable traits that are desirable in livestock 
guarding, their tendency to chase reindeer may cause conflicts in 
reindeer herding areas. 

A Qualitative Spatial Model of Hardwood 
Rangeland State-and-Transition Vegetation 

Dynamics 
Richard E. Plant, Marc P. Vayssieres, Steven E. Greco, 

Melvin George and Theodore E. Adams 

State-and-transition models in range management have generally 
been implemented with simple printed flow charts. Methodology was 
developed for implementing the models as computer simulations and 
linking them with geographic information systems. On the scale of an 
individual paddock, the developed model was able to detect spatial 
inconsistencies in the state-and-transition models such as the persis- 
tence of treeless areas. The approach is feasible in both small and 
large scale use for a manager to identify unintended consequences 
ot management decisions. 

Use of Livestock and Range Management 
Practices in Utah 

j 
D. Layne Coppock and Alan H. Birkenfeld 

I 

Vanation in priority concerns, management strategies, and rates of up- 
take for 26 land-, livestock-, and finance-based practices were exam- 
ined among 340 rangeland operators in 1993. Data were collected 

using a mailed survey Five distinct socioeconomic groups were identi 
fied, but groups were similar in terms of a shared priority concern that 
future access to public land would be reduced, a dominance of passive 
management behavior, and exhibiting a wide range of adoption rates 
(3 to 92%) for various management practices Understanding human 
management behavior is important to better target applied research 
and extension and assess impact of technology. 

Effect of Pasture Renovation on Animal and 
Plant Performance in Aspen Parkland Pasture 

of Western Canada 

Duane H. McCartney, John Waddington and Leonard P Lefkovitch 

Extending the present 4 month grazing season in the aspen park- 
lands of western Canada is of major economic interest to cow-pro- 
ducers. A long-term study compared the present practice of continu- 
ous grazing with no fertilizer to a rotational system of 4 paddocks fer- 
tilized in alternate years and a 6 paddock rotational grazing system 
including fertilization and species replacement by cultivation and re- 
seeding. Fertilization and rotational grazing increased forage yield 
and animal gain, and decreased yearly variability. This better allows 

producers to balance cattle numbers to offset weather vagaries. 

Effects of Management of Species Dynamics 
of Canadian Aspen Parkland Pastures 

John Waddington, Duane H. McCartney and 
Leonard P. Lefkovitch 

Productivity of smooth brome-alfalfa pastures on low-fertility soils in 
the aspen parklands of western Canada declines after establishment, 
and increases for only a short time after rejuvenation treatments 
Species basal cover was measured using the point quadrat method 
for 14 years after applying several grazing, fertilizing and reseeding 
treatments. Species relative proportions changed rapidly with 
changes in management and weather poorly adapted species de 
dined to low levels. The study demonstrates the limitations of stan- 
dard rejuvenation and grazing management recommendations to per- 
manently increase productivity. 

Aerial Films and Solar Angles: 
Influences on Sagebrush Inventory 

I 
Livio Fent 

The terminology associated with aerial photos for remote sensing is 

changing with major improvements in films, cameras, and lenses 
which requires updated operational specifications for interpreting 
rangeland vegetation. Five aerial films and 3 solar were evaluated by 
7 photo interpreters to determine the optimal conditions for interpret 
ny silver sagebrush in Alberta Canada at a scale of 1 20000 Kodak 
Panatomic-X 2412 film flown at relatively low sun angles provides the 
best results for interpreting silver sagebrush cover and density, with 
oolor films showing an advantage for interpreting plant vigor 
Modifications in air photo specifications for rangeland appiications 
may be warranted. 

