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Editorial 
The Trail Boss 

HAROLD F. HEADY 

Professor of Forestry (Range Man- 
agement), University of California, 
Berkeley. 

Since “The Trail Boss” became 
the Society’s trade mark, I have 
wondered at the image it por- 
trays and have heard various 
opinions expressed. The one I 
prefer is the Boss’s dedication 
to a job and his determination 
to reach his goal no matter the 
set backs from storm, fire, and 
Indians. All will agree that the 
image of putting out all that he 
has to reach his objective in the 
face of adversity is a fitting 
motto for the Society and for us 
as individuals. 

Also the emblem may suggest 
to some that the range manage- 
ment objective has concern with 
livestock. If the concern is only 
with livestock, I believe that the 
image is much too narrow. It is 
this area of range management 
objectives to which the follow- 
ing remarks are addressed. 

Range managers, because of 
the breadth of their training and 
their job responsibilities, are 
land managers. Their concern is 
with all the resources of the land. 
They are practicing ecologists in 
a broad sense, as they are con- 
cerned with the whole of the 
landscape, the production of 
goods and services from the land- 
scape, and man’s impact on the 
landscape. The range manager 
is vitally concerned with the im- 
pact of consumer organisms on 
the landscape, including domes- 
tic animals, wild animals, and 
man himself. Recently increased 
importance of wild animals and 
of recreational man in the range- 
land setting needs further recog- 
nition. This leads me to suggest 
that the range manager should 
exercise initiative and leadership 
in rangeland management where 
the objective is more than live- 
stock production. He has the 
fundamental knowledge and ex- 
perience to accomplish efficient 
land use of several types. 

The range man’s animal man- 
agement problems and solutions 
are centered on 5 principles. 
They are correct stocking rate, 
season of use? frequency of use, 
kind of animal, and distribution 
of animals. These are so widely 
known and applied in livestock 
management that it may be trite 
to repeat them. I do so for the 
purpose of emphasizing that 
much in successful game-range 
management depends on the 
same five principles. Range 
management is still range man- 
agement whether the animals 
used are domestic or wild. It 
seems to me that the range man- 
ager’s knowledge and experience 
in using these principles of man- 
aging the influence of animals 
on their food and cover resources 
is as vital to game management 
as it has been to successful range 
livestock management. 

The relatively new and rapidly 
expanding field of wildland rec- 
reation can use these same prin- 
ciples. Man as a camper, hiker, 
and hunter in wildland situations 
exerts pressures on wild lands in 
terms of his numbers, season of 
use, frequency of use, kind of 
use, and his distribution. Many 
problems of recreational use are 
problems within these five areas. 
Their solutions lie in the applica- 
tion of concepts with which the 
range man is already familiar 
and experienced. It is a short 
step from rotation of grazing to 
rotation of camp grounds and the 
rotation of trampling by human 
feet. The increasingly critical 
problem of recreational horse 
grazing is a range problem which 
should be solved by range peo- 
ple. 

Range managers are concerned 
with the manipulation of vege- 
tation as much as they are with 
animals. Very large bodies of in- 
formation on seeding, control of 
noxious plants, fertilization, and 
soil conservation prove this point 
conclusively. Game management 
and recreational management 
are also concerned with manipu- 
lation of natural vegetation. 
Range managers can and do con- 
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tribute to these fields but I be- 
lieve the changing demands on 
our wild lands gives us a largely 
untaken opportunity to be more 
effective as land managers. Man- 
agement of vegetation for game 
and recreational purposes is a 
new challenge demanding vision- 
ary thinking which range people 
can provide. 

The purpose of the Society, as 
stated in every Journal issue, 
can be interpreted to include the 
uses of wildland for game and 
recreation but it takes some 
word-twisting to do so. “The 
science and art of grazing land 
management” could include rec- 
reational areas but I believe our 
profession is saying too frequent- 
ly that these are no longer “graz- 
ing areas” when actually they 
are areas “grazed” by man. “. . . 
sustained use of forage, soil and 
water resources” again confines 
the application of our subject 
matter facility too closely to the 
livestock industry by the choice 
of the word “forage.” “. . . sus- 
tained use of vegetation, soil and 
water resources” would be more 
suitable. The Society’s objec- 
tives need revising. 

These comments do no injus- 
tice to the fact that range man- 
agement has a principle orienta- 
tion toward livestock, but grow- 
ing “conflicts” over the use of 
rangeland for domestic animals, 
game animals, and recreational 
purposes will not be solved in 
the best interests of all land 
users until the range manager 
applies his special facility in 
solving those problems. We need 
to stimulate our interest and in- 
crease our influence in all wild- 
land management problems. 

It is fortunate that The Trail 
Boss portrays a man, a man will- 
ing to accept responsibility, and 
a man capable of delivering the 
goods in the face of adversity. 
The dedication of The Trail Boss 
to the herd makes it a fitting 
symbol of the range manager’s 
dedication to animals, land, and 
people. Both The Boss and to- 
day’s range manager are more 
than just cowboys. 



Rangelands-Challenge 
fo the Pocketbook1 

M. L. UPCHURCH 

Administrator, Economic Research 
Service, U.S.D.A., Wa.shington, D.C. 

Highlight 
Rangeland users can expeci to 

share in the growing market for beef 
in the next 20 years. But they may 
face increasing competition from 
other types of producers. Good range 
management in the future will re- 
quire prudent investment and the 
ability fo benefit from business man- 
agement and partial ownership of 
resources. 

Any rancher who has fed $60 
hay to $80 cows and has avoided 
foreclosure on a piece of range- 
land during tough years does not 
need to be reminded of chal- 
lenges to the pocketbook, Cer- 
tainly, there have been chal- 
lenges in the past and there will 
be others in the future. Since 
man first domesticated animals, 
the rangeland user has had to 
face the challenges of nature and 
the challenges of the economic 
and social environment in which 
he found himself. Both, at times, 
seemed to conspire against him; 
occasionally both smiled in his 
favor. 

The “Pocketbook” problems of 
rangeland use during the next 
20 years will be closely linked 
with the economics of the beef 
cattle industry. Sheep, wildlife, 
watershed, recreation, and other 
uses of rangeland will all play 
their part, but the cow business 
predominates most range use. 

In looking at past and probable 
future trends in the consumption 
of beef, it is easy to become op- 
timistic about the economic fu- 
ture of beef ,producers. Popula- 
tion is increasing and will con- 
tinue to increase. Per capita in- 
comes are increasing and likely- 
will continue to grow. Both fac- 
tors increase the total demand 
for beef. The taste for beef, a 

IPaper presented .at Annual Meeting, 
American Society of Range Manage- 
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relatively expensive food, seems 
to grow with increasing incomes. 
So the outlook for growth in the 
beef business seems probable in 
the long run. 

These probable trends for the 
next 20 years suggest optimism 
about the future of the rangeland 
owner and user. Grain is a rela- 
tively cheap resource in the 
United States and likely will re- 
main so despite the growing ex- 
port demand and the need for 
grain for direct human consump- 
tion. With relatively cheap grain, 
and with our growing taste for 
grain-fed beef, the demand for 
feeder animals through which 
grain is marketed would appear 
to be increasingly strong. At 
times in the past we have seen 
feeder cattle bring more on the 
market than finished cattle; the 
livestock feeder operated on a 
negative margin. Such price re- 
lationships may occur more fre- 
quently in the future. Feeder 
animals are a major product of 
rangeland. In such a setting, one 
could conclude that the range 
user’s role would be simply a 
judicious expansion of inputs on 
the range. Thus, the rancher 
could feel confident of an increas- 
ing estate and a comfortable re- 
tirement in 20 years. 

But this does not mean that all 
beef producers are going to make 
money all the time ,during the 
next 20 years. Even with a gen- 
eral strengthening demand for 
beef, producers of feeder stock 
and producers of slaughter ani- 
mals will continue to face chal- 
lenges to their pocketbooks as 
costs of production and price re- 
lationships vary over time. 

Range users will have oppor- 
tunity to participate in expand- 
ing production of feeder cattle. 
But they will not necessarily be 
in a dominant position. The 
range is not the only place where 
feeder cattle can be raised. Beef 
cattle production has expanded 
in almost all regions of the 
United States, including areas 
predominated by crop farming, 

dairying, and specialty crop pro- 
duction. Recently we have seen a 
great expansion in beef cow num- 
bers in the South and Southeast. 
Throughout the United States we 
have a great potential for beef 
cattle raising using many differ- 
ent types of feed. So the beef 
producer who uses rangeland 
will compete increasingly with 
producers who use other types of 
feed resources. 

Despite this competition, we 
will continue to have (at least 
for the next 20 years) vast acre- 
ages of land used for the produc- 
tion of grazing animals. About 
half the total land area of the 
continental United States is now 
used for this purpose. Most of 
our present acreages of range- 
lands are used for livestock graz- 
ing now because they are either 
not suitable for or are not needed 
for other purposes. Simply, un- 
der present economic and tech- 
nological conditions we have 
about a billion acres of land that 
are managed most profitably by 
permitting grazing animals to 
harvest the forage produced. 
Only in this way can the forage 
from such land be economically 
collected, concentrated, trans- 
ported, and converted into a 
product suitable for human use. 

But this condition may not per- 
sist universally and indefinitely. 
Our rangelands of today are gen- 
erally residual lands; that is, 
they are lands that no one else 
wants or needs for more inten- 
sive uses in our present economic 
environment. By selection over 
the years we have reserved for 
other uses the lands most re- 
sponsive to intensive inputs, and, 
on the other hand, we have left 
to range use the lands least re- 
sponsive to intensification. 

This process of selection is a 
perfectly normal result of the op- 
erations of an economic and so- 
cial system where men have had 
the freedom to choose how to use 
the resources at their disposal. 
This process of selection, how- 
ever, raises some interesting 
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questions about the future 
nomic use of rangeland. 

eco- 

As our market for beef con- 
tinues to grow in the long run, 
what is the potential for the 
range stock producer to intensify 
production in competition with 
producers using other types of 
resources? During the past 30 
years we have learned much 
about how to make rangelands 
more productive. Better grasses, 
better techniques for livestock 
management, w at e r develop- 
ment, fencing, brush control, and 
a host of other practices have 
been developed and brought into 
common use. Much improvement 
has been made, and further im- 
provements are possible and 
likely. However, the rangeland 
user must not forget that he is 
dealing with a resource that has 
relatively low capacity to absorb 
inputs profitably. Thus, the 
rangeland user m u s t calculate 
carefully the response he can ex- 
pect from added investments in 
range improvements and the 
risks of such investments, and he 
should compare expected returns 
with those he might get from al- 
ternative investments. Specifi- 
cally, if a rancher has $5,000 to 
invest, should he reseed a section 
of range, or should he improve 
the irrigation system for his hay 
meadows? The answer, of course, 
depends on circumstances in 
each individual case. Generally, 
we find that added investments 
pay off best when applied to the 
most productive land. Similarly, 
an investment in beef-producing 
capacity on good farmland may 
yield more beef per dollar input 
than a like investment on low 
yielding range. 

This does not mean that in- 
vestments for range improve- 
ments will not continue to be 
made. They will be. It does mean 
that ranchers, or the public, who 
make such investments must be 
continually prudent to avoid mis- 
use of resources. As land becomes 
more costly, the chance for er- 
rors that put the range livestock 
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business in the red instead of the 
black becomes greater. 

The technology of livestock 
production, whether on the farm 
or the ranch, is becoming increas- 
ingly sophisticated. Breeding and 
management of both sheep and 
cattle have been steadily im- 
proved. Drugs to increase inci- 
dence of twins, to regulate breed- 
ing cycles, and to speed growth 
rates are now known and could 
come into common use in the 
years ahead. To make the most 
of these advanced techniques 
will require increasing attention 
to livestock nutrition. Thus, we 
may see a time when we cannot 
afford to use low-capacity range 
for high-capacity livestock. In 
this case, we may very well find 
it more profitable to concentrate 
livestock production on our bet- 
ter land and on harvested feeds, 
while we leave the poorer range- 
land to game, recreation, and 
watershed purposes. 

In common with trends 
throughout agriculture, we can 
expect ranches of the future to be 
larger and fewer in number. The 
usual reason given for increasing 
the size of a ranch is to reduce unit 
costs of production. While it is 
true that some ranches are inef- 
ficiently small, the chief reason 
for the trend toward larger units 
is to provide the rancher with 
more total income whether or 
not unit costs are decreased. 
Most ranchers, like nearly every- 
one else, want more income. If 
they can increase their individ- 
ual incomes by running a 500- 
head spread, rather than 300 
head, they will do so. Modern 
equipment makes it possible for 
a man to handle more land and 
more animals than he did 20 
years ago. With this possibility, 
size of ranches will continue to 
increase. 

Traditionally we have thought 
of the range livestock producer 
as a combination entrepreneur, 
laborer, and investor. He wore 
three hats. As an entrepreneur 
he decided what resources were 

to be used and he made the man- 
agement decisions. His role as a 
self-employed laborer was obvi- 
ous. He was also an investor to 
the extent that he had his own 
money in the assets of the busi- 
ness. 

In the future, the rancher may 
become more the entrepreneur 
and less the investor. This 
change will come as a result of 
economic forces and trends in 
prices of ranch property. These 
trends have been going on for 
the past 75 years, and I expect 
they will continue for another 20. 
This suggests that we take a 
long look at the traditional roles 
of the entrepreneur, the asset 
owner, and the investor in the 
ranching business. 

Let us start with the investor. 
An investor is one who has a 
money equity in a production 
good, whether the good be range- 
land, the cattle grazing on it, or 
the ranch equipment. The in- 
vestor need not also be the owner 
of the good; he may be the mort- 
gage holder. Investors are those 
who desire to obtain an interest 
return on their money. An in- 
vestor may also be the owner in 
which case his investment is rep- 
resented by his equity in the 
land and other property. His re- 
turn as an investor is the mort- 
gage rate of interest. This is the 
“opportunity cost” of his invest- 
ment because presumably, he 
could put his money in some 
other business and earn the go- 
ing rate of interest. 

The owners of production 
goods obtain their returns in the 
form of contractual rents, which 
are based on “economic rents.” 
These, in turn, are based on, but 
not equivalent to, the value of 
the product attributable to the 
resources used. The net return 
to ownership represents the dif- 
ference between contractual rent 
and the mortgage rate of inter- 
est. Owners may also be inves- 
tors, in which case they receive 
both an ownership return and an 
investor’s return. On the other 
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hand, owners may have very lit- 
tle of their own money “in- 
vested” in the resources they 
own. In this case they are in- 
terested chiefly in the ownership 
return - rather than the inves- 
tor’s return. 

Entrepreneurs obtain their re- 
turns in the form of profits 
which result from a production 
process. Profits represent the 
difference between the value of 
the product derived from a re- 
source and the contractual rent 
or charge for that resource. An 
entrepreneur may or may not 
choose also to be an owner of 
resources or an investor in them 
depending upon how he views 
the prospective value of the rent. 
Sometimes entrepreneurs prefer 
to vie for the profits of entre- 
preneurship rather than the 
rents of a landlord or the interest 
of the investor. 

Let me illustrate the above re- 
lationship. Suppose we have an 
acre of meadow worth $100; the 
rent is $10; the mortgage interest 
is $6; it produces a net value 

. product of $20 (including rent). 
In this example the entrepre- 
neurial return is $10 ($20 value 
product minus $10 rent). The 
ownership net return is $4 ($10 
rent minus $6 interest) the in- 
vestor’s return is $6. 

Why, you may ask, would any- 
one prefer the $4 net to owner- 
ship over the $6 net to invest- 
ment? The reason is clear when 
you consider that for a 20% 
equity, or $20, an owner after 
paying $4.80 in interest on the 
$80 mortgage would realize a net 
of $5.20 as an owner, or 26% on 
his investment. 

The entrepreneur earns and 
receives his managerial profit 
whether or not he “owns” the 
production resource. Ownership 
is not essential but it does give 
the entrepreneur a measure of 
security in a continuing business, 
Although it is not essential, 
many entrepreneurs and typi- 
cally ranchers prefer to “own” 
their resources. But ownership, 
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as we have seen, is not synony- 
mous with investment. A rancher 
can participate in the advantages 
of ownership without being a 
1003 investor. The decision on 
whether and how much to invest 
is a separate matter from owner- 
ship or from entrepreneurship. 

At one time, and perhaps until 
recently, it generally was pru- 
dent for operating ranchers to 
“invest” their own earnings and 
savings in the ranch properties 
they used. Many strove to in- 
crease their equities as fast as 
possible. These properties were 
perhaps as good as any other 
kind of investment. Nowadays 
it is becoming more doubtful 
whether ranch properties are a 
good, or I should say, the best 
investment for the operating 
rancher. The reason for this 
question is not because the prop- 
erties are no longer productive. 
They are highly productive. The 
reason is because they are over- 
priced in today’s market, over- 
priced, that is, for the operating 
rancher based on returns from 
production. 

I have no completely satisfac- 
tory explanation for the price of 
ranch properties. Often current 
land values are not justified by 
current levels of economic rent. 
There are several other factors 
affecting the present price of 
land. For one, there are buyers 
who are more interested in long- 
term gains or value appreciation 
than in current return on current 
values. This situation is analo- 
gous to the “growth” stocks of the 
financial market in which the in- 
vestor hopes for increased value 
of stocks more than current divi- 
dends. Some ranch properties 
are returning as little as 1 or 2% 
on current values. These long- 
term investors hope to recoup in 
rising land values, what they 
forgo in the way of current re- 
turns on investment. Most op- 
erating ranchers are not able to 
play that kind of game. They 
need their financial resources for 
upgrading their day-to-day op- 

erations, .for improving produc- 
tivity and efficiency of current 
operations. 

This being the case, the best 
current strategy for the operat- 
ing ranchers is to let someone 
else, the bank or another indi- 
vidual, carry most of the long- 
term investment. One challenge 
of the next 20 years to the op- 
erating rancher will be to accept 
this new role; that is, the role of 
the operating entrepreneur as 
distinct from the role of investor. 

We are thinking of an operat- 
ing manager who has a minimum 
equity in the ranch real estate, 
who is satisfied to let someone 
else (a banker or individual) ac- 
cept a relatively low rate of re- 
turn on his investment, and is 
willing to pay that charge. In 
doing this, the rancher can keep 
his own money invested in op- 
erating capital - better bulls, 
good winter rations, adequate 
equipment, range improvements, 
and so on, in which the value 
product is greater and for which 
the loan rate of interest is higher 
than for land mortgages. 

Lending institutions will have 
the challenge of learning to live 
with a situation in which bor- 
rowers continuously have low 
equities in their ranch real es- 
tate. Some lenders already ac- 
cept the idea of refinancing their 
borrowers periodically. Since 
lenders are in the money-loaning 
business, they should not object 
to having steady customers. 

Range producers are going to 
face increasing competition from 
livestock producers using other 
types of resources and they are 
going to face increasing costs, 
particularly costs of land. This 
situation will force the range 
livestock producer to be an in- 
creasingly prudent business 
manager if he is to survive an- 
other 20 years. 

Prudent management will in- 
clude careful choices in the kinds 
of range improvements he 
makes. As he is dealing generally 
with a resource having a rela- 
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tively low capacity to absorb in- for operating capital, and take 
puts, it is very easy to overin- the entrepreneurial and owner- 
vest -that is, to spend more ship gains rather than returns on 
money on improvements than he mortgage capital. 
will get out of them. Or he may Finally, I should expect man- 
spend money on range improve- agement of range livestock and 
ments when equal expenditures rangeland to become increasing- 
for something else would bring ly sophisticated. Typically, as 
greater returns. this occurs, the chances of greater 

Prudent management will in- profits and greater losses present 
elude also careful decisions re- themselves. Livestock with a 
garding his role as entrepreneur, greater capacity for production 
owner, or investor. The rancher will become available. To take ad- 
may find it advantageous to let vantage of this capacity, the 
someone else do the investing, or rancher will have to give greater 
most of it, someone who may be attention to nutrition and man- 
content to accept a mortgage rate agement. This may mean that he 
of return on capital. In this case, cannot afford to use the poorer 
the rancher can maintain mini- rangelands at all. It may also 
mum equity, use his own money mean that even greater invest- 
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Geographic Distribution and Factors 
Affecting the Distribution of Salt Desert 

Shrubs in the United States1 
F. A. BRANSON, R. F. MILLER, AND I. S. McQUEEN 

Botanist, Soil Chemist, and Research Hydrologist, Water 
Resources Division, Geological Survey, U.S. Dep. of the 
Interior, Denver Federal Center, Denver, Colorado. 

Highlight 
Four previously published classi- 

fications of infermounfain shrub 
vegetation and a new classificafion 
based on maximum salt tolerances 
and wafer relationships are pre- 
sented. Maps show fhaf the geo- 
graphic range of salt desert shrub 
species far exceeds the disfribufion 
of mappable communities in which 
these shrubs are dominants. Species 
differ in their capacity fo foleraie 
soil osmotic sfress, but variable re- 
sults from measurements of osmotic 
stress in 20 different plant communi- 
ties indicafe fhaf additional facfors 
must be important in determining 
species present in different habitats. 
Data obtained by the use of a new 
method of measuring fofal soil mois- 
ture stress in field samples show thai 
the capacity of different species to 
remove soil moisture fo different 
maximum stresses appears fo defer- 
mine ihe kinds of plants fhaf occupy 
differed habitats. Total soil mois- 
ture stresses for 14 plant communi- 
ties sampled ranged from 19 fo more 
than 90 bars. 

1 Publication authorized by the Di- 
rector of the U.S. Geological Sur- 
vey. 

The phrase “salt desert shrub” 
has been interpreted in a variety 
of ways by different authors. The 
vegetation commonly found be- 
low 5,500 ft. in the Great Basin 
and eastern Utah with exten- 
sions into many other States has 
been referred to as a “forma- 
tion”, a “desert”, a “biome”, a 
“zone”, a “type”, an “area”, a 
“province”, and possibly by other 
names. For the most part, these 
names represent different points 
of view rather than confusion. 
Admittedly, most classification 
systems are artificial but they 
are helpful to anyone who tries 
to understand complex natural 
phenomena. Before reviewing 
the classification systems that 
have been applied to salt desert 
shrub vegetation, a brief evalua- 
tion of the meager information 
available on the origin of Great 
Basin desert species may be in- 
formative. 
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ments on the better lands will be 
justified. 

The next 20 years will present 
plenty of challenges to the poc- 
ketbook of the rangeland user. 
We have seen many changes in 
rangeland use in the past 20 
years. Many of these changes 
have been brought about by the 
imaginative and dedicated work 
of the people represented by the 
American Society of Range Man- 
agement. We will see even more 
changes in the next 20 years. 
Members of this Society will de- 
velop the technology and pro- 
vide the leadership that will 
guide these changes in the years 
ahead. I am confident that the 
future will be in good hands. 

8 
Origin of Salt Deseri 

Shrub Vegetation 

In terms of geologic time, the 
deserts east of the Sierra and 
Cascade Mountains are of rela- 
tively recent origin. During 
epochs as recent as Pliocene (less 
than 10 million years before pres- 
ent), Axelrod and Ting (1960) 
propose that Sierran forests, re- 
quiring 20 to 25 inches more pre- 
cipitation than now occurs, oc- 
cupied lowlands of the western 
Great Basin. The Sierra-Nevada 
Mountains rose 3,000 ft. in early 
Pleistocene, another 3,000 ft. by 
mid-Pleistocene and still another 
1,000 to 1,500 ft. by the end of 
Sangamonian time (ca 70,000 
years before present). The in- 
creased aridity inland caused by 
the rise of Pacific Coast moun- 
tain ranges resulted in the 
change from mesophytic forests 
to drought tolerant shrubs. 

Early Pleistocene (ca 1 ,OOO,OOO 
years before present) was moist 
and cool in the Great Basin. 
From the fossils of herbivores 
such as bison, camel, elephant, 
and horse it is inferred that 
grasslands were widespread in 
the Great Basin in early Pleisto- 
cene (Axelrod, 1950). Conifers 
and woodlands were found at 
lower altitudes than today and 
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deserts were much restricted. 
The present vegetation devel- 
oped from Tertiary floras which 
Axelrod (1950) groups as Arcto- 
T e r t i a r y and Madro-Tertiary. 
The genera Chrysopsis, Chry- 
sothamnus, Eriogonum, Grayia, 
Salvia, Sphaeralcea, Stenopteris, 
and Tetradymia are thought to 
have originated in the neo-tropics 
because their relatives now ex- 
tend into the tropics. Some of 
the many genera that are thought 
to have northern origins because 
they occur both in Eurasia and 
North America include: Arte- 
misia, Atriplex, Eurotia, Suaeda, 
Koeleria, Agropyron, Salicornia, 
Elymus, Hordeum, and Festuca. 

Classificafions of Salf Desert 
Shrub Communifies 

One of the earliest and most 
complete classifications is that 
of H. L. Shantz (1924,1925; Table 
1). His groupings of Northern 
Desert Shrub Formation and Salt 
Desert Shrub (Greasewood) For- 
mation affect our thinking today, 
but the variety of concepts ap- 
plied in more recent community 
classifications indicates that 
there is still a search for the ideal 
system or concept. The criterion 
used by Shantz for the two major 
communities appears to have 
been upland sites versus those 
sites receiving “run in” moisture. 
More recent publications have 
shifted many of the communities 
from one grouping to the other, 
resulting in a regrouping of all 
salt-tolerant species into the Salt 
Desert Shrub (Greasewood) For- 
mation and ignoring the runoff- 
runin moisture criterion of 
Shantz. Hutchings and Stewart 
(1953) list only big and black 
sagebrushes in their “Sagebrush- 
grass Formation” and most of the 
other common shrubs are as- 
signed to the Salt Desert Shrub 
Formation. The Clemensian ter- 
minology of Shantz is of interest. 
He felt that winterfat was a suc- 
cessional or seral community be- 
cause it sometimes replaced shad- 
scale. This is one of Shantz’s 
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Table 1. Classificafion sysfem for vegefafion of the Greaf Basin proposed 
by H. L. Shanfz (1925). -___ 

Northern Desert Shrub Formation 
Sagebrush association (Artemisia tridentata) 
Small sagebrush association (Artemisia nova) 
Little rabbitbrush associes (Chrysothamnus puberulus) 
Shadscale association (Atriplex conjertijolia) 
Winterfat associes (Eurotia Zanata) 
Hop-sage and Coleogyne association (Grayia spinosa and 

Coleogyne ramosissima) 
Bud sagebrush association (Artemisia spinescens) 
Mat saltbush association (Atriplex corrugata) 
Gray molly association (Kochia vestita) 

Salt Desert Shrub (Greasewood) Formation 
Greasewood association (Sarcobatus vermiculatus) 
Greasewood shadscale association (S. vermiculatus and 

Atriplex conjertijolia) 
Seepweed association (Dondia torreyana) 
Pickleweed association (AZZenroZjea occidentalis) 
Samphire association (Salicorniu utahensis and S. rubra) 
Saltgrass associes (Distichlis stricta) 
Alkali sacaton associes (Sporobolus airoides) 
Rabbitbrush associes (Chrysothamnus graveolens) 

Table 2. Shreve’s (1942) classificafion of Greaf Basin Deserf vegefafion. 
Juniperus utahensis (6,000 to 7,000 ft) 
Artemisia tridentata (upper belt) 
Atriplex conjertijolia (lower belt) 
Kochia vestita 
Sarcobatus vermiculatus 
Distichlis stricta-Sporobolus airoides 
Salicornia rubra, S. utahensis, AZZenroZjea occidentalis 
Coleog yne ramosissima 

views that now seems erroneous. 
For example, winterfat commu- 
nities are now being invaded by 
Halogeton glomeratus (Eckert, 
1954); and Fautin (1964) proposed 
that much of the type had been 
replaced by little rabbitbrush 
(Chrysothamnus stenophyllus). 
T h e Clemensian terminology 
(Weaver and Clements, 1938) oc- 
curs infrequently in recent pa- 
pers. 

Shreve (1942), in his Botanical 
Review article on North Ameri- 
can deserts, used both the zona- 
tion concept and edaphic factors 
in his ordination of plant com- 
munities (Table 2). However, 
Shreve questioned the view that 
there are “fundamental units” of 
vegetation and recognized that 
even when multiple criteria are 
used it is difficult to classify veg- 
etation types. Shreve cites the 
work by Kearney and collabora- 
tors (1914) and lists their values 
for salt tolerances of the species 

Table 3. Bio-ecologic classificafion 
of Greaf Basin vegefafion by Fau- 
fin (1946). 

Finon-Juniper Biome 
Northern Desert Shrub Biome 

Shadscale Community 
Tetradymia Community 
Greasewood Community 
Winterfat Community 
Black Sage Community 
Pickleweed Community 
Little Rabbitbrush Associes 
Sagebrush Community 

Southern Desert Shrub Biome 

present near the Great Salt Lake. 
Shreve’s presentation is a gen- 
eral description, but the classifi- 
cation in Table 2 may be derived 
from it. 

Fautin (1946) proposed a bio- 
ecological classification with the 
“biome” (Table 3) b e i n g t h e 
equivalent of a “biotic forma- 
tion.” The author objected to the 
“Sagebrush Climax” of Clements 
(Weaver and Clements, 1938) be- 
cause other climax communities 
in southwestern Utah seemed of 
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Table 4. The zonafion concepf ap- 
plied to Great Basin vegetation 
by Billings (1949). 

Sagebrush zone 
Shadscale zone 

Edaphic climaxes in zone: 
Greasewood 
Greasewood-shadscale 
Pickleweed 
Winterfat 

On dune sands: 
Dalea polyadenia- 

Tetradynia glabrata 
Chrysothamnus 

stenophyllus 

importance equal to that of sage- 
brush. In fairness to Clements, 
it should be noted that Clements 
referred to the type as the Sage- 
brush Formation (Atriplex-Atie- 
misia) which indicates some rec- 
ognition of the importance of 
species of the two most wide- 
spread genera. The classification 
of Fautin also shows disagree- 
ment with Shantz in the rank of 
winterfat as a climax community. 

A classification a d o p t e d by 
many recent authors is that by 
Billings (1949; Table 4). Billings, 
in contrast to systems used pre- 
viously, applied to the G r e a t 
Basin flora the zonation concept 
as used by Daubenmire (1943) for 
flora of the Rocky Mountains. 
An interpretation of Billings’ ar- 
ticle shows the listing of two ma- 
jor zones: (1) Sagebrush is the 
upper, wetter one, and (2) Shad- 
scale is the lower, dryer one. He 
views all the communities within 
the shadscale zone as minor eda- 
phic climaxes forming a mosaic. 
The quantitative data in the pa- 
per by Billings is on Nevada veg- 
etation with references to the 
work by Fautin (1946) for infor- 
mation on Utah Great Basin veg- 
etation. 

Proposed in Table 5 is a new 
vegetation classification based on 
maximum salt tolerances of com- 
munities and on the capacity of 
one group, the Salt Marsh Zone, 
to exist partially submerged in 
water during all or part of the 
year. The data are presented in 
atmospheres osmotic stress at 

Table 5. A new classification proposed for the Infermounfain shrub region, 
with maximum iolerances fo osmotic stress and wafer relationships as 
criteria. 

OSMOTIC Juniper-pinyon Zone 
STRESS AT 

FIELD CAPACITY 
ATMOSPHERES 

0.01 

0.1 
0.2 

0.6 
2.2 
3.2 
5.0 
5.0 

OSMOTIC 
STRESS AT 

SATURATION 
ATMOSPHERES 

1.5 

2.8 
16 
23 
35 

35 
50 
75 

Sagebrush Zone 

Little rabbitbrush community (Chrysothamnus 
viscidiftorus) 

Big sagebrush community (Artemisia tridentata) 
Black sagebrush community (Artemisia nova) 

Salt Desert Shrub Zone 
Bud sagebrush community (Artemisiu spinescens) 
Winterfat community (Euro,tia Zunuta) 
Shadscale community (AtripZea: confertifolia) 
Desert molly community (Kochia americanu) 
Greasewood community (Sarcobatus vermiculatus) 
Nuttall saltbush community (Atriplex nuttallii) 
Mat saltbush community (Atriplex corrugata) 

Salt Marsh Zone 

Rabbitbrush community (Chrysothamnus 
nauseosus) 

Alkali sacaton community (Sporobolus air&ales) 
Saltgrass community (Distichlis stricta) 
Seepweed community (Suuedu torreyana) 
Glasswort community (Salicornia utahensis 

and S. rubra) 
Pickleweed community (AZZenroZfea occidentalis) 
Algae 
Fungi 

field capacity because of the ease 
of interpreting these values in 
terms of plant physiology. Max- 
imum values for each community 
were obtained from published re- 
ports and from unpublished data 
obtained by the authors. The os- 
motic stress at 15 atm soil-mois- 
ture stress, the suction force 
sometimes considered to be the 
permanent wilting point, can be 
obtained by multiplying the val- 
ues shown by two except for the 
Salt Marsh Zone. Osmotic stress 
at saturation is shown for Salt 
Marsh Zone communities be- 
cause these habitats usually have 
moist soils. To obtain total soil 
moisture stress for communities 
other than those of the Salt 
Marsh Zone, the stress associated 
with soil-particle size (physical 
or matric stress) would be added 
to values for osmotic stress. 

For all the communities in the 
Salt Marsh Zone except rabbit- 
brush and alkali sacation, the os- 
motic stress alone exceeded the 15 

atm sometimes used to represent 
the permanent wilting stress. Un- 
der conditions that are too salty 
for vascular plants in salt marshes 
of Death Valley, Hunt (1966) 
found algae surviving osmotic 
stresses of 50 atm and fungi on 
areas with as much as 75 atm. 

The zonation concept s e e m s 
suitable for the kinds of vegeta- 
tion described for two reasons. 
There is altitudinal zonation of 
vegetation in the areas that re- 
sults from increasing precipita- 
tion and decreasing temperatures 
with an increase in altitude. 
There are also zones of vegeta- 
tion that represent responses to 
increasing concentrations of soil 
salts as one proceeds from higher 
to lower altitudes. These two 
factors, altitudinal effects and 
salinity effects, generally paral- 
lel each other as one descends 
into each of the many closed ba- 
sins within the Great Basin. In 
addition to increased aridity and 
salinity with descent into each 
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basin, soil-particle sizes tend to 
become smaller as one ap- 
proaches the playas, resulting in 
higher soil moisture stresses. 
Local areas, such as those OCCU- 
pied by wind-blown sand and 
certain geologic materials, pro- 
vide exceptions to this general- 
ization. 

