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RANGE MANAGEMENT 
- _____ ~___ -_ -- 
Report of the President, 19% 

Presidential Address-Twelfth Annual Meeting, Ameri- 
can Society of Range Management, Tulsa, Oklahoma, 
January 27-30, 1959. 

R. S. CAMPBELL 

U. S. Forest Service, New Orleans, Louisiana 

Our Society had a good year in 
1958, starting with the fine An- 
nual Meeting at Phoenix. This 
Tulsa Meeting, in collaboration 
with the American Grassland 
Council, has a splendid program 
that reflects the continuing de- 
velopment of the Society. 

The publication of Volume 11 
of the Journal of Range Manage- 
ment, with its great variety of 
information, was a very tangible 
and creditable accomplishment 
for 1958. 

Good progress was made on 
two special projects. The So- 
ciety’s brochure on Careers in 
Range Management is expected 
off the press very soon. The 
book on Range Research Meth- 
ods and Techniques, now several 
years in preparation, has gone to 
the National Research Council 
editors. 

The Society held its second 
summer field meeting at Kam- 
loops, B. C., in July. This was a 
highly successful affair, thanks 
to the Pacific Northwest Section 
and the Kamloops Experiment 
Station. I am sure that here- 
after the summer field meeting 
will be a regular event. The 
ASRM participated in the Inter- 
society Forage Evaluation Sym- 
posium at Purdue University in 
August. During the year, the So- 
ciety was represented at many 

other meetings of scientific, edu- 
cational, and trade organizations. 

The range resource manual 
completed in 1957 by the Com- 
mittee on Cooperation with 
Youth Organizations was distrib- 
uted to the Sections and, at the 
end of the year, was being 
adapted for local use with high 
school students in several west- 
ern states. 

The Civil Service Committee 
continued its work on entrance 
standards for professional posi- 
tions in range management. All 
indications are that -the Society 

The financial position of the 
Society has improved. The in- 
crease in dues was generally well 
accepted by the Membership as a 
necessary step in our growth. 
Within two or three years, we 
hope to pay current costs from 
current year’s dues. 

R. S. CAMPBELL We did well to increase our 
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must exert a continuing effort if 
such standards are to be raised 
to a level which we consider 
satisfactory. 

The membership approved sev- 
eral revisions of the Bylaws. The 
present Bylaws, however, were 
written 12 years ago around a 
framework to meet the needs of 
a small new Society. We now 
have developed to a point where 
we need a fresh look at our 
whole Society organization and 
activities. For example, it is al- 
most impossible for the Presi- 
dent of the Society to carry to 
completion any major project 
during his one-year term. There 
is always uncertainty as to who 
will be the new President until 
shortly before the successful can- 
didate takes office. We need bet- 
ter continuity in this office. This 
could be obtained by having a 
two-year term for the President, 
or a President-elect in addition 
to the Vice President. I have 
asked the Committee on Program 
of the Future to study the or- 
ganization and activities of the 
Society and to come up with a 
whole new set of Bylaws, if that 
appears necessary. This. study 
may take two years or more. In 
1958 we reorganized the commit- 
tees of the parent society but I 
will comment on this at greater 
length later. Revision of the 
Handbook for Society Commit- 
tees is in progress and that for 
the Sections is proposed. 
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membership to 3,500 in 1958. If 
we continue an active, well- 
rounded program, we will con- 
tinue to attract new members. 

The office of the Executive 
Secretary is functioning 
smoothly. A number of improve- 
ments were made during 1958 to 
assure more efficient handling of 
membership records. I hope the 
Society soon can afford to pay 
the Executive Secretary the sal- 
ary he deserves. 

We can all be proud of the 
Trail Boss Society emblem issued 
during the year. Have you pur- 
chased yours? . 

The greatest contribution to 
the advancement of our Society 
objectives was made through the 
Sections. It was a real satis- 
faction to follow the activities 
and accomplishments of the Sec- 
tions through their newsletters. 
The variety and scope of meet- 
ings and projects was astounding. 
My compliments to every one of 
you in the Sections. The fine start 
made by the new section in 
Mexico was especially gratifying. 
This Section doubled its mem- 
bership and held two field meet- 
ings, which were participated in 
by men in the southwestern 
U.S.A. 

Now I wish to indulge in a bit 
of philosophy, with a restate- 
ment of the Society objectives, 
particularly as embodied in the 
new setup of committees. 

The masthead of every issue of 
our Journal carries the objec- 
tives of the Society, as stated by 
the founding group in 1948. It 
was the original intent, and still 
is the Society policy, that mem- 
bership is open to all who are 
interested or engaged in any 
form of range or pasture man- 
agement or related subjects. The 
interchange of ideas between all 
who are concerned with range is 
highly desirable and beneficial in 
the long run. At the same time, 
it places a real responsibility on 
the Society to provide full par- 
ticipation and activity by all 
kinds of members. I am very 
hopeful that the new setup of na- 

tional committees will help to 
meet this difficulty and at the 
same time retain the advantages 
of membership for all range men 
within a single society. 

The new setup provides for 
several standing committees on 
cooperation with other groups. 
Two of the committees are new, 
one is a continuation of a present 
committee. They are Coopera- 
tion with Scientific Organiza- 
tions, Cooperation with Youth 
Organizations, and Cooperation 
with Foreign Organizations. 

The purpose of the Committee 
on Cooperation with Scientific 
Organizations is to systematize 
and encourage the Range Soci- 
ety’s relations with other scien- 
tific groups, such as the Ameri- 
can Society of Agronomy, 
AAAS, American Grassland 
Council, Soil Conservation So- 
ciety, the Wildlife Society, and 
many others. This joint meeting 
with the American Grassland 
Council is an example of the 
kind of cooperation we should 
encourage. At present we have 
representatives to about a dozen 
scientific organizations, with lit- 
tle coordination by the Presi- 
dent and Board of Directors. 
This new committee should help 
develop the scientific activities 
of the Society and improve our 
scientific productivity. 

The Committee on Cooperation 
with Youth Organizations is an 
existing committee which has 
done a magnificent job in pre- 
paring materials and encourag- 
ing Society cooperation with 
youth groups. Its work should be 
expanded and better financed to 
reach young ranch folks and 
youth interested in range and 
livestock. The Society should 
continue to spearhead the prepa- 
ration of study materials and 
should build up a system of in- 
centives and awards for accom- 
plishment in this field. 

The Committee on Cooperation 
with Foreign Organizations is 
new. Its purpose is to system- 
atically cultivate exchange of 
range information and improved 

relations with foreign countries 
and organizations, especially 
through ICA and FAO. Our So- 
ciety can be a real influence in 
promoting better understanding 
between the users of native 
grasslands, both in the Americas 
and abroad. We must more and 
more think of ASRM as an inter- 
national society with interna- 
tional objectives. Note that 
throughout this talk I have re- 
ferred to the parent society 
rather than the “national so- 
ciety.” As a result of action by 
the Board of Directors last year, 
flags of the USA, Canada, and 
Mexico are displayed at each an- 
nual meeting. I hope the Society 
will be well represented at the 
next International Grassland 
Congress to be held in the United 
Kingdom in 1960. 

Other standing committees in- 
clude: Professional Standards, 
which will absorb the work of 
the present Civil Service Com- 
mittee; Program of the Future, 
and the several Society business 
committees on meetings, mem- 
bership, nominations, elections, 
and the like. 

Ranchers are an important 
part of our membership and have 
a vital role in carrying out the 
Society objectives. We need to 
encourage closer relations be- 
tween the Range Society and the 
various livestock and rancher as- 
sociations. There is at present 
great variation between Sections 
in this respect. The Society has 
a great deal to offer these groups, 
particularly at the county level. 
Certainly our range scientists 
have much practical knowledge 
and viewpoint to gain through 
closer and more frequent con- 
tacts with stockmen’s groups. 
These relations need to be culti- 
vated mainly through the Sec- 
tions. Although no standing com- 
mittee is being set up at present 
by the parent organization to 
promote cooperation with ranch- 
er groups, we plan to give in- 
creased emphasis to this activity 
through the Meetings Committee. 

All these committees offer a 
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wide range of activities within makes our Society strong. To me the skill we use in applying these 
the sections and the parent so- the Society represents science, facts in everyday management. 
ciety that should afford every art, and religion inextricably Our religion in the broadest 
member a point of interest and bound together. Our science is sense is devotion to the unselfish, 
participation. And individual the search for facts regarding open, honest way of life that 
participation is the thing that the range and its use. Our art is keeps us all in range work. 

Donald F. Hervey 
1959 President, American Society of 

Range Management 

Professor and Head, Department of Range 
Management at Colorado State University, 
Fort Collins, Colorado. Additional duties are 
those of Chief of the Forestry & Range Man- 
agement Section in the Colorado Agricultural 
Experiment Station. Reared near and in 
Longmont, Colorado. Obtained B. S. degree 
Colorado State University, 1939; M. S., Uni- 
versity of California, 1948; and PhD., Texas 
A & M College 1955. Engaged in range devel- 
opment work for the Department of Interior 
1940-1943. In the Field Artillery 1943-1946. 
Assumed duties in teaching and research at 
Colorado State University 1946. Became Sec- 
tion Chief in 1952 and Department Head in 
1957. 

Author of articles and bulletins con- 
cerned with range seeding and brushland 
management. Charter member of the Ameri- 
can Society of Range Management. Served 
as first chairman of the Colorado Section. 
Member of the Board of Directors 1955-1958 
and Vice President of the Society, 1958. 

A Message from the New President: 

Greetings, fellow members of 
the American Society of Range 
Management. I consider it a real 
honor to have the opportunity to 
serve the Society in the position 
to which you have elected me. 
With your help, that of Vice 
President Fred Kennedy, Execu- 
tive Secretary John Clouston, 
and the Board of Directors, I am 
sure that we can look forward 
to another year of growth and 
accomplishment. 

The twelfth annual national 
meeting of the Society at Tulsa 
has just come to a close and those 
of you who were in attendance 
realize the real debt of gratitude 

which we owe to the Kansas- 
Oklahoma Section for the fine 
meeting which they staged for 
us. You also can appreciate the 
accomplishments and growth of 
the Society under the capable 
leadership of Dr. Robert Camp- 
bell. It was both a pleasure and 
a real education for me to serve 
alongside Bob in my capacity as 
Vice President during 1958. 

One of our members who sat 
through the business meeting of 
the Board of Directors at Tulsa 
made the comment later that he 
had not realized that the Ameri- 
can Society of Range Manage- 
ment was engaged in so many 
activities. Since so few do have 

opportunity to hear all the com- 
mittee reports, I hope that you 
will take opportunity to study 
carefully the report of President 
Bob Campbell. 

This year, for the first time, 
you paid annual dues of $8. I 
think that you will be glad to 
know that the budget for 1959 
includes several additional ex- 
penditures for the youth pro- 
gram which was made possible 
by these additional dues. The ad- 
ditional money from the in- 
creased dues has also given the 
Society opportunity to under- 
write publication of the brochure 
on “Careers in Range Manage- 
ment,” prepare a ten-year index 
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to the Journal and at the same 
time attempt to readjust the fi- 
nancial operation of the Society 
so that it can operate on current 
dues rather than borrowing from 
dues collected for the ensuing 
year. 

We hope to ease the work load 
of the Editor of the Journ& and 
believe that this is going to be 
accomplished by the immediate 
selection of E. J. Woolfolk as the 
next Editor. He will serve this 
year under Dr. Warren Whitman 

in the capacity of Assistant Edi- 
tor. By 1960, we hope to formal- 
ize the arrangement for an Edi- 
tor and an Assistant Editor. I 
know that you are all inter- 
ested in maintaining a high- 
quality Journal and I would like 
to urge you to assist the Editor 
by encouraging the submission 
of manuscripts that would be of 
real interest to Journal readers. 

We are looking forward to a 
national summer meeting in 
Gunnison, Colorado, in late July. 

We hope that this idea of having 
a second national meeting during 
the summer in cooperation with 
one of the local Section meet- 
ings will “catch on.” Why don’t 
you plan to bring your family 
and attend this year? Also, make 
plans for the 1960 annual meet- 
ing in Portland, Oregon. I’ll be 
looking forward to seeing you at 
both of these meetings. 

Donald F. Hervey 
President 

Officers and Directors of the American Society of Range Management at the Twelfth Annual 
Meeting, Tulsa, Oklahoma, January 27-30, 1959. Seated, Ieft to right: MELVIN S. MORRIS, Director, _ 
Missoula, Montana; E. WM. ANDERSON, Director, Pendleton, Oregon; DONALD F. HERVEY, 1959 
President, Ft. Collins, Colorado; JOHN G. CLOUSTON, Executive Secretary, Portland, Oregon; JOHN 
CHOLIS, Director, Sacramento, California. Standing, left to right: KENNETH CONRAD, Director, 
Wray, Colorado ; JAMES L. FINLEY, Director, Holbrook, Arizona; ROBERT S. CAMPBELL, 1958 
President, New Orleans, La.. ; FRED H. KENNEDY, Vice President, Albuquerque, New Mexico; and 
C. H. MCKINNON, Director, Calgary, Alberta. 



Distribution of Sagebrush as Related to Site Dif- 
ferences in Albany County, Wyoming’ 

ALBERT P. THATCHER 

Range Conservationist, Soil Conservation Service, U. S. 
Department of Agriculture, Laramie, Wyoming 

Among plants commonly called 
sagebrushes are many species 
and growth forms which together 
populate a substantial portion of 
the rangelands of the western 
United States. Sagebrush char- 
acterizes the landscape in the 
Great Basin and in some adja- 
cent areas. Much has been writ- 
ten and said about the soils on 
which sagebrush grows, but too 
little attention has been given to 
the distribution of specific spe- 
cies and forms as related to dif- 
ferent kinds of land and land 
uses. 

Reference often is made to 
sagebrush as an indicator of soil 
suitable for cultivation. Also, 
much has been written about 
sagebrush control for range im- 
provement. Yet sagebrush oc- 
curs in many species and forms 
with different roles on many 
sites having substantial differ- 
ences in soil properties. Many 
such sites obviously are unsuit- 
able for cultivation, and sage= 
brush control for grazing use 
cannot be a blanket prescription. 

A major purpose of this study 
was to determine if differences 
in species and growth forms in 
Albany County, Wyoming, could 
be related to differences in soil 
characteristics such as depth, 
texture, permeability, alkalinity, 
salinity, and wetness. Other 

1 This paper was developed from a 
thesis submitted to the faculty 04 
the University of Wyoming as part 
of the requirements for the Master 
of Science degree. Special acknowl- 
edgment is made for the assistance 
of Dr. Alan A. Beetle and person- 
nel of the Soil Conservation Service 
in the conduct olj this study. 

characteristics considered were 
parent or underlying material of 
the soil, topographical position, 
and climatic belts as they might 
influence the species of sage- 
brush adapted to the site. 

Four species of sagebrush were 
recognized in this study, namely, 
big sagebrush (Artemisia tri- 
dent&a), silver sagebrush (Arte- 
misia cunu), black sagebrush 
(Artemisiu nova), and threetip 
sagebrush (Artemisiu tripurtitu). 
Scientific, authority, and com- 
mon names of all plant species to 
be mentioned are included in an 
appendix. 

Problems and Literature 

Any ecological study of sage- 
brush and its distribution leads 
promptly to two classes of prob- 
lems. The first results from com- 
plexities in the taxonomy of the 
genus Artemisiu. The second re- 
sults from the difficulty of dif- 

ferentiating increase and inva- 
sion from normal occurrence in 
various types of sites. 

The taxonomy of the genus re- 
ceived intensive study by Ryd- 
berg (1913), Hall and Clements 
(1923) and Ward (1953). Recent 
research in Colorado (Langen- 
heim, 1956) describing the oc- 
currence of sagebrush, stated 
(4 . . . Artemisiu tridentutu, in- 
cludes an assemblage of hetero- 
ploids adapted to different com- 
binations of arid environmental 
conditions . . . hybridization of 
A. tridentutu with A. cunu and 
A. spiciformis of nearby areas 
further complicates the systema- 
tics . . . the individuals in the 
area can only be considered part 
of the Artemisiu tridentutu com- 
plex, although in all probability 
they represent a race that is 
physiologically distinct from 
others in western North Amer- 
ica.” Hence, it is evident that 
limited knowledge of the system- 
atics within the genus place 
limitations on application of ecol- 
ogical findings related to named 
species of sagebrush. 

The occurrence of sagebrush in 
relation to factors resident in 
soils has received much study. 
Among the first reports is one by 
Kearney, et al. (1914) stating: 
“In the Tooele Valley sagebrush 

FICUHE 1. Big sagebrush growing in an upland position with a predominance of western 
wheatgrass and lesser amounts of needle-and-thread, Sandherg bluegrass, and prairie 
Junegrass. The soil is a deep silty clay loam, which is slowly permeable. The reaction is 
slightly alkaline, and the soil has only a small amount of soluble salts, 
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occurs chiefly on the bench lands 
which skirt the mountains. In 
some parts of the valley, espe- 
cially where the soil is sandy, the 
plants of sagebrush are tall, vig- 
orous and stand close together. 
In other and more extensive 
areas, where the moisture con- 
ditions are less favorable, they 
are scattered and stunted, and 
the proportion of new growth to 
old is small.” 

