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Conservation, Development, and 
Use of the World’s Rangelands 

ROBERT E. WILLIAMS, B. W. ALLRED, REGINALD 
M. DENIO, AND HAROLD A. PAULSEN, JR. 

Committee on International Biological Program, American 
Society of Range Managemen t.l 

Highlight 

Some 47% of the world’s land area is suitable only for 
grazing by domestic livestock and game animals-either fre- 
quently or occasionally. These rangelands support animals 
which provide most of the world’s meat, milk, hides, wool, 
and other animal products. They have major values for 
watershed, wildlife habitat, soil and water conservation, 
fuel, and important by-products. Large areas are in poor 
condition, primarily because of overgrazing. The American 
Society of Range Management has an increasingly impor- 
tant role in focusing attention on the world’s rangelands 
and in stimulating effective programs of research, edu- 
cation, and action. 

The American Society of Range Management 
(1964) defines range as “all land producing native 
forage for animal consumption, and lands that are 
revegetated naturally or artificially to provide a 
forage cover that is managed like native vegetation. 
Generally considered as land that is not cultivated.” 

Rangeland includes natural grasslands, savannas, 
wetlands dominated by grasses and grass-like plants 
suitable for grazing, and certain shrub and chap- 
arral plant communities. Terms which often are 
used with similar meaning include steppe, veldt, 
savanna, and moor. Numerous vernacular terms 
are used to designate areas of native or natural 
plant communities used for grazing livestock and 
big game animals. 

Rangeland most often is too dry, steep, rocky, 
wet, or otherwise limited for more intensive crop- 
ping use. In management of rangeland, manipu- 
lation of grazing animals in terms of numbers and 
season of use is the primary measure employed to 
improve or maintain the desired plant cover. As- 
sociated practices may include deferred grazing 
(resting or spelling land from grazing), rotational 
deferred-grazing, or other grazing systems. 

Improvement in existing range cover may be 
too slow or even impossible under grazing manage- 
ment alone where deterioration is extreme. When 
improvement in cover requires considerable 
change in plant composition, seeding of desired 
species may be necessary. Control of undesirable 
plants by chemical, biological, or mechanical means 
may be needed to accelerate production of desir- 
able cover and forage plants. 

IThe Committee is indebted to Dr. Roald A. Peterson, 
Pasture and Forage Crops Branch, FAO, Rome, Italy, for 
reviewing the ms and for granting permission to use pre- 
viously unpublished material written by Mr. Allred. 

Adequate water distributed over the range is 
essential to meet needs of grazing animals and to 
encourage dispersal and uniform utilization. In- 
adequate watering locations on arid grazing lands 
encourage concentrations around existing water- 
ings. Lack of water and forage in times of drought 
lead to eventual migration to more favorable areas. 
In addition to water, fencing, and herding, con- 
trolled burns sometimes are employed to influence 
and control livestock movements and concentra- 
tions. 

Range forage may be deficient in essential nu- 
trients or minerals during some part of the year. 
Feeding of supplemental nutrients or minerals can 
be vital to livestock management and production. 

The kinds of grazing animals used to convert 
range forage to meat, milk, wool, mohair, or hides 
must be compatible with each environmental situ- 
ation. Under some conditions, big game animals 
may be more efficient rangeland users than do- 
mestic livestock. 

Developing, using, and improving range re- 
sources for the benefit of man require an under- 
standing of the physical environment, the plants 
that can be produced, and the animals that are the 
most efficient harvesters of the forage. The range 
resources of the world are begging for such under- 
standing. 

Kind and Location of Natural Grazing Lands 

Every nation has some natural grazing land but 
kinds vary greatly by climate. The grasslands cover 
vast areas of economic importance-large areas of 
the arable croplands are former grasslands. Grass- 
lands of the more humid zone include the Cher- 
nozen belt of Russia, United States prairies from 
Canada to the Gulf of Mexico, llanos of Venezuela, 
pampas of Argentina and tallgrass veldt of Africa. 
Plants include tall and mid-grasses, a few forbs and 
small shrubs. These are among the most produc- 
tive rainfed farming lands of the world. 

The semi-arid grasslands are composed of short 
and mid-grasses, forbs and a few small shrubs. 
Examples are the steppes of Eurasia and Africa, the 
Great Plains in North America and the plains of 
Patagonia. 

Drier still are the desert and semi-desert grass- 
lands composed of drought resistant grasses, nu- 
merous small shrubs and some forbs. Examples 
are found in the Middle East, much of East Africa 
and Southwestern United States. 

Cold climate grasslands are typical of alpine and 
subarctic regions and are composed largely of short 
grasses, forbs, lichens and mosses. None are found 
in Antarctica. 

Savannas represent another large type of grazing 
land and are of two major kinds. 

a. Grasslands intermingled with small or me- 
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dium-size trees usually in favorable moist 
areas. 

b. Grasslands with intermingled shrub typical 
of semi-arid to arid climates. 

Forest areas also are grazed by domestic animals 
and wildlife. Over half of the area classified as 
forest is low-producing woodland of value largely 
for grazing. Forbs, grasses, and low shrubs in 
forests are grazed by domestic animals but such 
areas are more widely used by wildlife. 

Most deserts provide homes for many meat- 
producing animals, at least part of the time. 
Drought-tolerant shrubs, some perennial grasses, 
and numerous annual plants provide forage at 
least during years when rainfall is most abundant. 

With the exception of polar caps, most of the 
world’s land area is used by domestic and game 
animals at least some part of the year. About one- 
third of the sphere is land, or 34 billion acres. Ap- 
proximately 10% is farmed, 28% is in forest which 
is grazed by domestic animals and wildlife part of 
the year; another 15% is covered with icecaps or 
fresh water, leaving 47% of the global land area 
too steep, shallow, sandy, arid, wet, cold, or saline 
for crops and suitable only for grazing by domestic 
livestock and game animals-frequently or oc- 
casionally. They vary from hot humid savannas 
in Brazil’s Matto Gross0 to Mongolia’s cold arid 
steppes and differ widely in productivity from 
Saudi Arabia where 640 acres are required per 
camel to the Argentine pampa where 2 ha often are 
enough to support a cow and calf for one year. 

Perhaps another 2 or 3y0 of the virgin land may 
come into crop production through drainage or 
irrigation. 

Significance to the Human Race 

Basic Source of Food and Protein.-Should some 
cosmic force wipe out the vegetation on the world’s 
natural grazing land, a large percentage of our 
population would soon starve to death because the 
croplands are not great enough to feed the num- 
bers of people already short of food. Should such 
a catastrophe suddenly occur, we would be de- 
prived of most of our meat, milk, hides, wool and 
animal by-products. 

Green plants manufacture their own food which 
in turn nourishes animals. Ingredients are pri- 
marily water, air, and minerals (which animals 
cannot use for food in their pure state) plus sun- 
shine. In the process of making vegetable matter, 
plants purify the air for animals by releasing 
oxygen. In converting vast quantities of raw ma- 
terials to food on land not suited to cultivation, 
plants provide much of the food for animals and 
eventually for man. 

Grazing Lands are Watersheds.-Watershed 
values often are equal to forage-producing values 

of grazing lands. The vast areas of rangelands serve 
as watersheds that receive precipitation which 
eventually drains into rivers and small streams, 
or sinks into the soil to replenish springs and 
groundwater reservoirs. 

Thrifty vegetation is the key to productive 
watersheds essential in supplying water for agri- 
culture, cities, and industry. The world is suffer- 
ing from exploited watersheds menaced by floods 
and plagued with disappearing water supplies, 
when need is multiplying yearly. Through co- 
operation between governments and landowners, 
many depleted watersheds are being restored to 
their former state of productivity. One excellent 
example is on Sandstone Creek, a branch of the 
Washita River in Oklahoma, USA. Following con- 
struction of a few reservoirs, combined with proper 
grazing of ranges, plus conservation farming of 
croplands, this wild untamed flood producer, 
which went dry in the summer, again has a stabil- 
ized watershed. Sandstone Creek now produces 
a steady stream of water all year as it formerly 
did before the turn of the century. Net farm 
income has increased. 

Habitat for Wildlife and Soil Life.-Most wild- 
life is found on natural grazing lands and includes 
big game, small mammals, upland game birds, 
and predators. Unfortunately, numbers of many 
game species have been decimated and some have 
been eliminated because of reckless hunting or 
loss of habitat due to overgrazing by domestic ani- 
mals. In many places where increasingly large areas 
are under conservation management and hunting 
is controlled, income from game and associated 
recreation facilities exceeds that from domestic 
animals. 

Soils of well-managed natural grazing land serve 
as a prime habitat for countless unseen micro- 
organisms such as bacteria, fungi, algae, and proto- 
zoa. Also the soil feeds and shelters beneficial in- 
sects, earthworms and various burrowing animals. 
Microscopic life prepares minerals and nitrogen 
for absorption in a water solution by the roots. 
Plants could not live if there were no microscopic 
soil organisms, and these organisms could not live 
without organic matter originating from dead 
stems, leaves, and roots of plants. Overgrazing has 
caused huge decreases in the number of soil or- 
ganisms essential for full forage yields. 

Value for Conservation.-A healthy cover of 
natural vegetation provides an effective and eco- 
nomic cover for soil and water conservation. As 
a reward for conservation management, native 
plants maintain a self-mulching process at little 
cost with generous returns. Watershed stabiliza- 
tion on areas of natural vegetation is accomplished 
largely through conservation grazing of forage 
plants and prudent harvesting of timber. Leftover 
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protective plant cover, or litter, maintains the soil 
in a productive condition; water cannot get into 
most soils effectively without this filter of unused 
plant parts to let it in. On properly managed 
ranges and forest areas, raindrops dash harmlessly 
into a spongy or soft mass of litter and stubble, 
where water penetrates deeply into the soil and is 
stored safe from evaporation but available for deep- 
rooted plants needing it for growth. 

Naturally landscaped, grassed, or wooded lands 
are of major interest to an increasing number of 
nature lovers seeking outdoor recreation and 
pleasant scenery provided in variety all through 
the growing and dormant seasons. 

Fuel and Timber.-Woodlands are grazing lands. 
Often savannas and groves of low-value commercial 
timber are dependable sources of fuel and building 
materials for small construction. In developed 
countries, fuel wood has a declining use because 
of substitutes. However, in developing countries 
destruction of dwarf woodlands and browse plants 
continues at an alarming rate. This is doubly 
vexing because usually these plants are valuable 
for both grazing and fuel, and conservation mea- 
sures are needed. Intermingled with grazing lands 
often are found commercial forest sites on moun- 
tains, favored exposures, or along river flood plains. 
A grazing program for such sites must be planned 
to further tree growth without damaging the tim- 
ber resources. Moderate grazing often helps to 
control weed species and reduce the fire hazard. 
Animal dung is a vital by-product of grazing lands 
and is the prime source of fuel in some areas. 

Medicines and Industrial Compounds.-Many 
primitive foods, medicines, and useful compounds 
originate from natural vegetation including sugar, 
nuts, seeds, turpentine, rubber, quinine, digitalis, 
gums, and poisons for control of insects and para- 
sites. 

Minerals and Construction Materials.--In addi- 
tion to vegetation values, native grazing lands yield 
some of the world’s great supplies of minerals and 
construction materials and fertilizers such as: coal, 
oil, precious minerals, tin, magnesium, uranium, 
limestone, granite, and phosphorus. Once these 
resources are exhausted, their raw excavation scars 
and heaps must again be covered with vegetation. 
In time nature heals them with grasses, herbs, trees, 
and shrubs but the process can be hurried through 
reclamation of destroyed surfaces by planting trees 
and grass for forage production or for recreation. 

Dependence of World Lives tack Industry 
On Natural Grazing Lands 

We have already recognized that presently do- 
mestic animals obtain about 75% of their forage 
needs from natural grazing lands, while wildlife 

obtain most of their needs from this source. One 
of the great needs, howver, is to orient future ani- 
mal feeding programs to provide for an increased 
amount of farm-grown supplements as well as more 
of the basic livestock ration. This is now fairly 
well integrated in developed nations but ac- 
complishing it in developing countries is difficult 
because farming and livestock raising are generally 
independent operations carried out by non-related 
interests. Also, the traditionally small farmer has 
neither the size of operation nor the financing 
essential for successful livestock raising. 

The world animal population has a colossal 
appetite that needs to be satisfied with nutritious 
forage every day but the supplies and quality are 
far below need. The estimated numbers of do- 
mestic animals in the world for 1963-64 are as 
follows: 

Kind Number 
(millions) 

Horses 62.8 
Mules 15.5 
Asses 41.7 
Cattle 992.3 
Pigs 534.1 
Sheep 1,008.5 
Goats 356.2 
Buffalo 106.0 
Camels 11.6 

Value of meat products alone amounts to ap- 
proximately 40 billion dollars annually, second in 
worth only to cereals and rice. However, livestock 
eat one-third of all cereals produced. Over 7% of 
meat production goes into international trade, in- 
cluding live animals, carcasses, and prepared and 
canned meat worth around 3 billion dollars per 
year. In 1959-61, this trade amounted to 13% 
of world exports of all food and beverage sales, 
compared with 2 1 y0 for cereals and rice, 16.5% for 
coffee, cocoa, and tea, and 5.5% for dairy products. 

Who Owns World Grazing Lands 

Probably 75% of the grazing lands are publicly 
owned, the amount varying widely among nations. 
For example, about 25y0 of the United States’ 
grazing lands are owned by the public; nearly all 
the Arabian Peninsula is public land. The re- 
mainder is under some type of private ownership 
including individuals, grazing associations, co- 
operatives, estates, and corporations. 

Outside of the United States and Canada, few 
nations have set up public land managing organiza- 
tions for the conservation of publicly owned graz- 
ing lands. Legislation similar to that in the United 
States and Canada needs to be adopted and man- 
agement executed in all countries. 
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Destruction of Grazing Lands 

The bulk of world grazing lands are in poor 
condition and are producing less than half their 
potential animal products. Unfortunately, dete- 
rioration is continuing at an alarming rate, espe- 
cially in arid and semi-arid regions. In such areas, 
restoration is extremely slow, especially where the 
good perennials have been killed and only annuals 
and unwanted perennials are present. Many of 
the remaining plants are low in palatability, some 
like loco, Rhayzia stricta, and milkweed are poison- 
ous. Many overgrazed ranges have been invaded 
by low-quality, but high water-using shrubs, which 
are plaguing an increasingly vast acreage. Replac- 
ing them is costly and generally unsuccessful be- 
cause in spite of the hundreds of millions of dollars 
spent in brush control, the invasion is increasing 
faster than it is being controlled. 

The shocking fact is that badly needed animal 
production from natural grazing lands has been 
cut in half as a penalty charge against mismanage- 
ment while destruction continues. A hungering 
world gets hungrier while a valuable natural re- 
source erodes away for lack of rational programs 
and proper management. Our comfort and health 
are threatened for lack of foresight and use of 
remedial measures that will halt destruction and 
create new sources of protein and meat. 

Half of a full animal ration goes for body main- 
tenance. Because a vast proportion of our domestic 
animals are fed only a maintenance ration, they 
are essentially wasting forage because they are not 
getting enough for economic production. 

If all animals were on a full diet there would be 
far fewer of them but animal production would 
be greatly raised. This point can be illustrated by 
an experience from one of the ancient bemas where 
tribal managers in Saudi Arabia had made conser- 
vation use of one range area for decades. Lamb 
production from this properly grazed ranye was 
about 85% and lambs weighed 65 lb at 5 to 6 
months of age. On the adjoining overgrazed range, 
lamb crops averaged only 35% and lambs at 5 to 6 
months of age weighed 30 to 35 lb. 

Individual sheep production was about 60y0 
higher on the properly grazed bema, death losses 
were much less and meat quality was superior. 

Reasons for Grazing Land Deterioration.-Over- 
grazing is the single greatest cause of range degen- 
eration according to reports of 20 FAO pasture and 
fodder experts made to the Pasture and Fodder 
Crops Branch in Rome. Two or more of the state- 
ments came from each continent and all said that 
staffing, budgets, economic evaluations, research, 
and training were far short of need in developing 
countries. In some areas, indiscriminate burning 
is a contributing factor to range deterioration. 

Within the developed countries are numerous 
technicians with the skills required to bring im- 
mediate improvements in grazing land use. To do 
this, these experts would need facilities, staff, 
budget, legislation, and administrative support. 
The biggest deterrent to technical advancement of 
conservation use of grazing land is public inertia 
due to apathy and a misunderstanding of biologic 
laws for plant perpetuation. The specialist has 
not been able to inspire the public with the genius 
of his economics and technology. There needs to 
be a matching up of technologists with policy 
makers, financiers, planners, and legislators with 
the powers for mass education and motivation. 
The key men, the policy makers, do not know that 
such a serious problem exists and are not aware 
that they should take on the responsibility and 
provide the way for solving it. There is no satis- 
factory method for free communication between 
policy makers and technicians. College leaders, 
agency heads, and other prestige leaders need to 
inspire policy makers to action. 

What Can Be Done to Shift from Destruction 
to Improvement 

Properly distributed and implemented, there is a 
large foundation of skilled specialists in developed 
countries capable of heading up a rational program 
of world grazing land conservation. Additional 
budgets are needed to hire and train a supple- 
mental staff. Also practical institutional and legis- 
lative requirements are known and could be 
adapted to local conditions wherever needed. 
Fortunately, immediate good can be achieved with- 
out great cost because much grazing land improve- 
ment comes from natural healing through correct 
use and management. Governments own most 
of these lands and their legislative bodies have the 
power to get action quickly by providing proper 
legislation and regulations, budgets, and staff. 

How to Cultivate Interest and Action Among Researchers, 

Policy Makers, Programmers, and Budget Designers 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Sponsor international range research through the In- 
ternational Biological Program. 

Set up World Grazing Year (similar to Geophysical 
Year). 

Put in motion a modern appealing educational and 
training program at all levels. 

Make it a major plank in the Freedom from Hunger 
Campaign. 

Set up an international grazing land improvement 
committee under FAO chairmanship. 

Enlist interest and aid of both scientific and world 
betterment groups. 

Develop targets and guides for action. 
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The American Society of Range Management, in 
fostering advancement in the science and art of 
grazing land management, has encountered a need 
for expanded research knowledge to bring all North 
American grazing lands under proper management. 
Moreover, since its organization there has been 
increasing appreciation and involvement by the So- 
ciety with foreign grazing lands having similar and 
perhaps even more pressing needs for concerted 
effort in range management research. There has 
developed a general awareness of major gaps and 
deficiencies in the scientific and technological 
foundations needed for maximum production of 
the range ecosystem. Recognition, encouragement, 
and support of research on the vast complex of 
the world’s grazing resource are sought in the 
following areas: 

1. 

2. 

3. 

Range plants including forage species, weeds, 
and poisonous plants-life history, habits, re- 
quirements, values, genetics, and ecology. 
Range insects, diseases, rodents, game, and 
other animals-life history, habits, appraisal 
of values, or damage. 
Habits, requirements, and nutrition of range 
livestock-grazing habits, forage preferences, 
rations for maintenance and weight gain on 
different types of range, effect of range fer- 
tilization. 

4. Nature of the range communities and eco- 
systems-composition and characteristics in 
relation to grazing usage and forage values, 
including successional and regulatory proc- 
esses, community interrelations, and popu- 
lation fluctuations. 

5. Physical environment relations of range- 
topographic, soil, altitudinal, and climatic 
conditions. 

6. Range management-inventory and classifi- 
cation of vegetation types; determination of 

Range Research Needs of an International Nature 

Several areas in the International Biological Pro- 
gram are closely relevant to the agricultural disci- 
plines. As succinctly stated by Byerly (1967): “In- 
herent in IBP is the necessity for imaginative re- 
search designed to maintain a self-sustaining chain 
of food production. . . . An accurate count of ani- 
mal and plant species and their distribution, an 
examination of the interaction of communities 
upon each other, what sustains them and whether 
they have protective or adaptation mechanisms-all 
these and more are relevant to the agricultural 
disciplines. The problems are global. It is there- 
fore axiomatic to tackle them internationally.” 
Byerly (1968) d escribed the four sectional com- 
mittees of IBP of particular interest to rangemen 
in the May issue of the Journal of Range Manage- 
ment. 

grazing capacity, system of grazing, timing 
and rate of forage use; kind, class and breed 
of livestock to graze; interrelations of grazing, 
forest production, water supplies, wildlife 
and recreation. 

7. Range improvemen t-evaluation of range 
condition and measurement of trend in vege- 
tation and soil stability; control of runoff and 
erosion; conservation of water by spreading, 
contour furrows, loss reduction from trans- 
piration and evaporation; control of undesir- 
able plants, diseases, insects and rodent pests; 
role of prescribed burning; planting method- 
ology and species selection. 

In view of the world’s expanding population and 
the probable increased demands for meat and ani- 
mal fiber, expansion of present range and related 
research is urgent. Although rangelands are often 
characterized by low per-acre value which precludes 
use of many practices of established value on arable 
land, their aggregate contribution is significant 
from the standpoint of domestic livestock and re- 
lated values associated with increasingly intensified 
use. 

Considerable effort has been made to obtain 
recognition of world rangelands by the Pasture 
and Fodder Crops Branch of the Food and Agri- 
cultural Organization of the United Nations. 
Several effective rangeland programs have been 
initiated towards improvement of rangelands to 
better serve the people. These programs of FAO 
include range-trained people. 

The United States Agency for International De- 
velopment (AID) has made some progress in assist- 
ing in development and improvement of the world 
rangelands, but the total effort in this area is far 
below needs. Rangemen are included in assistance 
teams and missions far too seldom in relation to 
the scope of rangelands and the opportunities for 
making them more useful to man. 

The International Grassland Congresses include 
rangeland or natural pastures in their programs 
only after determined and persistent efforts on the 
part of the American Society of Range Manage- 
ment, individual rangemen, and some agencies. 
Hopefully, groups concerned with organizing 
future Congresses will give more attention to range- 
lands. 

Finally, the American Society of Range Manage- 
ment has an increasing and continuing role in 
focusing attention on the world’s rangelands and in 
stimulating effective research, education, and ac- 
tion programs. Symposia such as that at the 19th 
ASRM Annual Meeting in New Orleans in 1966, 
“RANGE MANAGEMENT WORLDWIDE” 
(Chapline et al., 1966) should be included in every 
annual meeting. More range scientists from for- 
eign countries need to be encouraged to write about 
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their rangelands and range work for the Journal LITERATURE CITED 
of Range Management. The Society should also 
work more directly with universities and agencies 

AMERICAN SOCIETY OF RANGE MANAGEMENT. 1964. A 

to emphasize the importance of rangelands and to 
glossary of terms used in range management. Portland, 

get more range-trained men in contract teams and 
Oregon. 32 p. 

missions. 
ByERLY, T. C. 1967. The international biological pro- 

gram. Agric. Sci. Rev. 5(1):1-4. 
Above all, positive, enthusiastic, and persistent BYERLY, T. C. 

effort is needed. The International Relations Com- 
1968. The international biological pro- 

mittee of the American Society of Range Manage- 
gram. J. Range Manage. 21: 178-179. 

c 
ment can be the generating core within the Society 

HAPLINE, W. R., M. DROSDOFF, M. L. Cox, A. JOHNSTON, 
C. M. MCKELL, A. A. ADEGBOLA, G. W. TOMANEK, AND 

to help it meet its responsibilities in relation to C. K. PEARSE. 1966. Range management worldwide. 
rangelands worldwide. J. Range Manage. 19:321-340. 
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Loco Plant Poisoning in Sheep 

LYNN F. JAMES,* KAY LYNN BENNETT,** KARL 
G. PARKER,*** RICHARD F. KEELER,” WAYNE 

BINNS,” AND BEN LINDSAY***l 

*Animal Disease and Parasite Research Div., Agric. Res. 
Service, U.S.D.A., Logan, Utah; **Bureau of Land Man- 

agement, U.S. Dep. of the Interior, Vernal, Utah; and 
* * * Utah State kniuersity Extension Service, Logan. 

Highlight 
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the literature on locoweed poisoning in sheep. Sheep grazed 
locoweed readily even though other good forage and sup- 
plements were available. The amount of locoweed they 
consumed increased throughout the experiment. At the 
end (12 weeks), sheep were eating primarily locoweed and 
shadscale and were severely “locoed.” Signs of poisoning 
were observed first in aged ewes and lambs. Presently 
the prevention of loco poisoning on winter desert ranges 
lies in avoiding loco-infested areas almost entirely. 

Review of Literature 

Loco poisoning in livestock has long been a prob- 
lem to the range livestock industry of the West. 
“Loco” is a Spanish word, meaning “crazy.” The 
term has been applied to livestock affected by this 
kind of plant and also to the plants causing the 
disease. The disease is caused by the ingestion by 
livestock of certain species of Astragulus and Oxy- 
tropis. 

There may be as many as 300 species of AstnzgaZus 
in North America, which makes this genus one 
of the largest in the legume family (Kingsbury, 
1964). Many species of Astrugulus are difficult to 
identify. Cross fertilization is common in certain 
loco species so their taxonomy is complicated. 

lPresently with Deseret Land and Livestock Co., Salt Lake 
City. 

Fortunately, the fruits of the species differ enough 
to permit identification. Astrugulus species may be 
annuals, biennials, or perennials. Both Astrugulus 
and Oxytropis have a taproot (Barnaby, 1964) and 
are herbaceous. 

Ecology.-AstruguZus grows primarily on the 
plains and desert regions of western United States. 
Important species also grow in the Rocky Moun- 
tains. 

The Oxytropis species of North America are 
principally perennial herbaceous plants which 
occur circumboreal to northern New Mexico and 
from Minnesota to the Pacific coast (Harrington, 
1964). They are adapted to a wide variety of soil 
types, although many species grow only around 
specific range sites. Barnaby (1964) has indicated 
that edemism is a feature of the Astrugulus species. 
The growth of many species is restricted to par- 
ticular sites because of optimal moisture conditions, 
essential minerals, or some other confining eco- 
logical factors. 

Seeds of desert Astrugalus species retain their 
vitality for 30 to 40 years and perhaps longer (Barn- 
aby, 1964), germinating readily if they become well 
soaked. Apparently, factors other than moisture 
are involved in germination since some species 
become epidemic only if temperature as well as 
moisture is optimal. Marsh (1909) indicated that 
locoweed, including Astrugulus m ollissim us and 
Astrugulus Zumbertii, was abundant in high rainfall 
years and nearly disappeared in dry years. Under 
Utah conditions, heavy infestations seem to follow 
wet, warm, autumn seasons. Few plants are seen 
during the summers that follow a dry fall and 
winter. Locoweed species grow in a wide range 
of precipitation. 

Coarse soil fragments are consistently associated 
with occurrence and abundance of loco plants. 
Payne (1957) found that white point loco (Oxy- 
tropis sericeu Nutt.) grew in a wide range of soil 
depths. In the desert regions of western and east- 
ern Utah, speckled loco plant or freckled milk- 
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vetch (Astragalus lentiginosus) occurred extensively 
in the soils with a substantial component of coarse 
fragments but only infrequently in thin breaks. 

Response to Grazing.-Payne (1957) concluded 
that Oxytropis sericea was a typical “increaser” on 
a range grazed by domestic livestock. It increased 
as range deteriorated from good or excellent condi- 
tion and decreased under heavy grazing pressure on 
rangeland in fair condition. This species was 
practically eradicated by close grazing by sheep 
in small pastures, but the persistence of hard seeds 
insures that loco will be one of the first plants to 
become re-established when grazing pressure is 
released, Blankinship (1903). Thus, eradication 
by means other than grazing should be sought. 

Toxicity.-Astragalus and Oxytropis plants, al- 
though suspected, were not proven toxic to live- 
stock until 1905 (Marsh, 1909). Since then, much 
time and effort has been expended to isolate the 
toxic material. Among the more prominent of the 
suspected toxic agents are barium, (Crawford, 
1908) selenium (Trelease and Beath, 1949) and 
locoine (Fraps et al., 1936), a compound suspected 
of being an alkaloid. The positive identity of the 
toxic agent is still unknown. Livestock may graze 
these plants for an extended time before signs of 
poisoning become apparent. 

The toxic material has a cumulative effect. Loco- 
weed causes a nonreversible change in the central 
nervous system of livestock. 

Some species of the Astragalus and Oxytropis spe- 
cies are believed nontoxic. Kingsbury (1964) has di- 
vided the toxic species into 3 different categories: 
(1) Selenium accumulators. Trelease and Beath 
(1949) have listed obligate selenium species. Ex- 
amples are A. bisulcatus (twogrooved milkvetch) 
and A. pattersonii (Patterson milkvetch); (2) Loco 
plant. These produce the typical signs of loco 
poisoning. Examples of these species are: A. 
Zentiginosus (freckled milkvetch), A. earlei (Earls 
woolly loco), A. wootonii (Wooton milkvetch), A. 
mollissimus (woolly locoweed), and 0. sericea 
(white point loco); (3) A third group of Astragalus 
is more acutely toxic. They do not produce signs 
of poisoning typical of group two. These plants 
are toxic in smaller quantities over a shorter time 
and respiratory involvement is usually present. 
An example is A. miser (timber milkvetch). 

Palatability.-The loco plants have been con- 
sidered by most investigators (Marsh, 1909) to be 
unpalatable to all classes of livestock and have been 
believed to be eaten only when range feed was 
scarce or other similar stress conditions. However, 
the palatability of plants to animals is relative 
and varies with plant composition, season, and 
stage of growth. Forage acceptability to animals 
may vary during the season. The palatability of 
the live loco plants among dried associated species 

is relatively high. The loco plants are readily eaten 
by animals that have previously grazed the plant 
and also during time of feed shortages. Dried loco 
plants are toxic (Mathews, 1932). 

Once range livestock start to eat the loco plant, 
they acquire a taste for it (Marsh, 1929). Some have 
described this as a habituating, narcotic, or addict- 
ing effect. The affected cow, horse, or sheep will 
then graze the loco plant to the exclusion of other 
forage and will even search for it. Marsh (1929) 
suggests that some animals may acquire the habit 
by imitating other livestock that are eating loco. 

Preuention of Poisoning.-Prevention is the most 
realistic goal in plant poisoning. Preventive mea- 
sures suggested by Marsh (1916) are: (1) use the 
range when poisonous plants are least poisonous 
or least palatable (2) provide abundant feed to 
reduce consumption of poisonous plants, and (3) 
use care in the management of animals new to the 
range. To these admonitions should be added: (1) 
do not turn hungry animals into areas infested with 
poisonous plants and (2) use extreme care in graz- 
ing animals around watering places as poisonous 
plants often occur near isolated watering locations. 

One can be sure that when animals start grazing 
toxic species of Astragalus and Oxytropis, loco 
poisoning will result if the animals are not sum- 
marily removed from such ranges. 

At present, there is no known treatment for loco 
poisoning in any species of range livestock. Since 
locoed animals are easily disturbed and difficult to 
handle, attempts to treat them may be more harm- 
ful than beneficial. 

Mathews (1932) found that less loco plant was 
required to produce a critical stage of locoism when 
concentrates (corn and wheat bran or cottonseed 
cake) were added to the ration than when the diet 
consisted of loco plant and hay. 

Signs of Poisoning in Sheep.-The signs of poison- 
ing vary somewhat among species of range live- 
stock. The more prominent signs of loco poisoning 
listed by Marsh et al. (1936) and James et al. (1967) 
in sheep are: a peculiar erratic gait, head held 
high, nervousness, stiffness, loss of sense of direc- 
tion and herding instinct, muscular incoordination, 
loss of weight, and progressive general body weak- 
ness. There may be periods of depression. Some 
locoed sheep may push against solid objects. Later 
they may show coordinated walking or running 
motions. These animals evidently die of exhaustion 
and starvation. Obviously unaware of the sur- 
roundings, some sheep walk off ledges, into rivers or 
other dangerous places. The signs of poisoning 
develop gradually over a period of time. Sheep that 
survive remain in a poor, emaciated condition. 

Since the toxic material in the loco plant has a 
cumulative effect, the signs of poisoning are not 
usually manifested until the plant has done con- 
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FIG. 1. A lamb born to a ewe that grazed A. pubentissimus FIG. 2. A lamb born to a ewe that was experimentally fed 
during pregnancy; note skeletal malformation. A. pubentissimus; note hypermobility of hock and stifle 

joints. 

siderable harm to the animal. Livestock that are 
severely poisoned are of questionable economic 
value. Horses never recover, while sheep and cattle 
may with time recover enough to be marketed. 
Those only mildly poisoned may show signs of 
poisoning whenever they become excited, even 
after a long period of time. 

Horses are more susceptible to loco poisoning 
and show more central nervous disturbance than 
do other livestock. Cattle respond somewhat simi- 
larly to horses. Sheep do not readily show the 
marked nervous signs, but nevertheless do show 
signs characteristic of the condition. Marsh (1909) 
has suggested that Aberdeen Angus cattle are more 
susceptible to locoism than Herefords; sheep of the 
black-face breeds are more susceptible than Me- 
rinos; and imported livestock are more likely to 
be poisoned on loco than native livestock. 

Teratogenic and A bortifacient Effects.-Sheep 
and cattle grazed on loco plant early in gestation 
may abort or give birth to congenitally deformed 
offspring (James et al., 1967). Sheep fed loco plant 
as early as the first 10 days or as late as the 55th 
day of gestation have aborted. Whether abortions 
occur when loco is fed beyond that date remains 
to be tested but it seems likely. Reportedly, 60% 
of a herd of 2,000 ewes aborted due to loco poison- 
ing. Abortions can be caused by locoweed even 
though signs of poisoning are not visible. 

Congenital deformities induced by the consump- 
tion of loco plant are characterized by any or all 
of the following anomalies: arthrogryposis (cur- 
vature and rigidity of the limbs, Fig. 1); aplasia 
(shortening) of the lower jaw, and hypermobility 
of the hock and stifle joints (Fig. 2); and a greatly 
increased incidence of contracted tendons, espe- 
cially the ankles (James et al., 1967). 

Trelease and Beath (1949) suggested that sele- 
nium may cause congenital malformations similar 
to those produced by loco plant. Binns and James 
were unable to produce congenital malformations 
by feeding selenium a1one.2 

Locoism and Reproduction.-Ewes that have 
been locoed and have given birth to a deformed 
lamb or have aborted can conceive and give birth 
to a normal lamb the following year. Ewes that 
have been poisoned on loco plant may be unthrifty 
in appearance but apparently can successfully raise 
a lamb (James et al., 1967). 

Rams fed 0. sericea for 62 days produced sperm 
equal in quality and volume to that of normal rams 
(Shupe et al., 1968). Libido was maintained even 
when the rams showed signs of poisoning. It would 
be expected however, that a point would be reached 
when all sexual activity would cease. 

According to Mathews (1932), sexual activity of 
the bull and estrus in the cow are suppressed in 
animals poisoned on A. wootoni and A. earlei. 
These functions returned following cessation of 
locoweed ingestion and improvement of physical 
conditions. The cows in Mathews’ experiment all 
aborted; all were later bred and conceived. 

Mathews also presented evidence that the toxic 
principle is not excreted in the milk of cattle. 

Blood Changes in Loco Poisoning.-Marsh (1909) 
reported that anemia is a constant finding in 
locoism. However, Mathews (1932) and James 
and Binns (1967) were unable to confirm this re- 
sult. The sulfobromophthalein liver function test 
indicated some liver damage and increases in 
plasma urea nitrogen indicated there was at least 

2 Unpublished data by W. Binns and L. F. James, 1959. 
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FIG. 3. Astragalus pubentissimus, 
ing in eastern Utah. 

a biennial locoweed grow- 

a mild nephritis. Serum glutamic oxalacetic trans- 
aminase (SGO-T) is elevated. Enhanced SGO-T 
values may reflect myocardial infarctions and 
chronic liver disease. 

Ulcerations of the abomasal mucosa were re- 
ported by Marsh (1909). Ulceration has been ob- 
served in field cases investigated but not in experi- 
mentally fed animals (James, unpublished data). 

Experimental Area and Procedure 

During 1957-55 and again in 1965-66, there was 
an unusually heavy growth of Astrugalus pubentis- 
simus (Green River milkvetch) in eastern Utah 
and southwestern Wyoming. A. Zen tiginosus was 
abundant in western Utah and parts of Nevada in 
1964-65. Heavy losses from deaths, abortions, and 
congenital malformations were reported among 
sheep grazing these areas. Some losses were re- 
ported in cattle and horses in Nevada. 

Each year of abundant loco plant growth had a 
warm wet fall and a mild winter. The loco plants 
started growing in the early fall and growth con- 
tinued until early winter, resuming in the spring. 
Since loco weed was the only green plant, sheep 
readily grazed it. 

The research reported here was done to investi- 
gate the possibility of using supplements to help 
prevent loco poisoning, to compare the toxicity of 
loco plants to sheep of various ages, and to study 
the utilization of loco plants by sheep under winter 
desert range conditions in eastern Utah. 

Forty acres of desert winter range, southeast of 
Vernal, Utah, typical of the area and supporting 
a substantial growth of A. pubentissimus (Fig. 3), 
was fenced into four pastures of equal size (ap- 
proximately 10 acres). One aged ewe, three middle- 

Table 1. Percentage of plant composition of study pastures.l 

Pasture Number 

Species #1 #2 #3 #4 

Astragalus pubentissimus 10 18 7 9 
Artemisia tridentata 48 51 61 53 
Atriplex confertifolia 15 20 13 20 
Sarcobatus vermiculatus 2 Trace 1 1 
Grayia spinosa 1 Trace Trace 1 
Chrysothamnus nauseosas Trace 
Chrysothamnus viscidiflorus 4 2 6 4 
Kochia americana Trace 1 Trace 
Tetradymia sp. Trace Trace 
Miscellaneous herbs 20 8 9 10 
Poa sp. Trace Trace 
Sitanian hystrix Trace Trace 
Hilaria jamesii Trace 3 2 
Oryzopsis hymenoides Trace Trace 

Total 100 100 100 100 

lGround cover was 7% in all four pastures. 

aged ewes (3 to 5 years old) and a lamb were placed 
in each pasture November 22, 1965. 

The plant composition was determined (Table 
1). All pastures were considered similar. Water 
was available from snow, or was hauled to the 
sheep daily when no snow was available. 

All diets consisted essentially of the same natural 
forage plants plus the following supplements: 
Pasture l-cottonseed meal plus 2 y. dicalcium 
phosphate; Pasture Z-cottonseed meal only; Pas- 
ture 3-dicalcium phosphate only; and Pasture 4- 
no supplement. The sheep were observed weekly 
for signs of poisoning and the pastures were in- 
spected so as to ascertain if the loco plant was being 
grazed. Sheep grazing the open range were also 
observed. 

Results 

During the first week the sheep in all pastures 
ate only small amounts of loco plant. Their diets 
consisted primarily of annual weeds and browse. 
Loco plant consumption increased during the 
second and third weeks. 

Sheep ate only small amounts of the supplement 
during the first 2 weeks. During this period the 
only source of water was in watering troughs near 
the supplement. After a persistent snowfall of four 
inches sheep consumed none of the water or sup- 
plemen t. 

The amount of loco plants eaten increased mark- 
edly during the last of the second week and the 
third week. All sheep appeared to improve in 
condition up to this time. At the end of the third 
week, the diets consisted primarily of loco plant 
and shadscale. 

The first signs of loco poisoning, such as un- 
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Table 2. Percentage of loco in plant composition before 
and aiter grazing. 

Pasture 
Nunbe* Bc+rc A’tW 

1 10 5 
2 18 1” 
3 7 1 
4 9 Trace 

steady gait, were manifested in one aged ewe and 
a lamb during the fifth week. By the end of the 
sixth week, another aged ewe wu showing marked 
signs (unsteady gait and head held high) of poison- 
mg. The other sheep were beginning to show 
some equivocal signs of poisoning with the lambs 
and aged ewes appearing to be most affected. 

All aged ewes and lambs showed marked signs 
of poisonipg by the time the middle-aged ewes 
were showmg mild, though unequivocal signs of 
poisoning. It was estimated at this time that 10% 
of the available forage had been utilized, with the 
major use being made of loco plant, shadscale, and 
annual weeds. Sagebrush and other forage plants 
were only slightly used. 

By the end of the ninth week, 1 aged ewe had 
died, all of the other aged ewes and lambs were 
seriously locoed and the middle-aged ewes were 
showing increased signs of poisoning. At this time 
3 aged ewes, 1 middle-aged ewe, and 2 lambs were 
taken from the pastures for blood sampling and 
necropsy. 