The salt marshes that occupy 
some playa bottoms are pre- 
sented in Table 5 as a separate 
zone and it should be noted fur- 
ther that these are not true des- 
ert plant communities in the 
sense that they are limited to 
deserts. Salt marshes are also 
common in moist climates 
(Weaver and Clements, 1938, p. 
227) and are even more abundant 
along seacoasts (Chapman, 1960). 
Many of the genera and some of 
the species are the same over 
much of the world. 

Although the maximum os- 
motic stress values shown in 
Table 5 appear to provide a ra- 
tional ordination of plant com- 
munities, caution must be ap- 
plied when using plants as pre- 
cise indicators of salinity. Gates 
et al. (1956) found that although 
mean values differed significant- 
ly between communities, there 
were overlapping salt tolerances 
for the five salt desert shrub 
communities studied. However, 
classif ication of plant communi- 
ties on the basis of maximum 
tolerances is in agreement with 
the statement by Daubenmire 
(1948): “In general, the greater 
the salt tolerance of a species, 
the wider the range of salinity 
of the soils on which it grows, 
i.e., the degree of maximal salt 
tolerance is more definite than 
the minimal.” 

Disfribufion of Salf Desert 
Shrub Communifies 

The Great Basin Desert as 
mapped by Shreve (1942) extends 
far beyond the Great Basin phys- 
iographic province into the Co- 
lumbia Plateau and the upper 
Colorado River basin. More in- 
formation now exists than was 
available to Shreve, and the 
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FIG. 1. Distribution of the saltbush-greasewood type (in solid black) and the sagebrush 
type (cross-hatched). (Revised from Kuchler, 1%4). 

boundaries could be extended to 
include a larger portion of Wy- 
oming, parts of Montana and a 
larger portion of New Mexico 
and still comply with Shreve’s 
criteria which emphasized life 
forms, structure, and florist&. 
Shreve’s map indicates the ex- 
tent of plant communities listed 
in Table 5. Shreve characterizes 
the Great Basin Desert as being 
(4 . . . largely above 4,000 ft. and 
has frequent periods of freezing 
temperatures of a week or more 
in duration.” This contrasts with 
the Mojave Desert to the south 
which is largely below 4,500 ft. 
and is warmer and dryer. A ma- 
jor criterion used by Shreve to 
separate the two deserts is the 
presence of creosote bush (Laa- 
rea trident&a) in the Mojave 
Desert. 

Undoubtedly the best vegeta- 

tion map of the United States 
available at present is the one 
by Kiichler (1964). Shown in Fig. 
1 are tracings from Kiichler’s 
map with the addition of some 
salt desert shrub areas in Mon- 
tana and Wyoming. The cross- 
hatched area represents the types 
where big sagebrush is dominant 
and has a planimetered area of 
143 million acres, a larger area 
than some of the estimates that 
are in print (U.S. Dept. Agr., 
1936). The extent of sagebrush 
types is shown because salt des- 
ert shrubs, at least in minor 
amounts, occur throughout most 
of the area occupied by big sage- 
brush. 

The solid black area represent- 
ing the extent of areas dominated 
by salt desert shrubs has a plani- 
metered area of 38 million acres 
which is somewhat 1 e s s t h a n 
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FIG. 2. Approximate geographic distribution of winterfat (Eurotia lanata), g-reasewood 
(Sarcobatus vermiculatus), shadscale (Atriplex confertifolia), nuttall saltbush (A. 
nuttallii), and bud sagebrush (Artemisia spinescens). 

many of the estimates in the lit- 
erature (Hutchings and Stewart, 
1953). The three small areas in 
Montana and one in northeastern 
Wyoming are not shown on 
Kuchler’s map. Although small, 
these areas are important be- 
cause the sparse plant cover and 
fine-textured soils give rise to 
high sediment y i e 1 d s and, in 
some areas, spectacular erosion. 
An example of the latter is the 
Willow Creek valley in north- 
eastern Montana which has an 
eroded trench about 20 ft. deep 
and 30 miles long. Much of the 
trenching has occurred during 
the life of residents of the area. 
The basin has been thoroughly 
treated by the U.S. Bureau of 
Land Management to control ero- 
sion. 

Geographic Disfribufion of 
Salf Desert Shrub ‘Species 

The distribution of salt desert 
shrub species is far greater than 
the areas dominated by these 
plants (compare Fig. 1 with Fig. 
2). The wide latitudinal and lon- 
gitudinal ranges of these species 
indicate that some factor or fac- 
tors other than climate determine 
areas in which salt desert shrubs 
are dominants. Edaphic factors 
seem to determine the presence 
of pure stands of salt desert 
shrubs but, as pointed out earlier, 
many species have overlapping 
tolerances for soil characteristics 
that have been measured. This 
view of climatic effects is not 
in full agreement with that of 
Billings (1949) who states that 
“The shadscale zone is character- 
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ized by a much dryer climate 
than the sagebrush zone and lies 
between the sagebrush and creo- 
sotebush zones.” The complexity 
of the problem “Why do plants 
grow where they do?” has been 
thoroughly explored by Billings 
(1953). It is hazardous and pos- 
sibly erroneous to attempt to 
over-simplify the cause and ef- 
fect relationships responsible for 
plant species distribution. 

Throughout the distributions 
shown, salt desert shrubs exert 
dominance locally, but usually 
on areas too small to appear even 
on large scale vegetation maps. 
However, extensive and nearly 
pure stands are largely restricted 
to the states of Nevada and Utah. 
The most widely distributed of 
the salt desert shrubs is winter- 
fat. The wide ecologic amplitude 
of winterfat is demonstrated by 
both the extensive geographic 
area in which it occurs and the 
variety of species with which it 
is associated. Altitudinal range 
of winterfat is from 2,000 to 
10,000 ft. 

Greasewood, nuttall saltbush, 
and shadscale are almost as 
widely distributed as winterfat. 
There is no apparent reason for 
the disjunct distribution of shad- 
scale in western Colorado, where 
it is common, and the isolated 
area of shadscale in southeastern 
Colorado. 

There are a number of salt tol- 
erant shrubs in the M o j a v e, 
Sonoran, and Chihuahuan Des- 
erts, but these have not been in- 
cluded in the Salt Desert Shrub 
Zone of the Great Basin desert. 
Although absent or rare in the 
Great Basin desert, they merit 
a brief mention here. Cattle spin- 
ach (Atriplex poZycarpa) is one 
of the most important saltbushes 
in the Sonoran and Mojave des- 
erts. Soils occupied by it are 
usually coarse to medium tex- 
tured, not high in salts, and are 
generally considered irrigable. 
Desert holly (Atriplex hymencdy- 
tra) is one of the most drought 
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tolerant plants of the southwest 
deserts. In Death Valley (Hunt, 
1966) it occupies “. . . the lowest, 
smoothest, saltiest, and hottest 
parts of the gravel fans.” 

One of the most widely dis- 
tributed saltbushes is four-wing 
saltbush (Atriplex canescens). 
Although its latitudinal range is 
from Montana to Mexico it is 
seldom found in pure stands. 
Four-winged saltbush ususally 
occurs on sandy soils. 

Some causafive factors for the 
presence of salt desert 

shrub communities 
Shown on Fig. 3 are plant com- 

munities as found on different 
strata of Bearpaw Shale exposed 
on a hill in Montana. The data 
shown are hits per 100 pins as 
measured by the all contacts 
point-quadrat method at Z-inch 
intervals over a distance of 1,080 
ft from the top to the bottom of 
the hill. The Curtiss (1956) con- 
tinuum concept or the Whittaker 
(1953) population pattern concept 
could be applied to the data, but 
the classical concept (H a n s o n 
and Churchill, 1961) which recog- 
nizes dominance and names com- 
munities seems preferable. Nut- 
tall saltbush communities are 
present on the dry, exposed hill- 
top and again on fine-textured 
alluvium at the base of the hill. 
Big sagebrush types occur adja- 
cent to the two nuttall saltbush 
types. Centrally located on the 
hill in a highly gypsiferous soil 
is a buckwheat (Eriogonum mul- 
ticeps) community. Two species 
showing wide ecologic amplitude 
are western wheatgrass (Agropy- 
ran smithii) and knotweed (Poly- 
gonum aviculure). It is probable 
that propagules from species of 
each plant community have 
reached all the habitats on the 
hill almost annually, but the 
communities remain distinct. 
This statement leads to the very 
difficult question, ‘ ‘W h y a r e 
these adjacent plant communi- 
ties different?” 

This report seems to us to re- 
quire some brevity, thus only 
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FIG. 3. Plant communities on a hill with different strata of Bearpaw Shale exposed. 
The data are hits per 100 pins, as determined by the all contacts point-quadrat 
method with pins at two-inch intervals. 

the highlights of Fig. 4 will be 
discussed. The moisture use in- 
dex (differences between maxi- 
mum and minimum storage cal- 
culated in cc) is low for the two 
nuttall saltbush communities, 
and maximum total soil-moisture 
stress reached near the depth to 
which roots penetrated was 
greatest in these two communi- 
ties. These data show that nut- 
tall saltbush is the most drought 
tolerant of the species present on 
the sampling sites. Centrifuge 
moisture equivalents, represent- 
ing moisture storage possible at 
field capacity to the depth of 
rooting, are similar to, but ex- 

ceed, the moisture-use index. 
These are expected results be- 
cause field capacity percentages 
were seldom reached in the soils 
studied. pH has no apparent ef- 
fect on the plant community dif- 
ferences. The high pH at the top 
of the hill is caused by an out- 
crop of limestone, indicated as 
rock at the bottom of Fig. 3. 
Total soluble cations are highest 
in soils of the two nuttall salt- 
bush communities indicating that 
this species is salt tolerant as 
well as drought tolerant. As has 
been found in many other studies 
(Gates et al, 1956; Fireman and 
Hayward, 1952), big sagebrush 
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FIG. 4. Physical and chemical characteristics of soils for the seven plant communities 
shown in Fig. 3. 

occupied sites that contained low 
quantities of salts. 

The soils of the nuttall salt- 
bush communities were sod i c 
and, surprisingly, the two big 
sagebrush communities were also 
present on soils containing high 
soluble sodium percentages. 
Gates et al. (1951) found big sage- 
brush on soils with low sodium 
values. Soils of the buckwheat 
type had low sodium contents, 
but relatively high quantities of 
salts. This provides evidence 
that the primary cation in the 
soils occupied by buckwheat is 
calcium and additional evidence 
is provided by the presence of 
gypsum crystals, selenite, on the 
soil surface. 

Infiltration rates as measured 
by a portable infiltrometer (Mc- 
Queen, 1963) gave variable re- 

sults that do not appear directly 
related to soil moisture measure- 
ments. All rates were low and 
only one, the buckwheat, had a 
rate exceeding one inch (2.54 cm)/ 
hr. The infiltrometer has mea- 
sured rates of up to nearly 14 
inches/hr. on sandy soils in Cali- 
fornia (Branson et al., 1961). 

From these data it is concluded 
that soil-moisture relationships 
are the primary cause of the dif- 
ferent plant communities. Quan- 
tities of soil salts also appear to 
be important as a cause of com- 
munity differences, but it may 
be that the major effects of salts 
is their osmotic stress contribu- 
tion to total soil-moisture stress. 
The only community of the seven 
that may be present as a result 
of kinds of soil chemicals is the 
buckwheat type which occurred 
on gypsiferous soil. 

Minimum and maximum total 
soil-moisture stress for seven 
plant communities in the Willow 
Creek basin in M o n t a n a are 
shown in Fig. 5. Total soil mois- 
ture stress was measured by a 
method which permits measure- 
ment of stresses of 0 to 1,500 bars 
(one bar = .99 atmosphere) in 
field gravimetric samples (Bran- 
son et al., 1962). Total stresses 
reached nearly 800 bars in nut- 
tall saltbush soil in the fall. The 
vertical dashed lines shown for 
each community represent the 
average (six sampling periods 
during the year) total soil-mois- 
ture stress at the depth where 
plant roots become few in num- 
ber. The fact that the curves for 
all soil moisture measurements 
made tend to come together at 
this characteristic depth in the 
communities must have meaning 
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FIG. 5. Minimum total soil moisture stress for the season is represented by the solid 
line, maximum stress by the dotted line, and average maximum stress attained by 
each community is shown by the vertical dashed line. The data are for 7 plant com- 
munities in the Willow Creek basin in northeastern Montana. 

when related to the kinds of 
plants growing on the different 
soils. One interpretation is that 
the average total soil-moisture 
stress at this depth represents 
the maximum stress to which the 
plants present on each site can 
remove moisture from the soil. 
Stresses greater than this aver- 
age are attributable to water re- 
moved from the soils by solar 
energy. Of the com’munities 
shown, nuttall saltbush had the 
smallest quantity of plant ma- 
terial to intercept solar radiation 
and the highest moisture stress 
near the soil surface, whereas 
the quantity of plant material 
was greatest in the silver sage- 
brush community which had the 
lowest total soil-moisture stress 
at the average rooting depth. 
Average total soil-moisture stress 
was more than 90 bars for the 
nuttall saltbush soil and 35 bars 
for the silver sagebrush sdil. 
These data were derived from a 
new calibration of filter paper 
moisture as a measure of total 
soil moisture stress and differ 
somewhat from the values shown 
in Fig. 4. Analysis of variance 
for these data shows that differ- 
ences between the seven com- 
munities are highly significant. 

The data on average total soil 
moisture stress can be more easi- 
ly compared in Fig. 6 than in 
Fig. 5. The range of values for 
the 14 plant communities is from 
more than 90 bars for nuttall 
saltbush to only 19 bars for the 

mixed shrub community. To one 
familiar with the habitat re- 
quirements of the species shown, 
the grouping appears logical. 
One possible exception is the low 
drought tolerance indicated for 
the greasewood-western wheat- 
grass type. A possible explana- 
tion of this seeming discrepancy 

is that soil moisture sampling 
was to a depth of three ft, but 
greasewood is known to have 
roots extending to more than 19 
ft in the area studied. 

Measurements of osmotic 
stress do not show that halo- 
phytes occupy only soils high in 
salts (Fig. 7). Data shown in 
Fig. 7 were obtained as a part of 
a study of mechanical treatment 
effects (Branson et al., 1966) in 
Montana, Wyoming, Utah, Colo- 
rado, Arizona, and New Mexico. 
Although the criterion for site 
selection was the presence of 
mechanically treated land, a va- 
riety of vegetation types were 
included in the 58 areas sampled. 
Barren ground and nuttall salt- 
bush occupied the sites highest 
in salts, but other halophytic 
types such as nuttall saltbush- 
blue grama, shadscale, spiny 
horsebrush, and winterfat, were 
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FIG. 6. Average total soil moisture stress at average rooting depth in 14 plant com- 
munities in the Willow Creek area, Montana. Black bars indicate salt desert shrubs, 
stippled bars nonhalophytic northern desert shrubs, and wavy lines indicate types 
not considered to be northern desert shrub communities. 
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FIG. 7. Osmotic stress caused by soil salts in 20 vegetation types in six western statea. 
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the dominants on soils relatively 
low in salts. Although the results 
are not conclusive, the data in 
Fig. 6 and 7 indicate that total 
soil-moisture stress provides a 
more precise measure of drought 
tolerance than does o s m o t i c 
stress alone. The data also indi- 
cate that the capacity of halo- 
phytes to tolerate high total soil- 
moisture stress may be more in- 
formative in attempts to explain 
dominance by these plants than 
soil-salt content alone. If eco- o 
logical literature were not al- 
ready too cluttered with termi- 
nolow. the term “xerohalo- 

phytes” could be proposed for 
most salt desert shrub species to 
indicate that either or both xeric 
or halic soils may determine their 
presence on a site. 
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Highlight 
Actual observations for 3 years 

and ufilizafion surveys for 4 years 
were used io determine the grazing 
distribution patterns of Hereford and 
Santa Gerfrudis caffle in southern 
New Mexico. The grazing patierns 
of the 2 breeds were similar in the 
pastures studied. There was good 
distribution throughout fhe pastures 
which extended 3.5 mi. from wafer. 
In larger pastures, Santa Gerfrudis 
cows may graze farther from wafer 
than Hereford cows because they 
walk farther. Earlier studies indi- 
cated a decreasing degree of uiiliza- 
fion with an increasing distance from 
wafer. In this siudy. where a variety 
of species were available, caitle 
readily grazed a distance from wafer 
to obtain certain species. If is sug- 
gested that an important fool in ob- 
taining better livestock distribution 
would be to encourage fhe growth of 
palaiable species af a distance from 
wafer. 

1 Cooperative investigations of the 
Crops Research Division, Agricul- 
tural Research Service, U.S. De- 
partment of Agriculture and the 
Animal Science Department, New 
Mexico Agricultural Experiment 
Station. Partially supported by 
Western Regional Research Proj- 
ect W-34. Published as Journal 
Series No. 279, Agricultural Ex- 
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Improper distribution of live- 
stock which can result in local 
overgrazed areas, is difficult to 
correct in range areas where pas- 
tures are large and there is a 
minimum of water development. 
Some practices that may pro- 
mote more uniform use are 
proper placement of salt or sup- 
plemental feed, fencing, herding, 
trail building, water develop- 
ment, or changing the kind of 
livestock (Stoddart and Smith, 
1955). This study was conducted 
to determine the difference, if 
any, in grazing distribution pat- 
terns of Hereford and Santa Ger- 
trudis cattle on rangeland. 

Mefhods 

We conducted the study on the 
Jornada Experimental Range, 25 
mi. north of Las Cruces, New 
Mexico. Herbel and Nelson (1966 
a, b) described the study area, 
the details on management of the 
test herd, and the methods used 
in observing the cows and gave 
their species preferences. A salt- 
bone meal mix was available at 
water. There were no physical 
factors in the pastures that would 
encourage grazing in any par- 
ticular area. The 2 pastures were 
in poor to fair range condition 
as a result of the 1951-56 drought. 

While the activities and species 
preference of the Hereford and 
Santa Gertrudis cows were be- 
ing observed, their locations in 
the pasture while grazing were 
noted. There were 37, 24-hr. ob- 
servations of each breed over the 
1961-64 study period. The pas- 
tures were zoned as follows: 

SHREVE, FORREST. 1942. The desert 
vegetation of North America. Bot. 
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tion of climax theory: the climax 
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Distance from waier 
zone (mi.) 

I 0 - 0.75 
II 0.75 - 1.25 

III 1.25 - 1.75 
IV 1.75 - 2.25 
V 2.25 - 2.75 

VI 2.75 - 3.5 
The time spent grazing in each 
zone was recorded. 

In addition, we determined 
the utilization of per e nn i a 1 
grasses, by zones, approximately 
every 6 weeks, November 
through June. We used the 
grazed-plant m e t h o d (Roach, 
1950). Only plants grazed by 
cows were counted; plants grazed 
only by rabbits or rodents were 
not included. Since the zones 
varied in size, 8 to 20 observa- 
tions of 50 plants each w,ere made 
in each zone. The major peren- 
nial grasses in each zone are 
shown in Table 1. The grass ob- 
servations were begun in the fall 
of 1959, discontinued in the fall 
of 1960 because of severe drought 
conditions, resumed in the fall of 
1961, and continued until the fall 
of 1964. The breeds were rotated 
between pastures each year, so 
that each breed was in each pas- 
ture 2 years. 

Confidence i n t e r v a 1 s (0.95) 
were computed for all statistical 
comparisons. 

Results 

Grazing Time.-Table 2 shows 
the percentage of surface area 
in each zone by pasture and the 
percentage of grazing time by 
each breed for the 1961-64 period. 
The Santa Gertrudis cows were 
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Grazing Time.-Table 2 shows 
the percentage of surface area 
in each zone by pasture and the 
percentage of grazing time by 
each breed for the 1961-64 period. 
The Santa Gertrudis cows were 



GRAZING DISTRIBUTION 

Table 1. Major perennial grasses by zones. 

Zone Pasturelo Pasture 11 
I alkaliton (Sporobolus burrograss, black 

airoides) ,1 burrograss grama (BouteEoua 
(Scleropogon brevifolius) eriopoda) 

II alkali sacaton, black grama, 
burrograss, mesa dropseed mesa dropseed 
(Sporobolus flexuosus) 

III burrograss, tobosa mesa dropseed, 
(Hilaria mutica), ear muhly black grama 
(Muhlenbergia arenacea) 

IV burrograss, black grama, mesa dropseed 
mesa dropseed 

V mesa dropseed, burrograss mesa dropseed 
VI mesa dropseed mesa dropseed 

1 Scientific names follow T. H. Kearney and R. H. Peebles. 1960. Arizona 
flora. University of California Press, Berkeley. 1085 p. 

Table 2. Area ( % ) and grazing time ( % ) by zone. 

--Pasture 10 Pasture 11 
Santa Santa 

Zone Area Hereford Gertrudis Area Hereford Gertrudis -- ~~ ~-~ ~ 
I 5.4 ,.2~_~7.g_~_ 10.1 11.0 13.5 

II 11.1 8.5 6.4 18.0 14.7 6.8 
III 17.3 6.0 14.0 21.1 13.6 15.3 
IV 23.2 35.7 26.7 20.4 18.4 16.1 
V 28.1 32.3 28.2 19.9 19.4 25.0 

VI 14.9 10.3 16.8 10.5 22.9 23.3 ___ 

in pasture 10 during 2 of the 3 
years and in pasture 11 one year. 
Conversely, the Hereford cows 
were in pasture 11 for 2 years 
and pasture 10 one year. 

There were no significant dif- 
ferences between breeds in graz- 
ing time spent in any zone, either 
within years, within pastures, or 
in combination of years and pas- 
tures. In pasture 10, the Here- 
fords spent significantly m o r e 
grazing time in zones IV and V 
than in any other zone, whereas 
the Santa Gertrudis spent sig- 
nificantly more grazing time in 
zones IV and V than in zones I 
and II. There were no signifi- 
cant differences in grazing time 
among zones within breeds in 
pasture 11. 

Generally, there was a close 
relationship between s u r f a c e 
area and grazing time in each 
zone, but there were some not- 
able exceptions. An examination 
of the grazing time per unit area 
shows the Herefords spent sig- 
nificantly more time grazing in 

Table 3. Percentage of perennial 
grass plants grazed. 

SGGF- 
Zone Hereford Gertrudis __~~ ._ 

I 73.3 64.2 
II 68.8 66.4 

III 56.8 58.0 
IV 53.8 67.6 
V 53.2 61.8 

VI 66.6 65.3 -- 

zones IV and V in pasture 10 
than they did in zone III. In 
pasture 11, the Herefords spent 
significantly more grazing time 
per unit area in zone VI than in 
zone III whereas the Santa Ger- 
trudis spent significantly more 
time in zone VI than in zone II. 
There were no significant differ- 
ences among zones in grazing 
time per unit area for the Santa 
Gertrudis while they were in 
pasture 10. 

Utilization Survey.-Table 3 
shows the percentage of peren- 
nial grasses grazed by the 2 
breeds for each zone at the close 
of the grazing season (about July 
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1 each year). Each breed was in 
each pasture for 2 of the 4 years 
in which this phase was studied. 
The 4-year averages are shown 
in Table 3. The only significant 
difference in percentage of pe- 
rennial grasses grazed by the 2 
breeds was in zone IV, where the 
Santa Gertrudis cows grazed 
more perennial grasses than the 
Herefords. 

An examination of each year’s 
data collected at the close of the 
growing season revealed the fol- 
lowing significant differences. In 
1960, the Herefords grazed more 
perennial grasses in zone I. In 
1962, the Santa Gertrudis used 
more grasses in zone VI, and in 
1963 in zone III. In 1964, the 
Heref ords grazed more perennial 
grasses in zones II and III, while 
the Santa Gertrudis grazed more 
in zones IV and V. 

The data in Table 3 show a re- 
markably s i m i 1 a r utilization 
among the zones rather than a 
decreasing utilization with an in- 
creasing distance from water. 
The data collected during a year 
also show relatively even utiliza- 
tion over the 6 zones at any one 
time rather than heavy use near 
water early in the year followed 
by heavier use at increasingly 
greater distances from water as 
the grazing season progressed. 

Discussia and Conclusions 

There was little difference be- 
tween the Hereford and Santa 
Gertrudis cows in the grazing 
distribution in these pastures. 
The farthest distance to water 
was 3.5 mi. in both pastures. 
Since the Santa Gertrudis walked 
farther than the Herefords, 7.8 
mi. vs. 4.9 mi. (Herbel and Nel- 
son, 1966 a), they might graze 
farther out in larger pastures. 

The major factor affecting 
grazing location in this study 
was the species distribution. For 
example, both breeds preferred 
black grama in late winter. When 
either breed was in pasture 10, 
the cattle grazed primarily in 
zone IV, while the cattle in pas- 
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ture 11 grazed primarily in zones 
II and III during that period. 
This was verified both by actual 
observation and by the utiliza- 
tion survey. For a further dis- 
cussion of the species preferences 
of these cattle, see Herbel and 
Nelson (1966 b). 

Grazing distribution was not a 
major problem in these 2 pas- 
tures. Perhaps the problem is not 
important in pastures no larger 
than these, in poor to fair condi- 
tion, on relatively level terrain, 
and with young cows. Earlier 
studies (Ares, 1936 and 1953 and 
Valentine, 1947) indicated that 
grazing use declined with in- 
creased distance from water. In 
those studies, the pastures were 
uniformly good or excellent con- 
dition black grama. In our study, 
there were a variety of species 
available and distance from wa- 

ter was unimportant if the cattle 
were interested in grazing a spe- 
cies that occurred 3 mi. from 
water. Data presented by Nor- 
ris (1953) also indicated that the 
location of a palatable species at 
a distance from water was re- 
sponsible for better grazing dis- 
tribution. This information sug- 
gests that better grazing distri- 
bution may be obtained by grow- 
ing palatable species at the op- 
posite side of the pasture from 
the water development. 
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Highlight 
Boer lovegrass, gallefa, and blue 

grania germinafe relatively well 
wiihin a temperature range of 60 to 
100 F, but the femperaiure range 
required for good germination of al- 
kali sacafon and Lehmann lovegrass 
is limited fo 80 fo 90 and 60 to 70 F, 
respectively. Alternating fempera- 
iures were not superior fo constant 
temperatures for promoting germina- 
tion. 

Alkali sacaton (Sporobolus 
airoides Torr.), galleta (Hilaria 
jamesii Torr.), and blue grama 

1 Forest Service, U.S. Department of 
Agriculture, with central head- 
quarters maintained at Fort Col- 
lins in cooperation with Colorado 
State University; research reported 
here was conducted at Albuquer- 
que in cooperation with the Uni- 
versity of New Mexico and the 
Bureau of Land Management, 
Santa Fe, New Mexico. 

(Bouteloua gracilis [H.B.K.] 
Lag.) are the principal perennial 
grass species found on the Rio 
Puerto watershed in west-cen- 
tral New Mexico. These species, 
together with Lehmann and Boer 
lovegrass, are of interest for ero- 
sion control purposes, and are 
being studied to determine ways 
of establishing them on deterio- 
rated sites. The purpose of this 
study was to determine the ef- 
fect of alternating and constant 
temperatures on germination. 

Some information is available re- 
garding the germination require- 
ments of the above-mentioned spe- 
cies, but apparently none of them 
has previously been germinated over 
as wide a range of temperatures as 
were tested in this study. 

Toole (1938) germinated Lehmann 
lovegrass at constant temperatures 
of 50, 59, 68, 77, and 86 F, and at 
alternating temperatures of 59-77, 
68-86, and room to 95 F (the seeds 
were held 18 hr at the lower tem- 
perature and 6 hr at the higher tem- 
perature). The highest germination 
percentage was obtained with a con- 
stant temperature of 59 F, and each 
9 F rise in temperature from 59 to 

86 F lowered germination percent- 
ages. The best alternating tempera- 
ture was 68-86 F with light. For blue 
grama, the highest germination per- 
centages were obtained with alter- 
nating temperatures of 68-86 and 
59-77 F. 

Toole (1941) obtained 87 to 94% 
germination of fully after-ripened 
alkali sacaton seeds and 30 to 87% 
germination of comparatively fresh 
seeds at various alternating temper- 
atures. Jackson (1928) reported 80 
to 100% germination of alkali saca- 
ton seeds at a constant temperature 
of 77 F. 

Wilson (1931) reported the results 
of germination tests of galleta and 
blue grama conducted yearly over a 
period of several years by the New 
Mexico Agricultural Experiment Sta- 
tion. All of these tests were con- 
ducted at an alternating temperature 
program consisting of 16 hr at 68 F 
and 8 hr at 86 F. Germination per- 
centages ranged from 6.5 to 21.5 for 
galleta and 0 to 76.5 for blue grama. 

Methods and Materials 

Seeds (caryopses free from all at- 
tached parts) of Lehmann and Boer 
lovegrass, galleta, blue grama, and 
alkali sacaton were germinated in 
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ture 11 grazed primarily in zones 
II and III during that period. 
This was verified both by actual 
observation and by the utiliza- 
tion survey. For a further dis- 
cussion of the species preferences 
of these cattle, see Herbel and 
Nelson (1966 b). 

Grazing distribution was not a 
major problem in these 2 pas- 
tures. Perhaps the problem is not 
important in pastures no larger 
than these, in poor to fair condi- 
tion, on relatively level terrain, 
and with young cows. Earlier 
studies (Ares, 1936 and 1953 and 
Valentine, 1947) indicated that 
grazing use declined with in- 
creased distance from water. In 
those studies, the pastures were 
uniformly good or excellent con- 
dition black grama. In our study, 
there were a variety of species 
available and distance from wa- 

ter was unimportant if the cattle 
were interested in grazing a spe- 
cies that occurred 3 mi. from 
water. Data presented by Nor- 
ris (1953) also indicated that the 
location of a palatable species at 
a distance from water was re- 
sponsible for better grazing dis- 
tribution. This information sug- 
gests that better grazing distri- 
bution may be obtained by grow- 
ing palatable species at the op- 
posite side of the pasture from 
the water development. 
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grania germinafe relatively well 
wiihin a temperature range of 60 to 
100 F, but the femperaiure range 
required for good germination of al- 
kali sacafon and Lehmann lovegrass 
is limited fo 80 fo 90 and 60 to 70 F, 
respectively. Alternating fempera- 
iures were not superior fo constant 
temperatures for promoting germina- 
tion. 

Alkali sacaton (Sporobolus 
airoides Torr.), galleta (Hilaria 
jamesii Torr.), and blue grama 

1 Forest Service, U.S. Department of 
Agriculture, with central head- 
quarters maintained at Fort Col- 
lins in cooperation with Colorado 
State University; research reported 
here was conducted at Albuquer- 
que in cooperation with the Uni- 
versity of New Mexico and the 
Bureau of Land Management, 
Santa Fe, New Mexico. 

(Bouteloua gracilis [H.B.K.] 
Lag.) are the principal perennial 
grass species found on the Rio 
Puerto watershed in west-cen- 
tral New Mexico. These species, 
together with Lehmann and Boer 
lovegrass, are of interest for ero- 
sion control purposes, and are 
being studied to determine ways 
of establishing them on deterio- 
rated sites. The purpose of this 
study was to determine the ef- 
fect of alternating and constant 
temperatures on germination. 

Some information is available re- 
garding the germination require- 
ments of the above-mentioned spe- 
cies, but apparently none of them 
has previously been germinated over 
as wide a range of temperatures as 
were tested in this study. 

Toole (1938) germinated Lehmann 
lovegrass at constant temperatures 
of 50, 59, 68, 77, and 86 F, and at 
alternating temperatures of 59-77, 
68-86, and room to 95 F (the seeds 
were held 18 hr at the lower tem- 
perature and 6 hr at the higher tem- 
perature). The highest germination 
percentage was obtained with a con- 
stant temperature of 59 F, and each 
9 F rise in temperature from 59 to 

86 F lowered germination percent- 
ages. The best alternating tempera- 
ture was 68-86 F with light. For blue 
grama, the highest germination per- 
centages were obtained with alter- 
nating temperatures of 68-86 and 
59-77 F. 

Toole (1941) obtained 87 to 94% 
germination of fully after-ripened 
alkali sacaton seeds and 30 to 87% 
germination of comparatively fresh 
seeds at various alternating temper- 
atures. Jackson (1928) reported 80 
to 100% germination of alkali saca- 
ton seeds at a constant temperature 
of 77 F. 

Wilson (1931) reported the results 
of germination tests of galleta and 
blue grama conducted yearly over a 
period of several years by the New 
Mexico Agricultural Experiment Sta- 
tion. All of these tests were con- 
ducted at an alternating temperature 
program consisting of 16 hr at 68 F 
and 8 hr at 86 F. Germination per- 
centages ranged from 6.5 to 21.5 for 
galleta and 0 to 76.5 for blue grama. 

Methods and Materials 

Seeds (caryopses free from all at- 
tached parts) of Lehmann and Boer 
lovegrass, galleta, blue grama, and 
alkali sacaton were germinated in 



100% relative humidity chambers at 
constant temperatures of 50, 60, 70, 
80, 90, 100, and 110 F, and at alter- 
nating temperatures of 58-76, 68-86, 
75-95, 75-105, 79-101, and 88-106 F. 
There were four loo-seed replica- 
tions of each species. Alternating 
temperatures were programmed for 
16 hr at the low temperature and 
8 hr at the high temperature daily. 
All temperatures were programmed 
for 16 hr darkness and 8 hr light 
daily; in the case of alternating tem- 
peratures, the light hours coincided 
with the high temperature hours. 

All seeds were from 3-year-old 
lots. The seeds used were selected at 
random without regard to size or 
color, but only fully developed, un- 
damaged seeds were used. The ger- 
mination substrata were two thick- 
nesses of standard blue germination 
blotter paper saturated with distilled 
water at the outset of the study; ad- 
ditional waterings were not neces- 
sary. The duration of all tests was 
32 days. Germination counts were 
made daily during the first 10 days, 
and at 4-day intervals thereafter. A 
seed was considered germinated 
when both radicle and plumule had 
attained a length of 3 mm. Germi- 
nated and molded seeds were re- 
moved from the dishes at the time 
of each count. Germination percent- 
ages were transformed by means of 
the arc sine transformation for anal- 
ysis of variance to compare alternat- 
ing and constant temperatures. The 
weighted means of the alternating 
temperatures were calculated on the 
basis of length of time at each tem- 
perature. 