Quite recently, Gates (1956) in 
a study of the salt-desert ranges 
of Utah found that edaphic fac- 
tors were of primary importance 
on the distribution of the shrub 
types- sagebrush, winterfat, 
shadscale, Nuttall’s saltbush, and 
greasewood. He found Nuttall’s 
saltbush, greasewood, and shad- 
scale growing on soils with the 
highest salt content, an average 
of 0.89, 0.83, and 0.53 percent, re- 
spectively. Sagebrush and win- 
terfat were found on soils with 
an average salt content of 0.32 
and 0.36 percent, respectively. 
The five types varied significant- 
ly from each other in amount of 
soluble sodium, 719 parts-per- 
million for sagebrush to 2,215 
ppm for Nuttall’s saltbush. All 
species had a relatively wide 
range for each of the significant 
soil factors. The wide range of 
tolerance of the species studied 
for edaphic factors suggested the 
presence of ecotypic variation. 

In the many references pe- 
rused, that reported relations be- 
tween occurrence of sagebrush 
and soil factors, there was inade- 
quate evidence to determine the 
degree to which the observed oc- 
currence was related to grazing 
influences which might have al- 
tered the effects of edaphic and 
climatic influence. That such in- 
fluences may be great is evident 
from an investigation by Cooper 
(1953). 

Description of the Study Area 
This study deals with the oc- 

currence of four species of sage- 
brush in Albany County, Wyom- 
ing, between the elevation of 
6,000 feet and 9,500 feet. 
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FIGURE 2. Silver sagebrush growing in an upland position. The major associated species 
are needle-and-thread, blue grama, western wheatgrass, needleleaf sedge, and Hood’s phlox. 
The soil is deep with a fine sandy loam 
prismatic structure. The reaction is nearly 
salts. 

Topographically the Laramie 
Plains portion of Albany County 
is a nearly level basin which is 
dissected by three major 
streams, namely, the Big Lara- 
mie River, Little Laramie River, 
and the North Laramie River. 
These three major drainages 
have numerous tributaries. The 
drainages originate from the 
higher mountainous areas which 
form a crescent on the north, 
east, and south sides of the basin. 
The mountainous are a is pre- 
Cambrian, granitic material that 
is flanked on the basin side by 
the older sandstones and lime- 
stones of the Pennsylvania and 
Mississippian ages, locally called 
the Casper formation. The floor 
of the basin is largely composed 
of Cretaceous age materials that 
have in some cases been covered 
over by river terraces and out- 
wash alluvial deposits from the 
adjacent mountain areas. Along 
the southwest side of the study 
area there is another large area 
that is geologically of the Eocene 
age and locally called the Wind 
River and Hanna formations. 

Records of the United States 
Weather Bureau, near the City 
of Laramie, during the past sixty 
years, reflect climatic conditions 
for the lower elevations. Precip- 
itation belts within the county, 

topsoil underlain by sandy clay loam with 
neutral with only a slight amount of soluble 

to be referred to later, were de- 
termined from isohyetal maps of 
the same agency. Average an- 
nual precipitation at Laramie is 
11.19 inches but has varied dur- 
ing the sixty-year period from 
3.75 to 15.07. Over 60 percent of 
the precipitation occurs between 
April 1 and September 1. Much 
of the moisture comes in the 
form of snow during the months 
of March and April. Only seven 
times in the last 60 years has the 
temperature of the area risen 
above 90” F. A low temperature 
of 42” below zero has been re- 
corded. The sky is clear most of 
the time, the relative humidity 
is low, and the wind reaches an 
average velocity in March of 14 
miles per hour. The plains area 
of Albany County has an average 
of 106 frost-free days. The frost- 
free period has varied from 71 
to 152 days over the 60-year pe- 
riod. 

In various parts of the county, 
areas may be found that are 
characterized by dominance of 
one of the species of sagebrush 
(Figures 1, 2, 3, and 4). 

Method of Study 
To determine site preferences 

of sagebrushes within the study 
area, sites were selected at ran- 
dom to include an adequate sam- 
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ple of each of the four distinct 
species. Consideration was given 
to ‘an adequate range in soils, 
relative positions, parent mate- 
rials, and rainfall belts. This re- 
sulted in selecting 51 different 
sites located throughout the area. 
The final tabulation showed big 
sagebrush occurred on 17 sites, 
silver sagebrush occurred on 14 
sites, black sagebrush occurred 
on 12 sites, and threetip sage- 
brush occurred on 11 sites. 

Each site was studied by select- 
ing an area on which a particular 
species occurred, and within it 
marking off a circle ten feet in 
diameter from a center selected 
at random. This size circle was 
used because it was large enough 
to give a good cross-section of the 
herbaceous vegetation and yet 
was small enough to permit ac- 
curate counting of sagebrush in- 
dividuals. After perennial her- 
baceous species were recorded, 
and plants of each sagebrush spe- 
cies were counted, the latter 
were measured to determine the 
range in height. Seedlings were 
not included in the height mea- 
surements because the roots 
would not have penetrated the 
full soil depth, and hence the 
plants would not accurately re- 
flect soil conditions. 

The soils were excavated to 

determine soil depth and the 
type of underlying material. 
Where the soil was more than 48 
inches deep, the underlying ma- 
terial was deduced from a study 
of the surrounding area. Char- 
acteristics of the soil recorded 
were: soil depth, topsoil texture, 
subsoil permeability (b as e d on 
texture and structural indica- 
tions), parent or underlying ma- 
terial, wetness, salinity, and re- 
action. The reaction was deter- 
mined by the use of the organic 
indicators phenol red, bromthy- 
mol blue, and thymol blue. Other 
recorded characteristics and in- 
formation about the site in- 
cluded: relative position of the 
site, the direction of the slope or 
exposure, percentage slope, pre- 
cipitation belt, date of study, and 
the legal description to the near- 
est section. 

Results 

Results of the investigation are 
reported in Tables 1 and 2, and 
discussed by species in the fol- 
lowing sections. 

Big Sagebrush 

Big sagebrush was examined 
on 17 sites distributed through- 
out the study area. The depth of 
soil to which its roots could 
freely penetrate was found to be 

at least 15 inches in all cases. It 
was found on only two sites 
where the soil depth was less 
than 36 inches deep. Evidently, 
it can become a dominant mem- 
ber of a plant association only 
where soils are at least moder- 
ately deep. When this species 
appeared to be growing on a very 
shallow soil, closer examination 
showed plants were growing in 
deeper soil pockets or that the 
substratum was jointed to allow 
deep penetration of the roots. 

Of the 17 sites, 3 had sandy 
loam topsoils, 10 had loamy top- 
soils, and 4 had clayey topsoils. 
None had extremely heavy or 
very sandy topsoils. . 

All of the sites studied were 
free of effects of high water 
tables, and there were no indica- 
tions that the soils had ever been 
influenced by such a condition. 
There were no visual evidences 
that soluble salt content of the 
soils was high or even moder- 
ately high. Visual evidences used 
were accumulations of salt crys- 
tals, whiteness of the surface, 
and the presence of salt tolerant 
plants in the community. 

It was found that big sage- 
brush grew on soils with a wide 
range of subsoil permeabilities. 
Indications were that wherever 
permeability great 1 y restricted 

Table 1. The disfribufion of four species of sagebrush as related to soil factors, Albany County. Wyoming. 

Topsoil Subsoil Underlying 
Species Soil Depth Texture Permeability Material Reaction Wetness Salinity 

kg sagebrush 14* deep 3 sandy 1 slowly 6 shale 12 slightly all dry little, 
(Artemisia 2 moderately 10 loamy permeable 3 sandstone alkaline if any 

tridentata) deep 4 clayey 16 moderately 4 granitic 5 neutral 
1 shallow permeable 4 gravel 

Silver sagebrush 9 deep 11 moderately 4 sandstone 11 slightly 3 slightly 2 slightly 
(Artemisiu 3 moderately ‘7 sandy permeable 10 gravel alkaline wet saline 

cana) deep 7 loamy 3 rapidly 3 neutral 11 dry 12 no salinity 
2 shallow permeable _--- 

Black sagebrush 2 moderately 1 sandy 7 moderately 6 granitic 4 slightly all dry little, 
(Artemisia deep 11 loamy permeable 6 gravel alkaline if any 

nova) 5 shallow 5 rapidly 8 neutral . 
5 very shallow permeable 

Threetip sagebrush 4 moderately 2 sandy 9 moderately 8 granitic 11 neutral all dry little, 
(Artemisia deep 9 loamy permeable 3 gravel if any 

tripartita) 6 shallow 2 rapidly 
1 very shallow permeable 

* Number of sites on which the particular factor was present. 
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movement of air and water, big 
sagebrush reflected this condi- 
tion by small stature. Plants 
ranged in height from 4 to 5 
inches on sites where the subsoil 
was heavy textured with little 
or no fracturing of the soil mass, 
to 42 inches on sites where the 
soil was deep silt loam with a 
granular topsoil, a well fractured 
prismatic-structured subsoil, and 
underlain by fractured granitic 
bedrock. Permeability data indi- 
cated that this soil factor had 
little influence on distribution of 
the species but much influence 
on the size of the individuals. 
The lower the soil permeability, 
the smaller the individuals. 

Big sagebrush occurred on all 
classifications of par en t mate- 
rials, namely, sandstones, shales, 
limestones, granites, terraces, 
and alluvial gravels. However, 
there are large areas near the 
center of the Laramie Plains 
where it is absent. Geological 
maps show this area to be under- 
lain by a Cretaceous bedrock, 
usually highly saline or alkaline. 
Reaction of soil profiles where 
big sagebrush occurred ranged 
from pH 6.6 to 8.5, showing slight 
tolerance to alkalinity but not oc- 
curring on highly alkaline soils. 

Topographic position in rela- 
tion to the surrounding terrain 
was correlated with differences 
in plant communities. Some spe- 
cies respond favorably and flour- 
ish from additional moisture in 
lowland positions while others 
do not, and either die or do not 
become established in lowland 
communities. Big sagebrush is 
predominantly an upland species 
in this area. On the four sites 
yhere it occurred on a lowland 
position, the slopes were in ex- 
cess of 4 percent, permitting 
little if any ponding of water on 
the surface. 

Exposure is often closely cor- 
related with amount of forage 
produced and composition of 
plant communities, but big sage- 
brush was found on all major ex- 
posures in this area. With close 
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examination seemingly anoma- 
lous distributions could be ex- 
plained by differences in soil 
properties. 

Silver Sagebrush 

Silver sagebrush was studied 
on 14 sites distributed through- 
out the study area. It was found 
to be growing largely on soils 
which were in excess of 20 inches 
deep. Nine of the 14 sites had 
soil depths in excess of 36 inches 
and only two sites had soil 
depths less than 20 inches. These 
data indicate that silver sage- 
brush requires deep to moder- 
ately deep soils in this area, but 
it will grow on shallow soils in 
some instances. 

A study of the texture of the 
topsoil in these sites revealed 
that in upland position, in all 
cases, silver sagebrush occurred 
on sandy topsoils. It did not oc- 
cur on soils with heavy textured 
topsoils, regardless of topo- 
graphic position of the site. Nor 
did it occur on soils where sub- 
soil permeability was less than 
moderate. Eleven of the 14 sites 
were moderately permeable, and 
three of the sites were rapidly 
permeable. 

Silver sagebrush was found to 
occur on only two basic types of 
parent or underlying material, 

namely, sandstone and gravel. 
The reasons are not entirely 
clear, but, as noted, it does not 
grow on heavy textured or 
slowly permeable soil, and these 
properties seldom occur on the 
above-mentioned underlying ma- 
terials. Eleven of the sites were 
moderately alkaline with pH be- 
tween 7.4 and 8.5. Three of the 
sites had a pH of between 6.6 
and 7.3. 

Silver sagebrush was the only 
one of the four species studied 
that grew on soils influenced by 
a high water table. Three of its 
14 sites had water tables within 
the zone of root penetration. This 
need not indicate that it prefers 
high water tables, but does indi- 
cate that it will tolerate some 
high water table. Two of the 
soils upon which it grew had in- 
dications of being affected by an 
accumulation of soluble salts. 
The salt content was not great 
and could only be classified as 
slightly saline. This saline con- 
dition, in both cases, was associ- 
ated with a high water table. 

One of the most distinctive fea- 
tures in the distribution of silver 
sagebrush was its occurrence on 
lowlands. Of the 14 sites, 10 were 
lowland sites and only 4 were 
upland sites. This species seemed 
adapted, in this area, to sites 
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receiving more moisture than shallow. Five sites were very 
normal for the climate. It did not shallow, 5 were shallow, and 
occur on slopes greater than 4 only 2 were of medium depth 
percent and 9 of the 14 sites were (20-36 inches) . The latter were 
nearly level. Data indicated that gravelly throughout the profile 
exposure did not influence dis- and were underlain by gravel. 
tribution. P 1 ant height ranged The topsoil texture on all these 
from 7 to 40 inches. The smaller sites ranged between sandy loam 
plants, or those ranging from 7 and gravelly silt loam. Topsoils 
to 18 inches, were largely found of very sandy or very heavy tex- 
in the upland sites. Data showed ture seemed to exclude black 
that the more water available for sagebrush. Subsoil permeability 
plant growth, the taller were the characteristics of the sites where 
individuals. Twelve of the sites it occurred showed 7 were mod- 
studied occurred in the belt of erately permeable and 5 rapidly 
10 to 14 inches of average annual permeable. There was no in- 
precipitation, while two sites stance where the subsoil was 
were in the 15- to 19-inch belt. slowly or very slowly permeable. 

which would prevent soluble 
salts from accumulating in the 
soil profile. The species is 
adapted to steep slopes, and ex- 
posure of the slope did not ma- 
terially affect distribution. 

A study of the association of 
silver sagebrush with other per- 
ennial vegetation showed only 
one m a j or distinction between 
this species and the other three. 
It was the only one of the four 
species of sagebrush that was 
found to be growing in the same 
plant association with basin 
wildrye (Elymus cinereus). This 
distinction applied to lowland 
sites, since basin wildrye did not 
occur in the upland position with 
sagebrush. 

The nature of the underlying 
or parent material of soil seemed 
highly significant. Black sage- 
brush was found only on soils 
underlain by gravel or granitic 
materials. It also was observed 
that where the underlying ma- 
terial was granitic bedrock and 
was distinctly fractured, big 
sagebrush replaced black sage- 
brush in the plant association. 

Black sagebrush ranged from 
4 to 10 inches high. Eight of the 
sites studied occurred in the lo- 
to 14-inch precipitation belt and 
four of the sites in the 15- to 19- 
inch belt. Bluebunch wheatgrass 
(Agropyron spicatum) was the 
only plant that grew with black 
sagebrush that could be corre- 
lated as being distinctly adapted 
to the same site conditions. Both 
occurred on 7 of the 12 sites 
studied. 

Threefip Sagebrush 

Threetip sagebrush was studied 
on 11 sites distributed along the 
east and west sides of the study 
area. These areas are higher in 
elevation than the plains areas 
and the estimated average an- 
nual precipitation is between 15 
and 19 inches. 

Black Sagebrush 

Black sagebrush was studied 
on 12 sites in widely separated lo- 
cations throughout the study 
area. The soils on which it grew 
were generally shallow to very 

Eight of the sites where black 
sagebrush grew had a reaction 
close to the neutral point, with 
pH between 6.6 and 7.3. The re- 
maining four sites had soils that 
were slightly alkaline. None of 
the soils indicated the presence 
of even a moderate accumulation 
of soluble salts. All of the soils 
were extremely well drained, 

The soil depth characteristics 
of the sites where threetip sage- 
brush occurred were as follows: 
four with depths of between 20 
and 36 inches, six with depths of 
between 10 and 20 inches, and 
one site with depth of less than 
10 inches. There were no cases 
where soil was over 36 inches 
deep. It was observed that 

Table 2. Distribution and height of sagebrush species as relaied fo factors other than those resident in soils. 

Species 
Relative 
Position Exposure 

Height of Sagebrush 
Plants * * 

Rainfall 
Belt 

Grass Species 
Significantly 

Associated 
Big sagebrush 14* Upland All 1 6” or less 11 lO”-14” None 

(Artemisia tridentata) 3 Lowland exposures 8 6”-18” high 6 15”-19” 
8 18”-42” high 

Silver sagebrush 
(Artemisia cana) 

4 Upland 
10 Lowland 

All 
exposures 

0 6” or less 
7 6”-20” 
7 20”-40” 

12 lO”-14” 
2 15”-19” 

Elymus 
cinereus 

Black sagebrush 
(Artemisia nova) 

Threetip sagebrush 
(Artemisia tripartita) 

12 Upland 

7 Upland 
4 Lowland 

All 
exposures 

All 
exposures 

5 6” or less 8 10”-14” Agrop yron 
7 6” to 10” high 4 15”-19” spicatum 
All individuals All 15”-19” Muhlenbergia 

less than belt filiculmis 
7” high 

* Number of sites on which the particular factor was present. 
** Based on measurement of all individuals in study plot to determine range in height. 