During the tenth tlrrough the twelfth week, all 
sheep continued to decline. It was possible to 
walk up to several as they lay on the ground unable 
to get up. Perhaps the most interesting observation 

was vascillation of tire signs of poisoning. One day 
a sheep would be down and unable to rise and a 
few days later be up and much improved. The 
more prominent signs of poisoning were head 
beld high (acting as if “wool blind”), depression, 
stiffness, peculiar gait and recumbency. 

At the end of 12 weeks, all but 3 middle-aged 
ewes and 1 lamb were taken for blood samples and 
necropsy. The remaining 4 were removed from 
the pastures at the same time. 

A utilization study of loco plant was made after 
the experiment ended (Table 2). 

Field Ol/,~e~~u~~o~~,-During 1965-66, approxi- 
mately 55% of a herd of 1,900 head of sheep that 
grazed in the vicinity of the experimental pastures 
died from loco poisoning. Approximately 120 of 
the remaining ewes gave birth to normal, full- 
term lambs. These and the other survivi?g ewes 
were very emaciated (Fig. 4). Approxmlately 
457” of another band ot ewes that grazed the loco 
plant aborted their lambs. In both herds, some of 
the damage to the sheep from grazin,g the loco 
plant occurred before signs of loco paxming be- 
came evident. 

Fig. 5 shows an A. pubentissimu~ plant that was 
grazed by sheep. Many of these plants had been 
pulled out of the ground and part of the roots 
eaten. Sheep were also observed eating the dried, 
blackened, year-old stems of A. Zentiginosus. These 
sheep had been locoed the previous year. Loco 
poisoning has been observed in sheep grazing dried 
year-old loco A. pubentissimus, and cattle grazing 
dried year-old A. lent&noms. 

Feeding studies have shown A. lentiginosus to 
be more toxic than either 0. sericea or A. pubentis- 
sirnus.” 
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Hematology .-Blood samples were obtained from 
sheep in the pastures as well as those in herds of 
locoed sheep. No measurable differences were 
noted in the blood values from the two groups. 

A total of 12 blood samples was obtained from 
sheep having slight to very severe signs (recum- 
bency) of loco poisoning. The mean cell volume 
of these sheep was 38% with a range from 26% to 
49%. All values were within normal limits. The 
mean hemoglobin was 12Gm Hb/lOO ml of blood 
with extremes of 7.9 and 14.8, which were within 
normal limits. The mean value for total white 
blood cell counts for all ewes tested was 11.70 X 
103/ cmm. The minimal-maximal limit for white 
cell counts is 4 to 12 x lO”/cmm of blood. The red 
blood cell count had a mean of 12 x 1 06/cmm, 
which was within normal limits of 8.0-16.0 x 
106/ cmm. 

The mean SGO-T for 21 locoed ewes was 1910 
units with the extremes being 3902440 units 
(serum transaminase activity is expressed in units/ 
milliliter with one unit equal to the formation of 
1 microgram of pyruvate under conditions speci- 
fied). Buck et al. (1961) list the normal for SGO-T 
as 85 units with minimal-maximal limits of 54 
and 128. 

Discussion 

The sheep placed in the pastures started to graze 
loco plant rather quickly. The daily intake of loco 
foliage appeared to increase with time. The graz- 
ing of loco plant cannot be attributed entirely to 
a lack of forage in this trial, because all four 
pastures contained an abundance of winter forage 
of good variety. Protein and mineral supplements 
offered in three of the pastures were largely re- 
jected by the sheep. Alfalfa hay was placed near 
the water and supplement troughs in an attempt to 
lure the sheep to eat the supplement, but they 
grazed the loco in preference. The aged ewes and 
lambs showed signs of poisoning earlier than the 
middle-aged ewes. One explanation might be the 
condition of the teeth of these sheep. The aged 
ewes varied from a total lack of teeth to a few long 
ones, while the lambs were just losing their milk 
teeth and obtaining permanent ones. In some in- 
stances loco plants were grazed below the soil 
surface. They may have been enticed to eat the 
loco plant, even the crown, because it was more 
succulent and easier to chew than other plants. 

Snow cover over the plants did not prevent the 
sheep from eating loco. The sheep would paw 
through the snow to get it. 

It was apparent that the sheep had acquired a 
taste (habit) for the plant before signs of poison- 
ing became evident. 

Competition from desirable nonpoisonous range 
plant species might offer some relief from the loco 

plant problem through suppression of loco plant 
populations. 

Abortions can occur in sheep fed foliage from 
loco plant as early as the first 10 days of gestation, 
up to and probably beyond the 55th day. 

Biological changes associated with loco poison- 
ing are difficult to identify and evaluate. As signs 
of poisoning begin to appear, feed consumption 
declines and eventually ceases. Starvation then be- 
comes a factor. 

It is apparent that the prevention of loco poison- 
ing on winter ranges still lies in avoiding loco- 
infested areas almost entirely. 
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Highlight 

Rootplowing and rootplowing combined with rootraking 
increased the density of pricklypear stands but decreased 
the density of other undesirable woody species. Chaining 
resulted in extremely dense stands of pricklypear. Dragging 
caused a great reduction in the density of the pricklypear 
but had only limited effects on other woody species. Drag- 
ging, followed by rootplowing appeared to decrease the 
density of all undesirable woody species. This dual opera- 
tion resulted in the establishment of a relatively brush-free 
grassland, which with management and periodic mainte- 
nance, can produce a large quantity of desirable herbaceous 
forage on a sustained basis. 

Control Mecanico de Nopal en 10s Planos 
de1 Rio Bravo 

Resumen2 

El estudio se llev6 a cabo en 10s planos de1 Rio Bravo al 
sur de Texas. Se observ6 que tanto el desenraice con arado 
solo coma el desenraice con arado combinado con rastreo au- 
mentaron la densidad de1 nopal y disminuyeron la densidad 
de malezas arbustivas. El uso de cadenas result6 en nopaleras 
muy densas pero solo retard6 el crecimiento de otras malezas 
arbustivas. En cada uno de estos m&todos hubo una tend- 
encia a cambiar de un tipo de vegetaci6n dominante con 
arbustos a otro tipo con nopaleras densas. 

Una serie de rastreos (con barandillas) caus6 una re- 
ducci6n significativa en la densidad de1 nopal, pero el &nico 
efecto sobre las malezas arbustivas fue una reducci6n de 
crecimiento. Sin embargo, este m&odo seguido de un 
desenraice con arado dio lugar a una disminucibn de la 
densidad de todas las malezas arbustivas incluyendo el nopal. 
Este m&odo combinado dio lugar al establecimiento de 
un pastizal de zacates con pocas especies malas el cual con un 
manejo adecuado y un control peri6dico de mantenimiento 
de las especies indeseables que van a reinvadir puede 
producir una gran cantidad de forraje deseable proveniente 
de herbhceas sobre una base de mantenimiento. 

Much of the Rio Grande Plains of Texas was 
originally prairie (Johnston, 1963). It now supports 

l This research was possible only with the cooperation of 
many ranchers on the Rio Grande Plains as well as by the 
cooperation of the Work Unit Conservationists in Jim 
Hogg, Zapata, Webb, Starr, and McMullen counties and 
the County Agricultural Agents in McMullen and Starr 
counties in locating areas. Appreciation is extended to 
David Terra1 for assistance in collecting field data. 

2Por Dr. Donald L. Huss, Organization de las Naciones 
Unidas para la Agricultura y la Alimentacion (FAO), Dep. 
de Zootecnia, ITESM, Monterrey, N.L., Mexico. 

such a growth of brush that only limited quantities 
of herbaceous forage are produced. Possibly the 
prominence of brush has been promoted by the 
reduction in stature and density of herbaceous spe- 
cies with continuous heavy use by both domestic 
livestock and wildlife. 

Although some believe that the brush invasion 
has been recent, reports on the early vegetation of 
the Rio Grande Plains indicate that brush species, 
limited in size and density, have always been 
present (Johnston, 1963; Inglis, 1964; Lehmann, 
1965). Johnston (1963) reports that increases in 
stature and density of the brush species has taken 
place during and since settlement. Some writers 
have attributed these increases to the cessation of 
fire (Humphrey, 1958; Lehmann, 1965). 

Reports about brush invasion and wildlife and 
domestic livestock use of the vegetation include 
those of Box (1964), USDA (1964a), Box and 
Powell (1965), P owe11 and Box (1966). 

Reports on the value of herbicides for the con- 
trol of pricklypear (Opuntia spp.) on the Rio 
Grande Plains are available (Dameron and Smith, 
1939; Darrow, 1950; Hamilton, 1950; Hoffman and 
Dodd, 1967; and others). In general, these reports 
indicate little success with broadcast applications. 
However, individual plant treatment will usually 
control pricklypear. Little information, however, 
is available on the chemical control of other woody 
species and the value of mechanical control mea- 
sures for woody species, particularly pricklypear 
(Allison and Rechenthin, 1956; Powell and Box, 
1967). 

The present research was undertaken to de- 
termine the effects of various mechanical control 
measures on undesirable woody species on the Rio 
Grande Plains. Rootplowing has been a popular 
method of brush control in this area for 20 years 
or longer; other methods such as dragging have 
been developed more recently. 

Methods 

During 1964 and 1965, prairie areas on the Rio Grande 
Plains that had been subjected to the rootplow, rootplow 
and rootrake, chain, drag, and drag and rootplow were 
selected for study. Rootplowing is accomplished with a 
cutting blade mounted on the rear of a crawler tractor. 
Plowing depth is adjusted to the type of brush present, 
and is usually deep enough to cut the plants off below the 
root collar. Recently, a follow-up operation utilizing a 
front-end or drag rake has become common. This dual 
treatment is more costly than rootplowing alone. Chaining, 
one of the early mechanical control techniques used on 
the Rio Grande Plains, consists of an anchor chain looped 
between two crawler tractors. This technique probably is 
not used as commonly now as in the past. Equipment for 
dragging or railing brush on the Rio Grande Plains varies 
considerably. In some instances, weighted railroad rails 
fastened in series are used with a crawler tractor while 
lighter and smaller drags constructed of rails or large size 
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gas pipe cut in balf arc used with a wheel tractor. A large- 
linked chain may be looped behind the light~weight drags 
for additional bruising. 

Criteria for selection of the areas were: (I) an adjacent 
untreated check area of comparable management, (2) an 
area where the treatment was not less than 1 nor more than 
4 years old, (3) an area rcprcscntativc of either a rolling 
hardland or sandy~loam range site, and (4) an area of 
adequate six to measure the results of brush control. 

In each site selected, circular plots with a radius of 
8 ft wcrc established in both treated and check areas. Plot 
centers were located on a compass line 100 it on cithcr 
side of the boundary between the treated and check areas. 
Individual members of each pair were 200 ft apart. Each 
site thus was sampled with an arbitrary number of paired 
plots. The number of pricklypear plants rooted in each 
p!or was counted. 

Five size classes of pricklypear p!ants wcrc cbtablished 
based on the number of cladophyllx Class 1: O-5, 2: 6-25, 
3: 2650, 4: 51-100, and 5: over 100 cladophylls. From 
companion studies (unpubliched) it was apparent that 
classes 1, 2, and 3 were reasonably representative of plants 
1, 2, and 3 years old. Various sire classes, depending upon 
t!lc mechanical treaunenf, were present on the treated 
arcas. This same variation in sire was evident to a limited 
cxtcnt in the untreated stands due to the continual ab- 
scission of cladophylls and branches from the larger and 
older plants. Each cladopbyll, stem, rhizome, or trunk is 
capable of vegetative regeneration. 

Woody plants, other than pricklypear, wcrc recorded on 
a frequency and presence basis. Presence is the percentages 
of study sites of occurrence, while frequency is the pcr- 
centagc 01 sample plots of occurrence within each site. 

Nomenclature used follows Gould (1962). 

Results and Discussion 

The U.S. Soil Conservation Service (USDA, 
1964a) reports that approximately 93% or over 
15.75 million acres of the Rio Grande Plains of 
Texas are infested with undesirable woody species 
(Fig. 1). Of this total, approximately 12.5 million 
acres are considered to have a brush canopy cover 
greater than 20%. This is a sizable increase even 
though approved mechanical and chemical control 
measures have been used for many years. The con- 
tinued increase in undesirable woody species has 
been accompanied by a corresponding decrease in 

the density and production of desirable grass spe- 
cies. 

The results of this investigation show the effects 
of rootplowing, rootplowing-rootraking, dragging, 
dragging-rootplowing, and chaining on the vegeta- 
tion of the Rio Grande Plains. The reaction of 27 
woody species, including pricklypear, are expressed 
as changes in stand density and frequency of occur- 
rence. 

Rootplowing had little or no effect on reducing 
the density and occurrence of pricklypear. How- 
ever, it was effective in reducing the stands of other 
woody species (Tables 1, 2, 3). Similar results have 
been reported by Powell and Box (1967). 

Rootplowing broke up the pricklypear plants and 
scattered the cladophylls and other plant parts 
(Fig. 2). It did not reduce pricklypear density on 
any of the areas sampled, but increases from 100 
to 3000/, were common. A maximum increase of 
over 22 times that prior to treatment occurred on 
one site. Rootplowed areas were the only ones 
with plants in classes 4 and 5 (Table 2). 

On 40% of the rootplowed areas, pricklypear fre- 
quency was in excess of 80x, (Table 1). More than 

Table 1. Mean, minimum, and maximum density and frequency of pricklypear plants for each of five methods of 
mechanical control. Untreated denotes data collected from undisturbed vegetation; treated denotes data collected 
following mechanical treatment. 

Density 
(i%.,X*c) 

Frequency 
(“) 

Treated NO. Untreated Treated “lltreated 
Treatment sites Mean Min. Max. Mean Min. Max. Mean Min. Max. Mean Mill. Max. 

Rootplowed 15 2188 303 5092 823 180 2275 73 20 100 69 40 80 
Rootplowed & Rootraked 5 2514 217 Glll 1235 217 2254 76 30 100 70 30 100 
Dragged 8 889 143 2319 1972 1170 3506 G6 17 100 91 70 100 
Dragged & Rootplowcd 2 65 39 87 2969 2622 3163 20 20 20 100 100 100 
Chained 2 4940 3446 G414 2492 1517 3446 95 90 100 90 90 9” 
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one-half of the rootplowed areas had lrequencies 
higher than the checks. The big-her densities and 
frequencies for treated sites indrcate a more dense 
and widely dispersed stand than prior to root- 
plowing. 

Rootplowing was effective in maintaining or re- 
ducing the presence and freqnency of nearly all 
woody species (Table 3). The data indicate that 
the presence of three plants, pricklypear (Opuntia 
spp.), leatherstem (Jntrof,ha s(iathzrlatn) and tasa- 
jillo (0. Ze@xauZis) remained unchanged. The 
frequency of the first 2 increased. A sizable de- 
crease in presence and frequency was recorded for 
mesquite (Prosopis glnndulosn), condalia (Condalia 
spp.), granjeno (CeZti.x @~ZZidu), and other woody 
species. 

Many ranchers have combined rootraking with a 
rootplowin5 operation and believe that the added 
rootraking 1s effective in clearing the land for seed- 
bed improvement (USDA, 1964b). Fig. S shows 
a pricklypear stand 3 years after rootplowing and 
rootraking. In 80’% of the treated areas an increase 
in pricklypear density similar to those reported for 
rootplowing occurred (Table I). However, a re- 
duction in density was measured on one area. A 
large number of small, class 1, plants occurred 

on the rootplowed and rootraked areas (Table 2). 
The frequency values for the rootplowing-root- 
raking method were similar to those reported for 
rootplowing. 

Rootplowing followed by rootraking either re- 
duced or did not change the presence and fre- 
quency of the species investigated (Table 3). Mes- 
quite decreased considerably, while condalia and 
desert yaupon (Schaefferia cuneifolia) were absent 
in the treated areas. 

Data in Tables 1 and 2 show an increase in 
pricklypear density with this dual treatment. Hov- 
ever, the control of other woody species is better 
than with rootplowing. This slight improvement 
in brush control and seedbed condition may justify 
the additional cost, but pricklypear is still a prob- 
lem in grassland restoration. 

Dragging or railing was developed on the Rio 
Grande Plains primarily for control of species of 
Of~untia on areas of small brush and tree vege- 
tation (IJSDA, 19641~). The reduction in woody 
cover following two draggings with weighted rail- 
road rails is shown in Fig. 4. Dragging reduced 
pricklypear density, but small plants persisted if 

Table 2. Mean number of pricklypear plants per acre in each size class. Size class is based on number of cladophylls 
per plant. (Class I: O-5; Class 2: 625: Class 3: 2650: Class 4: 51-100; Class 5: over 100). Untreated denotes data 
collected from undisturbed vegetation; treated denotes data collected following mechanical treatment. 
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follow-up maintenance practices were not utilized 
(Tables 1, 2). In 7 of the 8 areas sampled the 
density was reduced. The maximum reduction re- 
corded was 947,. However, an increase of about 
100% occurred on one of the areas. This increase 
was apparently due to the application of a single 
dragging treatment. 

The mean frequency of pricklypear occurrence 
in the dragged plots was considerably less on the 
treated than the adjacent untreated areas (Table 
1). Thus, based on frequency and density, the 
treated areas had a scattered pricklypear stand of 

low density while the check areas had dense and 
relatively uniform stands. 

The data in Table 3 indicate that dragging had 
little effect on the presence of most woody species. 
Tasajillo, desert yaupon, pin cushion (Neomam- 
millaria hernis@zaerica), cenizo (Leucophyllum 
frutescent), coyotillo and Texas persimmon were 
reduced while allthorn increased in presence. The 
frequency data indicate a sizable reduction in the 
distribution of pricklypear with dragging while 
little change for the other species was recorded. 
Damage to the other brush species was usually re- 
tardation of top growth for a limited time. A con- 
siderable amount of basal sprouting usually oc- 
curred. 

A relatively new mechanical brush-control tech- 
nique used is to rootplow following a series of 
draggings. Tables 1 and 2 show that dragging re- 
duces the pricklypear stand, while data in Table 3 
show that rootplowing is effective for other woody 
species. By combining these two mechanical meth- 
ods, a more effective control of the brush on the 
Rio Grande Plains may be possible. 

Two areas were treated by dragging with a light 
weight drag at spaced time intervals followed by 
rootplowing. The density reduction was high in 
all size classes (Tables 1, 2). Based on frequency, 
the original uniformly distributed pricklypear 
stand of mOderate density was reduced to a stand 
of scattered plants. 

When the dragged areas were rootplowed most 
woody species were reduced in frequency from 
100% to near zero (Table 3). The presence data 
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do not indicate a change for some species such as 
pricklypear, mesquite, and granj eno. 

In the present investigation, 2 chained areas were 
sampled. Pricklypear plant density increased, par- 
ticularly in class 1 plants, on both areas (Tables 1, 
2). The frequency increase was slight and of little 
value as an indication of plant distribution. The 
density and frequency values show that both the 
control and treated areas supported uniform dense 
stands of pricklypear. 

Chaining appears to result in the scattering of 
pricklypear and the establishment of many new 
plants (Table 1). However, as pointed out in Part 
II of the Soil Conservation Service report (USDA, 
1964b) chaining has some value in the control of 
single-stemmed trees such as mesquite. Smaller 
brush species, such as blackbrush and condalia, 
bend and little damage results from chaining. If 
the tops are broken, profuse sprouting usually 
occurs. 
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Discussion and Development of 
the Point-Centred Quarter Method 
of Sampling Grassland Vegetation 

A. HEYTING 

Biometrician, Department of Research and Specialist 
Services, Ministry of Agriculture, Rhodesia.1 

Highlight 
The point-centered quarter method of sampling grassland 

vegetation is critically examined. Statistical techniques of 
processing data collected by the method are presented. 
These techniques are discussed in the light of findings 
from a sampling experiment at Matopos Experiment Sta- 
tion, Rhodesia. 

Excellent methods of grassland sampling, the 
results of which are amenable to statistical analysis, 
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have been developed for dense vegetation and for 
situations where the grass is not grazed or cut. 
Prominent among these are the “point methods.” 
If the vegetation is very sparse then these methods 
are rather inefficient, especially if interest is cen- 
tered on measurements made at ground level, as 
may be the case when the grassland under study is 
being grazed by game or cattle. In such situations, 
distance measurement methods, such as the point- 
centered quarter (P.C.Q.) method, may be useful. 
By these methods positive information on species 
composition and density is obtained at all sampling 
positions whereas, with the point methods, most 
sampling points would yield no more information 
than that no “hit” can be recorded. 

The P.C.Q. method was developed for the de- 
termination of tree and sapling composition of 
woodland by Cottam and Curtis (1956) and was 
first adapted for application to grassland studies 
by Dix (1961). In this paper the method is dis- 
cussed critically. Attention is confined to discover- 
ing changes in vegetation density and composition 
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do not indicate a change for some species such as 
pricklypear, mesquite, and granj eno. 

In the present investigation, 2 chained areas were 
sampled. Pricklypear plant density increased, par- 
ticularly in class 1 plants, on both areas (Tables 1, 
2). The frequency increase was slight and of little 
value as an indication of plant distribution. The 
density and frequency values show that both the 
control and treated areas supported uniform dense 
stands of pricklypear. 

Chaining appears to result in the scattering of 
pricklypear and the establishment of many new 
plants (Table 1). However, as pointed out in Part 
II of the Soil Conservation Service report (USDA, 
1964b) chaining has some value in the control of 
single-stemmed trees such as mesquite. Smaller 
brush species, such as blackbrush and condalia, 
bend and little damage results from chaining. If 
the tops are broken, profuse sprouting usually 
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FIG. 1. The P.C.Q. calibrator. 

while the pattern of vegetation distribution re- 
mains relatively stable. The study of pattern itself 
will be dealt with in a future paper. Statistical 
techniques for the processing of P.C.Q. data are 
presented and examples of their application are 
given. 

Procedures 
The below description of field procedures closely follows 

the directions given by Dix (1961). 
Sampling points are distributed within the sampling area 

according to a systematic pattern. They are situated at 
equal intervals along parallel straight lines. Points on 
alternate lines are staggered. If the distance between suc- 
cessive points on each line is d, then the lines themselves 
must be a distance rhdv?? apart. This produces a lattice 
of points such that each point is equidistant from its six 
nearest neighbors. In practice these instructions need not 
be followed rigidly, the main aim being to get a roughly 
uniform distribution of sampling points. The location of 
points is facilitated by the use of a surveyor’s arrow and 
compass. Each sampling point is found by pacing a pre- 
determined number of steps along a compass line and then 
placing the arrow vertically into the ground, guided by a 
notch cut in the tip of the sampler’s boot. 

The area around each sampling point is divided into 
four quarters, delineated by two lines through the sampling 
point, one parallel to and another perpendicular to the 
direction of the compass line. The demarcation of quarters 
is aided by filing four small marks on the surveyor’s arrow in 
such a way that each mark is 90” from its nearest neighbor. 
I have chosen the name “station” to describe a sampling 
point together with the four quarters around it. 

Within each quarter, the distance from the sampling 
point (base of the surveyor’s arrow) to the nearest living 
herbaceous shoot (nearest point of root development for 
creeping species) is measured at ground level and recorded 
by species and by station. 

Two minor departures from the above procedure are 
suggested. Firstly, the orientation of quarters need not be 
constant for all stations. Effort and time may be saved to 

FIG. 2. The P.C.Q. calibrator in use. 

a minor extent by placing the surveyor’s arrow without 
reference to the direction of the marks which demarcate 
the quarters, and this is recommended. Secondly, it has 
been found that replacing the compass line by a steel tape 
or by pacing between siffhting rods both work quite well 
in oben grassland areas. Fveryklement of choice on the part 
of the operator is removed if ‘predetermined positions along 
the tape define sampling points. This is desirable to avoid 
biased findings. 

Instruments.-1 have developed an instrument to make the 
field work easier. It is called the “P.C.Q. calibrator” (Fig. 
1 and 2) and is a more sophisticated version of the surveyor’s 
arrow. The measuring device, in this instance a tape mea- 
sure, is attached to the instrument in such a way that it can 
rotate around the central shaft. The equivalent of filing 
marks on the surveyor’s arrow is a dial which is attached 
to the shaft just above the tape measure together with an 
indicator hand which is fastened to the tape measure itself. 
The tip of the shaft holds a sharpened blade which prevents 
the shaft from turning after it has been inserted in the 
ground. 

Data Recording-.-The data form of Fig. 3 has shown itself 
to be quite convenient for subsequent data processing. 

S I T E “-‘d&~ B SAMPLING DATE /Y/2//9-4 

FIG. 3. Data sheet for the recording of P.C.Q. observations con- 
taining fictitious records. 
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Except for the last five columns and the last line, the form 
is identical to that suggested by Dix (1961). 

The stations in a single sampling area are numbered con- 
secutively on successive data forms. The entries correspond- 
ing to stations and species are the recorded distances. Note 
that there are four such distances per station. The Xd 
column contains the total distance for each species. The nij 
columns contain the number of times a species is en- 
countered j times. There are, for example, three stations 
at which D. nemordis is encountered twice (stations 1, 
8, and 9). The bottom line contains all the column totals. 

Two checks have to be made. Firstly, the sum of the 
first 10 column totals must, of course, equal the total of the 
zd column. This column is, in fact, included solely to pro- 
vide this check. Secondly, if the sum of the nij column 
is denoted by nej and the number of stations on the form is 
denoted by n, then the following must be true: 

i (jnej) = 4n 
j=l 

For example, from the data sheet of Fig. 3 we have: 

For the entire sampling area a summary of the last four 
columns is made, so that nij on the summary is the total 
number of stations in the sample where the ith species is 
recorded j times. Equating n now to the total number 
of stations in the sample, the second check above must, of 
course, apply equally to this summary. 

The purpose of recording the nij and the total distances 
per station will become clear in subsequent sections. 

Vegetation Parameters 

Dix (1961) defines several parameters by which 
to describe the vegetation. 

The relative frequency of a species is the number 
of stations at which the species is recorded at least 
once, expressed as a proportion of the total num- 
ber of stations in the sample. The relative density 
of a species is that proportion of the total number 
of quarters in the sample where the species was 
recorded. Both these quantities may be expressed 
as percentages. The comparison between the rela- 
tive frequency and relative density of a species 
gives an indication of the manner in which the 
species is distributed over the sampling area. A 
relatively high relative frequency indicates a wide 
distribution of small clumps while near equality 
of the two implies a concentration of the species 
in large clumps. 

The mean distance per quarter is calculated 
and Dix claims that its square gives the mean area 
per shoot. This claim is based on work done by 
Cottam et al. (1953) who showed that if the P.C.Q. 
method is applied to sample a population of 
randomly dispersed points then the square of the 
mean distance per quarter provides a close estimate 
of the mean area per point. Unfortunately, the 
application of this result to the P.C.Q. sampling of 
grassland will only be valid in rare instances. 
Grassland vegetation is usually arranged in clusters 

of individual plants, each of which may consist 
of numerous shoots. In such cases the distribution 
of shoots cannot be assumed to be random and the 
mean area as obtained above loses its meaning. 
This observation is supported by statistical evi- 
dence, derived from data which were obtained at a 
sampling site at Matopos Experiment Station, Rho- 
desia. There the four distances which are mea- 
sured at a single station were found to be positively 
correlated, thus disproving a hypothesis of random 
distribution of shoots. The evidence is presented 
in greater detail in the next section. 

Some Statistical Results 

In this section capital letters will be used to indi- 
cate variables while their realizations are denoted 
by lower case letters. 

Given a sampling area, a fixed sample size, n say, 
and a method of selecting the n sampling points, 
the following notations apply: 

xik 

pijk 

Fi 

E(Fi) 

Nij 

D km 

Dk. 

D.. 

E(D . .) 

v( Fi) 
v(D . .) 

the variable which records the number of 
quarters in which the ith species is en- 
countered at the kth station, 
the probability that, for any one sample, 
xii, has a realization equal to j, 

the relative density = ( i1&) / 4n, 

the expectation of Fi, also called the “true 
relative density” corresponding to the sam- 
pling method, 
the variable which counts the total number 
of xii< in a sample which are equal to j, 
the variable which measures the distance 
in the mth quarter of the kth station of a 
sample, 

4, the mean distance per quar- 

ter at the kth station, 

( ilDkJ/ n, the mean distance per quar- 

ter over all stations, 
the expectation of D . ., also called the “true 
mean distance per quarter” corresponding 
to the sampling method, 
the estimate of variance of Fi and 
the estimate of variance of D . . . 

It follows directly from the above definitions that 
the relative density (fi) and the mean distance per 
quarter (d. .), both calculated from the sample 
data, are unbiased estimates of the true relative 
density of the ith species and the true mean dis- 
tance per quarter respectively. The easiest way 
to calculate fi is as 

fi = ( i jnij)/4n, j =I 

while the relation 8 fi = 1 provides a check on the 
calculations. 1 
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Estimation of the Variance of the Relative Density 

Per definition, 
variance (Xik) = E[ {Xi,< - E(Xik)}2] 

= 

On the assumptions that, for fixed i, the Xik are 
mutually uncorrelated and that, for fixed i and j, 
the pijk are constant and equal to pij say, 

variance (Fi) = variance [ i (Xik)/Jn] 
k=l 

1 =- 
[ 

i variance (Xik) 16n” kZl 1 
’ =-El [ jI (j”Pij> - ( $1jPij)2] 7 

and pij may be estimated by cij = nij/n. An esti- 
mate of variance of the relative density of the ith 
species may then be obtained by replacing pij in 
the above expression by its estimate, whence 

1 
v(Fi) = m nil (j2nij) - ( i_inil>^] 9 

which may be expanded to give 

v(Fi) =A [nib - nil) + 4ni2(n - ni2) 

+ 9nis(n - nis) + 16nib(n - ni4) 
- 4nil niz - 6nil nis - 8nil nib 
- 12ni2ni3 - 16ni2 ni4 - 24nia ni4] . 

Variance of the Relative Density with 
Systematic Sampling 

If the sampling points are randomly dispersed 
over the sampling area, the above assumptions are 
met and the variances of the relative densities may 
be estimated as shown. In practice, perfectly ran- 
dom distribution of sampling points cannot be 
achieved and even approximate randomization is 
very laborious. The method is to select at random 
intersections of the lines of a fine, imaginary 
grid which is superimposed on the sampling area. 
Sampling points can be located in the field by 
reference to a set of coordinate axes. 

With systematic sampling there can be no guar- 
antee that the conditions of the previous section 
are met. If interest is confined to the specific 
arrangement of plants as found in the sampling 
area at the time of taking the sample, this will 
certainly not be the case. If, on the other hand, 
a process is hypothesized by which the vegetation 
pattern is generated and if interest attaches to 
the vegetation considered as a random realization 
of this process, then there are two situations in 
which v(Fi) computed from systematic sample data 
may be a valid estimate of the variance of Fi. In 
the first and infrequently realistic situation, the 
distribution of shoots is considered to be random. 

Under this assumption and provided that the 
density of sampling points is not too high, random 
and systematic samples are equivalent. In the 
second and more commonly applicable case, indi- 
vidual plants are arranged into distinct clumps 
of different species composition and density (aggre- 
gated distributions). Under the assumption that 
the spatial arrangement of clumps shows no system- 
atic trends with respect to both clump size and 
composition, in other words that nature has pro- 
vided an element of randomization, and with 
sampling points somewhat further apart than the 
diameter of the largest clumps, the results of the 
previous section may be applied. 

There are infinitely many ways in which an 
aggregated distribution can fail to possess the (sta- 
tistically desirable) properties which are listed in 
the previous paragraph and it is not possible to 
ascertain that a given sampling area exhibits these 
properties to perfection. The best that can be 
done is to make sure that the more likely ways in 
which the vegetation may differ from the statistical 
ideal do not occur and that sampling points are 
sufficiently far apart. 

If the distance between adjacent sampling points 
in an aggregated distribution is less than the 
diameter of the largest clumps then this has the 
effect that the recording of a species at a station 
increases the probability of recording the same spe- 
cies at the neighboring stations and the failure to 
record the species decreases this probability. The 
same will be true if neighboring clumps are 
similar in composition, unless stations are very far 
apart. Occasionally it is possible to discover, for 
aggregated distributions, whether stations are too 
closely spaced. If it is hoped that individual plants 
may be assumed to be randomly dispersed, the same 
test may reveal clustering of a species. 

Consider a sampling area with n = bs regularly 
distributed sampling points, divided into b blocks, 
each consisting of s neighboring stations. Let kill 
be the observed frequency of the blocks where the 
ith species has been recorded h times. Clearly h 
may vary from zero to 4s and 

4k 
8 kill = b, for all i. 
11 =o 

On the null hypothesis that the stations are suf- 
ficiently far apart and that the vegetation contains 
the required random elements, estimates kill of the 
expected values of the variables of which the kill 
are realizations may be obtained from the multi- 
nomial distribution by summation of the coeffi- 
cients of those terms in the expansion of 

b( iOfiij tj)‘, 

for which the power of t equals h. 
If stations are too closely spaced, the kill are 
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Table 1. x2 tests to determine required spacing of sampling points for the Matopos thornveld. 

1st blocking scheme 
(smallest distance between 

2nd blocking scheme 3rd blocking scheme 

Number of 
points 47 inches) 

(smallest distance between 
points 80 inches) 

(smallest distance between 
points 125 inches) 

shoots re- 0 E 0 E 0 E 
corded per Observed Expected O-E Observed Expected O-E Observed O-E 

block frequency 
Expected 

frequency Difference frequency frequency Difference frequency frequency Difference 

; } 16 } 7.05 } 8.95 \ g 1 7.64 1 1.36 } l2 } llez3 } o*77 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11-16 

9 
28 
27 
32 
26 
32 
22 
21 
9 

18 

12.44 
21.25 
29.92 
35.44 
36.38 
32.66 
25.83 
17.97 
11.01 
10.03 

- 3.44 
6.75 

- 2.92 
- 3.44 
-10.38 
- 0.66 
- 3.83 

3.03 
- 2.01 

7.97 

J J J 
10 7.84 2.16 
10 10.67 -0.67 
14 12.17 1.83 
10 12.07 -2.07 
5 10.43 -5.43 

7.96 0.04 
5 5.33 -0.33 

5.87 3.13 

7 
12 
11 

9 

9 

10.50 -3.50 
11.18 0.82 
11.34 -0.34 
7.70 1.30 

0.96 

X2 x2 (10 d.f.) = 25.80 x2 (4 d.f.) = 6.03 x2 (1 d.f.) = 1.59 

P P < 0.01 P> 0.1 P > 0.2 

likely to exceed the kill for very small and for very 
large h and the opposite will be true for inter- 
mediate h. Disagreement with the null hypothesis 
may be tested by means of a x2 test. Before x2 is 
calculated, it must be ascertained that all expected 
frequencies Gil, achieve a minimum value of 5. 
If one or more of the k, are smaller than 5, suc- 
cessive values of h must be grouped and the cor- 
responding ki, and kill must each be pooled, until 
all groups comply with this requirement. A sig- 
nificant x2 value is proof that, at this spacing of 
points, the null hypothesis is not true. Especially 
if the deviations of observed from expected fre- 
quencies follow the trend described above, there is 
hope that increasing the distance between stations 
will rectify the situation. 

There is a difficulty about the correct number 
of degrees of freedom for x2. If after grouping 
there are c frequency classes, then x2 has between 
(c-l) and (c-5) d e g rees of freedom. A significant 
result with (c - 1) degrees of freedom establishes 
significance beyond all doubt, while nonsignifi- 
cance is ascertained if x2 with (c- 5) degrees of free- 
dom is not significant. In other cases, there is un- 
certainty. A test that is both more powerful and 
always yields a clearcut result is being developed. 

The above test was applied to data collected at 
Matopos Research Station, Rhodesia. The site 
is located in the “thornveld” which has been de- 
scribed by Rattray (1957). At this site, the distribu- 
tion of plants is distinctly aggregated. Only peren- 
nial grasses were recorded. Nine hundred and 
sixty sampling points were located in 48 parallel 
lines, all 2 ft distant from their nearest neighbor, 
while the distance between points in the same line 

was 80 inches. Points in alternate lines were 
staggered. 

Three blocking schemes were used and, for each 
of these, a different spacing of points was simulated 
by considering different sets of selected points only. 
In the first blocking scheme all points were con- 
sidered, in the second all points in every third line 
were taken into account and in the third, every 
alternate point of every fourth line was used in 
such a way that points in alternate lines were 
staggered. For the first two schemes, blocks of four 
points were made up as compact as possible, while 
the blocks of the third scheme contained two 
points, one from each of two adjoining lines. 

The results for Themeda triandra, the species 
with the highest relative density, are given in 
Table 1. The other major species gave similar 
results. The groupin g of neighboring frequencies 
in the table serves to achieve the required mini- 
mum expected frequency of 5. 

It appears that, for this type of vegetation, sta- 
tions should not be as closely spaced as in the first 
blocking scheme. 

A second common deviation from the statistical 
ideal is that a given species occurs more commonly 
in one part of the sampling area than in another. 
The x2 test is again suitable to detect this. The 
sampling area is divided into a few large patches of 
equal size, u in number say. Let ri, be the total 
number of times that the ith species has been re- 
corded in the sth patch. On the null hypothesis 
that the distribution of the species is uniform, the 
expected frequencies are all equal and may be esti- 
mated as ?i, where 
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Table 2. Analysis of variance of distance measurements (the unit in the analysis is d,, in cm). 

Source of variation 

Sets 
Blocks (within sets) 
Stations within blocks 
Quarters within stations 

Selection (1) Selection (2) Selection (3) 
(smallest distance (smallest distance (smallest distance 

between points between points between points 
7 ft) 13 ft) 20 ft> 

Mean F and Mean F and Mean F and 
D.F. Squares Signif? D.F. Squares Signif. D.F. Squares Signif. 

- - - - - - 2 104.26 < 1 
79 268.38 1.77”” 19 294.58 1.96” 6 106.72 0.71 (NS) 

240 152.03 60 150.30 27 150.58 2.26”” 
- - - - - - 108 66.52 

I* and ** signify significant at P < 0.05 and P < 0.01 respectively. (NS) means nonsignificant. 

Chi-squared tests the disagreement between the ris 
and fi. The number of degrees of freedom for x2 
is (u - 1). If the probability level corresponding 
to x2 is small then there is strong evidence that the 
distribution of the species is heterogeneous. The 
cure is then to divide the sampling area into 
strata which, regards the distribution of species, 
are uniform within themselves, to calculate fi and 
v(Fi) for each stratum and, possibly, to pool these 
quantities over all strata. 

This test was applied to the Matopos data. The 
sampling area was divided into four patches, each 
48 ft x 66 ft 8 inches in size. For Themeda triandra 
and using the points of blocking scheme 3, the test 
yielded x2 (3 degrees of freedom) = 3.33; 0.3 < 
P < 0.5. Similar results were obtained for the 
other major species. There is thus no evidence 
that the species distribution on this site is not 
homogeneous. 

While these two tests cope with what are thought 
to be the more common situations in which care 
must be exercised with the statistical evaluation 
of P.C.Q. data from systematic samples, many 
more may be listed. Examples are systematic vari- 
ation in clump size together with a tendency for 
some species to occupy specific positions in the 
clumps and periodicity in the distribution of spe- 
cies. Operators should always be on the lookout 
for like trends. 

It is not recommended that both x2 tests are 
always applied for all species. Once an operator 
is familiar with a certain vegetation type, he will 
be able to judge adequately what distances to use 
between points and close scrutiny of the data will 
reveal marked heterogeneity of distributions of 
species without recourse to formal tests of signifi- 
cance. It is perhaps reassuring that, by arguments 
similar to those of Yates (1949), v(Fi) computed 
from systematic sample data, if at all biased, is 
likely to be an over-estimate of the variance of Fi. 

Distribution of the Mean Distance with 
Systematic Sampling 

By arguments similar to those of the previous 
section, the D1,. corresponding to a systematic 

sampling method may be uncorrelated, in which 
case the estimate of variance of D . . is the same as 
for a random sample, nl. 

v(D..) = [ i (d,.-d..)‘]/(n-l)n. 
k:l 

In accordance with the discussion of intraclass 
correlation by Scheffe (1959), correlation between 
the D,. may be discovered by means of an analysis 
of variance. The procedure is illustrated for the 
Matopos data. Different distances between sam- 
pling points were simulated by using only selected 
points. The selections used were, (1) all points 
of every third line, (2) alternate points of every 
sixth line, and (3) every third point of every ninth 
line. The corresponding minimum distances be- 
tween sampling points are 7, 13, and 20 ft re- 
spectively. For each selection, square blocks of 
four adjacent points were made up and the analy- 
ses of variance of Table 2 were obtained. 

The F value in the “blocks” line of the analysis 
is the ratio of the mean squares for blocks and 
stations within blocks and tests whether the mean 
distances at stations in the same blocks are cor- 
related. If the blocks mean square is the larger of 
the two, this indicates positive correlation. 