Results and Discussion 
Lehmann lovegrass had the 

m 0 s t specific temperature re- 
quirements for germination 
(Table 1). It germinated best at 
a constant temperature of 60 F, 
which agrees with the findings 
of Toole (1938). Successive 10 F 
increases or decreases from 60 F 
resulted in progressively, though 
not always significantly, less ger- 
mination. The alternating tem- 
perature regimen whose 
weighted mean was nearest 60 F 
(58-76 F; weighted mean of 64 F) 
resulted in significantly better 
germination of the species than 
all other alternating tempera- 
tures. 
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Table 1. Percent germination1 of Lehmann and Boer lovegrass, gallefa, 
blue grama, and alkali sacafon after 32 days af each of 13 fempera- 
fures.2 

Species 
Lehmann Boer 

love- love- Blue Alkali 
Temperature (F) grass grass Galleta grama sacaton 

Constant 50 22.00a Oa 0 26.25 Oa 
60 82.50 76.25~ 85.75a 96.25a 14.50 
70 74.25 75.50bc 90.25b 99.00bc 22.25 
80 31.00bcd 82.00~ 95.75cd 99.75bc 71.75 
90 28.75ac 73.75bc 98.00d 94.50a 87.50d 

100 23.75ab 68.5013 85.00a 99.75c 52.00b 
110 3.25 Oa 14.00 18.25 Oa 

Alternating 58- 76(64) 58.00 73.00bc 93.25bc 96.50a 53.00b 
68- 86(79) 43.50e 74.00bc 94.50bc 1oo.ooc 86.50d 
75- 95(81) 29.75ad 79.75c 95.50cd 99.75c 83.00cd 
79-lOl(82) 36.25bcde 76.00bc 93.00bc 97.25ab 79.75c 
75-105(90) 41.40e 72.75bc 90.25ab 1oo.ooc 83.75cd 
88-106(94) 33.00bcd 75.50bc 68.50 71.75 64.75 

1 Each value is the mean of four loo-seed replications. Any two means 
within species followed by the same letter’ are not significantly different 
(.05 level; Duncan multiple range procedure, Steel and Torrie, 1960). 

2 Numbers in parentheses following alternate temperatures are their 
weighted means in degrees F. 

Boer lovegrass germinated 
above 70% with constant tem- 
peratures of 60 to 90 F and at 
all alternating temperatures. 
Germination was maximum at a 
constant 80 F (82%) and at an al- 
ternating temperature of 75-95 F 
(80%). Seeds did not germinate 
at constant temperatures of 50 
and 110 F. 

Galleta germinated 85% and 
higher with constant tempera- 
tures of 60-90 F and with alter- 
n a t i n g temperatures w h o s e 
weighted means were 64 to 90 F. 
A constant temperature of 90F 
and an alternating temperature 
regimen of 75-95 F gave maxi- 
mum germination of 98 and 96% 
respectively. Seeds did not ger- 
minate at a constant temperature 
of 50 F, and germinated only 14% 
at 110 F. 

Blue grama germinated in ex- 
cess of 94% at constant tempera- 
tures ranging from 60 to 100 F 
and at alternating temperatures 
whose weighted means ranged 
from 64 to 90 F. Constant tem- 
peratures of 50 and 110 F and an 
alternating temperature of 88- 
106 F (weighted mean of 94 F) 
significantly reduced the germi- 
nation of blue grama. 

Alkali sacaton germinated 
best at a constant temperature 
of 90 F and at alternating tem- 
peratures whose weighted means 
ranged from 79 to 90 F. Succes- 
sive 10 F increases or decreases 
in constant temperature from 90 
F and alternating temperatures 
with weighted means of 64 F (58- 
76 F) and 94 F (88-106 F) signifi- 
cantly reduced germination. No 
germination occurred at constant 
temperatures of 50 and 110 F. 
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fees on Federal lands have nof kept 
pace with private lease rates. The 
differential between Federal and pri- 
vate lease rafes has fostered inflafed 
capital values for grazing permits 
and base property. Raising fees on 
Federal grazing lands wifhoui com- 
pensating ranchers for their lease- 
hold interest would be requiring 
them fo pay twice for the same 
assets. Prospects are fhaf changes in 
grazing fees will continue fo be in- 
cremental. 

Pricing of grazing on public 
range lands has been the subject 
of controversy since fees were 
first charged by the U.S. Forest 
Service in 1905. Fees charged by 
the Forest Service and the U.S. 
Grazing Service (now the Bureau 
of Land Management) have often 
been used as a prime example of 
misallocation of resources. This 
alleged misallocation stems from 
policies which ostensibly under- 
price grazing and restrict the 
transfer of grazing permits. 

The purpose of this paper is to 
examine: (1) some of the history 
leading to present policy; (2) 
problems associated with present 
policy; (3) a theory of political 
action and the mechanism by 
which changes in policy take 
place; and (4) prospects for 
changes in grazing fee policy. 

Grazing Fees 

The policies surrounding the 
grazing fee controversy are the 
product of an interaction be- 
tween various interest groups 
and lawmakers. The evolution of 
grazing fee policy is character- 
ized by incremental changes 
(Dutton, 1956; Foss, 1959). Graz- 
ing was originally permitted on 
Federal lands at no fee as a 
means of promoting use of idle 
land resources with the hope 
that some gain to society would 
be realized. 

Forest Service Fees.-By 1877 
the policy of free use was being 
questioned, but a system to lease 
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grazing was not provided until 
the transfer of the old “Forest 
Reserves” from the Department 
of the Interior to the Department 
of Agriculture in 1905. Fees es- 
tablished in 1905 were increased 
slightly in 1910 and 1915. In 1916 
a study of the rental value of 
some 900 tracts of private land 
led to grazing fee increases in 
1917, 1918, and 1919. By 1920 the 
minimum fee for cattle was $0.60 
per annum and the maximum 
was $1.50. Comments by mem- 
bers of congress, who felt fees 
were too low and who favored 
increased fees, had assumed such 
proportions by 1920 that the 
House Committee on Agriculture 
made efforts to increase fees as 
much as 300%. 

In 1920, the Forest Service 
initiated a study to determine a 
fair basis for grazing fees. This 
study led to incremental in- 
creases in fees in 1928, 1929, 1930, 
and 1931. In 1933, a plan to set a 
base fee and adjust this up or 
down according to current mar- 
ket prices was adopted. The base 
fees averaged 14.5$/month for 
cattle and 45$/month for sheep. 
However, average fees on pri- 
vately owned range in the ten- 
year period 1913 to 1923 were de- 
termined to be 24.6$/tow month 
(Dutton, 1956). This means that 
the base rent charged by the For- 
est Service was only about 59% 
of the competitive rent in the 
same period. 

Bureau of Land Management 
Fees. - Provision for control of 
grazing on much of the remain- 
ing public domain was made by 
the Taylor Grazing Act of 1934. 
Grazing fee policy on Taylor 
Grazing lands, like that on For- 
est Service lands developed in- 
crementally and was moulded 
by the workings of interest 
groups and legislators. Original 
fees set at the time the Taylor 
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Grazing Districts were estab- 
lished were 5#/AUM. These fees 
were not meant to be revenue 
producers, but were meant to 
cover costs of administration and 
would be raised only as adminis- 
tration costs rose (Fulcher, 1966). 

Evidence of interest-group in- 
fluence and power is the fact 
that Nevada stockmen objected 
to the fees and succeeded in ob- 
taining an injunction from a Ne- 
vada District Court. When ap- 
pealed, this action was sustained 
by the Nevada Supreme Court, 
and was reversed finally by the 
U. S. Supreme Court. Senator 
Pat McCarran of Nevada rallied 
to the support of his rancher con- 
stituents and under his leader- 
ship a senate committee began 
an investigation of fees which 
lasted from 1941 until the fall of 
1947. 

Seemingly, evidence also of 
the action of interest groups and 
political vote maximizing is the 
statement of Representative 
Norell (to then Grazing Service 
Director Forsling). . . . “I would 
appreciate your testimony much 
more if you would just come be- 
fore us and tell us that the rea- 
son why these fees have not been 
increased is because the western 
Senators and Congressmen ob- 
jected, because this is exactly the 
situation, and you know it and I 
know it” (U.S. Congress, 1946). In 
1946 the Grazing Service was 
caught in a squeeze between Mc- 
Carran’s Senate Committee 
which refused to allow increased 
fees, a House Sub-Committee on 
Interior Appropriations which 
wanted higher fees, and power- 
ful interest group activity on 
both sides of the question. This 
situation led in July 1946 to the 
Grazing Service being reorgan- 
ized into the BLM. And in 1958, 
after two decades of dispute, the 
cost of administration basis for 
determining fees was abandoned 
in favor of a fee based on live- 
stock prices. Present BLM fees 
are in the neighborhood of $0.301 
AUM. 
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FIG. 1. Relationships of marginal value products and marginal 
factor costs to optimum stocking rate and leasing price. 

FIG. 2. The relationships of low grazing fees on public range to 
valuation of private resources (Adapted from Roberts, 1963). 

UnderPricing and Misallocafion 
Under Present Policy 

Underpricing in this paper will 
be assumed when the marginal 
value product (MVP = Marginal 
physical productivity of input x 
price of output) is larger than 
the marginal factor cost (MFC 
or price of the input). The shape 
of the MVP curve (Fig. 1) reflects 
decreasing additions to livestock 
production with increases in 
stocking rate. The shape of the 
MFC curve reflects the increas- 
ing cost of maintaining each ad- 
ditional animal as stocking rate 
becomes heavier. The optimum 
level of grazing “g” and the 
optimum leasing price “p” occur 
when the added revenue from 
the last added animal unit of 
grazing (MVP) equals the addi- 
tional cost of this added amount 
of grazing (MFC). Thus a rancher 
leasing his private land would 
attempt to get a price equal to 
“p”. Leasees would attempt to 
bargain for a price less than “p”, 
and only the most efficient ren- 
ters could pay “p”. Underpricing 
occurs when rents are less than 
“P”. 

This example (Fig. 1) assumes 
a particular range site, range 
condition, kind and class of live- 
stock, and set of utilization prac- 
tices. Also changes in range for- 
age supplies and prices of inputs 
and outputs would alter the opti- 
mum level of grazing and leasing 
price. 

Misallocation occurs when a 
resource in limited supply does 
not go to the most productive 

alternative; i.e., the person who 
could pay the highest price. The 
arguments in support of the con- 
tention that there is misalloca- 
tion on Federal lands under pres- 
ent policy are convincing. The 
reasons commonly cited are: (1) 
transfer restrictions, and (2) un- 
derpricing. Transfer restrictions 
are manifested in non-price ra- 
tioning under the doctrines of 
commensurability and priority of 
use. Under this non-price ration- 
ing, it has been argued, there are 
more people wishing to graze 
government lands at present fees 
than there are grazing resources 
available and fees are below 
equilibrium level (that level 
which would be reached in a 
freely competitive market). 

That these permits themselves 
have a value which they could 
not have if the fee were exactly 
equal to the marginal value prod- 
uct (MVP) of the resource is also 
evidence of underpricing and 
misallocation. Gardner (1959) es- 
timated the market value of For- 
est Service grazing permits to be 
about $16 and BLM permits 
about $lO/AUM. Personal inter- 
views in Utah indicate permits 
change hands at a price usually 
falling between $10 and $251 
AUM, depending on the type of 
range and other factors. One 
sale was reported at near $50. 
Roberts and Topham (1965) indi- 
cate permit values ranged from 
$8 for BLM to $26/AUM for For- 
est Service permits. 

Other evidence of government 
underpricing and misallocation 

comes from a look at rents on 
comparable private ranges. Be- 
cause there are costs associated 
with government range that are 
not often incurred when operat- 
ing on leased private ranges, fees 
and private rental should not be 
compared directly. Gardner 
(1962) estimated the added costs 
on Forest Service and BLM lands 
and still found Forest Service 
fees to be about $1.38 less and 
BLM fees about $2.66 less/AUM 
than private rents on comparable 
lands. However, Roberts and 
Topham (1965) showed that when 
all costs are taken into account 
there is no significant difference 
in total utilization costs per 
AUM. The small differences that 
do arise are probably attributed 
to a discounting due to the un- 
certainty of tenure of permits. 

Effects of Present Policy 

In Fig. 1 all costs were taken 
into account in MFC; rents or 
interest on investment, manage- 
ment costs, costs of maintaining 
or restoring productive capacity, 
etc. On Federal lands the rancher 
only assumes fee costs and some 
associated non-fee user costs, 
but these costs are essentially 
constant for a given range. Thus, 
MFC on Federal lands is essen- 
tially constant and is a straight 
line which does not turn up (fee 
lines in Fig. 2). These costs are 
lower than those which would be 
assumed by a land owner or 
those under competitive bid. 
When the rancher only assumes 
the constant fee and non-fee user 
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costs, net returns are maximized 
at q2. However, to keep the range 
from deteriorating and to keep 
restoration costs down, govern- 
ment range managers (like the 
private land owner) must restrict 
grazing to the vicinity of ql. If 
there are user interests in addi- 
tion to livestock interests, i.e., 
recreation, wildlife and water- 
shed, the grazing rate may have 
to be cut back (say) to go. 

A simple elaboration of Fig. 2 
will illustrate some of the effects 
of present policy and fees. The 
fee consistent (under optimum 
allocation) with stocking rate ql 
is AD. This fee would allocate re- 
turns to the forage owners ac- 
cording to the respective re- 
source contribution to ranch op- 
eration. Under present policy 
and fees, AB is the grazing fee; 
and BD represents the amount 
by which the grazing fee is 
underpriced. This underpricing 
allows the permit itself to take 
on a price (a capitalized value, 
i.e., income (BC) +- interest rate). 
Part of this underpricing (CD) is 
also capitalized into base prop- 
erty value (CD + interest rate). 

It has been argued on occasion 
that ranchers using public range 
are subsidized by the Federal 
Government. While it is true 
that a rancher grazing public 
ranges at the time public grazing 
fees were established received a 
windfall gain when he sold his 
ranch or borrowed money with 
his ranch property as collateral; 
it is also true that buyers and the 
old owners have assumed an in- 
flated capital structure. The fact 
that part of the “underpricing” is 
capitalized into base property 
and part into permits is evidence 
of this artificial or inflated capi- 
tal structure. This capital struc- 
ture arises because ranchers 
have paid a competitive price in 
a competitive market for the 
privilege of grazing public lands. 
The fact that they paid a com- 
petitive price “in the market” 
disputes the contention that the 
rancher grazing public land is 
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subsidized. In this light, the 
argument that the government 
should raise fees to eliminate 
subsidization is not valid. The 
argument that ranchers using 
Federal lands are getting rich at 
the expense of the Federal Gov- 
ernment is also not valid. When 
the value of grazing permits is 
taken into account the return to 
ranchers for their money in- 
vested in their operations is very 
low usually ranging from a mi- 
nus figure to a plus 5% rate of 
return (Caton, 1962; Roberts and 
Topham,, 1965; Roberts and 
Blanch, 1966). 

The valid argument for in- 
creased fees (and the one the 
Bureau of the Budget is using) 
is that the Federal Government 
should receive a fee more con- 
sistent with the lands’ producing 
or carrying capacity (Zwick, 
1967). And with this there should 
be no quarrel. The problem is 
how to implement a change in 
the fee structure and adequately 
handle the capitalized values in 
grazing permits and/or commen- 
surate property. 

Effects of a Change in Fees 

A private landlord usually 
does not compensate tenants for 
an increase in rent, likewise 
there is a popular belief that per- 
mittees on government range 
should not be compensated. It 
has also been suggested that an 
increase in fees would result in 
a capital gain to society (Roberts 
and Topham, 1965). An increase 
would also, however, result in a 
capital loss to ranchers using 
Federal range. If the fee were 
in fact set at AD (Fig. 2), per- 
mits would then have no value 
and the capitalized value of the 
base property and of permits 
would fall. Unfortunately, some 
grazing permits have changed 
hands so that many ranchers 
have already paid part or all of 
the capitalized differential. 
Other ranchers have paid part of 
the differential as property and/ 
or inheritance taxes on the in- 

flated capital values of base 
property and grazing permits. 
Ranchers who have paid all or 
part of the differential would in 
effect be paying for these assets 
twice. Still other ranchers have 
invested in improvements on 
Federal lands. For the Federal 
Government to raise fees with- 
out compensating permittees for 
the value capitalized into the 
permits or into their base prop- 
erty or for investments in im- 
provements would be penalizing 
the permittee for a Government 
policy not of the ranchers own 
making, but a product of our po- 
litical system. 

The State Board of Equaliza- 
tion in California has recently 
sustained an administrative rul- 
ing which affirms the taxability 
of grazing rights on Federal 
lands as possessory interest 
(Bean, 1967). The possibility that 
permittees may be taxed on their 
leasehold interest in Federal 
grazing lands reinforces the con- 
tention that permittees should be 
compensated for loss of capital- 
ized value due to fee increases 
or condemnation by eminent do- 
main. 

Proposed Alfernafives 

If it is deemed desirable to 
change fee policy, several alter- 
natives for fee changes have 
been advanced (Brewer, 1962; 
Gardner, 1959; Roberts, 1963) to 
deal with the various problems 
outlined above and include: 

(1) Eliminating fees altogether 
on the grounds that society ought 
to encourage ranchers to use 
public forage because it would 
be wasted if they did not use it. 

(2) Allow public grazing lands 
to pass into private ownership. 

(3) A one-step fee increase to 
the full value of the forage with 
no compensation for capital loss 
of investments in grazing per- 
mits or commensurate property. 

(4) A one-step increase with 
compensation for capital loss. 

(5) Sealed bids (this would 
solve the fee problem and the 



problem of allocation of use 
rights, but has no provision for 
compensation for capital loss). 

(6) Because in most instances 
permits have not assumed the 
full expected value, set fees at 
some level above current fees so 
that new freely transferable per- 
mits could be issued which 
would have the same value as 
the old permit (Gardner, 1963). 
This proposal would eliminate 
the capital loss to present per- 
mittees and eliminate transfer 
restrictions, but does not have 
adequate provision for future in- 
creases in fees. 

(7) Small increases in fees 
over a number of years. 

Prospecfr for Change 
A theory of political action 

may shed some light on the pros- 
pects for a change fin policy. 
Downs (1957) has postulated that 
politicians seek office solely to 
enjoy the income, prestige, and 
power that goes with running 
the governmental apparatus.Pol- 
iticans and their parties formu- 
late policy primarily as a means 
of gaining votes. Downs further 
postulates that politicians usu- 
ally do not seek office in order 
to carry out certain precon- 
ceived policies or to serve any 
particular interest group, rather 
they formulate policies and serve 
interest groups in order to gain 
or stay in office. They sell poli- 
cies for votes instead of products 
for money, and attempt to maxi- 
mize votes much as a producer 
attempts to maximize profits. 

In the past when a large per- 
centage of society was farm or 
ranch oriented, or not more than 
one generation removed from the 
farm, policies which favored ag- 
riculture were vote getters. Now 
only a small percentage of soci- 
ety is actively engaged in farm- 
ing and ranching and many citi- 
zens are more than one genera- 
tion removed from agriculture. 
Thus, policies which favor agri- 
culture are beginning to lose 
voter appeal. Also the roles of 
consumers and producers in in- 
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fluencing policy is beginning to 
change. Citizens are more likely 
to exert influence as producers 
than as consumers. This is be- 
cause nearly every citizen de- 
rives all his income from one or 
two sources and hence any gov- 
ernment action affecting these 
sources is of vital interest. In 
contrast, each person spends his 
income in a great many policy 
areas so a change in any one is of 
little interest. This situation is 
changing as society is getting 
more leisure time. It is now ra- 
tional for more people with 
“free” time to “look out” for 
their consumer interests as well 
as their producer interests. Thus, 
it is that we are experiencing a 
tremendous boom in interest 
group activity in recreation and 
changes in policy to reflect this 
interest. 

With the decreased influence 
of farmers and ranchers in gov- 
ernment due to redistricting, the 
efforts of the Bureau of the Budg- 
et to establish user fees more in 
line with user benefits, and the 
advent of PPBS (Planning Pro- 
gramming Budgeting System), 
there can be little doubt that 
policy will be changed and graz- 
ing fees will be raised. The ques- 
tion now becomes in what man- 
ner. In the review of the history 
of grazing fees it was pointed out 
that changes have been incre- 
mental, i.e., no radical changes 
“overnight”. Lindbloom (1959) 
has shown this to be a rational 
policy-making procedure. A wise 
policy maker expects that his 
policies will achieve only part of 
what he hopes. but he also real- 
izes it will produce unanticipated 
consequences he would have pre- 
ferred to avoid. If he proceeds 
through a series of successive in- 
cremental changes he avoids 
serious and lasting mistakes, 
does not go far beyond his 
knowledge, and can quickly 
change again in the event of 
error. Thus, new policy is built 
on old policy and the test of a 
good policy is not if it achieves 
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desired ends, but whether it is 
acceptable. 

There will be increases in 
grazing fees as interest groups 
express their desires and/or poli- 
ticians think they can maximize 
votes by changing policy. Policy 
and fees should, however, con- 
tinue to be changed incremen- 
tally and will be changed only 
aq the balance of power shifts 
from livestock producers to other 
interests and the new policies 
can be agreed upon and sup- 
ported. 

In the days when grass was 
free and cattle sold by the head it 
was economically rational for 
livestock producers to graze very 
heavily (q, in Fig. 2). For a long 
time society encouraged, through 
no or low fees the use of public 
range land which might other- 
wise go unused. As these lands 
became desired for uses other 
than grazing, thus raising mar- 
ginal factor cost (MFC) of graz- 
ing to society, pressures began to 
mount for control of stocking 
and higher fees to equate MFC 
and marginal value product 
(MVP). Though it may have been 
and still is economically desir- 
able for the Federal Government 
to receive a rent more consistent 
with the lands’ producing capac- 
ity, politicians seeking to maxi- 
mize votes have been able to 
maintain low fees and the use of 
Federal lands for their constitu- 
ents. It is evident that, because 
of interest group activity it is 
now becoming politically expedi- 
ent to identify with other user 
interests. 

However, statements to the 
effect that certain polices are 
economically desirable, but polit- 
ically impossible should be 
treated with greatest reserve. 
Economists cannot say what is 
economically desirable. Eco- 
nomics can only delimit the area 
of what is possible and the prob- 
able consequences of different 
actions. It cannot point to a spe- 
cific “best spot” in the economic 
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universe. Only the people, 
through electoral strength or ac- 
cess to a legislative body, can 
implement what they think is 
best for them. This does not 
mean, however, that range man- 
agers and range economists can- 
not and should not help direct 
the change in policy so that it 
will be as equitable and efficient 
as possible to all parties. More 
work needs to be done on the 
marginal-value product and mar- 
ginal costs of grazing, the returns 
and costs of improvements, form- 
ulas for determining fees, mea- 
suring capitalized values, and de- 
termination of values and costs 
associated with other uses. Per- 
haps through this work a politi- 
cally feasible means can be 
found for obtaining incremental 
fee increases with a minimum 
economic stress on the users of 
Federal lands. 

The American people are not 
adverse to change, and one thing 
we can hold before the world is 
the way we adapt and change 
policy. Therefore, as long as we 
maintain our present form of 
government, changes in grazing 
fee policy should continue to be 
incremental and reflective of 
electoral strength. 

4% 

What is Range Management?’ 
L. A. STODDART 

Head, Department of Range Science, 
Utah State University, Logan, Utah. 

RANGE MANAGEMENT is 
the care of natural grazing lands. 
It may be further defined as 
planning and administering the 
use of rangeland to obtain maxi- 
mum livestock or game produc- 
tion consistent with conservation 
of the range resources. 

LITERATURE CITED 
BREWER, MICHAEL F. 1962. Public 

pricing of natural resources. J. 
Farm Econ. 44:35-49. 

BEAN, ARLEN. 1967. Board of Equali- 
zation affirms taxability of grazing 
rights. Calif. Livestock News. 
XL111 (4) :2 Feb. 21. 

GARDNER, B. D. 1962. Transfer re- 
strictions and misallocation in 
grazing public range. J. Farm 
Econ. 44: 50-63. 

CATON, D. D., ET AL. 1962. Economic 
relationships of grazing fees and 
permitted use of public rangelands 
to net income on western livestock 
ranches: a regional analysis. ERS, 
USDA, Adm. Rep. 

GARDNER, B. D. 1963. A proposal to 
reduce misallocation of livestock 
grazing permits. J. Farm Econ. 
45:109-120. 

LINDBLOOM, CHARLES E. 1959. The sci- 
ence of muddling through. Public 
Administration Review, Spring. p. 
79-88. 

DOWNS, ANTHONY. 1957. An economic ROBERTS, N. K. 1963. Economic foun- 
theory of political action in a dations for grazing use fees on 
democracy. J. Political Econ., April. public lands. J. Farm Econ. 45:721- 
p. 135-150. 731. 

DUTTON, W. S. 1953. History of forest 
service grazing fees. J. Range 
Manage. 6: 393-398. 

ROBERTS, N. K., AND G. T. BLANCH. 
1966. Sheep ranching in Utah’s 
economy, 1964. Utah Agr. Exp. 
Sta., Utah Resources Series 33. 

Foss, PHILLIP 0. 1959. The deter- 
mination of grazing fees on feder- 
ally-owned range lands. J. Farm 
Econ. 41: 535-547. 

FULCHER, GLEN D. 1966. Grazing 
issues, grazing fees-what’s next in 
public lands ? Paper presented at 
National Resources Conference, 
National Meeting of the Farm 
Bureau Federation, Las Vegas, Ne- 
vada, December 5, 1966. 

GARDNER, B. D. 1959. The pricing of 
forage on federal range lands. 
Economics Research Council. Rep. 
Western Range Resources Com- 

In defining the term range, 
distinction should be made be- 
tween a ranch and a farm. All 
gradations between the two may 
exist. Typically, however, a farm 
is smaller and the major product 
is of the vegetable kingdom, 
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animal, and the animals are pro- 
duced on unplowed land called 
range. Usually range remains un- 
plowed because it is not suited to 
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terrain or of soil too infertile, 
rocky, or shallow for economic 
farming. 

It should not be concluded that 
farms are not important in live- 
stock production. Actually, farms 
in the United States produce 
more livestock feed than ranges. 
Farm feed is hay and grain 
which is harvested and fed to 
penned livestock or it may be 
pasture forage which the animals 
harvest themselves by grazing. 

The terms pasture and range 
should be clarified. Pasture usu- 
ally refers to small, fenced graz- 
ing lands which have been 
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plowed and planted to improved 
species of grasses or legumes. 
Pastures are typically part of a 
farm; indeed pasture grasses 
often are rotated with other crops 
on the farm. 

Range, as has been pointed out, 
is an adjunct of the ranching 
business. The land may or may 
not be fenced, but if it is fenced, 
the units are much larger than 
the usual farm pasture. Range 
supports native vegetation such 
as prairie grasses and desert 
shrubs. Trees may occur in large 
numbers and the land therefore 
be called a forest. But, if grazed, 
it still properly may be called a 
range, also. Occasionally, ranges, 
just as pastures, may be seeded 
to introduced grasses. These 
seeded ranges are usually larger 
than pastures and are not cared 
for so intensively as typical pas- 
tures. Also range seedings usu- 
ally are more permanent than 
pasture seedings. 

Low productivity of most 
range land requires that ranch- 
ers have large areas to produce 
an income sufficient to maintain 
a family. In the United States, 
such large areas may be uneco- 
nomical to own, hence publicly- 
owned lands often are leased to 
supplement private range. Some 
50% of the range lands remain in 
public ownership, mostly under 
jurisdiction of the Bureau of 
Land Management and the For- 
est Service. 

America’s western ranch coun- 
try has been so fabled by tele- 
vision, novels, and western mag- 
azines that it is famous through- 
out the world. But range live- 
stock production is by no means 
confined to the West, nor, in- 
deed, to the United States. The 
Southeastern and Gulfcoast lands 
of the United States are increas- 
ingly important grazing areas. 
Improved livestock and forage 
plants and cheaper soil fertilizers 
have increased production of 
these areas tremendously. Major 

range grazing regions outside the 
United States include Australia, 
southern, central, and northern 
Africa, South America, and 
southern Siberia, 

Actually, western America’s 
range activity today differs 
greatly from the legendary pic- 
ture. The open-range or free- 
range of the pioneering era has 
all but passed. These valuable 
lands now are almost all closely 
controlled. Fences are being built 
at a pace that will soon enclose 
even the most remote ranges. 
The pickup or jeep has replaced 
many of the horses. Longhorns 
have been replaced by quality 
cattle, often purebreds. Hay and 
other supplemental feeds have 
alleviated much of the old fear 
of blizzard and drought. But the 
western visitor today can still 
see the hard-riding cowboy, the 
roundup, and the picturesque 
flocks of sheep being driven to 
new range. 

Range animals are largely 
breeding livestock which pro- 
duce calves and lambs. The mid- 
western states are the main feed- 
ing area to which many of the 
range-grown calves and lambs 
are shipped to be fattened on 
grain. 

In southern climates, where 
winters are mild, livestock re- 
main yearlong on the range and 
may spend their lives on the 
same range. But in the North, 
deep snows prohibit winter graz- 
ing on some ranges. This makes 
necessary yearly migration from 
snowy high - elevation r an g e t o 
low-elevation winter range or to 
feed yards. By moving in this 
way, many ranch sheep spend 
all of the year on range, but 
most cattle in the North spend 
part of the year on farm fields 
or in feed yards where they sub- 
sist on hay. 

Range cattle, even on unfenced 
range, are normally not attended 
by herders, although the range 
rider may move them about on 

the range at frequent intervals. 
Many range sheep, however, are 
constantly under supervision of 
herders. A herder may tend a 
flock of 1000 to 3000 sheep and 
he more or less directs their 
movements at all times. 

Changes on the Range 

Important changes are occur- 
ing in Western United States. 
Extensive and cheap lands were 
the foundation of the ranching 
business. Tremendous increase in 
human populations and im- 
proved transnortation facilities 
are fast reducing the isolation 
that once made the open-range 
possible in the West. With in- 
creased accessibility there is 
great demand for land and it is 
no longer cheap. 

Increasing human populations 
leave less space for ranching. 
But even more important, peo- 
ple require land for recreation 
and they need great volumes of 
water to drink, run industrial 
machines, and irrigate farms. 
Both recreation and water are 
land products which compete 
with grazing. Watersheds often 
are reserved from other uses to 
insure plentiful supply of pure 
water. Recreation involves space 
for picnicking and sight-seeing. 
It involves steady and undis- 
turbed streams for fishing. Most 
important to the rancher, this 
demand for recreation involves 
increased game numbers for the 
hunter. These animals require 
forage, much of which was for- 
merly available for livestock. 

Management of public ranges 
already has been marked by a 
decided de-emphasis of livestock 
grazing and increased attention 
to rival land uses. All this is part 
of a tremendous and permanent 
change marking an inevitable 
end of the American frontier- 
the final conquering of the West 
by civilization. 

More and more, the rancher 
must depend upon intensive use 
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of the range with less area at his 
disposal. More supplemental 
feeds, better livestock quality, 
and careful husbandry are rapid- 
ly replacing the limitless free 
range, isolation, large numbers 
of inferior-quality livestock, and 
the irresponsibility that marked 
pioneer western ranching. 

Management of fhe Range 

The objective of range man- 
agement is maximum production 
of meat and wool without dam- 
age to the land. Too optimistic 
estimates of the grazing capacity 
of ranges throughout the world 
in the past have resulted too 
often in overgrazing and de- 
terioration of the vegetation. 
Where misuse was continued to 
the point of devegetation, soil 
erosion and devastation of the 
land resulted. The modern range 
manager’s chief duty often is to 
prevent further damage to the 
land and to restore it to its origi- 
nal condition. 

The technical manager must 
have at his command a complex 
methodology enabling him to 
foresee changes in the vegetation 
and deterioration of the land re- 
source. He must be able to esti- 
mate grazing capacity, which is 
a product of both kind and 
amount of vegetation. Grazing 
capacity is also influenced by 
amount and distribution of 
drinking water for the animals, 
topography of the land, and time 
of grazing. The manager must 
be able to appraise utilization of 
the forage so as to avoid over- 
use. He must also determine the 
range condition or the actual 
forage-producing performance of 
the land as compared to its capa- 
bility. The range trend also is 
important, i.e. whether the con- 
dition is improving or deteriorat- 
ing. 

Scientific range management 
is based upon an understanding 
of botany, especially plant ecol- 
ogy, physiology, and taxonomy. 
Of almost equal importance, 
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however, is animal husbandry. 
Understanding animal nutrition 
and the complexities of animal 
behavior and animal care is fun- 
damental to complete under- 
standing of range management. 

It should not be concluded that 
knowing botany and animal hus- 
bandry makes one a range man- 
ager. Range management is a sci- 
ence in its own right. There are 
16 American universities which 
give degrees in range manage- 
ment. The Range Management 
Education Council is an organi- 
zation of western universities 
which studies range teaching 
programs and standardizes col- 
lege curricula in range manage- 
ment. 

Phases of Management 

Major phases of scientific 
range management include the 
following: 

1. Deciding proper grazing use. 
This involves selection of the 
correct kind of grazing animal, 
i.e. cattle, sheep, game, or some 
combination. It also involves 
making a forage resource inven- 
tory to aid in determining the 
right numbers of animals, the 
season of year they are to be 
grazed, and the best grazing sys- 
tem. The grazing system may in- 
clude such things as how to herd 
sheep and how to rotate the graz- 
ing between different areas of 
range and different seasons of 
the year. 

2. Improving forage produc- 
tion. Forage yield sometimes may 
be improved by seeding new and 
better forage species, killing un- 
desirable and sometimes poison- 
ous weeds and brush to allow 
better growth of more palatable 
forage, fertilizing the soil, 
spreading flood-water over ad- 
jacent land, and poisoning in- 
sects and rodents. 

3. Increasing usability of range. 
Many ranges have rough topog- 
raphy and poorly distributed 
watering places so that it is dif- 

ficult to get uniform grazing use, 
especially when the animals are 
unattended by herders. This 
problem can be solved in part 
by building properly located 
fences to control distribution of 
the animals. Developing new 
water holes, digging wells, and 
building storage reservoirs or 
tanks will enable the animals to 
reach distant parts of the range 
without excessive travel for 
water. Placing salt in ungrazed 
portions of the range helps draw 
stock to these areas. Building 
trails will aid animals to reach 
mountainous lands normally in- 
accessible. 