60 

deeper soils in the same general 
area were occupied by big sage- 
brush. Threetip sagebrush was 
confined to the sandy and loamy 
textural groups. Subsoil perme- 
ability was found to be very sim- 
ilar to the situations for silver 
and black sagebrushes. In no in- 
stance could the subsoil be rated 
slowly permeable (less than ap- 
proximately 0.8 of an inch per 
hour). The underlying parent 
material of the soils supporting 
threetip sagebrush was limited 
to recent alluvial gravel and 
granitic bedrocks. The gravel 
was composed of granitic mate- 
rial, and in all cases there was 
recent outwash material from 
adjacent granitic mountains. 

One of the outstanding charac- 
teristics of this species was that 
it was limited to soils with pH 
readings less than 7.3. Threetip 
sagebrush was not found on sites 
affected by high water table or 
by evident accumulation of sol- 
uble salts. In all cases the soils 
were well drained both intern- 
ally and on the surface. It was 
not confined to the upland posi- 
tion. Seven of the sites where it 
occurred were in upland posi- 
tions and 4 in lowland posi- 
tions. The lowland positions were 
well drained, and the slopes of 
these areas exceeded two per- 
cent in all cases. With the excep- 
tions of three sites, where it oc- 
curred in swales, the topography 
was rolling smooth slopes with 
very little exposure of granitic 
bedrock. Wherever bedrock out- 
cropped and slopes became 
abrupt and steep, threetip sage- 
brush was not a member of the 
plant community. Causes, in 
terms of site factors, are not 
fully understood. 

All individuals of threetip 
sagebrush were less than 7 
inches tall on the sites studied. 
The species occurred entirely 
within the 15- to 19-inch precipi- 
tation belt. This situation could 
be the result of the plants re- 
quiring more precipitation than 
falls in the lo- to 14-inch belt, 

. 
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or it might be due to the fact that 
these higher rainfall areas are 
primarily granitic bedrock, and 
the plants are adapted to the 
soils formed from the granites. 

The only correlation that could 
be made showing association 
with other perennial plants was 
with slimstem muhly (Muhlen- 
bergia filiculmis). Slimstem 
muhly was not found associated 
with any of the other three sage- 
brush species studied. 

Summary and Conclusions 
Four species of sagebrush have 

ranges which include the area 
studied in Albany County, Wyo- 
ming. Local distribution of each 
species was associated with fac- 
tors of the physical environment 
as follows: 

1. Big sagebrush (Artemisia 
tridentutu), of the four species 
studied, was found over the 
greatest variety of site condi- 
tions. Within this species there 
are different growth forms asso- 
ciated with differences in soil 
and water relationship of differ- 
ent types of sites. This was the 
only species that grew on soils 
with dense, heavy textured sub- 
soils and on soils underlain by 
shale. 

2. Silver sagebrush (Artemisia 
canu) was most often found on 
lowlands, but it also occurred in 
upland sites where topsoils were 
sandy and subsoils were at least 
moderately permeable to move- 
ment of water and air. This spe- 
cies was the only one of the four 
studied which grew where water 
tables occurred within the root 
zone. Soil mottling, indicating in- 
complete oxidation, w as f r e- 
quently evident in the root zone 
of this species. It did not occur 
on soils underlain by shale or 
granitic bedrock within the root 
zone. 

3. Black sagebrush (Artemisiu 
nova) was found only on the up- 
lands, where it occurred on shal- 
low and very shallow soils. The 
soil depth exceeded 20 inches in 
only two of the 12 sites studied. 
This species did not occur on 
soils underlain by sha1.e or sand- 
stone but instead on soils under- 
lain by gravel or granitic bed- 
rock. 

4. Threetip sagebrush (Arte- 
misiu tripurtitu) was the only 
species which occurred egtirely 
within the higher precipitation 
belt and higher elevations of the 
study area. It occurred only on 
soils underlain by granitic bed- 
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rock or gravel adjacent to and 
derived from the granites. It also 
was the only species restricted 
to soils where the reaction in all 
cases was less than pH 7.3. 

Properties of the soil, its topo- 
graphic position, the bedrock on 
which the soil lies, and climate 
interact to create distinctive 
physical environments that could 
be associated with the local dis- 
tribution of the four species. 

The current distribution of 
sagebrushes in relation to factors 
of the physical environment was 
frequently observed in the proc- 

Heights of mature plants of 
big sagebrush and silver sage- 
brush were closely related to 
physical characteristics of the 
site. 

edly has been affected more than 
outside limits of total range, but 
the extent of these modifications 
could not be determined. 
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Lisf of Plants 
The following plants occurred on 

the sites studied: Indian ricegrass 
(Oryzopsis hymenoides) , big sage- 
brush (Artemisia trident&a), three- 
tip sagebrush (Artemisia tripartita), 
black sagebrush (Artemisia nova), 
silver sagebrush (Artemisia cana), 
blue grama (Bouteloua gracilis), 
western wheatgrass (Agropyron 
smithii), bluebunch wheatgrass 
(Agropyron spicatum), prairie June- 
grass (Koeleria cristata), slimstem 
muhly (Muhlenbergia filiculmis), 
needle-and-thread (Stipa co mu t a ) , 
green needlegrass (Stipa viridula), 
Sandberg bluegrass (Poa secunda), 
Canby bluegrass (Poa canbyi), basin 
wildrye (Elymus cinereus), Idaho 
fescue (Festuca idahoensis), moun- 
tain brome (Bromus carinatus), 
needleleaf sedge (Carex eleocharis), 
threadleaf sedge (CareJ: filifolia), 
Hoods phlox (Phlox hoodii), plains 
pricklypear (Opuntia polyacantha). 

Factors Influencing Herbage Weight 
Of Idaho Fescue Plants 

RICHARD M. HURD 

Forester, Rocky Mountain Forest and Range Experiment 
Station, Forest Service, U. S. Department of Agriculture, 
Fort Collins, Colorado1 

Among the factors affecting 
the herbage weight of an Idaho 
fescue (Festuca idahoen&) 
plant are leaf height, basal area, 
and number of flower stalks. 
These three factors change in ab- 
solute value from one location 
to another on the livestock 
ranges in the Big Horn Moun- 
tains of north-central Wyoming. 

ICentral headquarters maintained in 
cooperation with CoZorado State 
University at Fort Collins. Research 
repol’ted here was conducted in co- 
operation with the University of 
Wyoming at Laramie. 

Since each factor is easily mea- 
sured, the part each contributes 
to herbage weight can be deter- 
mined. The needed data were 
collected during a single grow- 
ing season from 1,150 fescue 
plants found on three plant-soil 
conditions. Idaho fescue was 
used in the analysis because it 
is an important forage species on 
these livestock ranges (Hurd and 
Kissinger, 1952). 

Methods 

Twenty-three a r e as ranging 
from 7,200 to 9,000 feet in eleva- 

tion were sampled. These areas 
were lightly grazed pastures ap- 
proximating 40 acres in size and 
livestock exclosures containing 
y4 to 3 acres. Exclosures had 
been protected from livestock 
grazing for 1 to 16 years and the 
pastures had been lightly grazed 
for 20 years or more. Deer and 
elk had access to all but one 
sample area. 

Fifty Idaho fescue plants were 
measured and clipped at each 
sample area. Ten plants were 
taken at regular intervals along 
each of five transects. Maximum 
basal leaf height was measured 
to the nearest 0.1 inch; basal area 
was estimated to the nearest 
square centimeter (Pearse, 1935); 
and flower stalks were counted 
on each of the 50 plants. Plants 
were clipped at ground level and 
all herbage from a lo-plant tran- 
sect was placed in the same pa- 
per bag, air-dried, and then 
weighed to the nearest 0.1 gram. 

Sample areas were classified 
by vegetation and the kind of 
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rock or gravel adjacent to and 
derived from the granites. It also 
was the only species restricted 
to soils where the reaction in all 
cases was less than pH 7.3. 

Properties of the soil, its topo- 
graphic position, the bedrock on 
which the soil lies, and climate 
interact to create distinctive 
physical environments that could 
be associated with the local dis- 
tribution of the four species. 

The current distribution of 
sagebrushes in relation to factors 
of the physical environment was 
frequently observed in the proc- 

Heights of mature plants of 
big sagebrush and silver sage- 
brush were closely related to 
physical characteristics of the 
site. 

edly has been affected more than 
outside limits of total range, but 
the extent of these modifications 
could not be determined. 
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Lisf of Plants 
The following plants occurred on 

the sites studied: Indian ricegrass 
(Oryzopsis hymenoides) , big sage- 
brush (Artemisia trident&a), three- 
tip sagebrush (Artemisia tripartita), 
black sagebrush (Artemisia nova), 
silver sagebrush (Artemisia cana), 
blue grama (Bouteloua gracilis), 
western wheatgrass (Agropyron 
smithii), bluebunch wheatgrass 
(Agropyron spicatum), prairie June- 
grass (Koeleria cristata), slimstem 
muhly (Muhlenbergia filiculmis), 
needle-and-thread (Stipa co mu t a ) , 
green needlegrass (Stipa viridula), 
Sandberg bluegrass (Poa secunda), 
Canby bluegrass (Poa canbyi), basin 
wildrye (Elymus cinereus), Idaho 
fescue (Festuca idahoensis), moun- 
tain brome (Bromus carinatus), 
needleleaf sedge (Carex eleocharis), 
threadleaf sedge (CareJ: filifolia), 
Hoods phlox (Phlox hoodii), plains 
pricklypear (Opuntia polyacantha). 

Factors Influencing Herbage Weight 
Of Idaho Fescue Plants 

RICHARD M. HURD 

Forester, Rocky Mountain Forest and Range Experiment 
Station, Forest Service, U. S. Department of Agriculture, 
Fort Collins, Colorado1 

Among the factors affecting 
the herbage weight of an Idaho 
fescue (Festuca idahoen&) 
plant are leaf height, basal area, 
and number of flower stalks. 
These three factors change in ab- 
solute value from one location 
to another on the livestock 
ranges in the Big Horn Moun- 
tains of north-central Wyoming. 

ICentral headquarters maintained in 
cooperation with CoZorado State 
University at Fort Collins. Research 
repol’ted here was conducted in co- 
operation with the University of 
Wyoming at Laramie. 

Since each factor is easily mea- 
sured, the part each contributes 
to herbage weight can be deter- 
mined. The needed data were 
collected during a single grow- 
ing season from 1,150 fescue 
plants found on three plant-soil 
conditions. Idaho fescue was 
used in the analysis because it 
is an important forage species on 
these livestock ranges (Hurd and 
Kissinger, 1952). 

Methods 

Twenty-three a r e as ranging 
from 7,200 to 9,000 feet in eleva- 

tion were sampled. These areas 
were lightly grazed pastures ap- 
proximating 40 acres in size and 
livestock exclosures containing 
y4 to 3 acres. Exclosures had 
been protected from livestock 
grazing for 1 to 16 years and the 
pastures had been lightly grazed 
for 20 years or more. Deer and 
elk had access to all but one 
sample area. 

Fifty Idaho fescue plants were 
measured and clipped at each 
sample area. Ten plants were 
taken at regular intervals along 
each of five transects. Maximum 
basal leaf height was measured 
to the nearest 0.1 inch; basal area 
was estimated to the nearest 
square centimeter (Pearse, 1935); 
and flower stalks were counted 
on each of the 50 plants. Plants 
were clipped at ground level and 
all herbage from a lo-plant tran- 
sect was placed in the same pa- 
per bag, air-dried, and then 
weighed to the nearest 0.1 gram. 

Sample areas were classified 
by vegetation and the kind of 
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Table 1. Relative importance of factors affecting herbage weight as indi- 
cated by partial correlation coefficients. 

Partial Grass-forb cover Sagebrush cover 
correlation Granitic Sedimentary Sedimentary 

coefficients1 soils soils soils 
r12.34 0.897 0.631 0.524 
1.13.24 .556 .324* .606 
r14.23 .558 .685 .439 

11 = Herbage weight 3 = Basal area 
2 = Leaf height 4 = Number of flower stalks 

*Not significant at 5% level; all other coefficients significant at 1% level. 

parent material, either sedimen- 
tary or granitic rocks, from 
which the soils were derived. 
The vegetation was divided into 
two broad categories: grass-forb, 
and big sagebrush (Artemisia tri- 
dent&a) ; sagebrush always had 
a perennial grass-f orb under- 
story. 

Results 

The relationship of herbage 
weight to maximum leaf height, 
basal area, and number of flower 
stalks was clearly evident. These 
three independent factors, when 
combined, produced multiple 
correlation coefficients of 0.967 
for the grass-forb-granitic soil 
type, 0.930 for the grass-forb-sed- 
imentary soil type, and 0.926 for 
the sagebrush-sedimentary soil 
type. The three combined inde- 
pendent factors account for 86 
to 94 percent of the variation in 
herbage weight of the Idaho fes- 
cue plants. (Correlation coeffi- 
cient squared equals percent var- 
iation accounted for.) The re- 
maining 6 to 14 percent of the 
variation in herbage weight is 
attributed to factors not mea- 
sured in this study. 

The relative importance of the 
independent factors is indicated 
by the coefficients of partial cor- 
relation found in Table 1. Leaf 
height was more closely associ- 
ated with herbage weight of 
those fescue plants growing on 
granitic soils than was either 
basal area or number of flower 
stalks. However, no significant 
differences between the coeffi- 
cients were noted within the 
other two plant-soil conditions. 

The grass-forb-sedimentary 
soil condition produced plants 
having, on the average, larger 
basal areas, longer leaves, heav- 
ier herbage, and more flower 
stalks than the plants in the 
other two conditions. Differences 
between values are often real, as 
shown in Table 2. Reasons for 
these differences may lie in the 
productivity, depth, and mois- 
ture holding capacity of the soils 
and, if so, are beyond the scope 
of this study. 

Average basal area, leaf 
height, and herbage weight were 
not correlated with the number 
of years the plants had been pro- 
tected from livestock grazing or 
had been grazed lightly. This 
conclusion was based on the data 

from 10 sample areas on the 
granitic soils, 8 areas with sage- 
brush cover, and 5 areas with 
the grass-forb-sedimentary soil 
condition. The period of protec- 
tion or of light grazing ranged 
from 1 to 16 years, 2 to 16 years, 
and 4 to 20 years for the three 
groups of sample areas. Lack of 
correlation does not imply that 
an individual fescue plant will 
or will not increase in basal area 
or produce longer leaves or pro- 
duce more herbage under protec- 
tion. Those points were not stu- 
died. The results show only that 
there was no correlation be- 
tween length of the protection 
period and the size of the aver- 
age fescue plant (basal area, leaf 
length, and herbage weight) in 
each of the 10 locations on the 
granitic soils. Current soil mois- 
ture and fertility, growing con- 
ditions, and use prior to protec- 
tion may exert stronger influ- 
ence on basal area, leaf height, 
and herbage weight than exclu- 
sion of livestock or light grazing. 

Frequency distribution curves 
of basal area classes show a dis- 
tinct positive skewness. As seen 
in Figure 1, a tail of the distribu- 
tion curve extends to the right. 

Table 2. Average inaximum leaf heighi, basal area, herbage weight, and 
number of flower stalks for Idaho fescue plants in three plant-soil con- 
ditions 

Grass-forb Sagebrush 
cover cover 

Item Granitic Sedimentary Sedimentary 
soils soils soils 
(a) (b) (c) 

1. Leaf height 
(inches) 5.3 8.2 7.7 

2. Basal area 
(sq. cm.) 7.9 10.6 6.3 

3. Weight (grams, 
air-dry) 1.04 3.46 1.61 

4. Weight per sq. 
cm. (grams air- 
dry) 0.13 0.32 0.24 

5. Plants with 
flower stalks 
(pet. 1 19 58 27 

6. Flower stalks 
per plant in 
item 5 (No.) 3 15 5 

*5% level of confidence or better. 

Columns 
significantly 

different * 

a&b, a&c 

b&c 

a&b, b&c 

a&b, a&c 

a&b 

a&b, b&c 
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FICUHE 1. Frequency distribution of basal 
area classes for Idaho fescue plants. 

For all three plant-soil types the 
greatest percentage of plants 
was in the 4-square-centimeter 
basal area class. As seen in Table 
2, the average basal area for the 
plant-soil conditions was con- 
siderably larger-7.9, 10.6, and 
6.3 square centimeters. 