A Chamber Design for Measuring Net CO2 
Exchange on Rangeland 

Ray Angell and Tony Svejcar 
I 

Little is known of the annual dynamics or magnitude of CO2 flux on 
many native and agricultural systems. A portable 1 -m3 closed cham- 
ber was designed constructed and evaluated for measunng CO2 
exchange in short-stature vegetation having widely varied canopy 
structure. The chamber could differentiate CO2 flux between plots 
with sagebrush and those with grass only, even at relatively low flux- 
es The chamber is easy to use relatively inexpensive and adapt 
able for measuring CO2 fluxes on a wide array of non-forested 
ecosystems, both native and agricultural. 
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Browsing the Literature 
Jeff Mosley 

This section reviews new publications available about the art 
and science of rangeland management. Personal copies of 
these publications can be obtained by contacting the respec- 
tive publisher or senior author (addresses shown in parenthe- 
ses). Suggestions are welcomed and encouraged for items to 
include in future issues of Rangelands. 

Grazing Management 
Length and timing of grazing on postburn productivity of 
two bunchgrasses in an Idaho experimental range. S.C. 
Bunting, R. Robberecht, and G.E. Defosse. 1998. International 
Journal of Wildland Fire 8:15—20. (Dept. of Range Resources, 
Univ. of Idaho, Moscow, ID 83844). Results suggest that one 
growing season without livestock grazing may be enough for 
Idaho fescue and bluebunch wheatgrass to recover after fire. 

Pasture management guide for livestock producers. S. 
Barnhart, D. Morrical, J. Russell, K. Moore, P. Miller, and C. 
Brummer. 1998. Iowa State Univ. Extension Pub. PM-1713. 
(ISU Extension Distribution Center, Iowa State Univ., Ames, IA 
50011). Some of the topics addressed in this comprehensive 
manual include forage plants, rotational grazing management 
and planning, livestock behavior, and livestock health. 

Streambank stewardship: Your guide to caring for riparian 
areas in Saskatchewan. D. Huel. 1998. (Saskatchewan 
Wetland Conservation Corporation, Room 202, 2050 Cornwall 
St., Regina, SK S4P 2K5, Canada). Written for landowners, 
this bulletin describes riparian area functions and presents op- 
tions for managing livestock grazing in riparian areas. 

Hydrology 
Effect of removal of Juniperus ashei on evapotranspira- 
tion and runoff in the Seco Creek watershed. W.A. Dugas, 
R.A. Hicks, and P. Wright. 1998. Water Resources Research 
34:1499—1506. (Blackland Research Center, 808 E. Blackland 
Rd., Temple, TX 76502). Removal of juniper trees had no con- 
sistent effect on runoff, but evapotranspiration was reduced in 
the first 2 years after tree removal. 

Runoff and erosion from a mosaic tobosagrass and burro- 
grass community in the northern Chihuahuan Desert 
grassland. D.L. Devine, M.K. Wood, and G.B. Donart. 1998. 
Journal of Arid Environments 39:11—19. (G.B. Donart, Dept. of 
Animal & Range Sci., New Mexico State Univ., Las Cruces, 
NM 88003). Water runoff was 3 times greater from the burro- 
grass site than from the tobosagrass site. 

Improvements 
Control of downy brome (Bromus tectorum) with herbi- 
cides and perennial grass competition. T.D. Whitson and 
D.W. Koch. 1998. Weed Technology 12:391—396. (Dept. of 
Plant Sd., Univ. of Wyoming, Laramie, WY 82071). Luna pu- 
bescent wheatgrass, Hycrest crested wheatgrass, or Sodar 
streambank wheatgrass seeded in the spring following fall 
tillage effectively reduced reestablishment of cheatgrass. 

Distribution, biology, and management of diffuse knap- 
weed (Centaurea diffusa) and spotted knapweed 
(Centaurea maculosa). R.L. Sheley, J.S. Jacobs, and M.F. 
Carpinelli. 1998. Weed Technology 12:353-362. (Dept. of Land 
Resources & Environmental Sci., Montana State Univ., 
Bozeman, MT 59717). Reviews the ecology and management 
of diffuse knapweed and spotted knapweed. 

Leafy spurge (Euphorbia esula) control with several grass 
species. M.A. Ferrell, T.D. Whitson, D.W. Koch, and A.E. 
Gade. 1998. Weed Technology 12:374—380. (Dept. of Plant 
Sci., Univ. of Wyoming, Laramie, WY 82071). Bozosky 
Russian wildrye and Luna pubescent wheatgrass competed 
very well with leafy spurge. 