4. Managing the livestock. 
Profit from the ranch and effi- 
ciency of range land use are di- 
rectly influenced by the hus- 
bandry of the livestock. The 
manager should know the effect 
of nutrition on reproduction, 
weight gain, and wool yield. The 
cost and return from supplemen- 
tal feeding of livestock on the 
range must be studied. The prob- 
lems of livestock buying and 
marketing are complex and af- 
fect ranch income directly. Ani- 
mal breeding influences quality 
and yield of livestock. The man- 
ager must know good livestock 
quality and how to emphasize it 
through an understanding of ge- 
netics. Diseases must be known 
and avoided or cured. Proper 
protection and care of livestock 
are especially important during 
calving or lambing and during 
cold winter months. 

5. Correlating grazing with 
other land uses. As range land 
becomes increasingly less iso- 
lated from society, uses other 
than grazing become more and 
more important in management 
decisions. The manager of pri- 
vate range is primarily a stock 
raiser, but he often finds it eco- 
nomically desirable and socially 
necessary to consider other land 
uses in planning his operations. 
Even more so, the manager of 
public ranges is involved in the 



social aspects of multiple use of 
land and must decide the rela- 
tive importance to society of 
hunting, fishing, sightseeing, pic- 
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Response of Forage Grasses 
to Rhodesgrass Scale1 2 
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Lower Rio Grande Valley Research 
and Extension Center, Texas A&M 
University, Weslaco, Texas. 

Highlight 
Yields of 38 species of nafive and 

introduced grasses were found fo be 
significantly reduced by scale in- 
fesfaiion. Grasses are grouped info 
ihree classes: (1) grasses with re- 
duced yields, (2) grasses infested but 
nof affected and (3) resistant grasses. 
Twenty-eight new hosts of rhodes- 
grass scale are recorded. The data 
indicated that rhodesgrass scale is 
of economic importance in south 
Texas. 

Losses in forage yield which 
could be attributed solely to 
rhodesgrass scale, Antonina gra- 
minis (Mask.) have not been 
determined by research. Chada 
and Wood (1950) reported that 
entire stands of rhodesgrass, 
Chloris gayanu, were destroyed 
by the scale, and that besides 
rhodesgrass, johnsongrass (Sor- 
ghum hulepense, bermudagrass 
(Cynodon ducty Zen, and St. Au- 
gustinegrass (Stenotuphrum se- 
cundutum (Walt.) Kuntze), 
were the preferred hosts. Most 
other hosts were only lightly in- 
fested. However, no data were 
presented to substantiate this 
observation. Hosts of rhodes- 
grass scale in Queensland have 
been recorded also, but no quan- 

1 Homoptera: Coccidae 
2 Acknowledgements are due Frank 

Gould and W. G. McCuZZy, Range 
Science, Texas A&M University, 
and Nit Diaz, King Ranch for aid 
in the identification of grass spe- 
cies. 
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nicking, growing trees, or pro- 
ducing water. Livestock grazing 
must be properly correlated with 
these other uses so that the mul- 
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tiple uses will least interfere 
with each other and so that the 
land-use program, in its entirety, 
will benefit society the most. 

8 

Table 1. Grass species affected by rhodesgrass scale determined by green- 
house clipping, Class I, Weslaco. 

Scientific name Common name 

1. 

2. 

3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 

23. 
24. 

25. 
26. 
27. 
28. 

29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 

Andropogon saccharoides var. 
Zangipaniculatus Swartz Gould 

Andropogon saccharoides var. 
torreyanus (Swartz) Steud.) Hack 

Aristida wrightii Nash 
Bothriochloa barbinodis Lag. 
Bothriochloa hybridus Gould 
Boutelouu trifida Thurb. 
Brachiaria ciliatissima (Buckl.) Chase 
Cenchrus ciliaris L. 
Cenchrus incertus M.A. Curtis 
Cenchrus myosuroides H.B.K. 
Chloris ciliata Swartz 
Chloris cucullata Bisch. 
Chloris gayana Kunth 
Chloris Zatisquamea Nash 
Chloris subdolichostachya C. Muell. 
Cynodon dactylon (L.) Pers. 
Digitaria californica (Benth.) Henrard 
Digitaria patens (Swallen) Henrard 
Eragrostis intermedia Hitchc. 
Eragrostis Zugens Nees 
Eragrostis magastachya Link 
Eragrostis oxylepis var. oxylepis 

(Torr.) Torr. 
Eragrostis sessilispica Buckl. 
Eragrostis trichodes var. trichodes 

(Nutt.) Wood 
Leptochloa dubia (H.B.K.) Nees 
Panicum filipes Scribn. 
Panicum haZZii Vasey 
Rhynchelytrum roseum (Nees) 

Stapf. & Hubb. 
Setaria geniculata (Lam) Beauv. 
Setaria macrostachya H.B.K. 
Setaria scheelei (Steud.) Hitchc. 
Setaria texana Emery 
Setaria verticillata (L.) Beauv. 
Sorghum halepense (L.) Pers. 
Sporobolus cryptandrus (Torr.) Gray 
Trichloris crinita (Lag.) Parodi 
Trichloris pluriflora Fourn. 
Vaseyochloa multinervosa (Vasey) 

Hitchc. 

Longspike silver bluestem’ 

Silver bluestem 
Wright’s threeawnl 
Cane sourgrassl 
Hybrid sourgrassl 
Red gramal 
Fringed signalgrass 
Buffel sandbur 
Coast sandburl 
Big sandburl 
Fringed windmillgrass 
Hooded windmillgrass 
Rhodesgrass 
Nash windmillgrassl 
Shortspike windmillgrassl 
Bermudagrass 
Arizona cottontopl 
Texas cottontopl 
Plains lovegrassl 
Mourning lovegrassl 
Stinkgrassl 

Red lovegrass’ 
Tumble lovegrassl 

Sand lovegrass 
Green sprangletopl 
Filly panicuml 
Halls panicgrass 

Natalgrass 
Knotroot bristlegrass 
HBK bristlegrassl 
Southwestern bristlegrassl 
Texas bristlegrassl 
H,ooked bristlegrass 
Johnsongrass 
Sand dropseedl 
Twoflowered trichlorisl 
Fourflowered trichloris 

Texasgrass 

1 New host record for rhodesgrass scale in North America. 
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Setaria macrostachya H.B.K. 
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Sporobolus cryptandrus (Torr.) Gray 
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Trichloris pluriflora Fourn. 
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Hitchc. 

Longspike silver bluestem’ 

Silver bluestem 
Wright’s threeawnl 
Cane sourgrassl 
Hybrid sourgrassl 
Red gramal 
Fringed signalgrass 
Buffel sandbur 
Coast sandburl 
Big sandburl 
Fringed windmillgrass 
Hooded windmillgrass 
Rhodesgrass 
Nash windmillgrassl 
Shortspike windmillgrassl 
Bermudagrass 
Arizona cottontopl 
Texas cottontopl 
Plains lovegrassl 
Mourning lovegrassl 
Stinkgrassl 

Red lovegrass’ 
Tumble lovegrassl 

Sand lovegrass 
Green sprangletopl 
Filly panicuml 
Halls panicgrass 

Natalgrass 
Knotroot bristlegrass 
HBK bristlegrassl 
Southwestern bristlegrassl 
Texas bristlegrassl 
H,ooked bristlegrass 
Johnsongrass 
Sand dropseedl 
Twoflowered trichlorisl 
Fourflowered trichloris 
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1 New host record for rhodesgrass scale in North America. 
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titative assessment of damage 
was given (Brimblecrombe, 
1966). 

Interviews with ranchers of 
Brooks, Kenedy, Willacy, Kle- 
berg and Duval Counties indi- 
cated the grazing capacity of 
native ranges had been reduced 
by approximately 30 percent 
since the early 1940’s, subsequent 
to the introduction of rhodes- 
grass scale into Texas. This 
heavy loss has not been regained, 
presumably due to scale infesta- 
tion of native grasses. A series 
of tests was begun in 1963 to de- 
termine if native grass losses 
could be attributed to scale at- 
tack. 

Procedure 

Seed of selected grasses were 
planted in 2-gallon pots in the 
type of soil preferred by the spe- 
cies. Seedlings were infested 
with rhodesgrass scale crawlers 
by placing adult rhodesgrass 
scale among the plants when 
they were 1 to 2 inches tall. 
Plants were watered as needed, 
and a complete fertilizer contain- 
ing minor elements was added to 
the water biweekly. 

Yields were obtained each 
time flowering occurred, usually 
aggregating three or four har- 
vests. Yield was determined as 
ovendry hay. Reduction in yield 
was calculated and the percent- 
age of the plants dead at the end 
of the test determined. 

Resulis 

In Tables 1 and 2, the grasses 
are listed by scientific and com- 
mon name in three classes on the 
basis of susceptibility to scale: 
Class I-grasses with yields and/ 
or stands reduced by scale, Class 
II-grasses infested by scale but 
yields not reduced, and Class III 
-grasses on which scales did not 
settle. Thirty-eight species were 
grouped in Class I, nine in Class 
II, and nine in Class III. 

Reduction in yield and per- 
centage plant mortality of Class 
I are shown in Table 3. Grasses 
reacted to scale infestation in 

SCHUSTER 

Table 2. Grass species nof affected by rhodesgrass scale (Class II, infested 
but yield nof reduced) or not infesfed (Class III, scale free), Weslaco. 

CLASS II 
1. Bouteloua curtipendula (Michx.) Torr. 
2. Digitaria insularis (L.) Mez ex Ekman 
3. Eragrostis swalleni Hitchc. 
4. Panicum geminatum Forsk. 
5. Panicum maximum Jacq. 
6. Pappaphorum bicolor Four-n. 
7. Pappaphorum mucronulatum Nees 
8. Setaria firmula (Hitchc. & Chase) 
9. Tridens albescens (Vasey) 

Woot. & Standl. 

CLASS III 
1. 

2. 

3. 
4. 
5. 
6. 
7. 
8. 

9. 

Andropogon scoparius var. 
littoralis (Nash) Hitchc. 

Bothriochloa ischaemum var. 
songaricus (L.) Rupr. 

Dicanthium annulatum (Forsk.) Stapf. 
Neteropogon contortus (L.) Beauv. 
Panicum obtusum Kunth 
Paspalum setaceum Michx. 
Paspalum plicatulum Michx. 
Setaria Zeucopila (Scribn. & Merr.) 

K. Schum. 
Tridens eragrostoides (Vasey & Scribn.) 

Nash 

Sideoats grama 
Sour fingergrassl 
Swallen lovegrassi 
Egyptian panicumi 
Guineagrass 
Pink pappusgrass 
Whiplash pappusgrassr 
Bristle panicgrass’ 

White tridens 

Seacoast bluestem 

East Indies sourgrass 
Pretoria angletongrass 
Tanglehead 
Vinemesquite 
Thin paspalum 
Brownseed paspalum 

Plains bristlegrass 

Lovegrass tridens 

1 New host record for rhodesgrass scale in North America. 

two different ways: (1) seedlings 
were highly susceptible but sur- 
viving mature plants were toler- 
ant as indicated by decreasing 
yield reduction in subsequent 
clippings; or (2) seedlings were 
tolerant or not highly suscepti- 
ble, but as greater scale numbers 
developed greater yield reduc- 
tion resulted. An interaction 
with clipping may be indicated. 

Scale numbers were not in- 
dicative of scale damage. Thin- 
stemmed grasses such as ber- 
muda and filly panicum were 
severely damaged, while grasses 
with stouter stems such as 
rhodesgrass, buffel sandbur and 
southwestern bristlegrass, al- 
though infested with three or 
four times as many scale, were 
less severely affected. Egyptian 
panicum, a stout plant, apparent- 
ly was not affected although 
severely infested with scale. 
Most species in Class II were 
lightly infested. 

The grouping of unaffected 
species in Class II does not im- 

ply that they would not be af- 
fected by scale under different 
management systems or under 
range conditions. These grasses 
were tested under optimum 
growing conditions. Chada and 
Wood (1960) cited examples to 
demonstrate that drought and 
overgrazing or clipping would 
intensify scale damage. Similar 
observations were recorded in 
Queensland, Australia (Anony- 
mous, 1940). 

Twenty-eight new hosts of A. 
graminis in North America are 
shown in Tables 1 and 2. 
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Table 3. Reduction in yield and percent planf mortaliiy resulting from rhodesgrass scale infesfafion on grasses in 
a greenhouse iesf. 

Grass 
Cane sourgrass ~ 
Hybrid sourgrass 
Longspike silver bluestem 
Silver bluestem 
Wright threeawn 
Red Grama 
Fringed signalgrass 
Buffel sandbur 
Coast sandbur 
Big sandbur 
Fringed windmillgrass 
Hooded windmillgrass 
Rhodesgrass 
Nash windmillgrass 
Shortspike windmillgrass 
Bermudagrass 
Arizona cottontop (glabrous sp.) 
Arizona cottontop (pilose sp.) 
Texas cottontop 
Plains lovegrass 
Mourning lovegrass 
Stinkgrass 
Red lovegrass 
Tumble lovegrass 
Sand lovegrass 
Green sprangletop 
Filly panicum 
Halls panicgrass 
Natalgrass 
Knotroot bristlegrass 
HBK bristlegrass 
Southwestern bristlegrass 
Texas bristlegrass 
Hooked bristlegrass 
Johnsongrass 
Sand dropseed 
Twoflowered trichloris 
Fourflowered trichloris 
Texasgrass 

Yield loss, percent - 
1st 2nd 3rd 4th 

clipping clipping clipping clipping 
0.0 ----22.8 62.7 

Plants 
killed, 
percent 

25.5 
0.0 
0.0 
0.0 

29.0 
0.0 

25.0 
2.8 
0.0 

75.2 
87.8 
61.7 
13.5 
27.5 

6.0 
81.0 

0.0 
45.6 
56.0 
39.6 
6.0 

38.6 
11.0 
26.9 

4.6 
0.0 

47.9 
18.4 
88.5 
0.0 

14.8 
24.9 

0.0 
38.0 
0.0 

25.2 
12.9 
53.1 

37.3 26.9 
37.2 40.4 
90.0 56.5 
18.0 56.8 
15.4 16.6 
38.0 50.7 
37.6 16.3 
43.1 55.9 

0.0 33.7 
87.3 88.5 
81.8 10.5 

4.2 7.7 
.2 9.1 

16.7 35.0 
54.2 60.9 
96.4 87.4 
26.1 37.2 
90.7 73.1 
12.7 37.8 
10.9 9.8 
0 16.2 

17.4 35.8 
39.2 78.5 

6.1 42.9 
34.8 46.8 
63.7 62.3 
25.2 35.8 
20.7 62.3 
56.8 61.1 
14.6 .4 
19.0 12.5 
30.1 0 
12.6 53.8 

40.9 
34.8 
32.7 

- 
- 

85.8 
56.5 
11.6 
39.9 
33.9 

- 
- 
- 

11.6 
84.0 
81.2 

- 
42.5 

- 

Total 
loss 
26.1 
32.4 
28.5 
18.2 
8.4 

25.4 
44.0 
18.8 
37.8 
10.2 
86.9 
48.8 
18.0 
12.7 
49.4 
59.1 
88.3 
28.6 
75.7 
36.4 
17.4 
20.1 
28.7 
48.7 
24.3 
29.0 
51.6 
34.7 
26.4 
63.4 
0.0 

15.6 
12.4 
18.6 
38.0 
29.1 
20.6 
32.4 
25.9 

42.1 
42.5 
23.6 
85.0 
0.0 

74.4 
- 

55.0 
42.5 
52.0 

- 

- - 
34.4 23.4 
35.3 6.5 
13.2 45.4 
38.5 15.2 

- 
- 

64.6 
36.0 

- 
- 

61.5 
72.3 

- 
- 
- 
- 

17.3 
- 

40.8 
- 

31.8 
19.7 
11.6 
7.6 

- 
49.3 

0.0 
87.5 
82.5 
85.0 
0.0 

83.3 
0.0 
0.0 
0 
6.2 

65.6 
0 

55.0 
18.4 
26.5 
0 

85.0 
0.0 
0.0 
0.0 

90.3 
0.0 
0.0 

17.5 
0.0 
0.0 
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Comparison of Tropical Forages of Known 
Composition with Samples of These Forages 
Collected by Esophageal Fistulated Animals1 
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Nutritionist, Animal Health Research Centre, Veterinary 
Department, Entebbe, Uganda. 

Highlight 
The effect of saliva on esophageal 

fisfula samples was minimal. Regres- 
sion equafions are presented which 
compare crude protein and crude 
fiber confenfs of esophageal fisfula 
samples with those of forage of 
known composifion. Squeezing esoph- 
ageal fisfula samples, air drying 
the solid portion, and treating the 
liquid portion with phenol will pre- 
serve samples where laboratory fa- 
cilities are not available. 

Most previous studies with 
esophageal fistulas (Van Dyne 
and Torell, 1964) have been con- 
ducted in the temperate zone 
with sheep and British-type 
cattle. The principal breed of 
cattle in Uganda is the Zebu 
which has been indigenous for 
several centuries. Since saliva 
is the major contaminant in all 
esophageal fistula collections, its 
effect on tropical forage con- 
sumed by Zebu cattle was stud- 
ied. As most field sampling was 
carried out at sites remote from 
laboratory facilities it was nec- 
essary to develop a method of 
sample preservation suitable for 
field use. 

1 The authors wish to express their 
appreciation to Mr. P. D. L. GuiZ- 
bride for assistance with the op- 
eration; to the United States Edu- 
cational Commission under whose 
sponsorship D.T.T. worked as a 
Senior Fulbright Research Scholar 
and to the Commissioner of Vet- 
erinary Services and Animal In- 
dustry for permission to publish 
this paper. 

2 Present address: Head of Animal 
Husbandry Division, East African 
Agriculture and Forestry Research 
Organization of East African Com- 
mon Services, Nairobi, Kenya. 

Methods and Procedures 

Esophageal fistulas were in- 
stalled in six mature Zebu steers 
using the method described by 
Van Dyne and Tore11 (1964) and 
plugs as shown in their Fig. 3-C. 
Collection bags similar to their 
Fig. 2 but without drainage were 
used. The animals were accus- 
tomed to stall feeding but not 
always to the particular grasses 
used. To insure collection of a 
sufficiently large sample without 
contamination with ruminal con- 
tents the steers were not allowed 
feed for 18 hr prior to the trial. 
Collections were limited to less 
than one hr to avoid possible 
changes in the sample and exces- 
sive contamination with saliva. 

Comparisons of chemical com- 
position of samples obtained 
from fistulas with that of herb- 
age offered were carried out on 
various freshly-cut grasses and 
sun-cured hays fed to steers kept 
in stalls. Dry matter, crude pro- 
tein, crude fiber, and ash were 
determined on what was offered 
and the fistula sample. 

Dry matter of sample was de- 
termined at 105 C. Crude protein 
was determined by the semi- 
macro Kjeldahl method. Crude 
fiber was determined by the 
method prescribed in the Fertil- 
izers and Feeding Stuffs Act 
(1926). A correction factor as sug- 
gested by Todd (1961) and con- 
firmed by Dougall (1955) and 
Bredon and Juko (1961) was used 
to compensate for lower boiling 
point due to altitude. Ash was 
determined by dry ashing. 

Several sampling m e t h o d s 
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were used on the fistula collec- 
tions. The first method was to 
remove from a 4,800 g sample 
eight subsamples of equal weight 
while the sample was being 
stirred. A second method in- 
volved separating t h e 1 i q u i d 
(plant and saliva) from the plant 
portion by squeezing through a 
coarsely woven cotton cloth. The 
plant portion was then divided 
into seven 300 g subsamples. Dry 
matter and crude protein were 
determined on each subsample 
to determine consistency. 

Samples of the liquid portion 
were divided into seven parts and 
crude protein and dry matter 
were determined on one portion 
immediately. Five samples were 
stored at 4 C. for seven days with 
no preservative, with 20% ethyl 
alcohol, with 0.5% chloroform, 
with 0.5% toluene, or with 5% 
formalin. The seventh sample 
from each animal (3) was left at 
room temperature for seven days. 
A second set of samples was di- 
vided in half, the first portion 
treated with la/, phenol and kept 
at room temperature for seven 
days, the second half analyzed 
immediately for crude protein 
and dry matter. 

Comparisons were made be- 
tween herbages of a known 
chemical composition and esoph- 
ageal fistula samples of four 
Chloris gayana hays, freshly cut 
Chloris gayana, three freshly cut 
and chopped Pennisetum pur- 
pureum, Themeda triandra hay, 
Hyparrhenia dissoluta hay, and 
freshly cut and chopped Paspa- 
Zum notatum. Twenty-nine ob- 
servations were made on these 11 
forages. 

Saliva samples were collected 
both before and after feeding in 
plastic bags that lined the col- 
lection bag. Dry matter, nitro- 
gen, and ash were determined 
immediately. 

The esophageal fistula samples 
were squeezed. The solid portion 
was oven dried and the liquid 
portion was analyzed immedi- 
ately. 
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Resulis 

Techniques and Sampling.- 
When fistula subsamples were 
taken from a whole sample by 
extracting portions, the dry mat- 
ter content decreased from 12.0% 
on the first to 10.4% on the eighth 
while crude protein increased 
from 7.7% to 8.7% on a dry mat- 
ter basis. 

The second method of sub- 
sampling, after expressing the 
liquid portion, was more consis- 
tent with dry matter at 27.6% 
SD. = 0.49, crude protein at 
7.3% S.D. = 0.039, and crude 
fiber at 37.6% S.D. = 0.836. Con- 
sidering the degree of accuracy 
in chemical determinations this 
method of sampling proved to be 
satisfactory. 

The liquid sample left at room 
temperature became mouldy and 
was discarded. There were no 
differences between samples 
processed immediately and those 
stored at 4 C. for seven days ir- 
respective of preservative used 
or with no preservative. A sub- 
sequent processing also proved 
objectionable in the presence of 
chloroform, toluene, and forma- 
lin. Ethyl alcohol in the concen- 
tration used precipitates the pro- 
tein in the liquid. One % phenol 
in unrefrigerated liquid pre- 
served the samples with no sig- 
nificant difference in dry mat- 
ter and crude protein from those 
processed immediately. 

Herbage Offered vs. Fistula 
Sample.-Percentages of crude 
protein and crude fiber were 
used for comparison of chemical 
composition of feed offered with 
samples obtained from the fis- 
tula. To calculate the composi- 
tion of the whole sample, the to- 
tal amount of crude protein and 
dry matter in the liquid portion 
was added to that in the solid 
portion. The percent crude pro- 
tein content was calculated from 
the resulting figures on a dry- 
matter basis. 

Crude fiber in the liquid is neg- 

Table 1. Saliva composition (percent) quoied by various workers. 

Dry Crude 
Reference Description Matter Nitrogen protein Total Ash 

~_ __ Present work Cattle 1.0362 0.0145 8.74 0.8233 
McDougall Sheep 1.28 0.020 9.77 0.97 

(1948) 
Somers Sheep 1.1064 0.03183 17.98 0.6677 

(1958) 
Bailey, et al. Steer 1.05 0.00757 4.51 0.91 

(1961) 
cow 1.02 0.010 6.13 0.89 

ligible, and the crude fiber com- 
parisons are on the solid portion 
only. 

Since saliva is approximately 
80% ash on dry-matter basis 
(Table 1) and the amount of sa- 
liva excreted varied greatly be- 
tween animals, the crude protein 
and fiber results are on an ash- 
free basis. 

Crude Protein.-The crude 
protein content of the herbages 
used ranged from 3.0% to 7.8% 
for the hays and 8.5% to 11.1% 
for the freshly-cut green grasses. 
Since the crude protein percen- 
tages do not overlap, the regres- 
sion equations are calculated for 
both hay and green grasses; how- 
ever, they are also calculated to- 
gether since under most grazing 
situations there will be both 
dried and green grass available 
and eaten by the animal. 

Fig. 1 presents linear regres- 
sion equations when the esopha- 
geal fistula samples have been 
squeezed and only the solid or 
fiber portion used. 

Linear regression equations in 
Fig. 2 represent calculations com- 
bining liquid and solid portions. 
Where the solid sample is used, 
both saliva and some of the plant 
juices are removed in the squeez- 
ing process. This is especially 
true with green grass; however, 
the saliva-saturated hay will also 
lose some of the nutrients. Since 
crude protein content of the fis- 
tula sample is less than is fed, 
comparatively more nitrogen 
compounds have been removed 
than non-nitrogen compounds. 

PERCENT CRUDE PROTEIN IN HERBAGE FED 

FIG. 1. Regression of crude protein of her- 
hage fed on crude protein of “solid” 
portion of forage collected through esoph- 
ageal fistula (Ash-free basis). 

FIG. 2. Regression of crude protein of her- 
bage fed on crude protein of “total” for- 
age collected through esophageal fist& 
(Ash-free basis). 

In contrast, when the squeezed 
liquid portion is added to the 
solid portion, the esophageal fis- 
tula sample is higher in crude 
protein than the herbage fed. 
This is true for both hay and 
green grass, and the differences 
are highly significant (t-test for 
paired comparisons). 



312 MARSHALL ET AL. 

46 
a 301 ’ ’ ’ s ’ ’ ’ ’ 

32 34 36 36 40 42 44 46 1 

PERCENT CRUOE FIBER IN HERBAGE FED 

FIG. 3. Regression of crude fiber of her- 
bage fed on crude fiber of forage col- 
lected through esophageal fistula (Ash- 
free basis). 

Crude Fiber.-Fig. 3 presents 
crude fiber regression equations 
for hay and green grass and a 
combination of the two. The co- 
efficient of linear correlation (r) 
for hay was low (r =0.65); how- 
ever, crude fiber values for hay 
range from 40.4% to 43.8% as 
compared with green grass val- 
ues of 31.8% to 41.3%, a much 
wider range. 

Esophageal fistula samples con- 
tained more crude fiber than 
the animals were offered. This 
difference is explained under 
“Saliva Yield.” 

In some cases under limited 
laboratory facilities it might be 
advantageous to use a regression 
based only on dry matter and 
crude protein or crude fiber. 

Regressions based on the whole 
sample are as follows: 

“/o C.P. in herbage = 1.008 
(“/o C.P. solid + liquid por- 
tion) - 0.677; r = 0.984 
“/o C.P. in herbage = 1.107 
(% C.P. solid only) - 0.200; 
r = 0.972 
% CF. in herbage = 0.873 
(a/o CF.) + 3.920; r = 0.907 
Saliva Composition.-There is 

considerable literature referring 
to yield and composition of sa- 
liva; however, most references 
are for work with sheep and sug- 
gest that the small quantity of 
nitrogen in saliva would have 
little influence on samples col- 
lected from esophageal fistulas. 

IOO- 

X = % DRY MATTER OF FORAGE EATEN 
Y= WATER DERIVED FROM SALIVA x 100 

so- TOTAL WATER IN SAMPLE 

Y 
80- 

70- 

60- 

LOG X 

FIG. 4. Regression of yield of saliva on dry matter of forage consumed. 

Results of this study are pre- 
sented with results from other 
workers in Table 1. Consider- 
able variations in values are ob- 
tained by various authors. Dry 
matter values tend to fall in the 
lower range in this study. Influ- 
ence of saliva on chemical com- 
position of samples from the fis- 
tula would depend on the ratio 
of saliva to forage as well as 
percent nitrogen on a dry-matter 
basis. If the nitrogen shown in 
Table 1 were divided by the dry 
matter and then multiplied by 
6.25 to put it on a crude protein 
basis, the crude protein values 
would range from 4.5% to 18.0%. 
Saliva in this experiment con- 
tained 8.7% protein. 

If the herbage in the fistula 
sample had a crude protein con- 
tent less than 8.7%, saliva would 
be adding nitrogen to the fistula 
sample. In herbage with higher 
crude protein content, saliva 
would be adding more dry mat- 
ter than nitrogen. The result 
then is less crude protein in the 
fistula sample. The further the 
crude protein value of the herb- 
age sample gets from the saliva 
value the greater will be the in- 
fluence to the fistula sample. 
This is substantiated by Shum- 
way et al. (1963) who showed that 
alfalfa hay before consumption 
was 18.0% crude protein and 

after 17.1%, whereas cottonseed 
hulls were 4.7% crude protein 
before and 5.2% after consump- 
tion. 

Saliva Yield.-The influence of 
saliva is also correlated with the 
amount of saliva produced per 
weight of herbage consumed. 
Since the water content of the 
herbage of this experiment was 
known and the total sample was 
collected, the saliva yield was 
determined. 

It was found that the yield of 
saliva is related to the dry mat- 
ter of the forage fed and the re- 
lationship may be expressed by 
the equation in Fig. 4 (Y = 60.28 
Log X-22.91). 

The dry matter of forage eaten 
varied between 94.5% and 19.2% 
and, as expected, hay samples 
contained more saliva than did 
green grasses. 

Using this equation, the 
amount of saliva and the amount 
of added nitrogen to the esopha- 
geal fistula sample can be de- 
termined. For example, the 
means for the hays contained 
5.6% crude protein and 90% dry 
matter. For every 90 g of hay 
in the fistula sample there were 
10 g free water and 190 g saliva 
(100X t [lo + X] = 95; then 
X = 190). The crude protein 
content of the saliva was approx- 
imately 0.001% so the crude pro- 
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tein in the fistula sample would 
be 90 (.0563) + 190 (0.001) = -5.26 
g and the dry matter would be 
90 (100.0) + 190 (.Ol) = 91.9 g. 
The g crude protein -+ g dry mat- 
ter X 100 = percent crude pro- 
tein fistula sample (5.26 X 100 + 
91.9 = 5.72). The forage fed con- 
tained 5.63% crude protein. Ad- 
dition of saliva increased the 
percentage to 5.72, then the er- 
ror created by contamination 
with saliva was 1.6% ([5.72 - 
5.631 + 5.63 = .016). 

A similar calculation for green 
grass with an average of 9.47% 
crude protein and 20% dry mat- 
ter will show an error of 0.3% 
due to added saliva. Because the 
grass was green less saliva was 
produced and percent crude pro- 
tein in the grass and in the sa- 
liva was nearly the same. 

McManus (1961) and Nelson 
(1962) suggested that the chemi- 
cal composition of esophageal fis- 
tula samples be expressed on an 
ash-free basis. This suggestion 
is desirable for all constitutents 
except crude protein since saliva 
contains mainly nitrogen and 
minerals. Using the previous cal- 
culations for saliva error in 
crude protein, if results are on an 
ash-free basis, the 5.26 g protein 
would be divided by 90 g of dry 
matter or a loss of 1.9 grams of 
saliva ash. This calculation shows 
a crude protein content of 5.85%. 
The error due to the saliva is 
3.9% ([5.85 t 5.631 + 5.63 = .039) 
compared with an error of 1.6% 

CALIFORNIA SECTION 

HOSTS SUMMER MEETING 

The California Section of The 
American Society of Range Manage- 
ment was host to the Board of Di- 
rectors Annual Summer Meeting at 
Santa Barbara, July 18-20. This 
marked the first time an annual di- 
rectors meeting had been held in 
California. 

The combined meeting, on the Uni- 
versity of California, Santa Barbara 
campus, was attended by more than 

on a non-ash-free basis. This er- 
ror is still small so it would be 
more desirable to use ash-free 
basis rather than the more com- 
plicated costly s i 1 i c a - f r e e 
method. 

Most of the difference between 
the crude protein in forage fed 
and fistula sample must be due 
to factors other than saliva con- 
tamination. 

Summary 
Six mature Zebu steers were 

fitted with esophageal fistulas 
and were stall fed herbage of 
varying quality to enable the 
sample collected to be compared 
chemically with forage fed. 

Various techniques were tried 
and those adopted for use under 
local conditions are described in 
detail. 

Regression equations were cal- 
culated which compare crude 
protein and fiber content of 
samples collected from fistulas 
with those of forage eaten. 

Figures present the composi- 
tion of saliva before and after 
feeding and an equation corre- 
lates yield of saliva to the dry 
matter of forage eaten. 

Possible reasons for the differ- 
ences between the herbage fed 
and the forage collected are dis- 
cussed. 
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tein in the fistula sample would 
be 90 (.0563) + 190 (0.001) = -5.26 
g and the dry matter would be 
90 (100.0) + 190 (.Ol) = 91.9 g. 
The g crude protein -+ g dry mat- 
ter X 100 = percent crude pro- 
tein fistula sample (5.26 X 100 + 
91.9 = 5.72). The forage fed con- 
tained 5.63% crude protein. Ad- 
dition of saliva increased the 
percentage to 5.72, then the er- 
ror created by contamination 
with saliva was 1.6% ([5.72 - 
5.631 + 5.63 = .016). 

A similar calculation for green 
grass with an average of 9.47% 
crude protein and 20% dry mat- 
ter will show an error of 0.3% 
due to added saliva. Because the 
grass was green less saliva was 
produced and percent crude pro- 
tein in the grass and in the sa- 
liva was nearly the same. 

McManus (1961) and Nelson 
(1962) suggested that the chemi- 
cal composition of esophageal fis- 
tula samples be expressed on an 
ash-free basis. This suggestion 
is desirable for all constitutents 
except crude protein since saliva 
contains mainly nitrogen and 
minerals. Using the previous cal- 
culations for saliva error in 
crude protein, if results are on an 
ash-free basis, the 5.26 g protein 
would be divided by 90 g of dry 
matter or a loss of 1.9 grams of 
saliva ash. This calculation shows 
a crude protein content of 5.85%. 
The error due to the saliva is 
3.9% ([5.85 t 5.631 + 5.63 = .039) 
compared with an error of 1.6% 

CALIFORNIA SECTION 

HOSTS SUMMER MEETING 

The California Section of The 
American Society of Range Manage- 
ment was host to the Board of Di- 
rectors Annual Summer Meeting at 
Santa Barbara, July 18-20. This 
marked the first time an annual di- 
rectors meeting had been held in 
California. 

The combined meeting, on the Uni- 
versity of California, Santa Barbara 
campus, was attended by more than 

on a non-ash-free basis. This er- 
ror is still small so it would be 
more desirable to use ash-free 
basis rather than the more com- 
plicated costly s i 1 i c a - f r e e 
method. 

Most of the difference between 
the crude protein in forage fed 
and fistula sample must be due 
to factors other than saliva con- 
tamination. 

Summary 
Six mature Zebu steers were 

fitted with esophageal fistulas 
and were stall fed herbage of 
varying quality to enable the 
sample collected to be compared 
chemically with forage fed. 

Various techniques were tried 
and those adopted for use under 
local conditions are described in 
detail. 