Discussion 

Number of flower stalks and 
herbage weight were most close- 
ly correlated in the grass-forb- 
sedimentary soil condition. On 
this type, 58 percent of the fes- 
cue plants produced flower 
stalks compared to 19 and 27 per- 
cent in the other two plant-soil 
types. If there had been more 
plants with flower stalks or 
more flower stalks per plant in 
each plant-soil type, as there are 
in some years, then flower stalk 
numbers might have a still 
greater influence on herbage 

weight. Further analysis, how- 
ever, showed that number of 
flower stalks and leaf height 
were highly correlated in all 
three plant-soil types. In con- 
trast, number of flower stalks 
and basal area were not cor- 
related in two of the three plant- 
soil types. This suggests that 
factors influencing flower stalk 
production also influence leaf 
height. Hence, an increase in 
flower stalks would be accom- 
panied by an increase in leaf 
height and the relative influence 
of these variables upon herbage 
weight could remain unchanged. 

Herbage weight or weight per 
unit area such as a square centi- 
meter may best represent the 
combined quantitative f act or s 
used to express plant vigor. 
Here, such things as leaf and 
flower stalk height, number of 
leaves and flower stalks, and 
thickness or diameter of culms 
and leaves are accounted for. 
Leaf height has been used to ex- 
press vigor (Parker 1951, Short 
and Woolfolk 1956). The results 
of the present study show that 
leaf height and herbage weight 
are highly correlated. Therefore, 
leaf height appears to be a relia- 
ble index to vigor, providing 
weight is accepted as the com- 
bined vigor expression. 

Idaho fescue plants growing in 
the three plant-soil types some- 
times differ in certain charac- 
teristics. As found in Table 2, 
there are some real differences 
in maximum leaf height, basal 
area per plant, herbage weight 
per plant, herbage weight per 
square centimeter of basal area, 
and in flower stalk numbers. 
These differences may be due to 
variations in current growing 
conditions (which seems unlike- 
ly), major environmental condi- 

tions such as soil depth, soil 
moisture relationships, and soil 
fertility, or perhaps the differ- 
ences reflect genetic variations. 
Irrespective of what the cause 
may be, the differences among 
plant-soil types should be rec- 
ognized if leaf heights, basal 
area, herbage weight, and num- 
ber of flower stalks are used to 
evaluate the plants’ response to 
a grazing treatment. 

Summary 

The relationships of leaf 
height, basal area, and number 
of flower stalks to herbage 
weight were determined with 
1,150 Idaho fescue plants grow- 
tig on 3 plant-soil conditions in 
the Big Horn Mountains, Wyo- 
ming. When these 3 independent 
factors were combined, they ac- 
counted for 86 to 94 percent of 
the variation in herbage weight. 
Individually, leaf height was 
highly correlated with herbage 
weight as was number of flower 
stalks. The latter, however, was 
not always as important a con- 
tributor to herbage weight as 
was leaf height.. 
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Plant Control-Some Possibilities and Limitations1 
I. The Challenge to Management 

KENNETH B. PLATT 

Assistant Area Lands Officer, Bureau of Land Manage- 
ment, Area 2, Salt Lake City, Utah 

Recent successes in plant con- 
trol on many fronts have been so 
notable that the idea of examin- 
ing the possibilities and limita- 
tions of plant control on the vast 
expanse of American wild lands 
may seem superfluous. Since 
World War II impressive acre- 
ages of culturally established re- 
seeding have been accomplished 
in the Northern Great Plains and 
Intermountain regions of the 
United States. New techniques 
of large scale operation in brush 
chaining, cabling, root plowing, 
and mowing have cleared major 
woody pest species from signifi- 
cant areas in the Southern 
Plains. Selective spray develop- 
ments have given sufficient suc- 
cess to raise the hope, if not the 
confidence, that such sprays can 
be developed for specific appli- 
cation to almost any undesired 
plant or association. Imported in- 
sect enemies of goatweed (Hy- 
pericum perforatum) are bring- 
ing the Pacific Northwest’s far- 
ranging infestation of that plant 
under control. 

The total effect of these many 
accomplishments in plant con- 
trol naturally is one of optimism. 
Yet there are major limitations, 
both physical and economic. 
There are, also, limitations aris- 
ing out of conflict of interest as 
to what use should be made of 
our wild lands. While it is not 
the purpose of this paper to dis- 
pel the optimism now prevailing, 
various practical problems which 

1 Paper presented at the 11 th Annual 
Meeting of tihe American Society of 
Range Management, Phoenix Ari- 
zona, January 30, 1958. 

will require increased attention 
in future large scale plant con- 
trol programs are discussed. 

Terms Need Def inifion 

As background for this discus- 
sion, the following review of def- 
initions will be helpful: 

Control is a word of many de- 
grees. It may mean anything 
from mere direction, at the one 
extreme, to complete eradication 
at the other. In between lie such 
ideas as replace, restrain, limit, 
balance, manage, utilize, and 
tolerate. As range managers we 
would like to eradicate certain 
death-dealing poisonous plants. 
We work toward replacing low 
value invaders with more useful 
plants. We are content to re- 
strain northern blackbrush (Co- 
Zeogyne ramosissima) and big 
sage (Artemisia tridentata), each 
of which has important values in 
its own right. We might settle 
for limiting medusa rye (Elymus 
caput-medusae) to its present 
territory, if we could. We seek to 
strike a balance between plants 
and associations most profitable 
for livestock production and 
others necessary for wildlife. We 
aim to manage our way around 
the seasonal dangers of lupine 
(Lupinus spp.) and larkspur 
(Delphinium spp.) in the north, 
and bitterweed (Hymenoxys 
odorata) further south, mean- 
time using the total feed re- 
source in such a way as to dis- 
courage increase of these species. 
We try to utilize cheatgrass 
(Bromus tectorum) so as to take 
advantage of its late spring pro- 
duction peak without at the 
same time destroying the per- 
ennials which we hope gradually 
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will regain their old dominance. 
And we simply tolerate a great 
many plants that have little ap- 
parent importance for us, just as 
we tolerate various people-we 
are willing to let them alone as 
long as they let us alone. 

So when we talk of control- 
ling undesirable range plants we 
are talking, not of a single aim 
or operation, but of many dif- 
ferent possible approaches in the 
broad field of range manage- 
ment. 

Undesirable likewise is a word 
of many meanings. We cannot 
stop with merely saying what 
plant or association is undesir- 
able. Good range management 
requires us to act on the basis 
of why, where, when, how, and 
to whom that undesirability ex- 
ists. The larkspur that is deadly 
in spring is harmless in summer 
and fall. The mesquite (Prosopis 
spp.) that was friend in need 
while it kept to the gulches and 
the badlands, is mortal enemy 
where it occupies what once 
were rich grasslands. The chap- 
paral (Adenostoma fasciculatum 
and associates) that clothes the 
California Sierras is undesirable 
chiefly because there is far more 
of it than the desired balance be- 
tween wildlife and livestock re- 
quires. The big sage of the Inter- 
mountain region that is useless 
to the summering cow is needful 
cover for the nesting sagehen, 
the range dropped spring lamb, 
and the antelope and deer fawn. 
It is a vital protein source to the 
wintering sheep and antelope. 

Range, too, requires delimita- 
tion for purposes of this discus- 
sion. Essentially we speak here 
of wild grazing land, low produc- 
tivity land, arid or semi-arid 
land, land not used for cultivated 
crops. While we include areas 
reseedable by cultural means, we 
exclude those areas which fall 
in the category of seeded pas- 
tures. While we include areas 
improved by water spreading 
projects, and the shoestring sea- 
sonal meadows that sleeve our 
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mountain streams, we exclude 
permanent meadows capable of 
producing hay, and all managed- 
irrigation areas. In marking 
these limits we largely eliminate 
from consideration those pest 
plants whose chief importance is 
on crop lands- the noxious 
weeds named in our pure seed 
laws. 

Finally, when we talk of con- 
trolling plants we are usually 
thinking of one or a few selected 
species. Only occasionally, as in 
the chapparal and Texas thorn- 
brush areas, are we interested 
in controlling a major associa- 
tion. And even there we wish 
to rid ouselves only of the domi- 
nant woody plants. We would 
like to keep most of the inter- 
spersed grasses and forbs, and 
the micro-vegetation which in- 
habits the underlying litter and 
the humus layer of the soil. 
These distinctions raise some 
pertinent questions: Can we con- 
trol a species without controlling 
an association? Can we profit- 
ably impose a type of plant com- 
munity in an environment where 
it cannot survive by its own 
strength? Can we control se- 
lected plants without controlling 
wildlife, including rodents, game 
animals, predators - in short, 
whole biological groups? 

Factors in Control 

Without attempting to answer 
these questions here, let us con- 
sider some further background 
aspects of our general subject. 
This material may be convenient- 
ly considered under five major 
headings, namely: (1) physical 
factors, (2) cost factors, (3) man- 
agement factors, (4) livestock 
adaptations, and (5) conflicts in 
interest. 

Early work in plant control 
dealt largely with physical 
problems. Much might be said 
here, but suffice it to say that 
the basic work in this field has 
been pretty well accomplished, 
and although there is much yet 
to learn we have in hand suf- 
ficient knowledge to permit us to 

proceed with large scale plant 
removal and reseeding projects 
with reasonable confidence that 
needed new knowledge will be 
gained before we exhaust the 
possibilities of what we already 
know. The remaining questions 
are not so much in the realm 
of how, physically, to accomplish 
our ends, as in the realm of how 
to gain them at costs we can 
afford. 

What total capital investment 
are we facing when we contem- 
plate a comprehensive range re- 
habilitation program? Can 
range revegetation really pay its 
own way as a private endeavor, 
or must it be subsidized by gov- 
ernment benefit payments, by 
taking advantage of tax write- 
offs, or by applying windfall in- 
come from other sources? How 
many acres of range are occupied 
by undesirable plants, and what 
would it cost to clear them? 

Size and Co& of Job 
In order to get some approxi- 

mate figures on the size and cost 
of the overall plant control job, 
each of 36 range authorities in 
the western United States and 
Canada were asked for listings of 
ten most undesirable range 
plants in their respective regions. 
The 33 replies received provided 
some rather startling statistics. 

The inquiry covered the entire 
western range province in the 
United States and the Plains 
grazing region of Canada. Of the 
more than 70 species reported, 
36 were reported as occupying 
l,OOO,OOO or more acres each. An 
additional 16 species were re- 
ported as infesting from 100,000 
to 780,000 acres each. The total 
area reported for all these unde- 
sirables was an astounding 863,- 
382,750 acres (Table 1). Even this 
figure does not include large 
areas of many undesirable plants 
listed but upon which acreage 
estimates were not ventured. 

The total just quoted does not 
represent a net area. First, it 
represents area adversely af- 
fected by the plants listed, rather 

than area solidly occupied by 
them. Second, many of the same 
acres are counted more than 
once, because they are occupied 
by interspersed stands of two or 
more undesirables. What we are 
concerned with, however, is not 
the net acreage but the acreage 
requiring treatment in order to 
control the undesirable plants. 
Since many undesirables on the 
same area require separate treat- 
ment, the overlap of acreage 
among interspersed species rep- 
resents only a partial inflation. 

An illustration of this point is 
noted by E. H. McIlvain2 report- 
ing on the Southern Great Plains 
Region: “The total brush acreage 
is 80 million acres, but this is be- 
cause 2, 3, or sometimes even 4 
species occupy the same acreage. 
This is a real problem on some 
ranches, because clearing only 
one species allows the others to 
become dominant-and no range 
improvement results.” Similar 
relationships doubtless occur in 
other regions. 

As regards costs of control for 
a current estimate the total acre- 
age may be cut to less than half 
before we start figuring. If we 
accept the position of Professor 
G. W. Tomanek of Kansas State 
College that the undesirable 
plants in the Central Great 
Plains Region, except sand sage, 
are not serious enough to war- 
rant present control, we may 
happily omit the 126 million 
acres of undesirables reported 
from that region. Let us omit 
also for the moment those species 
for which no satisfactory control 
measures are yet known, notably 
the oaks (QueTcus spp.) , creosote 
bush (Larrea spp.) , the locos and 
poison vetches (Astragulus spp.) , 
the cactuses (Opuntiu spp.), 
snakeweed (Gutierreziu spp.), 
and yucca (Yucca gluucu). These 
species and a few lesser ones to- 

“Director, U. S. Southern Great 
Plains Field Station, Agricultural 
Research Service, U. S. Department 
of Agriculture, Woodward, Okla- 
homa; information to the author. 
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Table 1. Occurrence, recommended control and esfimaied control costs of major undesirable range plants 

Plant Species 
Total Acreage Est. Cost Per 

Reported Recommended Control Acre Control 
A. HERBACEOUS 

1. Burroweed (Aplopappus tenuisectus) 
2. Loco (Astragalus spp.) 
3. Cheatgrass (Bromus tectorum) 
4. Canadian thistle (Cirsium arvense) 
5. Larkspur (Delphinium spp.) 

1,000,000 
44,000,000 
25,050,OOO 

1,586,200 
4,149,ooo 

6. Halogeton (Halogeton glomeratus) 10,088,000 
7. Bitterweed (Hymenoxys odorata) 15,000,000 
8. Goatweed (Hypericum perforatum) 1,623,OOO 
9. Lupine (Lupine spp.) 30,900,000 

10. Crazyweed (Oxytropis spp.) 1,758,OOO 
11. Russian thistle (Salsola spp.) 102,000,000 
12. Cocklebur (Xahthium spp.) 5,205,OOO 
13. Death camas (Zigadenus spp.) 7,030,050 

14. Other (20 reported) 14,627,500 

No satisfactory control 
Chemical 
Management & cultural 
Chemical 
Chemical 
Chemical & biological 
Cultural 
Chemical 
Biological & management 
Chemical 
Chemical 
No satisfactory control 
Chemical 
Chemical 
Management & Chemical 
Various 

$ 2.00 - $ 4.00 
3.50 - 10.00 

10.00 - 20.00 
2.50 - 10.00 
5.00 
8.00 - 10.00 
2.50 - 4.50 
5.00 
3.00 - 3.50 
2.00 - 3.00 

4.00 - 6.00 
4.00 
3.50 
2.50 - 10.00 

Total Herbaceous Plants 264,016,750 
B. WOODY 

1. Chamise (Adenostoma fasciculatum) 
2. Manzanita (Arctostaphylos spp.) 

8,500,OOO 
4,000,000 

3. Sagebrush (Artemisia spp.) 87,370,OOO 

4. Rabbitbrush (Chryothamnus spp.) 4,925,ooo 

5. Southern blackbrush (Flourensia cernua) 13,250,OOO 

6. Snakeweed or broomweed (Gutierrezia spp.) 142,125,OOO 
7. Juniper (Juniperus spp.) 63,883,OOO 
8. Creosote bush (Larrea spp.) 46,500,OOO 
9. Cactus (Opuntia spp.) 78,600,OOO 

10. Yellow pine (Pinus ponderosa) 4,000,000 
11. Aspen (Populus tremuloides) 2,000,000 

12. Mesquite (Prosopis spp.) 93,000,000 

13. Scrub oak (Quercus spp.) 40,250,OOO 
14. Wild rose (Rosa spp.) 1,000,000 
15. Willow (Salix spp.) 2,010,000 
16. Snowberry (Symphoricarpos spp.) 3,000,000 

17. Yucca (Yucca glauca) 2,000,000 
18. Other (14 reported) 2,961,500 

Chemical, burning and cultural 9.00 - 30.00 
Burning 1.00 
Chemical 9.00 
Burning .50 - 1.00 
Chemical 2.50 - 10.00 
Cultural 4.00 - 6.00 
Chemical 3.00 - 6.00 
Cultural 12.00 
Chaining .90 - 1.50 
Mowing 3.00 - 10.00 
Chemical 2.50 - 4.50 
Cabling, chaining or dozing 1.00 - 15.00 
Cabling or chaining .75 - 1.50 
Burning .50 - 3.00 
Cabling 8~ grubbing 1.00 
Chemical 2.00 - 5.00 
Burning 1.00 - 3.00 
Removal 8~ cultural 20.00 - 50.00 
Removal & chemical 7.50 
Chaining 1.50 - 4.50 
Chemical .65 - 7.50 
Cultural or root plowing 10.00 
Chemical 6.00 - 11.00 
Cultural 7.50 
Removal & chemical 7.50 
Chemical 5.00 
Chemical & cultural 4.00 - 8.00 
No satisfactory control 
Various 

Total woody plants ~~ 
GRAND TOTAL 

599,374,500 

863,391,250 

tal some 375 million acres. Sub- which sufficient control work Should we add back now the 
tracting this and the Central has been done to establish ap- acreage we earlier subtracted 
Plains acreage less its overlap in proximate cost figures. and allow a slightly higher per 
these species, we have a re- At present costs of these con- acre cost in view of the greater 
mainder of roughly 370 million trols, complete treatment of the difficulty of controlling the oaks, 
acres of undesirable plants in affected area would cost in the cactuses, and other species, a to- 
some 30 to 40 species against neighborhood of $2,000,000,000. tal cost above $5,000,000,000 
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would be reached. Should we ex- 
pand our goal to include all un- 
desirables to their full extent, 
this cost might easily be doubled. 
And it must be borne in mind 
that none of these figures take 
into account the cost of repeat- 
ing treatments which fail on the 
first try, costs of deferred use 
while seedings become estab- 
lished, and interest on invest- 
ment. 