Prescribed fire and the response of woody species in 
Willamette Valley wetland prairies. K.L. Pendergrass, P.M. 
Miller, and J.B. Kauffman. 1998. Restoration Ecology 
6:303—311. (P.M. Miller, Dept. of Rangeland Resources, 
Oregon State Univ., Corvallis, OR 97331). Low intensity fires 
removed woody shoots under 10 feet tall, but burning stimulat- 
ed sprouting and did not reduce shrub density. 
Restoration of saltcedar (Tamarix sp.)-infested floodplains 
on the Bosque del Apache National Wildlife Refuge. J.P. 
Taylor and K.C. McDaniel. 1998. Weed Technology 
12:345—352. (U.S. Fish & Wildlife Service, P.O. Box 1246, 
Socorro, NM 87801). Saltcedar can be cleared from riparian 
habitat using a combination of herbicide, burning, and me- 
chanical control, but it is extremely costly. 

Saitcedar (Tamarix spp.) management with imazapyr. K.W. 
Duncan and K.C. McDaniel. 1998. Weed Technology 
12:337—344. (Artesia Agr. Sci. Center, Artesia, NM 88210). 
Imazapyr herbicide applied alone or in combination with 
glyphosate can achieve � 90% control of saltcedar. 

St. Johnswort (Hypericum perforatum). J. Krueger and R. 
Sheley. 1998. Montana State Univ. Extension MontGuide 
9810. (Extension Publications, Culbertson Hall, Montana State 
Univ., Bozeman, MT 59717). Summarizes the ecology and 
management of St. Johnswort, also known as goatweed or 
Kiamath weed. 

The biology and integrated management of leafy spurge 
(Euphorbia esula) on North Dakota rangeland. R.G. Lym. 
1998. Weed Technology 12:367-373. (Dept. of Plant Sci., 
North Dakota State Univ., Fargo, ND 58105). "Grazing com- 
bined with fall-applied picloram plus 2,4-D reduced leafy 
spurge density more rapidly and maintained control longer 
than either method used alone." 

The biology and management of purple loosestrife 
(Lythrum salicaria). B.H. MuIlin. 1998. Weed Technology 
12:397-401. (Montana Dept. of Agr., P.O. Box 200201, 
Helena, MT 59620). Reviews the ecology and control of purple 
loosestrife, an introduced plant that invades riparian areas. 
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The ecology and control of perennial pepperweed 
(Lepidium latifolium L. ). J.A. Young, D.E. Palmquist, and 
R.R. Blank. 1998. Weed Technology 12:402—405. (USDA- 
ARS, 920 Valley Rd., Reno, NV 89512). Application of chior- 
sulfuron herbicide effectively suppressed perennial pepper- 
weed. 

Measurement/Sampling 
Early warning indicators of desertification: Examples of 
tests in the Chihuahuan Desert. A.G. deSoyza, W.G. 
Whitford, J.E. Herrick, J.W. VanZee, and K.M. Havstad. 1998. 
Journal of Arid Environments 39:101—112. (USDA-ARS, Dept. 
3 JAR, New Mexico State Univ., Las Cruces, NM 88003). 
Cover of grasses, long-lived grasses, and vegetative reproduc- 
ers were all sensitive indicators of desertification. 

Stubble height and utilization measurements: Uses and 
misuses. 1998. Oregon State Univ. Agr. Exp. Sta. Bull. 682. 
(Publications Orders, Oregon State Univ., 422 Kerr 
Administration, Corvallis, OR 97331). This 72-page publication 
contains 9 papers from a symposium at the SRM 50th Annual 
Meeting held in Rapid City, South Dakota. 

Plant/Animal Interactions 
Effects of environment and grazing disturbance on tree 
establishment in meadows of the central Cascade Range, 
Oregon, USA. E.A. Miller and C.B. Halpern. 1998. Journal of 

Vegetation Science 9:265-282. (Ecosystem Sci. & 
Conservation, College of Forest Resources, Univ. of 
Washington, Seattle, WA 98195). Tree invasion in dry mon- 
tane meadows corresponded with 1) the cessation of sheep 
grazing in the early 1940s and 2) the onset of wetter summers 
in the mid 1940s. 