Regression equations were cal- 
culated which compare crude 
protein and fiber content of 
samples collected from fistulas 
with those of forage eaten. 

Figures present the composi- 
tion of saliva before and after 
feeding and an equation corre- 
lates yield of saliva to the dry 
matter of forage eaten. 

Possible reasons for the differ- 
ences between the herbage fed 
and the forage collected are dis- 
cussed. 
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Highlight 
Forage collected by esophageal- 

fisfulafed caffle varies in chemical 
composifion between days and ani- 
mals. The number of samples needed 
for a given degree of accuracy was 
determined. Silica content of fisfula 
steer feces was significanfly differ- 
ent from feces from the non-fisfu- 
lafed sieer. There were no signifi- 
cant differences in crude protein, 
crude fiber, and ether exiracf. 

Many workers (Van Dyne and 
Torell, 1964) have used esopha- 
geal-fistulated animals in sam- 
pling forage for chemical and bo- 
tanical analyses. Individuality in 
animals, great variety in plant 
species, and a two-to-threefold 
difference in nutrients between 
stems and leaves make collection 
of a representative sample by 
this means difficult. In most in- 
stances a limited number of fis- 
tulated animals have been used, 
making the determination of de- 
gree of variation less reliable. 
Knowledge of variation among 

1 The authors wish to express their 
appreciation to Mr. D. Stewart, 
then District Veterinary Officer, 
Ankole, for his assistance with the 
operation; to the United States 
Education Commission under 
whose sponsorship D.T.T. worked 
as a Senior Fulbright Research 
Scholar and to the Commissioner 
of Veterinary Services and Ani- 
mal Industry for permission. to 
publish this paper. 

2 Present address: Head of Animal 
Husbandry Division, East African 
Agriculture and Forestry Research 
Organization of East African Com- 
mon Services, Nairobi, Kenya. 

FIG. 1. Sanga-type, esophageal-fistulated steers on their way to pasture for a 454ninute 
period of collecting. Thornbush corral (borna) is shown in background. Samples 
were air dried in metal building at left. 

animals and days would be valu- 
able to determine the number of 
samples necessary to establish 
a desired degree of accuracy. 

Chemical analyses of fecal 
samples from fistulated and non- 
fistulated animals would indicate 
if the fistula causes any abnor- 
mality in consumption of nutri- 
ents. 

Materials and Methods 

Twelve Ankole steers were 
fistulated as described by Van 
Dyne and Tore11 (1964). A month 
was allowed for healing before 
forage collections were made. 
Sampling was done on Days 1, 2, 
5, 6, 7, 8, and 10, using all twelve 
steers. Botanical composition and 
location of pasture were de- 
scribed by Bredon et al. (1967). 

From the time of the operation 
through Day 10 (40 days) twelve 
fistulated steers plus ten non- 
fistulated steers grazed the ex- 
perimental pasture. As was the 
native custom, because of preda- 
tion by lions and other African 
carnivores, the cattle were cor- 
raled each night in a thornbush 
boma and taken to the pasture 
to graze at about 9 AM. They re- 
turned to the boma between 5 
and 6 PM. Usual management in 
the area was to herd the cattle; 
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however, in this experiment they 
were allowed free access to the 
pasture. 

The schedule for the days 
when fistula collections were 
made was varied from the normal 
by putting the steers through a 
chute and taking a grab sample 
of feces, removing the esophageal 
fistula plug, strapping on the 
solid-bottom collection bag, and 
herding to the pasture approxi- 
mately 600 ft from the boma 
through a driveway. The steers 
were allowed 45 min to graze and 
were then herded back to the 
boma where the fistula bags were 
removed. The plugs were inserted 
and the cattle taken back to the 
pasture to graze (Fig. 1). 

The animals were fed 100 g/ 
head/day of common salt in a 
hollowed out termite hill near 
the boma each evening. 

The fistula samples were 
squeezed in a cotton cloth. The 
solid portion was placed on an 
aluminum tray and air-dried in 
a metal building. The feces were 
preserved in polyethylene bags 
with 5 ml phenol (80%)/200 g of 
feces. 

Chemical analyses were as de- 
scribed by Bredon, et al. (1967). 
A few samples were not ade- 



quate for chemical analysis due 
to regurgitation or insufficient 
sample size. Therefore, missing 
data were calculated by the 
method described by Steel and 
Torrie (1960). All computations 
were made on an ash-free basis. 

Multiple comparisons were 
made between animals and be- 
tween days, to determine which 
means were significantly differ- 
ent by Tukey’s test (1953) as de- 
scribed by St e el and Torrie 
(1960). Number of animals nec- 
essary for a specific degree of 
accuracy was determined by the 
formula n = “?,f’* Snedecor (1956). 
An analysis of variance was used 
to compare the chemical com- 
position of the feces of the fis- 
tulated and non-fistulated steers. 

Results and Discussion 

The ingesta contained varying 
amounts of saliva as demon- 
strated when the ingesta was 
separated into liquid and solid 
portions. The ratio by weight of 
liquid to solid was 4.1 with S.D. 
3.3 and a range from 1.4 to 19.6. 
Such a variation in the amount 
of saliva would cause great vari- 
ation in nitrogen content of in- 
gesta. 

The squeezed solid sample was 
air-dried and the ratio of the 
weight before and after drying 
was 3.5 with S.D. 0.3. The air- 
dried sample was taken to the 
laboratory for oven drying and 
chemical analysis. Unfortunately 
the samples were not weighed 
before grinding so the dry mat- 
ter content of the squeezed and 
the air-dried samples could not 
be calculated. Therefore, follow- 
ing computations are based on 
100% D.M. basis of the solid por- 
tion only. 

Variation Between Day and 
Animal.-Table 1 shows mean 
crude protein, crude fiber, and 
ether extract values, as well as 
multiple comparisons by day, for 
12 steers. 

Protein value for Day 1 is sig- 
nificantly lower than the other 
collection days. There is a de- 
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Table 1. Mean crude protein, crude fiber and efher exfracf values and 
mulfiple comparisons by day for iwelve steers. _ 

Item 1 2 5 6 7 8 10 
CrudeprK~i~~ 

-___ ___- 
5.62a* 7.66~ 7.27bc 7.14bc 7.28bc 7.03bc 6.6513 

Crude Fiber 39.6 a 40.3 a 40.2 a 39.8 a 41.8 a 41.0 a 40.5 a 
Ether Extract 1.65ab 1.43a 1.70ab 1.79ab 1.84ab 1.45a 2.17b __- __- -~ 
* Means followed by the same letter are not significantly different at the 

5% level. 

Table 2. Animal-days needed for 95% level of accuracy and the coefficient 
of variation for fhese nutrients. ___ _~~- 

Forage Accuracy Coefficient 
Composition of Animal- of 

Item Percentage Prediction Days Variation 
Crude Protein 7.0 -k 10% Mean 5.6 8.25 
Crude Fiber 40.0 + 5% Mean 4.1 4.62 
Ether Extract 1.7 + 10% Mean 28.7 22.50 

clining trend from Day 2 through 
Day 10 with only the lst, 2nd, 
and 10th days’ values signifi- 
cantly different. This would in- 
dicate that the forage was matur- 
ing with a subsequent decrease 
in crude protein or that the ani- 
mals were becoming less selec- 
tive; however, the steers had 
been in the pasture for 30 to 40 
days. The steers were fitted with 
the collection bags for the first 
time on Day 1 and the strange- 
ness of the procedure may have 
changed their grazing habits. 

There were no significant dif- 
ferences in the crude fiber values 
for any day. 

Ether extract showed some dif- 
ferences that were significant at 
the 5% level, however, there was 
no trend to this difference. 

Differences between animals 
were not significant at the 5% 
level for crude protein, crude 
fiber or ether extract. 

Table 2 presents the number of 
animal day samples needed to 
predict at the confidence level 
within t 10% of the mean for 
crude protein and ether extract 
and -+ 5% of the mean for crude 
fiber, Since there were no sig- 
nif icant differences between ani- 
mals and very little difference 
between days, the total number 
of animal days is the item to be 
considered. Juko and Bredon 
(1961), in their comparison of 
analyses of leaves and the whole 

___~_ -~- 

plant of some common Uganda 
grasses, show that there is much 
wider variation in herbage in 
tropical areas than in temperate 
areas. In locations where less 
variation exists, animal numbers 
may be reduced for the same de- 
gree of accuracy. Work con- 
ducted by Arnold3 with esopha- 
geal-fistulated cattle and sheep 
substantiated our determinations 
of coefficient of variation for 
crude protein and crude fiber. 

Fecal Variations.-If esopha- 
geal-fistulated steers had a de- 
praved appetite due to the fis- 
tulation, this difference should 
show up in differences in the 
chemical composition o f f e c al 
samples. 

It was noted that the fistu- 
lated steers spent a considerable 
amount of time at the salt trough. 
This was probably due to a loss 
of sodium in the saliva via the 
fistula plug. An analysis of vari- 
ance showed that the fistulated 
steers’ feces were significantly 
higher (P<O.Ol) in silica than 
those of the non-fistulated steers 
although there were no signifi- 
cant differences between days 
nor between animals. The means 
were 18.4 and 14.5%. This in- 
creased silica can probably be 
attributed to soil taken from the 
salt-saturated termite hill. 

3 Arnold, G. W. 1966. Personal com- 
munication. 
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Table 3. Significant differences be- 
fween freafmenfs, days and ani- 
mals for chemical analysis of fecal 
crude protein, crude fiber and 
ether exfracf. 

Crude Crude Ether 
Item Protein Fiber Extract 

TreatmeT- N.S. N.S. N.S. 
Days .Ol* N.S. .Ol 
Animals .Ol .05 .OOl -~ _____ _ 
* Level of probability. 

Table 3 presents results of an 
analysis of variance of fecal 
chemical analyses. Crude pro- 
tein, crude fiber, and ether ex- 
tract fecal results are presented 
on an ash-free basis because of 
silica contamination. There were 
no signif icant differences be- 
tween fistulated and non-fistu- 
lated steers in these three con- 
stituents. 

There were significant differ- 
ences (P<O.Ol) in crude protein 
between days and between ani- 
mals. Crude fiber showed no sig- 
nificant difference between days 
but differences (P<O.O5) be- 
tween animals. As with the fis- 
tula ingesta samples the ether 
extract in the fecal samples was 
variable, with significance of 
P <O.Ol and P <O.OOl between 
days and animals respectively. 

Table 4 shows a comparison of 
crude protein, crude fiber, and 
ether extract composition of the 
ingested fistula samples and the 
fecal samples. 
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Table 4. Comparison of percenf 
crude protein, crude fiber, and 
eiher exiracf composifion of the 
ingesied fisfula samples and the 
fecal samples. __-. 

Crude Crude Ether 
Protein Fiber Extract 

Fistula 
Ingesta 6.95 40.45 1.72 

Fecal- 
Fistulated 9.14 32.40 3.58 

Fecal-Non- 
Fistulated 9.00 32.20 3.68 __ 

Summary and Conclusion 

Twelve indigenous S an g a 
cattle fitted with esophageal fis- 
tulas were used to collect tropi- 
cal forage on 7 different dates 
within a lo-day period. Chemical 
analyses for crude protein, crude 
fiber, ether extract, and ash were 
determined on each sample. 

Analysis of variance showed no 
significant differences between 
animals for crude protein, crude 
fiber, and ether extract. There 
were signif icant differences be- 
tween days for crude protein and 
ether extract but not for crude 
fiber. The number of animal- 
days needed for a 95% level of 
accuracy and to come within 
t 10% of the mean was 5.6 for 
crude protein and 28.7 for ether 
extract. Crude fiber would need 
4.1 animal-days to come within 
-t 5% of the mean. 

A depraved appetite for salt in 
the fistulated cattle and the sub- 
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sequent consuming of salt-satu- 
rated soil appeared to be the 
cause of a significantly higher 
silica level in the feces of these 
steers as compared with non-fis- 
tulated steers. 

Fecal crude protein, crude 
fiber, and ether extract, when 
expressed on an ash-free basis, 
showed no significant differences 
between fistulated and non-fis- 
tulated steers. There were sig- 
nificant differences between ani- 
mals and between days. 
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BY-LAW PROPOSALS FAIL 

The two proposed changes in By- 
laws for (1) creation of the hon- 
orary status of Fellow, and (2) 
requiring petitions for nomination 
of candidates for Society offices 
to have 75 signatures of members 
of two or more Sections, failed to 
receive the necessary two-thirds 
approval of voting members. 
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Highlight 
Esophageal fisfula samples of trop- 

ical forage contained 66.4% more 
crude protein and 7.7% less crude 
fiber than the average figure for the 
clipped pasiure forage. The per- 
centage crude protein of herbage 
leaves was approximately 55% 
higher and the perceniage crude 
fiber was approximately 17% lower 
than fhe whole plant. 

The importance of selective 
grazing by sheep was originally 
pointed out by Stapledon (1927) 
and by Fagan (1929) who stated 
further that cattle were selective 
as to parts of plants eaten. This 
conclusion was subsequently in- 
vestigated and confirmed by 
Johnstone-Wallace ( 19 3 7 ) and 
Johnstone-Wallace and Kennedy 
(1944). 

In 63 grazing trials with cattle 
(Hardison, Reid, Martin, and 
Woolfolk, 1954) forage selected 
showed a higher percentage of 
crude protein and a lower per- 
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trict Veterinary Officer, Ankole, 
for his assistance during the sur- 
gical preparation of the fistulas; to 
Mr. K. W. Harker for botanical 
assessment of grass communities; 
to the United States Educational 
Commission under whose sponsor- 
ship D.T.T. worked as a Senior 
Fulbright Research Scholar and to 
the Commissioner of Veterinary 
Services and Animal Industry for 
permission to publish this paper. 

2Present address: Head of Animal 
Husbandry Division, East African 
AgricuZture and Forestry Research 
Organization of East African Com- 
mon Services, Nairobi, Kenya. 

centage of crude fiber than anal- 
ysis of clipped samples of the 
pastures would imply. 

There is a greater potential for 
selection in tropical and sub- 
tropical areas because there is 
much wider variation in herbage 
than in temperate areas as shown 
by Juko and Bredon (1961) in 
their comparison of analyses of 
leaves and the whole plant of 
some common Uganda grasses. 

Weir and Tore11 (1959) showed 
that forage collected by esopha- 
geal-fistulated sheep d i f f e r s 
chemically from herbage clipped 
from the same areas. 

The purpose of this study was 
to compare chemical composition 
of tropical forage collected by 
esophageal-f istulated indigenous 
steers with composition of her- 
bage cut by mower and with in- 
dividual species of plants and 
plant parts. 

Methods and Maierials 

Twelve mature Sanga-type 
(longhorn Zebu) steers were fit- 
ted with esophageal fistulas and 
were allowed four weeks to heal 
before use. On sampling days 
steers were kept in an enclosure 
without feed for the night and 
at 9 A.M. plugs were removed, 
collection bags fitted, and the 
animals driven 200 yards to the 
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lo-acre grazing area. The cattle 
were allowed 45 minutes of graz- 
ing before they were returned to 
the boma where the bags were 
removed. Five hundred to 1,000 
g samples were collected in this 
length of time. The steers were 
then put back into the same pas- 
ture to continue g r a z i n g nor- 
mally until the next collection 
period. 

Fistula samples were squeezed 
in coarse cotton cloth; a 400 g 
sample of the fibrous portion was 
spread thinly on aluminum trays 
and placed in racks within a steel 
building where there was air cir- 
culation but no direct sunlight. 
The forage took 24 to 36 hr to 
dry, after which. time it was 
weighed and placed in polyethy- 
lene bags to be taken to the lab- 
oratory for analyses. 

The herbage was cut with a 
sickle bar mower to within 2 
inches of ground level starting 
six days prior to the fistula col- 
lection in 24, 5-square-yard, L- 
shaped plots. They were grouped 
according to the predominance of 
species as there was considerable 
variation between valley and 
hilltop locations (Fig. 1). The 
grass communities were as fol- 
lows: Themeda triandra, Becke- 
ropsis uniseta-Cymbopogon af- 
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ronardus, Themeda triandra- 
Cymbopogon afronardus, Cym- 
bopogon afronardus-Themeda 
triandra, Loudetia kagerensis- 
Cymbopogon afronardus, The- 
meda triandra-Loudetia kager- 
ensis respectively. Four repli- 
cates from each were collected. 
Samples were air dried in the 
shade, milled, and subsampled. 

The main species of herbage 
were collected each fistula-col- 
letting day by cutting the plant 
within 2 inches of the ground. 
Leaves were separated from the 
stems in one-half of each species; 
the other half were kept as whole 
plants. The samples were air 
dried in shade and weighed. 

All herbage samples and fis- 
tula samples were an a ly z e d 
chemically as follows: Dry mat- 
ter was determined at 105 C, 
crude protein was determined by 
the semi-macro Kjeldahl method, 
crude fiber by the method pre- 
scribed in the Fertilizers and 
Feeding Stuffs Act (1926) and a 
correction factor used to com- 
pensate for lower boiling point 
due to altitude (Todd, 1951) ether 
extract according to Feeding 
Stuffs Act (1926) and ash by dry 
ashing. 

Regression equations used to 
calculate the digestible dry mat- 
ter and digestible crude protein 
were calculated from the equa- 
tions published b y B r e d o n, 
Harker and Marshall (1963). To- 
tal digestible nutrients and 
starch equivalent w e r e calcu- 
lated from the following regres- 
sion equations: 

TDN = 1.3033 x % crude 
protein of sample + 42.266; 
r = 0.9057. 
SE = 1.5310 x % crude pro- 
tein of sample + 18.632; 
r = 0.9213. 

These equations were based on 
results published by Bredon, 
Harker and Marshall (1963) but 
were especially calculated for 
this work (Bredon, Marshall, un- 
published data). 

Results 
Composition of pasture.-The 
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average composition of 24 cuts of 
5 yd2 each was compared with 
average composition of indivi- 
dual grasses and the results are 
presented in Table 1, together 
with the composition of esoph- 
ageal-fistula samples. 

Grasses collected were at the 
flowering stage and, although 
sampling was not repeated over 
an extended period of time, it 
was not expected that the chem- 
ical composition of the grass 
would change to any degree dur- 
ing 14 days. This assumption was 
based on a study of the pattern 
of growth of grasses by Bredon 
and Horrell (1961). 

There was very little differ- 
ence between the averages for 
grass from the cuts and indivi- 
dual grasses. The slightly higher 
average for crude protein of grass 
from the cuts was attributed to 
the inclusion of some bottom 
leafy grasses which were not all 
included in the individual grasses 
because of difficulty of collec- 
tion. With the rather high stan- 
dard deviations of both groups 
the difference is insignificant. 
Nevertheless it is obvious that 
under African conditions, unless 
a considerable number of 
samples are collected as in this 
case, the figures obtained for 
crude protein are unreliable. 

There is absolute agreement 
between the average crude fiber 
figures for the two groups and 
the standard deviation is propor- 
tionally smaller. 

Chemical composition of indi- 
vidual grass communities is 
shown in Table 2. Analysis of 
variance shows no significant 
differences between zones except 
for crude fiber (1%). There were 
no significant differences within 
zones. 

Crude protein, crude fiber, and 
nitrogen-free extract for leaves 
and whole plants of various spe- 
cies are presented in Table 3. 

In all cases leaves contained 
higher percentages of crude pro- 
tein and lower percentages of 
crude fiber than whole plants. 

Taking the average composition 
of all grasses which were sepa- 
rated into consideration, the per- 
centage crude protein of leaves 
was approximately 55% higher 
than the whole plant and the 
percentage crude fiber of the 
leaves was approximately 17% 
lower. Details of percentage dif- 
ferences between leaves and 
whole plant are shown in Table 
4. There are considerable differ- 
ences between species and, de- 
pending on selection of species 
and parts of plants, there could 
be considerable difference in nu- 
tritive value of herbage con- 
sumed. 

Table 5 shows a comparison of 
chemical composition and nutri- 
tive values of herbage eaten by 
fistulated animals and that of 
clipped samples. Digestible crude 
protein was calculated by use of 
the formula published by Glover 
and French (1957): Digestibility 
coefficient C.P. = 5 + log C.P. - 
0.33 C.F. 

Table 5 shows th,at there was 
considerable increase in the in- 
take of crude protein due to se- 
lection by cattle. This would be 
sufficient for maintenance and 
some production if it persisted 
throughout the day. Assuming 
that 2% digestible crude protein 
and 24% starch equivalent in for- 
age is required for maintenance, 
the starch equivalent of both pas- 
ture and herbage eaten was 
above maintenance, but only 
63% of the digestible protein nec- 
essary for maintenance was pres- 
ent in clipped samples. This is 
of considerable import ante in 
this type of pasture where, for 

Table 1. Percent crude protein and 
crude fiber of collected herbage. 

Crude Crude 
protein fiber 

Item Mean S.D.l Mean S.D. 
Individual 

grasses 4.07 1.53 38.96 3.09 
5-yd2 cuts 4.28 1.22 38.93 2.15 
Esophageal 

fistula 7.04 0.71 35.93 1.92 

1 S.D.=Standard deviation. 
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Table 2. Chemical analysis of herbage from different plant cornxnunifies. 
Community C.P. E.E. C.F. Total Ash N.F.E. 

Themeda 3.74 1.33 39.99 7.65 47.29 
Backeropsis-Cymbopogon 4.81 1.29 37.77 11.61 44.52 
Themeda-Cymbopogon 3.97 2.34 41.23 10.56 41.88 
Cymbopogon-Themeda 4.60 2.43 37.57 7.63 47.77 
Loudetia-Cymbopogon 3.10 1.23 40.43 8.01 47.23 
Themeda-Loudetia 5.18 1.91 36.60 9.41 46.90 

Table 3. Chemical analysis (percenf) of various plants and parts of plants. 
GRASS LEAVES WHOLE PLANT 

Nitrogen Nitrogen 
Crude Crude free Crude Crude free 

protein fiber extract protein fiber extract 
Andropogon dummeri 
Beckeropsis uniseta 4.83 
Bothriochloa insculpta 5.75 
Brachiaria brizantha 
Brachiaria decumbens 8.26 
Brachiuria platynota 
Chloris gayana 6.81 
Cymbopogon ajronardus 4.25 
Digitaria maitlandii 
Hyparrhenia dissoluta 5.27 
Hyparrhenia jilipendula 4.53 
Legume 16.31 
Loudetia kagerensis 4.23 
Setaria plicatilis 9.40 
Setaria sphacelata 
Sporobolus pyrimidaZis 
Themeda triandra 4.89 
Average 6.78 

36.71 
33.30 

25.77 

34.12 
32.42 

33.37 
34.27 
27.32 
38.04 
33.51 

35.19 
33.09 

4.1.1 

43.28 2.85 
46.65 2.77 

3.10 
52.24 5.39 

4.70 
46.80 4.93 
50.30 3.51 

4.26 
51.55 2.63 
50.38 2.62 
46.54 9.18 
47.17 3.59 
40.65 7.33 

4.70 
3.75 

49.84 3.22 
47.76 4.28 

31.33 

41.68 40.69 
40.20 46.72 
37.99 48.93 
36.09 46.14 
37.66 44.47 
42.52 41.92 
40.03 47.61 
34.32 51.35 
44.24 45.66 
40.31 50.26 
34.13 47.37 
41.65 48.83 
36.85 40.64 
37.35 46.92 
41.12 47.93 
39.44 49.37 
39.00 46.57 

Table 4. The percentage difference of thk nutrienfs of leaves fo those of 
whole plan&. 

Species 
Beckeropsis uniseta 
Bothriochloa insculpta 
Brachiaria decumbens 
Chloris gayana 
Cymbopogon ajronardus 
Hyparrhenia dissoluta 
Hyparrheniu jilipendula 
Legume 
Loudetia kagerensis 
Setariu plicatilis 
Themeda triandra 

Crude Crude 
protein fiber 
+ 69.47 -11.92 
+107.58 -17.16 
+ 53.25 -28.60 
+ 38.13 -19.75 
+ 21.08 -19.01 
+100.38 -24.57 
+ 72.90 -14.98 
+ 77.67 -19.95 
+ 17.83 - 8.67 
+ 28.24 - 9.06 
+ 51.86 -10.08 

Nitrogen 
free 

extract 
+ 3.84 
- 0.15 
+13.22 
+11.64 
+ 5.65 
+12.90 
+ 0.24 
- 1.75 
- 3.40 

Nil 
+ 0.95 

Table 5. A comparison of chemical composifion (percent) and nufriiive 
values (percent) of herbage clipped and collecfed by fisfula. 

Digestible Total Digest. 
Crude Crude dry digestible Starch crude 

Item protein fiber matter nutrients equiv. protein 
Fistula 7.04 35.93 53.29 51.42 29.41 3.10 
Clipped 4.23 38.93 48.71 47.74 25.11 1.26 
% increase or 

decrease + 66.4 -7.71 + 9.40 +7.71 + 17.2 + 146.03 
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most of the year, the average 
protein content is very low. From 
the results for forage eaten it ap- 
pears that, provided there is suf- 
ficient bulk from which to select, 
cattle are able to balance their 
ration for at least maintenance 
requirements and a small 
amount of production. 

Our figures vary considerably 
from the average figures of 
Hardison, Reid, Martin, and 
Woolfolk (1954) who obtained 
much lower increases of protein 
intake and larger decreases of 
fiber intake when comparing 
composition of a sward to the 
forage eaten by cattle. They are, 
however, consistent with what 
could be expected from figures 
in Table 4 where the percentage 
differences between the crude 
protein of leaves and whole 
plants in proportionally larger 
than the crude fiber differences. 

Our findings explain why 
cattle survive or even put on 
weight during the dry season in 
various parts of Africa when 
chemical analyses of the pasture 
suggest that there are not enough 
nutrients for maintenance. 

The high crude protein figure 
in fistula samples demonstrates 
the highly selective character- 
istic of grazing animals. Since 
the leaves of only a few grass 
species contained as high as 7% 
crude protein, the animals must 
have selected for the legume 
leaves which contained 16.3% 
protein. 

Discussion and Conclusions 
The Ankole area of Uganda has 

an undulating terrain with many 
plant communities in a small 
area, depending upon soil type 
and depth, at an altitude of ap- 
proximately 5,000 ft. The pas- 
ture used in this study was 
chosen because of its terrain and 
number of plant communities in 
the small area. 

Because of predators such as 
lion, all animals in this district 
are gathered at approximately 
5 PM and put into a thornbush 
corral or boma until about 8 AM, 
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when most of the dew is off the 
foliage. Even though the fistula 
steers were treated the same as 
other cattle in the district, this 
procedure could affect grazing 
selection (Arnold et al., 1964). 

The steers started to graze im- 
mediately when released into the 
paddock and during the collec- 
tion period they did not go more 
than 100 yd up the slope, though 
they did graze right up to the top 
of the slope during the afternoon. 
Some of their grazing was done 
on termite hills which were cov- 
ered with Setaria plicatilis of 
high crude protein content and 
with browse plants, though they 
were not observed to eat the lat- 
ter. 

It is shown in Table 5 that the 
steers selected forage which con- 
tained 66.4% more crude protein 
and 7.71% less crude fiber than 
the average figures for the avail- 
able pasture forage. This is a 
remarkable commentary on how 
inaccurate the clipping method 
can be when used to assess the 
value of pastures of the type 
found in Uganda. 

The system of sampling in 
which measured areas are 
clipped (in this case 5 yd2) inevi- 
tably includes Cymbopogon afro- 
nardus to a varying degree de- 
pending upon the site. This grass 
is rarely eaten by cattle partic- 
ularly when mature but as its 
chemical composition other than 
ether extract is about equal to 
the average of the other pasture 
grasses, its presence in the 
samples was not apparent. 
Nevertheless the inclusion of a 
grass which can be a very large 
proportion of the samples and 
which does not form part of the 
animals’ diet is most unsatisfac- 
tory. 

The extreme variability of the 
crude protein of replicates of 
clipped samples has produced a 
nonsignificant result for crude 
protein in the various zones 
while the results are significant 
for crude fiber. 

There was no significant dif- 
ference between daily figures for 
crude fiber of the fistula samples 
but daily protein differences 
were significant (Tore11 et al., 
1967; Table 1). There were no 
significant differences between 
animals. 

Summary 

Techniques described by Mar- 
shall et al. (1967) were used in 
a field trial situated in Ankole 
Kingdom, Uganda. T w e 1 v e 
Sanga-type steers were fitted 
with esophageal fistulas and 
were used for sampling a pad- 
dock typical of the area. 

The pasture was also sampled 
by means of clipping. Twenty- 
four areas of 5 yd2 each were col- 
lected and analyzed. In addition 
samples were collected of the 
more common individual grass 
species; some of these were 
halved and one-half separated 
into leaves and stems. 

Average chemical composition 
of pasture clippings and chemi- 
cal composition of fistula samples 
are compared. 

Results clearly show the pos- 
sibilities of the use of fistulated 
animals for the evaluation of 
pasture and emphasize the inade- 
quacies of the clipping method. 
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Highlight 
In the laboratory, seed of 10 oui of 

25 forest range shrubs and herbs 
germinaied without either scarifica- 
tion or stratification. Sfrafificafion 
was required for 5 species and im- 
proved the germination of 10 others. 
Seventeen species germinafed af 1 
C after prolonged stratification: this 
characteristic would enable seedlings 
to become established ahead of fame 
grasses seeded in ihe spring. 

Information on germination re- 
quirements is available for many of 
the forest shrubs (USDA, 1948) but 
little work has been done on most 
of the forest herbs of the douglasfir 
zone. 

Germination tests conducted under 
controlled environmental conditions 
are useful in revealing and separat- 
ing the various factors involved in 
breaking seed dormancy and in of- 
fering some insight into the germina- 
tion requirements of plant species. 
It is recognized, however, that the 
results obtained in the laboratory 
cannot be interpreted for field con- 
ditions without extensive field test- 
ing. Such results do, however, per- 
mit the establishment of reasonable 
hypotheses. 

Methods 
The seed of 25 species (Table 1) 

was collected from different sites in 
the Kamloops area and stored in 
envelopes at the Research Station 
until tested. Usually the seed was 
tested during the winter following 
collection. Normally seed of fleshy 
fruits was threshed in a blender 
shortly after collecting. 

Samples of all seed were tested 
in incubators at 21 C until all ger- 
mination ceased over a lo-day pe- 
riod. If satisfactory germination per- 
centage was not reached, samples 
were subjected to scarification or 
stratification treatments or both. 
Scarification was accomplished by 
dipping the seed into concentrated 
sulphuric acid for varying lengths 
of time. In the stratification treat- 
ments the seed was kept moist at 

1 C for 30, 60, 90, 120, and 150 days. 
Since temperature is an important 

environmental factor affecting the 
initiation and rate of germination, 
all seed lots were incubated at 1, 4.5, 
10, 15, and 21 C. All seed was ger- 
minated on standard blue germina- 
tion blotters saturated with distilled 
water in lo-cm petri dishes. The 
incubators used were BOD refrigera- 
tors kept at constant temperature 
(plus or minus 0.5 C about desired 
temperature). The incubators were 
unlighted but the seed received 
light during periods of counting. 

In the light-requirement tests with 
dwarf blueberry (botanical names in 
Table 1) and huckleberry, light was 
excluded for 1, 3, 6, 9, 12, 15, 18, 21, 
and 24 days from the time the seed 
was moistened. 

Normally two replicates of 100 
seeds each were used per treatment 
and each test was repeated three 
times with different seed lots, gen- 
erally in different years. 

In tests requiring alternating tem- 
peratures, combinations of 30, 60, 90, 
120, 150, 196 days were used. 

Plant nomenclature follows that of 
Hitchcock et al. (1955). 

Results 
Seed of 10 of the species germi- 

nated without scarification or strati- 
fication (Table 1). 

Among the species tested, scari- 
fication was necessary only for kin- 
nikinnick although it shortened the 
time required for germination or in- 
creased the total in some cases. None 
of the seed of ki&ikinnick could be 
germinated wit ho u t scarification. 
The seed coat of this species was 
very hard and accepted 7 hours in 
concentrated sulphuric acid w it h 
only slight pitting. Seed of kinnikin- 
nick, bunchberry, and rose that was 
threshed when harvested in the fall 
stood up to acid treatment consider- 
ably longer than that which was 
stored in fruit until ready for testing. 
Scarification of timber milkvetch, 
lupine, and purple vetch both im- 
proved the germination and short- 
ened the period over which the seed 
germinated. This was particularly 
noticeable in milkvetch which al- 
though it would germinate without 
scarification did so gradually over a 
period of three months. 

Only 5 species required stratifica- 
tion. For another 10 species strati- 

fication for 30 to 120 days either in- 
creased the total germination or 
shortened the total time required. 
Of the methods used to break seed 
dormancy the best results were ob- 
tained with continuous low-tempera- 
ture treatments. 

Stratification shortened the germi- 
nation period of milkvetch but was 
not necessary if the seed was scari- 
fied. 

Some species required alternations 
of temperatures to break dormancy. 
Kinnikinnick after many combina- 
tions yielded 34% germination when 
the seed was moistened and dipped 
in concentrated sulphuric acid for 7 
hours, then kept 90 days at room 
temperature followed by 90 days at 
1 C. Bunchberry germinated after 
being moistened and receiving 30 
days at room temperature followed 
by 150 days at 1 C. Oregongrape 
germinated well (74% > after being 
moistened and kept 30 days at 1 C, 
60 days at room temperature, and 
then 196 days again at 1 C. 

Low temperature germination was 
common. Seventeen species showed 
upwards of 10% germination at 1 C 
after 120 to 150 days stratification. 
Saskatoon serviceberry, milkvetch, 
oregongrape, white hawkweed, and 
purple vetch, reached germinations 
of over 50% during lengthy strati- 
fication. 

Dwarf blueberry and huckleberry 
were unusual in that they had to be 
exposed to light periodically during 
the entire pre-germination period 
for germination to take place. Both 
species required 18 to 21 days to 
germinate and would not do so un- 
less exposed to at least intermittent 
light during the entire pre-germina- 
tion period. 

Discussion 
One of the most interesting as- 

pects of the results is the number 
(68%) of species germinating at low 
temperatures after prolonged strati- 
fication. Species that show this 
characteristic could presumably 
overwinter under snow and germi- 
nate in the early spring before or 
just after the snow disappears. This 
would enable the seedlings to be- 
come established ahead of tame 
grasses seeded in the spring. For 
this reason then fall seeding in the 
forest seems preferable. There is 
considerable evidence to in d i c a t e 
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Table 1. Response of 25 forest undersfory species fo SC arificafion and stratification freafmenfs. 