The foregoing figures on area 
and control cost of undesirable 
plants effectively demonstrate 
the scope of the economic prob- 
lem we face. From even these 
partial figures two conclusions 
appear obvious: (1) The total 
costs greatly exceed the eco- 
nomic capacity of the range in- 
dustry to undertake, except on 
a gradual basis; (2) we must con- 
tinue to live with most or all of 
our undesirables over most of 
their respective areas for a long 
time to come. 

Management Implications 

What are the management im- 
plications of these findings? 

The ability of depleted ranges 
to pay back restoration costs 
varies widely, according to in- 
herent soil capacities, climate, 
price of livestock, and other fac- 
tors. Certain areas of high pro- 
ductive ability, such as the Rio 
Grande Plains of Texas described 
by Carter in the January 1958 
issue of the Journal Of Range 
Management, can pay back costs 
of brush clearing and reseeding 
in two or three years. Such areas 
approach croplands and seeded 
pastures in the economics of 
their management. They can be 
operated as self-sufficient man- 
agement units. Much more com- 
monly, economic success requires 
that a range restoration project 
be used in such a manner as to 
permit natural forage improve- 
ment on large areas of associated 
untreated lands through their re- 
lief from grazing while the treat- 
ed area is being used. Bracketed 
between these outside limits are 
many degrees of economic po- 

tential, calling for corresponding 
adjustments of management. 

At all levels of forage produc- 
tion capacity, experience has 
well demonstrated that success 
in range restoration demands a 
positive management follow- 
through. Nature abhors a bio- 
logical vacuum and will fill the 
one which often follows an un- 
reseeded brush clearing with 
whatever she has at hand. On a 
badly depleted range she usually 
has numerous secondary unde- 
sirables waiting to step in. Un- 
less management provides for 
both early and vigorous estab- 
lishment of desired plants, and 
for their protection from a repeat 
cycle of depletion, the clearing 
job soon requires redoing. 

The development of sprays 
and other chemical treatments 
capable of controlling undesired 
plants on unreseedable areas has 
vastly expanded the horizons of 
artificial range betterment. 
Many areas where burning can- 
not be successfully applied or 
cannot be tolerated are within 
reach of such treatments. The 
limits of aerial control applica- 
tions are almost entirely econom- 
ic rather than physical. However, 
this does not remove, but only 
emphasizes, the necessity for 
sound use of treated areas. Auto- 
matically, the aerial method 
reaches out into areas of lower 
potential than is found in areas 
capable of cultural reseeding. In 
many places the site potential 
is so low and the remnant of use- 
ful plants so sparse and weak 
that years of careful manage- 
ment are required to re-estab- 
lish them in vigor and abund- 
ance. 

No matter what plant control 
technique is applied to start 
with, the same problem is faced 
in the end: How to use the area 
without bringing about re-estab- 
lishment of the former pest 
plants or take-over by other un- 
desirables. 

The manner in which a treated 
area can be used has a direct con- 
nection with the pocketbook. 

Only where the site productivity 
is so high and economic success 
so sure that the treatment cost 
can be recovered almost immedi- 
ately can the user afford to use 
the treated area in such a way 
as to deplete the new or restored 
forage cover. In circumstances 
where the gains accomplished in 
the treatment must be held for 
a maximum period in order to 
be profitable, the user will find 
that he must follow about the 
same use pattern that would be 
required to maintain good con- 
dition on an untreated native 
range in the same area. This is 
simply because nature imposes 
essentially the same seasonal 
growth responses, rest periods, 
food storage requirements, and 
other physiological 1 im it at ion s 
upon introduced species as apply 
to the native species of the area. 
The same unseasonal use, over- 
use, or other abuse which de- 
pleted the original cover, just as 
surely will deplete the new 
cover. 

Readjustment of Use 

An essential part of any pro- 
gram for lasting control of un- 
desirable plants, then, is read- 
justment of use to the pattern 
dictated by nature for the area 
concerned. Unfortunately, this 
fact frequently has been over- 
looked in plant control projects. 
Its neglect has been the chief 
cause of early failure of many 
initially successful reseedings’ 
and brush burnings in the Great 
Basin and Northern Intermoun- 
tain Regions, where big sage and 
rabbitbrush are vigorous con- 
tenders for every opening in the 
plant cover. Carter, in the arti- 
cle already mentioned, notes that 
“lack of desirable follow-up 
range management favored the 
regrowth or re-establishment of 
undesirable brush species follow- 
ing control work” done over the 
past 10 years on some 3,000,OOO 
acres of private range in the Rio 
Grande Plains, and that “the 
necessity of redoing control work 
on most of the acreages now 
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faces the ranchers.” Abundant 
similar examples can be found 
in other regions. 

Where the use readjustments 
required are merely seasonal 
shifts or reductions in stocking, 
they may be relatively easy to 
make, provided economic obsta- 
cles can be overcome. A much 
more difficult problem lies in the 
relationship of water distribu- 
tion to proper range utilization. 
To illustrate, the long distances 
to water traveled by cattle in 
much of our Southwest are com- 
mon knowledge. But behind the 
scenes are these facts: First, such 
travel is forced, and has resulted 
only because feed resources 
within easy travel distance from 
water have been exhausted. Sec- 
ond, this pattern of use is seri- 
ously destructive of both forage 
and soil close to water. 

In these circumstances the in- 
creasing popularity of Brahman 
and related cattle is not alto- 
gether due to the remarkable 
heat tolerance of these animals. 
They also are remarkable tra- 
velers, far outdoing our domi- 
nant beef breeds in this respect. 

The need for better-traveling 
cattle is by no means confined 
to the Southwest. Throughout 
the Intermountain states today 
there are millions of acres of 
range close to water being over- 
grazed as the price of forcing 
cattle to reach out to other mil- 
lions of acres of under-utilized 
range lying farther from water 
than these cattle willingly travel. 
Much of this range can never be 
watered at much closer intervals 
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than it is today, unless by haul- 
ing. Any attempts to heal the 
sore spots on these underwatered 
ranges by plant control treat- 
ments alone are doomed to fail- 
ure. 

Wildlife Problem 

There exists in the United 
States today a very strong pres- 
sure for reduction of livestock 
use of public range and forest 
lands in favor of game animals. 
This conflict of interest in the 
use of the range poses a critical 
problem for range users, game 
managers, and public land ad- 
ministrators, for it tends to de- 
generate to name calling and to 
obscure the real needs of the 
range. Many wildlife enthusiasts 
do not understand, and steadfast- 
ly refuse to believe, that game 
animals themselves can be re- 
sponsible for overgrazing. Their 
well organized and highly vocal 
opposition to attempted game 
control programs generate for- 
midable political hazards. 

We recognize, of course, the 
legitimate needs of game animals 
and other wildlife for feed and 
cover often provided by plants 
not particularly useful to live- 
stock. Many areas exist where 
rough topography, distance from 
water, or other factors prevent 
livestock use, and these areas are 
wholly available to wildlife. 
With the almost total removal of 
predators in recent years, how- 
ever, game numbers have multi- 
plied tremendously. Areas of 
conspicuous range depletion and 
watershed damage by game ani- 
mals now are numerous, partic- 

ularly in the snow zone states 
where seasonal concentrations 
occur. In addition, these animals 
now compete with livestock on 
a very broad scale. 

Control of undesirable plants 
takes on added complications in 
these areas of crowed game pop- 
ulations. Even where reseedings 
and other range vegetation im- 
provements have been done for 
the sole benefit of game, these 
gains have been almost impossi- 
ble to protect. From the plant 
control standpoint, game use is 
an essentially unregulated pres- 
sure upon the desirable species, 
and at the same time often re- 
quires retention of much unde- 
sirable vegetation for cover pur- 
poses. 

Work Unlimited 

A great deal more could be 
said on each aspect of plant con- 
trol touched upon here. I have 
purposely dealt in broad strokes, 
intending only to set a back- 
ground for appraisal of the many 
action programs now in progress, 
and for consideration in planning 
future plant control programs. 

It is clear that the quantity of 
needed plant control work is un- 
limited in this generation. Tre- 
mendous range betterment may 
be realized by this means. But 
to make the most of our efforts, 
both in our planning and in our 
doing, we must be guided by the 
sign posts of sound economic and 
management practice. 

The signs are up and the words 
clear at most of the caution 
points. Let us not drive so fast 
we fail to read them. 

Colorado Host for Summer Society Meeting! 

The Colorado Section has invited members and friends of the Amer- 

ican Society of Range Management to its summer field meeting at Gunnison, 

Colorado, July 31-August 1, 1959. Details of the program and accommoda- 

tions will be given in the May issue of the Journal. The Board of Directors 

of the Society meet at Gunnison on July 30, 1959. 



A Ten-Year Study of Vegetational Changes 
Associated with Biological Control of 
Klamath Weed1 
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partment o j Biological Control, Agricultural Experiment 
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The introduction of the effec- 
tive leaf-beetle, Chrysolina quad- 
rigemina (Rossi), into the 
United States for the control of 
Klamath weed, or St. Johnswort 
(Hypericum perfoTatum) , was 
first accomplished in February, 
1946 (Holloway and Huffaker, 
1951). During the 12 years which 
have elapsed since this introduc- 
tion, data on the composition 
of rangelands previously heavily 
infested with this weed have 
been obtained. It is the purpose 
of this paper to discuss these data 
as they bear upon two important 
questions: (1) To what degree 
has the weed been reduced by 
this biological control in the 
areas studied, and (2) what has 
been the economic nature of the 
changes in composition of the 
vegetation on these ranges? 

At the request of the senior 
author the California State De- 
partment of Agriculture initiated 
a survey in 1951 of the Klamath 
weed infestations in the State, 
projected as prior to control by 
bettles, which control was at that 
time just getting under way. The 
county agricultural commission- 
ers estimated a total of 2% mil- 
lion acres of Klamath weed in- 
fested ranges (Pryor, 1952). This 
indicates the seriousness of the 
original problem. 

In a study of this kind it is 

1 This work was conducted as part of 
a cooperative project; with the 
Agricultural Research Service, U.S. 
Department of Agriculture. The 
entomological aspects of this work 
have appeared in various journals. 
The program was initiated by the 
late Professor H. S. Smith. 

necessary to ponder the possible 
improvement even if maximal 
success in reduction of the weed 
were attained. Clements and 
Shelford (1939: 285-293) consid- 
ered that three-fourths of the 
land south of Mt. Shasta and 
from the Coast to the foothills of 
the Sierra Nevada in Northern 
California was originally peren- 
nial climax grassland, and that 
replacement by annuals was 
largely due to overgrazing. Hor- 
may and Fausett (1942) state 
that annuals now make up 90 to 
100 percent of the forage on such 
ranges, and Sampson (1944)) 
Jones and Love (1945)) and 
Bentley and Talbot (1948) con- 
clude that general re-establish- 
ment of perennials cannot be ex- 
pected on some ranges, nor 
would such necessarily be desir- 
able. 

The present work accents the 
role which insects may exert 
with respect to the composition 
of natural vegetation. Range 
ecologists have given prominent 
position to the role of the large 
herbivores and rodents in deter- 
mining the composition of range 
vegetation. They have paid prac- 
tically no attention to the role 
of the much more selective graz- 
ers among the plant feeding in- 
sects which abound on those 
same ranges. They are, in fact, 
largely unaware of the high de- 

.gree of restriction in diet of 
many of these forms (Huffaker, 
1957). 

The present effort is limited to 
the period from 1947 to 1957 at 
specific study-areas in three of 
the important infested counties 

in California-Humboldt, Shasta, 
and Placer. The data are indic- 
ative of results generally, al- 
though the specific changes in 
vegetation vary greatly in time 
and place. 

The results form an essential 
part of the general evidence and 
confirm this program as one of 
the striking world-wide ex- 
amples of biological control of a 
weedy species. 

Methods 

The data were obtained in two 
ways. First, the ranges and spe- 
cific sites on which the beetles 
were first released were studied 
at four locations by use of an in- 
tensive method of samplng, and 
these results are presented sep- 
arately for the Loftus site 
(Shasta County), the Loomis 
site (Placer County), the Blocks- 
burg site (Humboldt County), 
and the Fort Seward site (Hum- 
boldt County). The second 
method of study was used to fol- 
low the general progress of con- 
trol of Klamath weed and 
changes in plant composition 
over a much more extensive 
area, but this method of study 
sacrificed accuracy in determin- 
ing specific composition, particu- 
larly as represented by plant 
species of purely secondary im- 
portance. These latter results are 
included under the topic, “Vege- 
tation of the Ten Mile Sequence 
Quadrats.” This designation is 
used because the data embrace 
the changes occurring in a region 
extending 10 miles from the 
point of the original colonization 
of beetles at the Blocksburg site 
to a position about 3 miles south 
of Alderpoint. Twenty-seven 
range areas were sampled at this 
sequence of locations. They are 
not designated except by dis- 
tance from the point of begin- 
ning. 

The more intensive study was 
designed to give an accurate 
picture of the detailed changes 
in vegetative composition assoc- 
iated with the action and densi- 
ties of the two leaf-feeding * 
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the microplots were recorded at each pin. 

beetles, Chrysolina quadrigem- 
ina (Rossi) and C. hyperici 
Forst. Consequently, counts of 
the beetle populations as well as 
the plant densities were taken. 
Excepting for the Loftus site, 
the method used at these four 
study areas was described by 
Huff aker and Holloway (1949) 
and Huffaker (1951). A samp- 
ling frame (Figure 1) one- 
fourth square meter in area and 
having 28 rods as microplot des- 
ignators was used. The plant spe- 
cies of greatest development 
within a radius of 1 inch (all 
levels considered) was recorded 
at each rod. The frame made pos- 
sible a rapid determination of 
the dominant plants, with a con- 
siderable degree of sensitivity to 
species which were dominant 
only at small micro-areas in a 
quadrat. The method reflects 
what is implied-the proportions 
of micro-positions two inches in 
diameter dominated by the dif- 
ferent species. Parker (1948) de- 
veloped a similar method. Four 
distance zones were used at the 
Loftus site in Shasta County-at 
the center, or beetle release zone, 
and at y2 mile, 1 mile, and 3 mile 
distances. The first sampling Gas 
done in 1951. Seven permanent 

quadrats at each distance zone 
were used. It is significant that 
the Loftus areas were not typical 
of infested ranges in that county 
or generally. The location was 
chosen because it was at that 
time the only chance of studying 
the natural movement of beetles 
from the center zone to the farth- 
est distance. Thus, this study 
made it possible to infer natural 
dispersion and control of the 
weed, but it did not represent 
typical, sun-exposed range under 
normal grazing management, 
such as was the case for the other 
sites. 

No description has been pub- 
lished of the second method of 
sampling. In the lo-mile se- 
quence area, time did not permit 
the detailed method that was 
used at the four original beetle 
release sites. Only the three pre- 
dominant plant species present 
in each quadrat were listed as to 
estimated coverage. Beginning at 4 
the original beetle colony site at 
Blocksburg in Humboldt County, 
positions southward toward 
Alderpoint were established at 
each quarter-mile, up to and in- 
cluding 10 miles, except as such 
positions were occupied by heavy 
timber, barren river beds, lum- 

ber camps, or other terrain on 
which Klamath weed had no pos- 
sibility of characteristic success. 
This study is therefore represent- 
ative of the ranges in that region, 
independent of whether the 
weed ever existed there for 
whatever reasons except that of 
obvious unsuitability. The re- 
sults reveal the extent of previ- 
ous infestations by this weed, the 
degree of control, and the pat- 
tern of vegetative improvement 
during the course of beetle action 
over the past 12 years. 

At each distance, three quad- 
rats, each of 1 square meter area, 
were staked out, and these were: 
(1) about 5 yards within the 
range area from the roadside, (2) 
50 yards straight in perpendic- 
ular to the road, and (3) 100 yards 
in the same direction. These 
samples inadequately repre- 
sented any given field, but col- 
lectively, they provided a de- 
pendable estimate of the range 
condition for the region. Table 
6 shows the proportions of the 
total coverages that were typi- 
cally included by the three pre- 
dominant species in each quad- 
rat. The remaining coverage was 
in each case unassigned, but was 
occupied by miscellaneous spe- 
cies. Actually, in many of those 
quadrats where a generally dom- 
inant species did not occupy a 
position as one of three predomi- 
nants, it nevertheless was pres- 
ent as an important element 
among the miscellaneous repre- 
sentatives. Hence, on the aver- 
age the figures listed for each 
species are probably lower than 
would have been the case had a 
more complete sampling been 
done. 