For selection 3, the analysis was extended some- 
what. There was a suggestion that the distribution 
of Dk. was not homogeneous over the sampling 
area. The blocks were therefore grouped into sets 
of three blocks each, roughly corresponding to 
areas that were suspected to have different densi- 
ties. The sum of squares for blocks was partitioned 
into the sum of squares for sets and the sum of 
squares for blocks within sets. If the mean square 
for sets exceeds the mean square for blocks within 
sets, then the F ratio of these two mean squares 
provides a test of disagreement with the hypothesis 
that E(D,.) is constant over the entire sampling 
area. As it happens, no evidence was found that 
the spatial distribution of mean distances at the 
Matopos site is heterogeneous. If heterogeneity 
had been found, the position could have been saved 
by stratification in the way described for relative 
densities. 
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Also for selection 3, the four distance measure- 
ments at each station were included in the analysis. 
The F value in the “stations within blocks” line is 
the ratio of the last two mean squares. If the mean 
square for stations within blocks is the larger, as 
in this case, a positive correlation between the 
distances measured at the same station is indicated. 

The results for the Matopos site are much as 
would generally be expected. Close spacing of 
points leads to a positive correlation between the 
mean distances at neighboring stations, which 
disappears as stations are further apart. At Matopos, 
all evidence of correlation between the D,;. dis- 
appears at a spacing of 20 ft (selection 3). The 
positive correlation between the four distances 
measured at the same station, which was found at 
Matopos, may be expected to crop up in most types 
of grassland. This is the reason for estimating the 
variance of D.. from the mean distances per sta- 
tion instead of the distances per quarter. Com- 
putationally, it is easiest to replace the d,. in the 
formula for v(D . .) by the total distances per station 
and d.. by their mean and to divide the answer 
by 16. 

The analysis of variance procedure is strictly 
valid only if the D,. are normally distributed, in 
which case absence of correlation may be taken 
to indicate independence of the D,.. In very dense 
cover the distribution of the mean distance per 
station is likely to be positively skew, tending to 
symmetry as the vegetation gets less dense. For- 
tunately, the P.C.Q. method is most useful in places 
with sparse vegetation. Also, the analysis of vari- 
ance is reasonably “robust” as far as mild devia- 
tions from normality are concerned. In cases of 
doubt, a cumulative frequency diagram should be 
plotted on normal probability paper. The Matopos 
data agreed reasonably well with the assumption 
of normality. 

Considering all the evidence together, it appears 
that, for the Matopos thornveld, valid estimates 
of the variances of the Fi and D . . may be obtained 
from a systematic sample, provided that sampling 
points are about 20 ft or more apart. 

Statistical Analysis 

Because of the many designs of experiments and 
surveys which may yield P.C.Q. data, it is not 
possible to present a general method of statistical 
analysis. The best that can be done is to mention 
a few of the considerations and techniques which 
can play a part in the construction of a suitable 
method for a given set of data. Attention has been 
confined to the univariate case, i.e. the analysis 
of the relative density of one species at a time. 

With standard designs, involving adequate repli- 
cation, it is usually possible to employ analysis of 
variance techniques with the relative density of a 
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FIG. 4. Relationship between relative density and its standard 
error. Data from four Matopos grazing experiments. 

species as variable. Similarly, analysis of covariance 
may be done, with as covariable for example the 
relative density of the species at the initiation of 
the experimental treatments. Two necessary con- 
ditions for a valid analysis of variance are that the 
variable is normally distributed and that its vari- 
ance is constant. As will be seen later, the nor- 
mality assumption will often be met reasonably 
well. Difficulties are likely to arise with the 
second condition. 

The analysis of four grazing experiments at 
Matopos necessitated the computation of the v(Fi) 
corresponding to 192 relative densities, each based 
on observations at 1,000 stations. Fig. 4 shows the 
observed relationship between these fi and v(Fi) 
(actually, lOOO[v(Fi)]’ was plotted). No data were 
available for fi greater than 0.5. The obvious 
similarity with the behavior of binomial data is 
not surprising and may be expected to occur in 
general. 

The residual variance of the relative density 
per plot in an analysis of variance consists of a 
component due to within plot variation, estimated 
by v(Fi), and a component due to variation between 
plots. If the true relative densities of a species, 
corresponding to different treatments, vary con- 
siderably, the first component will not be constant 
and this is likely to cause heterogeneity of variance. 
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This is not likely to be very important in practice, 
unless treatment differences approach the order 
of obviousness. Although there may then be little 
interest in tests of significance, confidence intervals 
remain important and a suitable variance-stabiliz- 
ing transformation should be applied. Care must 
be taken that the normality assumption is not 
violated over-much after such a transformation. 
It is unfortunate that, in contrast to binomial 
variables, there is no known, theoretically justified 
transformation. Furthermore, the relationship of 
Fig. 4 may well vary with the type of vegetation. 
In some cases, distribution-free methods may be 
useful. 

In practice, considerations of space and/or time 
will often severely limit the level of replication. 
By making use of the v(Fi), it is possible to devise 
methods for the construction of confidence in- 
tervals for the relative densities corresponding to 
the different treatments in an unreplicated experi- 
ment and to test for treatment differences. The 
interpretation of the results of such an analysis 
is complicated by the fact that treatment effects 
and “plot” effects are completely confounded. 
While every care can be exercised to minimize 
plot effects (choice of a uniform experimental area; 
careful management; selection of a suitable vari- 
able for analysis, such as the difference between 
the relative density of a species at the beginning 
and at the end of the experiment), there always 
remains a component of the variability between 
plots which is beyond the experimenter’s control. 
Before the methods which are described below can 
be employed, there must be some reassurance that 
this component is relatively small. 

One commonly encountered unreplicated situ- 
ation arises when it is desired to investigate a 
time trend at a single site under constant manage- 
ment. Here the difficulty is not one of plot effects 
but of confounding between time and seasonal 
effects. Replication can never help to overcome 
this hurdle and neither does staggering of the start- 
ing times eliminate all difficulties. All the same, 
it may be interesting to study the combined effect 
of time and season, in which case the following 
methods can be applied. 

From the definition of Fi, 

Fi = ( i Xi,<) / 4n, 
kzl 

and the Central Limit Theorem of probability 
theory, it follows that Fi is asymptotically normally 
distributed with increasing n. Provided that n is 
large and that the standard error of fi is small 
compared with both fi itself and the quantity (1 - 
fi), statistical treatment of Fi as a normally dis- 
tributed variable with known variance equal to 
v(Fi) should give a good approximation. As will 

be seen later, n will often need to be very large, 
in order to achieve the desired degree of precision. 

There is an obvious analogy between the sta- 
tistical methods which are applicable in an experi- 
mental situation where the members of a (sub)set 
of q treatment means are based on different num- 
bers of replications, rl, r2, . . . , r,, say and those 
that can be used when dealing with a set of nor- 
mally and independently distributed variables, Y1, 
Ye, . . . , Y,, with unknown means, ~1, ~2, . . . , pq, 
and known variances a12, a22, . . . , uq2. Let the 
error variance for the hypothetical experiment be 
c2, estimated with f degrees of freedom, and assume 
that the residuals in the underlying mathematical 
model are normally and independently distributed. 
If now the ri are such that r1al2 = r2a22 = . . . = 
r,a, 2 = fl2 then, as f tends to inifinity, the distribu- 
tions of the means in the experiment tend to the dis- 
tributions of the corresponding Yi. Thus confidence 
regions for functions of the pi can be constructed 
and tests of significance of such functions can be 
performed as for the experiment, merely replacing 
the ri by u2/ui2 and taking the degrees of freedom 
for error to be infinitely many. The unknown 
constant u2 plays no important role, since it is 
usually equally represented in the test statistic and 
in the variable of which the test statistic is hy- 
pothesized to be a realization. In practice there- 
fore, the ri can be replaced by wi = 1 /ai the 
“weights” of the Yi. 

The above trick is never essential for the deriva- 
tion of a result. It may, however, provide a useful 
shortcut. Identifying the Yi with relative densities 
and the (+i2 with the corresponding v(Fi), the follow- 
ing are some results with obvious applications to 
P.C.Q. problems. 

(I) On the assumption that pl = p2 = . . .=pq= 
E,L, the weighted mean, 

u = [ $l(wiYi)] /(il-i)p 
is the best (minimum variance) linear un- 
biased estimate of p and u may be seen as 
a realization of a normally distributed vari- 
able with variance equal to 

l/( s_i>~ 
(II) The weighted sum of squared deviations 

from u, 

is a realization of a noncentral x2 variable 
with (q - 1) degrees of freedom and non- 
centrality parameter equal to 
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(III) 

(IV) 

(V 

so that the null hypothesis p1 = p2 = . . . = 
,..ts may be tested against the class of all 
alternative hypotheses by means of a x2 test. 
The above sum of squares may be partitioned 
orthogonally into several (up to (q - 1)) com- 
ponents, to test selected hypotheses, anal- 
ogous to the partitioning of the treatment 
sum of squares of an experiment with un- 
equal replication (e.g. fitting polynomials 
of increasing degree). 
A contrast y among the means is defined as 
a linear function of the pi, 

Y = Si (aipi) , 
i=l 

with known constant coefficients subject to 
the condition 

iai=O. 
I=1 

An unbiased estimate of y is provided by 

’ = $+ (aiyi) , 
I=1 

and c is a realization of a normally dis- 
tributed variable C with variance equal to 

U2(C) = i (ai2Vi2) . 
I=1 

The quantity C2/a2(c) has non central x2 dis- 
tribution with one degree of freedom and 
non centrality parameter equal to y2/02(c), 
so that the null hypothesis y = 0 may be 
tested against the alternative y # 0 by means 
of a x2 test. 
If the contrasts of interest are such that the 
corresponding tests of (IV) don’t fit into the 
scheme described in (III), some workers may 
prefer to use the S method of Scheffk (1959). 
Adapted to the P.C.Q. problem, the pro- 
cedure is to declare a contrast significantly 
different from zero or not at the level (Y, 
according as the interval (c - sa(c), c + SU(C)) 
excludes, respectively includes the value 
zero. The constant s is calculated from s2 = 
x”a;(q - l), where x%;(q - 1) is the upper (Y 
point of the central x2 distribution with 
(q - 1) degrees of freedom. If the only con- 
trasts of interest are pairwise differences be- 
tween the expectations, a more powerful 
testing procedure may be obtainable by 
adapting one of the existing procedures for 
testing the differences between the means 
in an experiment with unequal replication. 
An example of such a method is the multi- 
ple range test of Duncan (1957). 

Mutatis mutandis, the analysis of distance mea- 

surements is similar to that of relative densities. 
Provided that n is large, equating v(D . .) to the 
true population variance should give good approxi- 
mations. 

If the variables in an analysis correspond to suc- 
cessive samples, collected in the same sampling 
area, care must be exercised that these samples are 
independent. If random sampling is used, a fresh 
randomization is required for each sample. With 
systematic placement of points, two successive sets 
of observations at the same site will not be strictly 
independent, unless the distance between points is 
increased a lot. The points at the second sampling 
can then be fitted between those of the first, at a 
sufficient distance for the two samples to be inde- 
pendent. 

Random Line Sampling 

If the sampling area is too small to accommodate 
the required number of points at a sufficiently 
large distance apart and if the randomization of 
points over the sampling area is too laborious, then 
random line sampling can be used. Sampling posi- 
tions are chosen at random along a number of 
parallel lines, like the compass lines of the system- 
atic sample, and a new randomization is used at 
each sampling time. Stratification by lines or sec- 
tions of lines is easily achieved. The selected sam- 
pling positions are located on the ground by means 
of a tape-measure. 

Interpretation of Results 

Grassland vegetation may change in any com- 
bination of the following two ways: 

(I) the relative preponderance of all species, in 
terms of numbers of shoots and plants per 
unit area, remains constant but the overall 
cover alters and 

(II) the overall cover, in terms of total number 
of shoots and plants per unit area over all 
species, remains constant but the relative 
preponderance of one or more species 
changes. 

A significant increase or decrease in d.. with 
time may reasonably be taken to mean that (I) 
has taken place, while a significant change in one 
or more of the fi would indicate the occurrence of 
(II). On this basis, four grazing experiments at 
Matopos were analyzed, using the statistical tech- 
niques described above. The results will, in due 
course, be published elsewhere but it is perhaps 
relevant to quote the officer in charge of these 
experiments who wrote: 

“I am very glad to see that the P.C.Q. system seems to be 
giving results-at any rate the calculated results confirm 
trends that we have observed visually. This is something 
we have never been able to do with the point system.” 
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FIG. 5. Relationship between relative density and n,, the num- 
ber of points for 10% precision. 

Number of Stations Required 

From each pair of values (fi, v(Fi)), obtained from 
a sample size n, it is an easy matter to obtain an 
estimate of np, the average number of sampling 
positions required to estimate E(Fi) with such a 
degree of precision that the 95% fiducial limits 
are given by fi * pfi/ 10. It may be readily verified 
that this estimate is provided by 

The nl have been computed for each of the 192 
sets of values of n, fi, and v(Fi) which were obtained 
from the Matopos grazing experiments. Fig. 5 
gives the relationship between nl and relative 
density. 

Insufficient is known about possible relation- 
ships between relative density and its standard 
error to be able to postulate a law defining the 
corresponding relationship between nl and rela- 
tive density. It is quite possible that this will vary 
a little with locality. Despite these objections, an 

lC c PERCENT PRECISION 

(=I0 PI 

IC 

RELATIVE DENSITY 

0 .I .2 .3 .4 .5 

FIG. 6. Relationship between relative density and percentage 
precision for a fixed number of strikes (t). 

attempt was made to fit a curve to the points of 
Fig. 5. The only restrictions imposed are that it 
must be asymptotic to the nl axis, it must pass 
through the point nl = 0, relative density = 1, it 
must be continuous and without points of in- 
flection. Of all the many types of curves tried, the 
best fit was achieved by 

For different relative densities, the nr, values may 
be estimated from this equation by dividing the 
corresponding nl by p2. An estimate of p with n’ 
stations is provided by (nl/n’)*. 

Another way to present these results is in terms 
of the precision achieved if sampling is continued 
until a species of interest has been recorded a 
given number of times. If this total number of 
“strikes” is denoted by t and provided t is not too 
small, then for any corresponding fi, p may be 
estimated from 

p = 2(nlfi/t)“, 

where nl is obtained from Fig. 5. 
Dix (1961) claims that quite good precision is 

achieved for t = 30. For the Matopos data, Fig. 
6 gives the relationship between fi and p for t = 
500. For other values of t the corresponding p 
values may be found by multiplying the values of 
Fig. 6 by (500/t)*. Th us the precision for t = 30 
is obtained by multiplication by 4.08. 

The above relations are all useful if only a rough 
estimate or guess of the true relative density is 
available and an estimate is sought of np for given 
p or of p for given n. The procedure is to replace 
fi in the expressions and graphs by the rough esti- 
mate. If much sampling is done in a particular 
vegetation type, similar relations and graphs are 
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easily constructed for that specific type and may manuscript and of Mr. W. B. Cleghorn, Mr. T. C. D. 
be readily updated from time to time. Kennan, and Mr. R. P. Denny with the collection of data 

In order to achieve the desired degree of pre- in the field, is gratefully acknowledged. 

cision if E(Fi) is small, many points are needed. 
If much interest exists in rare species, then multi- 
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Highlight 

A need for improving and updating rodent-control 
methodology prompted this study of the use of aircraft 
for baiting destructive populations of ground squirrels. 
Both spot and strip baiting by air were effective when ap 
plied in narrow swaths at a rate of 6 lb/swath acre. The 
aerial technique of dispersing bait gave good control when 
the ground squirrel population was foraging extensively for 
seed. The bait need be applied to only a fraction of the 
ground surface of squirrel-infested rangeland. 

Metodo Aereo de Dispersar Cebo Envenenado 
para Ardillas (Citellus beecheyi) 

Resumen2 

El uso de aeroplanos para diseminar cebos de granos 
envenenados para controlar las ardillas (Citellus beecheyi), 
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una de las plagas mayores de 10s pastizales en varios estados 
de1 Oeste de Estados Unidos, ha probado ser efectivo en 
California. 

Los cebos a&-eos toman ventaja de la habilidad forrajera 
de las ardillas para localizar y consumir una cantidad fatal 
de cebos ampliamente dispersados al voleo. Semillas de 
avena tratadas con 0.070 a 0.113% de fluoracetato de sodio 
(1080) a 6 lb p or una franja de un acre dio buen control de 
ardillas si se aplica al tiempo cuando las ardillas estuvieran 
alimenthndose con semillas y no estuvieran invernando. El 
cebo necesita ser aplicado a tinicamente una fracci6n de la 
superficie de1 suelo si se hate al tiempo de1 aAo cuando toda 
la poblaci6n de ardillas esti activa en la superficie ali- 
mentandose extensivamente con semillas; entonces ambos 
cebos en franjas y manchones al voleo por avi6n dan re- 
sultados satisfactorios, usando las franjas mas estrechas 
conseguidas por el avi6n. 

Otras especies de roedores son afectados por el tratamiento 
en grados variables, pero no hubo evidencia de perdidas de 
aves de caza. Los invertebrados y el clima son factores 
importantes que contribuyen a la degradacibn de1 cebo. La 
tecnica no es un remedio universal para el control de las 
ardillas, mas bien es un metodo avanzado que sera titil en 
muchas situaciones. Si es usado con discreci6n la dis- 
tribuci6n de cebos por avi6n es una herramienta segura y 
de valor para el control de ardillas en 10s potreros de1 Oeste. 

This study was made principally to determine 
the effectiveness of aerial baiting for controlling 
ground squirrels (Citellus spp.), a major pest of 
rangeland in California and other western states 
(Fitch, 1948). Traditionally, control is conducted 
by hand-baiting methods that involves placing or 
scattering a spoonful of grain bait near each burrow 
opening, moving from burrow to burrow on horse- 
back or on foot. Aerial broadcasting, in contrast, 
relies on the squirrel’s natural ability to forage 
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This study was made principally to determine 
the effectiveness of aerial baiting for controlling 
ground squirrels (Citellus spp.), a major pest of 
rangeland in California and other western states 
(Fitch, 1948). Traditionally, control is conducted 
by hand-baiting methods that involves placing or 
scattering a spoonful of grain bait near each burrow 
opening, moving from burrow to burrow on horse- 
back or on foot. Aerial broadcasting, in contrast, 
relies on the squirrel’s natural ability to forage 
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widely in the vicinity of their colony. Aerial broad- 
casting of squirrel bait has already been explored 
on a limited basis (Howard et al., 1956), without 
determining precise rates and application pro- 
cedures. 

First, it was necessary to establish the amount of 
bait and concentration of rodenticide needed to 
ensure that each squirrel would be able to locate 
and consume a lethal quantity before any unpleas- 
ant symptoms occurred. If the toxic level of the 
bait is too high, acceptance may decrease, and 
broadcasting too much bait contaminates the en- 
vironment unnecessarily. Conversely, if bait den- 
sity or concentration of toxicant is too low, in- 
gestion of sublethal amounts may cause bait 
shyness (Howard, 1959), giving poor control. Also 
studied were the effects of aerial baiting on non 
target species, and the fate of bait not taken by 
squirrels. 

Study Areas and Procedures 
In developing the technique and evaluating the effective- 

ness of aerial baiting of ground squirrels, treatment was 
applied to more than 207,000 acres in California, mostly 
rangeland and mostly in San Luis Obispo County. Two 
subspecies of ground squirrels were involved: the Fisher 
ground squirrel (C. beecheyi fisheri), on the Fickert prop- 
erty (Kern County), Newhall property (Merced County), 
and Boswell property (Tulare County); and Beechey ground 
squirrel (C. b. beecheyi), on the Ketchum property and the 
Carriso, Santa Margarita, and Lewis ranches in San Luis 
Obispo County. Since both subspecies range from oak 
woodland to grassland habitat and responded similarly to 
control efforts, they are evaluated together. 

To evaluate the acceptance of grain baits by squirrels 
prior to each aerial application, bait containing all of the 
ingredients except the toxicant was broadcast with a small 
cyclone seeder at 6 lb/acre in the vicinity of “sample” 
colonies. 

The experiments made use of four different makes of 
fixed-wing aircraft and one helicopter. The standard seed- 
sowing gates of most aircraft need some minor modifications 
before they can deliver bait at rates that are low enough. 
The desired narrow swaths (less than 45 ft wide) were 
achieved by removing or altering the spreading devices 
(vanes or airfoil-like equipment) used on aircraft to in- 
crease seeding swath widths (Marsh, 1967). 

Two approaches to aerial baiting were explored: 1) apply- 
ing the bait in parallel swaths (stripping) across squirrel- 
infested rangeland; and 2) spot broadcasting, in which the 
pilot applies a short swath on or within the foraging dis- 
tance of each colony. Both approaches were sometimes 
used on different portions of the same property, depend- 
ing on squirrel density. Parallel swaths were spaced up to 
260 ft apart. Two flagmen were used in open flat terrain 
to establish the desired interval between swaths. 

Regardless of which type of aerial application was used, 
each pilot was first oriented to the ranch boundaries by 
means of aerial photographs and topographic or other maps. 
Squirrel-infested areas were outlined, and special instruc- 
tions were given the pilot on areas not to be treated, e.g., 
around farm buildings, public roads, streams, water troughs, 
property lines, and the like. Ground-to-air radio com- 

munication was used on some ranches to keep the pilot 
oriented. Baits were generally applied during the early 
morning hours, from heights of about 50 ft and at air 
speeds of about 90 mph. Grain baits are sufficiently heavy 
that drift presents no problem in calm air, but winds ex- 
ceeding 15 mph hamper accurate bait placement by spot 
broadcasting. 

Used in all tests were crimped oat groats (hulled oats 
that have been lightly steam-rolled) treated with sodium 
fluoroacetate (1080). The poison concentrations evaluated 
were 0.056, 0.070, 0.084, and 0.1130/o, respectively equivalent 
to 1.0, 1.25, 1.5, and 2.0 oz of compound 1080 formulated 
on 100 lb of grain. Bright-yellow dye was added to the 
bait to repel seed-eating birds (Kalmbach, 1943) and to 
distinguish treated bait from clean grain. Bait was applied 
on different parcels of land at rates per swath-acre of 4 lb 
(1.6 kernels/fta) to 14 lb (5.7 kernels/f@). 

The degree of squirrel control was evaluated on 46,610 
acres, on 7 selected ranges, on the basis of repeated pre- 
and post-treatment squirrel counts made from selected 
observation points. On some ranches, road counts provided 
the most useful census, for larger areas could then be 
censused. Counts were repeated several days in succession, 
at a time in the morning or afternoon when squirrel activity 
was highest. This method of evaluating results is, of course, 
subject to errors, but it was felt to be adequate from a 
practical view. The numbers of squirrels counted pre- 
treatment per day provided an adequate sample size because 
they were always in excess of 50 animals. Visual censusing 
of squirrels provided more useful information for evaluat- 
ing the degree of control achieved over large acreages than 
did either of the much more restrictive censusing methods 
of live trapping, marking, and releasing, or of counting 
the number of artificially plugged squirrel burrows that 
were opened by the surviving squirrels. The validity of 
these measurements of control received support from the 
number of dead squirrels observed and the fact that all 
observers had had much previous experience in squirrel 
control. 

The influence of aerial broadcast baits on other animal 
life of the biotic community was monitored. Censuses were 
taken of small rodent populations by setting out lines of 
snap traps (a total of 4,400 trap-nights) before and after 
treatment on several ranches. Members of the California 
Fish and Game Department made frequent wildlife counts to 
monitor effects on game birds and other nonrodent species. 
Populations of game animals were surveyed on selected 
properties, and visual counts were made pre- and post- 
treatment. Since searching parties were generally limited 
to about 6 men, it was impossible to cover entire ranches; 
monitored areas represented only portions of individual 
ranches. Monitoring included rather extensive searches 
within habitats that, prior to treatment, had been de- 
termined as being the most suitable areas for game species. 
These areas were selected with bias toward determining the 
maximum effects that the treatment might have on non- 
target species. 

To measure consumption of bait by invertebrates, sample 
plots were established. Each consisted of 20 kernels placed 
on the ground and covered with a 0.25-inch hardware-cloth- 
mesh cage (17 x 17 x 4 inches) to exclude all vertebrates 
and the larger invertebrates. The degree of consumption 
of bait by invertebrates was recorded by the rate of dis- 
appearance of kernels from beneath these small cages. 



352 MARSH 

Table 1. Percent control (to the nearest whole number) of ground squirrels resulting from two types of aerial applica- 
tion of different rates of 0.113% 1080-treated crimped oat groats. 

Property 
Date of 

application 

Acres 
treated 
(gross) 

Rate/swath- 
acre (lb) 

Kernels 
of bait/ 

ft2 
Type of 

application 

Reasons at- Squirrel 
control tributed to 

(%) reduced controll 

Fickert lo/64 2,000 14 5.7 Stripping 86 2 
Carriso 6164 21,000 12 4.9 Spot broadcast 98 - 

Santa Margarita 9164 1,100 9 3.7 Spot broadcast 73 2 
Lewis 6165 7,300 6 2.4 Stripping 8c 

spot broadcast 91 - 

Camatta 5166 11,000 6 2.4 Spot broadcast 96 - 
Newhall 7165 640 5 2.0 Stripping 74 1, 2 
Newhall 6/66 640 4 1.6 Stripping 70 1, 3 

11 = Inadequate bait acceptance because of an abundance of other food. 
2 = Partial- estivation or hibernation at time of application. 
3 = Dense range forage obscured bait. 

The duration which residual bait remained in the field 
was studied by taking measurements periodically at selected 
localities with the aid of a special 5-ft2 counting frame, 
which could be relocated precisely on the same spot when 
subsequent counts were made. 

Results 

The effectiveness of the aerial baiting is given 
in Table 1. With maximum squirrel activity and 
good bait acceptance, control was 90% or more 
with 0.113% 1080 bait applied at rates of 6 lb/ 
swath-acre and above. The rates of 4 and 5 lb were 
not tested sufficiently to permit any definite con- 
clusion. Though tests were limited, results did 
not differ significantly when bait containing con- 
centrations varying from 0.070 to 0.113% 1080 was 
applied at the same rates under similar range con- 
ditions or squirrel densities (Table 2). Control 
was less than desirable on the Newhall property 
where the low rate of 0.056yo was compared with 
0.11 3yo 1080; however, poor results were also at- 
tributed to other reasons. 

The poor results obtained in some tests were be- 
lieved to be due to inadequate bait acceptance 
and/or dense herbaceous forage that obscured 
much of the bait. Additional factors at the time of 

some treatments were estivation or hibernation by 
part of the population. Once it was determined that 
0.1 13yo bait at 6 lb/swath-acre gave consistently 
satisfactory control if the treatment was done when 
the squirrels readily accepted the bait (Tables 1 
and Z), the developmental stage was expanded into 
a limited operational program treating more than 
160,000 acres. Because of the size of the acreages 
involved, there was insufficient time and man- 
power to evaluate control on all these ranches, so 
on some of them we had to rely on the ranchers for 
estimates of the de<gree of control achieved. With 
few exceptions the ranchers reported good to ex- 
cellent squirrel control during all of the opera- 
tional phase. 

Because of the importance of the side effects 
of pest control pro<grams on certain nontarget spe- 
cies, this aspect was included in the study. Data 
contributed by personnel of the California De- 
partment of Fish and Game indicate that the aerial 
technique presented minimal hazards, for there 
were no detectable losses to game birds in any of 
the areas that were sampled. Jackrabbits (Lepus 
californicus) occasionally consumed a lethal 
amount, and in certain localized areas the cotton- 

Table 2. Percent control (to the nearest whole number) of ground squirrels resulting from two 
tion of different concentrations of 1080 applied at comparable rates under similar conditions. 

types of aerial applica- 

Property 
Date of 

application 

Acres Kernels 
treated 
(gross) 

Rate/swath- of bait/ 
acre (lb) (ft9 

1080 
(%) 

Type of 
application 

Squirrel Reasons at- 
control tributed to 

(%) reduced controll 

Fickert IO/64 2,000 14 5.7 0.113 
Fickert lo/64 800 14 5.7 0.084 
Newhall 6166 640 4 1.6 0.056 
Newhall 6166 640 4 1.6 0.113 
Ketchum 6/66 1,240 6 2.4 0.113 
Ketchum 6/66 250 6 2.4 0.070 

86 2 Stripping 
Stripping 86 2 
Stripping 71 1, 3 
Stripping 68 1, 3 
Spot broadcast 92 - 
Spot broadcast 90 - 

11 = Inadequate bait acceptance because of an abundance of other food. 
2 = Partial estivation or hibernation at time of application. 
3 = Dense range forage obscured bait. 
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Table 3. Pre-treatment and post-treatment census of deer mice on rangelands where ground squirrels were baited by 
aircraft. 

Pre-treatment Post-treatment 

Property Date 
No. trap- 

nights 
Mice/ 100 

trap-nights Date 
No. trap- 

nights 
Mice/ 100 

trap-nights 
Reduction 

(%) 

Santa Margarita 9/ 14164 300 7.3 
Santa Margarita 9/ 14/64 300 6.7 
Fickert 9/ 7164 800 .6 
Newhall 71 7165 200 1.5 
Newhall 71 7165 200 .5 
Newhall (controll) 71 7165 200 3.5 
Roswell 7/H/65 150 4.7 

lO/ 8/64 300 1.3 82 
lo/ S/64 300 .7 90 
g/26/64 900 .l 83 
7/ 12165 200 0 100 
7/ 12165 200 0 100 
7/ 12165 200 2.5 291 
7127165 150 0 100 

1 This trap line was located in comparable habitat, but no bait was applied in that area. 

tail (Sy Zvilagus) populations suffered some loss. 
Post-treatment searches revealed no evidence that 
valley quail (Lophortyx californica), numerous 
in the treated areas, were affected by this method 
of bait application. 

Censuses of deer mice (Peromyscus), taken before 
and after the aerial treatment on several ranches, 
show that the number of deer mice was reduced 
(Table 3). Some dead kangaroo rats (Di;bodomys) 
and wood rats (Neotoma) were also found, but the 
extent of reduction of their population was not 
determined. 

Field tests indicate that cereal baits are removed 
and consumed by invertebrates, such as harvester 
ants (Pogonomyrmex) and darkling ground beetles 
of the family Tenebrionidae. A harvester ant may 
carry off the bait, a kernal at a time, to its nest, as 
far as 50 ft away. Ultimately, the ant colonies will 
be poisoned by the sodium fluoroacetate (1080). 
In contrast, 1080 was not lethal to darkling ground 
beetles, which fed on treated bait for 4 days in the 
laboratory without showing ill effects. 

To determine the extent that some insects feed 
on broadcast bait, kernels can be examined for 
mandible serrations. In one survey, mandible-pro- 
duced serrations, presumably due to darkling 
ground beetles or beetles of similar size, were evi- 
dent on 5.4yo of the kernels which could be located 
25 days after they had been broadcast. In a 54-day 
period, small invertebrates removed or consumed 
34yo of the bait (20 kernels each under 10 wire- 
mesh cages) located at selected spots on the Santa 
Margarita ranch. This substantiates what has long 
been suspected-that invertebrates can play a sig- 
nificant role in the degradation of broadcast cereal 
baits. 

An example of the speed and degree of biological 
degradation of broadcast baits is indicated in Table 
4. Climatic degradation (i.e., rain in combination 
with other weather factors) is responsible for re- 
ducing the residual bait to minute intrinsic parts 
of the substrate. Residual bait was never recovered 
after the winter rainy season. Sodium fluoroacetate 

is highly water-soluble and is leached from the 
bait by rain, thereby rendering the baits nearly 
innocuous even before the kernal disintegrates. 

Discussion 

The use of aircraft to dispense bait to control 
ground squirrels has many distinct advantages 
over the hand-baiting methods currently used. The 
use of aircraft eliminates the necessity of recruiting 
large-and often inexperienced-seasonal crews to 
help conduct organized county squirrel control pro- 
grams, as is done in parts of California. An ex- 
perienced pilot can usually spot-treat approxi- 
mately 1 to 2 thousand acres/hour, which means 
that large acreages can be treated during a short 
period in late spring or early summer when the 
annual grasslands are drying up, one of the opti- 
mum times of the year for controlling ground 
squirrels. Aircraft can achieve better coverage, in 
many cases, because they can cover remote moun- 
tain clearings and steep and rocky canyons that are 
nearly inaccessible by horseback. Squirrel popula- 
tions in such areas are too often overlooked when 
baiting is done from horseback. These natural 
rodent reservoirs can then rapidly reinfest adjoin- 
ing range where control has been effective. 

Table 4. Percentage of aerial-broadcast bait remaining for 
various periods on ten 5-ft2 sites (a total of 50 ft2) on 
each of three areas on the Santa Margarita Ranch. 

Date count 
No. kernels and (X) of initial application 

made Area A Area B Area C 

6/17/65 125 (1OO)l 137 (1OO)l 
6/ 18165 74 (59) 72 (53) 143 (loop 
6/21/65 60 (48) 62 (45) 96 (67) 
6125165 50 (40) 53 (39) 89 (62) 
S/10/65 7 (6) 26 (19) 68 (48) 
4120166 0 (0) 0 (0) 0 (0) 

1 The first counts were made immediately after the application, 
before squirrels and invertebrates had an opportunity to feed on 
the bait; thus, this count represents 100% of the initial bait 
applied at that particular location. 



384 MARSH 

The density at which the kernels are scattered on 
the ground (deposit pattern) is a prime factor in 
determining whether the squirrels will find a 
lethal amount during a single feeding. Actually, if 
properly applied, very little bait is needed. The 
narrowest swaths obtainable by the aircraft were 
used, because narrow swaths produce denser de- 
posit patterns with the same amount of bait, and 
bait need be applied on only a fraction of the 
squirrel-infested area. Swaths 30 ft wide controlled 
squirrels effectively. To make wider swaths and still 
obtain the desired deposit pattern, the total amount 
of bait used per acre would have to be increased, 
which would increase the cost of the operation 
and the hazards to nontarget species. 

The four fixed-wing aircraft and one helicopter 
used in the experiments were rented on an hourly 
basis. The cost, including wages of the pilot, 
varied from $45.00 to $lOO.OO/hr (in 1964-1966), 
depending on the type of craft. Helicopters are 
the most expensive, but their greater maneuver- 
ability and efficiency provide partial compensa- 
tion. The success of any control operation is 
affected significantly by the ability of the pilot to 
distribute baits properly. Strip baiting requires 
less ability from the pilot, and it is the most suit- 
able method on rangeland that is uniformly in- 
fested with a dense population of squirrels. 

Spot broadcasting requires that the pilot be suf- 
ficiently trained and experienced to recognize 
squirrel colonies and typical squirrel habitat from 
the air, thus enabling him to place bait reasonably 
close to the burrows. In certain types of terrain 
it is amazingly easy to recognize squirrel colonies 
even from altitudes of several hundred feet. Al- 
though it might appear from the data that spot 
broadcasting gave better results than strip baiting, 
we do not believe such to be the case. These dif- 
ferences in control success are attributed to other 
causes. 

Crimped oat groats were selected as the bait 
material best satisfying the desired qualities of a 
squirrel bait. Groats require less toxicant and can 
be consumed more rapidly by squirrels than grains 
with hulls still on. Since effective control of 
squirrels is usually achieved within a few days of 
treatment, any biological or climatic degradation 
of bait during the drier season does not interfere 
with control. In fact, it is desirable that residual 
bait soon disappear from the environment. 

Sodium fluoroacetate (1080) is preferred over 
other rodenticides because of its effectiveness. The 
use or supervision of use of 1080 for field rodent 
control is restricted by law to governmental agen- 
cies, which places the responsibility for aerial bait- 

ing in the hands of trained individuals. In Cali- 
fornia, laws and regulations governing the use of 
1080 and aerial applications by commercial opera- 
tors of all rodenticides provide safeguards against 
indiscriminate aerial application of ground squirrel 
baits. The concept of aerial baiting of ground 
squirrels will become increasingly valuable as new 
and more selective rodenticides are developed. 

Conclusions 
The use of aircraft to disseminate grain baits to 

control ground squirrels (Citellus beecheyi) has 
proven to be effective after three years of develop- 
ment and evaluation. Aerial baiting takes ad- 
vantage of the foraging ability of squirrels to locate 
and consume a fatal amount of widely scattered 
broadcast bait. Crimped oat groats treated with 
0.070 to 0.113% sodium fluoroacetate (1080) at 6 
lb/swath-acre gave good squirrel control if applied 
at a time when squirrels were foraging for seed 
and none were hibernating or estivating. Both 
strip baiting and spot broadcasting by air gave satis- 
factory results, using the narrowest swath attain- 
able by the aircraft. Bait need be applied to only 
a fraction of the ground surface if done at a time 
of year when the entire squirrel population is 
active aboveground and foraging extensively for 
seed. 

Other species of rodents are affected by the treat- 
ment to varying degrees, but there was no evidence 
of loss of game birds. Invertebrates and weather 
are important factors contributing to the degrada- 
tion of bait. 

The aerial technique for applying squirrel baits 
is being used currently as a control practice in 
several counties of California, and has recently been 
used experimentally on rangeland in Nevada. The 
technique is not a panacea for all squirrel control; 
rather, it is an advanced method that will be useful 
in many situations. If used with discretion, aerial 
baiting is a safe and valuable tool for the control of 
ground squirrels in western rangeland. 
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Highlight 

Chemical analysis revealed that the principal forage spe- 
cies which comprised more than 95% of the California big- 
horn winter diet in the Ashnola watershed (British Colum- 
bia) contained sufficient crude protein, fat, fiber, ash, 
nitrogen-free extract, and calcium for maintenance. How- 
ever, by the same standards, all species and notably the 
grasses, were deficient in phosphorus. Low phosphorus and 
moderate calcium levels produced unfavorable calcium: 
phosphorus ratios by mid winter. Columbia needlegrass, 
a principal increaser species and an unimportant item in 
the bighorn winter diet, was inferior to the other species 
investigated. Bluebunch wheatgrass, a decreaser species 
and the most important bighorn food species, appeared to 
be the most nutritious grass. 

California bighorn (Otis canadensis californiana) 
in British Columbia utilize native grasses as princi- 
pal winter forage (Blood, 1967; Sugden, 1961). 
Most browse species utilized as big game forage 
maintain a higher nutritive value during the 
winter months than do most naturally cured grasses. 

Blood (1961) suggested that the main factor 
limiting the present California bighorn population 
in the Ashnola watershed is the shortage of the 
winter food supply resulting from summer use by 
cattle. Past overuse and present grazing by do- 
mestic livestock has caused the replacement of the 
climax species, bluebunch wheatgrass (Agropyron 
sl-)icatum), by inferior species such as Columbia 
needlegrass (Stipa columbiana), junegrass (Koeleria 
cristata), and sandberg bluegrass (Poa secunda) 
over much of the traditional bighorn winter range 
(Demarchi, 1965). The latter (increaser) species 
are less productive than the climax (decreaser) spe- 
cies. The present study was conducted in order 
to determine possible qualitative forage factors 
which may be limiting the bighorn population. 

Study Area and Procedures 

The Ashnola watershed, a tributary of the Similkameen 
River, is situated in south-central British Columbia. The 
Ashnola is in the transition zone between the Interior 

lsupported by the University of British Columbia Depart- 
ment of Zoology and Division of Plant Science and the 
British Columbia Fish and Wildlife Branch. 

2 Present address: British Columbia Fish and Wildlife 
Branch, Cranbrook, B.C. The author expresses his appreci- 
ation for the encouragement and guidance offered by Dr. 
V. C. Brink, Chairman, Division of Plant Science, Dr. Ian 
McTaggart-Cowan, Dean, Graduate Studies, and Dr. P. J. 
Bandy, Head, Wildlife Research Division, British Columbia 
Fish and Wildlife Branch. 

Plateau which lies to the north and the Cascade Mountain 
system which lies to the south, east and west. The region 
is included in the Ponderosa Pine and Douglas Fir Section 
of the Montane Forest (Rowe, 1959). 

Eight forage species were collected at three periods be- 
tween late August and mid-March from the one square-mile 
South Slope grassland which lies between 4,000 and 6,000 
ft. Collections were made in August (late summer), No- 
vember (late fall), and March (late winter). The samples, 
each consisting of no fewer than 10 plants of each species, 
were placed in forage drying ovens within 48 hr of collec- 
tion and dried at 105 C to constant weight. The oven- 
dried samples were ground in a Wiley mill and passed 
through a 40-mesh screen. At least 20 g of each sample 
were placed into tightly stoppered, labelled bottles and 
stored in a desiccator. 