Stratification Scar. Low temp. Max. 

Common 

Species name 

Botanical 

help- 
not ful needed not germ’n germ’n 

needed (days) (days) needed (days) (%) (%) 

Nodding onion 
Sitka alder 
Saskatoon serviceberry 
Pussytoes 
Kinnikinnick 

Showy aster 
Timber milkvetch 

Pinegrass 

Bunchberry 
Blue wildrye 
Fireweed 
Strawberry 
White hawkweed 
Yellow hawkweed 
Creamy peavine 
Twinflower 
Lupine 
Oregongrape 
Yellow rattle 
Russet buffaloberry 

Whitetop spiraea 
Richardsons needlegrass 
Dwarf blueberry 
Huckleberry 

Percent of total 

Allium cernuum Roth. 
Alnus sinuata (Regel) Rydb. 
Amelanchier alnifolia Nutt. 
Antennaria umbrinella Rydb. 
Arctostaphylos uva-ursi 

(L. ) Spreng. 
Aster conspicuus L. 
Astragalus miser Dougl. 

ex Hook var. serotinus 
(Gray) Barneby 

Calamagrostis rubescens 
Buckl. 

Cornus canadensis L. 
EZymus glaucus Buckl. 
Epilobium angustifolium L. 
Fragaria glauca (Wats.) Rydb. 
Hieracium albiflorum Hook. 
Hieracium umbellatum L. 
Lathyrus ochroleucus Hook. 
Linnaea borealis L. 
Lupinus arcticus Wats. 
Mahonia repens (L.) G. Don 
Rhinanthus kyrollae Chab. 
Shepherdia canadensis (L.) 

Nutt. 
Spiraea betulifolia Pall. 
Stipa richardsonii Link 
Vaccinium caespitosum Michx. 
Vaccinium membranaceum 

Dougl. ex Hook. 

- 
- 
- 

X 

- 

- 

- 

X 

- 

X 

- 

X 

- 

- 

X 

- 

X 

- 

- 

- 

X 

- 

X 

4; 

120 
30 
- 
- 

- 
- 

120 
- 

90 - 
90 - 

90 - 

- 
- 
- 
30 
- 
90 
30 
- 
60 
- 
- 
- 

- 
X 

- 

- 

- 

- 

- 

- 

- 

- 

6: 

- 
- 
10 
- 

- 
40 

60 
- 
- 
- 

- 
20 

X 

X 

X 

X 

- 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

9: 

150 48 67 
- - 56 

120 84 98 
150 20 100 

- 
150 

- 
10 

34 
96 

120 80 98 

- 
- 
60 
- 
- 

120 
120 
120 
- 
90 

150 
90 

- 38 
- 46 
44 100 
- 38 
20 78 
50 96 
40 98 
24 100 
- 78 
12 94 
62 74 
22 24 

120 37 68 
150 10 68 
150 27 100 
- - 96 

- - 
68 - 

80 
- 

that certain grasses can also germi- 
nate under the snow on mountain 
ranges. Bleak (1959) has reported 
such results with smooth brome and 
tall oatgrass and Hull (1960) with 
intermediate wheatgrass. 

Low temperature germination is 
not uncommon. Dr. Lela V. Barton 
(personal correspondence, 1960) 
stated that “there are many seeds 
which will germinate at low tem- 
peratures. Among these are those of 
alpine forms. Dormant seeds of tem- 
perate-zone forms, especially trees 
and shrubs, will also germinate at 
the after-ripening temperature of 33 
to 41 F if they are kept in a moist 
medium beyond the time required 
for dormancy”. 

Allen (1962) showed that extended 
stratification lowered the optimum 
temperature requirements for germi- 
nation of douglasfir. McArthur and 

Fraser (1963) report similar results‘ 
for white spruce and a number of 
eastern deciduous trees. 

In the Kamloops area the soil sur- 
face in the douglasfir forest is nor- 
mally covered with snow from 120 
to 150 days. During this period ob- 
servations made at the time of snow 
survey sampling for 10 years (end 
of January, February, and March) 
indicate that the soil is moist and not 
normally frozen and that soil tem- 
peratures usually vary from -1 to 
1 C. These conditions provide suit- 
able stratification and low-tempera- 
ture germination conditions. 
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Highlight 
A 60- by 60-fi plot of Nuffall salt- 

bush (Atriplex nuttallii) was com- 
pletely harvested using 1- by I-ff 
sampling unifs. Yield data for sam- 
pling units of various sizes and 
shapes were obtained by combining 
contiguous 1- by I-fi plots. Sampling 
unit size and shape both had an im- 
portant effect on sampling efficiency. 
The coefficient of variation de- 
creased rapidly, as sampling unit 
size increased, until a sampling unit 
of about 60 ff2 was reached. For the 
smaller sampling units, the recfangu- 
lar unifs generally had a lower co- 
efficieni of variation than those fhaf 
were nearly square. Data are pre- 
sented showing the relationship be- 
iween sampling units of various sizes 
and shapes and (1) their coefficient 
of variation, (2) the number of sam- 
ples needed fo obtain a yield esfi- 
mate fhaf is within 20% of the popu- 
lation mean 90% of the time, and 
(3) the total area needed fo be sam- 
pled fo obfain this yield estimate. 

A major problem facing an in- 
vestigator in the sampling phase of 
his research is knowing what is the 
most efficient sampling unit-size 
and shape-and the number of 
samples needed to furnish desired 
information. Answers to these ques- 
tions are by no means simple and are 
different for each individual situa- 
tion. Characteristics being measured, 
variability of populations, desired 
accuracy, and costs are key factors 
determining sampling procedures. 

In fields of science dealing with 
vegetation, considerable effort has 
been expended to deter mine the 
most efficient sampling procedure 
for determining yields of specific 
crops or vegetation types. A common 
procedure for determining optimum 
shape and size of sampling units is 
the use of uniformity trials, also re- 
ferred to as blank experiments. In 

1PubZished with approval of the 
Director, Wyoming Agricultural 
Experiment S tat i o n, as Journal 
Paper No. 319. 

2 Research was conducted while 
author was a Graduate Research 
Assistant, Plant Science Division, 
University of Wyoming, Laramie. 

this procedure, an area of vegetation 
is sampled completely with one basic 
sampling unit. By combining con- 
tiguous units in various combina- 
tions, data for sampling units of dif- 
ferent sizes and shapes can be de- 
termined. Variability of sampling 
units can then be determined. This 
information is used to help establish 
the most efficient sampling unit for 
that particular set of conditions. 
Evans (1959) defines the most effi- 
cient sampling unit as the one sup- 
plying desired precision at least ex- 
pense. 

Fewer uniformity trials have been 
conducted on range vegetation than 
on cultivated crops. The time and 
labor involved in running such ex- 
periments have limited their use, 
but this situation has improved with 
the advent of high-speed digital com- 
puters. Statistical analysis of uni- 
formity-trial data now can be readily 
and economically accomplished. Al- 
though application of results of uni- 
formity trials is limited to vegeta- 
tion types and conditions under 
which the trials were conducted, the 
information is valuable for future 
work conducted under similar condi- 
tions. With the aid of high-speed 
computers, uniformity trial experi- 
ments can and should be expanded 
to other vegetation types until in- 
formation is available that will ‘be 
applicable over a wide range of con- 
ditions. 

Literature dealing with sampling- 
unit size and shape in relation to 
sampling native vegetation has been 
restricted primarily to measurements 
of frequency, p a t t e r n , and plant 
counts. Relatively little work has 
been reported relating sampling-unit 
size and shape to range herbage 
yields. The work published (pri- 
marily for field crops) has shown 
that, within limits, small sampling 
units are usually more efficient than 
large ones and rectangular sampling 
units are usually more efficient than 
square or round ones. Three factors 
play a dominant role in setting these 
limits: (1) boundary or edge effect 
of the sampling units, (2) natural 
distribution characteristics of the 
vegetation or species under conside’r- 
ation, and (3) comparative costs of 
the various sampling units. 

Yield estimates can be subject to 
considerable bias due to the bound- 
ary or edge effect of the sampling 

unit (Cochran, 1953; Brown, 1954; 
Van Dyne et al., 1963; Greig-Smith, 
1964). Indication of bias from a 
boundary effect was not available 
in this study because the various 
sampling units were formed from 
contiguous plots, all of which had 
been clipped as I- by 1-ft plots. The 
boundary effect, however, may be 
very important and shouald be con- 
sidered before selecting a sampling 
unit. 

Small sampling units usually have 
high variance per unit area. In most 
cases, variance per unit area de- 
creases as s a m p 1 i n g unit size in- 
creases. This, one would intuitively 
expect. Also, as pointed out by Evans 
and O’Regan (1963), an increase in 
sampling unit size not only decreases 
the variance per unit area but ob- 
servations on them tend to be more 
normally distributed even when the 
distribution of the small sampling 
units is distinctly non-normal. How- 
ever, it should be remembered that 
while the distribution of a popula- 
tion of sampling units may be non- 
normal, means of several of these 
units will likely have a normal dis- 
tribution. 

Relative efficiency of sampling 
units of different sizes and shapes is 
also affected by the uniformity and 
density of the vegetation being sam- 
pled. The variance per unit area in- 
creases rapidly for a given sampling 
unit as the vegetation becomes more 
sparse and less uniform. In sam- 
pling range vegetation, lack of uni- 
formity and density is a particular 
problem. 

Because of economic restrictions, 
it is not the most precise but rather 
the most efficient sampling unit that 
is important. While less total area is 
usually needed to obtain an adequate 
sample using small sampling units, 
costs may be considerably greater 
than for larger units because of the 
time required to randomly locate 
extra sampling u n it s and greater 
work of handling and weighing them. 
The optimum sampling unit depends 
on both statistical efficiency and 
time efficiency. 

As summarized by Evans and 
O’Regan (1963), the bias, precision, 
and efficiency of an estimate are af- 
fected by the size and shape of the 
sampling unit and the number of ob- 
servations. All these factors can be 
manipulated by the investigator. 
Thus, for any s amp1 in g problem 
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ing location of study area. 

there exists a combination of size, 
shape, and number of sampling units 
that will best fill the needs of the 
investigator. 

This uniformity trial experiment 
was conducted to investigate the ef- 
fects of sampling unit size and shape 
on yield estimates in a Nuttall salt- 
bush community. 

Study Area and Methods 

This study was conducted in a rel- 
atively pure saltbush community lo- 
cated in the Big Horn Basin of north- 
central W y o m in g . The saltbush 
clumps were vigorous with well-de- 
fined boundaries (Fig. 1). Fresh- 
weight forage yield of saltbush in 
this community was approximately 
1,200 lb/acre. A plot 60 by 60 ft was 
located in a representative area of 
the saltbush community. During the 
month of October 1964, fresh-weight 
yields of saltbush were determined 
for each square foot in the plot. The 
saltbush was clipped approximately 
2 inches above ground. 

Data for sampling units of various 
sizes and shapes were generated by 
combining contiguous square-foot 
sampling units into desired combina- 
tions. The p o s s i b 1 e combinations 
were limited by the number of in- 
teger factors of the number 60. For- 
mation of sampling units and calcu- 
lation of the coefficient of variation 
for each set were done with a high- 
speed computer. Number of sam- 

WIGHT 

Table 1. The effects of sampling unit size and shape on efficiency of 
herbage yield estimaies of salfbush. 

- - ______~ 
Plot Coef. No:- 
size var. sam- Area’ 
(ft) S.D. (%) plesl (fts) ____~ 

1x1 17.2 134 121.2 121 
1x2 30.2 117 93.2 186 
1x3 40.1 104 72.7 218 
1 x 4, 48.1 93 58.9 236 
2x2 53.5 104 73.0 292 
1x5 54.8 85 49.0 245 
1x6 60.2 78 41.0 246 
2x3 70.6 91 56.4 338 
2x4 84.6 82 45.5 364 
3x3 93.1 80 43.6 392 
1 x 10 79.1 61 25.5 255 
2x5 95.9 74 37.5 375 
1 x 12 86.6 56 21.3 256 
2x6 105.1 68 31.3 376 
3x4 110.6 72 34.6 415 
1 x 15 101.4 52 18.6 279 
3x5 125.5 65 28.5 428 
4x4 131.7 64 27.8 445 
3x6 136.7 59 23.5 423 
1 x 20 114.6 44 13.4 268 
2 x 10 138.4 54 19.5 390 
4x5 145.5 56 21.5 430 
2 x 12 150.9 49 16.2 389 
4x6 157.5 51 17.6 422 
5x5 166.5 52 18.1 452 
1 x 30 145.2 38 9.5 285 
2 x 15 174.8 45 13.8 414 
3 x 10 179.4 46 14.6 438 
5x6 176.8 46 14.6 438 
3 x 12 192.1 41 11.6 418 
6x6 182.1 39 10.4 374 
2 x 20 198.6 38 10.0 460 
4 x 10 211.2 41 11.4 456 

Plot?---~~ Coef. No. 
size var. Sam- Area1 
(ft) S.D. (%) plesl (ft2) 

3 x 15 220.0 38 9.8 441 
4 x 12 225.4 36 9.0 432 
5 x 10 220.3 34 7.9 395 
1 x 60 202.2 26 4.7 282 
2 x 30 246.7 32 6.9 414 
3 x 20 263.0 34 7.8 468 
4 x 15 265.9 34 8.0 480 
5 x 12 248.4 32 7.0 420 
6 x 10 244.4 32 6.8 408 
6 x 12 245.6 26 4.8 345 
5 x 15 296.4 31 6.4 480 
4 x 20 298.8 29 5.7 456 
3 x 30 318.4 27 5.1 459 
6 x 15 288.8 25 4.2 378 
5 x 20 305.0 24 3.8 380 

10 x 10 293.9 23 3.5 350 
2 x 60 336.6 22 3.5 420 
6 x 20 344.1 22 3.4 408 

10 x 12 331.3 21 3.2 384 
12 x 12 345.0 18 2.3 331 

5 x 30 422.8 22 3.2 480 
10 x 15 386.2 20 2.8 420 
3 x 60 446.3 19 2.6 468 
6 x 30 437.2 19 2.5 450 

12 x 15 458.4 20 2.6 468 
10 x 20 409.7 16 1.7 340 
15 x 15 511.6 18 2.1 472 
4 x 60 544.5 18 2.2 528 

12 x 20 457.4 15 1.5 360 
5 x 60 615.0 16 1.8 540 

10 x 30 543.7 14 1.4 420 
15 x 20 607.7 16 1.6 480 

--- __-__ --_ 
1 Number of sampling units and total area needed to insure obtaining a 

yield estimate that is within 20% of the population mean 90% of the time. 

pling u n it s necessary to obtain a 
yield estimate that would be within 
20% of the population mean with a 
90% probability was also calculated 
on the same computer program. The 
number of sampling units was de- 
termined from the relationship n = 
t2s”/d2 (Steel and T o r r i e , 1960) 
where n = sample number; t = 
1.645; s2 = variance of each sam- 
pling unit; d = one-half the accept- 
able yield interval, which in this 
case was +20% of the population 
mean. Two sets of data were ob- 
tained by first forming the sampling 
units with the long axis of the units 
extending in an east-west direction 
and then in a north-south direction. 
Because there was no significant dif- 
ference between the two sets of data, 
they were combined and data pre- 

sented here are the average of both. 
Coefficients of variation were cal- 
culated as the standard deviation of 
the sample, times 100, divided by the 
sample mean. Thus, the coefficients 
of variation are comparable for the 
different sampling units. 

Results and Discussion 

Size of sampling unit had a pro- 
nounced effect on the coefficient of 
variation (Table 1). Increasing the 
sampling unit from 1 to 60 ft? de- 
creased the coefficient of variation 
from 134 to about 30%. Further in- 
creases in sampling unit size had 
little effect on the coefficient of vari- 
ation. 

The high coefficients of variation 
associated with small sampling units 
are a reflection of vegetation type. 



With saltbush growing in clumps av- 
eraging about 2 ft in diameter and 
with a total ground cover of about 
21%) the small sampling units often 
fell on bare ground (zero yield). 
Zero yields coupled with maximum 
yields obtained when the sampling 
unit fell in the middle of a saltbush 
clump resulted in high variance and 
high coefficient of variation. 

The advantage of long, narrow 
sampling u n its over those which 
were approximately square was evi- 
dent in smaller units (Fig. 21, but 
this advantage disappeared when the 
short side of the sampling rectangle 
exceeded about 5 ft. This effect of 
sampling unit shape on the coeffi- 
cient of variation was related to the 
pattern of distribution of saltbush 
vegetation in the same manner as 
was sampling unit size. 

Efficiency of a sampling unit is a 
function of its variability and the 
costs involved in obtaining it. The 
data in Table 1 indicate that the 
l- by l-ft units had the highest CO- 

efficient of variation, but they would 
still be the most efficient sampling 
units if sampling cost were directly 
proportional to total area sampled. 
In this study it was necessary to har- 
vest a minimum area of 121 ftz using 
l- by 1-ft sampling units to ensure 
having a yield estimate that would 
be within 20% of the population 
mean at least 90% of the time. The 
same precision was obtained using 
26 units 1 by 10 ft or 13 units 1 by 
20 ft. both with a total area of 260 
ft?. The question to be resolved is 
which would cost the most to har- 
vest-121 units 1 by 1 ft, 26 units 
1 by 10 ft. or 13 units 1 by 20 ft. The 
answer to this question will vary 
with methods of locating and har- 
vesting sampling units. Under nor- 
mal conditions it is generally less 
expensive to locate and clip one large 
unit than several small units having 
the same total area. Cost studies for 
various size sampling units must be 
made before the most efficient sam- 
pling unit can be determined. 

Another factor that might be con- 
sidered in selecting a sampling unit 
is the total area being studied. In a 

SAMPLING UNITS 

60 90 

SIZE (ft*) 

FIG. 2. Relationship between sampling unit shape and size and the coefficient of varia- 
tion and number of sampling units necessary to obtain a yield estimate that is 
within 20% of the population mean 90% of the time. 

large area encompassing sites with 
varying levels of productivity, ran- 
dom distribution of a few large sam- 
pling units could result in a pro- 
portionally high representation of 
one level of productivity. A larger 
number of smaller units would tend 
to give a better representation of the 
total area. 

While results of this study do not 
indicate the most efficient sampling 
unit for a specific circumstance, they 
do provide basic information which 
is necessary in selecting a suitable 
sampling unit for estimating forage 
yield of Nuttall saltbush and species 
having similar growth patterns. 
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Range Management in the 
Libraries of North America1 

F. P. Cronemiller 

Historian, American Society of 
Range Management, Los Altos, Cali- 
jornja. 

Highlight 
A search for Range Management 

History led the RSRM Historian info 
a compilation of fhe libraries and re- 
positories of published and unpub- 
lished Range Managemeni literature, 
mostly in the USA. This interim 
report calls for further work to lo- 
cafe and describe historical and doc- 
umentary material on range manage- 
ment and a solid plea for preserva- 
tion and protection of such material. 

We cannot laugh at our lack of 
care of the written records of 
any profession. No doubt Sir 
Isaac Newton was perturbed 
when his dog Diamond upset a 
candlestick and in a minute a 
year’s work was ash. C. Hart 
Merriam, first and later retired 
Chief of the old U.S. Biological 
Survey, must have been aghast 
on returning to Washington after 
a five year assignment with the 
Harriman Foundation. He went 
to the safe in the Smithsonian 
Institution, and found it had been 
opened and his manuscript on 
the Mammals of North America 
(which he considered the sum- 
mation of his life’s work) had 
been mercilessly c 1 i p p e d by 
someone who had selected the 
important parts for his card file. 
ASRM past-president M. W. Tal- 
bot, on leaving the Bureau of 
Plant Industry many years ago, 
selected 1300 of his best photos 
from a collection of 20,000 on 
range forage, types, and land- 
scapes. He mounted, labeled, 
and placed them in the proper 
file. Years later he felt the need 
of duplicates of some of the pic- 

1 Condensed from a report by F. P. 
Cronemiller, Historian of ASRM 
until 1966. A copy of the complete 
report and pertinent files are on de- 
posit in the ASRM Archives at the 
University of Wyoming in Laramie. 
A copy of the report is also on file 
at the ASRM Depository Library 
at Utah State University at Logan. 

tures, but with moves and re- 
organization of the Bureau, the 
collection could not be found. 

Therefore we conclude that 
good libraries and repositories 
are needed not only to accumu- 
late and disseminate information 
of value, but also to protect and 
preserve it. 

A start was made to locate re- 
positories of Range Management 
History, but I found so little 
tangible information that I 
switched to the idea of Range 
Management Literature. First it 
was necessary to set some geo- 
graphic boundaries so this effort 
is limited mostly to the United 
States and Canada. In addition, 
Range Management literature 
extends from Agrostology to Zo- 
ology as these subjects affect 
rangeland and its use. The sur- 
vey was kept within the range 
management field. 

Correspondence with about 50 
individuals helped to locate 
working libraries, then the few 
libraries with facilities, person- 
nel, financial means, and a sub- 
stantial amount of material in 
Range Management. Along with 
this I tried to locate unpublished 
notes, manuscripts, photograph 
collections, etc., of noted workers 
who had retired or who had 
passed on. Finally, some private 
libraries were located. 

This must be considered a pre- 
liminary report. The subject is 
not static-like a bibliography it 
can never be complete. If some- 
one has the ambition to pursue 
the idea around the world or in 
parts or pieces, he will have an 
interesting, worthwhile experi- 
ence and have the thanks of a 
multitude of workers. 

Better Repositories of 
Range Management Material 

1) The designated publication 
file of the A.S.R.M. and other 
material at Utah State Univer- 
sity. 

2) The designated manuscript 
file and archives of the A.S.R.M. 
at the University of Wyoming. 

The Cole Library at the Univer- 
sity also has the notes, photos 
and unpublished material of F. 
E. Clements, Vernon Bailey, and 
Arthur Powell Davies. 

3) The Conservation Library 
Center of the Denver Public Li- 
brary is the repository for some 
550,000 U.S. Documents. The 
Center also has the 5,000,OOO card 
file of the Bibliographical Center 
for Research, Rocky Mountain 
Region, Inc., composed of 385 
member libraries. 

4) The Bancroft Library at the 
University of California. 

5) The National Agricultural 
Library of the U.S. Department 
of Agriculture in Washington. 

Libraries in Washingfon, D.C. 
with Range Management Material 

The National Agricultural Li- 
brary. A very large library with 
books, bulletins, reprints, and 
also with complete files of for- 
eign and domestic journals and 
magazines on agricultural sub- 
jects. There are large manu- 
script and clipping files and 
many photograph collections. 

The Library of Congress. One 
of the larger libraries of the 
world. It contains two copies of 
all of the material for which a 
copyright is applied for in the 
United States. In addition, it re- 
ceives many other domestic pub- 
lications, gifts, and purchases 
collections. It contains about 5,- 
000,000 volumes and bulletins, 
and nearly as many manuscripts, 
charts, maps, etc. Lending ser- 
vice is available to agencies 
(with some limitations). Study 
rooms and needed library ser- 
vice are available. 

The National Archives. Filing 
is mostly by agency and subject 
matter rather than by any cata- 
loguing system. The Archives 
are replete with manuscripts and 
pertinent historical material. 
Range management records of 
the U.S. Forest Service occupy 
200 ft of shelf space, I am told. 
Capable assistance is available. 
No material may be removed 
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from the Archives, but adequate 
study space is available. 

The Federal Records Center. 
This is a repository at Alexan- 
dria, Virginia for closed files of 
the various Bureaus. There is no 
public access. Material may be 
secured through the appropriate 
Bureau. 

The Bureau Libraries are good 
to excellent in Range Manage- 
ment material. Soil conservation 
Service Library has the best cov- 
erage outside the National Agri- 
cultural Library. The U.S. For- 
est Service has a good but small 
library for its people. The Bu- 
reau of Land Management’s li- 
brary is incorporated with the 
Library of the Department of 
the Interior. For the Western 
Offices, official material is in the 
Federal Records Center in Den- 
ver. 

Branch Libraries of the Bu- 
reaus. The Bureau of Land Man- 
agement does not have Regional 
Offices, but individuals have de- 
veloped working libraries as 
needed. 

The Forest and Range Experi- 
ment Stations of the U.S. Forest 
Service have very good to ex- 
cellent libraries on most phases 
of conservation. Their purpose 
is of course to serve their own 
workers. In most of the offices 
of Range Management in the Re- 
gions of the Forest Service, there 
are good working libraries. 

The Soil Conservation Service 
has but three large Regions in 
the west. In these, the libraries 
are little more than minimal, 
consisting of basic publications 
and collections of local workers. 

University and Sfafe Libraries 
University of Arizona. Has a good 

working library for local workers 
plus the unique library of the Ecol- 
ogy of Arid Lands. 

Brigham Young University (Utah). 
A good working library for students 
and local researchers. 

University of California. In the 
School of Forestry there are excel- 
lent working libraries. These with 
the Bancroft Library rnak. r’? stu- 

dents and researchers almost inde- 
pendent of any outside facilities. 

Colorado State University. Ade- 
quate but not separate from other 
subjects in plant science. 

Humboldt State College (Cali- 
fornia) . A good basic library for the 
courses in range, forestry, and wild- 
life. 

University of Idaho. An adequate 
library for wildlife and range sci- 
ences. Maintains the historic file of 
the Idaho Section of the A.S.R.M. 

Kansas State University. Adequate 
for local researchers. 

University o j Montana. Adequate 
for local researchers. 

Montana State University. The 
University Library plus the Russell 
Museums have fine historical ma- 
terial on ranch and range use. Also 
a Federal Depository. 

University of Nebraska. Adequate 
for local researchers. 

University of Nevada. Range Man- 
agement subjects are in the Life Sci- 
ences Library. 

North Dakota State University. 
Adequate for local researchers. 

University of Oklahoma. Go o d 
working library. University of Okla- 
homa Press publishes the series “The 
Western Frontier Library”. 

Oklahoma State University. Ade- 
quate for local researchers. 

Oregon State University. A good 
Range Management Library, plus 
important ms material, including 
papers and notes of the late Jas. T. 
Jardine. The State Library at Salem 
has the file of the Oregon Writers’ 
Project, a WPA program of the 
1930’s, which covers in detail the 
history of grazing in the state. 

South Dakota St ate University. 
Adequate for local researchers. 

New Mexico State University. Be- 
tween the University and the branch 
stations there are some fine records 
of the work in this unique area. 

Texas A & M. Adequate for local 
researchers. 

Texas Technological College. Good 
reference library in Range Manage- 
ment. Also a fine museum and col- 
lection of historical documents relat- 
ing to early ranch and range history. 
Historical material is available in 
Texas at many schools. 

Utah State University. Has a good 
working library supplemented by 

the repository for published material 
of the A.S.R.M. 

Washington State University. A 
pioneer in the teaching of Range 
Management dating back to 1920. 
Has built up a good reference and 
working library. 

My information on state libraries 
is minimal and indicates it is mostly 
of historical nature. 

University of Saskatchewan. Work 
in Plant Ecology has been intensive 
and there is an excellent library well 
interlarded with Range Management 
material. 

University of Alberta. Here is 
given a course in Rangeland Vegeta- 
tion and Range Management. Basic 
texts and some publications are 
available. 

Canada Department o j Agriculture. 
The Research Branch of the Depart- 
ment has no Range Management Li- 
brary as such, but does have the 
basic texts, much published material, 
particularly that of Canadian origin 
plus journals and other published 
works. Deposited there are the notes 
of the late Dr. S. E. Clarke, mostly 
in the form of annual reports on his 
forage experiments. 

Private Libraries 
Library of Grasses. Dr. Alan A. 

Beetle, University of Wyoming. This 
is one of the finest Grass libraries 
in the west, containing about 10,000 
items covering taxonomy, ecology 
and management, all thoroughly in- 
dexed. 

A Range Man’s Library. J. C. 
Dykes. See a description of this fine 
library in JRM 13:118-124, 1960. Dis- 
persal of this fine library of over 
3,000 volumes of Western Americana 
began on Dykes’ retirement in 1965. 

Fred G. Renner. Range Publica- 
tions and a Charles Russell collec- 
tion. Includes everything he could 
get on Western Americana, along 
with a notable Charles Russell Col- 
lection. On his retirement he left 
about 2,000 publications with the 
SCS Plant Science Division, sent a 
few hundred duplicates to the So- 
ciety’s Repository at Utah State Uni- 
versity, and retained a Western 
Americana Library of about 4,000 
items and his Charles Russell collec- 
tion of articles, clippings, letters, 
etc., totaling about 2,000 items. His 
collection of over 100 Charles Russell 
paintings is the largest in existence. 
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E. J. Dyksterhuis. A 15-foot shelf 
of range publications collected over 
a period of thirty years, in the De- 
partment of Range Science at Texas 
A & M. 

unpublished records of some noted 
workers follows. 

posited with the University of Ari- 
zona. 

The working library assembled by 
Professor Harold Heady of the Uni- 
versity of California uses 40 feet of 
shelf space. Several others can com- 
pete on a basis of measurement. 

F. E. Clements, Ecologist. His un- 
published manuscripts, no t e s, 
sketches and photographs have been 
deposited at the Cole Library at the 
University of Wyoming. I n c 1 u de s 
some material of Edith S. Clements, 
his wife and co-worker. 

Dr. Forest Shreve. Director of the 
Desert Laboratory of the Carnegie 
Foundation at Tucson, Arizona. His 
notes and published material are de- 
posited with the University of Ari- 
zona. 

Working libraries are mostly local 
in nature, and favor the interests of 
the individual worker. However, 
these working libraries are, to a 
large extent, the backbone of Range 
Research and administration. They 
should be encouraged, fostered and 
preserved. 

Vernon Bailey. Early Chief of the 
U.S. Bureau of the Biological Survey. 
His personal papers are also at the 
Cole Library. 

James T. Jurdine. The first to head 
up “grazing studies” with the U.S. 
Forest Service and the first to apply 
the basic principles of Range Man- 
agement widespread on public 
ranges. The remnants of his notes 
and papers are on deposit at Oregon 
State University. 

Historical Libraries 

Arthur Powell Davies. An early 
Deputy Chief of the U.S. Reclama- 
tion Service with a fine vision of 
the development of the West. His 
papers are a valuable accession to 
the Cole Library. 

Published and unpublished diaries 
and reports of expeditions and emi- 
gration westward often yield perti- 
nent information on the vegetation 
and its condition. For example, ob- 
servations by early emigrants on the 
occurrence of species of Artemisia 
have often been noted and now indi- 
cate these have moved westward 
considerable distances. 

A. F. “Bert” Potter. These papers 
came into my hands from the heirs 
in 1952. The material covers the 
development of grazing policies and 
regulations on the National Forests. 
Included also are articles written by 
Potter and correspondence between 
him and Pinchot. It is unfortunate 
that the material was divided, that 
which seemed most important was 
sent to the National Archives. The 
remainder is waiting a decision as to 
its disposition and may finally reside 
in the Conservation Library Center 
at Denver. 

I would like to find a record of 
the other unpublished notes of value. 
Have they gone with the wind like 
those of P. B. Kennedy, Will C. 
Barnes and others? 

W. G. McGinnies. Project Manager 
of the Desert Environments Inven- 
tory has a unique library in his of- 
fice of Arid Lands Research at the 
University of Arizona. 

Conclusion 

Books and articles on western 
Americana often have a firm his- 
torical foundation. The Historical 
Societies of the various states have 
fine libraries, often supplemented 
with museums. Some of these are 
sponsored privately or by agencies, 
groups or individuals. It takes a lot 
of digging in such material, but 
sometimes the reward is great. 

No attempt is made to list them 
and an annotated description would 

F. R. Carpenter. Organized and 
was first Chief of the U.S. Grazing 
Service, later the Bureau of Land 
Management. His file of papers and 
correspondence has been placed in 
the Conservation Library Center at 
Denver. 

be of little value. 

Deposition of Unpublished 
Maierials of Noted Workers 

My record of the disposition 

Not having the facilities to 
pursue this subject further, I 
have suggested that the work be 
continued and expanded with a 
new Historian who has the facili- 
ties to carry on. A more careful 
appraisal of the field, more accu- 
rate descriptions of the outstand- 
ing libraries should be made, and 
the annotated descriptions of the 
libraries of those schools teach- 
ing Range Management should 
be expanded, and improved. The 
search should be continued for 
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Dr. H. L. Shank Ecologist famed 
for his work in the Great Plains and 
in Africa. A hundred file cabinets 
containing his notes, photographs 

of and unpublished material are de- published materials. 
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Secretary or to the Executive Secretary’s office, P.O. Box 13302, Portland, 
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possessions, Canada and Mexico, $15.00; all others, $15.50; Students, $7.50. 
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The Range Management Edu- 
cational Council in cooperation 
with the Journal of Range Man- 
agement annually publishes the 
titles of theses and dissertations 
completed during the current 
year (Kinsinger and Eckert, 1961, 
1962; Box, 1966). The purpose of 
the listing is to speed up the dis- 
semination of new information 
on range research. Copies of 
theses or dissertations may be 
borrowed through inter-library 
loan, some are available on mi- 
crofilm. 

The M.S. and Ph.D. theses com- 
pleted in 1966 are listed below by 
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Ph.D. theses. 
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OREGON STATE UNIVERSITY 
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sociations and secondary plant suc- 
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Coast Range. 166 p. 

*Bedell, Thomas Erwin. Seasonal 
cattle and sheep diets on Festuca 
arundinacea-Tri jolium s u b t e r T a - 
neum and Lolium perene- Trijo- 
Zium subterraneum pastures in 
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Hickman, Otis Eugene. Seasonal 
trends in the nutritive content of 
important range forage s p e c i e s 
near Silver Lake, Oregon. 95 p. 

Pessot, Rafael. Evaluation of species 
composition by four methods on 
two perennial grass pastures (Fes- 
tuca arundinacea Schreb. and Lo- 
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93 p. 

*Sharp, Lee A. Vegetation and ani- 
mal responses to grazing crested 
wheatgrass at three intensities and 
two seasons in southern Idaho. 
135 p. 

*Urness, Philip Joel. Influence of 
range improvement practices on 
composition, production, and utili- 
zation of Artemisiu deer winter 
range in central Oregon. 183 p. 

TEXAS A&M UNIVERSITY 
Bowmer, William Jackson. Estab- 

lishment of bermudagrass (Cyno- 
don dactylon (L.) Pers.) seeded 
with annual ryegrass (Lolium mul- 
tijlorum Lam.) 42 p. 