All Klamath weed plants were 
listed whether or not this spe- 
ties was predominant, as were 
all perennial grasses. This was 
done so as to follow any progres- 
sive changes in perennials. 

Results 
Beetle Densities and Confrol 

The action of Chrysolina quad- 
rigemina, and to a lesser degree, 
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C. hyperici, in controlling 
Klamath weed in California was 
reviewed in some detail by Hol- 
loway and Huffaker (1951), and 
Huffaker (1951, 1953). Typical 
of their action generally, in the 
present study the critical action 
was the feeding of the larvae, 
which keeps the plants defoli- 
ated over a long period at a time 
when the food reserves in the 
root system are low. Mass de- 
struction of plants from this 
action was common, whereas 
adult feeding, voracious as it is, 
was extended over too short a 
period for effective results. 

The larvae fed actively at 
warm periods throughout the 
winter and early spring on the 
prostrate, leafy winter growth. 
By midwinter and early spring 
when the larvae reached near- 
maturity, the destruction was 
very intense after sufficient time 
had elapsed at a given site for 
the building up of a large pop- 
ulation. A large proportion of 
these plants, which were heavily 
fed upon and continuously 
stripped of foliage from mid- 
winter to spring, failed to put 
out growth and died. Some of 
the most vigorous ones, as well 
as those which were, during a 
given year, less damaged, sent 
out new growth; and these, as 
well as others distant from the 
heavy populations, were later 
destroyed or weakened by the 
adults. Adult activity is most 
conspicuous at the period of 
flowering in late spring. 

The graphs of weed and beetle 
densities presented by Huffaker 
(1951), covering the first few 
years’ results, showed (1) the 
rapid control of the weed, (2) the 
associated mature insects issuing 
each year, and (3) the decline of 
the beetles themselves following 
depletion of their own food. The 
decline in weed densities, zone 
by zone, followed a course ex- 
plicable only, and directly ac- 
complished, by larval feeding. 

However, the sampling of ma- 
ture or nearly mature beetles 
gave a poor reflection of the pop- 

ulations accomplishing the con- 
trol. The size of the mature 
brood is an indication of destruc- 
tion to come rather than that 
previously accomplished, be- 
cause the larvae of the following 
generation represent the actual 
controlling factor. Only rarely 
do the larvae occur in numbers 
just sufficient to control the 
weed and yet have adequate 
food to mature. Starvation usual- 
ly reduces them prior to matur- 
ity to a small proportion of those 
which accomplish the destruc- 
tion. 

The work at Loftus was initi- 
ated in 1951 and sampling of im- 
mature populations was done in 
order to correct for the inade- 
quacy of the earlier method. 

Figure 2 shows the zone by 
zone pattern of beetle and Kla- 
math weed densities. The main 
weed decline occurred in the 
center zone in 1951-52 as a result 
of the winter feeding of the large 
number of larvae - 291 per 1/4 
square meter. The next year 
there was a slight resurgence of 
the weed as the beetles moved 
into adjacent, more lush weed 
areas. These weeds were de- 
stroyed by the large population 
per plant the next year. The 
beetles attained controlling den- 
sities at the $-mile zone during 
the winter of 1952-53, and sharp 
decline of the weed followed. At 
this mildly shaded location the 
weed persisted every year at a 
very low density, and beetle lar- 
vae were recorded every year 
except 1956. 

Progress at the l-mile and 3- 
mile zones was similar, except 
that larger populations were re- 
quired to achieve the result at 
the shaded, l-mile location. 
Beetles were first observed in 
both zones in 1952, although the 
build-up of larval populations 
was rapid in the sunny zone and 
retarded in the shaded one. 
Nevertheless, during 1953 and 
1954 the weed began declining 
and this continued for three or 
four years - the control being 
much less sudden and dramatic 
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FIGURE 2. The zone-by-zone pattern of 
reduction in Klamath weed and the cor- 
responding populations of immature beetles 
per %-square-meter quadrat at the Loftus 
site. 

than is characteristic for Hum- 
boldt County, for example, but, 
nevertheless, ultimately satis- 
factory. 

From this study it was shown 
that even in areas such as the 
Fort Seward and Blocksburg 
sites, where Klamath weed re- 
mained at an exceedingly low 
level during the entire )reriod 
subsequent to its destruction, the 
beetles maintained themselves at 
very low densities each winter 
in or near the quadrats, even 
though no established, mature 
plants were present for several 
years (Tables 2 and 3). 

During the progress in years, 
the seed crop of this weed is 
gradually depleted. At first hun- 
dreds of seedlings per square 
foot were present, and, although 
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Table 1. 
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Dominance of range planf species af micro-plof posifions in quad- 
rafs laf fhe Loftus beetle sites, expressed as percentages of fofal 
posifions-28 posifions per quadraf and 7 quadrafs af each of 4 
zones. 

Species and Category 1951 1952 1953 1954 1955 1956 1957 

Klamath Weed 51.3 52.0 26.4 12.5 5.6 2.9 4.6 

Other Weeds: 
Bromus rigidus * * 5.0 8.0 4.1 7.4 4.7 3.6 6.1 
Centaurea solstitialis 0.0 0.0 0.3 1.3 1.1 3.1 3.9 
Agoseris spp. 0.0 0.4 0.1 0.0 0.3 2.0 2.4 
Hemixonia, Madia, 

Calycadenia (taxweeds) 0.8 0.0 0.0 0.1 0.0 1.7 2.4 
Pteridium aquilinum* * * 0.1 0.3 0.0 0.1 0.4 0.3 1.4 
Scleranthus annus 4.2 0.9 0.4 0.8 1.0 0.5 0.9 
Salvia sonbmensis* * * 0.0 0.1 0.3 0.0 0.5 1.4 1.4 
Grindelia sp. 0.0 0.0 0.1 0.3 0.0 0.0 0.7 
Elymus caput-medusae 0.0 0.0 0.0 0.0 1.6 0.0 0.2 
Trichostema Zanceolatum 0.0 0.0 0.0 0.0 0.8 0.0 0.0 

TOTAL Other Weeds 10.1 9.7 5.3 10.0 10.4 12.6 19.4 

Legumes: t 
Lotus spp. 4.8 6.8 7.4 11.9 6.6 6.6 14.3 
Trijolium spp. 0.3 0.5 0.4 0.6 0.8 0.3 0.5 
Lupinus spp. 0.0 0.0 0.0 0.1 0.4 0.0 0.0 

TOTAL Legumes 5.1 7.3 7.8 12.6 7.8 6.9 14.8 

Forage Grasses * * : 
Bromus mollis 7.8 10.8 19.8 25.8 27.7 29.6 28.1 
Bromus t(ectorum 1.2 3.4 6.5 5.5 4.6 1.9 4.6 
Aira caryophyllea 2.3 3.2 8.3 15.6 2.3 1.7 3.6 
Festuca megalura & F. myuros 0.0 0.0 1.6 2.9 1.1 0.5 0.7 
Briza minor 0.0 0.0 0.1 1.1 0.0 0.0 0.0 

TOTAL Forage Grasses 11.3 17.4 36.3 50.9 35.7 33.7 37.0 

Forbs: 
Erodium cicutarium 2.2 3.5 2.3 0.6 10.1 10.7 4.9 
Galium spp. 1.5 0.4 1.6 0.5 3.9 1.0 2.0 
Convolvulus julcratus 0.7 0.3 0.3 1.1 1.6 3.6 3.2 
Plantago spp.,$T chiefly Zanceolata 0.0 0.0 0.0 1.3 0.9 0.0 0.0 
Stellaria media 0.7 0.1 0.4 1.7 2.2 0.5 1.2 
Eschscholtzia calijornica-ftt 0.4 0.4 0.8 0.5 1.4 0.0 0.0 
Potentilla congesta 0.1 0.1 0.4 0.3 0.0 0.9 0.9 
Ranunculus spp. 0.0 0.1 0.1 0.1 0.4 0.3 0.5 
Erodium botrys 0.0 0.0 0.0 0.0 0.5 1.9 0.0 
Daucus carota 0.0 1.3 0.1 0.5 0.1 0.0 0.0 

Total Forbs 5.6 6.2 6.0 6.6 21.1 18.9 12.7 

Miscellaneous Species 0.4 0.2 0.2 1.2 1.5 2.1 0.6 

Bare Ground 16.1 7.0 18.2 5.9 18.9 22.8 10.9 

Total Forage Species 22.0 30.9 50.1 70.1 64.6 59.5 64.5 

* The quadrats at the three mile zone were missing in this sample-destroyed by con- 
struction. This accounts in part for the increase in percentage of weedy species, 
compared with 1955 (see text). 

** Bromus rigidus produces an abundance of palatable forage during its early growth, 
and since it can be grazed sufficiently to curtail heavy production of the objection- 
able seed heads, it is questionably placed as a weed. 

*** These two species occupied an expected position at these shaded locations. They 
are a natural part of such vegetation. 

t All species of these genera were considered with the desirable forage species, since 
although some have low palatability, they are not pernicious and all add to soil 
fertility. 

tt Thornber (1910) classed some plantains very important as forage. 
ttt “Range Plant Handbook” rates this species as fair forage for sheep and states that 

tests have failed to establish it as poisonous. 

varying with the years, there 
was a marked decline after about 
five years. In 1955 and 1957 a 
very greatly reduced number of 
seedlings was characteristic. The 
beetles fed actively on the seed- 
lings, deposited eggs on them, 
and a very rare larva developed 
to maturity by moving from 
seedling to seedling to feed. 
Thus, the beetles survived, 
though widely dispersed in pro- 
portion to numbers, and synchro- 
nous with any focal points of 
weeds which would otherwise 
become mature, flower, and pro- 
duce seeds. 

Another reason the beetles are 
able to survive and control their 
host plant at very low weed den- 
sities is that they do not achieve 
full success under shade (Table 
1). This is commonly observed 
in this country, and is reported 
by Clark (1953) and Parsons 
(1954) as a reason why they gave 
inadequate control in Australia, 
where, contrary to the status in 
California, important inf esta- 
tions occur in partially wooded 
areas. However, differences in 
summer rainfall are also in- 
volved. When laying eggs, the 
beetles shun heavy shade for 
sunnier locations. The grazing 
value of such shaded rangelands 
in California is very small in pro- 
portion to the extensive open 
ranges where control is com- 
plete; and these shaded areas 
furnish “marginal” survival, 
maintaining a better distribution 
of the beetles against the po- 
tential localized resurgence of 
the weed on the important open 
ranges. 

Vegetifion af The Loffus Site, 
Shasta Counfy2 

Table 1 and Figure 2 show the 
control of Klamath weed and the 
changes in cover for other plants 

2 The authors express their thanks 
to Mrs. Margaret K. BeZZue of the 
California State Department of 
Agriculture and to staff members 
of the Herbarium, University of 
California, for making some of the 
plant determinations. 
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at the Loftus site. In 1951, Kla- 
math weed was dominant in all 
zones, although deervetch (Lotus 
americanus), soft chess (Bromus 
mollis), and ripgut brome (B. 
rigidus) were, collectively, im- 
portant in the center zone. Kla- 
math weed was the sole domi- 
nant at the other three zones, 
and bare spots between the 
clumps of weeds were common, 
as were certain substrata1 forms. 
The weed decline and beetle 
action, zone by zone, is shown in 
Figure 2. 

The beetles had been released 
in 1948, but their results were 
slight through 1951. By 1952, 
they had destroyed nearly all 
the weed in the central zone, and 
soft chess, ripgut brome and 
Lotus spp., then predominated. 
Yet, there was an increase in the 
weed’s importance in the other 
zones, as the beetles had not at- 
tained high densities there. This 
accounts for the fact (Table 1) 
that Klamath weed was just as 
important, as a whole, in 1952 as 
in 1951. By 1953, the beetles had 
removed the weed at the $-mile 
zone, and there was some reduc- 
tion at the other two zones, the 
greater reduction being at the 
one-mile zone. By 1954, the weed 
in the two closest zones had been 
brought under good control, and 
a marked reduction achieved at 
the distant zones. 

Combining the zones (Table 
1), Klamath weed was reduced 
by 1953 to 26.4 percent; by 1954, 
to 12.5 percent; and by I955 to 5.6 
percent. In 1956 and 1957 there 
was no appreciable further de- 
crease. This is contrary to ex- 
perience nearly everywhere in 
California except in shaded lo- 
cations, and many of these quad- 
rats were in partially shaded 
areas. Thus, these areas, as pre- 
viously stated, are not typical of 
the former economic problem. 

As the weed was reduced, the 
space vacated was taken by spe- 
cies previously present. Only in 
1957 was the proportion of 
“other” weedy species much 

greater than in I951 when Kla- 
math weed was abundant. This 
abundance of other weeds in 
1957 is partially due to the fact 
that the quadrats at the 3-mile 
zone were no longer present, and 
that location had been more typi- 
cal range with a better class of 
forage developing there. Hence, 
of the remaining three zones, 
only one was in fairly open, typi- 
cal range, the other two being 
shaded and less suitable to good 
range species such as soft chess 
and filaree (Erodium spp.). In 
spite of this, there was only a 
minor increase in other weeds, 
and the pattern has not been one 
of increasing claim by pernicious 
species. For example, ripgut 
brome,, the predominant among 
the weedy species, had the same 
coverage when Klamath weed 
was abundant as later. Also, it 
is questionably placed as a weed, 
as it is good forage when young 
and is controlled by moderate 
grazing. 

The serious weed, medusa 
head, (Elymus cup&-medusae), 
occupied a small area adjacent to 
one of the quadrats since 1953, 
but it spread very slowly and 
hardly disturbingly at this loca- 
tion. The same situation has ex- 
isted for 7 years near one of the 
study areas in Humboldt County. 

Also, yellow starthistle (Cen- 
tuureu solstitiulis) came in with 
the reduction of Klamath weed 
at this location. Here it was 
favored by an oak leaf cover 
which hindered germination and 
establishment of good forage spe- 
cies less than it did the thistle, 
which is a summer annual and 
germinates after substantial de- 
composition of the leaves, This 
thistle remained low in abund- 
ance but did reach a level of 4 
percent in 1957. Seedlings of tar- 
weed (Mudiu glomerutu) were 
also of variable occurrence. 
Bracken fern (Pteridium uquili- 
num) and sonoma salvia (Salvia 
sonomensis) are perennials 
which increased slightly in 
spots where they had been pres- 

ent, even when Klamath weed 
was abundant. 

Forage grasses, legumes and 
forbs claimed the major part of 
the space vacated (Figures 2 and 
3). By 1954, the grasses reached 
the level previously occupied by 
Klamath weed, and yielded some 
of that predominance in 1955, 
1956, and 1957, mainly to species 
of legumes and forbs. The years 
1954 and 1957 were comparative- 
ly good “legume years,” while 
1955 and 1956, on the other hand, 
were favorable years for filaree 
(Erodium cicuturium). The pat- 
tern of total forage species was 
22.0, 30.9, 50.1, 70.1, 64.6, 59.5 and 
64.5 percent, respectively, and 
1951 through 1957 (Table 1). The 
total for all forage species was 
highest in 1954, and slightly less 
in 1955 and 1957. The amount of 
bare ground has been quite vari- 
able and it is caused by many 
factors - excessive litter, rocks, 
hoof disturbances, manure chips, 
rodent action, or vehicle disturb- 
ance. 

Vegetation af fhe Fort Seward Site. 
Humboldt County 

Table 2 and Figure 3 show the 
changes in vegetation for this 
site from 1947 through 1957. In 
1946, the year the beetles were 
introduced, this site had Kla- 
math weed uniformly as the 
principal dominant, but the 
plants were sufficiently spread 
so that grasses and forbs, collec- 
tively, shared about equally with 
it in total predominance at the 
micro-positions. By 1948, the 
beetles had reduced the density 
of the weed in one of the sam- 
pled zones (Huffaker, 1951), and 
thus its general abundance was 
reduced to 22.5 percent, with a 
corresponding increase in total 
forage species. By 1949, the weed 
was further reduced to 15.6 per- 
cent, and at no time since then 
has it attained dominance at any 
micro-position sampled; hence, 
the zero levels from 1950 
through 1957. 

Total forage associated with 
the control at this location has 

c 
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Table 2. 
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Dominance of range plant species af micro-ploi positions in quad- 
rats af fhe Fort Seward beetle sites, expressed as percentages ot 
total positions-28 positions per quadraf and 7 quadrats at each of 
4 zones. 