A proximate analysis was conducted in duplicate using 
the methods of the AOAC (1960) with some modifications. 
Crude protein was determined by the macro-Kjeldahl 
method with two modifications: 40 ml of a 2% solution 
of boric acid with methyl red-methyl blue indicator was 
used to collect the distillate and the distillate was titrated 
against 0.011 N sulphuric acid. Crude fat, total ash, and 
crude fiber were determined according to the official pro- 
cedures. Nitrogen-free extract (NFE) was determined as 
the difference between the sum of the percentages of 
protein, fat, fiber, and ash and 100. 

Total mineral extracts for phosphorus and calcium de- 
terminations were prepared from the ashed samples used 
in the ash determinations (Ward and Johnston, 1960). The 
percentages of calcium present were determined by placing 
the mineral extracts in a flame spectrophotometer and 
plotting the readings against a standard curve. The per- 
centages of total phosphates present were determined by 
the semi-micro method using a Beckman photoelectric 
calorimeter (Ward and Johnston, 1960). 

The mean percentage values for crude protein, crude fat, 
crude fiber, total ash, NFE, calcium, and phosphorus de- 
termined for eight species at three sampling periods were 
arranged into a 3 x 8 completely random design. The 
data were transformed using the arc-sine transformation 
(Steele and Torrie, 1960). An analysis of variance for each 
of the seven nutritive constituents was arranged into a 
computer program and executed on an IBM 1620 com- 
puter. Confidence intervals of 95 and 99% were used to 
detect significant differences between species and between 
sampling periods. 

Rem1 ts 

Winter Food Habits.-Blood (1967), employing 
grazed stem counts, analyses of rumen samples, and 
trailing feeding bighorn in newly fallen snow, de- 
termined that grasses made up an average of 7,?,% 
of the Ashnola bighorn fall-to-spring diet, browse 
24y0, and forbs 4%. Bluebunch wheatgrass was the 
most important species followed by pasture sage 
(A rtemisia frigida), sandberg bluegrass, junegrass, 
Wyeth eriogonum (Eriogonum heracleoides), yarrow 
(Achilles millefolium), lupine (Lupinus sericeus), 
downy brome (Bromus tectorum), idaho fescue, 
and Columbia needlegrass in decreasing order. An 
additional 12 species were recorded in trace 
amounts (less than 0.5% occurrence). 

385 
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Table 1. Seasonal variations in the chemical composition of eight bighorn winter forages, South Slope winter range, 
1963-64 winter use period. (Percent composition based on oven-dried forage.) 

Species 
Sampling Crude Crude Crude 

month fat protein fiber Ash NFE Ca P Ca : P 

Grasses 
Bluebunch wheatgrass Aug. 8.61 6.72 26.35 9.18 49.14 0.31 0.06 5: 1 

Nov. 7.94 3.29 31.10 10.72 46.95 0.47 0.05 9:l 
Mar. 6.53 2.83 35.13 9.03 46.48 0.23 0.01 23: 1 

Aug. 3.96 8.06 29.05 10.60 48.33 0.22 0.10 
Nov. 2.66 3.13 33.44 7.45 53.32 0.12 0.05 
Mar. 2.17 1.93 40.70 5.85 49.35 0.09 0.01 

Aug. 3.24 5.25 36.93 9.28 45.30 
Nov. 3.24 3.79 38.77 8.65 45.55 
Mar. 3.85 2.37 35.17 7.00 51.61 

Aug. 7.82 11.01 24.82 10.10 46.25 
Nov. 4.85 6.51 31.33 8.20 49.11 
Mar. 2.25 2.02 37.56 4.49 53.68 

Aug. 1.78 3.38 37.21 4.43 53.20 
Nov. 1.23 1.95 39.00 3.52 54.30 
Mar. 1.07 1.77 40.20 4.07 52.89 

0.15 
0.11 
0.09 

0.45 
0.20 
0.04 

0.10 
0.13 
0.08 

Aug. 5.30 5.95 23.25 10.96 54.54 1.19 
Nov. 4.28 5.63 23.63 12.34 54.14 1.45 
Mar. 4.50 5.97 21.90 12.51 55.12 1.25 

Aug. 2.54 6.64 21.29 4.75 64.78 0.72 
Nov. 4.16 5.71 20.18 5.44 64.5 1 0.86 
Mar. 2.57 6.01 34.16 3.28 53.98 0.40 

Aug. 6.20 10.06 26.09 5.52 52.13 0.56 
Nov. 7.05 7.41 27.77 5.32 52.45 0.59 
Mar. 5.60 5.53 7.82 5.71 45.34 0.35 

0.07 
0.03 
0.01 

0.12 
0.06 
0.01 

0.08 
0.02 
0.01 

0.09 
0.05 
0.04 

0.08 
0.05 
0.04 

0.13 
0.12 
0.08 

2:l 
2:l 
9:l 

2:1 
4:l 
9:l 

4:l 
3:l 
4:l 

1:l 
7:l 
8:l 

13: 1 
29: 1 
31: 1 

9: 1 
17: 1 
10: 1 

4:l 
5:l 
4:l 

Idaho fescue 

Junegrass 

Sandberg bluegrass 

Columbia needlegrass 

Forbs 
Yarrow 

Wyeth eriogonum 

Shrubs 
Pasture sage 

Chemical Composition of Winter Forages.--The 
decline in the crude protein content from August 
to March of the eight forage species which com- 
prised more than 95% of the bighorn winter diet 
was found to be highly significant (p < 0.01) and 
species differences were significant (II < 0.05) 
(Tables 1, 2). Wyeth eriogonum showed the least 
change, dropping less than 10% of the initial value 
while idaho fescue was reduced to less than 25% 
of its late-summer value. Columbia needlegrass 
began and ended with the lowest protein content 
while pasture sage averaged higher than any other 
species. Sandberg bluegrass began with the highest 
protein level and averaged higher than all other 
grass species. 

The seasonal variation in crude fat content was 
found to be not significant (p < 0.05). However, 
differences between species were highly significant 
(p < 0.01). Bluebunch wheatgrass and pasture sage 
maintained the highest crude fat levels while idaho 
fescue contained the lowest amount by late winter. 

The relative increase in the crude fiber content 
of all species and the differences between species 
were found to be highly significant ($J < 0.01). 

The forbs and shrub averaged lower than the 
grasses. Bluebunch wheatgrass contained less crude 
fiber than all other grasses while Columbia needle- 
grass contained the highest late fall crude fiber 
content of all species. 

Table 2. Analysis of variances for the nutrient contents of 
principal bighorn winter forages. Eight species sampled 
at three periods during the 1963-64 winter from the 
South Slope winter range. (Interactions were not sepa- 
rated from error degrees of freedom because only single 
samples of each species were analyzed at each sampling 
period.) 

Mean square values 

Crude Crude Crude Total 
Source df fat protein fiber ash NFE Ca P 

Total 23 
** * ** ** ** ** ** 

Species 7 7.98 4.87 10.62 8.02 6.28 2.43 0.09 
Sampling ** ** hh ** 

months 2 n2::2 14.10 12.49 iI;9 :I:6 0.57 0.55 
Error 14 0.66 1.18 1.63 0.66 1.25 0.08 0.02 

*# = differences highly significant (p < 0.01). 
* = differences significant (p < 0.05). 

n.s. = no significant differences. 
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No significant change was found in the seasonal 
ash content. However, species differences were 
highly significant (p < 0.01) varying from 12% in 
yarrow to 3% in Columbia needlegrass during the 
late fall period. Among the grasses, bluebunch 
wheatgrass possessed the highest ash levels. 

The seasonal variation in NFE was not signifi- 
cant (p < 0.05) while species showed highly sig- 
nificant differences (p < 0.01). Bluebunch wheat- 
grass and pasture sage possessed the lowest amounts 
of NFE while Columbia needlegrass possessed more 
than any other grass and Wyeth eriogonum rated 
higher than all species. 

Both the seasonal decline and the difference in 
species calcium content were found to be highly 
significant (@ < 0.01). The forbs and shrub spe- 
cies maintained the highest levels while the grasses 
exhibited the greatest seasonal percentage decreases 
of this mineral. Among the grasses, bluebunch 
wheatgrass maintained the highest calcium levels. 

The seasonal decline in phosphorus and the dif- 
ference between species were both highly signifi- 
cant (p < 0.01). The grasses contained the lowest 
amounts and were nearly depleted by the late 
winter period. The shrub and forb species con- 
tained almost the same percent of phosphorus at 
the end of the winter as found in the grass species 
during the late summer. 

Discussion 
Bluebunch wheatgrass contained the highest 

amounts of crude fat of all species examined, main- 
taining a relatively high level throughout the 
winter. 0 ther important bighorn forage species 
such as pasture sage and sandberg bluegrass appear 
to be important sources of crude fat. However, the 
crude fat of pasture sage consists largely of essential 
oils which have little or no nutritive value and 
sandberg bluegrass is a relatively unproductive spe- 
cies. Columbia needlegrass, the principal increaser 
species, contained the lowest crude fat levels of 
the eight species examined. 

Other important energy sources are the soluble 
carbohydrates of the NFE portion of the plants. 
All species studied possessed high amounts of NFE 
and maintained relatively high levels throughout 
the winter. (Differences between sampling months 
were found to be not significant.) 

The National Research Council (NRC, 1957) 
recommends a minimum of 7.0 to 9.5% crude pro- 
tein or 4.0 to 5.3% digestible protein in the daily 
diet for growth and gestation in domestic sheep. 
Loosli et al. (1949) state that through rumen fermen- 
tation, sheep can synthesize all of the known es- 
sential amino acids and that 33 to 50% of protein 
requirements can be met through the degradation 
of non-protein nitrogen, utilizing the nitrogen in 
the synthesis of protein. On this basis, bluebunch 

wheatgrass, pasture sage, and sandberg bluegrass, 
contain sufficient protein to meet requirements 
while Columbia needlegrass does not. 

The NRC (1957) recommends a ration contain- 
ing 0.16 to 0.20% phosphorus for gestating and 
lactating domestic sheep. Cattle require similar 
levels (NRC, 1963). For growth and maintenance 
in the same species, the NRC recommends a mini- 
mum of 0.24 to 0.34% calcium. While the forage 
species which comprise the bulk of the winter diet 
appear to meet the recommended calcium levels, 
phosphorus is below the recommended level in 
nearly all cases. This was especially noted in the 
grasses where all species were almost totally leached 
of phosphorus by March. The relatively high cal- 
cium levels and low phosphorus levels distort the 
calcium : phosphorus ratios and the optimum 2 : 1 
to 1 : 2 ratio established for domestic livestock is 
not realized (NRC, 1957, 1963). 

Conclusions 

Bluebunch wheatgrass, the most important item 
in the fall-to-spring diet of the Ashnola bighorn is 
the most nutritious grass. Any reduction of this 
species on bighorn winter ranges through annual 
cropping or overgrazing by livestock imparts a 
qualitative as well as a quantitative limitation on 
the bighorn population. It appears that any man- 
agement effort designed to allow an increase in 
the Ashnola bighorn population should necessarily 
include a reduction in the use of the bighorn 
winter ranges by livestock and a restoration of 
bluebunch wheatgrass where overgrazing has oc- 
curred. 

The effects of low phosphorus levels on the big- 
horn population requires further study. 
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Livestock production from native rangelands is the most 

important agricultural enterprise in the Somali Republic. 
The ranges of Somalia have a potential for much greater 
production than is currently realized. Many of the areas 
described in the literature as desert are grassland savannahs. 
These areas can support large numbers of livestock if prop- 
erly managed. The major problems are development of 
water, use of grazing systems, proper stocking, and appli- 
cation of range management principles. 

Livestock production from native rangelands, 
the most important agricultural enterprise in the 
Somali Republic, produces most of the hard cur- 
rency coming into the country. Two major reports 
(DeIongh, 1957; FAO, 1966), indicate that pas- 
toralism merely sustains the local economy and 
adds little to world trade. Both these reports con- 
centrated on the cattle industry in southern 
Somalia, while the country’s important livestock 
export trade is to the oil-rich states to the north. 
Here, sheep and goat flocks contribute substantially 
to the hard currency income of Somalia. 

The potential for livestock on Somali rangelands 
is high. Although the country is arid and rainfall 
is sporadic, the Somali herdsmen have evolved a 
system of nomadic rotation dictated by the harsh 
environment. In addition, pastoralists have an 
appreciation for livestock developed through the 
centuries of close association with animals. Both 
the livestock and the owner have become a part of 
the range ecology. 

Various range and livestock surveys indicate that 
the Somali range has a potential for double or even 
triple the amount now being produced (Klemme, 
1957; Nelson, 1958; Childs, 1960; Abercrombie, 
1961b). 

Information on the Somali resources is limited 

lThis paper is contribution number 42, International Cen- 
ter for Arid and Semi-Arid Land Studies, Texas Techno- 
logical College, Lubbock. 

and scattered. The purpose of this paper is to 
bring together some of the fragmented reports on 
Somalia and Somali resources. The material for 
the report was collected during a field assignment 
as a consultant with FAO in the Somali Republic. 

Physical Environment and Vegetation 
The Somali Republic is located on the horn of 

Africa from roughly 2” S. to 11 O N. latitude, lying 
between 30 and 53” E. longitude. The area in- 
cluded is approximately 246,000 miles2. 

The northern area, above 5” N. latitude, is 
mostly arid, with rainfall of less than three inches 
annually. As elevation increases, rainfall increases 
and some of the area in the western part receives 
as much as 20 inches yearly. In the southern part of 
the country, rainfall is higher with as much as 15 
to 24 inches occurring in some areas. The rain 
falls in two periods, the spring season (Gu) in 
April and May and the fall (Dayr) in September 
and October. However, like most arid areas, 
annual variation is high. 

Two perennial rivers, the Shebelli and the Juba, 
dissect the southern part of the coastal plain. There 
are a few perennial springs scattered throughout 
the northern part of the country. For the most 
part, water is obtained from wells near the sea, or 
artificial ponds designed to catch seasonal runoff. 
Although adequate groundwater surveys have not 
been made, oil explorations indicate that ground- 
water may be available in many sections of the 
country. 

No general detailed survey has been conducted 
of the physical environment of Somalia. Several 
regional studies have discussed the soils, climate, 
and the general features (Pichi-Sermolli, 1955; 
Meigs, 1966). Unfortunately, more detailed ac- 
counts are available for only limited areas such 
as the north (Hunt, 1950) or the inter-river area 
(ICA, 1961; FAO, 1966). Generalized reports have 
been written by DeIongh (1957) and Italconsult 
(1965). Both give only a superficial view of the 
physical environment. 

Vegetation.-Much of the early work on Somali 
vegetation consists of floristic studies and limited 
papers on the chemical content of forage. The 
main contribution of the southern regions are the 
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floras of Chiovende (1929, 1932) and the works of 
Bettini (1933, 1935, 1936, 1937) and Fiori and 
Bettini (1941) on the pastures of the former Italian 
Somaliland. Knowledge of the northern region is 
confined almost entirely to reports from the former 
British protectorate. These include the early sur- 
veys of Drake-Brockman (1912) and the later work 
of Collenett (193 l), Gillett (1941) and Hunt (1950). 
The check list of trees, shrubs, and herbs of the 
British-Italian Somaliland (Glover, 1947) includes 
an excellent map of the ecological communities of 
the former British area. 

Ecological surveys of Somalia are few and limited 
to two regions-Glover’s (1947) study of the former 
British protectorate and two ecological surveys be- 
tween the Juba and Shebelli rivers (Abercrombie, 
1961a; Merritt, 1966). Klemme (1957) and Nelson 
(1958) made reconnaissance surveys of portions of 
British, Italian, and Ethiopian areas used by the 
Somali pastoralists. Geographical descriptions have 
have been attempted by Pichi-Sermolli (1955). 

Present Range Conditions 
During the summer of 1966, an FAO special sur- 

vey team conducted a reconnaissance of the range- 
lands of Somalia. The two areas previously covered 
by ecological surveys, i.e., the inter-river area and 
the old British portion of Somalia, were covered by 
aerial reconnaissance. Landings were made at se- 
lected villages in each district. The district com- 
missioner, the veterinary staff, and those stockmen 
who would agree to participate, were questioned 
about ranching conditions, method of handling 
livestock, forage resources, etc. Overland trips were 
made from each village to examine vegetation. 

The remaining portion of the country was first 
covered by aerial reconnaissance and periodic land- 
ings as described above. This was followed by an 
overland safari from Berbera in the north to 
Mogadiscio in the south. The country between was 
crisscrossed in order to examine every vegetative 
type observed from the air. Local pastoralists were 
interviewed en route. 

We inspected a representative location in each 
of the major vegetation types. These field notes, 
plus the works of past investigators, form the basis 
of this report on the condition of Somali ranges. 

The ranges of Somalia have a potential for much 
greater production than is currently being realized. 
With the exception of small, poorly-watered areas 
in Migiurtinia, Mudugh, and the Tsetse fly area 
of the south, the ranges are either overgrazed at 
present, or show evidence of overgrazing in the 
recent past. The low successional stage of herba- 
ceous vegetation over most of the grazing areas is 
probably due to heavy stockings during recent 
droughts. Limited areas are showing signs of im- 
provement. 

Northern Somali Ranges.-The ranges of the 
former British protectorate are in critical condi- 
tion. Although the survey was made toward the 
end of the Gu (spring rainy season) there was little 
vegetation available to support animals during the 
normal dry period. A prolonged drought could be 
fatal to man and livestock. 

Although Glover (1947) and other British offi- 
cers discussed range condition in their reports, it 
is now difficult to find sizeable amounts of the 
perennial grasses they listed. Today most of the 
ranges of the lower elevations are totally lacking 
in perennial grasses. At the higher evelations, 
where ranges have been protected, there are relicts 
of grasslands that indicate the potential of the area. 
In the Gan-Libah forest near Sheikh, there is a 
small exclosure that contains Themada triandra, 
Chrysopogon aucheri, Bothriochloa insculpta, Hy- 
perrhenia hirta, and other tall grasses. These plants 
are absent from other areas of the forest. 

The high plateau country, or the Haud, is an 
area of red soils on either side of the provisional 
national boundaries. Due to insufficient water 
throughout the year, this area has largely escaped 
destructive grazing. Perennial grasses such as 
Cenchrus ciliaris and Sporobolus sp. are present. 
Areas near water have dense stands of Aristida 
kelleri. 

The ranges of northern regions are in a vulner- 
able state. Not only must they support the local 
livestock, but large market herds pass through 
almost daily going to the port at Berbera. Urban 
growth and the inclosure of private grazing land 
has forced the pastoralists onto marginal ranges. 

Mid-Somali Ranges.-The area of former Italian 
Somaliland has not had an ecological survey. In 
most of the reports, the ranges of Migiurtinia are 
seldom discussed. Although the vegetation of 
Migiurtinia is mostly desert vegetation of low 
natural potential, these ranges represent an im- 
portant resource that has not been adequately con- 
sidered. 

The area is typically desert shrub on limestone 
hills and mountains separated by wide valleys of 
deep red soil. Forage of the limestone hills is 
mostly browse (Zndigofera, Acacia, Boscia, etc). 
Grass vegetation is mostly Sporobolus, Aristida and 
other hot desert grasses. The browse vegetation 
makes the area ideally suited for sheep, goat, and 
camel production. The vast size of the area offers 
a great potential for sustained production of goats 
and sheep for the Arabian markets. 

The valleys between the limestone hills offer 
good possibilities for increased range production 
through water management. Runoff from the 
hills periodically floods the valleys. Where natural 
vegetation or dead plant material has slowed down 
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the water, tall grasses such as Andropogon, Cen- 
chrus ciliaris, and plants characteristic of higher 
rainfall areas occur. There is a need for water 
spreading projects to utilize overland flow from 
the hills. 

In general, the ranges of Migiurtinia are not as 
heavily used as those of the northern regions. The 
low natural carrying capacity of ranges and low 
rainfall make the use of vast areas necessary. Any 
attempt to stop nomadic livestock movement here 
would lead to further range deterioration. 

The area of Mudugh and those portions of Hiran 
and Benadir, north of the river Shebelli, comprise 
one of the finest and least known range areas of 
Somalia. It is naturally divided into three general 
areas; the coastal dunes, the mixed Acacia brush- 
land, and the grass-low shrub plains. Two of the 
areas, the coastal dunes and the grass-low shrub 
plains, have scarcely been mentioned in previous 
reports. 

The coastal dunes comprise a strip of land lying 
immediately inland from the Indian Ocean, from 
Mogadiscio to a point near the Mudugh-Migiur- 
tinia border. It varies in width from a few hundred 
yards in the south to more than 30 miles near the 
center. In addition to the usual rainy seasons, 
fog or mist occurs during most other months. 

Livestock use this area heavily during the dry 
season because fresh water percolates through the 
soil and builds up against the salt water of the sea. 
Shallow fresh-water wells are common. Vegetation 
of the area reflects heavy livestock use. As much 
as 50% of the vegetation in some areas is made up 
of annuals, such as Vicia, Indigoferu, etc. Annual 
Erogrostis and SporoboZus comprise the main grass 
cover. Shrubs are scarce. 

The grass-low shrub Savannah that occurs on 
the high plains of the Mudugh are in the best con- 
dition of any region visited. Lack of water has 
prevented severe overgrazing even in the drought- 
stricken areas. Here vast plains of Savannah grass- 
lands occur. Cenchrus ciliuris, Aristidu kelleri, 
Heteropogon, Sporobolus and other perennials 
show little or no evidence of utilization. Bosciu 
trees and Acacia shrubs form the only woody cover 
in a scattered Savannah. 

The mixed Acacia bushlands occur in Hiran 
and the mid portions of the Mudugh. The Hiran 
bushlands where pastoralists have practiced graz- 
ing controls show great promise. The shrub por- 
tions of the range are healthy, but the herbaceous 
portion shows evidence of heavy past use. Aristidu 
spp. and low-quality plants make up most of the 
herbage. However, ground cover is adequate for 
soil protection and there is evidence that the range 
is improving. 

Inter-river Ranges.-Ranges between the River 
Shebelli and the River Juba have been examined 

in detail by two recent reports (Abercrombie, 
196 1; FAO, 1966). Both studies suggest that the 
range is not producing to capacity. The most 
recent (Merritt, 1966), suggests that pastoralism 
has given way to agriculture in some areas. Cattle 
production and brush control have been stressed 
in both reports. It may be possible that mechanical 
brush control combined with an increase in goat 
numbers could improve these range lands. A 
favorable price structure for goats as compared to 
cattle and the vast amount of browse throughout 
Somalia indicates that goat production is a logical 
tool for improving the range. 

Southern Somali Ranges.-The area south of the 
Juba is cattle country. In addition, game animals 
remain in some abundance. Rangeland condition 
is variable according to the proximity of water. 
The vast flood plain of the Juba is covered with 
dense stands of high bush (Acacia sp.) so dense 
that grass is sparse. Wherever the woody canopy is 
removed, good stands of Sporobolus, Cenchrus and 
C h Zoris appear. 

The grumsol soils could produce several times 
as much forage as the present production. In areas 
where grazing has been light, good stands of Cen- 
chrus ciliuris, Heteropogon and Andropogon occur. 

The lower Juba area has the best wildlife popu- 
lations in Somalia. At the present time they are 
not under strict management. In general, the lower 
Juba area has a high potential for cattle and wild- 
life production although range improvement, water 
development, and brush clearing are needed in 
addition to strict grazing control if the potential 
is to be reached. 

Lives tack Management 

Camels are the most desired form of wealth for 
the pastoral Somali. Not only are they valuable 
animals for milk production and as beasts of 
burden, but they comprise the main source of “dia” 
or blood money. There are approximately 2 million 
camels in the country. Camels are herded by 
young men and boys. The camps may be located 
many miles from other livestock camps of the 
family (Lewis, 196 1). 

Large numbers of camels are slaughtered for 
meat. The price of camel meat equals that of beef. 
In the export market the price in a letter of credit 
in Berbera is 800 Somali shillings for a camel com- 
pared with about 140 for a steer or a bull (Hartley 
et al., 1966). 

Some of the problems connected with camel 
raising in Somalia are increasing reproduction 
rates, changing calving intervals, the influence of 
pregnancy on milk production, and methods of 
preserving camel’s milk. 

Various estimates indicate that there are some 
7 million sheep and goats in Somalia. About two 
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thirds of this number are goats. Sheep and goats 
are herded together in single flocks. The pro- 
portion of sheep to goats may be as high as three 
to one in the more humid areas, but this propor- 
tion decreases as arid regions of the country are 
reached. 

Sheep and goats are individually owned and 
provide subsistence for nomad families. They pro- 
duce milk in season and provide a reserve of 
animals for cash sale when consumer goods are 
needed. These are normally tended by women 
and young children (Mahoney, 1963a, 196313). 

In Somalia sheep are of great importance in the 
economy. They provide the principal item of ex- 
port for the Arabian markets where Somali Black- 
heads are preferred over other East African breeds. 
The only sheep breed kept in Somalia is the 
Somali Blackhead, a fat rump sheep of ancient 
origin. It has provided the basis of the breeding 
stock for the so-called Persian Blackhead of South 
Africa. 

The most common goat raised in Somalia, a large 
white animal, is an indispensable part of the econ- 
omy of the arid and semi-arid regions. It uses 
browse, forbs, and succulents to provide milk, meat, 
and skin. It ranks favorably with sheep for export 
trade. 

Unfortunately, goat production has been offi- 
cially discouraged due to influence of foresters who 
came into the country stating categorically that 
goats are the most destructive animals on the range. 
A favorable price structure for goats and the nature 
of vegetation are both favorable for increased goat 
production. 

There are an estimated 1.4 million cattle in 
Somalia. These are of four main breeds: the Boran 
(Havai), the Jiddu (Suroq), the Gharre (Durra), 
and the Abgal (Gasara). 

The Boran breed is found in the south between 
the Juba river and the Kenya border. This out- 
standing African breed of cattle is widespread in 
northern Kenya, eastern Ethiopia, and southern 
Somalia. These animals form the basis of the 
Boran beef breed which has its own registration 
and breed society. 

The most numerous cattle breed in Somalia is 
the Jiddu, known locally as the Suroq. It is kept 
mainly by the Jiddu and Tuni lineage groups. It 
is an exceptionally good dual-purpose breed, and 
with the Boran, forms the basis of the herds of 
improved cattle of both dairy and beef types now 
bred in Kenya. 

The Gharra (Durra) cattle, are found primarily 
in the area east of the Shebelli river and range into 
the low rainfall countries of the Mudugh. They 
are smaller than the other breeds and are praised 
for their hardiness and ability to withstand infre- 
quent watering. 

Land Use 

The pattern of land use and the social structure 
of the pastoralists have been described by Lewis 
(196 1). In general, members of a particular lineage 
group use a given area. Flocks and herds usually 
are moved with the rains during the rainy season. 
It is common for herds to move into areas where 
groundwater is in short supply during periods of 
time when runoff water can be caught in open 
uars. When the water has dimished on the ranges, 
the livestock and their owners drift back to the 
areas of permanent water. 

During the dry season, large herds are concen- 
trated along the beach areas where fresh water is 
available at shallow depths. The distribution of 
livestock in the country depends primarily upon 
the season of the year and occurrences of rainfall. 
This has led to a natural deferment system with 
animals moving from one part of the country to 
another throughout the year. To a large extent, 
this natural deferment system is beginning to break 
down as bore holes are developed and land is en- 
closed in private holdings. There is a tendency 
now for livestock to remain yearlong in a single 
area. 

Conclusions 
The potential for livestock production in the 

Somali Republic is great. Many areas of the 
country described in the literature as desert are 
indeed grassland savannahs, capable of supporting 
large numbers of livestock. The major problems 
are development of water, systems of grazing con- 
trol, proper stocking, and application of other 
modern management techniques. If these prob- 
lems can be solved, Somalia can take its place as 
one of the major suppliers of meat for the North 
African and Western Asian areas. 
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The water-intake rates of “European” breeds of 
cattle published by Winchester and Morris (1956) 
were used to develop a water-intake method of 
estimating forage intake by grazing cattle (Hyder 
et al., 1966). The method requires the measure- 
ment of drinking water, air temperature, and 
moisture content of forage. Each of these mea- 
surements presents sampling problems that must 
be reconciled with respect to sampling precision 
and limits of application. 

Drinking water can be measured accurately. 
However, since mean water-intake rates are not 
applicable to individual animals, problems in 
sample size and sampling precision arise from the 
variability among animals, and among days by ani- 
mals, in the amounts of water drunk. Individual 
animal-day observations are needed to develop a 
sample structure in terms of the number of animals 
included in the sample and the number of days 
during which drinking water is measured. 

The measurement of air temperature in an in- 
strument shelter located on a pasture can be ac- 
complished with sufficient accuracy. However, the 
procedure of averaging maximum and minimum 
temperatures to estimate the mean should be com- 
pared with more detailed procedures. In addition, 
the wide variability of water-intake rates at high 
temperatures imposes a practical limit of appli- 
cability of the water-intake method. 

The moisture content of forage is estimated from 
hand-plucked samples of herbage taken to approxi- 
mate that eaten by grazing animals. The objective 
in sampling is to determine the average moisture 
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The water-intake rates of “European” breeds of 
cattle published by Winchester and Morris (1956) 
were used to develop a water-intake method of 
estimating forage intake by grazing cattle (Hyder 
et al., 1966). The method requires the measure- 
ment of drinking water, air temperature, and 
moisture content of forage. Each of these mea- 
surements presents sampling problems that must 
be reconciled with respect to sampling precision 
and limits of application. 

Drinking water can be measured accurately. 
However, since mean water-intake rates are not 
applicable to individual animals, problems in 
sample size and sampling precision arise from the 
variability among animals, and among days by ani- 
mals, in the amounts of water drunk. Individual 
animal-day observations are needed to develop a 
sample structure in terms of the number of animals 
included in the sample and the number of days 
during which drinking water is measured. 

The measurement of air temperature in an in- 
strument shelter located on a pasture can be ac- 
complished with sufficient accuracy. However, the 
procedure of averaging maximum and minimum 
temperatures to estimate the mean should be com- 
pared with more detailed procedures. In addition, 
the wide variability of water-intake rates at high 
temperatures imposes a practical limit of appli- 
cability of the water-intake method. 

The moisture content of forage is estimated from 
hand-plucked samples of herbage taken to approxi- 
mate that eaten by grazing animals. The objective 
in sampling is to determine the average moisture 
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Table 1. Forage intake by yearling Hereford steers in 1966. 

Water source 
Grazing Mean 
period air temp. 
& date (“F) ;; (gaF:ay) (1biCday) (G (lb,:ay) (I$ jl y) 

1. 5/31-6/14 58 48 5.5 + 0.9 1.7 + 0.4 463 t 26 16.5 16.7 2 1.7 
2. 6/ 14-6/28 65 71 5.4 2 1.0 2.1 -+ 0.2 490 I+ 26 26.4 25.4 t 2.9 
3. 6/28-7112 74 58 7.9 f 1.1 2.2 f 0.4 520 ? 26 19.4 17.8 ZII 1.6 
4. 7/ 12-7126 73 49 9.0 Ir 1.1 2.3 + 0.3 550 2 30 20.0 17.5 + 1.4 
5. 7/26-8/g 70 51 8.3 + 0.8 2.4 IL 0.2 583 + 31 20.3 17.2 & 1.1 
6. 819-8123 64 69 6.4 k 0.8 2.2 * 0.2 614 & 31 28.9 23.5 IL 2.1 
7. g/23-9/6 66 70 7.0 2 0.9 2.6 + 0.1 652 -t- 24 31.1 24.1 + 3.3 
8. g/6-9/20 59 68 6.6 * 1.0 3.0 ?I 0.4 690 of: 22 33.5 24.8 I!I 3.5 
9. g/20-10/4 57 56 6.5 + 0.6 2.6 I!Z 0.6 730 f 21 22.6 16.1 c 1.4 

HI, The mean moisture content of fresh hand-plucked herbage. 
H,, Mean daily amount of water drunk and standard deviation (s.d.) among steers. The numbers of steers observed were 12, 12, 

12, 12, 11, 10, 6, 6, and 6 in chronological order by grazing periods. 
G, Mean daily gain and s.d. among steers. 
W, Mean liveweight “in” each grazing period and s.d. among steers. 
F, Estimated forage intake in pounds of dry matter per day. 
F ad]* Forage intake as adjusted to a constant metabolic size (W.75) of 100, and confidence limits at the 5% probability level. 

content of forage in a Z-week period. This require- 
ment imposes a considerable problem because the 
moisture content of forage not only changes more 
or less gradually through the season, but also may 
fluctuate diurnally and change sporadically with 
precipitation or the whims of animal preference. 
The difficulty one encounters in approximating 
the animal diet can vary from slight to extreme. 
In addition, the need for accuracy in estimating 
the mean moisture content of forage becomes more 
and more critical as the moisture content increases. 
Absolute limits of application of the water-intake 
method are imposed by high moisture contents of 
forage that supply the total amount of water needed 
by cattle. These absolute limits were given in a 
previous paper (Hyder et al., 1966). Practical limits 
of application must occur at lower moisture con- 
tents than those which define the absolute limits. 
Thus, sampling requirements of the hand-pluck- 
ing procedure and practical limits of application 
should be determined. 

This paper presents the results of a grazing trial 
undertaken in 1966 to determine sampling re- 
quirements for the measurement of drinking water, 
air temperature, and moisture content of forage. 

Methods 
Twelve average-sized yearling Hereford steers were se- 

lected out of a single-owner lot of about 90 steers delivered 
to the Central Plains Experimental Range for “summer” 
grazing. These 12 steers were assigned a half section of 
blue-grama range, which then was grazed continuously 
from May 17 to October 5, 1966. Six of the 12 steers were 
removed from pasture for use in other research during 
part of the season. The first 2 weeks, May 17-30, were 
reserved for preconditioning and training of steers. Mea- 
surements and observations were initiated on May 31. 

Metered drinking water was provided in pens to which 

individual steers were admitted daily from about 11 AM to 
4 PM. Water meters were read daily Monday through Fri- 
day to obtain individual animal-day observations of water 
drunk. On Saturday and Sunday, when water meters were 
read to determine evaporation losses from individual 
waterers, drinking water was provided in a common tank. 
Records of water drunk were omitted for days when rain 
water was ponded on the pasture. 

Air temperatures were recorded continuously by thermo- 
graph placed in an instrument shelter located near the pens. 

Hand-plucked samples of herbage were collected by an 
observer as he moved with the grazing animals during each 
morning and evening grazing period on Tuesday, Wednes- 
day, and Thursday each week. Samples of freshly-dropped 
feces also were collected at these times. All samples were 
collected in plastic bags, then dried in a forced-air electric 
oven at 70 C for 12 to 24 hr to determine moisture contents. 

The steers were weighed directly from pasture on their 
way to water on 3 consecutive days every 2 weeks. Estimated 
forage intake was adjusted to a constant metabolic size 
(W.55) of 100 to remove the seasonal effect of increasing 
animal size. 

Results 
EsGmated Forage Intake.-As estimated by the 

water-intake method, mean forage intake in con- 
secutive Z-week grazing periods varied from 16.5 
lb/day of oven dry matter to a high of 33.5 lb/ 
day (Table 1). Seasonal increases in forage in- 
take associated with increases in liveweights are 
removed by adjusting the estimates to a constant 
metabolic size. Adjusted forage intake (Fadj), which 
varied from a minimum of 16.1 lb/day in late Sep- 
tember to a maximum of 25.4 lb/day in late June, 
was highly correlated (r = 0.93, n - 2 = 7) with the 
moisture content of hand-plucked herbage (H,). 
The confidence limits of the adjusted-forage-intake 
estimates, based upon the variability among steers, 
vary from 6 to 14y0 of the mean. Large confidence 
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Table 2. Analysis of variance among individual animal- Table 3. Amounts of water drunk (gallons per day) by each 
day amounts of water drunk, and components of variance. of 12 steers in the first 8 weeks (May 31-July 25, 1966). 

Analysis of variance (pooled)” 

Source d.f. ssqs. Msq. 

(S) Steers 16 462.0 28.9** 
(W) Weeks 16 1531.3 95.7** 
(e) S x W 122 203.1 1.7 
(D) Days in weeks 72 752.9 10.5** 
(E) Discrepancy 552 465.5 0.8 

Total 778 34 14.8 

*8 Significant at 1%. 

Components of variance (pooled)” 

S: g32 + 50,2 + 45& = 28.9, & = 0.6 
\\‘: Q2 + 5q+2 + 45qg = 95.7, a\g = 2.1 

e: ,‘$ + 5a,2 = 1.7 , c,2 = 0.2 
D: & + gaD” = 10.5 ) gD2 = 1.1 
ES * CT32 = 0.8 , (g = 0.8 

Steer 
No. 1 2 3 

Weeks 

4 5 6 7 8 Mean’ 

4 2.8 5.2 2.7 2.9 4.8 6.8 8.0 8.7 5.2a 
10 4.3 4.2 4.1 4.2 5.5 6.9 6.6 7.3 5.4a 
8 5.3 5.2 5.8 5.7 6.4 7.0 6.3 7.6 6.2” 
6 4.2 4.8 4.9 4.8 6.4 8.5 8.7 8.8 6.4”c 
3 5.0 5.4 4.6 5.5 7.5 9.3 8.5 8.3 6.8”cd 

11 5.1 6.4 5.4 5.6 7.2 9.1 8.8 8.8 7.0cde 
1 5.3 5.0 4.9 6.6 7.8 9.3 9.1 10.3 7.3def 
9 6.3 5.6 5.4 6.1 7.8 9.2 8.7 9.1 7.3de’ 

12 6.4 5.5 5.5 5.9 7.8 9.0 8.5 9.5 7.3def 
5 6.0 6.4 5.3 5.5 7.2 9.6 9.8 9.9 7.5efg 
2 6.5 6.2 6.4 6.2 8.4 9.7 9.6 10.3 7.9fg 
7 5.5 7.0 6.2 6.6 8.8 9.5 10.6 10.5 8.19 

Meana 5.2” 5.6nb 5.la 5.5a 7.1b 8.6~ 8.6~ 9.lc 6.9 

a Means with the same letter superscript are not significant at 5%. 

a The amounts of water drunk by 12 steers in the first 8 weeks 
and by 6 steers in the last 10 weeks were analyzed separately limit of t 0.5 gallon, a sample would include 
and pooled. (n = t2 x 0.6/0.S2) 9 animals. However, with ani- 

mals less uniform in size than the steers selected 

limits are associated with high moisture contents 
of forage, suggesting that lush forage presents diffi- 
cult sampling problems. High moisture contents of 
forage were encountered in grazing periods 2, 6, 
7, and 8, when the steers selected Russian thistle 
(SuZsoZa k&i) in preference to blue grama (Boute- 
Zoua gracizis). Since the forage-intake estimate in 
each of these 4 grazing periods is unusually large, 
it is also necessary to consider the possibility of 
positive bias. 

Amounts of Water Drunk.-In the analysis of 
water drunk, the first 8 weeks with 12 steers and 
the last 10 weeks with 6 steers were pooled to obtain 
average components of variance (Table 2). All 
main-effect sources of variation are significant. Sea- 
sonal changes in the amounts of water drunk, as 
defined by differences among weeks, provide the 
largest component of variation (Table 3). The 
small mean square for steers by weeks (S x W) 
shows that differences among steers tend to con- 
tinue through the season. 

Differences among consecutive days in weeks 
show the importance of maintaining continuous 
measurements of water drunk. This measurement 
of drinking water is, therefore, treated as a param- 
eter measurement. The sampling problem has to 
do with the number of animals and number of days 
to be included in an observation. 

As estimated from the separate component of 
variance for consecutive days (1.1) and an accept- 
able confidence limit of f 0.5 gallon per day, an 
observation period would include (n = t2 x 1 .l / 
0.5*) 18 days. The separate component of variance 
among steers was found to be 0.60. As estimated 
from this variance and an acceptable confidence 

for this experiment, a larger number would be 
appropriate. Substitutions between the numbers 
of animals and days in the ratio of two days per 
animal (as defined by respective variance com- 
ponents) gives the following sample sizes: 

No. of Animals No. of Days 
9 18 

11 14 
15 7 
16 4 

In 1966, the steers drank, by overall average, 7.0 
gal/day. Drinking water amounts changed from 
week to week as air temperature and forage condi- 
tions changed (Table 4). The simple correlation 
between weekly mean water drunk and air temper- 
ature was r = 0.705, which is significant at l%, 
and that between water drunk and moisture con- 
tent of hand-plucked herbage was r = -0.333, 
which is not significant at 5%. Liveweight, daily 
gain, moisture content of feces, and day length ac- 
counted for very little, if any, of the variation in 
water drunk. 