Livestock grazing: Animal and plant biodiversity of short- 
grass steppe and the relationship to ecosystem function. 
D.G. Milchunas, W.K. Lauenroth, and IC. Burke. 1998. Oikos 
83:65-74. (Dept. of Rangeland Ecosystem Sci., Colorado State 
Univ., Fort Collins, CO 80523). Livestock grazing functionally 
serves as a surrogate to bison. 

Plant Ecology 
Impact, biology, and ecology of saltcedar (Tamarix spp.) 
in the southwestern United States. J.M. DiTomaso. 1998. 
Weed Technology 12:326-336. (Univ. of California-Davis, 
Livermore, CA 95616). Reviews the ecology of saltcedar and 
its impacts upon riparian areas in the American Southwest. 

Persistence of subalpine forest-meadow ecotones in the 
Gunnison Basin, Colorado. A.J. Schauer, B.K. Wade, and 
J.B. Sowell. 1998. Great Basin Naturalist 58:273—281. (Dept. 
of Biology, Western State College of Colorado, Gunnison, CO 
81231). Fine-textured soils in subalpine meadows help restrict 
tree establishment. 

Poison-Hemlock (Conium maculatum L.). L.W. Mitch. 1998. 
Weed Technology 12:194—1 97. (Dept. of Vegetable Crops, 
Univ. of California, Davis, CA 95616). Summarizes the distrib- 
ution, toxicity and medicinal properties of poison-hemlock. 

Reclamation 
Floristic and soil organic matter changes after five and 
thirty-five years of native tallgrass prairie restoration. K. 
Kindscher and L.L. Tieszen. 1998. Restoration Ecology 

6:181—1 96. (Kansas Biological Survey, Univ. of Kansas, 2041 
Constant Ave., Lawrence, KS 66047). Restoration of tallgrass 
prairie vegetation will occur on carbon- and nitrogen-depleted 
soils only over very long periods of time (perhaps centuries), if 
at all. 

Revegetating leafy spurge (Euphorbia esula)-intested 
rangeland with native tallgrasses. R.A. Masters and S.J. 
Nissen. 1998. Weed Technology 12:381—390. (USDA-ARS, 
Dept. of Agronomy, Univ. of Nebraska, Lincoln, NE 68583). 
"The sequential combination of suppressing vegetation with 
fall-applied herbicides, burning standing dead plant residue, 
then no-till planting desirable native tallgrasses in the spring in- 
creased productivity of these leafy spurge-infested range 
sites." 

Socioeconomics 
Hamburgers and the rainforest--A review of issues and ev- 
idence. S. BontiAnkomah and G. Fox. 1997. Journal of 
Agricultural & Environmental Ethics 10:153-1 82. (Dept. of Agr. 
Economics & Business, Univ. of Guelph, Guelph, ON H1G 
2W1, Canada). Beef consumption in North America should not 
be considered an important cause of forest depletion in South 
and Central America. 

Author is associate professor and extension range manage- 
ment specialist, Dept. of Animal and Range Sciences, Montana 
State Univ., Bozeman, MT 59717. 
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The cooling odors form the stove 

Go up to heaven, I suppose, 
And also tantalize my nose 

Christmas wine ser'ed every year, 
"Twas once homemade and bottled here. 

Is offered when the dinner's near. 

Roasted turkey, pecan pie, 
Pickled herring you must try, 

A mix of flavors piled up high 

CItma 

L) of mu Lt Cf,,it,nai mmnoie toopl'ace in zta' qi'al'1e, Wyominj. Du fwnLLtj taditionatLy ha a C/vitma e jcou pat 
on 1y t1e cJd'd'cen aiitl t/e /eLp of paent and jandpaenti. c/iL'den. then ade Ioolae. tooh tuni .eadin9 the toy o/Cit' 
Lith fzom the l3iSL', zciiicz9 /avoite poemi and in9in /amda ca,ol't accompanied L, Iow can pl', the piano. q/te t/ poam 
jone opens one jift - then it of/to led, iL'eepy o not! 