Raddle, Kenneth Albert. Salivary 
influences upon levels of certain 
chemical constituents in forage 
residues collected from esopha- 
geally cannulated sheep. 45 p. 

TEXAS TECHNOLOGICAL 
COLLEGE 

Chamrad, A. D. Winter and spring 
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food habits of whitetailed deer on 
the Welder Wildlife Refuge. 181 p. 

Powell, J. Forage production follow- 
ing selected brush control practices 
in south Texas. 68 p. 

Rodgers, J. D. Seasonal protein con- 
tent of some important range 
grasses in Lynn County, Texas. 
49 p. 

RANGE THESES 

digestibility of diets of cattle and 
sheep under single and common 
use on mountain range. 89 p. 

UNIVERSITY OF WYOMING 
Cary, Lawrence E. A study of forest 

margins. 90 p. 
*Jozwik, Francis X. A biosystematic 

analysis of the slender wheatgrass 
complex. 109 p. 

UTAH STATE UNIVERSITY 
Hussain, Ijaz. Plan B Reports. 

Young, Melvin Chester. Botanical 

A tentative classification of 
grassland types of West Paki- 

composition, nutritive content and 

stan as a basis for range man- 
agement planning. 76 p. 
Preliminary studies of germina- 
tion requirements of shadscale 
(Atriplex confertifolia (Torr. & 
Frem.) Wats.). 37 p. 

1. 

2. 

Lujan, Leandro E. Revegetation of 
strip-mined areas in southwestern 
Wyoming. 82 p. 

Robinson, Larry D. The vegetation 
and small mammals of the juniper 
zone in north-central Wyoming. 
115 p. 

Wyoming’s Red Dester. 119 p. 
Sutherland, James 0. Responses of 

*Severson, Keith E. Grazing capaci- 
ties and competition of pronghorn 
antelope and domestic sheep in _ 

4% 

the Asteraceae to grazing disturb- 
ances in Wyoming. 65 p. 

Wakkuri, Myron J. A vegetation con- 
tinuum in Sublette County, Wy- 
oming. 58 p. 

*Wight, J. Ross. Site and vegetation 
characteristics and relationships of 
juniper communities in northwest- 
ern Wyoming. 130 p. 
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TECHNICAL NOTES 

Relative Germinaiion of 
Spotted and Nonspoffed 

Bifferbrush Seed1 

Robert B. Ferguson 

Intermountain Forest and Range 
Experiment Station, Forest Service, 
U.S.D.A., Ogden, Utah, headquar- 
tered at Boise, Idaho. 

Highlight 
Bifferbrush seed is being collected 

to establish stands of this valuable 
shrub on big-game ranges in ihe 
Western United States. Examination 
of seed often reveals dark spots on 
ihe seed coat. The cause of this spot- 
ting is unknown. In germination 
tests, these spotted seeds were found 
io be damaged: the germinative ca- 
pacify was 50 fo 82% of that of un- 
spotted seed. Seed collectors and 
users should therefore recognize this 
as lower qualify seed. 

1 Material reported herein was part 
of a cooperative study by the In- 
termountain Forest and Range Ex- 
periment Station of the U.S. Forest 
Service, and the Idaho Fish and 
Game Department through Federal 
Aid to Wildlife Restoration Project 
W-111-R. 

In the Western United States, land 
management agencies have pur- 
chased or collected large amounts of 
bitterbrush (Purshia tridentata 
Pursh) seed during recent years. 
Direct seedings or plantings of nur- 
sery stock have been used to estab- 
lish stands of this valuable shrub on 
big-game ranges. Persons responsi- 
ble for buying or collecting seed 
should know as much as possible 
about seed quality. If seed collec- 
tors learn to recognize defective seed 
readily, they will save time and will 
also give the purchaser better seed 
for his money. 

Close examination of freshly har- 
vested seed often reveals dark- 
colored areas or spots on the seed 
coat. We have observed these dark- 
colored spots on the seed many times 
and reported that spotted seed had 
only one-half the germinative ca- 
pacity of nonspotted seed (Ferguson 
et al., 1963). In April 1965, we con- 
ducted another germination test of 
spotted bitterbrush seed and again 
found that such seeds may have been 
damaged seriously enough to de- 
stroy their viability. In this test, 
18% fewer spotted seeds germinated 

than did nonspotted seeds. Although 
this figure was higher than the one 
we reported in 1963, both tests show 
that spotted seeds are frequently 
damaged seeds. Therefore, the qual- 
ity of seed collected or purchased 
will vary according to the proportion 
of spotted seeds present. 

Methods and Materials 
Four hundred bitterbrush seeds 

that had one or more black-colored 
spots (covering from approximately 
20 to 80% of the surface of the seed) 
were selected for testing. Four hun- 
dred nonspotted seeds from the same 
seed lot were chosen for a control. 
The seeds, collected in 1964, had been 
held in dry storage at room tempera- 
ture since collection. Both spotted 
and nonspotted seeds were pre- 
treated by soaking in a 3% thiourea 
solution at 76 F for 5 minutes, and 
then were spread on paper toweling 
to dry overnight. The following morn- 
ing, both types of seeds were di- 
vided into 4 subsamples of 100 seeds 
each. The seeds of each subsample 
were placed in a g-cm petri dish on 
Whatman No. 32 filter paper, and 
moistened with distilled water. To 
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treated by soaking in a 3% thiourea 
solution at 76 F for 5 minutes, and 
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were placed in a g-cm petri dish on 
Whatman No. 32 filter paper, and 
moistened with distilled water. To 
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prevent drying, the petri dishes were 
placed in polyethylene bags sealed 
with rubber bands. Throughout a 12- 
day germination period the seeds 
were kept on top of a laboratory 
bench at room temperatures varying 
from 72 F to 78 F. Temperatures 
were recorded by a Belfort2 hygro- 
thermograph. 

Growth of the radicle to a length 
of 5 mm was the criterion used to 
indicate germination. Germination 
counts were made after 2, 5, 8, and 
12 days. 

Results and Discussion 

Fig. 1 shows spotted and nonspot- 
ted bitterbrush seeds prior to the 
germination test. 

Germination was virtually com- 
pleted after 5 days, at which time 
78% of the spotted seeds had germi- 
nated compared to 95% of the non- 
spotted seeds. The few seeds that 
germinated during the next 7 days 
raised the germination percentages 
by less than 1%. 

We do not know what causes the 
spotting or the loss in viability. Ba- 
sile and Ferguson (1964) found that 
the Say stink bug (Chlorochroa sayi 
Staal) could cause the complete 
blackening and shriveling of imma- 
ture bitterbrush seed, but found no 
definite evidence that this insect was 
responsible for spotted seed. 

We also tried to determine what 
part of the seed was damaged by 
the agent responsible for the spots. 
Spotted seeds were soaked in water 
for several hours, after which the 
seed coats were removed. These 
seeds were then placed overnight in 
a 2%) 2, 3, 5-triphenyl tetrazolium 
chloride solution, which normally 
stains only the living portions of the 
seed bright red. In 25% of the seeds 
treated, the tip of the embryo was 
stained only slightly or not at all. 
Fifty-three percent of the seeds had 
either deformed (wrinkled) cotyle- 
dons or cotyledons with pink or 
white spots-which indicated some 
necrosis. In a few cases, both the 
embryo and cotyledons were dam- 
aged. Despite being spotted on the 
outer seed coat, 31% of the seeds 

2 Use of trade numes of commercial 
products is solely for identification 
and does not imply endorsement by 
the U.S. Department of Agriculture 
or the Forest Service. 

FIG. 1. Spotted bitterbrush seed (left) and nonspotted seed (right) before testing for 
germination. The area of the seed coat covered by the spot (or spots) varies greatly. 

were stained red throughout both the 
embryo and cotyledons, and ap- 
peared undamaged. 

Since most spotted and nonspotted 
seeds are approximately the same 
size, shape, and weight, they prob- 
ably cannot be separated in the 
cleaning process, nor will the purity 
analysis be affected. Consequently, 
seed collectors should examine 
shrubs carefully to ascertain if the 
seed is good, viable, unspotted seed 
before they gather it. If such pre- 
cautions are not taken, we will have 
to develop some practical method for 
culling out defective seed after it is 
harvested. 

The deleterious effect of spotted 

Weighing Forage Samples 
on Windy Ranges 
Richard S. B jerregaard 

Formerly Field Assistant, Inter- 
mountain Forest & Range Experi- 
ment Station, Forest Service, 
U.S.D.A., stationed at Provo, Utah; 
presently, student, Department of 
Botany, Brigham Young University, 
Provo, Utah. 

Exasperation was the mother of 
this idea. There was always at least 
a breeze, more often a gale, during 
the summer of 1966 when I worked 
in the field for the Intermountain 
Forest and Range Experiment Sta- 

seed in a seed supply will depend on 
the proportion of the seeds affected 
and the severity of damage to the 
individual seeds. This can be deter- 
mined in a careful germination test 
of a representative sample of the 
seed lot. 

LITERATURE CITED 
BASILE, JOSEPH V., AND ROBERT B. 

FERGUSON. 1964. Say stink bug 
destroys bitterbrush seed. J. Range 
Manage. 17:153-154. 

FERGUSON, ROBERT B., MALCOLM M. 
FURNISS, AND JOSEPH V. BASILE. 
1963. Insects destructive to bitter- 
brush flowers and seeds in south- 
western Idaho. J. Econ. Entomol. 
56:459-462. 

Q 

tion. Grass clipped from small sam- 
ple plots had to be weighed in the 
field for subsequent dry-matter de- 
terminations, but the paper bag on 
the hook of the spring-balance never 
seemed to come to rest. 

At first I Itried a section of 6-inch 
stovepipe as a stilling well, but the 
diameter was too small for the size 
of bag we were using. An 8-inch 
rain can, 30 inches deep, worked 
much better. Since it had a bottom, 
it also served as a carrying case for 
the clipping and weighing tools. 

The westerlies dipped only a few 
inches into this improvised “bucket 
of calm,” even when they whipped 
by at 20 mi/hr. If the can had been 
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wider, the turbulence would have 
reached farther down. If such is re- 
quired for larger samples, a can that 
is also taller may be used. 

The pointer on our scales stayed a 
constant distance from, the hook. 
This was distance enough for our 
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Highlight 

Range forage samples were di- 
gested (in vifro) with rumen inocu- 
lum collected after delays of 2, 6, 10, 
and 14 weeks after fhe forage collec- 
tion. Inoculum collected after the 6- 
week delay gave equivalent forage 
digestibility values as the a-week de- 
lay: IO-week inoculum delay resulted 
in digestion values statistically re- 
lated to but lower than the a-week 
delay values. Inoculum collected after 
a 14-week delay could not be used fo 
estimate range forage digestibility. 

The artificial rumen (in vitro) di- 
gestion technique, which simulates 
natural digestion, is used to measure 
the nutritive value of forages for 
domestic livestock and wildlife. 
Since many forage samples can be 
analyzed easily at the same time, the 
technique has been increasingly used 
in recent investigations of range 
forage. 

Several aspects of the technique 
are still in developmental stages. 
Problems in inoculum preparation 
and source, length of fermentation, 
fineness of grind and substrate in- 
fluence, and drying temperature 
have been discussed by several in- 
vestigators (Johnson, 1963; Shelton 
and Reid, 1960; Tilley and Terry, 
1963; Van Dyne, 1962). The question 
has been raised as to the validity of 
using inoculum from an animal fed 

1 Range Scientist, located at the Sta- 
tion’s project headquarters at Flag- 
staff, in cooperation with Northern 
Arizona University; central head- 
quarters are maintained at Fort 
ColZins, in cooperation with Colo- 
rado State University. 
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sample-no matter how light-to be 
down out of the weather, while the 
pointer remained above the rim of 
the can where we could read it. For 
other types of scales, it may be ne- 
cessary to lengthen the hook 3 or 4 
inches in order to have the samples 

on a different kind of feed than the 
one being evaluated (Bezeau, 1965; 
Shelton and Reid, 1960; Van Dyne, 
1962). For example, Van Dyne 
(1962) found that inoculum from 
animals fed high-quality alfalfa hay 
produced higher digestion values 
than when inoculum came from ani- 
mals fed low-quality oat hay. Neither 
of the inoculum-source animals were 
fed on the kinds of feed being evalu- 
ated. 

Before in vitro digestions can be 
made, freshly-collected range forage 
must be dried, ground, and weighed 
into digestion tubes or containers. 
After the forage has been prepared, 
rumen inoculum is collected from 
animals and added to the forage. 
This process usually requires a week, 
and sometimes longer. Therefore, 
the activity of the inoculum collected 
just prior to digestion trials may be 
different than it was when the for- 
age was collected. 

This paper presents results from 
artificial rumen digestion studies of 
range forage with different delays in 
inoculum collection. 

Methods 

The study was conducted on the 
ponderosa pine (Pinus ponderosa 
Lawson) range type of northern Ari- 
zona (Pearson, 1964). Forage sam- 
ples consisted of Arizona fescue 
(Festuca arbonica Vasey) , mountain 
muhly (Muhlenbergia montana 
(Nutt.) Hitchc.) , sedge (Carex spp.) , 
bottlebrush squirreltail (Sitanion 
hystrix (Nutt.) J. G. Smith), and 
mixtures of these species. The for- 
ages to be examined were prepared 
for digestion trials within 2 weeks 
after collection. At the end of the 
second week, inoculum was collected 
from rumen-fistulated cattle that 
were grazing on the range where the 
forage was collected (source 2). In- 
oculum was also collected from the 
cattle at 6, 10, and 14 weeks (sources 

(especially very light ones) in still 
air when the weights are read. It is 
also helpful to have a pebble of 
known weight in the bag with a 
lightweight sample to make it hang 
vertically and not touch the side of 
the stilling well. 

INOCULUM SOURCE 6 (x) 

30’ n ’ ’ ’ ’ ’ 
30 40 50 60 

INOCULUM SOURCE IO (%) 

FIG. 1. Relationships of range forage di- 
gestibility (in vitro) with inoculum 
sources collected 2 and 6 weeks (upper 
graph) and 2 and 10 weeks (lower 
graph) after forage collection. 

6, 10, and 14)) and samples from 
original forages were again digested 
with these inoculum sources. Inocu- 
lum for the digestibility compari- 
sons came from animals grazing on 
the same range, but on vegetation in 
different stages of maturity. The di- 
gestion technique used was that of 
Tilley and Terry (1963)) with the 
filtration procedure of Alexander 
and McGowan (1961). Each forage 
digestibility sample was analyzed in 
triplicate. 
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Resulis and Discussion 

Forage digestibilities obtained with 
inoculum sources 6 and 10 were 
highly correlated (P< 0.01) with 
forage digestibilities obtained with 
inoculum source 2 (Fig. 1). The re- 
lationships between inoculum 
sources are expressed by the equa- 
tions X2 z 2.7 + 0.959X6 and X2 = 
19.0 -t 0.652X10, where the sub- 
scripts of X indicate the inoculum 
source (weeks elapsed between for- 
age. collection and inoculum collec- 
tion) . Digestibilities determined for 
inoculum source 14 were not signifi- 
cantly related to digestibilities with 
inoculum source 2. Since the first 
regression is nat different from a line 
through the origin with unit slope, 
digestibility values from sources 2 
and 6 may be regarded as equiva- 
lent. This is obviously not true for 
the second regression and a calibra- 
tion equation must be used for esti- 
mating digestibility. 

From these f o r a g e evaluations, 
with inoculum source 2 as a stan- 
dard, it appears that digestibility 
could be determined with inoculum 
collected up to about 6 weeks after 
forage collection. If inoculum col- 
lection is delayed 10 weeks, a cali- 
bration equation is required for es- 
timating digestibility. Inoculum col- 
lected 14 weeks after forage collec- 
tion can not be used to estimate di- 
gestibility. These findings not only 
support the n e e d for inoculum- 
source animals grazing the kinds of 
forages to be evaluated, as recom- 
mended by other workers, but also 
show a need for expediency in proc- 
essing artificial rumen digestibility 
determinations. 
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The close relationship bet wee n 

wafer intake and animal gains needs 
fo be invesiigafed for beef caifle 
under rangeland conditions. Wafer 
qualify and distribution have nufri- 
tional implications and may contrib- 
ute more fo the desired level of live- 
siock performance than commonly 
believed. If true, this would inspire 
and speed up ihe development of 
potential sfockwafer sources, en- 
hance ihe benefit-cost rafio of eco- 
nomic considerations, and be useful 
fo range management generally. 

Water for livestock use on the 
western range is taking on a “new 
dimension.” Range managers are 
giving more attention to the fact that 
water-like protein, energy or vita- 
min A-serves a vital role in animal 
nutrition. In fact, water may well 
belong in the category of nutritional 
deficiencies that contribute to poor 
livestock performance on many 
areas. 

Abundant, well-distributed water 
supplies should reflect the additional 
quality of being suitable for livestock 
to drink. Consideration to water 
temperature, degree of contamina- 
tion, accessibility, and frequency of 
occurrence are important, especially 
during hot weather when water re- 
quirements are high. For example, 
the Agricultural Research Service 
has determined that on Southwestern 
ranges l,OOO-lb cattle required seven 
gallons at 40 F, whereas at 90 F 
they required 17 gallons/day.1 

Generally, water consumption is 
regarded as the greatest limiting fac- 
tor in cattle feed intake and animal 
gains. Insufficient water intake ad- 
versely affects consumption of dry 
matter and milk production of dairy 
cows (Sykes, 1955). Probably beef 
cows on the range are affected in a 
like manner to the detriment of 
young growing calves. Also, to carry 
a l,OOO-lb steer from a maintenance 
ration to the point of producing max- 

1 Skovlin, Jon M. 1963. How to im- 
prove cattle distribution. Paper 
presented at Washington State Uni- 
versity Range Management Work- 
shop, February, 1963. 

The task of providing abundant 
locations of stock water on a range 
creates major problems, especially 
where arid conditions are further ag- 

imum gains, the water requirements 
are almost doubled (Winchester and 
Morris, 1956). Such studies show that 
a close relationship exists between 
water intake, consumption of dry 
matter, and animal gains. 

This would indicate that abundant, 
clean, fresh water, properly distrib- 
uted, is one of the key factors in get- 
ting good range gains through better 
cow condition and calf weights at 
weaning time. This principle is often 
overlooked in planning water needs 
for grazing units on a ranch. Also, 
observations and reports of livestock 
performance under western range 
operations do not always express the 
production capability of these lands 
because of unfit or insufficient wa- 
ter supplies which actually deter 
normal gains. More information is 
needed to determine the effects of 
plentiful versus inadequate water on 
milk and meat production of beef 
cows and on other beef cattle under 
rangeland conditions. 
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FIG. 1. Spring-fed pond high on Trout Creek drainage, Jefferson 
County, Oregon, gives livestock easy access to water in rugged 

Creek Soil & Water country. Warren Priday Ranch, Trout 
Conserv. Dist. 

gravated by geologic formations or 
porous sandy soils which yield little 
water for livestock use. In other 
range areas lack of maintenance has 
caused good s p r i n g developments, 
wells, and ponds to stop functioning 
properly. Normally these can be re- 
juvenated to help meet the need for 
ample water on rangelands (Fig. 1). 

Actually, the flow of water re- 
quired to supply livestock is rela- 
tively small. A trickle of 0.7 gal/ 
min is enough water to furnish ap- 
proximately 1,000 gal/day or suf- 
ficient to water about 100 cattle 
(Fig. 2). Water from a full-flowing 
0.5-inch pipe produces about 4.5 gal/ 
min, which is enough to fill eight 
750 gal water tanks in one day- 
more than the daily requirements for 
350 cattle, even when allowing 15 
gal/head/day. 

Covering a small watershed area 
with impervious material and collect- 
ing runoff in a storage tank has been 
used and is a potential means of get- 
ting stock water. One acre-inch of 
rainfall yields about 27,000 gal of 
water, which is about six gal for each 
yds of watershed area. Promising 
new materials such as butyl sheeting 
or asphalt-coated liners for ground 
covers and chemical soil sealants to 
increase runoff, together with stor- 
age equipment to eliminate evapora- 
tion and seepage of collected rainfall 
are becoming available. With water 
facts such as this, the U.S. Water 
Conservation Laboratory at Tempe, 
Arizona predicts that within a few 
years the cost of harvesting water 

FIG. 2. A trickle of water from a small spring fills this stock 
tank. The spring itself is fenced and protected from livestock 
and the tank rests on firm ground leveled for easy access. 

can be decreased from the present 
cost of more than $3.00 to no more 
than $0.36/1,000 gal in areas of about 
10 inches of annual precipitation. 

Whether or not stock water can be 
developed or provided on rangeland 
is based on the benefits derived com- 
pared to the cost involved. Some 
range operators attribute 50% of a 
pasture’s value to its water supply. 
Some of these values are difficult to 
assess but nevertheless are real. For 
example, a range unit may be well 
suited to summer or fall grazing but 
a shortage of water necessitates early 
spring use each year. Such a situa- 
tion precludes rotation of deferred 
grazing or some similar forage man- 
agement practices designed to im- 
prove range condition, Also, where 
watering facilities are too far apart, 
cattle tend to trail with little or no 
grazing enroute. 

A reasonable investment in stock 
water commonly is determined by 
an inventory of the amount and 
value of forage that would be gained 
annually if water were provided. A 
guide to this investment can be com- 
puted using standard interest and 
annuity tables. The procedure in- 
volves the principle of capitalization 
in which the net annual income from 
the additional forage pays back the 
capital investment at a rate of inter- 
est and in a number of years that are 
specified (Table 1). For example, a 
rancher has 500 acres of rangeland 
which is going unused because of 
inadequate stock water. A range in- 
ventory of the area shows that it 

produces about 100 AUM’s of forage 
annually. The rancher has deter- 
mined that one AUM of grazing has 
a net worth of $3.50 to his operation. 
(Note that the assessed value of an 
AUM must be NET since it is only 
the net income that pays back the 
capital investment.) He wants to 
know how much he can afford to 
spend for livestock water within that 
500-acre area in order to properly 
harvest the forage crop and recover 
his investment in ten years at five 
percent interest. By using the capi- 
talized net value of one AUM at $3.50 
x 100 AUM’s he finds that he can 
afford to invest $2,703 under the con- 
ditions stipulated. 

Table 1. Four commonly used graz- 
ing values per AUM capitalized af 
5% for 10 years. 

Assessed Capitalized 
Net Value Net Value 

of One AUM of One AUM’ 
1.50 $11.58 - 
2.50 19.30 
3.50 27.03 
4.50 34.75 

1 Capitalized Net Value of one 
AUM=Assessed Net Value x Capi- 
talization factor of 7.72173, which 
is present value of an annuity of 
1 at 5% for 10 years. 

LITERATURE CITED 
SYKES, JOSEPH F. 1955. Animals and 

fowl and water. U.S.D.A. Year- 
book of Agriculture, P. 14-18. 

WINCHESTER, C. F., AND MORRIS, M. J. 
1956. Water intake rates of cattle. 
J. Anim. Sci. 15: 722-740. 



- 

BOOK REVIEWS 

Sysfems Analysis in Ecology. 
Edited by K. E. F. Watt. Aca- 
demic Press, Inc., New York. 
276 pp. 1966. . 

This book is the result of a sym- 
posium held at the AIBS meeting at 
the University of Illinois in the sum- 
mer of 1965. The book consists of 
ten chapters, an author index, and a 
subject matter index. The first and 
last chapters were written by the 
editor. In general, the chapters in- 
clude: (a) general discussions about 
systems analysis, (b) organizational 
procedures for studying ecological 
systems, (c) telemetry and data ac- 
quisition systems, (d) mammal moni- 
toring, bird navigation, and salmon 
resource analyses, and (e) modeling 
and model building in resource ecol- 
ogy. The chapter authors primarily 
come from the University of Cali- 
fornia or a group of Canadians, many 
of whom formerly were members of 
a research team in natural resource 
management. 

The book will be of value mainly 
to range scientists and range educa- 
tors, Range managers will probably 
find it less valuable. Range educa- 
tors will find the book useful as a 
supplementary text for advanced 
ecological research techniques and 
biomathematics courses. Of special 
interest is the final chapter, “Ecology 
in the Future”. It contains a timely. 
discussion on the training of ecolo- 
gists with particular emphasis on 
mathematical techniques, computer 
techniques, and systems an al y s i s 
coursework. 

Range scientists as well as range 
educators will be interested in the 
approaches in the first and last chap- 
ters of the book concerning systems 
analysis and systems research. The 
editor reviewed typical ecological 
research programs in the last 40 
years and categorized activities as: 
(a) systems measurement, (b) sys- 
tems analysis, (c) systems descrip- 
tion, (d) systems simulation and op- 
timization, ,and (e) writing. Compar- 
ing research in early and late phases 
of this period, he concludes there is 

a continuing shift of effort away 
from field work toward more data 
analysis. The greatest percentage of 
time spent in these natural resource 
ecology projects was in the measure- 
ment phase and in routine analyses. 
Various systems techniques discussed 
in this book clearly show how some 
of the measurements may be auto- 
mated and the analyses simplified by 
mathematical and computer tech- 
niques. Research in natural resource 
ecology will see more and more auto- 
mation in measurement and analysis, 
thus leaving more time for the jobs 
requiring a higher input of intel- 
lectual activity-systems description, 
systems simulation and optimization, 
and writing. 

Techniques of systems analysis, 
speaking broadly, may soon perme- 
ate many phases of range manage- 
ment. Range managers could profit 
by reading the chapters concerned 
with complexity of ecological sys- 
tems (pest control) and management 
analyses for a salmon resource sys- 
tem. These chapters include phases 
of both systems description and sys- 
tems measurement. 

Systems analysis is a body of tech- 
niques and theories for analyzing 
complex problems and not a. single 
procedure or discipline. Thus, it will 
be difficult for range educators with- 
out adequate basic training (mathe- 
matics, statistics, computers, physics, 
and electronics) to appreciate the op- 
portunities systems techniques pro- 
vided in research and management. 
Because systems analysis of natural 
resource problems typically will be 
conducted by highly integrated 
teams of specialists, many range sci- 
entists will fail to see how they in- 
dividu,ally can use such techniques 
or contribute to such solutions. How- 
ever, many resource managers who 
have wrestled with the problems of 
“multiple use management” of wild- 
lands may have an appreciation for 
systems analysis of natural resource 
problems. 

In summary, the book is recom- 
mended to r,ange educators, range 
scientists, and range managers. It 
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will not provide a “cookbook” of 
methods and techniques for direct 
application, but it will provide an 
insight into the skills, methods, and 
equipment which will be incorpo- 
rated increasingly into the study and 
management of our natural resources. 
-George M. Van Dyne, College of 
Forestry and Natural Resources, 
Colorado State University, Fort Col- 
lins. 

New Publications 
AN ABSTRACT BIBLIOGRAPHY 
OF STATISTICAL METHODS IN 
GRASSLAND RESEARCH, compiled 
by Meredith J. Morris, Rocky Moun- 
tain Forest and Range Experiment 
Station, Fort Collins, Colorado. Mis- 
cellaneous Publication No. 1030, U.S. 
Department of Agriculture, Forest 
Service, 222 p., April 1967. “This 
bibliography was prepared for sci- 
entists concerned with the problems 
of defining and measuring biotic 
parameters, and of sampling popula- 
tions in grassland communities.” 
Thanks to Dr. Morris for the diligent 
review of literature, subject matter 
organization, cross referencing, and 
author index, this abstract bibliog- 
raphy is indeed a valuable reference 
source. 

AGRICULTURE INSURANCE, Prin- 
ciples and Organization and Applica- 
tion to Developing Countries, by P. 
K. Ray (Food and Agriculture Or- 
ganization of the United Nations, 
Rome). Pergamon Press Inc., 44-01 
21st Street, Long Island City, New 
York, 11101. 321 p., 1967, $15.50. 
This comprehensive book includes 20 
chapters arranged in 7 parts as foli 
lows: Part I. Agricultural risks and 
their insurability, Part II. Crop in- 
surance, Part III. Livestock insur- 
ance, Part IV. Insurance of slaugh- 
ter stock, Part V. Personal and li- 
ability insurance for farmers, Part 
VI. Agricultural insurance organiza- 
tion, and Part VII. Some basic con- 
siderations. 



DON HUSS HONORED 
The Texas A & M University Stu- 

dent Agricultural Council recently 
named Dr. Donald Huss an honor 
professor. Dr. Huss was selected on 
the basis of teaching ability and stu- 
dent relationship. 

Huss is widely known as the coach 
of plant identification teams, and he 
is also past president of the Texas 
Section. He has conducted summer 
range camp for 4-H and FFA mem- 
bers for the past eight years. He is 
presently national chairman of the 
public relations committee and 
chairman of the Student Loan Fund 
of the Texas Section. 

The range scientist received the 
Memorial Student Center Apprecia- 
tion Award and Distinguished Ser- 
vice Award in 1959 and 1960. He 
earned his BS, MS and Ph.D. at 
Texas A & M University in 1949, 
1954, and 1959. 

John D. (Danny) Freeman left on 
July 16 for an eighteen month as- 
signment with the Agency for In- 
ternational Development. 

Freeman, a veteran of 32 years 
experience with the Soil Conserva- 
tion Service in Arizona, Utah and 
Colorado, will work in the field of 
general agriculture helping the local 
Vietnamese farmers become more 
efficient in their operations. 

During his career in Arizona, Free- 
man was active in many local, state 
and national civic and professional 
organizations. In 1954 he served as 
president of the Arizona Section, 
American Society of Range Manage- 
ment and two years later was presi- 
dent of the parent Society. He is a 
past president of the Yavapai County 
Fair Association and served two 
years as chairman of the Prescott 
Frontier Days Parade, including the 
colorful 1964 Centennial parade. He 
has also been active in Kiwanis and 
4-H work. 

Robert D. McCulley has been 
named Director of the U.S. Forest 
Service Experiment Station in 
Berkeley, California. 

McCulley, who has been assistant 
to the deputy chief for research in 
the Washington office of the Forest 
Service since 1963, will direct Forest 
Service research in forestry and 
fields related to natural resource 
management in Berkeley and at 
project locations at Redding, River- 
side, Arcata, and in Honolulu, Ha- 
waii. In Washington, D.C., he has 
been part of a state-federal task 
force to develop a coordinated, long 
range program of research for agri- 
culture. 

Charles A. Connaughfon has been 
named Regional Forester for the 
Forest Service’s Pacific Northwest 
Region at Portland. Connaughton 
has headed up Forest Service man- 
agement work in California for the 
past 11 years. He graduated in 1928 
from the University of Idaho with 
Bachelors’ Degree in Forestry. With 
the Forest Service, he was assigned 
to Forestry Research and to Forest 
Administration, from which he took 
a leave of absence in 1934 to attain 
his Master’s Degree in Forestry from 
Yale University. 

Following a tour of duty as Silvi- 
culturist with the Forest and Range 
Experiment Station at Fort Collins, 
Colorado, Mr. Connaughton became 
known as an authority on Watershed 
Research and Management, and in 
highly efficient timber-cutting meth- 
ods. 

Mr. Connaughton transferred to 
California in 1955 after serving as 
Director of the Southern Forest and 
Range Experiment Station and as 
Regional Forester in Atlanta, Geor- 
gia. In 1962 he received a Superior 
Service Honor Award from the Sec- 
retary of Agriculture in recognition 
of “Dynamic Leadership in Applied 
Forestry and the Forestry Profes- 
sion.” 
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Connaughton succeeds J. Herbert 
Bone, who has headed the Pacific 
Northwest Region of the Forest Ser- 
vice since 1951. A veteran career 
civil servant, Mr. Stone’s Forest Ser- 
vice employment began in 1926 with 
seasonal work in the Allegheny Na- 
tional Forest in Pennsylvania while 
he was still studying for his Master’s 
Degree in forestry at Yale Univer- 
sity. 

Mr. Stone moved steadily ahead in 
his career from Ranger to Forest 
Supervisor to Assistant Regional 
Forester in the East, the South, and 
North Central Regions. He served 
for a short time as .Director of the 
Central States Forest Experiment 
Station, and in 1946 was named Re- 
gional Forester for the la-state 
Southern Region of the Forest Ser- 
vice. Five years later he was ap- 
pointed Regional Forester of the Pa- 
cific Northwest Region. 

John W. Deinema, federal em- 
ployee of 21 years, who began his 
Forest Service career as a smoke 
jumper in National Forests in the 
Intermountain Region after 4 years 
of active duty with the U.S. Marine 
Corps, succeeds Charles A. Con- 
naughton as Regional Forester of the 
California Region. 

From 1950 to 1960, Mr. Deinema 
served on the Challis National For- 
est in Idaho as District Ranger, As- 
sistant Forest Supervisor, and For- 
est Supervisor; then moved to the 
Intermountain Regional Office in 
Ogden, Utah, where he worked up 
to Assistant Regional Forester in 
charge of Personnel Management. 

Three years ago, Mr. Deinema was 
named Director of Job Corps Ad- 
ministration in the Forest Service, 
moving to the Washington Office. 
In October, 1965, he moved to the 
job of Director of Job Corps Con- 
servation Centers for the Office of 
Economic Opportunity in Washing- 
ton, D.C. 



Hallie L. Cox is the new Super- 
visor of the Apache National Forest 
in Springerville, Arizona. He has 
been range conservationist in the 
Intermountain Region Division of 
Range Management since 1965 and 
was president of the Utah Section in 
1966. With a master’s degree in 
range management from Utah State 
University, Mr. Cox joined the For- 
est Service in 1952 and served in 
various positions, including District 
Ranger on the Jarbidge District and 
Randolph District. In 1957 Mr. Cox 
was promoted to range conservation- 
ist on the Supervisor’s staff of the 
Toiyabe. He was Assistant Super- 
visor of the Cache from 1959 to 1965. 
Reared on a cattle ranch near 
Orangeville, Utah, he has been as- 
sociated with the livestock industry 
all his life. 

Lester Fluckiger, Range Conserva- 
tionist, is the new section head of 
range improvements in the Inter- 
mountain Region, replacing Mr. Cox. 
Mr. Fluckiger, a graduate of Utah 
State University, was formerly with 
the Division of Soil and Water Man- 
agement in Region 3. He was previ- 
ously on the staff of the Bridger 
National Forest at Kemmerer, Wy- 
oming. He had worked as ranger on 
several forests in the region before 
moving to Ogden. 