SPECIES 1947 1948 1949 1950 1951 1953 1955 1957 -_ 
Klamath Weed 36.6 22.5 15.6 0.0 0.0 0.0 0.0 0.0 ~- 
Other Weeds: 

Hypocholeris glabra 6.1 11.4 7.6 3.2 13.6 1.3 6.6 2.2 
Hordeum gussoneanum and 

H. murinum 1.5 0.0 0.0 1.9 0.9 0.7 0.0 1.3 
Bromus rigidus * 0.0 0.0 0.0 0.0 0.0 0.3 0.1 1.1 
Agoseris spp. 0.0 1.2 0.0 1.7 0.0 1.4 0.4 0.1 
Amsinckia douglasiana 0.0 0.3 0.0 0.8 0.0 0.5 0.1 0.1 
Eremocarpus setigerus 0.0 0.0 0.0 0.1 0.4 0.1 0.0 0.1 
Micropus spp. 0.5 0.1 0.1 0.1 0.0 0.0 0.0 0.1 

Total Other Weeds 8.1 13.0 7.7 7.8 14.9 4.3 7.2 5.0 - 
Legumes: 

Lotus spp. 0.1 2.0 1.7 11.6 6.2 3.4 0.5 8.7 
Trifolium spp. 2.3 6.4 0.0 17.4 1.9 8.3 0.4 5.6 
Lupinus spp. 0.0 0.1 0.0 0.5 0.3 0.0 0.0 1.0 

Total Legumes 2.4 8.5 1.7 29.5 8.4 11.7 0.9 15.3 

Forage Grasses: * 
Bromus mollis 14.8 6.4 34.1 20.3 23.7 29.7 44.1 23.5 
Danthonia californica 2.9 0.5 2.8 1.6 3.1 0.4 5.9 9.2 
Aira caryophyllea 4.8 3.8 10.3 3.9 3.2 14.3 2.3 11.1 
Avena fatua 4.7 1.7 0.8 0.6 2.7 4.2 2.7 2.9 
Festuca megalura & 

F. myurols 2.3 1.0 2.4 0.6 1.0 3.0 4.6 0.9 
Briza minor 0.1 1.9 0.0 3.6 0.5 7.0 0.7 0.3 
E lymus glaucus 0.0 1.0 0.4 0.8 0.4 0.3 0.4 0.4 

Total Forage Grasses 29.6 16.3 50.8 31.4 34.6 58.9 60.7 48.3 
Forbs: 

Erodium spp. 
chiefly botrys 9.9 21.0 11.7 11.8 28.0 13.2 27.4 20.1 

Plagiobothrys canescens 0.3 0.9 0.0 0.8 2.4 0.4 0.4 4.4 
Linanthus bicolor 0.1 3.3 0.3 0.8 1.0 1.0 0.3 2.6 
Geranium dissectum and 

G. molle 0.5 1.4 1.3 3.6 2.8 3.0 1.0 2.1 
Baeria chrysostoma* * 0.6 3.8 0.7 2.7 2.4 5.1 0.7 1.4 
Galium spp. 0.0 0.1 0.5 1.3 0.1 0.1 0.1 0.3 
Stelluria media 0.0 0.0 0.0 0.6 0.3 0.3 0.3 0.1 
Ranunculus spp. 0.0 0.6 1.2 0.3 0.0 0.0 0.1 0.3 
Orthocarpus, Cordylanthus, 

Cas$lleia 0.8 2.2 0.1 2.3 0.3 0.1 0.1 1.1 -_ 
Total Forbs 12.2 33.3 15.8 24.2 37.3 23.2 30.4 32.4 
Miscellaneous Species 1.5 0.7 1.3 2.0 2.0 1.3 0.6 0.3 ___- 
Bare Ground 9.7 5.6 7.4 5.1 2.8 0.3 0.7 0.4 
Total Forage Species 44.2 58.1 68.3 85.1- 80.3 93.8 92.0 96.0 

* Bromus rigidus is questionably placed as a weed (see note, Table 1). 
** Although this species is conspicuous because of its relatively large and 

showy flowers, it has not been classed as noxious. Also, it was a char- 
acteristic component of the climax 
Since it is also grazed, it is classed 

vegetation, having evolved with it. 
vith the forbs. V 

been very good. Subsequent to 
complete control of the weed, 
only during 1951 did total forage 
fall below 85 percent, and dur- 

ing the years of the last three 
samplings, the levels were over 
90 percent-96 percent in 1957. 
The lower level in 1951 was due 

to an increase in a single weedy 
species, hawkbit (Hypochoeris 
glabra), which forms a tight 
winter rosette effectively reduc- 
ing competition when conditions 
for its germination give it ad- 
vantage. 

One species may compensate 
for the low importance of an- 
other, and of course this may 
apply to a weed or a forage spe- 
cies. Fortunately, the compensa- 
tion experienced was usually be- 
tween grasses, forbs, and le- 
gumes of some forage value. In 
1950 and 1951, the grasses in- 
creased very little over their 
status when Klamath weed was 
abundant, but during 1950 the le- 
gumes were at their greatest de- 
velopment at 29.5 percent, while 
in 1951 filaree (Erodium botrys) 
reached its highest density. The 
lower level of the forage grasses 
in 1957 is compensated by a high 
level of legumes at 15.3 percent, 
and a good level of forbs, mainly 
filaree, at 32.4 percent. 

An attempt to correlate years 
of abundance of certain of the 
annual species with meteorlogi- 
cal data was not fruitful. 

The best annual grass in this 
region, soft chess, consistently 
was predominant after removal 
of Klamath weed, except in 1951 
when filaree exceeded it. The 
rather inferior silver hairgrass 
(Aira caryophyZZea), is nearly al- 
ways present, and its dominance 
at micro-positions varies with 
the changeable success of more 
robust competitors. Its highest 
level was in 1953, when filaree 
did not succeed to its usual de- 
gree. The other annual grasses 
also varied from year to year, as 
is characteristic on such ranges 
(Bentley and Talbot, 1948). This 
applies also to the forbs. Of 
these the wild geraniums pre- 
dominated, with filaree very 
abundant and Geranium dissec- 
turn and G. molle commonly en- 
countered. Branchy goldfields 
(Baeria chrysostoma) was both 
common and conspicuous by its 
color. 
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Frcurt3. Char& ii cover of Klamath 
weed, other weeds, and forage species 
from 1947 through 1957 associated with 
continuous control of Klamath weed by 
beetles at the Loomis, Fort Seward, Blocks- 
burg, and Loftus sites. 

Only two perennial grasses 
were dominant at any time. 
These were California oatgrass 
(Danthonia caZifornica), the 
dominant climax species of this 
region, and blue wildrye (Ely- 
mus gluucus) the latter of only 
minor but stable occurrence. 
The changes in California oat- 
grass were encouraging. Before 
1955, it occurred sparingly on 
this range. It existed in the 
quadrats only at the center zone. 
In such areas where it was initi- 
ally present, it has greatly in- 
creased during the past ten 
years. 

Not only has it increased 
where it originally occurred, but 
it has appeared within the past 
three years in other quadrats 
representing three of the four 
distance zones. Other data (see 
“Blocksburg site” and “Ten-Mile 
Sequence Quadrats”) show that 
once established in a local area, 

it may increase moderately fast 
if conditions are favorable. Sub- 
sequent to Klamath weed re- 
moval, no noxious species has 
shown consistent inroads. 0,nly 
hawkbit amounted to anything, 
and it only in 1951. 

Vegetation af fhe Blocksburg Sife, 
Humboldt Counfy 

In 1946, when the beetles were 
introduced, and in 1947 prior to 
much beetle activity, this range 
was a solid stand of dense Kla- 
math weed. The dominance 
shown in Table 3 and Figure 3 
for 1947 illustrates the degree to 
which the importance of Kla- 
math weed is compromised by 
the method of sampling, which 
favors minor substrata1 associ- 
ates present in the inter-spaces. 
Pictures taken at this location 
(Figure 4) show the denseness 
of the weed. In June or July, it 
characteristically attained sole 
dominance and almost complete 
coverage, although in Table 3 it 
is listed at only 57.6 percent in 
1947. This is because the sam- 
ples were taken in May prior to 
its attainment of full dominance. 
This was in one sense desirable, 
since such sampling gave a meas- 
ure of the substrata1 associates, 
many of which assumed greater 
importance upon removal of the 
weed; but it constitutes an 
“under-rating” of the former im- 
portance of the weed, which is 
inherent to the method of sam- 
pling. 

Considering the denseness of 
the weed formerly, and noting 
from Table 3 that by 1949 it was 
not present at any micro-posi- 
tion, and only in 1955 did it re- 
appear at a 0.1 percent level, the 
perfection in control is obvious. 
Forage species increased mark- 
edly, including return of the cli- 
max bunchgrass, California oat- 
grass (Huffaker, 1951). The data 
demonstrate that at such loca- 
tions oatgrass may steadily in- 
crease once established in local 
areas, and at the same time 
spread more slowly to greater 
distances. It occurred at only 

9.2 percent when Klamath weed 
was dominant in 1947, mainly in 
wet areas and along cattle paths. 
It increased to 22.7 percent in 
1949, the year the weed was re- 
moved, and, subsequently, to 
23.4, 28.9, 30.3, 52.6 and 45.0 per- 
cent, respectively, for 1950-51- 
53-55-57. The differences be- 
tween 1955 and 1957 are prob- 
ably due to phase of growth and 
variable robustness of associated 
plants and do not necessarily 
mean its actual disappearance 
anywhere. It is not yet as com- 
pletely dominant as was Klam- 
ath weed initially, but it is the 
principal species, and still in- 
creasing. 

Aside from California oat- 
grass, the increase in other for- 
age grasses was at first sub- 
stantial, but these have given 
way somewhat to oatgrass, and, 
during 1951, to hawkbit, which 
reached a level of 40 percent that 
year. Here, hawkbit is commonly 
present and if unfavorability 
exists for more robust plants, it 
fills in the void; but it has not 
shown persistent aggressiveness 
or dominance generally. Soft 
chess was the dominant annual 
grass, but silver hairgrass was 
about equal with it. Two other 
perennial grasses were present, 
Halls bentgrass (Agrostis hullii) 
and Pacific panicum (Panicurn 
pacificurn), but neither was ag- 
gressive during this study. 

Total forage was fairly high, 
but depressed somewhat by the 
prevalence of hawkbit, particu- 
larly in 1951. Total forage was 
dominated by the grasses, but 
legumes contributed 12.4 percent 
in 1953 and lesser amounts dur- 
ing other years. Total forbs were 
commonly low in importance, 
never exceeding 9 percent and 
usually at 7 or 8 percent, with 
Plantago spp. slightly surpassing 
others. 

Vegetation af Loomis Site, 
Placer Couniy 

The data for this site are pre- 
sented in Table 4 and Figure 3. 
Beetles were introduced in 1946. 
Initially, there was a “patchy” 
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Table 3. Dominance of range plant species af micro-plot positions in quad- 
rats at fhe Blocksburg beetle sites, expressed as percentages of 
iota1 positions-28 positions per quadraf and 7 quadrafs af each of 
4 zones. 

-_____ 
SPECIES 1947 1948 1949 1950 1951 1953 1955 1957 

Klamath Weed 57.6 31.1 0.0 0.0 0.0 0.0 0.1 0.0 
Other Weeds: 

Hypochoeris glabra 12.9 15.4 11.7 18.8 39.9 9.4 3.4 12.5 
Cynosurus echinatus 0.0 0.0 0.0 0.0 0.9 5.0 4.7 5.0 
Agoseris spp. 0.0 0.0 0.0 0.1 0.0 0.4 1.9 0.6 
Bromus rigidus * 0.0 0.0 0.4 0.8 0.3 0.3 0.3 0.1 
Rumex 0.4 spp. 0.4 1.5 1.0 0.4 0.3 0.4 0.0 
Eremocarpus setigerus 0.0 0.0 0.0 0.0 0.0 0.1 0.3 0.0 

Total Other Weeds 13.3 15.8 13.6 20.7 41.5 15.5 11.0 18.2 
Legumes : 

Trifolium spp. 0.8 0.8 0.1 2.9 0.9 8.0 0.6 4.5 
Lotus 0.0 spp. 0.9 0.8 2.3 2.2 4.3 0.5 1.4 
Lupinus spp. 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 

Total Legumes -0.8 1.7 0.9 5.2 3.1 12.4 1.1 5.9 

Forage Grasses: 
Danthonia californica 9.2 13.3 22.7 23.4 28.9 30.3 52.6 45.0 
Bromus mollis 4.9 10.1 18.5 16.2 7.9 8.2 5.6 8.5 
Aira caryophyllea 5.9 3.7 23.6 7.1 6.5 14.6 17.9 7.9 
Briza minor 0.0 4.3 0.3 2.8 2.4 9.3 1.5 3.1 
Avena fatua 0.0 0.0 0.0 0.0 1.7 0.5 0.1 0.4 
Agrostis hallii 0.5 1.5 2.3 1.1 0.0 0.0 0.1 0.3 
Panicum pacificum 0.7 0.3 0.4 0.3 0.3 0.8 0.5 0.0 

Total Forage Grasses 21.2 33.2 67.8 50.9 47.7 63.7 78.3 65.2- 

Forbs: 
Plantago spp. * * 

chiefly Zanceolata 1.7 2.4 0.7 0.5 2.5 2.4 2.5 2.8 
Orthocarpus, Cordylanthus, 

Castilleia 0.1 0.3 0.0 0.4 0.9 0.5 0.6 1.9 
Sisyrinchium bellum, 

Brodiaea 0.0 spp. 0.0 1.4 1.2 0.4 0.1 2.3 1.0 
Filago gallica 0.0 0.4 0.2 0.2 0.1 1.5 0.0 1.1 
Linanthus bicolor 0.3 0.7 0.0 0.1 0.0 0.4 0.3 0.3 
Ranunculus spp. 0.0 0.1 0.4 0.3 0.3 0.3 0.1 0.1 
Luzula, Juncus, sedges 0.0 0.4 1.3 0.9 0.0 0.1 0.7 0.6 
Daucus carota 0.5 0.1 1.2 0.0 0.0 0.3 0.1 0.5 
Chlorogalum pomeridianum 0.3 0.4 0.3 0.4 0.0 0.1 0.5 0.3 
Galium 0.1 spp. 0.3 2.1 3.6 0.8 1.1 0.5 0.0 
Prunella vulgaris 0.4 0.4 0.5 0.5 0.5 0.3 0.4 0.0 
Geranium dissectum 0.3 0.1 0.1 0.7 0.3 0.4 0.0 0.0 

Total Forbs 3.7 5.6 8.2 8.8 5.8 7.5 8.0 8.6 -_____ 
Miscellaneous Species 0.4 0.6 0.7 2.1 0.3 0.6 0.5 2.0 _____ ___. 
Bare Ground 3.5 12.4 8.8 12.8 1.7 0.1 0.8 0.5 

Total Forage Species 25.7 40.5 76.9 64.9 56.6 83.6 87.4 79.7 

* Bromus rigidus is questionably placed as a weed (see note, Table 1). 
* * Thornber (1910) classed some plantains very important as forage. 

distribution of Klamath weed, for example. Although again an 
but in those areas where it oc- underestimate of reality, the 
curred, heavy growth of plants weed in 1947 prior to injury by 
up to 4 feet in height was char- beetles, is shown at 26.1 percent. 
acteristic, but these were not so This is partly because the zones 
close together as at Blocksburg, and quadrats were laid out with- 

out regard to the patches of 
weed and represented the open 
range, generally, as was so at 
each site. These robust plants of 
a “bunched” habit of growth 
have some years individually 
supported large numbers of beet- 
les, and yet a small percentage 
of the plants would partially re- 
cover following even fairly pro- 
longed defoliation, after the 
beetles ceased feeding and en- 
tered aestivation. Observations 
showed that specific plants in- 
variably succumbed the next 
year except in the one quadrat 
among the 28 which was shaded. 
Even in the open areas a few 
new plants appeared occasion- 
ally, sufficiently dispersed to es- 
cape destruction until after their 
maturity and seeding, but a 
shifting sequence in time and 
place at a low density of weeds 
and beetles was characteristic. 

This example is intermediate 
between the Loftus site on the 
one hand and the Fort Seward 
and Blocksburg sites on the 
other, but with the economic re- 
sult much closer to the latter. 
Economically, it is of little mo- 
ment that the weed persisted at 
0.1 to 0.3 percent representation. 

Ripgut brome was the only 
weedy species of importance, al- 
though fiddleneck (Amsinckia 
douglasiana) occurred at about 
the one percent level in 1950, 
1953 and 1957, and at 2.3 percent 
in 1955. This is about equal to the 
presence initially in 1947 and 
1948 of both species, except that 
in 1951 ripgut brome was about 
three times as important as com- 
monly. 

Ripgut brome is much inferior 
to soft chess, but it is doubtfully 
considered a weed on such 
ranges, although in other situa- 
tions it may be highly objection- 
able and aggressive. It rarely at- 
tains importance and seems to 
yield readily to better forage on 
moderately grazed ranges, Its 
foliage is readily taken by live- 
stock until the long-awned, 
barbed seed heads form. 

In general, this range im- 
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Table 4. Dominance of range plant species af micro-plot positions in quad- 
rats at the Loomis beetle sites, expressed as percentages of total 
positions-28 positions per quadraf and 5 quadrats af each of 5 
zones. 