c4 it tamed out, th chi[d',en dd d1/t off in l'umle, o g uo[untee',ed to chec.C on some mothe', cows. 6ea',ed up in m,j old ai'i fotce 
upL'u paha and notumotit'e looti, !Jheaded/o Le paitwte. Jhe mothe', cows had heen in poo condition a'hen dpu'chaed them 

fiom th l'ocal auction. hut they we'ie cheap and e uccte tyiny to hiL'd up a imal'l'he,d. '1/Pc had tweezed them into a patwze ,zea the houe 
to /d them up and also th hazyc them et cheehed to detc',mine in they u'ee with cal'f pattiny them with th main 

0(1 a(wayi nemhe'e th majic of th ita that niyht, thei', white (iht hounced of/the deep snow. cl'y nostiL's soon [zosted up amzdff 

could smel'l'the cold as 0 cunched al'ony in soL'itemde. Cheist and th sto'zy of h5 (',th had neve seemed mo'ze ',ealto me. 

cows wwee aL'f layiny down, chewiny thein cads. l00hd up at me th'eouyh t',ance-L'ihe eyes. yaue them each an ext',a /L'ahe of 
hay and headed hach home, towad the house with yellow liyhts e/lectiny off the snow my chil'd',en wee thd away unde thei'z 
wmvzm muilt. 

e1l4yza 4lumfl2a 

The relatives will be here soon. 

We'll eat and sing a Christmas tune, 
T And you'll play pitch all afternoon 

gino 'Lg 
V 

Mid afternoon the eggnog's ready, 
One bowl is weak, one bowl is heady, 

And sewer says to hold your cup steady. 

The pitch game's over with Fritz the winner 
All say it was a good dinner, 

And no one goes home one bit thinner, 

feasting. 

—Jake Landers 
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r 

L —Jon M. Skovlin 

Lete is a ttaumntic cLanye in leac.iny a small /asminy/tancL my corn- 

rnunity Lm5L scLool to attend a state itsity in anotLes state. S\i.st 

•1 Laomny 
a ytoup of friends you Laoe Lnoron all' yowr h/c can maLe for a 

(orelj time. c�'ome people maLe new fticnds fast and lccome ins'olocd in 

vatious activities at 0lL51. DtLets L0 Lave a tendency to 1e introvert- 

d Lave a mote difficult time. Li was one of tLe second ysoup. Un my fisst 

year of colIc ye Li toomed wilL my cousin. 4e were a 10t a.üLs and time 

passed ivelj fast. Lin tire sopLomose year Le decided not to return to 

colt'cye. LI was witLout a close friend. Li dmd Lave a cat so Li was al te to 

maLe tLe 4 L05 d5m,, Lom, ocret tL weeL ends at a fairly common intet- 
val. 3y tL time CL'ristma arrived Li was looLmny fotward to ti,ne at 
Lome witL family. Classes were over a coupl'e of days before tLe Loliday 
and as soon as Li Lad completed my last final' Li LooLed onto tL 
trail'er, Loaded my Lorse and Leaded out. '1/VLat Li Lad not sealized was 

tL0t tLere was a ma/os winter storm startiny. c4s Li left tLe protedion of 
tle front ranye and Leaded into tLe open spaces of tLe psairie th stows 

intensified. JLe toads tasted to become icy and shcL wiLL tLe visibilitq 

not macb mote tban a car lenytb. oiny down some of tLe Llt5 it beca,rc 

a ba/or problem to beep tL trailer from passm.ny tbe car. c4ftcr a couple 

of Louts Li Lad to maLe a Jo turn around and seturn to town 
wbcre Li Lad some idea of tL road conditions or continue on into tL Un- 

Lnown. 11/ Li tanned asound tbere was a Lm5L probabilitj tbat tL wads 
would become closed and Li would not be able to yet Lome for (2bristnsas. 