In consecutive days when air temperatures 
changed considerably, the amounts of water drunk 
increased or decreased in proportion to temper- 
ature increases or decreases. However, the adjust- 
ment in water drunk was not immediate. The cor- 
relation between water drunk and mean air 
temperature of the same day was r = 0.641, and 
that between water drunk and mean tempera- 
ture of the previous day was r = 0.590, each 
being significant at 1%. It will be understood, of 
course, that the animal response must appear after 
the environmental effect. For this reason, drink- 
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Table 4. Relations between water drunk, air temperature, 
and moisture content of hand-plucked herbage. 

Water Mean air Moisture 
drunk temperature content of 

Week” (gal/day) (“F) herbage (%) 

3 5.1 62 69 
1 5.2 62 36 
4 5.5 67 73 
2 5.6 54 59 

11 5.6 64 72 
18 6.0 52 50 
16 6.4 54 69 
17 6.4 63 62 
15 6.9 65 67 
13 7.0 66 71 
5 7.1 72 59 

14 7.1 64 68 
12 7.2 64 66 

6 8.6 75 56 
7 8.6 74 52 
9 8.7 72 41 

10 8.8 68 61 
8 9.1 72 46 

Correlation coefficients: 
Water drunk on temperature, r = 0.705** 
Water drunk on moisture, r = -0.333 

il Weeks are rearranged to coincide with increasing amounts of 
water drunk. 

** Significant at 1%. 

ing water should be measured for a minimum of 4 
days regardless of the number of animals included 
in the observation. 

Air Temperatures .-Mean air temperatures de- 
rived from daily minimum and maximum temper- 
atures were compared with means derived from 
temperatures recorded at 3 hr intervals. Weekly 
means expressed to the nearest degree F were 
nearly always identical by the two procedures, and 
never differed by more than one degree. There- 
fore, the simple procedure of averaging maximum 
and minimum daily temperatures is retained. 
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The wide variability of water-intake rates at high 
temperatures imposes a practical limit of appli- 
cability of the water-intake method. The standard 
deviations of mean water-intake rates given by 
Winchester and Morris (1956) were carried through 
the calculation of forage-intake rates and expressed 
in percentage thereof (Table 5). The variability 
imposed on the forage-intake rates increases with 
an increase in mean air temperature and moisture 
content of forage. Practical limits of usefulness are 
somewhere between 90 to 100 F mean air temper- 
ature and 60 to 70% moisture in the forage. 

Moisture Contents of Forage.-Weeks and time 
of day were sources of highly significant differences 
in the moisture contents of hand-plucked herbage, 
and their interaction was significant. Differences 
among weeks resulted from changes in animal se- 
lectivity as well as from changes in plant growth 
and maturation. Moisture contents averaged 5% 
higher in the morning than in the evening, but 
afternoon thundershowers sometimes reversed the 
diurnal trend. 

This estimation of mean forage-moisture content 
over a Z-week period is an unusual kind of sam- 
pling problem because the population parameters 
are not fixed. The residual mean square, however, 
provides an evaluation of sampling precision that 
may be used to estimate the number of hand- 
plucked samples needed in a Z-week grazing period. 
Under the conditions encountered in 1966, an 
average of 31 samples were needed to estimate the 
mean moisture content with a confidence limit of 
+ 2% at a probability level of 5%. The difficulty 
one encounters in hand-plucking to estimate the 
mean moisture content of forage can vary from 
slight to extreme, but the kinds of variability en- 
countered require a systematic daily observation 
and collection of herbage. 

The confidence limit of f 2% was chosen as 
reasonable and desirable, but we must investigate 
the consequences of error in estimating the mean 

Table 5. Forage-intake rates in pounds of forage dry matter per gallon of water drunk.a 

Moisture 
content 

of forage 
Mean air temperature (OF) 

(%) 40 50 60 70 80 90 100 

10 2.79 2 3yP 2.58 + 3% 2.25 2 4% 1.91 * 7% 1.64 + 8% 1.16 t 9% 0.54 IL 14% 
20 2.93 + 3% 2.70 + 3% 2.34 e 4% 1.98 + 7% 1.68 + 9% 1.19 + 9% 0.54 2 14% 
30 3.12 2 4% 2.86 ?I 3% 2.46 + 5% 2.06 + 8% 1.74 & 9% 1.22 2 9% 0.55 & 14% 
40 3.44 * 4% 3.12 f 4% 2.65 + 5% 2.19+- 8% 1.84 & 10% 1.26 IL 10% 0.56 + 14% 
50 3.98 t 5% 3.57 * 4% 2.97 * 5% 2.40 t 9% 1.98 + 11% 1.33 2 10% 0.57 * 14% 
60 5.24 + 6% 4.54 f 5% 3.61 k 7% 2.81 + 10% 2.25 t 13% 1.45 + 11% 0.59 + 15% 
70 10.99 * 13% 8.33 f 10% 5.65 + 10% 3.91 z!z 14% 2.91 t 16% 1.69 & 13% 0.62 & 16% 
75 83.33 2 > 99% 24.39 + 30% 10.20 f 20% 5.65 + 20% 3.77 + 20% 1.95 IL 15% 0.66 rt 17% 

B The equation for forage-intake rates is given by Hyder, et al., 1966. 
b The standard deviations of water-intake rates given by Winchester and Morris (1956) are carried through the calculations and ex- 

pressed in percent of forage-intake rates. 
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Table 6. Percentage error in forage intake estimates re- 
sulting from an error of + 2% in the estimate of mean 
moisture content of forage. 

Moisture content 
of forage 

Mean air temperature (OF) 

40 50 60 70 80 

20 1.4 1.1 0.8 0.5 0.6 
30 1.9 1.7 1.2 1.0 1.1 
40 2.3 2.2 1.9 1.8 1.1 
50 4.3 3.6 3.0 2.5 2.0 
55 6.3 5.3 4.3 3.5 2.9 
60 9.0 7.9 6.1 4.6 4.0 
65 16.4 13.3 9.6 7.2 5.2 
70 44.4 30.5 18.8 12.3 8.6 

moisture content of forage. To do so, we calculate 
the errors in forage intake resulting from an error 
of + 2% in the mean moisture content of forage 
(Table 6). This error in forage intake increases 
with an increase in moisture content of forage and 
decreases with an increase in mean air tempera- 
ture. Where the moisture content of forage ex- 
ceeds 65y0, the probability of error becomes so 
great that the estimates of forage intake cannot be 
considered trustworthy. The moisture contents of 
hand-plucked herbage exceeded 65% in grazing 
periods 2, 6, 7, and 8, but moisture contents were 
undersampled with only 12 observations in two 
weeks. 

Discussion 
Sampling Requirements.-The measurement of 

drinking water and air temperature presents no 
great problem. An observation should include an 
appropriate number of animals and days as de- 
fined by the respective variance components. Two 
water meters may be attached in series and read 
daily for protection against malfunction. 

The estimation of the moisture content of forage 
presents the only major sampling problem. The 
estimation by hand-plucked herbage is subjective, 
and, furthermore, the population parameters are 
not fixed. Systematic and continuous observation 
and collection of herbage is required for approxi- 
mation of the animal diet. Each interval of graz- 
ing should be represented. This characteristic, 
with sampling restricted to 3 days/week, was under- 
sampled in 1966. 

Limitations.-A limitation is inherent in the 
basic relations defined by Winchester and Morris 
(1956). High temperatures increase the require- 
ment for water in the control of body temperature 
and reduce the relative importance of the dry- 
matter function. Thus, variability in the amount 
of water required per pound of dry matter con- 
sumed increases with increasing temperature. This 
variability becomes excessive at temperatures 
greater than 90 F, but since our highest 14-day 

mean temperature in 1966 was only 74 F, this 
limitation did not apply. 

A limitation on moisture content of forage did 
apply in grazing periods 2, 6, 7, and 8. The high 
probability of error in estimating the intake of 
forage containing more than 65yo moisture is a 
weakness that must limit application of the water- 
intake method. On the other hand, opportunities 
to improve the efficiency of grazing practices on 
semiarid grasslands are most likely to result from 
conditions in which the forage contains consider- 
ably less than 65% moisture (Hyder, 1967). The 
water-intake method can permit a valuable exten- 
sion of research on semiarid grasslands, but even- 
tually we shall require wider applicability and 
greater assurance of accuracy than can be attained 
at the present time. 

Acclsracy.-There appears to be a possibility of 
positive bias in the estimate of forage intake for 
grazing periods 2, 6, 7, and 8. In final analysis the 
accuracy of the forage-intake estimates depends 
on the applicability of the water : dry-matter intake 
ratios defined by Winchester and Morris (1956). 
They obtained a substantial base of data that 
appears to apply very well to our conditions, but 
were unable to equate all the conditions that affect 
the water requirement of cattle. They reviewed 
literature showing that the effect of humidity was 
negligible at temperatures below 75 F. Other en- 
vironmental factors also are most likely to become 
important only at high temperatures where the 
vapor component of water excreted is large. Since 
high temperatures were not encountered in our 
work, and mean temperatures exceeded 70 F only 
in grazing periods 3 and 4, it seems unlikely that 
environmental factors could have caused a bias 
in forage intake. 

An increase in crude protein intake can increase 
water excretion rates and water requirements 
(literature reviewed by Winchester and Morris, 
1956). The crude-protein contents of forage (hand- 
plucked samples) in 1966 were 11.6, 15.6, 12.9, 
11.8, 12.3, 14.8, 12.0, 11.4, and ll.O%, respectively, 
by grazing periods. Some increase in water re- 
quirement in grazing periods 2 and 6, and a cor- 
responding positive bias in the estimate of forage 
intake, might have resulted from the greater con- 
centrations of N in the forage. The highest pref- 
erences for Russian thistle were expressed in graz- 
ing periods 7 and 8 when the moisture contents 
of feces increased to 84%. Average moisture con- 
tents of feces were 82, 80, 82, 81, 82, 82, 84, 84, and 
82%, respectively, by grazing periods. Thus, a laxa- 
tive effect of Russian thistle (Cave et al., 1936; 
Christensen et al., 1948) probably increased the 
water requirement about 1 gal/day and resulted 
in a corresponding positive bias of 3 to 5 lb/day 
in the estimate of forage intake in grazing periods 
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7 and 8. Procedures for evaluating and removing tuations in the moisture content of forage require 
sources of bias must, therefore, be taken into con- a systematic daily observation and collection of 
sideration in future work. 

Conclusions 
Drinking water can be measured accurately. 

Nevertheless, problems in sample size arise out of 
the variability among animals, and among days 
by animals, in the amounts of water drunk. Ap- 
propriate sample sizes are as follows: 9 animals for 
18 days, 11 animals for 14 days, 15 animals for 7 

days, or 16 animals for 4 days. 
Mean air temperatures derived from daily mini- 

mum and maximum temperatures were compared 
with means derived from temperatures recorded 
at 3-hr intervals. Weekly means expressed to the 
nearest degree F were nearly always identical by 
the two procedures, and never differed by more 
than one degree. Therefore, the simple procedure 
of averaging maximum and minimum daily tem- 
peratures is retained. 

The moisture content of forage was estimated by 
hand-plucked samples collected by an observer as 
he moved with the yearling Hereford steers. Fluc- 

herbage. All grazing intervals should be repre- 
sented. Even so, where the moisture content of 
forage exceeds 65y0 the probability of error in the 
estimate of forage intake becomes so great that the 
results can not be considered trustworthy. 
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A problem basic to range management and ani- 
mal nutrition is that of determining precisely the 
botanical composition of the grazing animal’s diet. 
In recent years, rumen or esophageal fistulated 
cattle and sheep have been used in range diet 
studies (Cable and Shumway, 1966; Cook et al., 
1958; Van Dyne and Torell, 1964). Botanical com- 
position of forage samples collected by fistulated 
animals has been reported by several investigators 
(Heady and Torell, 1959; Connor et al., 1963; Van 
Dyne and Heady, 1965). However, only a few 
reports have been made concerning quantitative 
analyses of botanical composition. 

A promising method for analyzing fistula forage 
samples has been described by Heady and Tore11 
(1959), which employs a dissecting microscope with 
a pointer in one ocular and a movable tray with a 
series of fixed stops. Harker et al. (1964) used a 
similar method for quantitative analyses of a two- 
species mixture obtained from fistulated Zebu 
cattle. These workers obtained a reliable estimate 
of plant species weight with a 400-point analysis. 
Heady and Van Dyne (1965) also used a microscope- 
point method to successfully predict weights of 
plant species in clipped herbage samples from an 
annual foothill range in California. 

This study was conducted to determine the num- 
ber of microscope points needed for reliable esti- 
mates of plant species in masticated forage samples 
representing a desert grassland. A second objective 
was to develop equations for estimating weights 
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Table . Percent species composition by 
gona comparisons for 1964 and 1965. 

weight of ortho- 

Species mixtures 

Species 1 2 3 4 

1964 

Lehmann lovegrass 
(Eragrostis lehmanniana Nees.) 

Arizona cottontop 
(Trichachne californica (Benth 

Black grama 
(Bouteloua eripoda Torr.) 

60 

.)Chase) 5 

25 
Plains bristlegrass 

(Setaria macrostachya H.D.K) 

Total 

10 

100 

25 

10 

60 

5 

100 

10 

60 

5 

25 

loo 

25 

10 

60 

100 

1965 

62c e---w 

60 1 

58 

56 

54 
/ 

8 
6 

60% WEIGHT 

MEAN 

# 
90 % Confidence Limits 

.* 
.’ ‘1 

&-__ 
-- / 

-----______ 

I’ 6% WEIGHT , 

Lehmann lovegrass 

Plains bristlegrass 
Feather fingergrass 

(Chloris virgata Swartz.) 

False-mesquite 
(Calliandru eriophylla Benth.) 

Total 

30 50 15 5 0: 7 I I I I 1 
200 400 600 800 1000 1200 1400 1600 

15 30 5 50 NUMBER OF POINTS 

50 5 30 15 FIG. 1. Ninety percent confidence limits of the point sample 
means of plains bristlegrass at 5 and 60% weights of rumen 

5 15 50 30 samples. 
---- 
100 100 100 100 

The masticated plant material was examined with a 

of plant species in rumen forage samples obtained 
from fistulated steers grazing on the range. 

Methods 

Plant materials used in the study were collected at the 
U.S. Forest Service Santa Rita Experimental Range, near 
Tucson, Arizona, in conjunction with an investigation of 
the botanical composition of the diet of grazing steers 
(Galt et al., 1969). Plant species at seed stage were clipped 
at ground level near the end of the summer growing sea- 
sons in September of 1964 and 1965. The species were 
individually fed and recovered from rumen-fistulated steers 
by the evacuation method of Lesperance et al. (1960). The 
masticated plant samples were preserved by freezing at 
-10 C until four mixtures of the plant species were pre- 
pared for orthogonal comparisons of species. To prepare 
the mixtures, each sample was thawed, mixed, and then 
washed to remove saliva. The species were dried at 50 C 
for 24 hr and then weighed. Four species were combined 
in the proportions as shown in Table 1 to give the various 
mixtures. Individual species combinations were thoroughly 
mixed in water, dried at room temperature (20 C) and 
examined by a microscope point method as described by 
Harker et al. (1964). 

A total of 1,600 points were examined on each of the 
four mixtures in the 1964 orthogonal comparisons. A 
sample constituted 400 points from examination of plant 
material spread uniformly over the bottom of a 45 x 15 
cm tray so that four trays completed a 1,600 point analysis. 
The points were identified by two observers with each 
reading two trays, or 800 points. The analysis of variance 
form for observer comparisons was a hierarchal classifica- 
tion. Bartlett’s test was made for homogeneity of tray 
variances (Steel and Torrie, 1960). Only 400 points were 
made of each sample by one observer for the 1965 mixtures. 

binocular microscope (20 to 80 x magnification). The 
masticated plant fragments were identified by a key based 
on morphological characteristics of plant parts in known 
specimens. Identifying characteristics included type of 
pubescence, floral parts, color, surface texture, venation, 
size and shape of plant parts. The plant fragment at each 
microscope point was identified as unidentifiable or to 
species according to the different plant parts (leaf, stem, 
seedhead, etc.). 

Regression equations for predicting percent weight from 
percent points were determined for the mixtures by linear 
regression of known percent weight on percent microscope 
points of a plant species. Percent points for a specific spe- 
cies were based on the total identifiable plant parts in a 
400-point sample. The unidentifiable material was assumed 
to have the same species composition as the identifiable 
material. 

Rem1 ts and Discussion 

Confidence limits were calculated for the mean 
hits on each species for the 1964 mixtures at dif- 
ferent sampling intensities. Fig. 1 depicts the 
effect of sample size on the 90% confidence limits 
for means of the point samples observed on plains 
bristlegrass. Confidence intervals narrowed rapidly 
until after the first 400 points, when the change 
was more gradual. For plains bristlegrass at 5% 
weight of a species mixture with a 400 point analy- 
sis, there was a 90% probability that the true mean 
was between 8.5 to 13.1 y. points. There was a 
slight improvement of the estimate of the true 
mean with 800 points as the confidence limits nar- 
rowed to 7.7 to 10.5% points. The range was 
further reduced to 6.2 to 8.2yo points with 1,600 
points. The results indicate that 400 points may 
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FIG. 2. Regression of percent weight on percent points for 1964 
grass species of Arizona cottontop,l black grama, Lehmann 
lovegrass, and plains bristlegrass. Each sample (n) represents 
a 400 point microscope point analysis. 

mive a biased estimate of the point sample means of c3 

a species at the 5% weight level as depicted by the 
downward trend of the species mean from 400 to 
1,600 points. When plains bristlegrass comprised 
60% of a species mixture, the confidence limits 
were 53.1 to 59.5% points with 400 points. Sim- 
ilarly, the range was only slightly reduced with 
800 points from 52.0 to 57.v0 potits, and with 
1,600 points 54.3 to 58.3y0 points. A similar pat- 
tern was observed for each species in the 1964 
orthogonal comparisons. The estimate of the sam- 
ple mean was improved with an increase of sam- 
pling intensity; however, the reduction was gradual 
for the four species from 400 to 1,600 points. A 
minimum time of approximately 6.5 hr was re- 
quired to make a 400-point analysis of a sample. 
Relative efficiency ratios were computed to com- 
pare 400 with SOO-point analyses. The ratio was 
based on the coefficient of variations and time re- 
quired for each analysis (Ehrenreich, 1958). Ap- 
plying the relative efficiency ratios to the four spe- 
cies, the 400-point samples were more efficient 
than the 800-point samples, since there was little 
difference in the coefficients of variation and ana- 
lytical time was approximately doubled with 800 
points. 

The percent of unidentifiable material in each 
species mixture examined for the study ranged 
from 3.1 to 19.0% points. The average for all 
mixtures was 16.3yo points. The percent of un- 
known material was attributed largely to plant 
destruction due to mastication. 

Regression equations were developed for all 
plant species in the 1964 and 1965 mixtures to 
predict percent weight from percent points (Fig. 
2 and 3). A high correlation was found between 
percent weight and percent points for all species, 
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FIG. 3. Regression of percent weight on percent points for 1965 
plant species of false-mesquite: Lehmann lovegrass, plains 
bristlegrass, and feather fingergrass. Each sample (n) repre- 
sents a 400 point microscope point analysis. 

as shown by the coefficients of determination 
(r2 S 0.84). The grass species generally approached 
a 1 : 1 ratio of percent weight to percent points. 
The ratio was approximately 2 : 1 for false-mes- 
quite, a half-shrub species. This difference may 
be a result of several factors. The density of the 
species or weight per point appeared to be greater 
for false-mesquite compared to the grass species. 
Another factor could have been due to some strati- 
fication of the small leaflets of false-mesquite on 
the sample tray. 

Regression coefficients determined from the 1964 
and 1965 samples were compared for plains bristle- 
grass and Lehmann lovegrass. There was no sig- 
nificant difference in the slopes of the regression 
of weight on points taken for plains bristlegrass 
between the two years. A significant difference 
was noted (P < 0.05), however, between the slopes 
for the two regressions of Lehmann lovegrass. A 
difference could be expected since growing con- 
ditions varied considerably for the two years. 
Available plant mositure was much greater during 
the summer growing season of 1964 compared with 
1965. Consequently, leaf-stem ratios could have 
varied between the two years. Heady and Van 
Dyne (1965) observed differences in regression 
equations of percent weight on percent points of a 
species at different growth stages of a plant through 
the growing season. 

The two observers were consistent in estimating 
similar species means for individual samples. The 
total number of microscope points taken by each 
observer for the 1964 masticated plant samples 
is shown in Table 2. Analyses of variance were made 
for each plant species at the four different percent 
weights. The among-tray variances for 3 of the 
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Table 2. Observer comparisons of total number of micro- 
scope points of plant species in 1964 orthogonal com- 
parisons, 1,600 points per mixture.1 

Species mixtures 

Species 1 2 3 4 
within 

mixtures A B A B A B A B 

Plant hits/800 points 

Lehmann lovegrass 492 487 214 180 68 45 32 21 
Arizona cottontop 43 29 65 73 393 419 196 189 
Black grama 117 116 352 420 39 27 48 52 
Plains bristlegrass 80 92 73 42 158 161 437 463 
Unidentifiable 68 76 96 85 142 148 87 75 

’ Values for observers A and B based on two trays of 400 points 
each. 

16 comparisons were different (P < 0.05), as de- 
termined by Bartlett’s test for homogeneity of 
variance. These differences occurred once for a 
species at the 10% weight level and twice for 
species at the 5% weight of a mixture. Analyses 
of variance made for the remaining 13 samples 
detected only one case of observer differences at 
the 5% level of significance. These results agree 
with Harker et al. (1964), where no significant 
overall differences were detected among four ob- 
servers in the way they estimated the sample weight 
of a species in a two-species mixture from fistu- 
lated Zebu cattle. This study supports the feasi- 
bility of training persons engaged in botanical 
analysis of forage samples collected by animals. 

A reliable estimate was obtained for the percent 
weight as predicted from the 400-point analyses 
of the 1964 plant species mixtures (Table 3). The 
predicted average weight for a species at a par- 
ticular percent point group varied with the species 
and the quantity of the species in the sample. A 
greater variation was observed for black grama 
compared to the other species. Also, the reliability 
of the estimate was less when a species made up a 
smaller portion of the mixture. The average 
weight was estimated within 5% of the mean at 
the 90% confidence level when the species com- 
prised from 30 to 60% weight of the masticated 
sample mixtures. When the species comprised 20 

Table 3. Means and 90% confidence limits for average 
percent weights of plant species predicted from re- 
gressions of percent weight on percent points. 

Predicted mean weight 

Plant species 60 45 30 20 10 5 

Arizona cottontop k 1.0 +l.O 50.7 kO.7 +0.7 +l.O 
Black grama t2.9 +2.0 kl.5 21.5 kl.8 22.0 
Lehmann lovegrass ? 1.2 +0.9 20.7 20.7 kO.7 20.9 
Plains bristlegrass kO.9 21.2 +0.9 -+0.9 20.9 L1.2 

to 30%, or 10 to 20% weight of the masticated 
sample mixtures, the average weight was estimated 
within 10% and 20y0 of the means, respectively. 
Estimates were only to within 20 to 40% of the 
mean when the species was 5% of the samples. 

Conclusions 
Quantitative analyses for species composition of 

masticated forage mixtures were successfully 
achieved with a microscope point method. The 
average weight of a species mean was estimated to 
a high degree of reliability when the species was 
at least 30% weight of the masticated plant mix- 
tures. The reliability of estimating the average 
weight of a species decreased with species weights 
less than 10% of sample mixtures. Results of the 
quantitative analyses indicate that 400 points may 
be inadequate for estimating the weight of a spe- 
cies at the 5% weight range. 

The precision of estimating the point sample 
means was increased with more than 400 micro- 
scope points. The increased precision was small 
in relation to the coefficient of variation and the 
analytical time used in the analyses. 

The regression equations developed from the 
orthogonal plant species mixtures for the different 
grass species were similar and approached a 1 : 1 
ratio of percent weight to percent points. The 
ratio was approximately 2 : 1 for a half-shrub spe- 
cies. These results suggest that large differences in 
weight prediction equations may exist between 
different plant groups. 

The consistency of the two observers to esti- 
mate similar species means in a given sample mix- 
ture indicates that trained technicians can quanti- 
tatively identify the botanical composition of 
masticated forage samples collected by steers. 
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Seeds Retain Viability 
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Highlight 
Eurotia lanata seeds from five 

sources retained higher viability when 
stored 3 years at -5 to -9 F, and five 
of six sources retained higher via- 
bility when stored Z-‘/2 years at 38 to 
42 F, compared with storage at 55 to 
95 F. 

Seeds of winterfat (Eurotia Zanata 
(Pursh) Moq.) lose their viability 
within a few years under ordinary 
storage conditions. Wilson (1931) 
found that percentage germination of 
l-year-old seeds was only about half 
as high as that of seeds tested shortly 
after maturity. Hilton (194 1) reported 
a considerable loss in viability of seeds 
after the first year; 97% of freshly col- 
lected seeds germinated, compared with 
23% of seeds stored 2 years at room 
temperature. According to the U.S. 
Forest Service (1948), winterfat seeds 
lose about 10 to 50% of their initial 
viability in 1 year and most of it in 2 
years, although a little remains up to 
4 years. 

The purpose of this study was to 
determine if viability of winterfat seeds 
could be retained for a longer time by 
storage at low temperatures. 

1 Forest Service, U.S. Department of 
Agriculture, with central headquarters 
maintained at Fort Collins in co- 
operation with Colorado State Uni- 
versity; research reported here was 
conducted at Albuquerque in co- 
operation with the University of New 
Mexico. 

Methods 

Two experiments were conducted. 
Seeds for the first experiment were 
collected at five sites in New Mexico 
during November 1963. Half the seeds 
were stored in paper bags in a heated 
garage (55 to 95 F). The other half 
were stored in cans in a deep freeze 
(-5 to -9 F) beginning in June 1964. 
Seeds for the second experiment were 
collected at six sites in New Mexico 
during November 1964. Half the seeds 
were stored in the garage and the other 
half in a refrigerator (38 to 42 F) be- 
ginning in December 1964. 

Germination testing for both experi- 
ments was conducted during July 1967 
in a germinator at 65 F. Procedures 
were the same for the two experiments. 
The basic unit was a petri dish with 
50 seeds placed on the top of moist 
vermiculite. Each dish contained 100 
ml vermiculite and 50 ml distilled 
water. Dishes for each experiment 
were randomized on a single tray in 
the germinator. There were six repli- 
cations per treatment in the first ex- 
periment, and four replications in the 
second. 

Germinated seeds were counted daily. 
A seed was considered germinated 
when the radicles and shoots were 1 
inch long. 

Germination percentages were trans- 
formed to arc sin for analysis of vari- 
ance. The difference in germination 
between the two storage temperatures 
for each source was tested by least sig- 
nificant difference at the 0.05 prob- 
ability level. 

Results 

Winterfat seeds stored at -5 to -9 F 
for 3 years germinated significantly 
better than seeds stored at 55 to 

Table 1. Germination of five sources of 
winterfat seeds stored 3 years at sub- 
freezing and ordinary temperatures. 

Percent germination 

Source Stored at Stored at 
of seed 55 to 95 F -5 to -9 F 

Corona 70.0 94.7* 
Isleta 56.0 91.0” 
Glorieta Mesa 46.7 94.0* 
Santo Domingo 42.0 88.7* 
La Bajada 17.7 85.3* 

* Difference in germination between the 
two storage temperatures significantly 
higher at the 0.05 probability level. 

95 F (Table 1). The viability of all five 
sources tested was retained at high 
levels when seeds were stored at sub- 
freezing temperatures. Only the Corona 
seeds retained satisfactory viability 
under ordinary storage conditions. 

Likewise, seeds stored at 38 to 42 F 
for 2-ye years germinated better than 
seeds stored at 55 to 95 F (Table 2). 
Five of the six sources tested retained 
higher viability when stored in a re- 

Table 2. Germination of six sources of 
winterfat seeds stored 2-l/2 years under 
refrigeration and at ordinary tempera- 
tures. 

Percent germination 

Source Stored at Stored at 
of seed 55 to 95 F 38 to 42 F 

Mountainair 80.5 94.5* 
Silver Hill 64.5 92.5* 
Willard 80.5 87.5 
Santa Fe 71.0 88.5* 
Corona 67.5 85.5* 
Gran Quivira 36.5 57.0” 

* Difference in germination between the 
two storage temperatures significantly 
higher at the 0.05 probability level. 
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ments was conducted during July 1967 
in a germinator at 65 F. Procedures 
were the same for the two experiments. 
The basic unit was a petri dish with 
50 seeds placed on the top of moist 
vermiculite. Each dish contained 100 
ml vermiculite and 50 ml distilled 
water. Dishes for each experiment 
were randomized on a single tray in 
the germinator. There were six repli- 
cations per treatment in the first ex- 
periment, and four replications in the 
second. 

Germinated seeds were counted daily. 
A seed was considered germinated 
when the radicles and shoots were 1 
inch long. 

Germination percentages were trans- 
formed to arc sin for analysis of vari- 
ance. The difference in germination 
between the two storage temperatures 
for each source was tested by least sig- 
nificant difference at the 0.05 prob- 
ability level. 

Results 

Winterfat seeds stored at -5 to -9 F 
for 3 years germinated significantly 
better than seeds stored at 55 to 

Table 1. Germination of five sources of 
winterfat seeds stored 3 years at sub- 
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levels when seeds were stored at sub- 
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Likewise, seeds stored at 38 to 42 F 
for 2-ye years germinated better than 
seeds stored at 55 to 95 F (Table 2). 
Five of the six sources tested retained 
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refrigeration and at ordinary tempera- 
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frigerator. Except for the Willard 
source, refrigerated seeds germinated 
at least 14% better than seeds stored in 
a garage. Viability was relatively high 
even for the garage-stored seeds, con- 
sidering they were nearly 3 years old. 

Discussion and Conclusions 

These two experiments clearly dem- 
onstrate the value of cold storage for 
retaining the viability of winterfat 
seeds. Although the relative effective- 
ness of deep freeze vs. refrigerator 

storage was not directly compared, 
storage at subfreezing temperatures ap- 
pears slightly superior. The 3-%-year- 
old seeds stored in the deep freeze 
germinated as well as Z-%-year-old seeds 
stored in the refrigerator. 

How long the viability of winterfat 
seeds can be retained through cold 
storage is speculative. The seeds will 
be kept under their present storage 
conditions and tested periodically. Any 
significant changes in viability will be 
reported. 

Seed Yield and Caryopsis 
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as Influenced by Cultural 

Practices1 
D. E. SMIKA AND L. C. NEWELL 
Research Soil Scientist and Research 

Agronomist, USDA, North Platte, 
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Highlight 

Insect control, row spacing, and ni- 
trogen fertilization were studied. In- 
sect control increased seed set and seed 
yields of side-oats grama. Seed set and 
seed yields per acre were higher but 
caryopsis weight was lower from plant- 
ings in solid stands than from spaced 
rows. Nitrogen fertilizer maintained 
seed quality and increased seed set 
and yields of cleaned seed. Cultural 
practices to obtain maximum develop- 
ment of caryopses, as well as large 
yields, should be utilized because of 
the great importance of seed quality 
in stand establishment. 

Side-oats grama (Bouteloua curti- 
pendula (Michx.) Torr.) occurs in as- 
sociation with other grasses on native 
ranges and meadows. The role of side- 
oats grama in the recovery of grassland 
following drought years has been de- 
scribed (Weaver and Albertson, 1944). 
It was one of the few grasses that in- 
vaded in great abundance, covering 
areas bared by loss of other grasses 

l Contribution from the Northern 
Plains Branch, Soil & Water Con- 
servation Research Division and Crops 
Research Division, Agricultural Re- 
search Service, USDA, in cooperation 
with the Nebraska Agricultural Ex- 
periment Station. Published as Paper 
No. 2220 Journal Series, Nebr. Agr. 
Exp. Sta. 

and becoming a species of first rank. In 
periods of favorable moisture it occurs 
less frequently in pure stands. 

Improved varieties of side-oats grama 
have been developed for seed produc- 
tion and revegetation use in the Great 
Plains (Harlan, 1962; Keim and Newell, 
1962). Varieties are recommended, 
where adapted, for planting in mix- 
tures of warm-season grasses. The use 
of side-oats grama in such mixtures 
insures continuity of stands. 

Seed production of most warm-sea- 
son prairie grasses has been in spaced 
rows (Atkins & Smith, 1967). This prac- 
tice provides for the use of machinery 
for cultivation and weed control, and 
facilitates irrigations required for op- 
timum seed set and uniform seed ma- 
turity. Suitable irrigation and fertil- 
ization practices for seed production 
of side-oats grama in 40-inch rows have 
been determined (Smika and Newell, 
1965). Chemical and mechanical weed 
control practices in seed production 
fields have been compared (McCarty 
et al., 1967). 

Some grasses are difficult to contain 
in rows because of their vigorous vege- 
tative spread. With proper cultural 
practices, solid stands of certain cool- 
season grasses will produce large yields 
of good quality seed. The importance 
of the timely availability of soil nitro- 
gen to the plant has been shown in 
bromegrass (Newell, 1951) and in west- 
ern wheatgrass (Smika and Newell, 
1966). Weed control in seed fields of 
these heavy sod-forming grasses is not 
a serious problem after establishment. 

Side-oats grama is not a vigorous 
sod-forming grass and can be main- 
tained in rows. However, side-oats 
grama planted in rows for seed pro- 
duction will, in time, form solid stands 
by vegetative spread unless certain cul- 
tural practices are followed. It is there- 
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fore of interest to determine if initial 
plantings in solid stands might pro- 
duce seed of quality and quantity com- 
parable to seed produced in rows. 

The use of adapted, high-quality 
grass seed has been found to be very 
important in the establishment of new 
grass stands (Schumacher and Atkins, 
1965). Seed quality (caryopsis weight) 
of side-oats grama, has been shown to 
be influenced by fertilization and irri- 
gation management practices (Newell 
and Smika, 1965) and by degree of in- 
sect control, primarily thrip damage to 
the flower (U.S. Dep. Agr., 1962). The 
objectives of this study were to deter- 
mine caryopsis weight and seed yield 
of side-oats grama as affected by (1) 
insect control practices, (2) solid vs. 
row planting, and (3) nitrogen fertil- 
i7ation. 

Experimental Procedure 

Two varieties of side-oats grama, 
Butte and Trailway (Newell and Con- 
ard, 1963) were seeded in a factorial 
design with 3 replications in 1961. 
Plots with rows were 16 2/3 ft wide 
(five 40-inch rows) by 40 ft long. Solid 
stand plots were 16 x 40 ft. All plots 
were irrigated in early spring and at 
heading in 1964 and 1965. Earlier 
work (Smika and Newell, 1965) had 
shown this to be the best irrigation 
regime. Nitrogen fertilizer was applied 
in late April of 1964 and 1965 at rates 
of 0 and 80 lb/acre. Insects were con- 
trolled by spraying dieldrin at 0.25 lb/ 
acre at weekly intervals during the 
flowering period of the grass. This 
practice involved 6 sprayings in 1964 
and 5 in 1965. 

Seed yields were determined by 
hand harvesting 20 ft of the center row 
of each row plot and an area 3 x 20 
ft in solid stand plots in late August 
of 1964 and 1965. Seed was harvested 
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frigerator. Except for the Willard 
source, refrigerated seeds germinated 
at least 14% better than seeds stored in 
a garage. Viability was relatively high 
even for the garage-stored seeds, con- 
sidering they were nearly 3 years old. 

Discussion and Conclusions 
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onstrate the value of cold storage for 
retaining the viability of winterfat 
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tice provides for the use of machinery 
for cultivation and weed control, and 
facilitates irrigations required for op- 
timum seed set and uniform seed ma- 
turity. Suitable irrigation and fertil- 
ization practices for seed production 
of side-oats grama in 40-inch rows have 
been determined (Smika and Newell, 
1965). Chemical and mechanical weed 
control practices in seed production 
fields have been compared (McCarty 
et al., 1967). 

Some grasses are difficult to contain 
in rows because of their vigorous vege- 
tative spread. With proper cultural 
practices, solid stands of certain cool- 
season grasses will produce large yields 
of good quality seed. The importance 
of the timely availability of soil nitro- 
gen to the plant has been shown in 
bromegrass (Newell, 1951) and in west- 
ern wheatgrass (Smika and Newell, 
1966). Weed control in seed fields of 
these heavy sod-forming grasses is not 
a serious problem after establishment. 

Side-oats grama is not a vigorous 
sod-forming grass and can be main- 
tained in rows. However, side-oats 
grama planted in rows for seed pro- 
duction will, in time, form solid stands 
by vegetative spread unless certain cul- 
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plantings in solid stands might pro- 
duce seed of quality and quantity com- 
parable to seed produced in rows. 
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grass seed has been found to be very 
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grass stands (Schumacher and Atkins, 
1965). Seed quality (caryopsis weight) 
of side-oats grama, has been shown to 
be influenced by fertilization and irri- 
gation management practices (Newell 
and Smika, 1965) and by degree of in- 
sect control, primarily thrip damage to 
the flower (U.S. Dep. Agr., 1962). The 
objectives of this study were to deter- 
mine caryopsis weight and seed yield 
of side-oats grama as affected by (1) 
insect control practices, (2) solid vs. 
row planting, and (3) nitrogen fertil- 
i7ation. 

Experimental Procedure 

Two varieties of side-oats grama, 
Butte and Trailway (Newell and Con- 
ard, 1963) were seeded in a factorial 
design with 3 replications in 1961. 
Plots with rows were 16 2/3 ft wide 
(five 40-inch rows) by 40 ft long. Solid 
stand plots were 16 x 40 ft. All plots 
were irrigated in early spring and at 
heading in 1964 and 1965. Earlier 
work (Smika and Newell, 1965) had 
shown this to be the best irrigation 
regime. Nitrogen fertilizer was applied 
in late April of 1964 and 1965 at rates 
of 0 and 80 lb/acre. Insects were con- 
trolled by spraying dieldrin at 0.25 lb/ 
acre at weekly intervals during the 
flowering period of the grass. This 
practice involved 6 sprayings in 1964 
and 5 in 1965. 

Seed yields were determined by 
hand harvesting 20 ft of the center row 
of each row plot and an area 3 x 20 
ft in solid stand plots in late August 
of 1964 and 1965. Seed was harvested 
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Table 1. Seed set1 of side-oats grama as affected by cultural practice. North 
Platte, Nebraska, 1964-1965 average. 

Cultural practice 

grama because of the increased yield of 
spikes obtained from the relatively 
young stands. The higher yields in 
these initial harvests are attributed to a 
larger number of seed-producing stems 
per unit of area in the solid stand 
planting. Sufficient nitrogen was avail- 
able for seed head formation in the 
solid stands but nitrogen became a 
limiting factor in the development of 
the caryopses. 

Variety 

Planting method 

Solid Rows 

Fertilization 

O-N 80-N 

Insect control 

None Spray 
Variety 
average 

Butte 24.4 21.3 20.4 25.8 21.1 25.1 23.1 
Trailway 19.0 13.8 16.4 16.4 13.8 19.0 16.4 
Cultural practice 
Average 21.7 17.8 18.4 21.1 17.4 22.0 - 

1 Ratio of caryopses weight to weight of spikes expressed as percent. Significant differ- 
ence between varieties, level of insect control, planting method, and N fertility level 
averages at 5% level or less. 

when the caryopses were in the dough 
stage as judged in the fertilized plots. 
Spikes were stripped from the racemes 
and processed though a small seed 
cleaner. Yields were measured in 
weights of spikes, the commercial unit 
of “seed” in side-oats grama. Seed 
set and caryopsis weight were deter- 
mined for each treatment from spikes 
of 10 culms taken from each of three 
locations not included in the area 
harvested for yield. 

ized. Insect control also increased 
cleaned seed yields of both varieties, 
but these increases were not statistically 
significant at the 0.05 level in this ex- 
periment. 

Results and Discussion 
Seed set.-Caryopses purity contrib- 

utes to total spike weight (seed yield) 
and is measured as the ratio of the 
weight of caryopses to the weight of 
spikes (Table 1). Seed set was signifi- 
cantly higher for Butte than for Trail- 
way. Increases in purity were obtained 
from the solid planting when com- 
pared with those from the row plant- 
ing. Nitrogen fertilization had no effect 
on seed set of Trailway but 80 lb/ 
acre of N significantly increased seed 
set of Butte. Both varieties of grass 
had significantly higher seed set as a 
result of insect control. 