Sianley Randall of Ogden, a mem- 
ber of the American Society of 
Range Management, has been se- 
lected for an assignment as an agri- 
cultural economist in the Forest Ser- 
vice National Headquarters, Wash- 
ington, D.C. where he will be re- 
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sponsible for assembling and analyz- 
ing range management data. Among 
other things, his job will consider 
the economic contribution of Na- 
tional Forest grazing to the economy 
of ranch operations. 

ASRM and secretary for Idaho sec- 
tion of SCSA. 

E. R. Jackman, a charter member 
and long the prime mover in the 
Pacific Northwest Section’s youth 
range camp, passed away in early 
May. 

Capfain Gerald A. Brown was 
killed in Vietnam May 16, 1967. 
Gerald was a 1963 Range Manage- 
ment graduate from Texas Techno- 
logical College. He was named as one 
of the top ten Army ROTC cadets in 
the nation during his senior year at 
Texas Tech. 

Once called “the man with 20,000 
friends,” Russell was a leader in the 
agricultural development of Oregon. 
An Extension Agronomist, he re- 
ceived in 1956 a U.S.D.A. Superior 
Service award for “outstanding suc- 
cess in promoting grassland agricul- 
ture-.” He served a term on the 
editorial board of the Journal and 
was active in the affairs of the Sec- 
tion. His counsel, his wit and his 
undying enthusiasm will be missed. 

Gerald was an outstanding student 
while he was at Tech. He was also 
active in the Student Chapter of the 
ASRM and he was a member of the 
Texas Section at the time of his 
death. 

The Student Chapter at Texas 
Tech plans to name their library the 
“Gerald A. Brown Memorial Li- 
brary.” Gerald left his entire li- 
brary to the Student Chapter and it 
is anticipated that ex-students will 
contribute to this library in the 
future. 

Ira Clark, Area Range Conserva- 
tionist with the U.S. Department of 
Agriculture, was killed in an auto- 
mobile accident on May 3, 1967, in 
Pocatello, Idaho. 

Mr. Clark was employed by the 
U.S. Forest Service from 1934 to 
1955; then transferred to the Soil 
Conservation Service where he was 
employed as an Area Range Con- 
servationist at the time of his death. 

Texas Technological College has 
taken on a special mission-that of 
research in arid and semi-arid lands. 
The International Center for Arid 
and Semi-Arid Land Studies 
(ICASALS) was formally established 
in February, 1967, with Dr. Thadis 
W. Box, professor of Range Manage- 
ment, as Organizational Director. 
Through the Center, the capacities 
of the entire institution are brought 
to bear on the study of arid and 
semi-arid lands: the land itself, the 
climate and the associated human, 
animal and plant life. 

An active member of professional 
societies, he belonged to the Ameri- 
can Society of Agronomy, was a 
Charter member of the American 
Society of Range Management, and 
the Soil Conservation Society of 
America. He was past secretary and 
president of the Idaho chapter of era1 years. 

Dr. Box hopes to return to the 
teaching profession full time in sev- 
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1967 Student Enrollment in Range 
Management 

The Range Management Education 
Council’s annual report on the en- 
rollment of range management stu- 
dents is included in Table 1. The en- 
rollment is shown for the spring se- 
mester or quarter of 1967. Freshman 
and sophomore statistics are not in- 
cluded since many schools do not 
identify majors until the junior year. 

There are 22 schools that award 
a B.S. degree in range management 
or equivalent; the same number 
award the M.S. and 14 award the 
Ph.D. degree. Comparison with last 
year’s report shows that the junior 
and senior undergraduate enrollment 
for the 18 range management schools 
reporting both years was about the 
same in 1967 (395) as in 1966 (393). 
The fewer number of juniors in 1967 
was counteracted by more seniors. 
In the graduate programs there was 
a 24% increase in M.S. enrollment 
(from 92 to 114) and no change in 
the Ph.D. enrollment (60). As ex- 
pected there was a marked decrease 
in nonrange students (from 107 to 
93) that would qualify for the Civil 
Service Range Conservationist Reg- 
ister. This was caused primarily by 
the upgrading of Civil Service stan- 
dards to require 12 instead of 6 se- 
mester hours of coursework in range 
management. 

Proiecting these statistics into the 
future, it appears that undergradu- 
ate enrollment in range management 
will remain about the same in 1968 
or show a slight decline because of 
the small junior enrollment. In con- 
trast, enrollment in both the M.S. 
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and Ph.D. programs should expand strong demand for qualified gradu- 
because of the increased numbers of ates will tend to increase enrollment 
senior and M.S. students that will in all classes. - Ervin M. Schmutz, 
move into these programs. Also, the Vice-Chairman, RMEC, University 
expanding student population and of Arizona, Tucson. 

Table 1. Student enrollment in Range Management Education Council 
schools, spring 1967.* 

Schools Jr. Sr. M.S. Ph.D. Qualifying 
Univ. of Arizona 
Brigham Young Univ. 
Univ. of California 
Colorado State Univ. 
Humboldt State College 
Univ. of Idaho 
Ft. Hays Kansas State Col. 
Kansas State Univ. 
Montana State Univ. 
Univ. of Montana 
Univ. of Nebraska 
Univ. of Nevada 
New Mexico State Univ. 
Oklahoma State Univ. 
Oregon State Univ. 
South Dakota State Univ. 
Sul Ross State College 
Texas A&M Univ. 
Texas Technological Col. 
Utah State Univ. 
Washington State Univ. 
Univ. of Wyoming 

11 5 18 9 2 
12 17 2 1 3 

7 4 5 2 0 
18 13 13 3 3 

8 9 2 -** 10 
4 8 4 4 1 
0 6 3 - 5 
1 2 1 2 0 

13 11 3 - 6 
10 8 2 0 2 
6 2 4 0 2 
2 0 7 - 0 

12 11 4 - 4 
4 6 3 1 0 
8 10 2 3 0 
3 6 3 0 0 
3 5 1 - 10 

12 22 6 16 16 
14 24 14 - 2 
35 36 12 17 45 

5 7 2 - 0 
12 21 10 5 2 

Totals 200 233 121 63 113 
Percent change from 1966*** -6.1 +7.1 +23.9 0 -13.1 

* Member schools which do not have students enrolled in range manage- 
ment include Northern Arizona University, California State Polytechnic 
College, Iowa State University, North Dakota State University, Univer- 
sity of Washington, and University of Chihuahua. 

** -Indicates that the school does not award this degree in range man- 
agement or equivalent. 

*** Percent change calculated from 18 schools reported in both years. 

Explanation of New Categories for 1968 

A.S.R.M. Photo Contest 

Coordinated natural resource planning, management, and use concepts 
of rangelands must become integrated into our society activities. To accom- 
modate such needs has required the addition of two new categories to the 
photo contest. Accordingly, these are: 

Range Recreation: Exhibit and/or portray recreational potential and 
opportunities of rangelands. Relaxation, sight seeing, hunting, fishing, rock- 
hounding are but a few of those activities which may be enjoyed. Each 
section has its own particular charm; let’s see them this coming year! 

Associated Range Use: Exotic uses, both beneficial and detrimental, 
are occurring on rangelands. Mining, military operations, public values are 
just some of the things which need to be recorded-let’s see ‘em! 
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East Africa Se&ion. ASRM Meeting 
5th July, 1967 

Front ROW (Kneeling): Roy Lewis, Council Member Luke Isavwa, Secretary John 
Cassady, Bob Casebeer, Moses Olang, President Segar Bastard, John Thilenius, Council 
Member Victor Bunderson, Sidney Goodloe, and Sidney Jr. 
Back ROW: Richard Denney, Joe Robertson, V. K. Arap Sang. John Kenyon, Richard 
Percival, Pat Smith. Paul Metto. Roger Bowles, Elgin Cornett, President Elect Miles 
Fletcher, and Mrs. Shirley Goodloe. - 

UTAH 
The Utah Section American Soci- 

ety Range Management tour of the 
Henry Mountains, July 15, was at- 
tended by 54 members, ranchers and 
interested sportsmen. This tour of a 
remote part of Garfield County, Utah 
provided the group an opportunity to 
learn about the problems of range 
management in this area, some prac- 
tices that have been applied in their 
solution and a variety of spectacular 
scenery. 

Kenneth R. Drew, Manager, Henry 
Mountain Resource Area, Bureau of 
Land Management, arranged and 
conducted the 70 mile tour. It was 
highlighted by three stops w h e r e 
management practices and range im- 
provements were inspected and dis- 
cussed. Don E. Taylor, Wayne County 
Rancher, led an interesting discus- 
sion of his cattle operation and its 
relation with multiple use of public 
lands. Al Brewer, BLM Engineer, 
discussed the design, construction 
and efficiency of rain traps, recently 
installed on Tarantula Mesa. 

The tour terminated at Airplane 
Springs, where Mayo Call, BLM 
Wildlife Specialist, gave a presenta- 
tion on big game and livestock man- 
agement problems. Mr. Call centered 
his talk around the management of 
the Henry Mountain buffalo herd. 

The Bay Area Chapter of the Cali- 
fornia Section held its spring meet- 
ing at the Wood, Tassajara Road 
Ranch in Sycamore Valley on May 
13. The ranch, near Danville, has 
been occupied by the Wood family 
since 1862 and is now being operated 
by the fourth generation of the 
Wood family. Twenty-two Society 
members with families and friends 
turned out for the occasion. 

Following a presentation of opera- 
tional information about the ranch 
by George Wood, the group toured 
a portion of the ranch to observe 
the range and improvements first 
hand. The fifty-odd men, women 
and children then enjoyed a picnic 
lunch on the lawn to conclude the 
visit. 

A strong contingent continued on 
into the country to look at an out- 
planting of Perlagrass which shows 
great promise as cover for birds, 
needed in the training of dogs. 

NOTICE 
The Executive Secretary will 
pay $1.50 each for copies in 
good condition of Volume 19, 
No. 6, November 1966, Volume 
20, No. 1, and Volume 20, No. 
2, January and March, 1967 
issues of the Journal. 
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TEXAS 
Seventeen Sul Ross State College 

Range Management Chapter mem- 
bers and seven guests of the Club 
left Alpine March 18, on the Club’s 
annual educational tour. Eight days 
were spent touring Old Mexico. The 
port of entry was Ciudad Acuna, 
Coah., Mexico. Through the gracious 
help of General J. J. Quinones, no 
problems with passports were en- 
countered. 

Under the capable leadership of 
the General’s son, Roberto Quinones, 
a student at Sul Ross State College 
and a member of the Range Man- 
agement Club, we proceeded to Mon- 
terrey where we were met by Ing. 
Sigifredo Gallardo, State Director of 
the Agriculture Department for the 
state of Nuevo Leon and appointee 
of the governor of that state to be 
our official host while we were in 
the Monterrey area. A busy two 
days were spent visiting the im- 
portant agriculture enterprises car- 
ried on around Monterrey. A ban- 
quet was provided by Mayor Hector . 
Tamez of Allende, N.L. and the 
Poultry Association of Allende. 

Our official hosts at Saltillo, Coah., 
Mexico on Tuesday were Ing. Adan 
H. Rivera, Director of the School of 
Agriculture, and Eginio P. Quinta- 
nilla, Director of Tourist. The school 
owns and manages approximately 
25,000 hectares of ranch land. 

Mayor Guerrero hosted our visit 
to the Torreon area which is a fast 
growing agricultural and industrial 
center. 

Two days were spent visiting a 
most outstanding area of range man- 
agement found in the state of Du- 
rango, where our hosts were Mr. 
and Mrs. Lewis Wheless and Ernest0 
Bredee and his son. 

Final host of our interesting and 
most informative visit to Mexico was 
Dr. Martin Gonzalez and his staff at 
the Experimental Ranch La Camp- 
ana. 

This trip was the most educational 
and pleasant experience we have 
had, and we hope to have the oppor- 
tunity to visit Old Mexico again. We 
wish to extend an invitation to all 
the gracious people that helped us 
to visit in Mexico. 
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PACIFIC NORTHWEST 

A wild fire burn in scattered pine and 
brush. 

Under the direction of Dan Ren- 
teria, Tour Chairman, the Pacific 
Northwest Section held their annual 
summer field tour June 15 and 16 at 
old Fort Spokane, attracting about 
seventy-five ranchers and techni- 
cians from all parts of Oregon, Wash- 
ington, and British Columbia. 

The main theme of the tour was 
grass and its management. With this 
in mind, the tour was dedicated to 
the efforts of August (Gus) Reinbold, 
long-time rancher and Davenport 
seed dealer, who for many years has 
promoted the seeding of grass any 
place, any time it appeared grass 
might grow. 

The Thursday morning tour in- 
cluded stops to look at grass and al- 
falfa seedings on unstable sandy soil, 
to see some grass species adaptability 
trials and to observe thinning opera- 
tion on some overstocked ponderosa 
pine stands. 

The afternoon’s trip was made by 
water eight miles up the Spokane 
River in boats furnished by the Na- 
tional Park Service. Some outstand- 
ing examples were observed of pine 
thinning using bulldozers, followed 
by seedings of grass and alfalfa. 

The evening’s barbecue was an 
outstanding success, serving approxi- 
mately 230 people, followed by a 
demonstration of native dances by 
members of the Spokane Indian 
Tribe dressed in their full regalia, a 
slide show sponsored by the National 
Park Service and a brief address by 
Ken Parker, Chief of Range and 
Wildlife Research for the U.S. Forest 
Service, from Washington, D.C. 
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On Friday, Alex Sherwood, Chair- 
man of the Spokane Tribal Council, 
gave an interesting history of the 
tribe and then led the group on a 
tour of the reservation, stopping to 
view a thinning operation, a sheep 
allotment and a uranium mine. 

The next meeting of the Pacific 
Northwest Section will be their an- 
nual winter meeting to be held in 
Penticton, B.C. on Nov. 27 and 28 
with an interesting program lined up 
by Program Chairman, Claude Dillon. 

UTAH 
Mr. Niels LeRoy Marfin has been 

selected as the recipient of the Sec- 
tion 1967 Scholarship Award. 

Niels is a junior attending Bri- 
gham Young University as a Botany 
Major. He has been very active 
working in the Botany Department 
greenhouse and in the laboratory as 
an instructor. For the coming year, 
he will serve as Vice President of 
the Student Chapter -ASRM at 
B.Y.U., but until then he will use his 
time gaining experience as a range 
aid for the Forest Service. 

WASHINGTON STATE 
UNIVERSITY CHAPTER 

ACTIVITIES REPORT 
The year of 1966 and 1967 began 

with the fall round-up at the home 
of Dr. Grant Harris, our chapter ad- 
visor. At this meeting, the club de- 
cided to try to promote interest in 
range management as a career by 
sending brochures to high schools 
and junior colleges of the state. 

This year’s chapter officers were 
President, John Flerchinger; Vice- 
President, Steve Fuhrman; Secre- 
tary-Treasurer, Sheila Sampson; 
A.S.C.A. representative, Rick Ander- 
son; and Reporter, Norman Greene. 
On May 11, 1967, the chapter elected 
next year’s officers. They are Steve 
Fuhrman, President; Ray Randall, 
Vice-President; Doug Eastwood, Sec- 
retary-Treasurer; Rick Anderson, 
A.S.C.A. representative; and Ben 
Cottman, Reporter. 

A team composed of Sheila Samp- 
son, Fritz Rennebaum, and Tom 
Lamb represented Washington State 
University in the plant identification 
contest at the annual meeting in 
Seattle, with Dr. Ben Roche as coach. 

Some of the members of our chap- 

ter are making exceptional contribu- 
tions in the field of range manage- 
ment. Jim Klann was chosen as this 
year’s outstanding range senior at 
the annual Ag Awards banquet. Jim 
is working on his Master’s program 
in agronomy. Floyd Dewitt is the 
first graduate student in the Mas- 
ter’s program in range management 
at Washington State University. He 
received the Dean’s Award for high- 
est grade point average in the Col- 
lege of Agriculture. Tom Brannon 
is completing his MS degree with 
research on cheatgrass and medusa- 
head competition. 

MEXICO 
Would you believe 550 attendance 

at a Section field day? This was the 
approximate number at the Ranch0 
Experimental La Compana, near Chi- 
huahua, Mexico, August 10, where 
demonstrations and discussions of 
the experimental work which is tak- 
ing place there, were held. 

This was in celebration of the 
tenth anniversary of the establish- 
ment of the ranch for range experi- 
mentation. Joining in the program 
were the Mexico Section A.S.R.M., 
the National Center of Cattle Inves- 
tigations and the Chihuahua Cattle- 
mens’ Union. A number of Society 
members from the States were pres- 
ent as speakers on the program at 
the experimental range and at the 
technical sessions held in the as- 
sembly hall of the Cattlemens’ 
Union building. 

Opening the meeting on the eve- 
ning of August 9, was a discourse on 
the importance of natural resources 
and cattle ranching in the feeding of 
the world, in papers read by Aldolfo 
Alarcon of the FAO in Mexico, Dr. 
John A. Pino, Associate director of 
the Rockefeller Foundation in New 
York and our President, Dr. C. 
Wayne Cook of Utah State Univer- 
sity in Logan, Utah. 

We are again impressed with the 
earnestness with which our southern 
neighbors are applying m o d e r n 
methods to the rehabilitation and 
management of their grazing lands. 
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“If we can only have one house 
-and that’s all we want-then it 
has to be in New Mexico, and 
preferably at the edge of Albu- 
querque where it is now.” 

These were the words of Ernie 
Pyle, written in early 1944, short- 
ly before a sniper’s bullet ended 
his career on a Pacific island 
during World War II. 

Today, Pyle’s home is a me- 
morial library. But no longer is 
it at the edge of the city. In- 
stead, it lies near Albuquerque’s 
geographic center - so fantastic 
has been the city’s growth in the 
23 years between. 

Pyle called Albuquerque a 
“sort of home plate that we could 
run to.” Today, it is the home of 
325,000 residents. The center of 
the nation’s atomic industry, Al- 
buquerque finds that statistics 
cannot keep pace with expan- 
sion. 

Recently completed are a new 
eight-story city hall, a new $2 
million county office building, a 
$7 million Federal building, and 
an l&story State office building. 
But most impressive construc- 
tion was that of the 2.7 mile 
aerial tram, longest in North 
America, built from the edge of 
the city to the top of the 10,378- 
foot-high Sandia mountains 

which wall the eastern city lim- 
its. The tram, opened in May, 
1966, has become the greatest 
man-made tourist attraction in 
the southwest. The view from 
the top of these rugged moun- 
tains is said by many to equal 
the Grand Canyon. 

Although the button-down col- 
lar and narrow-brimmed hat has 
replaced western dress and Stet- 
sons in most cases, Albuquerque 
sustains its cultural heritage. 
One short block from crowded 
Central Avenue, quaint shops 
and candlelit restaurants capture 
the romance of a different era. 
Artists and writers - in greater 
numbers than in Santa Fe or 
Taos-create and produce works 
of national note. The Indian still 
greets the Santa Fe railway 
trains, and Coronado’s fabulous 
“Seven Cities of Cibola”-seven 
pueblos of ancient, golden adobe 
mud-are popular with the city’s 
$54,000,000 tourist trade. 

Located at the altitude of ex- 
actly one mile, Albuquerque pre- 
sents unusual recreational facili- 
ties. Because of an extremely 
dry climate, on most winter days 
it is possible to play golf or ten- 
nis in the morning, and take the 
tram to one of the Southwest’s 
best equipped ski resorts in the 

341 

afternoon. It is the appeal of the 
climate and recreational facili- 
ties that has made Albuquerque 
the southwest’s most popular 
convention city. 

Albuquerque’s greatest 
achievements, however, lie in 
the field of science: in research, 
development and production for 
the age that lies ahead. 

Lovelace Clinic and Founda- 
tion, where the Astronauts re- 
ceived their qualifying examina- 
tions, operates the nation’s first 
Institute of Nuclear Medicine. 
The Albuquerque Operations Of- 
fice of the Atomic Energy Com- 
mission is responsible for nuclear 
operations from the Pinellas 
Flats, Fla., to Christmas Island. 

Mammoth Sandia Corporation, 
which employs 7,100, is charged 
with aerospace nuclear testing 
functions. Kirtland Air Force 
Base, home of the Air Force Spe- 
cial Weapons Center, operates 
the nation’s only Nuclear Effects 
Laboratory. General Electric 
Corporation pro due e s aircraft 
engines here to serve a military 
need. 

North lies Los Alamos Scien- 
tific Laboratory, the nation’s nu- 
clear brain center charged with 
peace-time uses of the atom and 
development of the Rover nu- 
clear powered rocket. South is 
White Sands Missile Range, 
where support and testing for 
Project Apollo-the Moon Shot 
-is now underway. 

Many new industries have 
moved into Albuquerque recent- 
ly, and more are on their way. 
The roster is nearly endless for 
new technical firms serving Al- 
buquerque’s scientific market. 

Once a transcontinental whis- 
tlestop, Albuquerque today is the 
nucleus of the nuclear and space 
age. 
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ACTION TAKEN BY 
BOARD OF DIRECTORS 

At the two meetings of the Board 
of Directors in Santa Barbara, Cali- 
fornia on July 18 and 19, the follow- 
ing actions were taken: 

Accepted the report of the Nomi- 
nations Committee for the following 
to be candidates on the ballot: Presi- 
dent Elect-Donald A. Cox and Myr- 
vin E. Noble; For Directors-Vinson 
L. Duvall, Glen D. Fulcher, Raymond 
M. Housley, Jr., and Robert E. Wil- 
liams. 

Approved additions to the budget 
of $110 for contracts for maintenance 
of office equipment, and $200 for re- 
placement of worn-out equipment, 
furniture and fixtures. 

Accepted the Special Awards Com- 
mittee’s nominees for Special Awards 
to be made at Albuquerque meeting, 
and reconfirmed decision that there 
be established a single category 
award, i.e., the outstanding achieve- 
ment and service award. 

Reconfirmed that student dues 
should be $7.50 beginning in 1968. 

Voted to suspend issuing life mem- 
berships until further consideration 
could be given to the proposed in- 
crease in cost to members. 

Issued the following statement re- 
garding Scholarships: 

“The American Society of Range 
Management Trust will consider 
acceptance of donations for (to- 
ward) scholarships to worthy and 
capable university students on 
three bases: 

1. For general scholarship use 
as determined by the Trust- 
ees. 

2. In the name of individuals 
commemorated by the do- 
nor(s). 

3. That the donation (to the 
ASRM Trust) is unrestricted 
as regards its geographic area 
of applicability. 

These donations will be used for 
scholarships as determined by the 
ASRM Fund Trustees and recog- 
nizing, to the extent considered 
feasible in their own judgment, the 
wishes of donors to commemora- 
tive scholarships. In general, the 
Board of Trustees will operate un- 
der the policy that special ac- 
knowledgment of commemorated 
persons in connection with a spe- 
cific scholarship grant (to a stu- 
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dent) will not be made unless the 
total principal designated in the 
commemorative grant to the trust 
is adequate to yield one unit schol- 
arship of $500 annually or more; 
or, at the option of the donor, (the 
Trustees are authorized) to use 
(the) principal in unit sums of $500 
or more (when making scholarship 
grants to students).” 
Approved a second scholarship for 

1968-69 to carry through 1970, and 
agreed that if donations to the schol- 
arship fund are not adequate by 1970 
to finance the scholarship that the 
Board would support the financing 
out of reserve or normal income. 

Approved $500 for the Youth Facts 
Forum to be used at the Albuquer- 
que meeting “with the express un- 
derstanding t h a t this approval is 
made within the framework of the 
following policy guidelines: 

1. that the Board feels that the 
conduct and financing of this 
function should rest with the 
Sections; 

2. that the Board of Directors is 
appreciative of and commends 
the activity of its responsible 
membership in this area, but in 
line with its original policy of 
activating the program, t h i s 
will be the last year of financial 
support from Society funds.” 

Agreed that the Range Resources 
Publications for public consumption 
should be a function of the Public 
Relations Committee. 

Interviewed applicants, who were 
present at meeting, for position of 
Executive Secretary. 

Agreed that the Range Plant List 
be considered an ASRM responsi- 
bility and financed and sold through 
the Society as an ASRM publication. 

Approved a motion “that financial 
reserves be kept at approximately 
the operational cost of the Society 
for one year as a general guideline 
in the use of the Reserve Fund; how- 
ever, temporary adjustments of this 
reserve could be made for further 
development of the program of the 
Society; the continuing depletion of 
reserve over a period of years should 
be recognized as a fiscal problem 
in the management of the, Society 
and adjustments in progr m should 

ona be made under those c ditions.” 
After listening to the report of the 

Planning Committee it became evi- 
dent that further planning, further 
financing decisions, and the selection 
of an Executive Secretary could not 
be made until the matter of a per- 
manent headquarters was settled. As 
a result the following motion was 
unanimously carried : . 

“The Board will instruct the Sec- 
retary to make it known to the 
membership and potential candi- 
dates for Executive Secretary that 
the location of a headquarters is 
still under serious study: that it 
will remain in Portland until fur- 
ther study is made and that Wash- 
ington, D.C. is a possibility for a 
permanent Society Headquarters 
and that regardless of location of 
office, conduct of Society business 
will require frequent trips to 
Washington, D. C.” 

ADVISORY COUNCIL MEETS 
IN SANTA BARBARA 

The Advisory Council composed of 
Section Presidents, or their repre- 
sentatives, met in Santa Barbara on 
July 18. The report made to the 
Board of Directors on July 19 in- 
cluded: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

The question of permanent So- 
ciety headquarters will be re- 
ferred to the Sections for com- 
ment. 
Requested that the Policy Com- 
mittee study and develop a pol- 
icy on the matter of Section 
newsletter subscriptions. 
Favored a $14.00 membership 
for dues payments prior to date 
of second notice mailing, but 
decided to await further opinion 
from Sections. 
The handling of Scholarships 
was thought to be a Section ac- 
tivity and was referred to the 
Sections for further considera- 
tion. 
The question of the installment 
purchase of Life Membership 
was tabled. 
The Council suggested that 
there be an award program for 
Sections who have a particular 
outstanding project or program. 
The Council supported the Se- 
attle action of the Directors es- 
tablishing the annual dues of 
$15.00 with a $1.00 rebate to 
Sections. 
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PUBLIC LAND LAW 
REVIEW COMMISSION 

On July 13, Secretary Clouston 
presented to a meeting of the Public 
Land Law Review Commission at 
Billings, Montana, a statement of the 
position of the Society with respect 
to the use and administration of the 
public lands of the United States. 

The statement was divided into 
three parts; first, a description of the 
Society, its objectives and purposes, 
second, the philosophy and principles 
upon which the Society rests and 
third, the specific recommendations. 
These latter follow. 

The American Society of Range 
Management supports the objectives 
of Public Law 88-606. The following 
recommendations concerning Public 
Lands are made: 

1. For the most part, lands now in 
Federal ownership s h o u 1 d be re- 
tained as such, except where it has 
been determined by careful study 
that disposal to private or other pub- 
lic ownership will result in the great- 
est benefit to the general public and 
that the intended new use is con- 
sistent with the ecological character- 
istics or capability of the land. 

2. Federal lands classified for dis- 
posal to private ownership should be 
appraised and either exchanged for 
other lands if possible, or sold under 
an equitable system at a fair mar- 
ket value. 

3. Guidelines and procedures for 
land exchanges should be made more 
flexible where the objective of the 
exchange is to simplify and improve 
a complex land ownership pattern. 
The long-term value of effective land 
management should be accorded 
equal or greater significance than 
comparative land values in the eval- 
uation of proposed land exchanges. 

4. The concept of multiple-use 
management contained in the tem- 
porary Classification and Multiple 
Use Act (P. L. 88-607) applying to 
certain public lands administered by 
the Secretary of Interior should be 
made permanent. This legislation has 
been endorsed by livestock, wildlife 
and various other conservation or- 
ganizations interested in public range 
lands. Also, the Multiple Use Act 
(P. L. 86-517) as applying to National 
Forest lands should be retained. 
Rather than encouraging more laws 
directed toward granting authorities 
for segregating public land, we see 

a need for practical devices to make 
our multiple use laws work. The ul- 
timate superiority of full multiple- 
use development must be demon- 
strated. 

More teeth are needed in some re- 
spects. Managers need the tools by 
which to make multiple use practical 
in the eyes of all users, many of 
whom in the past, have been unable 
to admit its feasibility. We suggest 
that this can be accomplished (1) by 
a systematic, plan-wise approach in 
the application of multiple-use man- 
agement, (2) with increased emphasis 
on educational programs, (3) with 
intensified management, (4) stepped 
up range and watershed improve- 
ment programs, (5) special induce- 
ments for active participation in mul- 
tiple use, (6) Federal Agency Pro- 
grams to complement one another 
for effective land management. 

5. Agency laws, regulations, man- 
uals, working procedures and ob- 
jectives sometimes conflict. Much 
can and should be done to correlate 
Federal Agency procedures. 

6. Mining laws should be amended 
to require that, insofar as possible, 
mining activity on public lands be 
on a lease basis under which the 
control of surface resources would 
remain with the Federal Govern- 
ment. Lease provisions should re- 
quire reasonable protection for other 
resource values and restoration of 
the surface to productive condition 
upon termination of mining. 

7. The American Society of Range 
Management reaffirms support of the 
principles of the Wilderness Act 
(P. L. 88-577) where applied to areas 
that because of their rugged ter- 
rain, steep precipitous slopes, arid 
climate or other characteristics are 
unsuitable for livestock grazing; 
where livestock grazing previously 
has been established within wilder- 
ness areas, the Society recognizes 
that management within these clas- 
sified areas must have as its objec- 
tive the maintenance or enhancement 
of the wilderness qualities of the 
environment. In such areas, proper 
management of the forage resource 
should allow range improvements 
t,hat are essential for sound plant 
and animal management to the ex- 
tent that they are compatible with 
the wilderness management objec- 
tives of each particular wilderness 
area. Wild animals within wilder- 

ness areas should be managed to pre- 
vent damage to vegetation and soil. 

8. Grazing lands of the United 
States occupy almost one billion 
acres as compared to 350 million 
acres of all harvested crops. Pres- 
ently, between one-half and three- 
fourths of all of the nutrients con- 
sumed by domestic livestock and 
practically all of the nutrients con- 
sumed by an estimated 71% million 
big game animals come from pasture 
and ranges. Continued high produc- 
tion of forage from these lands re- 
quires intensification of present man- 
agement, and programs of rangeland 
improvement. The American Society 
of Range Management recommends 
an expanded program of basic eco- 
logical, range management and im- 
provement research to meet the in- 
creased demands of an increasing 
human population for game and live- 
stock products. 

9. Rangelands furnish forage for 
over one-half of our beef breeding 
herds, three-fourths of our founda- 
tion sheep herds for at least 6 months 
of the year. Rangeland managers 
long have needed fundamental up-to- 
date and complete information on the 
location, capacity, condition trend, 
and use of rangelands. This informa- 
tion is necessary for planning the 
best use and management of the 
range resources, as well as for set- 
ting national and regional policy and 
preparing development programs for 
the lands. The absence of such in- 
formation has been a major obstacle 
to improving management and a 
source of friction between r a n g e 
users and range managers. The 
American Society of Range Manage- 
ment recommends that necessary ac- 
tion be taken to provide broad-scale 
inventories of the grazing lands com- 
parable to present inventories of for- 
ests, water, and soil. 

10. In order to contribute their ut- 
most to the welfare of the general 
public, rangelands must be managed 
in accordance with natural biological 
and ecological laws. Involved is the 
classification of the land on the basis 
of its natural characteristics and its 
allocation for specific uses on that 
basis. This can be done effectively 
only through the utilization of the 
knowledge and skill of teams of pro- 
fessionally trained and experienced 
civil servants. The Society urges the 
Commission to retain and enhance 
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the provisions of existing laws de- 
signed to accomplish this objective. 

11. The National Grasslands, ad- 
ministered by the Department of Ag- 
riculture, should be retained in Fed- 
eral ownership. These public lands, 
situated for the most part in the 
Great Plains, offer excellent oppor- 
tunities for demonstrating sound 
range land conservation practices, 
under use, in areas where grassland 
agriculture is, and will continue to 

s 
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be an important contributor to the 
economy and well being of the 
United States. 

12. The Society recognizes the 
necessity and urges an awareness by 
the Commission of the need to man- 
age all land resources, whether they 
are used exclusively for recreational 
purposes, as in the National Parks, 
or for other purposes. We urge the 
rotational use of critical recreation 
areas and the development of the 

management capacity to control hu- 
man use as well as that of other 
species. 

The American Society of Range 
Management appreciates this oppor- 
tunity to present its views to the 
Public Land Law Review Commis- 
sion. We hope that the information 
contained in this statement will be 
helpful to you in fulfilling the mo- 
mentous task with which the Com- 
mission is charged. 

9 

TO KEEP UP-TO-DATE 
with all scientific information pertaining to grasses and grassland 

(pastures, rangelands and fodder crops) the simplest and most 
economical met hod is to consult 
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nal please send a postcard to: 
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Hurley, Nr. Maidenhead, Berks., England 
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CUT n n l 

CRUSH n n l 

SHATTER 
-full-size trees and brush 

with Fleco Rolling Choppers 

Knife-sharp, high-tensile steel blades, chop- 
ping with 6,000 to 60,000 Ibs. of force, reduce 
brush and timber to chips and slivers. Un- 
wanted growth is cut, crushed, shattered, 
ground into the earth. Maintenance of right- 
of-way, site preparation, reclamation takes 
on new profit possibilities. 

FLECO Corporation P.0. BOX 2370 l Jacksonville, Florida, U.S.A. 

FLECO OVERsEAS LIMITED P.O. Box 820 l Nassau, N.P. Bahamas 

FLECO ROLLING CHOPPERS are offered in a wide range of sizes and 
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Oregon Ryegrass is at “Home on the Range” 
Let Oregon Grown Annual Ryegrass make its home on 
your range. It mixes well with annual legumes to pro- 
vide rapid ground cover forming excellent pasture. 
Good range pasture will increase your meat production. 
Oregon Ryegrass works to stabilize your needed top- 
soil and, if managed properly, will reseed itself year 
after year. 0 

WHEN THE TALK TURNS TO GRASS, SAY, 

“MAKE MINE OREGON RYEGRASS.” 

0 
For a free brochure on the “Marvels of Oregon Ryegrass”, write: 

Oregon Ryegrass Growers Seed Commission 

P. 0. Box 247 Dept. 12 

Albany, Oregon 97321 
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