Li continued. a4ftes seoeraL'Lours of fiyLtiny tbe toad conditions Lifelt Li 

was on tbe borne stretcb and would maLe it. Dn4 10 miles left, countsy 
roads. ct,44y relief was ,J0tt lived. snow was comm5 down Larder 

and tL amount on tLe road was to a de,äIL it was impossible to 

plow tL505L towiny a double ttailer. was no cLance tLat a 
snow plow would come l'y (to fat down a country toad fast before a Loli- 

day). c4ftes a couple of moments tLe obvious became apparent. Li un- 

loaded tL Lorse, put on a saddle and finisbed tL foutney. Lit was dasb 

,'inLiarrived but LI was Lome fos tbe Lolidays. 

—Gary Frasier 

,nnsmasgrcrntea me tnt 

pportunity to learn patience as i 
....growing up on our northwesten. 

o(oramlo ranch. q4"e hail to wait untü 
tile (ivestockjlatl beenfed' and' all the 

chores hail been tione before we were 

able to open our presents. 'The only 

thing we were able to open was our 

stockings (one of Vail's old' wool 

sock.s), which Santa C(ause managed' to 

place on the foot of our beds luring 
the nght. I always wonilereui how bg 

o('Santa Clause cou(ul steal Vail's 

sock.s and'sneak.so quietly up our 

creaky stairs. 
I can remember rising early in the 

morning to help get the c(wresfinishetl 
as quickly as possible. 'Then all of us 

k/lu would' rush to help Vaultoaml the 

feed' wagon aiulworl(ed'as a team to 
cut the strings anti push the bates off 

FeedTing seemed' to takie forever on 

Christmas lay! 'Every other morning 
we Ii l(e ii to play in the snow but on 
hristmas morning we were affbusi 

ness until we could'fina[lygo insid 
or a cup of eggnog and 
0 oven up our present 

4nn çratly r. Cola rail 

Roast Pork for Dinner 

Thirty years ago our family which mci uded four kids ages 5 through 12 was living in Kenya while I served with the FAQ 
(UN) Range Project based in Nairobi. In December, we set out in our VW mini bus to take advantage of the long Christmas 

holiday and see the wildlife parks in western Kenya and Tanzania. As we entered the Masai Mara game park we saw an on- 

coming tour bus strike a medium sized warthog and speed away. Being from the US and and ingrained with the idea of no 
wanton waste of game meat, we decided to salvage some of the wild pig and add ham to our Christmas dinner. 

We dressed out this fat porker and struggled to keep it cool for the several days until Christmas. On Christmas Eve we en- 
tered the rich grasslands of the Serengeti and picked a beau tful campsite with an overstory of tall green fever trees. As we set 

up camp we also dug the pit where we would roast the main course of our special dinner. On Christmas Day after a morning 
game viewing drive in the Serengeti park we returned to one of the most memorable feasts our family has ever had and in one 

of the most beautiful rangeland settings in the world. 
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C'lristmas 1994 found us in cJ//ew ,Soutl l1'.tl'es, c4ustra(ia. l'Ve (iced in Jranyie selcen montts te/ore returainy to our Iome in 
s. oSince 12/riitmas in c4ustru(ia Li in tte summer it was yrcat tote utte to (ice witl tte c4ussies and t ace a different Clristnzas experi- 

ence. panic s teyan early in LeeensSer acid ice were incited to secerol. We u'ent to party witt t1e Ltnitiny Clure1 (adies yroup acid slured 

out meal outside wit/ zillions o/mosipeitoes. '1le went to t/e Count ry 'Women's c4ssociation party wIere we sally Ctristmas carol's and slared 

after. tOn Ctris,tnzas E15 we ,Jared watermelon mit friends. 'i'Ve were 0itd to stare Ctristmas di,mner witt friends in Jranyie and one 

of tte yuzsts was a cisitor [toni (j)tL'uto,na. cA4r.SJ(aiser wto tad attended lOtl'uto,na ,c4 & ,e'I4 in ,cS'tiL'twatzr, wtiet is now tO I'uto,na Staie 

O.Lnic'eniity,lans atna mater. ,.L'mcter ttat day we went to tte c"JynicuLuralc'?esearet Centre wtere Etc c,tit'dnen went swunnziny wtite we Oi sited 

te/ore yril'(iny tumt at os on tte tartie (tartecue). Cit Ctrisimas mommy, tat was 104 (c/ore tte day n'us 