Caryo@is wei,@t.-This is expressed 
as milligram weight per thousand 
caryopses (Table 3). At North Platte, 
Butte had significantly higher caryopsis 
weight than Trailway. Highly signifi- 
cant increases in caryopsis weight of 
both varieties were obtained from row 
planting as compared with planting 
in solid stands. Nitrogen fertilizer 
tended to increase caryopsis weight of 
the grass in solid stands but did not 
raise it. to the weight level of that in 
rows. Insect control had no influence 
on caryopsis weight. 

Results from this experiment sug- 
gest the possible advantage of solid- 
planted over row-planted side-oats 

Tab12 2. Cleaned seed yields (lb/acre)1 of side-oats grama as influenced by 
cultural practice. North Platte, Nebraska, 1964-1965 average. 

Planting 
Variety Fertilization Insect control 

method Butte Trailway O-N SO-N None Spray Average 
Seed yields.-Per acre of seed yields of 

both grass varieties were significantly in- 
fluenced by planting method and nitro- 
gen fertilizer (Table 2). Solid stands 
gave an average of 130 lb/acre more 
seed than row plantings. Larger seed 
yields from solid stands might be ex- 
pected because of more seed-bearing 
culms per unit. area from the relatively 
young stands and because seed set was 
higher in solid stands than in rows in 
this instance. However, even larger 
differences were produced between 
levels of nitrogen fertility than be- 
tween planting methods. Fertilizer 
(80 lb N/acre) increased seed yields 
160 lb/acre over unfertilized plots. 
Two pounds of seed per acre per 
pound of fertilizer N were thus real- 

Solid 420 380 270 510 380 400 390 
Rows 270 250 220 300 240 270 260 
Average 345 315 245 405 310 335 

l Whole spikes processed through a seed cleaner. Significant difference between planting 
method and N fertility level averages at 5% level or less. 

Table 3. Caryopsis weight1 of side-oats grama as affected by cultural practice. 
North Platte, Nebraska, 1964-1965 average. 

Planting 
method 

Variety 

Butte Trailway 

Solid 813 598 670 741 706 
Rows 889 761 836 813 825 
Average 851 680 753 777 

l Milligram weight of one thousand caryopses. 
and planting method averages at 1% level. 

Disadvantages associated with solid 
stands include increased cost of seed 
for planting and difficulties with weed 
control and irrigation. Increase of 
stand by natural reseeding should be 
prevented by cultivation or rogueing. 
Seedlings from parent rows, when pro- 
ducing seed, will disqualify a field for 
seed certification if a limited number 
of generations are specified for the 
variety (Newell and Conard, 1963). 
This provision for cross-pollinated 
grasses maintains the genetic potential 
of the seed for superior characteristics 
claimed. Also, seedlings from parent 
rows produce plants of different age 
and differing maturity which cause 
problems of harvesting good-quality 
Leed. 

Summary and Conclusions 

The importance of effective insect 
control in seed production of side-oats 
grama was demonstrated by the in- 
creased seed set and seed yields re- 
sulting from spray treatment. How- 

Fertilization 

O-N 80-N Average 

Significant difference between varieties 
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ever, the untreated plots were not 
severely damaged in this experiment. 

Both planting method and N fertil- 
ization affected the timely availability 
of soil nitrogen to the plant which is 
an important factor controlling seed 
production. The availability of nitro- 
gen affects grass seed-head formation, 
seed set, and seed quality (Smika and 
Newell, 1965, 1966). 

Cultural practices are necessary for 
seed production of side-oats grama and 
should include planting in rows ap- 
proximately 40 inches apart, supple- 
mented by suitable irrigation, fertiliira- 
tion, and insect control. Harvesting 
seed from solid stands and stands of 
side-oats grama not receiving cultural 
practices should be discouraged be- 
cause of the poorer quality seed har- 
vested from these stands. 
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Highlight 
Brush invasion of grasslands continues to be a serious 

problem in southwestern Alberta. As moist draws and 
slopes are invaded by brush the amount of forage available 
for grazing is decreased. Mechanical control is usually 
practiced although chemical control has been utilized in 
control of willow or aspen regrowth. 

The Parkland of Alberta extends as a fringe along the 
foothills and northeastward as a broad belt across the south- 
central part of the Province to the Saskatchewan border. It 
consists of a mosaic of prairie and aspen Populus tremuloides 
Michx. groves, with prairie occupying the drier situations 
and aspen the more moist and sheltered locations. Smaller 
Parkland areas occur in the Cypress Hills, the Hand Hills, 
and the Peace River region (Moss, 1955). 

In southwestern Alberta, rough fescue Festuca scabrella 
Torr. prairie characterizes the drier sites, groves of willow 
Salk spp., aspen and black poplar Populus trichocarpa 

T. & G. the moister sites, and coniferous trees such as 
Douglas fir Pseudotsuga menziesii (Mirb.) France, limber 
pine Pinus flexilis James, lodgepole pine Pinus con torta 
Loudon var. Zatifolia Engelm., and white spruce Picea 
g2auca (Moench) Voss the ridgetops. 

Much of the tree cover of the Parkland is of recent origin 
(Fig. 1). There was little brush on the rangelands of south- 
western Alberta 85 years ago. Soils of the area range from 
Black through Dark Gray Chernozemic to Degraded Brown 
Wooded and occur under rough fescue, aspen, and Douglas 
fir, respectively (Dormaar and Lutwick, 1966). The Black 
Chernozem is thought to be the soil type from which were 
derived different soils under invading trees. The biotic 
changes that resulted in differences among soils of the area 
caused a progressive loss of organic phosphorus and nitrogen 
and lowered soil fertility (Lutwick and Dormaar, 1968). 

The reduction in yield of forage as a result of brush in- 
vasion is of concern to the rancher. The brush competes 
strongly with grasses for space. Clipping data indicate that 
aspen groves yield about 400 lb/acre of forage under a 
closed canopy compared with about 1200 lb/acre on ad- 
jacent fescue prairie. Land prices of the region range from 
$85 to $105/ acre and hence, with carrying capacities of 
1.5-2.0 acres per Animal Unit Month, these yield reductions 
cannot be permitted to continue. 

Clearing of woody species has been confined to more 
productive soils of valley bottoms and gentle slopes. Aspen 
and willow are “walked down” by bulldozer during the 
winter (Fig. 2), piled, and later burned. Usually the land 
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ever, the untreated plots were not 
severely damaged in this experiment. 

Both planting method and N fertil- 
ization affected the timely availability 
of soil nitrogen to the plant which is 
an important factor controlling seed 
production. The availability of nitro- 
gen affects grass seed-head formation, 
seed set, and seed quality (Smika and 
Newell, 1965, 1966). 

Cultural practices are necessary for 
seed production of side-oats grama and 
should include planting in rows ap- 
proximately 40 inches apart, supple- 
mented by suitable irrigation, fertiliira- 
tion, and insect control. Harvesting 
seed from solid stands and stands of 
side-oats grama not receiving cultural 
practices should be discouraged be- 
cause of the poorer quality seed har- 
vested from these stands. 
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Brush invasion of grasslands continues to be a serious 

problem in southwestern Alberta. As moist draws and 
slopes are invaded by brush the amount of forage available 
for grazing is decreased. Mechanical control is usually 
practiced although chemical control has been utilized in 
control of willow or aspen regrowth. 

The Parkland of Alberta extends as a fringe along the 
foothills and northeastward as a broad belt across the south- 
central part of the Province to the Saskatchewan border. It 
consists of a mosaic of prairie and aspen Populus tremuloides 
Michx. groves, with prairie occupying the drier situations 
and aspen the more moist and sheltered locations. Smaller 
Parkland areas occur in the Cypress Hills, the Hand Hills, 
and the Peace River region (Moss, 1955). 

In southwestern Alberta, rough fescue Festuca scabrella 
Torr. prairie characterizes the drier sites, groves of willow 
Salk spp., aspen and black poplar Populus trichocarpa 

T. & G. the moister sites, and coniferous trees such as 
Douglas fir Pseudotsuga menziesii (Mirb.) France, limber 
pine Pinus flexilis James, lodgepole pine Pinus con torta 
Loudon var. Zatifolia Engelm., and white spruce Picea 
g2auca (Moench) Voss the ridgetops. 

Much of the tree cover of the Parkland is of recent origin 
(Fig. 1). There was little brush on the rangelands of south- 
western Alberta 85 years ago. Soils of the area range from 
Black through Dark Gray Chernozemic to Degraded Brown 
Wooded and occur under rough fescue, aspen, and Douglas 
fir, respectively (Dormaar and Lutwick, 1966). The Black 
Chernozem is thought to be the soil type from which were 
derived different soils under invading trees. The biotic 
changes that resulted in differences among soils of the area 
caused a progressive loss of organic phosphorus and nitrogen 
and lowered soil fertility (Lutwick and Dormaar, 1968). 

The reduction in yield of forage as a result of brush in- 
vasion is of concern to the rancher. The brush competes 
strongly with grasses for space. Clipping data indicate that 
aspen groves yield about 400 lb/acre of forage under a 
closed canopy compared with about 1200 lb/acre on ad- 
jacent fescue prairie. Land prices of the region range from 
$85 to $105/ acre and hence, with carrying capacities of 
1.5-2.0 acres per Animal Unit Month, these yield reductions 
cannot be permitted to continue. 

Clearing of woody species has been confined to more 
productive soils of valley bottoms and gentle slopes. Aspen 
and willow are “walked down” by bulldozer during the 
winter (Fig. 2), piled, and later burned. Usually the land 
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is broken and cultivated for a year or two to control re- 
growth of aspen or to prepare a seedbed in cleared willow 
sites. A cereal crop may be seeded during these years and 
utilized for pasture, bay, or grain. The land is then seeded 
to an adapted grass-legume mixture, for example, Carltan 
bromegrass Bromus inermis Leysa. and Rambler alfalfa 
Medicago rativa L. Russian wild rye Elymus jw~c~u~ Fisch. 
and Rambler alfalfa have been seeded on shallower soils, 
especially when fall and winter pasture was rrquired. The 

bromegrass-alfalfa mixture averages about 3500 lb/acre 
while the Russian wild rye-alfalfa mixture a\,erages about 
2500 lb/acre. Other adapted grasses inrludc: intermediate 
wheatgrass Apopyron intwmediium (Host) Reauv.; pubea- 
cent wheatgrass Agropyron trichophorum (Link) Ricbt.; 
timothy Phleum *roleme L.; reed canarygrass Phnlnris 
orundinacra L.; green needlegrass Stipn uiridala Trim: and 
crested wheatgrass Agropyron crislatlrm (L.) Gaertn. Alsike 
clover Trifolilrm hybridurn L. is widespread throughout the 
region. 

Herbicider, usually 2,4-D ester applied at 32 oz/acrc, have 
been used to kill willow and aspen regrowth (Fig. S and 
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Cover Photo), Regrowth is seldom a problem after thorough 
breaking with a moldboard plow, heavy serrated disks, or 
a rototiller. 

Bloat is a hazard where cattle are grazed on grass-alfalfa 
mixtures but ranch managers of the area feel that the addi- 
tional forage obtained warrants some additional risk. 
Ranchers frequently comment that clearing and seeding 
of brushland should not be started until enough capital is 
available to complete the job. (Costs range from $40 to 
i6GO/acre (Figs. 4 and 5).) Much money has been wasted 
in partial clearing without follow~up operations. 

Our observations indicate that brualr invasion is still 
actively underway and that, within the southwestern Al- 
berta Parkland, the rate of conversion of grassy range to 
trees is about 0.75% of the total area per year. A gent 
eralizrd sequence of ecological succession appears to be 

from grass to willows to aspen to conifers. 1Villow is sus- 
ceptible to 2,4-D. Thus, we recommend that local infesta- 
tions of willow be controlled with chemicals before stands 
grow to where mechanical clearing becomes necessary. 
Elimination of the early willow infestation will greatly 
lessen the likelihood of aspen becoming established 
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Highlight 
Soil is a major physical component of the ecosystem. To 

ignore soil or treat it superficially merely restricts knowl- 
ed,qe oC the resource. The amount of soil detail needed 
depends upon the character of the landscape, the com- 
plexity of the resource, the uses to be made of the survey 
data, and the amount of money available to do the job. 
Too much soil detail should be avoided and too little detail 
may make the survey worthless for evaluating the range 
resource. There is flexibility in how soil mapping units can 
he designed to meet the needs. 

Grazing resource inventories historically hare been made 1. .._.. .^. 

of this kind still are being made. In other invmtorics, soils 
are considered but the quality of tbese considerations often 
is superficial. Rciource people generally rrcognize the dire 
need to discontinue this approach. We rangemen should 
rmpbaaize the need for adequate soil information in 
range inventories. We also should avoid too much soil de 
tail because this generally results in indcfcnible costs and 
corrfuaed interpretations. 

Need for Soil Information 
Why do we need reliable and adequate soil information as 

a part of a grazing resource inventory? 
First, soil is one of the major physical components of 

tire ecosystem. To ignore soil or to treat it superficially 
merely restricts our knowledge about the resource. 

Second, soil provides one reliable criterion by which areas 
that look differently or alike today due to past treatment 
and successional stages of vegetation can bc related to the 
original ccosystcm. Vegetation can be altered by such 
influences as fire, drought, and overgrazing, singly and in 
combination. 4s stages of recovery or deterioration take 



. 

406 MANAGEMENT NOTES 

FIG. 4. Cleared area seeded to a grass-legume 
and uncleared brush-covered range. 

mixture (upper left) 

Cover Photo). Regrowth is seldom a problem after thorough 
breaking with a moldboard plow, heavy serrated disks, or 
a rototiller. 

Bloat is a hazard where cattle are grazed on grass-alfalfa 
mixtures but ranch managers of the area feel that the addi- 
tional forage obtained warrants some additional risk. 
Ranchers frequently comment that clearing and seeding 
of brushland should not be started until enough capital is 
available to complete the job. (Costs range from $40 to 
$60/acre (Figs. 4 and 5).) Much money has been wasted 
in partial clearing without follow-up operations. 

Our observations indicate that brush invasion is still 
actively underway and that, within the southwestern Al- 
berta Parkland, the rate of conversion of grassy range to 
trees is about 0.75% of the total area per year. A gen- 
eralized sequence of ecological succession appears to be 

from grass to willows to aspen to conifers. Willow is sus- 
ceptible to 2,4-D. Thus, we recommend that local infesta- 
tions of willow be controlled with chemicals before stands 
grow to where mechanical clearing becomes necessary. 
Elimination of the early willow infestation will greatly 
lessen the likelihood of aspen becoming established. 
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of this kind still are being made. In other inventories, soils 
are considered but the quality of these considerations often 
is superficial. Resource people generally recognize the dire 
need to discontinue this approach. We rangemen should 
emphasize the need for adequate soil information in 
range inventories. We also should avoid too much soil de- 
tail because this generally results in indefensible costs and 
confused interpretations. 

Highlight 

Soil is a major physical component of the ecosystem. To 
ignore soil or treat it superficially merely restricts knowl- 
edge of the resource. The amount of soil detail needed 
depends upon the character of the landscape, the com- 
plexity of the resource, the uses to be made of the survey 
data, and the amount of money available to do the job. 
Too much soil detail should be avoided and too little detail 
may make the survey worthless for evaluating the range 
resource. There is flexibility in how soil mapping units can 
be designed to meet the needs. 

Grazing resource inventories historically have been made 
solely on the basis of existing vegetation. Some inven tories 

Need for Soil Information 
Why do we need reliable and adequate soil information as 

a part of a grazing resource inventory? 
First, soil is one of the major physical components of 

the ecosystem. To ignore soil or to treat it superficially 
merely restricts our knowledge about the resource. 

Second, soil provides one reliable criterion by which areas 
that look differently or alike today due to past treatment 
and successional stages of vegetation can be related to the 
original ecosystem. Vegetation can be altered by such 
influences as fire, drought, and overgrazing, singly and in 
combination. As stages of recovery or deterioration take 
place, transitional plant communities develop. Therefore, 
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a variety of distinctive plant communities can exist on 
what was originally the same ecosystem, all within the same 
locality. Conversely, a single plant community such as 
sagebrush-cheatgrass can exist on an area that was originally 
several distinctive ecosystems. The soil of an ecosystem is 
not altered, or altered very little, during ecological change. 
The soil usually remains identifiable. 

Third, because identifiable features of soil are relatively 
stable, soil provides one good basis for comparing unknown 
to known areas in terms of potential. This is probably 
one of the most important uses of reliable soil data. His- 
torically we have related potential to precipitation zones. 
We have classified performance of species, grazing systems, 
and techniques on the basis of average annual precipitation. 
The precipitation rating commonly is merely an informed 
guess, yet we carry such results to the far corners of the 
country and apply them under other “guesstimated” con- 
ditions. Seldom have we incorporated such important 
factors as timeliness of precipitation, seasonal temperatures, 
and physical soil characteristics, all of which can drastically 
alter the influence of total annual precipitation locally. 

Reliable predictions of potential are sorely needed in 
range management today. Our ability to predict with rea- 
sonable reliability largely controls the rate at which range 
rehabilitation is applied. Other types of projects which 
show favorable cost-benefit evidence will continue to be 
given preference when it comes to investing the agricul- 
tural dollar in resource improvement. 

How Much Soil Information 
Depth, stoniness, slope, aspect, surface and subsoil tex- 

tures are among the soil factors that are important to 
rangeland management. The need for having the soil 
series properly named and classified within the national 
soil classification system is debated, however, by well in- 
formed resource people. 

One strong argument against the national soil classifi- 
cation process has to do with the time, people, and cost 
involved. Unless special funds are made available, corpora- 
tions and agencies making soil surveys might not afford 
to add soil classification costs. Their soil surveys and in- 
vestigations must be expedient and deal only with what is 
essential for their resource management no matter how 
strongly they feel toward wise use of natural resources. 

On the other hand, there is a strong argument in favor of 
national soil classification. All soils of our Nation should 
be classified within a uniform system just as plants are. The 
potential importance of this to the evaluation of our land 
for agricultural as well as other uses is apparent. Soils in 
the same class are alike in many ways which are important 
for interpreting hazards, land use, treatments, and po- 
tential. An obvious benefit is the ability to transfer knowl- 
edge and data of this kind from one locality to another 
if the soils are in the same class. This speeds up develop- 
ment of explicit interpretive data because it reduces the 
need to “start from scratch” with each soil. 

Whether classified or not, each kind of soil should be 
identified, described, differentiated, and either named or 
symbolized (or both). Directly or by interpretation, a soil 
series description presents in writing certain assets, limita- 
tions, hazards, and potentialities. These include such items 
as kind of parent material; depth of rooting zone; character 
of the surface soil, subsoil, and underlying material; perme- 
ability and availability of water; natural fertility; erosion 

hazard; trafficability to equipment and animals; seasonal 
soil temperatures; chemical components. Soil series descrip- 
tions are worthwhile written references for resource man- 
agers. Furthermore, a soil series name personalizes the soil. 
It provides a handle for identification that contributes to 
brevity and clarity both in conversation and writing. 

Classifying soils is the responsibility of people trained in 
soil science. 

Designating Soil Mapping Units 

Soil mapping units on rangeland must be designed by 
range specialists and soil scientists working together in the 
field. They assemble available information on climate, 
physiography, geology, soils, and vegetation of the area to be 
surveyed. They explore the area together, selecting and 
studying locations on each important landscape where 
typical soils and vegetation exist. 

The investigative work of this team produces a list of 
the soil series, which may be named or only symbolized. In 
addition, significant phases of soil series, such as depth, 
stoniness, slope gradient and aspect, which affect the char- 
acter of the resource are studied. The soil taxonomic units 
recognized are then described in terms of soil profile, top- 
ographic, and climatic factors. These taxonomic units are 
grouped according to the various ecosystems or range sites 
which, in turn, relate the soil taxonomic units to the vege- 
tational, treatment, and management potentials. 

A soil taxonomic unit, then, consists of a phase of a soil 
series which is important for stratifying the landscape soils- 
wise into delineations that are meaningful for range man- 
agement as well as other foreseeable uses of the land. 
Usually, it is impractical or even impossible to draw a line 
around a pure soil taxonomic unit on a map. Areas of 
other soil taxonomic units would be included. Therefore, 
the soil mapping unit as drawn on the map consists of the 
soil taxonomic unit, plus some other things, such as areas 
of other taxonomic units or patches of bare rock, which 
have been identified and occur within allowable limits. 
These “other things” are called inclusions. 

This principle that distinguishes between a soil taxonomic 
unit and a soil mapping unit is highly important. Unless 
it is understood clearly, soil surveys on rangeland cannot be 
understood nor can they be used properly. 

Kinds of Mapping Units 

Several different kinds of soil mapping units may be 
designed to fit the needs of a survey: 

A single taxonomic unit, together with minor, limited 
inclusions, may be macped within a single delineation 
(Fig. 1). It normally represents a single range site and 
the inclusions may be areas of other sites. 
Two distinctly different soil taxonomic units which occur 
more or less regularly in proportion and pattern and 
which have unlike behavior in terms of vegetation and 
management may be mapped in a single delineation 
together (Fig. 2) with minor, limited inclusions. This 
is a grouping of unlike soils in which the pattern of 
occurrence is too fine and the soil bodies are too small 
to delineate separately at the usual mapping scale of 3 
or 4 inches/mile. This is called a complex mapping unit. 
It normally represents a complex of range sites. 
Two or more soil taxonomic units which commonly 
occur side-by-side but without regularity of proportion 
and pattern and which have similar behavior in terms 
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4. 

of vegetation and management may bc maf~fxd within 
a single delineation (Fig. 3). Of course, mirror, limited 
inclu5iona occur here also. This is called an uvdiffcr 
mtiatrd mapping unit. If normally rcprcsents a single 
range site and Ihe inclusions may be areas of other ziteh. 
Two or three distinctly different soil taxonomic uniu 
which occur regularly together in repeating, roughly 
similar patterns may be mapped in a single delintation 
together with limited inclusiona. ‘l’hia is a grouping of 
unlike soils in which the pattern of occurrence is broadly 
presented generally on small-scale maps. Its sail bodies 
are large enough VJ be delineated aeparawly af the 
usual mapping scale of 3 or 4 inches per mile. This is 
called a soil nsso&lion mapping unit (Fig. 4). It Norm 
maliy repracnts an association of range rites. 

Designing Detail 

From these illustraGons of how soil taxormmic units 
can be combined in various ways to form soil mapping 
uniu, it should bc clear that this is rhe machinerg or 1x0~ 

‘.. 
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A high proportion of the cost of any survey is the cost tinctive ecosystem. It is essential that vegetation and other 
of time and transportation going to and from the job and considerations needed for the evaluation, management and 
traversing the land. Therefore, it is highly desirable to do treatment of the range resource be given due consideration 
the best allowable job of collecting resource data while in the design of the soil taxonomic and soil mapping units 
the surveyor is on the land. A good job costs very little at the inception of the survey. Otherwise, the resulting 
more and takes very little, if any, more time than does a soil survey may have very little, if any, value as far as the 
superficial job. range resource is concerned. 

The way soils on rangeland have been mapped is some- 
times criticized because delineations on the map include SELECTED BIBLIOGRAPHY 
areas which obviously are not the same soil unit indicated AANDAHL, ANDREW R., AND ARNOLD HEERWAGEN. 1964. 
by the name assigned to the mapped area. This criticism 
stems primarily from a lack of understanding of what a 

Parallelism in the development of soil survey and range 

mapping unit is and how it differs from a taxonomic unit 
site concepts. In: Forage Plant Physiology and Soil-Range 

from which the name is derived. On the other hand, it is 
Relationships. Am. Sot. Agron. Spec. Pub. No. 5. Oc- 

not uncommon to find that a single soil taxonomic name 
tober. p. 137-146. 

ANDERSON, E. WILLIAM. 
was applied to a delineation on the map which actually is 

1956. Some soil-plant relation- 
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II. 

III. 
IV. 

V. 

VI. 
VII. 

Rapid-developing, short-lived 
grasses 
Rapid-developing, long-lived 
grasses for subhumid and irri- 
gated areas 
Saline- and alkali-tolerant grasses 
Drought-tolerant, long-lived 
grasses 
Drought-tolerant, long-lived sod 
grasses 
The bluegrasses 
Fine-leaved grasses for cover, 
erosion control, watershed struc- 
tures, and recreation areas 

Grasses and Legumes for Soil Con- 
servation in the Pacific North- 
west and Great Basin States. By 
A. L. Hafenrichter, J. L. Schwen- 
diman, H. L. Harris, R. S. Mac- 
lauchlan, and H. W. Miller, 
U.S.D.A., Soil Conservation Ser- 
vice, Agriculture Handbook 339. 
1968. 

This Handbook is a compendium of 
32 years of research, testing, and ob- 
servation conducted by a wide variety 
of specialists under the guidance of the 
authors. The data for each plant are 
succinct and easily read and under- 
stood. The authors have done a com- 
mendable job of presenting an intri- 
cate subject that is of prime importance 
in the total conservation program. 

For the regions in which these plants 
are adapted, this Handbook should be 
considered a “must” for modern agri- 
cultural workers, land managers, seed 
growers and dealers, and teachers. It 
will undoubtedly also be a useful ref- 
erence in grassland agriculture over a 
much broader geographic area. 

Fifty-six grasses and 16 legumes are 
discussed and compared. Ten conser- 
vation-use groups are employed in 
presenting this wealth of grass and 
legume information. These use groups 
are effective for classifying the plants 
as to their primary characteristics, 
adaptations, and uses. Such classifica- 
tion helps denote the orderliness of 
likenesses and differences that must be 
understood clearly in order to make 
judicious choices when selecting do- 
mesticated plants for various uses. The 
ten use groups are: 

VIII. Wet meadowland grasses 
XI. Grasses for dunes and sandy land 

X. Legumes 

For each plant the following items 
are discussed: origin; growth habits; 
soil and habitat adaptation and re- 
q uirements; cultural methods for es- 
tablishment; suitability for forage and 
feed for livestock; quality of forage; 
yield of tops, roots, and seed; response 
to fertilizers; seed production and har- 
vesting features; diseases and pests; 
adaptation for such uses as recreational 
areas, wildlife-both animals and birds 
-erosion control, spoil banks, road- 
sides. Where important, comparisons 
are made to similar plants as a means 
of clarifying alternative choices. 

Of prime- importance are the ex- 
ceptional drawings which show in de- 
tail at a large scale the important 
vegetational features used to identify 
in the field these plants. 

Maps of Washington, Oregon, Cali- 
fornia, Idaho, Nevada, and Utah show 
in detail agricultural zones useful in 
determining plant adaptation and use. 
The zonation is based on the inter- 
relations of soil, elevation, precipita- 
tion, length of growing season, -and _ 
other factors that affect adaptation, 
growth, and use of plants. For each 
plant are cited the zones in which it is 
particularly adapted. Zones are shown 
on the maps with reasonable accuracy 
considering the small scale. 

This Handbook is a remarkable gov- 
ernment publication because of its 
easily-read style and efficient use of 
words to present significant facts. It 
could have been improved for overall 
use if more information about grazing 
management such as grazing readiness 
and safe degree of use had been in- 
eluded. Recreation and wildlife man- 
agement values could have been pre- 
sented for nearly all plants cited rather 
than for a few. Furthermore, had it 
included the aesthetic and educational 
values of these grasses and legumes for 
floral gardens, roadsides and nature 
trails, and public recreational areas 
and parks, landscape architects and 
urban planners would have been added 
to the list of users this Handbook will 
serve so well.-,!?. William Anderson, 
Lake Oswego, Oregon. 
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A Different Kind of Country. By 
Raymond F. Dasmann. The 
Macmillan Company, N.Y. Col- 
lier-Macmillan Ltd., London. 
276 p. 1967. $5.95. 

This book is a plea for diversity-for 
the preservation of natural diversity 
and for the creation of man-made di- 
versity-in the hope that the prevailing 
trend toward uniformity can be arrested 
and the world kept a fit place for the 
greatest possible human variety. It 
ranges from the cities-the need for 
building diversity into them-to the 
values of wilderness, undisturbed lands, 
and natural communities. However, 
the rangeman-reader will find only 
passing mention of range as such or 
the current range problems with which 
present day users and managers are 
faced. 

The author laments the sameness 
that has grown into our cities and the 
destruction of natural habitat, partic- 
ularly wilderness. The only wilder- 
ness left in North America according 
to Dr. Dasmann is in the tropic and 
the Arctic regions yet he lists existing 
areas protected by the National Wilder- 
ness System and summarizes proposals 
by the Bureau of Outdoor Recreation, 
the Park Service, and the Forest Ser- 
vice for additional areas. These sum- 
maries with appropriate discussion are 
in the chapter entitled “Fragments of 
Wilderness.” Another very good chap- 
ter concerns the Redwood National 
Park controversy. It is entitled “To 
Save or To Destroy.” 

Dr. Dasmann is an ecologist and con- 
servationist whose studies have varied 
from wildlife management to human 
ecology. His travels have taken him to 
many areas of the world. Formerly 
chairman of the division of natural re- 
sources at Humboldt State College in 
California he is now coordinator of 
environment studies for The Conser- 
vation Foundation, Washington, D.C. 
He is author of at least two other well 
known books, “The Destruction of 
California” and “The Lost Horizon.” 

The book is generously illustrated 
and a bibliography of well over a hun- 
dred titles provides ample suggestions 
for further reading.--E. J. WooZfoZFz, 
Susanville, California. 
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Livestock-Poisoning Plants of Ari- 
ona. By Ervin M. Schmutz, Barry 
N. Freeman, and Raymond E. 
Reed. University of Arizona 
Press. 176 p. 76 fig. 1968. $6.00. 

Ranchers, county agents, professors 
of Range Management and range man- 
agement professionals of State and Fed- 
eral agencies will want to have this 
book available as a handy reference. 
Though specifically identifzd with Ari- 
zona, this book no doubt will be added 
to the libraries of professional range 
people throughout the western states. 

The introductory section cites the 
annual losses of livestock as justifying 

the purpose of the book, which is 
aimed at identifying the poisonous 
plant problem. The introduction de- 
scribes toxic substances of poisonous 
plants, treatments of poisoned animals, 
general management practices to pre- 
vent losses, and methods of control or 
eradication. 

In the second and third sections of 
the book are listed 30 species that 
cause the major losses of livestock and 
36 species of secondary importance. 
Besides excellent illustrations drawn by 
Lucretia B. Hamilton and Patricia 
Mason, plant descriptions include: 
common and scientific names, growth 
habits and distribution, toxic sub- 

stances, symptoms of poisoning, treat- 
ment of animals and management and 
control practices needed to reduce 
losses. 

In the fourth section are listed 145 
range plants that are considered either 
“rarely poisonous” or “suspected” to 
be poisonous. The last section lists 
82 species of crop and garden plants 
that may be poisonous to livestock and 
humans. 

As the authors indicate, most of the 
information was obtained from the 19 
listed references, supplemented with 
their own experiences, and those of 
their associates.-Joseph F. Arnold, 
Tempe, Arizona. 

VIEWPOINTS 

A Moratorium on Range 
Improvements? 

There has been considerable dis- 
cussion in recent months about an 
anticipated lack of funding of range 
improvement projects by federal agen- 
cies. Be it truth or not, the fact is 
that various Range Society officers, 
ranchers, and age&y personnel have 
exm-essed concern to me Dersonallv. 
Tiey have asked me what wi, as ranie 
managers, can do about it. 

The general inference expressed in 
conversations with different individ- 
uals is that range improvement proj- 
ects will not be funded until the graz- 
ing fee problem is resolved. These 
individuals say, in substance, “As long 
as grazing fees are less than fair market 
value, the government cannot afford 
to invest in range improvements. This 
is because the government attempts to 
generate one dollar 
dollar it spends.” 

return for each 

Although it is true that the Federal 
Government must not spend money 
indiscriminately, it is also true that the 
grazing fee problem, and its attendant 
“possessory interest” 
have 

problem, should 
little effect on _ range improve- 

ment programs. The issue of range 
improvements should be a separate 
and distinct issue from that of graz- 
ing fees. Let me illustrate. 

The traditional concept of the role 
of the Federal Government in the 
United States is that it should do those 
things for Society collectively which are 
beneficial yet not feasible for individ- 

ual citizens and local governments. 
Federal monies have been spent on 
maintaining armed services, controlling 
the airways, promoting safety, regu- 
lating interstate commerce, regulating 
drug sales, and the building of dams 
to prevent flood damage. The cri- 
terion for deciding whether these ac- 
tivities should be funded, and rightly 
so, is “do total benefits to Society ex- 
ceed the costs to Society.” The Federal 
Government serves as an agent of So- 
ciety, thus the returns to be measured 
are those to Society and not the re- 
turns to the Treasury. 

That benefits to Society are the 
benefits to be measured rather than 
returns to the Treasury is expressed 
in Senate Document 97, 87th Congress, 
2nd Session and approved by the Presi- 
dent, May 15, 1962. This document 
sets forth Benefit-Cost Analysis as the 
principal tool to measure economic ef- 
ficiency of investments in public lands. 

The Benefit-Cost technique of eco- 
nomic analysis recognizes primary and 
secondary benefits both tangible and 
intangible. The technique does not 
specify where the benefits must accrue, 
it recognizes all benefits to Society. 
Benefits recognized are things such as 
net increases in farm income due to 
irrigation projects, and flood damage 
reductions due to dam construction. 
These benefits do not accrue to the 
U.S. Treasury, but to Society as a 
whole. 

Why then are not range improve- 
ments viewed in the same light? The 
Bureau of the Budget objective to 
make USER COSTS commensurate 

with USER BENEFITS is applicable 
to the grazing fee problem, but not to 
the range improvement problem. 

It is generally recognized that there 
are demands placed on federal range 
lands for uses other than for grazing 
by domestic livestock. Among these 
other uses are hunting, camping, other 
forms of recreation, and water pro- 
duction. However, what does not 
seem to be generally recognized is that 
these uses are not seriously competi- 
tive with livestock grazing. There may 
have to be reductions in permitted 
use and changes in dates of use in some 
areas, but, most other uses of range 
lands, by-and-large, are compatible 
with livestock production. 

It also is not generally recognized 
that the other legitimate uses of federal 
range lands in no way detract from the 
importance of these range lands to the 
livestock industry and to Society. The 
only valid tool for determining if 
monies should be invested in range im- 
provements is whether the benefits 
are positive and greater than those of 
alternative investment opportunities. 

Careful Benefit-Cost analyses are 
needed to evaluate range improve- 
ments, and their effect on other land 
uses, but nowhere is there a precedent 
for a moratorium on livestock-range 
improvements. 

What then can we do about this 
anticipated moratorium? In the short 
run, we can make efforts to see that 
decision makers in the resource agen- 
cies and in the Bureau of the Budget 
recognize that the grazing fee problem 
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should be a separate and distinct prob- 
lem from the range improvement prob- 
lem. In the long run, we should en- 
courage the resource agencies to 
sponsor more in-service training in 
economics so that proper evaluations 
of and proper proposals for range 
improvements will be made. In the 

very long run, educators should mod- 
ify curricula or offer options which will 
provide students with an opportunity 
to become familiar with sound eco- 
nomic principles as well as sound eco- 
logic principles.--Jack I;. Hooper, De- 
partment of Range Science, Utah State 
University, Logan. 
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NEWS AND NOTES 

Range Management and the 
Library of Congress 

At the Albuquerque meeting of the 
Range Management Education Coun- 
cil, it was proposed by Dr. Joseph H. 
Robertson, Renewable Resources Cen- 
ter, University of Nevada, that the Li- 
brary of Congress be requested to 
recognize “Range Management” as a 
subject heading. Accordingly, Dr. 
Paul T. Tueller, also of the Renewable 
Resources Center, was instructed to 
make such request; following is a por- 
tion of his letter to the Library of 
Congress- 

“It has come to our attention that it is 
not always easy for members of our pro- 
fession (Range Management) to readily 
find all of the published subject matter 
that pertains to their interests. One of 
the reasons given is the fact that much of 
the material that is Range Management 
is listed under other categories. In fact, 
a recent check indicates that Range Man- 
agement is not a subject category in the 
Library of Congress . . . 

“At the present time Range Managers 
search for published material under all 
of the following categories and others 
not mentioned: Agronomy, Pastures, 
Forage, Wildlife Management, Wildlife 
Biology, Animal Science, Animal Nutri- 
tion, Soil Science, Plant Science, Ecology, 
Plant Ecology, Botany, Forestry, and 
Watershed Management. Many of these 
papers should be cross-referenced under 
the subject matter category of Range 
Management. For these reasons the Range 
Management Education Council respect- 
fully urges the Library of Congress to 
add Range Management as a category . . .” 

It is gratifying to note the prompt- 
ness with which the Library of 
Congress responded; the reply from 
Mr. Charles C. Bead of the Library’s 
Subject Cataloging Division stated, in 
part- 

“In response to your request we have 
searched our holdings and find that we 
do have material dealing specifically with 
the topic of range management. We are, 
therefore, establishing ‘Range Manage- 
ment’ as a new subject heading. It will 
be published in a supplement to the 
LC list of subject headings in due course. 

“In addition to the subject headings 

which you mention in your letter, we 
have been using the headings ‘Stock- 
ranges’ and ‘Range research’ for some 
time. Most of the material on range man- 
agement, which has been cataloged by us 
in the past, is entered under one or the 
other of those two headings. These sub- 
ject entries will be changed to ‘Range 
Management’ in our catalogs.” 

The establishment of “Range Man- 
agement” as a subject heading by the 
Library of Congress will be of tre- 
mendous benefit to all those who 
have need to search literature. Addi- 
tionally, this action by the RMEC is 
most valuable in the matter of gaining 
recognition for the science and art of 
range management, and is heartily ap- 
plauded by all members of the Society. 

9 
Interior Adopts New Regulations 

for “Section 15” Lands 

Some 16 million acres of publicly 
owned grazing lands in 11 Western 
States are being placed under new 
multiple-use management regulations 
adopted by the Department of the In- 
terior. The new regulations apply to 
the so-called Section 15 lands admin- 
istered by Interior’s Bureau of Land 
Management. These are public lands 
which are not included in the grazing 
districts created under the Taylor Act 
of 1934. They are leased to 8,100 
stockmen under Section 15 of the Tay- 
lor Act. 

The new regulations-effective upon 
publication in the Federal Register- 
have been the subject of public dis- 
cussion and controversy among stock- 
men and other land users since they 
were published as proposed rulemak- 
ing last August, Secretary of the In- 
terior Stewart L. Udall said. Some 
stockmen objected to a provision that 
in situations of competition for leases, 
preference would be given ranchers 
who offered public access across their 
private lands to reach the public lands 
being leased. 

Because Section 15 grazing lessees 
are not represented in the Depart- 
ment’s regular advisory board system, 
Secretary Udall appointed a special 
committee to evaluate the many com- 
ments which an extensive public re- 
view produced. The committee met 
in Denver in mid-March. On eight 
issues the committee suggested clari- 
fications. On access it submitted ma- 
jority and minority reports. 

“We’ve settled upon a compromise,” 
Secretary Udall said. “The rules as 
adopted assure that the public’s right 
to use public land will be a factor 
where stockmen compete for leases, as 
recommended by the minority report. 
However, we fully agree with the 
majority report which urges us to 
strengthen the new regulations by seek- 
ing easements across private lands 
under existing laws. In seeking such 
easements we will assume liabilities and 
responsibilities consistent with law.” 

Other key provisions of the new 
regulations include: 

1. Provision for joint use of a 
leased area by two or more equally 
qualified applicants, rather than sub- 
dividing the land into smaller units. 

2. Prohibition of locked gates, 
signs, or other devices that would pre- 
vent or interfere with lawful public 
use of the public land. 

3. A framework for cooperation be- 
tween Bureau of Land Management 
officials and lessees to develop allot- 
ment management plans aimed at im- 
proving resource condition and pro- 
viding increased versatility in utilizing 
the forage resources. 

4. Establishment of construction 
standards for fences and other struc- 
tures installed by lessees to assure full 
multiple use of the land. 

5. Changing the basis for grazing 
fee charges from an acreage basis to 
payment for forage consumed, as mea- 
sured by “animal unit months” on the 



412 NEWS AND NOTES 

should be a separate and distinct prob- 
lem from the range improvement prob- 
lem. In the long run, we should en- 
courage the resource agencies to 
sponsor more in-service training in 
economics so that proper evaluations 
of and proper proposals for range 
improvements will be made. In the 

very long run, educators should mod- 
ify curricula or offer options which will 
provide students with an opportunity 
to become familiar with sound eco- 
nomic principles as well as sound eco- 
logic principles.--Jack I;. Hooper, De- 
partment of Range Science, Utah State 
University, Logan. 

Longmont Seed Co. 
We Buy & Sell Western Range Grass 

& Legume Seeds 

CONFRONT US with your RANGE 
PROBLEMS: phone: 303 + 776-1320 

LONGMONT, COLORADO 80501 

NEWS AND NOTES 

Range Management and the 
Library of Congress 

At the Albuquerque meeting of the 
Range Management Education Coun- 
cil, it was proposed by Dr. Joseph H. 
Robertson, Renewable Resources Cen- 
ter, University of Nevada, that the Li- 
brary of Congress be requested to 
recognize “Range Management” as a 
subject heading. Accordingly, Dr. 
Paul T. Tueller, also of the Renewable 
Resources Center, was instructed to 
make such request; following is a por- 
tion of his letter to the Library of 
Congress- 

“It has come to our attention that it is 
not always easy for members of our pro- 
fession (Range Management) to readily 
find all of the published subject matter 
that pertains to their interests. One of 
the reasons given is the fact that much of 
the material that is Range Management 
is listed under other categories. In fact, 
a recent check indicates that Range Man- 
agement is not a subject category in the 
Library of Congress . . . 

“At the present time Range Managers 
search for published material under all 
of the following categories and others 
not mentioned: Agronomy, Pastures, 
Forage, Wildlife Management, Wildlife 
Biology, Animal Science, Animal Nutri- 
tion, Soil Science, Plant Science, Ecology, 
Plant Ecology, Botany, Forestry, and 
Watershed Management. Many of these 
papers should be cross-referenced under 
the subject matter category of Range 
Management. For these reasons the Range 
Management Education Council respect- 
fully urges the Library of Congress to 
add Range Management as a category . . .” 

It is gratifying to note the prompt- 
ness with which the Library of 
Congress responded; the reply from 
Mr. Charles C. Bead of the Library’s 
Subject Cataloging Division stated, in 
part- 

“In response to your request we have 
searched our holdings and find that we 
do have material dealing specifically with 
the topic of range management. We are, 
therefore, establishing ‘Range Manage- 
ment’ as a new subject heading. It will 
be published in a supplement to the 
LC list of subject headings in due course. 

“In addition to the subject headings 

which you mention in your letter, we 
have been using the headings ‘Stock- 
ranges’ and ‘Range research’ for some 
time. Most of the material on range man- 
agement, which has been cataloged by us 
in the past, is entered under one or the 
other of those two headings. These sub- 
ject entries will be changed to ‘Range 
Management’ in our catalogs.” 

The establishment of “Range Man- 
agement” as a subject heading by the 
Library of Congress will be of tre- 
mendous benefit to all those who 
have need to search literature. Addi- 
tionally, this action by the RMEC is 
most valuable in the matter of gaining 
recognition for the science and art of 
range management, and is heartily ap- 
plauded by all members of the Society. 

9 
Interior Adopts New Regulations 

for “Section 15” Lands 

Some 16 million acres of publicly 
owned grazing lands in 11 Western 
States are being placed under new 
multiple-use management regulations 
adopted by the Department of the In- 
terior. The new regulations apply to 
the so-called Section 15 lands admin- 
istered by Interior’s Bureau of Land 
Management. These are public lands 
which are not included in the grazing 
districts created under the Taylor Act 
of 1934. They are leased to 8,100 
stockmen under Section 15 of the Tay- 
lor Act. 

The new regulations-effective upon 
publication in the Federal Register- 
have been the subject of public dis- 
cussion and controversy among stock- 
men and other land users since they 
were published as proposed rulemak- 
ing last August, Secretary of the In- 
terior Stewart L. Udall said. Some 
stockmen objected to a provision that 
in situations of competition for leases, 
preference would be given ranchers 
who offered public access across their 
private lands to reach the public lands 
being leased. 

Because Section 15 grazing lessees 
are not represented in the Depart- 
ment’s regular advisory board system, 
Secretary Udall appointed a special 
committee to evaluate the many com- 
ments which an extensive public re- 
view produced. The committee met 
in Denver in mid-March. On eight 
issues the committee suggested clari- 
fications. On access it submitted ma- 
jority and minority reports. 

“We’ve settled upon a compromise,” 
Secretary Udall said. “The rules as 
adopted assure that the public’s right 
to use public land will be a factor 
where stockmen compete for leases, as 
recommended by the minority report. 
However, we fully agree with the 
majority report which urges us to 
strengthen the new regulations by seek- 
ing easements across private lands 
under existing laws. In seeking such 
easements we will assume liabilities and 
responsibilities consistent with law.” 

Other key provisions of the new 
regulations include: 

1. Provision for joint use of a 
leased area by two or more equally 
qualified applicants, rather than sub- 
dividing the land into smaller units. 

2. Prohibition of locked gates, 
signs, or other devices that would pre- 
vent or interfere with lawful public 
use of the public land. 

3. A framework for cooperation be- 
tween Bureau of Land Management 
officials and lessees to develop allot- 
ment management plans aimed at im- 
proving resource condition and pro- 
viding increased versatility in utilizing 
the forage resources. 

4. Establishment of construction 
standards for fences and other struc- 
tures installed by lessees to assure full 
multiple use of the land. 

5. Changing the basis for grazing 
fee charges from an acreage basis to 
payment for forage consumed, as mea- 
sured by “animal unit months” on the 



same scale used within organized graz- 
ing districts. 

Commenting on the new regulations, 
Secretary Udall said, “Our purpose in 
adopting these rules is to assure that 
the so-called Section 15 lands will make 
their full contribution to the economy, 
and to assure-through multiple-use 
management-that public values are 
properly protected.” 

% 

PLLRC 

Rep. Wayne N. Aspinall, Chairman 
of the PLLRC, has announced that 
Herman D. Ruth and Associates, 
Berkeley, California, has been awarded 
a contract for the study of “Outdoor 
Recreation Use of the Public Lands.” 
It is to be completed by June 15, 1969 
at a price not to exceed $132,000. 

The study is designed to supple- 
ment, rather than duplicate, the work 
of the Outdoor Recreation Resources 
Review Commission, whose report 
was submitted to Congress in 1962. In 
addition, the PLLRC work will deal 
specifically with the policy controlling 
use and development of existing Fed- 
eral public lands for outdoor recrea- 
tion. Special emphasis will be given 
to such matters as- 

1) Standards controlling use of pub- 
lic lands for outdoor recreation 

2) Disposal of Federal lands to State 
and local governments for public out- 
door recreation use 

3) Federal acquisition of lands for 
public outdoor recreation use 

4) Pricing provisions for recreation 
use 

5) Development of recreation facili- 
ties on public lands 

6) The Wilderness Act of 1964 and 
its administration 

7) Public access for recreation pur- 
poses. 

Project director for this study will 
be John Kenneth Decker, formerly a 
University of California research econ- 
omist specializing in natural resource 
problems. 

The Commission’s study program 
will cover 34 subjects comprised of all 
aspects of public land management 
and resource use. A total of 22 studies 
have now been assigned, while studies 
of Land Grants to States and of User 
Fees and Charges are being accom- 
plished in-house. On completion of all 
studies, PLLRC will recommend dis- 
posal and retention policies designed 
to enable the public to realize maxi- 
mum benefit from its public lands. 

NEWS AND NOTES 

National Wildlife Federation 
Recommendations 

In the last issue of the Journal- 
JRM 21(5):344-there was a brief note 
entitled “Conservation Organizations,” 
in which Dr. Glen Fulcher, President 
of ASRM’s National Capital Section, 
reported on a meeting of Cooperating 
National Conservation Organizations 
with representatives of the Forest 
Service and the Bureau of Land Man- 
agement. The purpose of the meet- 
ing, held last August 5, was to have 
the agency officials explain the current 
status of grazing fees. 

As an outgrowth of this meeting, 
the Director of the National Wildlife 
Federation wrote to the Secretary of 
Agriculture outlining the Federation’s 
recommendations regarding grazing 
fees. A copy of the letter was sent to 
ASRM, and is reproduced here as a 
matter of interest. 

Dear Mr. Secretary: 
At my request, officials of the U.S. Forest 
Service and the Bureau of Land Man- 
agement were good enough to meet on 
August 5, 1968, at our offices here in 
Washington, D.C., to explain the current 
status of grazing fees to representatives of 
a number of private conservation organ- 
izations. Like segments of the livestock 
industry, we have been invited to siiljinit 
our recommendations concerning possible 
revision of the grazing fee structure in 
light of data developed by interdepart- 
mental studies involving Agriculture and 
Interior. 
After lengthy consideration of all factors 
involved, the National Wildlife Federa- 
tion hereby makes these recommendations: 

That Federal agencies continue to 
recognize and publicly enunciate the 
principle that grazing on Federal 
lands is a privilege. In line with this 
principle, Federal agencies should 
continue to resist all efforts which 
would lead to expanding this privi- 
lege into a “right:” 
That agencies of the Executive 
Branch proceed to immediately es- 
tablish a new grazing fee structure 
based on recent factual data supplied 
by competent research in fulfillment 
of its responsibilities, despite re- 
quests that decisions be deferred 
pending receipt of recommendations 
from the Public Land L,,aw Review 
Commission. Essential e&cutive ac- 
tion in government should not cease 
because the Public Land Law Review 
Commission has not spoken and 
there is no assurance that action will 
be taken at an early date to im- 
plement recommendations of the 
Public Land Law Review Commis- 
sion, whatever they may be with 
respect to grazing fees, and inde- 
cision in light of data should not 
be permitted; 
That Executive Branch agencies fol- 
low the basic principles outlined in 
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the “Natural Resources User Charges 
Study” developed by the Bureau of 
the Budget: 

(a) 

(b) 

(4 

4. That 

that a uniform basis be used 
by all Federal agencies in es- 
tablishing grazing fees; 
that fees be based on the eco- 
nomic value of the use of pub- 
lic grazing land to the user; 
and 
that, when feasible, competitive 
bidding be used to establish 
guidelines for a fee structure; 
when competitive bidding is 
not feasible, fee should be de- 
termined by an appraisal pro- 
cedure which takes into account 
the value of comparable State 
and private lands. 
the public benefit from the 

use of public lands owned and man- 
aged by Federal agencies for lawful 
hunting, fishing, and recreational 
activities be recognized and recip- 
rocal rights of ingress and egress 
across private lands by the public 
for these purposes be made a specific 
stipulation in grazing leases issued 
to landowners. 
That the Federal land-administering 
agencies eliminate “capitalization” 
costs by increasing the grazing fee 
structure over a reasonable period 
of time, perhaps at the rate of five 
per cent per year for twenty years. 
The studies show conclusively that 
the public is subsidizing livestock 
permittees on public lands at the 
rate of approximately $1 per animal 
unit month of grazing per year. 
This amounts to an annual subsidy 
of 22 million for grazing permit 
holders on U.S. Forest Service and 
Bureau of Land Management lands. 
Inadequate fees have resulted in this 
capitalization and a false economy 
in localities affected by grazing 
permittees. If the Federal govern- 
ment deems it desirable to support 
the economies of these regions, this 
objective should be accomplished 
through specific programs (possibly 
such as total payment for fencing, 
range rehabilitation and water de- 
velopment) rather than through a 
subsidy in low grazing fees. Any 
capitalization should be extinguished 
because it causes grazing permittees 
to resist sound land management 
techniques which must be applied to 
protect the public’s interest in its 
own natural resources. If capitaliza- 
tion costs are allowed as a cost of 
operation everytime a grazing per- 
mit is transferred, the same kind 
of windfall that the Government 
allowed the original pioneer permit 
holder will be passed on to every 
succeeding new owner. In simple 
terms, the public interest lost its 
shirt when the first grazing permits 
were issued at half their actual value. 
To allow this windfall to be passed 
on to every new permit holder could 
be compared to losing the pants as 
well. 

Sincerely, 
THOMAS L. KIMBAI.L 
Executive Director 



Agricultural Credit and Range 
Management 

Ned Jeffries, hluntana Extension 
Range iVanagemcr,t Specialist, has re- 
ported on the unique “Muntarra .2g*i- 
cultural Credit Range hlanagcmcnt 
Soboo1,” which was first held five 
years ago and has since bccomc a mocb 
looked~forward~to annual cvcnt. 

Originally organi~rd as a “bankers 
county agent” rangeland indoctrina- 
tion program, the s&ml is now a co- 
operative effort on the part of many 
individuals, organintions, and ina& 
tutions undo* tbr direction of the 
h~rontaT~;r Cooperative l+itemion Sr*v 
ice. Its purlxxe is to teach agricultural 
Icnders~representatives from banks, 
insurance compniea, FCA and Fed- 
cral Land Banks--about rangclands 
and range managcmcnt, and to relate 
these subjects to the crrdit needs of 
rangeland operators. Ranchers are alao 
much in eiidente at <hex s~bools, a\ 
the course is predirated on developing 
a nrzrtwIl “nderamdin,~ <,I range r,,am 
qement and credit. 

Only eight lxople attended that 
first school, according to Don Ryerson 
of Montana State Uni\crsity, and there 
seemed to be little p*ospett for armher. 
This ~umme*, however, the attendance 
lrad to be reatri<ted to 50, and not 2 
little difficulty was experierrced in 
holding to that number; out-of-state 
rcqucsts for enrollment had t” be 
turned down. 

This year’s school was held on the 

tulate the pe*centa,ges of inrreasrrs, 
dcc*e;mers, and inradcr5 present. Their 
estimates of range condition and pw 
tcrrtiill lmame surp*isingly nccu*aw 
under the <r;*bll-r”urse ayawn, based 
on Soil Cmraervation Service methods. 

This year a loortb day m-as added 
Lo the scb~wl te*rn to ;dlow an in~depth 
look at credit needa wbicb might cove* 
it whole series of range in,p*ovcnrcnts. 
Credit mm cim,e away not only with 
a betw* understanding and nlqnccia- 
lion of such needs, but also with the 
ability to eaaluatc them to mutual 
advantage. .2nd the ranchers listem 

Joining Jcffries and Rycrson as 
“facultg” in the range evaluation and 
managcnmrt mu*scs we*c: Jack Tay- 
lor, hlSU .\nimal and Range Sciences 
l)ep*tment; Van I(. Haderlie, SCS 
soil scientist; Robert L. Ross, State SCS 
range ronse*vationibt: Mitch Bokm. 
SCS work unit conacrvationist; and 
Geoffrey Greene, Forest Service. The 
latter explained the Forest Scrvicc 
gruing pennit system and its relation 
to credit weds. 

Robert E. Williams, Head Range 
Cr,nsenationirt, SCS, and a Director 
of ASKnI, imml a challcngc to all for 
hcttcr ranch conservation planning, 
and Robert Ru~lrer, Extension Econ~ 
orrrist, cited examples of payoff from 
<or,w*vation ello*th which normally are 
emnm~i~ally more sound than adding 
lX,d. 



Grassland Biome Study 

A recent news release from the Na- 
tional Research Council presents some 
interesting information concerning the 
grassland biome study, the first step 
in the International Biological Pro- 
gram’s Analysis of Ecosystems (JRM 
2 l(5): 347-348). 

The site for the grassland study is 
near Nunn, Colorado, about 38 miles 
from Colorado State University and 75 
miles from the University of Wyoming, 
the two principal universities involved. 
Pawnee, as the site is called, is located 
on the Agricultural Research Service’s 
15,000-acre Central Plains Experi- 
mental Range; in addition, a portion 
of the nearby Pawnee National Grass- 
lands (administered by the Forest 
Service) will be used for some of the 
studies. 

According to George M. Van Dyne, 
director of the study, the overall plan 
for research involves four components: 
1) the abiotic factors such as soil, 
climate, and water; 2) the “producers,” 
the plants which manufacture food; 3) 
the “consumers,” the animals that eat 
plants and each other; and 4) the “de- 
composers,” bacteria and fungi which 
break down waste products and tissues 
and regenerate the soil. During the 
first year, 11 research projects involv- 
ing 26 investigators will be started. 
These encompass several aspects of all 
four major areas-climatology, hydrol- 
ogy, meteorology, photosynthesis, herb- 
age dynamics, large consumers, small 
animal diets, grassland birds, insects, 
decomposers, and the soil and nitrogen 
cycle. 

One question to be investigated in 
the study of large animals is whether 
the species native to the grasslands, 
such as bison and antelope, are more 
efficient and better adapted to it than 
those species-cattle and sheep-im- 
ported by man. The researchers also 
will look at about 100 species of plants 
and try to measure for each one the 
percentages consumed by the 15-20 
mammalian and approximately 160 in- 
sect herbivores on the site. Microscopic 
examinations of digested foods will be 
used to identify the plants eaten by 
each of these animals. 

Other initial studies will include 
neutron probes for measuring soil 
moisture, capacitance meters to mea- 
sure change in the total amount of 
herbage, microwave radar to measure 
evapotranspiration, and low-level re- 
mote sensing equipment to detect vege- 
tation and soil differences. 

NEWS AND NOTES 

All of the data extracted will be 
used to set up mathematical models of 
how the grassland system operates. Ad- 
ditional data will be obtained from a 
series of workshops involving other 
scientists engaged in grassland research, 
and the models derived will then be 
tested at the Pawnee site. It is believed 
that this method-giving an interdis- 
ciplinary approach through the use of 
mathemathics, systems analysis and 
computers to solve environmental bi- 
ology problems-will insure the de- 
velopment of an overall model of the 
grassland biome that is not slanted to 
one particular scientific area. 

The research plans and goals of the 
US grassland program are similar to 
those of the Canadian and Mexican 
IBP grassland studies. The Canadian 
program is underway at the Matador 
site in Saskatchewan, while the Mexi- 
can study is being developed at La 
Campana in Chihuahua. Twenty other 
IBP nations also have proposed grass- 
land programs, and as they progress 
the data will be coordinated to give a 
worldwide view of grassland ecology. 

Scientists participating in the initial 
projects at the Pawnee site include 
several ASRM members: Donald A. 
Jameson and Richard M. Hansen of 
Colorado State University; Herbert G. 
Fisser and Dennis H. Knight of 
University of Wyoming; Phillip 
Sims of the Colorado Agricultural 
periment Station; and Robert 
Bement and Donald N. Hyder of 
Agricultural Research Service. 

9 

People 

Raymond M. Housley, formerly 

the 
L. 

Ex- 
E. 

the 

su- 
pervisor of the Coconino National 
Forest, has been promoted to Assistant 
Director of the Forest Service Division 
of Recreation and transferred to Wash- 
ington, D. C. In his new assignment 
he has specific responsibilities for de- 
veloped sites, special uses, and land- 
scape architecture. Housley is a Past 
President of the Arizona Section, 
ASRM, and is currently a Director of 
the parent Society; he is also a member 
of the Society of American Foresters 
and the Arizona Academy of Science. 

Appointed as Chief of the Bureau of 
Land Management’s Range Manage- 
ment Staff is George D. Lea. A grad- 
uate of the University of Idaho, Lea 
joined the BLM as a range conser- 
vationist in 1951. He has previously 
served as Assistant Chief of the Range 
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Management Staff, and prior to being 
selected to his present position he was 
Chief of the Standards and Technology 
Division, BLM, Denver Service Cen- 
ter. 

Philip A. Briegleb, Director of the 
Pacific Northwest Forest and Range 
Experiment Station has announced the 
appointment of Dr. Jon M. Geist to 
the staff of the Forest Service Range 
and Wildlife Habitat Research Labora- 
tory in LaGrande, Oregon. A gradu- 
ate of Colorado State University, Geist 
will be engaged in both laboratory and 
field research on soil-site problems oc- 
curring on forest and related range- 
lands. c1 

Neil C. Frischknecht of the Inter- 
mountain Forest and Range Experi- 
ment Station, recently received his 
Ph.D. degree from Brigham Young 
University. The title of his dissertation 
was “Factors Influencing Production 
of Flower Stalks in Agropyron crista- 
turn (L.) Gaertn.” Frischknecht is 
stationed at Provo, Utah and is leader 
of project research on salt-desert shrub 
and pinyon-juniper ranges. 

Dr. John F. Vallentine has recently 
joined the faculty of the College of 
Biological and Agricultural Sciences, 
Brigham Young University, as an As- 
sociate Professor of Botany (Range 
Management). Prior to assuming his 
present position, Vallentine was lo- 
cated at North Platte, Nebraska, where 
he was engaged in range management 
extension and part time research work. 
A graduate of Kansas State University, 
he received his M.S. degree from Utah 
State University and his Ph.D. from 
Texas A & M. His new assignment 
will include teaching, research, further 
development of the B.S. and M.S. pro- 
grams in range management, and 
coaching the range plant judging team. 

Dr. Thadis W. Box, Director of 
Texas Tech’s International Center for 
Arid and Semi-Arid Land Studies, left 
last month for a year’s residence in 
Australia. Supported by a Texas Tech 
grant and the Danforth Foundation’s 
E. Harris Harbison Award, Box will 
investigate the ecology of Australia’s 
rangelands and examine the country’s 
approach to university education with 
particular interest in the areas of nat- 
ural resources. Box will be head- 
quartered in Canberra and be associ- 
ated with the Arid Lands Division 
Rangelands Research Program of the 
Commonwealth Scientific and Indus- 
trial Research Organization. 
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At the recent annual meeting of the 
Soil Conservation Society of America, 
held in Athens, Georgia, the follow- 
ing persons (who also are members of 
ASRM) were honored by the SCSA: 

Robert W. Eikleberry, SCS, Lincoln, 
Nebraska, was named president elect 
for 1969. 

Einar L. Roget, SCS, Albuquerque, 
N. Mex., was elected vice president of 
SCSA for 1969. 

D. E. Hutchinson, SCS, Lincoln, 
Nebraska, was elected to a three-year 
term on the national council of SCSA. 

WITH THE SECTIONS 

Arnold Heerwagen, SCS, Lincoln, 
Nebraska, received a commendation 
award for his capable leadership as 
chairman of the Natural Vegetation 
Management Criteria Committee. 

Clarence A. Rechenthin, scs, 
Temple, Texas, was named a Fellow 
of SCSA, the highest award bestowed 
on members. 

Kel M. Fox, rancher, Camp Verde, 
Arizona, was named an honorary mem- 
ber in recognition of his applied range 
conservation practices. 

Clifford R. Collings, ASCS, Salt Lake 
City, received a commendation award 
for his outstanding contributions to 
the Utah Chapter. 

Richard Gooby, SCS, Gooding, 
Idaho, received a commendation award 
for his professional leadership in re- 
source planning and water resource 
management. 

Irvin D. Nichols, SCS (retired), Port- 
land, Oregon, received a commenda- 
tion award for establishing an annual 
award for use in furthering youth con- 
servation programs. 

Jesse S. Tuttle, ASCS, Ferron, Utah, 
received a commendation award for 
his leadership and meritorious efforts 
to achieve team work among natural 
resource agencies, organizations and 
groups. 

Obituaries 

William L. Schroeder, a member of 
ASRM since 1952, died on July 22 
at his home in Valentine, Arizona. 
Schroeder was a range conservationist 
with the Bureau of Indian Affairs. 

John H. Paulsen of LaGrande, Ore- 
gon, passed away this past July. He 
was County Agent in Union County, 
and had been a member of the Society 
since 1963. 

Dr. Charles E. Fleming died in Reno, 
Nevada on August 3 at the age of 79. 
Well known in range management 
circles, Fleming started his career as a 
plant ecologist with the Forest Service 
in Arizona in 1910. In 1912 he took 
charge of the Santa Rita Experimental 
Range, and two years later moved to 
Las Cruces to help establish the Jor- 
nada Range Research Station. In 1916 
Dr. Fleming joined the staff of the 
University of Nevada Experiment Sta- 
tion, where he served for 44 years. The 
Charles E. Fleming Scholarship Fund 
was established by the Nevada Section, 
ASRM, in his honor in 1962. 

* 

22nd Annual Meeting 

CALGARY 
February 10-14, 1969 

WITH THE SECTIONS 

South Dakota 

The South Dakota Section sponsored 
two interesting and informative tours 
this summer, with over 75 ranchers, 
resource managers, and researchers in 
attendance at each. 

The July 16 tour of the Crago Bros. 
ranch north of Belle Fourche was con- 
ducted in conjunction with the Bureau 
of Land Management. Joe Wichman, 
BLM range conservationist, and the 
Cragos discussed the rest-rotation graz- 
ing system that was initiated on the 
22,000-acre operation in 1965. The 
system is designed to improve plant 
composition, increase wildlife, stabilize 
stream channels, and maintain or in- 
crease livestock numbers. Several im- 
provement practices have been incor- 
porated into the system, including con- 
tour furrowing and ripping on selected 
areas, and shrub and tree plantings in 

drainageways to provide protection for 
livestock and enhance wildlife habitat. 

Response to the Cragos’ grazing and 
management practices is already evi- 
dent in improved plant vigor and den- 
sity, and in more uniform utilization 
of the predominantly western wheat- 
grass range. Antelope numbers are re- 
ported to range from 80 to 120; many 
does were observed with twins. Vincent 
Crago has been pleased with the re- 
sults, but pointed out they have en- 
joyed a series of good years since 1962, 
and the whole story would be known 
only after a few dry years have been 
experienced. 

In August a tour was made of the 
Barta Ranch near Buffalo Gap, oper- 
ated by A. J. Barta-recipient of the 
South Dakota Section’s 1967 Rangeman 
of the Year Award-and his son, John. 
The Bartas maintain a large herd of 
registered and commercial Herefords, 

which they shuttle back and forth be- 
tween the South Dakota unit and one 
in Montana operated by Barta’s son- 
in-law. 

Eight hundred and fifty acres of the 
Barta Ranch are irrigated with water 
from the Cheyenne River. The supple- 
mental feed (alfalfa) produced permits 
calving about a third of the cows in 
the fall, beginning about September 1. 

The Bartas have demonstrated their 
ability to do a top-notch job of land 
and livestock management. The ranch- 
ing program they have established car- 
ries them easily through dry years with- 
out abusing the rangeland resources. 

The annual meeting of the Section 
will be held on November 25-26 at 
Winner; the program will be de- 
veloped around the subject “economic 
development of south central South 
Dakota’s natural resources and its ef- 
fects on range management.” 
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Kel M. Fox, rancher, Camp Verde, 
Arizona, was named an honorary mem- 
ber in recognition of his applied range 
conservation practices. 

Clifford R. Collings, ASCS, Salt Lake 
City, received a commendation award 
for his outstanding contributions to 
the Utah Chapter. 

Richard Gooby, SCS, Gooding, 
Idaho, received a commendation award 
for his professional leadership in re- 
source planning and water resource 
management. 

Irvin D. Nichols, SCS (retired), Port- 
land, Oregon, received a commenda- 
tion award for establishing an annual 
award for use in furthering youth con- 
servation programs. 

Jesse S. Tuttle, ASCS, Ferron, Utah, 
received a commendation award for 
his leadership and meritorious efforts 
to achieve team work among natural 
resource agencies, organizations and 
groups. 

Obituaries 

William L. Schroeder, a member of 
ASRM since 1952, died on July 22 
at his home in Valentine, Arizona. 
Schroeder was a range conservationist 
with the Bureau of Indian Affairs. 

John H. Paulsen of LaGrande, Ore- 
gon, passed away this past July. He 
was County Agent in Union County, 
and had been a member of the Society 
since 1963. 

Dr. Charles E. Fleming died in Reno, 
Nevada on August 3 at the age of 79. 
Well known in range management 
circles, Fleming started his career as a 
plant ecologist with the Forest Service 
in Arizona in 1910. In 1912 he took 
charge of the Santa Rita Experimental 
Range, and two years later moved to 
Las Cruces to help establish the Jor- 
nada Range Research Station. In 1916 
Dr. Fleming joined the staff of the 
University of Nevada Experiment Sta- 
tion, where he served for 44 years. The 
Charles E. Fleming Scholarship Fund 
was established by the Nevada Section, 
ASRM, in his honor in 1962. 
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South Dakota 

The South Dakota Section sponsored 
two interesting and informative tours 
this summer, with over 75 ranchers, 
resource managers, and researchers in 
attendance at each. 

The July 16 tour of the Crago Bros. 
ranch north of Belle Fourche was con- 
ducted in conjunction with the Bureau 
of Land Management. Joe Wichman, 
BLM range conservationist, and the 
Cragos discussed the rest-rotation graz- 
ing system that was initiated on the 
22,000-acre operation in 1965. The 
system is designed to improve plant 
composition, increase wildlife, stabilize 
stream channels, and maintain or in- 
crease livestock numbers. Several im- 
provement practices have been incor- 
porated into the system, including con- 
tour furrowing and ripping on selected 
areas, and shrub and tree plantings in 

drainageways to provide protection for 
livestock and enhance wildlife habitat. 

Response to the Cragos’ grazing and 
management practices is already evi- 
dent in improved plant vigor and den- 
sity, and in more uniform utilization 
of the predominantly western wheat- 
grass range. Antelope numbers are re- 
ported to range from 80 to 120; many 
does were observed with twins. Vincent 
Crago has been pleased with the re- 
sults, but pointed out they have en- 
joyed a series of good years since 1962, 
and the whole story would be known 
only after a few dry years have been 
experienced. 

In August a tour was made of the 
Barta Ranch near Buffalo Gap, oper- 
ated by A. J. Barta-recipient of the 
South Dakota Section’s 1967 Rangeman 
of the Year Award-and his son, John. 
The Bartas maintain a large herd of 
registered and commercial Herefords, 

which they shuttle back and forth be- 
tween the South Dakota unit and one 
in Montana operated by Barta’s son- 
in-law. 

Eight hundred and fifty acres of the 
Barta Ranch are irrigated with water 
from the Cheyenne River. The supple- 
mental feed (alfalfa) produced permits 
calving about a third of the cows in 
the fall, beginning about September 1. 

The Bartas have demonstrated their 
ability to do a top-notch job of land 
and livestock management. The ranch- 
ing program they have established car- 
ries them easily through dry years with- 
out abusing the rangeland resources. 

The annual meeting of the Section 
will be held on November 25-26 at 
Winner; the program will be de- 
veloped around the subject “economic 
development of south central South 
Dakota’s natural resources and its ef- 
fects on range management.” 
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Walter Fick, Inman rancher (second from left), received the Nebraska Range 
Management Award at the annual meeting of the Nebraska Section, American 
Society of Range Management at Kearney September 27. Looking on are Don 
Cox, Mullen rancher and president elect of ASRM (left); Jerry Garner, Brown- 
lee, president, Nebraska Section, which provided the award; -and Bob Hill of 
O’Neill, Soil Conservation Service. (University of Nebraska Photo) 

Nebraska 

At the 1968 Annual Meeting of the 
Nebraska Section, held September 26- 
28 at Kearney, Walter Fick was hon- 
ored as the sixth recipient of the “Ne- 
braska Range Management Award.” 
The award is presented to an individ- 
ual in recognition of outstanding work 
in the development and/or use of Ne- 
braska rangeland resources. 

Mr. Fick, a rancher from Inman 
and a former president of the Section, 
has made his most recent contribution 
to good range management by means 
of a narrated slide presentation en- 
titled “Little Bluestem.” It relates 
his experiences in managing his own 
ranch to bring rangeland from fair 
condition to excellent condition. 

On the first day of the meeting a 
visit was made to the US Meat Ani- 
mal Research Center at Clay Center. 
Started in the spring of 1966, the Cen- 
ter is being developed on approxi- 
mately 35,000 acres of land which for- 
merly was part of a naval ordnance 
depot; it is operated by the Animal 
Research Division of ARS. A briefing 
on the plans and objectives of MARC, 
followed by a tour of the installation, 
was conducted by Dr. Walter W. 
Rowden. Of particular interest to 
ASRM members were the large scale 
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seedings that have been made of both 
warm season and cool season grasses. 

A well-attended business meeting of 
the Section was held on Friday morn- 
ing. The subsequent program included 
a paper by Dr. E. C. Conard on “Seed 
Dormancy and Stand Establishment of 
Switchgrass and Indiangrass,” an in- 
teresting slide talk by Arnold Heer- 
wagen on “Multiple Use of Grazing 
Lands,” and a panel discussion on 
“Current Problems in the Beef Cattle 
Industry.” The evening banquet was 
co-sponsored by the Kearney T-Bone 
Club. 

The last day of the meeting was 
given over to the annual State Range 
Judging Contests. A Lancaster County 
4-H team and the North Platte FFA 
Chapter won first place in their re- 
spective divisions, while Dwight Gee, 
4-H’er from Bennet, took individual 
high honors. David Smith, Ainsworth, 
was high-scoring individual in the FFA 
division. 

Other first place winners included 
John Williams, Rushville (men’s di- 
vision); Glenna Spanel, Ainsworth 
(women’s division); and Dennis Eggles- 
ton, Hyannis (professional’s division). 

The champion 4-H and FFA range judges are shown at the conclusion of the 
state contest held at Kearney September 28. From left are: Jim Cook, Mills, 
representing the Nebraska Association of Soil and Water Conservation Districts, 
which provided first place plaques for division winners; Dwight Gee of Lan- 
caster County, first place 4-H winner; David Smith, Ainsworth, first place 
FFA winner; and Jerry Garner of Brownlee, president of the Nebraska Section, 
American Society of Range Management. (University of Nebraska Photo) 
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ASRM President E. J. Dyksterhuis, Idaho Section President Walt Sundell, 
and District Ranger Lee Presley (left to right) visit during the Summer Tour. 

Idaho 

The Idaho Section hosted ASRM’s 
Summer Meeting and Tour on July 
28-3 1, with Section President Walt 
Sundell and William R. Meiners serv- 
ing as co-chairmen of this most suc- 
cessful affair. 

Following the mid-year meetings of 
the Board of Directors and the Ad- 
visory Council, the assembled members 
-about 200 in number-departed Boise 
for the Lola Creek Campgrounds in 
the Stanley Basin, base camp for the 
tour. After registration, camp assign- 
ment, and the evening meal, Mr. Noy 
Brackett, President of the Idaho Cattle- 
men’s Association, and Mr. Walter 
Little, President of the Idaho Wool- 
growers, spoke to the group on the 
need for working together on the com- 
plex problems of range management. 

For many it was nothing less than a 
traumatic experience to leave behind 
Boise’s 103 F heat wave and wake up 
the next morning to find ice on the 
water buckets and frost on the picnic 
benches! Nearly everyone stood up to 
eat the Cowboy breakfast. 

The first day of the tour took the 
visitors into Bear Valley and the 
Middle Fork of the Salmon River, with 
a number of stops arranged along the 
way to provide an overall look at the 
whole gamut of resource management 
in the high country-rangelands, wild- 
life, watersheds, timber, minerals, fish- 
eries, and recreation. 

A steak barbecue in the evening 
satisfied large, high country appetites, 
and following this Mr. Pete Cenarrusa, 
rancher and Idaho’s Secretary of State, 
spoke to the group concerning the 
desirability of blocking out land 
ownership through trades, to the end 
that better management of the natural 
resources might be achieved. 

On the final day the tour traveled 
through Sawtooth Valley enroute to 
the Redfish Lake Visitor Center. Again 
stops were made at various points of 
interest, such as the Park Creek Over- 
look where the history and proposals 
regarding the Sawtooth Primitive Area 
were discussed. 

Mr. Leon Weeks, Executive Vice 
President of the Idaho Cattlemen’s As- 

sociation, succinctly expressed the feel- 
ings of all when he wrote to Walt Sun- 
dell as follows: “This was one of the 
best tours that I’ve been on, and you 
are to be congratulated on the splendid 
agenda which was enjoyed by every- 
one.” 
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Colorado 
The western slope was the location 

of the fall field meeting held on Sep- 
tember 6-7. Beginning with a noon 
cookout on Piceance Creek, south of 
Meeker, the 40-member group spent 
the first afternoon touring through the 
Piceance Basin to observe and discuss 
the livestock range, deer winter range, 
and oil shale lands. 

An evening social hour and lamb 
barbecue were held at the Sleepy Cat 
Ranch on White River, 15 miles east 
of Meeker. 

On the second day the tour visited 
range management projects of the State 
Game, Fish and Parks Department in 
the Yellow Creek area. Stops were 
made and reports given on the Bar D 
exclosure plant inventory and stock- 
ing rate studies, rabbitbrush control 
projects, and the Barcus pinyon-juniper 
chaining project. 

Stan Colby, BLM, Meeker, was in 
charge of the tour arrangements. 

Q 

Kansas-Oklahoma 

More than 75 members of the Kansas- 
Oklahoma Section gathered in Scott 
City, Kansas on October 4-5 for the 
regular fall meeting. The first day was 
given over to registration, visiting, a 
meeting of the Council, a banquet, 
and a general business meeting. 
Donald A. Cox, ASRM’s President 
Elect, and Francis T. Colbert, Exec- 
utive Secretary, were the dinner 
speakers. 

At the business meeting the follow- 
ing new Section officers were elected: 
Harland Dietz, Pawhuska, Oklahoma, 
President Elect: B. P. Prickett and 
Lloyd Murdock, Councilmen from 
Oklahoma; and Robert H. Dodge and 
Robert M. Hyde, Councilmen from 
Kansas. F. Dewitt Abbott of Salina, 
Kansas was installed as the new Sec- 
tion President, succeeding Orvis H. 
Lowry of Sayre, Oklahoma. 

A field tour on the morning of 
October 5 featured two highlights: 
observation and discussion of a chalk 
flat range site, and an inspection of 
the Sharp Bros. Seed Co. operations at 
Healy. For the first, the tour followed 
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down the Smokey Hill River-parallel- 
ing a portion of the old Butterfield 
Overland stage road, still quite evident 
-and stopped at a spot on the Pyra- 
mid Ranch near Monument Rocks. 
The chalk flat range site (the soil con- 
tains as much as 70% calcium carbon- 
ate) is quite extensive in Logan and 
Gove counties. Salient points brought 
out at this specific stop were: 

1) The soil is Minnequa silt loam, 
is water deposited, 6 to 20 feet deep. 
and underlain with raw chalk. 

2) The elevation is about 3,000 feet, 
the average annual precipitation is 19 
inches, and the area has a high fre- 
quency of 30-day drouths. 

3) Sideoats grama and blue grama 
are the dominant grass species; buffalo- 
grass is abundant and there is a fairly 
high percentage of saltgrass-which, in 
this area, does not necessarily indicate 
a saline soil. Fourwing saltbush and 
winterfat are not uncommon. 

4) Forage production, on an air-dry 
basis, averages 1,700~2,000 pounds per 
acre. A good sideoats grama seed crop 
is harvested two or three years out of 
every five; seed yields of 200 pounds 
per acre have been obtained. 

5) Livestock distribution is a prob- 
lem, resulting largely from insufficient 
stock waters away from the river. 
Groundwater is at a depth of l,OOO- 
1,200 feet. 

6) Selenium poisoning poses a haz- 
ard, and apparently becomes concen- 
trated in runoff stock ponds. 

The Sharp Bros. Seed Co. harvests 
native grass seed over a ten-state area. 
In addition, land at Healy has been 
developed for irrigation, and several 
species (and strains) are being culti- 
vated under these conditions-western 
wheatgrass, sand-reed, big and little 
bluestem, switchgrass, Indiangrass, buf- 
falograss, and others. Gerald Sharp 
discussed the many problems-physical 
and economic-involved in attempting 
to raise native grasses for seed produc- 
tion. With Barton western wheatgrass, 
for example, much difficulty is being 
experienced in obtaining satisfactory 
yields-150-200 pounds per acre has 
been the best. However, approximately 
3% tons per acre of 11.25% protein 
hay has been recovered from western 
wheatgrass fields after combining. 

A most satisfying noon dinner, spon- 
sored by Sharp Bros., was prepared 
and served by the ladies of the Healy 
Methodist Church. The tour con- 
cluded with an inspection of the seed 
plant facilities. 

Texas 
Recently received from the Texas 

Section was an attractive and informa- 
tive brochure report, containing both 
narrative and pictures, on the 1968 
Range Camp. Held July Z&August 3 
at the Texas A & M Adjunct, Junction, 
this was the fourteenth year for the 
camp. Twenty-nine boys-sponsored by 
4-H, FFA, livestock organizations, serv- 
ice clubs, banks, county Farm Bureaus, 
SCD’s, and interested individuals- at- 
tended. These young men have been 
of the highest caliber and are eager 
to learn not only for themselves, but 
also to pass information on to others 
at subsequent meetings and demon- 
strations. 

The comprehensive report covers 
Camp Administration, Camp Program, 
Recreation, Prizes and Awards, Eve- 
ning Programs, Cabin Neatness, Visi- 
tors, and Range Camp Roster (includ- 
ing vo-ag teacher or county agent, and 
the name of the boy’s sponsor). Chair- 
man of the Texas Range Camp Com- 
mittee is B. J. Ragsdale, Range Science 
Department, Texas A 8c M. 