J'te eel etmation of Ctmistmas in Jruayie in 1994 ms'as not a, commercial m2d as it e,'outd te tare in tte s.tates. CPeopL'e decorate tteir tomes in 
tide and out. Jt d0 exctanye presents and yet toyetter [or parties and a yood time. day after Ctristmas is catted !'i3oxiny !l1ay and is con- 

a tol'iday. C/found it refrestiny to stare Ctristnzas witt tte 4ussies. 'i'Ve dtd miss oar family, (ut tnew we would te witt ttem tte neat 

year. 
Ctnist mat in ftc c4ustrulma tust wtere we (iced amony steep and tanyaroo was different for us. i/ct we (earned we can 5t mit let rate tte 

tirkt oflcsus wterecer we roam, 0d'5 yi/t to ,Jl4an.Cindwe al.'( st are as we yice ttants for dl5 ym/t of (oc'e to J/5 e,titdren. 

c'4arol'd and ,7 an 'll'edemann q/emnon, ITJexas — Jexas ,Seciion 

It wa tie Chris fnia hat I was/i 
rYe iiueu un a ranch jusi outside of a small town in rrnrrai vvyoming. 

simosr all of my other childhood Christmas memories are a blur with 50 to 6tJjainii! 
rbers who always joined together for the holidays, no matter how far away one lived. 
ees glittered and shown with presents that seemed to go to the ceiling. Family mer 
id old. iwhe alkinc' and lauohinc until it wa a dull mm 

This Christmas was very different and one of the few that I remember with any detail. For months, my Dad had been working out 
in the barn. We'd hear him hammering and pounding out there for hours and we'd run out every little bit to see how his progress win 

coming. Often, you would often open tile door and see him welding on his "creation ", with the light and sparks from the torch making 
the barn look like a 4th of July celebration and /uni looking like an alien of some kind with his welding helmet and winter coveralls on. 

breast collar tmarnm''c and driving lines were laid out everywhere in search of the right set. 

the "creation" was complete. It had taken him months to make that chicKen scratctiea at' ,,,, ,im.i,, airii 5mb" mr 

ality. It took me years to realize that our sleigh was not like the sleighs you hear about in f/ic "Jingle Bells" song, but one my Dad could actually usm 

to feed the cattle. It seemed just as beautiful to me as all of those pictures of the people from the east riding in their "one horse open sleighs", all of 
which were considerably more refined than ours. So for the first and one of the very few times in our lives, just my parents and my brothers and 

cnpnt a Chris tmas m,p alone. Dad lutched up tile horses, my Mom drug out blankets by the store, and we all piled onto that sleigh. 

What I remember most distinctly about t/iat night was the quiet and f/ic expanse of wiute. We rode around for sez'ers, and lion, in that Jeigh 
-through the pastures and up and down the hills. All you heard was just the sharp crunch of the snow under the weig/it oft/ic sleigh on a very cold 
night. (I can still hear f/mt now!) Occasionally, you'd hear f/ic horses snort and toss their head or you 'dfeel f/ic sleigh jerk as f/icy stumbled while 

they struggled to pull that sleigh through all of that snow. I don't specifically remember stars or a brig/it moon, but rather just a brig/it glow 
of white where f/ic hg/it reflected off that snow until you could see not lung but white for miles. 

When we were finished, we kids rushed to f/ic /iouse to pick out our jar of/ionic-canned peaches. We pulled up that old cellar door, 
hurried in under f/ic house and carefully inspected all the shelves for the best jar of those peac/mes. Then up in f/ic /iouse we mvent 

for our peac/ies and hot "'""-' 

That Christmas I don't remember anything about our tree, our presents or why we didn't n 

grandparents, aunts, uncles and cousins. 1 just renieniber f/ic quiet and f/ic white. It 
most vcaceful,fulfilling C/irisfnmas of my life in f/it' "twmi slcic/m" 

that myfat/mt'r built from 
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