On another matter it has been re- 
ported that the second $5,000 of a 
$10,000 grant has been received by the 
Texas Section. This grant from the 
Moody Foundation, Galveston, is used 
to award $590 scholarships to deserv- 
ing high school graduates who enter 
either Sul Ross State College, South- 
west Texas State College, Abilene 
Christian College, Texas Tech, or 
Texas A & M to study range manage- 
ment. 

The Texas Section Student Loan 
Fund and Scholarship Committee is re- 
sponsible for securing and evaluating 
applications, and granting the scholar- 
ships. 
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National Capital 
A field meeting of the National Cap- 

ital Section was held September 28 at 
the Marriott Corporation’s Fairfield 
Farm, located in Virginia just under 
the Blue Ridge. 

This property has an interesting his- 
tory dating back to the original grant 
by Charles II to Lord Arlington and 
Lord Culpepper. The 5,000-acre live- 
stock operation-cattle, sheep, and 
quarter horses-is also used as a recre- 
ational retreat for Marriott employees. 
The range and livestock management 
systems were discussed with the group 
by Mr. Don Allan, manager, and Mr. 
Pat Trew, SCS range conservationist 
in Virginia. 

Nevada 
About 40 people attended the Ne- 

vada Section summer tour held in Ely 
during June. Traveling some 60 miles 
to Lake Valley, Norman Raymond dis- 
cussed wildlife use of that area, and 
Larry Doughty and Marvin Hammers- 
mark showed the group results of 
various pinyon-juniper and sagebrush 
trial chainings designed to increase 
deer forage. The group was also pro- 
vided with an opportunity to see the 
Ely anchor chain, armed with rails, 
being used on a large sagebrush chain- 
ing operation. 

Later in the day, Selar Hutchings 
and Ralph Holmgren described the 
vegetative changes that have occurred 
after 30 years protection from grazing 
at an exclosure located in a white sage 
arca in Spring Valley. 

An outdoor buffet dinner was held 
at Baker, after which John Whitson 
presented the colorful movie entitled 
“Wild Rivers.” 

The following morning a visit was 
made to the Spring Creek Rearing Sta- 
tion; here Frank Dodge explained the 
process of rearing hatchery fish and the 
Station’s planting program. Going on 
to the Wheeler Peak Scenic Area, Bob 
Glenn discussed multiple use land 
management, and Harry Summerfield, 
Norman Bare, and Will Blackburn 
joined forces to describe the various 
vegetative communities found in this 
area, and discuss the interrelationship 
of each with the soil characteristics. 

A v 
Northern Great Plains 

The summer meeting of the North- 
ern Great Plains Section was held on 
July 26-27 in the Bridger, Montana, 
area southwest of Billings. Following 
the initial business meeting, a visit 
was made to the Bridger Plant Ma- 
terials Center where Mr. Ashley Thorn- 
burg, manager, presented evaluations 
of the native grasses, forbs, shrubs, and 
trees being tested. After the evening 
meal in Briclger, the majority of the 
group spent the night under the stars 
at Sage Creek Campground. 

District Ranger Gary Wetzsteon man- 
aged the early morning breakfast on 
the second day, getting the crowd off 
to a good start. Traveling through 
the Pryor Mountains, visits were made 
to Forest Service project sites, includ- 
ing 1) the Pryor Spur project, an area 
that has been terraced, seeded, and pro- 
tected from grazing to stabilize active 
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erosion; and 2) the Crooked Creek area of the Pryor Mountains, BLM dis- 
cattle allotment, where 2,660 acres of 

area manager Duane Sonneburg ex- 
trict manager Dean Bibles discussed plained a rotation-deferred grazing 

big sagebrush were sprayed by heli- this problem, outlining the past graz- system, initiated to improve the bunch 
copter in June 1960. ing history and the proposed future grass type which dominates the site, 

In the controversial “wild horse” use of the area. At another site, BLM and now in its third year. 

SOCIETY BUSINESS 

President’s Letter 

Last summer I spoke at a state-wide 
convention of high school biology 
teachers. The printed program gave 
my topic as “Range Management.” As 
we entered the meeting room a group 
of three teachers told me they had 
looked forward to hearing my talk 
because their boys, especially, had 
shown a lot of interest in the Texas 
Rangers! 

These past few years I’ve been a 
“greeter” at an annual function for 
new faculty members of Texas A & M 
University. My lapel identification card 
reads RANGE SCIENCE DEPT. in big 
letters. Hundreds pass by with depart- 
ment labels such as Biochemistry, En- 
gineering, Geology, English, and at 
least 80 percent look really puzzled 
when they read “Range Science” (by 
then my name has already been pro- 
nounced for them). Later we visit in 
small groups, and they or I-with due 
regard for the other person’s feelings- 
make an opening to explain range. 
This is not easy. 

Comprehension of our use of the 
word range comes slowly. It seems 
positively necessary to begin with the 
familiar “cropland” and “timberland,” 
then introduce rangelund: the kind of 
land that in the main is not suitable for 
cultivated crops or timber production; 
located mostly in the drier parts of the 
western States; not barren desert; the 
ranching instead of the farming coun- 
try; important for grazing livestock and 
big game, watershed values, and out- 
door recreation; and including more 
acres in the USA than either cropland 
or timberland. (0 ur interest in graz- 
able timberland usually is not men- 
tioned with “beginners.“) The peak of 
their interest-sometimes astonishment 
-and generally full acceptance is 
achieved by final offhand mention of 
the fact that many leading western uni- 
versities offer courses leading to the 
Ph.D. degree in this phase of agricul- 
ture. 

Recently a small range group met in 
the same hotel with a large trade con- 
vention. That evening some of our 
members were conducted to dining 
tables among members of the other 
group. I’ve just confirmed reports that 
our men found it necessary to explain 
that they were not specialized in either 
electric or gas ranges. 

The July 1968 issue of a popular 
USDA journal, that reports on agricul- 
tural research for the general public, 
has an item titled “Meat on Tomor- 
row’s Menus?” Included is the state- 
ment “livestock can thrive on roughage 
and wastes, including some we have 
not begun to exploit like feathers and 
newspapers. In addition, much of the 
world’s marginal land that cannot grow 
crops can support livestock.” 

How would you rewrite that last 
sentence? Isn’t it time that we set an 
example by saying rangeland, or gra.z- 
able timberland, or native pasture land 
in forms, when that is what we mean? 

In October 1966 a comprehensive re- 
port on a study appeared under the 
title A National Program of Research 
for Agriculture. It was sponsored by 
the Association of State Universities 
and Land Grant Colleges and the US 
Department of Agriculture. The 
“Table of Contents” includes no ref- 
erence to range, ranch or rangeland, 
though there are references to forest, 
crops, livestock, farm, and forest prod- 
ucts. Some mention of range research 
can be found by thumbing through it. 

It seems apparent that blanket use 
of such nonspecific terms as pasture, 
improved pasture, grassland, grazing 
land, marginal land, forest range-and 
even range as defined in dictionaries- 
can lead the unspecialized to thoughts 
that are confused or unsteady, or per- 
haps to none at all. Can we expect 
clear judgments or greater knowledge 
by continued use of such terms in the 
census, conservation needs inventories, 
economic analyses, projections of edu- 

cational and research needs, and in re- 
porting of our results? 

The foregoing may help point up 
why our Public Relations and Sciential 
Committees and our representatives to 
Interdisciplinary Organizations need 
help from us. They need the help of 
every one of us, as often as we have a 
chance to put in our two-bits worth. 

Sincerely, 
E. J. DYKSTERHUIS 

Statement of Ownership, 

Management and Circulation 

The Journal of Range Management 
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erosion; and 2) the Crooked Creek area of the Pryor Mountains, BLM dis- 
cattle allotment, where 2,660 acres of 

area manager Duane Sonneburg ex- 
trict manager Dean Bibles discussed plained a rotation-deferred grazing 

big sagebrush were sprayed by heli- this problem, outlining the past graz- system, initiated to improve the bunch 
copter in June 1960. ing history and the proposed future grass type which dominates the site, 

In the controversial “wild horse” use of the area. At another site, BLM and now in its third year. 
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Recently a small range group met in 
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by continued use of such terms in the 
census, conservation needs inventories, 
economic analyses, projections of edu- 

cational and research needs, and in re- 
porting of our results? 

The foregoing may help point up 
why our Public Relations and Sciential 
Committees and our representatives to 
Interdisciplinary Organizations need 
help from us. They need the help of 
every one of us, as often as we have a 
chance to put in our two-bits worth. 

Sincerely, 
E. J. DYKSTERHUIS 
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Preview of CALGARY!! 
Host City for the 22nd Annual Meeting 

American Society of Range Management, February 10-14, 1969 

. . . . . . 

The world-famed Northwest Mounted Police was estab- 
lished in 1873 to bring peace to the Canadian West and 
secure the country for settlement and development. In 
1875 the 36 men of F Troop rode into the valley at the 
confluence of the Row and Elbow Rivers, made camp, and 
started to build a fort. Whrn completed it occupied a 
two-acre site, was named “Calgary” (Gaelic far “clear, 
running water”), and someone took a picture. 

It was a modest beginning to be sure, but today-less 
than a century later-Calgary is a sophisticated metropolitan 
center with a population of over 3G0.000, its area expanded 
to 1.56 square miles, more substantial buildings, and an 
obvious increase in real estate values. In 1967 the Canadian 
government officially declared it to be the counlry’s fastest 
growing community! 

Calgary is located in southern hlberta~just 157 miles 
north of the border. Situated on the western edge of the 
Great Plains, the city aho marks the beginning of the 
forested foothills that roll upward to the Rocky Mountains 
50 miles to the west. The mean elevation of Calgary is 
3,440 feet and the climate is classed as “mxt enjoyable”: 
moderate rainfall, warm summer days, cool summer nights, 
and winters that aren’t LOO tough! As a matter of fact, the 
sun shines on Calgarians at least 330 days out of the year. 
(Last Februaly Mr. E. A. McKinnon reported daily to the 
assembled members at Albuquerque on the bright blue skies 
and 50-55 F temperatures in Calgary!) 

This bright, modern city is known affectionately by 
those who live there as the “01’ Cowtown.” Livestock 
ranching is, of course, one of the foundation industries of 
both Canada and the Province of Alberta, and Calgary 
early became one of the world’s largest cattle marketing 
centers. Not only has ranching been Calgary’s first sourcci 
of wealth, it has also given the city its warm-hearted char- 
acter-and B justly-deserved international reputation of 

Lidgary- 1968 

open. friendly haspit;di[y. So, if ASRM members don’t 
avail themselves of this opportunity to respond to a. warm 
wclrome from the 01’ Cowtown, they will miss what will 
no doubt be one of the bighliglr~s of a lifetime! 

But there’s much more to Calgary than cows: it is 
surrounded on three sides by an immense grain growing 
area, in recent years there has been a phenomenal growth 
in industry and tourism, and within the last 20 years--with 
the discovery of the Leduc oil fields-the whole of Alberta 
has exploded into one of the great petroleum producing 
centers of the world. Calgary is now the acknowledged oil 
headquarters of the rountry. 

Calgarians are not the only ones who recognize the 
advantages and potentials of the city and surrounding area; 
people from all parts of the world are attracted to this 
fascinating country and there are today approximately 
35,000 Americans living and working in the city, and more 
than 100,000 in the Province. 

Calgary’s facilities for fun and enjoyment are many and 
varied: almost all are open every day of the year. There 
are, far examplr, over 1,900 acres of parks, of which 
Heritage Park is the highlight. Here, in the form of an 
outdoor museum, are preserved the excitement, drama, 
and joys of bygone days. The authentic buildings and 
exhibits form a complete town which depicts life in this 
wesfcrn land prior to 1914; it’s a key to an honest under- 
standing of the history of Calgary and Alberta. 

Canada’s largest zoo~over 1,200 individual animals and 
birds-is found in Calgary’s St. George’s Island Park. Ads 
joining the 100 is Dinosaur Park where is presented a 
magnificent display of Alberta’s life forms during the Age 
of Reptiles. The Horseman’s Hall of Fame is a must, as 
its life~sized dioramas capture the color and spirit of the 
old West and pay tribute to those earlyday citizens of 
outstanding achievement. 

421 
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There is, too, a substantial offering of cultural arts, 
epitomized in the Allied Arts Centre which is unique in 
all of Canada. This Centre organizes, develops, and houses 
most of the cultural endeavors of the city: regular and 
special showings of paintings, sculpture, ceramics, and 
photography, and special facilities for the performing arts 
as well. The Glenbow Museum, the Glenbow Art Gallery, 
and the Southern Alberta Jubilee Auditorium--a 2,800-seat 
theater finished in satin walnut and Italian marble--are 
other major features that enhance the cultural life of this 
modern, sophisticated city. 

Don’t pass up this opportunity to visit the funland and 
wonderland of wcsfern Canada, to be the guests of ASRiWs 
Canadian members, and to enjoy one of the finest programs 
that has even been offered at an ASRM Annual Meeting. 
Convention headquarters will be at the Palliser Hotel (see 
ad on inside back cover); other hotels and motels also are 
listed herein. Should you wish additional information, write 
to Mr. E. A. McKinnon, Chairman, Local Arrangements 
Committee, 422 Crescent Road, Calgary, Alberta. 

Hotels Within Walking Distance of the Pall&r Hotel 
Single mJuble Twin 

Calgary I”” 
4th Ave. & 3rd St. SW $L5.50-10.50 19.50-20.50 19.50-20.50 

Caravan Motor Hotel 
414 4th Avr. SW $10.00 13.50 14.50 

Carlton Hotel 
1% 9th Ave. SW 3 5.50- 6.50 8.00 8.00 

Hotel York 
636 Cenlre St. South s 8.50 10.50-11.50 11.50-12.50 

Noble Motor Hotel 
119 12th Ave. SW $ 9.00 11.00 12.00 

Shrraton Summit Hotel 
4th Ave. & 1st Sf. SW $10.50 up 14.50 up 14.50 “P 

Motor Hotels Within Driving Distance of the Palliser Hotel 
Single Doub,e Twin 

Highlander Motor Hotel 
,818 16th Ave. NW $10.00 up 12.50 up 13.50 UP 

Travelodgc Motor Hotel 
7012 MacLeod Trail South $10.00 14.00 16.00 

westgate Motor Hotel 
1111 33rcl Sf. SW 96 8.00 10.00 11.00 

1 Person 2 Persom J Persons 
P,lue Bit-d Mote, 

3912 MacLeod Trail South 16 6.00 8.00 12.00 
Cascade Motel 

2363 1.4 Highway NW R 9.00 10.00-11.00 12.50 
Stampede Auto court 

4401 MacLeod Trail South 12.00 14.00 
The above is not a complete list of the hotels and motels 

available, but is presented to guide you in selecting a place 
to stay. To the best of our knowledge the information 
given is correct, but no guarantee is made on rates shown. 
Normally there is an ample supply of rooms during the 
winter months; however, it is strongly suggested you make 
your reservation early to insure getting what you want at 
the price you want. 
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Transportation Tentative Prbgram 

Train service to Calgary is by way of the Canadian Twenty-Second Annual Meeting 
Pacific and Canadian National. Airlines which serve the 
city include: Western Airlines, Air Canada, Canadian American Society of Range Management 

Palliser Hotel, Calgary, Alberta 
February 10-14, 1969 

Rangelands North of the Forty-Ninth 

Pacific, and Air West. You may want to get together with 
some friends to organize a tour group, or perhaps even 
charter a bus or plane. It’s a good way to lessen expense and 
have an enjoyable time while traveling. 

8 

1969 Range Plant Contest 

A regular feature of ASRM’s Annual Meeting, the Range 
Plant Contest is tentatively scheduled to be held on the 
second day (February 11) in the penthouse of the Palliser 
Hotel. Invitations for team participation have been mailed 
to all schools offering courses in range management. The 
number of schools which will take part in the competition 
is not yet known, although there will be one from Mexico- 
the Institute of Technical Studies at Monterey. 

A large rotating plaque (presently in the possession of 
Texas Technological College) goes to the high-scoring 
team; in addition plaques are awarded to the top three 
teams and the top three individuals. 

Additional details concerning this event may be obtained 
from the Range Plant Contest Chairman, Mr. Harold Goetz, 
Botany Department, North Dakota State University, Fargo, 
North Dakota 58102. 

A 

1969 Photo Contest 

All members of the American Society of Range Manage- 
ment are invited to participate in the annual photo contest 
held in conjunction with the Annual Meeting. Detailed 
instructions and contest rules were presented in the Septem- 
ber issue of the Journal of Range Management, page 350. 

REGIS~‘RATION : From 8:00 AM, Monday, February 10 
through 12:OO Noon, Thursday, February 13. 

For the Ladies 

The Ladies’ Program has been arranged by Mesdames 
Charles McKinnon, E. A. McKinnon, and W. R. Hanson 
with the help of many others. 

Monday, February IO-Get-acquainted coffee 2:00-4:00 PM; 
a variety of social activities in the evening under the 
direction of members from the International Mountain 
Section. 

Tuesday, February 11-Breakfast at the Husky Tower, fol- 
lowed by a city tour to include Jubilee Auditorium, 
Glenbow Museum, Conservatory, Aquarium, and other 
points of interest. 

Wednesday, February l&-Free day; ASRM banquet in the 
evening. 

Thursday, February 13-All-day bus trip to Banff, with 
lunch at Timberline and a tour of Banff. 

Friday, February 14-Accompany the men on post-conven- 
tion tours of nearby ranches (to be arranged if sufficient 
interest is shown). 

Monday, February 10 

SPECIAL MEETINGS: Board of Directors, Range Management 
Education Council, Advisory Council (Section Presidents), 
Association of Range Management Extension Specialists, 
and certain ASRM Committees as called. 

Tuesday Morning, February 11 

Advisory Council 

Mr. Peter V. Jackson, Chairman of the ASRM Advisory 
Council, reminds all Section presidents that the Council 
will meet at the Palliser Hotel, Calgary, on Monday, Feb- 
ruary 10, 1969. Insofar as possible the @residents elect, as 
well as the current Section presidents, should attend this 
meeting. Members of the Council are requested to advise 
Mr. Jackson beforehand of any matters they wish to have 
included on the meeting agenda. His mailing address is 
P.O. Box 112, Harrison, Montana 59735. 

8 
Association of Range Management Extension Specialists 

Mr. Barry Freeman has announced the newly-formed 
Association of Range Management Extension Specialists 
will meet in Calgary on Monday, February 10. The meeting 
will be in the Palliser Hotel; the scheduled time is from 
8:30 AM to 12:OO Noon. 

SESSION A: Welcome and Orientation 
Co-Chairmen: John Cross and Curtis Hughes 

Call to Order: President E. J. Dyksterhuis 
The Invocation: Archdeacon Cecil Swanson 
Welcome to Calgary: Mayor Jack Leslie 
Welcome to Alberta: Hon. A. J. Hooke, Minister, Depart- 

ment of Lands and Forests 
History of the Rangelands. Alex Johnston, Historical So- 

ciety of Alberta, Research Station, Lethbridge, Alberta. 
Climate. A. C. Carder, Agrometeorologist, Research Station, 

Beaverlodge, Alberta. 
Geology. Derek Wilson, Professor of Geology, University 

of Alberta, Edmonton, Alberta. 
Fescue Grassland and Mixed Prairie. R. T. Coupland, Pro- 

fessor of Ecology, University of Saskatchewan, Saskatoon, 
Saskatchewan. 

Aspen Parkland. Herman Vaartnou, Forage Ecologist, Re- 
search Station, Beaverlodge, Alberta. 

Tuesday Afternoon, February 11 

SESSION B: Keynote Session “Rangelands North of the 
Forty-ninth” 

&I 

Range Management Education Council 

The Range Management Education Council will hold Co-Chairmen: L. McKenzie Forbes and George Roskie 
its regular annual meeting at the Palliser Hotel, Calgary, on 
Monday, February 10, 1969. Dr. Ervin Schmutz, President 

Tundra Ranges North of Boreal Forest. David R. Klein, 

of the RMEC, has stated the meeting will begin at 1:00 PM. 
Wildlife Research Unit, University of Alaska, College, 
Alaska. 
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Rangelands of South-Central Alaska. Wm. W. Mitchell, 
Taxonomist-Ecologist, Agricultural Experiment Station, 
Palmer, Alaska. 

The Boreal Forest. George La Roi, Professor of Botany, 
University of Alberta, Edmonton, Alberta. 

Western Intermountain Ranges. E. W. Tisdale, Professor 
of Range Management, University of Idaho, Moscow, 
Idaho. 

The Clay Belt of Ontario and Quebec. Eric Comeau, Di- 
rector, Research Station, Cupuskasing, Ontario. 

Newfoundland and Eastern Seaboard Ranges. A. F. Ray- 
ment, Agronomist, Research Station, St. John’s West, 
Newfoundland. 

Tuesday Night, February 11 
Annual Business Meeting 

The Presidential Address: E. J. Dyksterhuis 
Report of Executive Secretary: Francis Colbert 
Report of Editor: Robert S. Campbell 
Other Business 
Installation of New Officers 
Response: Donald A. Cox, Incoming President 

Wednesday Morning, February 12 
Three Concurrent Sessions 

SESSION C. : Symposium “Rangeland Hydrology” 
Co-Chairmen: Farrel A. Branson and Teja Singh 

Interpretive Soil Classification for Watershed Management 
of Rangelands. Gerald Beke, Soils Scientist, Forestry 
Branch, Calgary, Alberta. 

Hydrologic Research in South Saskatchewan River Head- 
waters. Teja Singh, Watershed Research Coordinator, 
Forestry Branch, Calgary, Alberta. 

Hydrologic and Biotic Effects of Grazing vs Non-Grazing 
Near Grand Junction, Colorado. Gregg C. Lusby, U.S. 
Geologic Survey, Denver, Colorado. 

Water Balance on Rangelands. W. Russell Hamon, ARS, 
USDA, Boise, Idaho. 

Rangeland Hydrology as Influenced by Contour Furrow- 
ing. Earl L. Neff and J. Ross Wight, ARS, USDA, Sid- 
ney, Montana. 

Infiltration Characteristics of Prairie Soils. Don M. Gray, 
D. I. Norum and J. M. Murray, Department of Agricul- 
tural Engineering, University of Saskatchewan, Saskatoon, 
Saskatchewan. 

Hydrologic Response Units on Rangeland Watersheds 
Derived from a Consideration of Soils, Vegetation and 
Geomorphology. Charles B. England and G. R. Stephen- 
son, ARS, USDA, Beltsville, Maryland. 

Hydrologic Effects of Grazing Intensities at Cottonwood, 
South Dakota. Clayton C. Hanson and Armine R. Kuhl- 
man, ARS, USDA, Newell, South Dakota. 

Biotic and Hydrologic Variables in Prairie Potholes in 
North Dakota. Charles E. Sloan, U.S. Geological Sur- 
vey, Denver, Colorado. 

SESSION D: Northern Range and Pasture Development 
Co-Chairmen: A. A. Guitard and A. W. Bailey 

Potential Ranges North of 55O Lat. W. L. Pringle, North- 
ern Research Group, Beaverlodge, Alberta. 

Improving Ranges. Melvin Aaston, Pasture Improvement 
Branch, PFRA, Regina, Saskatchewan. 

Pasture Development in the Parkland of Saskatchewan. P. 
E. Polischuk, Director of Lands, Department of Agri- 
culture, Regina, Saskatchewan. 

The Grazing Reserve Development Program in Alberta. 
S. G. Klumph, Department of Lands and Forests, Ed- 
monton, Alberta. 

Range Management in the Forest Areas of Alberta. George 
H. Maduram, Forester i/c Grazing, Department of Lands 
and Forests, Edmonton, Alberta. 

Using Ranges in Northern British Columbia. E. R. Smith, 
District Forest Agrostologist, Grazing Division, British 
Columbia Forest Service, Prince George, B.C. 

Development of Ranges in Alaska. Burt Silcock, State Di- 
rector, BLM, Anchorage, Alaska. 

Beneficial Effects of Silverberry (Elaeagnus commutata) on 
Range Condition in Central Alberta. A. W. Bailey, As- 
sistant Professor of Range Ecology, University of Alberta, 
Edmonton, Alberta. 

SESSION E: Environmental Factors 
Co-Chairmen; S. B. Slen and J. J. Urick 

Urinary Calculi. C. B. Bailey, Animal Physiologist, Re- 
search Station, Lethbridge, Alberta. 

High and Low Planes of Nutrition. Robert Hironaka, 
Animal Nutritionist, Research Station, Lethbridge, Al- 
berta. 

Cold Stress in Cattle and Sheep. John Webster, Animal 
Physiologist, University of Alberta, Edmonton, Alberta. 

Nutrition of the Range Herd. Donald C. Clanton, Beef 
Animal Nutritionist, University of Nebraska North Platte 
Station, North Platte, Nebraska. 

Biting Insects. W. 0. Haufe, Research Station, Lethbridge, 
Alberta. 

Behavior of Fistulated Steers on a Desert Grassland. Tesfay 
Zemo and James 0. Klemmedson, Department of Water- 
shed Management, University of Arizona, Tucson, Ari- 
zona. 

Herderless Sheep Management on Mountain Ranges. James 
0. Blankenship, Range Conservationist, U.S. Forest Serv- 
ice, Paonia, Colorado. 

Wednesday Afternoon, February 12 
Three Concurrent Sessions 

SESSION F: Symposium “Grazing Systems” 
Co-Chairmen: Harold F. Heady and Robert W. Lodge 

Grazing Systems: Objectives, Definitions, Controversies. 
Harold F. Heady, University of California, Berkeley, Cali- 
fornia. 

Complementary Grazing Systems for the Northern Great 
Plains. R. W. Lodge, Research Station, Swift Current, 
Saskatchewan. 

Grazing Systems in the Southern Great Plains. E. H. Mc- 
Ilvain, Southern Great Plains Field Station, Woodward, 
Oklahoma. 

Grazing Systems in the Edwards Plateau of Texas. Leo 
B. Merrill, Texas Agriculture Experiment Station, Sonora, 
Texas. 

Grazing Systems for Pine Forests Ranges in the South. V. 
L. Duvall, Southern Forest Experiment Station, New 
Orleans, Louisiana. 

Grazing Systems in the California Annual Type. Don A. 
Duncan and Harold F. Heady, Pacific Southwest Forest 
and Range Experiment Station, Fresno, and University 
of California, Berkeley, California. 

Grazing Systems in Eastern Oregon. J. A. B. McArthur, 
Eastern Oregon Branch Experiment Station, Union, 
Oregon. 
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SESSION G: Rangeland Improvement 
Co-Chairmen: F. Dewitt Abbott and H. Ray Brown 

Forage Production on Lodgepole Pine Clearcuts in Mon- 
tana. Joseph V. Basile, U.S. Forest Service, Bozeman, 

Assisting Ranchers to Solve Their Own Problems. 
Montana. 

Thomas 
H. Pozarnsky, SCS, USDA, Mobridge, South Dakota. 

How Russian Wild Ryegrass is Performing for Stockmen 

The Feasibility of Using Butyl Rubber Catchment Mats as 
in Southern Saskatchewan. Mark R. Kilcher, Research 
Station, Swift Current, Saskatchewan. 

Sources of Stock Water in the Black Hills National 
Forest. Larry Dean Robinson, Range Conservationist, 

Pasture Production from Russian Wildrye in the Northern 

U.S. Forest Service, Newcastle, Wyoming. 
Plains. George A. Rogler and Russell J. Lorenz, North 
Great Plains Research Center, Mandan, North Dakota. 

Ear-Tagging: A New Method for Marking Range Live- 
stock. John W. Mumma, U.S. Forest Service, Collbran, SESSION J: Range-Wildlife Relationships 

Colorado. Co-Chairmen: James T. Nalbach and L. Jack Lyons 

Underground Gulleys-Piping Erosion. Richard D. Burr, 
U.S. Department of the Interior, Denver, Colorado. 

Take the Water to the Grass. Robert L. Sitz, Harrison, 
Montana. 

Evaluating the Forage Potential in the Southern Forests. 
David W. Sanders and H. L. Leithead, SCS, USDA, 
Hattiesburg, Mississippi and Ft. Worth, Texas. 

Aerial Reseeding after Logging. Daniel Renteria, U.S. De- 
partment of the Interior, Coulee Dam, Washington. 

Conservation Ranching under the Great Plains Program. 
H. L. Leithead, SCS, USDA, Fort Worth, Texas. 

SESSION H: Marketing Range Cattle 
Co-Chairmen: Lavon J. Sumption and R. T. Berg 
(Speakers names are omitted pending final acceptance) 

Can Carcass Grading 
ture Progress? 

Procedures Become a Pattern for Fu- 

What Cattlemen Can Learn from Canada’s 
Grading System Based on Cutout Value. 

New Hog 

Innovation for Flexible World Marketing-Prospects 
the Future-A Packer-Feeder View. 

for 

Marketing Wildlife from Rangeland. Wade H. Hamor, 
SCS, USDA, Lincoln, Nebraska. 

The Use of Range Site and Condition Surveys for Wild 
Game on Rangeland. Olan W. Dillon, SCS, USDA, Fort 
Worth, Texas. 

Pocket Gopher Influences on Mountain Grasslands in 
Western Colorado. George T. Turner, Rocky Mountain 
Forest and Range Experiment Station, Fort Collins, Colo- 
rado. 

Vegetation Response and Pattern of Deer Use Following 
Chaining of Pinon and Juniper. Don W. Minnich, 
Senior Game Biologist, Colorado Springs, Colorado. 

Sage Grouse Reaction to Sagebrush Removal by Herbi- 
cides. Donald A. Klebenow, Texas Technological Col- 
lege, Lubbock, Texas. 

Some Antelope-Range Relationships in the West Desert 
of Utah. Donald M. Beale, George W. Scatter, and 
Arthur D. Smith, Department of Range Science, Utah 
State University, Logan, Utah. 

SESSION K: Symposium “Rangeland Ecotypes” 
Co-Chairmen: Donald R. Cornelius and L. J. Klebesadel 

Vehicle Use of Public Lands in California. George D. 
Burma, BLM, Sacramento, California. 

A Producer-Oriented Approach to Cattle Marketing-A 

No-host cocktail party 
Annual banquet in the ballroom 

Breeder-Producer View. 

Master-of-Ceremonies: Harry J. Hargrave, Deputy-Director, 
PFRA, Regina, Saskatchewan 

Wednesday Night, February 12 
Annual Banquet 

The Genetic Potential for Ecotypic Improvement of Range 
Plants. A. A. Hanson, Chief, Forage and Range Branch, 
ARS, Beltsville, Maryland. 

Rangeland Ecotypes of the Intermountain and Pacific 
Northwest Regions. E. W. Tisdale, Professor of Range 
Management, University of Idaho, Moscow, Idaho. 

Rangeland Ecotypes-Alaska. L. J. Klebesadel, Agricul- 
tural Experiment Station, Palmer, Alaska. Speaker: Hon. J. Grant MacEwan, Lieutenan 

Province of Alberta, Edmonton, Alberta 
t-Governor, 

Thursday Morning, Febraury 13 
Three Concurrent Sessions 

SESSION I: Rangeland Production 
Co-Chairmen: James P. Blaisdell and S. Smoliak 

Deferred Grazing: A Partial Solution to Overgrazed Foot- 
hills Range. Marvin Costello, Stevensville, Montana. 

Systems of Managing Crested Wheatgrass for Sustained 
Maximum Production (at Different Seasons). Neil C. 
Frischknecht, Intermountain Forest and Range Experi- 
ment Station, Provo, Utah. 

The Challenge of Northwest Forest Grazing. George A. 
Garrison, Pacific Northwest Forest and Range Experiment 
Station, La Grande, Oregon. 

Grass Varieties from Rangeland Ecotypes in the Great 
Plains. M. D. Atkins, Regional Plant Materials Spe- 
cialist, SCS, USDA, Lincoln, Nebraska. 

Rangeland Ecotypes-Southwest. Phil Ogden, University of 
Arizona, Tucson, Arizona. 

Rangeland Ecotypes of Canada. Herman Vaartnou, Re- 
search Station, Beaverlodge, Alberta. 

Identification of Artemisia Species through Thin-layer 
Chromatography. J. R. Brunner, Winnemucca, Nevada. 

Observations on One Million Acres of Kansas Cropland 
Seeded to Native Grasses. Lester R. Branson, SCS, USDA, 
Manhattan, Kansas. 

Thursday Afternoon, February 13 
Four Concurrent Sessions 

Estimating Annual Yields of Gambel Oak (Quercus gum- 
be&) from Measurements of Foliage Cover and Basal 

SESSION L: Rangeland Economics 

Area. Selar S. Hutchinas and Lamar R. Mason. U.S. Co-Chairmen: J. Baden Campbell and H. T. Hargrave 

Forest Service and Soil 6onservation Service, Ogden and Livestock Distribution Practices: An Economic Evaluation. 
Salt Lake City, Utah. Jack F. Hooper and John P. Workman, Department 

Energy Balance and Its Relationship to Foliar Cover in a of Range Science, Utah State University, Logan, Utah. 
Native Grass Community. J. K. Aase and J. Ross Wight, An Analysis of Factors Affecting Ranch Profits. Lorenz F. 
ARS, USDA, Sidney, Montana. Bredemeier, Madison, Wisconsin. 
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Economic Effects of a 1%Year Management Program on 
the Dog Iron Ranch, Hyattville, Wyoming. J. R. Bell, 
SCS, USDA, Worland, Wyoming. 

Some Methods of Rangeland Improvement and the Eco- 
nomics Involved on a Northeast Montana Cattle Ranch. 
Charles M. Jarecki, Polson, Montana. 

Inputs-Outputs. Bruce Bowler and William R. Meiners, 
Attorney-at-Law and BLM, USDI, Boise, Idaho. 

Local Cooperation in the North Cal-Neva Resources Con- 
servation and Development Project. James A. Linebaugh, 
SCS, USDA, Cedarville, California. 

SESSION M : Rangeland Management 
Co-Chairmen: Peter V. Jackson and Pete Hill 

Range Resource in Montana. Robert L. Ross, Range Con- 
servationist, SCS, Bozeman, Montana. 

Grazing Patterns and Utilization of Pinyon- Juniper-Grass- 
land Range by Cattle in Southcentral New Mexico. Rex 
D. Pieper, New Mexico State University, Las Cruces, New 
Mexico. 

Chemical and Physical Soil Changes Due to Erosion Con- 
trol Treatments of Salt Desert Shrub Range in South- 
eastern Utah. Ross W. Wein and Neil E. West, Depart- 
ment of Range Science, Utah State University, Logan, 
Utah. 

Range Trend as a Basis for Adjusting Livestock Grazing 
Programs. Dean R. Isaacs, SCS, USDA, Denton, Texas. 

Improving Oregon Rangeland through Cooperative Efforts 
of Ranchers and Government. Louis A. Bruner, USDA, 
ASCS, Portland, Oregon. 

Development of New Mexico Inter-Agency Range Com- 
mittee. D. L. Merkel and W. F. Currier, SCS, USDA, 
Santa Fe, New Mexico. 

Increased Grass Production. Henry Drga and Frank Drga, 
Big Sandy, Montana. 

SESSION N: Soil-Plant Relationships 
Co-Chairmen : Jack E. Schmautz and E. C. Wyldman 

Soil Moisture Regime under Different Levels of Foliage 
Removal on a Seeded Foothills Range in Central Utah. 
George B. Coltharp and John C. Buckhouse, Department 
of Range Science, Utah State University, Logan, Utah. 

Soil Moisture Relationships of Certain Salt Desert Shrubs. 
Robert E. Steger, Area Range Specialist, Fort Stockton, 
Texas. 

Site Factor Relationships with Volatile Oils in Big Sage- 
brush. Jeff Powell, Humbolt State College, Arcata, Cali- 
fornia. 

Root Development and Pulling Problems of Big Bluegrass. 
Marshall R. Haferkamp and Pat 0. Currie, Rocky Moun- 
tain Forest and Range Experiment Station, Fort Collins, 
Colorado. 

A Comparison of Vegetation and Soils on a Relict Area vs 
a Grazed Area in the Southern Mixed Prairie. Jimmy 
W. Brown and Joseph L. Schuster, Texas Technological 
College, Lubbock, Texas. 

Vegetative Comparison of a Relic Area and an Over- 
grazed Range. Sterle B. Dale, SCS, USDA, Billings, 
Montana. 

A Relict Study Area on Starvation Butte in Southeastern 
Montana. Philip E. Van Cleave, SCS, USDA, Miles City, 
Montana. 

SESSION 0 : Rangeland Physiology 
Co-Chairmen: Rudy J. Pederson and Joseph C. Zacek 

The Nature of Tiller Development in Boutelouu gradis. 
.J. Stubbendieck and D. F. Burzlaff, University of Ne- 
braska, Lincoln, Nebraska. 

Temperature of Head Fires in Relation to Quantity of 
Grass Fuel. Kenneth J. Stinson and Henry A. Wright, 
Texas Technological College, Lubbock, Texas. 

Respiration under Snow. James E. Guest, Range Manage- 
ment Department, University of Wyoming, Laramie, 
Wyoming. 

Community Dynamics in the Mixed Prairie of Southeastern 
Montana during the 1936-1964 Period. J. Ross Wight 
and Larry M. White, ARS, USDA, Sidney, Montana. 

Size, Density, Growth Rate and Age of Rocky Mountain 
Juniper and Interrelationships with Environmental Fac- 
tors. Carl L. Wambolt, University of Wyoming, Laramie, 
Wyoming. 

Relationships of Phytosociological Changes and Grazing in 
Alpine Hairgrass Meadows. Charles D. Bonham, Depart- 
ment of Watershed Management, University of Arizona, 
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Response of Aspen Reproduction and Forage Production 
to Silvicultural and Soil Treatments Applied on Aspen 
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Thursday Night, February 13 

Special Program: Meet Canada 

Friday, February 14 

Post-convention tours to nearby 
sufficient interest is shown. 

ranches to be arranged if 

Special Notice-Range Seeding Equipment Committee 

Chairman A. B. Evanko has announced the Range Seed- 
ing Equipment Committee will hold its 23rd annual meet- 
ing on February 8-9, 1969, in Great Falls, Montana. 
Arrangements are being made for the meeting headquarters 
to be at the Rainbow Hotel. Mr. Evanko will provide 
further details to the subcommittee chairmen. 

Committee members and others are urged to pass the 
word on the time and place of this meeting for the benefit 
of those who may overlook this notice. Registration for 
the ASRM Annual Meeting begins on February 10, and 
Calgary is only 270 miles from Great Falls. 
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Has It Slipped Your Mind? 
Ballots must be received in this office no later than No- 

Is the Person Next to fiou a Member? 

vember 30 to be counted. It is important that your voice 
If he isn’t, perhaps he should be. Why not ask him? 

be heard regarding our next President Elect, two new There are many people who are interested in and/or work- 

Directors, and about the proposed additions to membership ing with the rangeland resource, and we hope you know 
classes. So, if your ballot is still lying around somewhere, at least one to whom you can give the membership appli- 
mark your choices and mail it today. cation brochure mailed out with your 1969 membership 

card. 

Why Wait ‘Til the Last Minute? 
Membership dues for 1969 are due and payable by 

January 1. The Society is developing a number of plans 
to bring increased benefits and services to its members 
this coming year. Hence, it will be of great advantage to 
both ASRM and yourself if you can take care of next 

8 

Have You Moved? 

Do yourself and us a favor by sending to the Executive 
year’s dues before the end-of-the-year holiday rush. Secretary’s office your new address as promptly as possible. 

430 
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THE Pb 
We’re looking forward to welcoming the American Society of Range 
Management Convention. Please consider this your personal invita- 
tion. There’s no more convenient hotel than the newly decorated 
Palliser, home of the convention. Our service is impeccable - in keep- 
ing with the highest Canadian Pacific standard. Every city has its 
great hotel. In Calgary it’s The Palliser - the right downtown hotel. 

CP Hotels N 
i 

American Society of Range Management 
February lOth, through February 13th, 1969. 

I 
CONVENTION HOUSING THE PALLISER, CALGARY, ALTA., CANADA I 

1 Please reserve for ____________ ____ ______ _ ___.____.___.__________ ______ _______ ____ ______. __._______._ ____._._.. _.______._______ 1 

1 Address ____..________.______._____.._____ _ _______________________._ . . .._...._....City............... _.._____._._ __ .__._ ______._._ 1 

1 

1 

Arrival date__ ___________ _ _______ -Time.. _____ . .._.....__..a.m./p.m. Departure date__________._.._____._. 
I 

Check @type of accommodation preferred (all rooms with bath, TV and radio). I 
I 0 Single room (1 person) $12.00 0 Twin or double (2 persons) $16.00 I 
i 0 Suites at regular rates 0 Bed sitting room at regular rates 

Free parking for registered guests. 
i 

L -_--___-__-__-1__---________I______ -J 
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