SPECIES 1947 1948 1949 1950 1951 1953 1955 1957 

Klamath Weed 26.1 15.4 2.1 0.1 0.1 0.3 0.1 0.0 

Other Weeds: 
Bromus rigidus * 6.1 6.9 10.3 7.1 21.4 3.0 8.4 3.9 
Amsinckia douglasiana 1.9 1.0 0.0 0.9 0.1 0.8 2.3 0.9 
Hordeum gussoneanum and 

H. murinum 0.1 0.9 0.0 0.0 2.1 0.0 0.0 1.7 
Hypochoeris glabra 0.0 0.0 0.0 0.1 0.3 0.6 0.0 1.4 
Rumex spp. 0.5 0.4 0.0 0.1 0.3 0.1 1.0 0.1 
Agoseris spp. 0.0 0.0 0.0 0.0 0.0 0.4 0.3 0.1 
Eremocarpus setigerus 0.0 0.0 1.4 0.0 0.0 0.0 0.0 0.0 

Total Other Weeds 8.6 9.2 11.7 8.2 24.2 4.9 12.0 8.1 

Legumes: * * 
Trifolium spp. 0.1 0.0 0.0 3.8 1.0 13.0 1.3 9.1 
Lupinus spp. 6.7 5.9 0.0 17.6 3.0 14.1 1.6 6.1 
Medicago hispida 0.0 1.3 0.0 0.6 1.4 2.8 0.1 3.3 
Lotus spp. 0.6 1.6 0.1 1.1 1.8 7.7 0.6 2.3 

‘Total Legumes 7.4 8.8 0.1 23.1 7.2 37.6 3.6 20.8 

Forage Grasses: * 
Bromus mollis 14.3 34.1 50.9 36.3 47.7 18.0 36.3 43.6 
Festuca megalura 

and F. myuros 6.0 11.2 9.0 0.4 4.1 5.0 11.3 3.7 
Aira caryophyllea 1.0 2.4 0.1 0.3 1.3 0.3 2.4 2.0 
Briza minor 0.0 0.0 0.0 0.3 0.1 2.3 0.7 0.0 

Total Forage Grasses -21.3 47.7 60.0 37.3 53.2 25.6 50.7 49.3 

Forbs: 
Erodium botrys 32.1 15.1 4.8 20.6 10.3 21.4 25.7 17.6 
Plagiobothrys canescens 2.1 0.4 0.0 4.7 0.1 2.4 1.6 1.0 
Geranium dissectum 0.1 0.3 0.4 1.0 1.0 1.6 0.8 0.4 
Tori&s nodosa 0.1 1.7 0.3 0.4 0.0 0.3 0.1 0.1 
Stellaria media 0.0 0.1 0.4 1.0 0.0 1.6 0.6 0.0 
Galium spp. 0.0 0.1 0.0 0.0 0.0 0.4 0.4 0.0 
Daucus carota 0.1 0.0 0.0 0.0 0.3 0.1 0.3 0.0 

Total Forbs -34.5 17.7 5.9 27.7 11.7 27.8 29.5 19.1 

Miscellaneous Species 0.2 0.2 0.2 0.2 0.1 2.6 2.2 1.3 _~ 
Bare Ground 1.7 0.7 18.7 3.1 3.1 0.4 1.3 0.0 

Total Forage Species 63.2 74.2 66.0 88.1 72.1 91.0 83.8 89.2 

* Bromus rigidus is questionably placed as a weed (see note, Table 1). 
* * All these legumes were considered beneficial (see note, Table 1). 

proved in direct proportion to 
the reduction in Klamath weed 
(Figure 3). Levels of forage from 
72.1 percent in 1951 (low because 
of the high level of ripgut that 
year) to 91.0 percent in 1953 and 
89.2 percent in 1957 were at- 
tained. The low level of 66.0 
percent in 1949 was due mainly 
to an excessive amount of bare 
ground. This was caused by a 
very heavy mat of litter from 
the unusually vigorous growth 

the previous year, which deter- 
red germination and prevented 
proper growth of seedlings. 

Again, 1953 and 1957 were 
very favorable for- the annual 
legumes, these totalling 37.6 per- 
cent in 1953 and 20.8 percent in 
1957. The fluctuating fortunes 
of the legumes, edible forbs and 
“other weeds,” mainly ripgut 
brome (of doubtful weedy sta- 
tus), caused the forage grasses 
to vary considerably year to 

year, the scarcity of these during 
a given year being compensated 
by increases in legumes and 
f orbs. 

Vegetation of the 
Ten-Mile Sequence Quadra& 

The sites of this study were 
one-quarter mile apart, except 
where timber or other non-range 
land existed, and extended from 
the original beetle colony (1946 
release) near Blocksburg to be- 
yond Alderpoint, Humboldt 
County. The 27 locations are rep- 
resentative of the range im- 
provement in the county result- 
ing from control of Klamath 
weed by beetles. 

Table 5 presents the densities 
of Klamath weed both before 
control and subsequently 
through 1957, as well as densities 
of the perennial grasses. Of the 
27 ranges randomly established, 
25 were infested with Klamath 
weed at the beginning of the 
study. The average coverage by 
Klamath weed was 37 percent, 
and the infested fields varied 
from a low of 10 percent to a 
high of 60 _nercent. This included 
quadrats either too wet or too 
dry for this weed, as well as 
those on ideal slopes. 

Control was complete at this 
site in the practical sense. By 
1950 the beetles had controlled 
the weed within 5 miles from 
the release site. At some sites 
beyond that distance the weed 
increased in importance. There 
were other scattered areas more 
distant which had been control- 
led by secondary, disjunct col- 
onies of beetles; and there were 
still other areas where there was 
little change in the importance 
of the weed that year. The aver- 
age density was about 10 percent. 
In 1951 beetle action was deci- 
sive. At only one micro-area was 
any Klamath weed dominant, 
and it was recorded there as a 
trace. 

From 1953 through 1957 obser- 
vations every year and the spe- 
cific quadrat data every-other- 
year showed that the weed reap- 
peared, but not in significant 
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numbers, Only in the shaded or 
disturbed soil areas did the weed 
establish itself beyond the posi- 
tion of a trace. Its average im- 
portance for the years, 1951, 
1953, 1955 and 1957 was less than 
0.2 percent, compared with 37 
percent originally. 

Because of its importance 
among the perennials, California 
oatgrass is listed separately. 
Other perennials are recorded, 
but their identities are shown 
only by footnotes. 

At only 12 of the 27 locations 

were such perennials originally 
present. By 1957 or previously, 
at 22 of the 27 locations peren- 
nials were to some degree locally 
dominant. The average combined 
importance of all species of these 
desirable perennials was low, at 
8.2 percent, initially in 1950, and 
increased to 11.0, 16.0, 19.1, and 
23.2 percent for the years 1951, 
1953, 1955 and 1957, respectively. 

Of this increase, California 
oatgrass was the major contribu- 
tant. It had a density of 7.8 per- 
cent in 1950, 9.3 in 1951, 11.3 in 

1953, 15.8 in 1955, and 20.0 per- 
cent in 1957-still only 2% times 
its original abundance generally. 
However, on some ranges its 
progress was very promising, 
and this was generally associated 
with favorable grazing manage- 
ment (see also Murphy, et al., 
1954). Where this perennial was 
present in 1950 but at a low level 
due, among other things, to com- 
petition by Klamath weed, it in- 
creased rapidly with beetle con- 
trol of the weedy competitor. At 
the 4-mile distance, it was then 

Table 5. Change in perceniage composition of Klamafh weed and desirable perennial grasses coincident wifh 
biological control of Klamafh weed on 27 ranges in a series from fhe beetle release center near Blocks- 
burg io a distance 10 miles southward-with ‘/4 mile between places (excluding non-range areas).” -___ 

Klamath Weed -- 
Distance in 

miles of Pre- 
places beetle 

originally density 
infested 1949 1950 1951 1953 1955 1957 

Release center 60 0 
3/4 15 0 

1 10 0 
1 ?kI 35 0 
1% 0 0 
1% 0 0 
2 40 0 
2% 40 0 
3% 40 0 
3% 40 0 
3% 52 0 
4 37 0 
4% 28 0 
4% 52 2 
4% 52 2 
5 58 0 
6 23 28 
6% 27 2 
6% 28 0 
6% 23 12 
7 37 15 
7% 47 2 
8 38 38 
8% 35 70 
83/4 38 38 
9 52 40 
9% 23 27 - 

Average 37 11 0 0.4 0.1 0.2 7.8 0.4 9.3 1.7 11.3 4.7 15.8 3.3 20.0 3.2 

0 
0 
0 
0 
T 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 0 0 
0 0 0 
0 0 0 
0 T 0 
0 0 0 
0 0 0 
0 0 0 
0 T 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 3** 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
7Jf 0 0 
0 0 0 
0 (sawmill) 
T 0 0 
2** T 4** 
0 0 0 

Combined average 8.2 11.0 16.0 19.1 23.2 

* On five of the twenty-seven ranges perennials were 1 Danthonia calijornica; 2 Agrostis hallii - 1.1 and Pani- 
never sampled. cum pacijicum - 0.3; 3 Panicum pacijicum; 4 Agrostis 

* * Marshy area and/or partially shaded. 
hallii - 0.1 and Panicum pacijicum - 0.5; 5 Agrostis hal- 
iii; 6 Holcus Zanatus; 7 Poa scabrslla; 8 Stipa pulchra; 

24 12 29 
15 0 13 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

40 0 40 
37 0 52 

0 7s 0 
1 0 1 

13 0 17 
0 0 0 
0 0 0 
3 0 3 

21 0 18 
0 0 3 
0 0 0 
0 0 0 

10 0 17 
0 0 0 
2 0 6 
0 0 0 
0 0 0 
5 0 5 
0 0 0 

T3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
78 
0 
29 
0 
0 
0 
36 
0 
0 
36 

176 
0 
0 

30 
9 
0 
0 
0 
0 
0 
0 

30 
47 

0 
1 

26 
0 
0 
3 

30 
0 
0 
0 

50 
0 

13 
511 0 
0 3 
0 7 
0 0 

13 
86 
0 
0 

13s 
0 
0 
0 
0 
0 
7s 
6s 
29 
0 
0 
0 
56 
0 
0 

326 
206 

0 
0 
31’ 
0 
711 
0 

52 14 45 T5 
23 0 43 0 

0 0 0 0 
1 0 0 0 
0 0 0 0 
1 0 2 0 
0 0 0 0 
0 0 0 0 

53 17 68 T7 
43 0 60 0 

0 88 0 10s 
4 0 12 0 

50 1610 45 109 
0 0 0 0 
0 0 0 0 
5 0 5 125 

15 30s 20 186 
1 0 0 15 
0 3s 0 2s 
0 66 35 2s 

52 76 65 0 
12 0 5 0 
25 0 30 0 

(sawmill yard-logs) 
0 0 0 0 

10 0 5 0 
0 0 0 12 12 

- 
Perennial Grasses _____ 

First year of 
beetle effect 

1950 1951 1953 1955 1957 
3anth- Danth- Danth- Danth- Danth- 
onial Other onia Other onia Other onia Other onia Other 

t Seedlings on disturbed area. 

T-Trace. 

9 Elymus glaucus; 19 Elymus glaucus - 8.3 and Agrastis 
hallii - 8.3; 11 Lolium perenne; 12 Lolium perenne - 10.0 
and Elymus glaucus - 2.0. 
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present at the 1 percent level. 
By 1955 it had crept up to 4 per- 
cent, and by 1957 to 12 percent- 
a twelve fold increase. At the 
4y4 mile distance a threefold in- 
crease occurred during that pe- 
riod; at the ‘I-mile distance, an 
increase from 10 percent in 1950 
to 65 percent in 1957; and at the 
8-mile distance, from 2 to 30 per- 
cent. At a few locations there 
was a very minor increase. 

The perennials have thus come 
to dominate the vegetative pic- 
ture on a portion of these ranges, 
but they remain at low levels on 
others. The results suggest that 
the maximal improvement could 
be accomplished in this region, 
to the decided advantage of the 
rancher, if proper developmental 
management w e r e employed. 
The data also suggest that many 
ranchers are not apt to utilize 
the necessary caution in degree 
and timing of grazing. 

Table 6 presents the data for 
all plants, but the post-control 
years are averaged. Since the 
perennial Klamath weed and the 
perennial grasses were presented 
by years (Table 5), and since an- 
nuals vary greatly from year to 
year, the loss is not great. 

Since in each quadrat the 
method was to record coverage 
of only the three dominant spec- 
ies, there was for each quadrat 
a residue of other occupants. 
This residue was, in quadrat 
“B,” for example, not necessar- 
ily distinct from the species 
which were dominant in quadrat 
“A.” If the “other weeds” con- 
stitute a given percentage among 
the 3 dominants of respective 
quadrats, presumally they 
would constitute an approxi- 
mately equal percentage among 
the aggregate residue of plants 
not represented by the 3 dom- 
inants in the respective quad- 
rats. Thus, as “corrected” val- 
ues, the aggregate of residue is 
prorated to the range types, aug- 
menting those values to a closer 
approximation than is revealed 
by the “uncorrected” figures. 
This technique is not applied by 

species, so it must be remem- 
bered that the percentage figures 
for each species are lower than 
they should be. This “correc- 
tion” is not entirely logical in all 
respects, but the plus and minus 
errors tend to cancel out the re- 
sults being considered closer ap- 
proximations of the weedy cate- 
gory compared with the forage 
catagories. 

The unaltered figures for 
“other weeds” varied from zero 
at the 8% mile distance to 47.0 
percent at the 1% mile distance, 
with the moderately noxious 
dogtail, or winter annual grass 
(Cynosurus e&in&us) far sur- 
passing at most locations the sec- 
ond most abundant weedy spe- 
cies, hawkbit. The value for dog- 
tail was 9.2 percent, and the total 
for all weeds was 16.2 percent, 
with hawkbit contributing 2.7 
percent. Specialists do not con- 
sider either dogtail or hawkbit 
serious range weeds. The grass 
is grazed some when young, and 
it heads and dries later than 
some of the other more palatable 
forage such as soft chess, cheat- 
grass (Bomus tectorum) , ripgut 
brome, the foxtail grasses (Hor- 
deum gussoneanum and H. mur- 
inum) the spiny Navarretia spp., 
and the tarweeds, collectively, 
constituted the bulk of the 
weedy species. It is worth noting 
that in this region, studied for 
ten years, medusa head was not 
recorded. 

The more adequate “correc- 
ted” figures for “other weeds” 
varied from zero to 60 percent, 
the latter as before, at the 1% 
mile distance under heavy graz- 
ing by sheep. The average “cor- 
rected” figure for weedy species 
was 21.4 percent, and since more 
than half of this was by the less 
serious and partially utilized 
dogtail, this figure is not so dis- 
couraging. 

The total forage was also “cor- 
rected.” The two “corrections” 
presumably involve errors un- 
prejudiced in either direction. 
There was a marked improve- 

ment after control of Klamath 
weed. Areas that originally had 
dense stands of the weed were 
largely lost to cattle grazing and 
could be brought back by sheep 
grazing only slowly, and often 
to the detriment of range condi- 
tion. The 37 Percent coverage by 
the weed initially is considered 
a de-emphasis of the standing of 
Klamath weed, as an estimate of 
its harmfulness to the ranchers’ 
interest in this area at that time 
(Figure 4). Other weeds which 
increased slightly since the re- 
moval of Klamath weed are not 
of comparable aggressiveness, 
persistence, or toxicity. Also, this 
increase was no more than an 
approximate sharing of the va- 
cated space with the forage spe- 
cies according to each group’s 
respective composition on the 
range before Klamath weed was 
brought under control. 

Consider now the “uncor- 
rected” categories of forage spe- 
cies. Legumes were of minor oc- 
currence but in the maintenance 
of soil nitrogen they may be of 
greater importance than their 
proportionate presence indicates. 
The legumes, Lotus, Trifolium, 
and burclover (Medicago his- 
pida) totaled only 5.4 percent as 
an average for all places. The 
year 1953 was unusually favor- 
able for them, and 1957 some- 
what less so. Forage grasses com- 
prised the bulk of the edible 
types, aggregating 36.1 percent 
“uncorrected,” but it is to be re- 
membered that these figures are 
low. The principal species was 
California oatgrass, with 11.7 
percent (Table 5). Soft chess was 
next in value at 7.0 w>ercent, al- 
though the inferior silver hair- 
grass exceeded it in coverage, at 
10.0 percent. Orchard grass (Hol- 
cus Zanatus) was fourth at 1.6 
percent. The forbs were dom- 
inated by filarre (Erodium bot- 
rys and E. cicutarium), princi- 
pally the former, at 7.7 percent. 
The only other for bs which 
reached levels of approximately 
1 percent were Plantago spp., 
and pink centaurium (Centaur- 



Table 6. Average perenfage composfi~n by forage specks and weeds on twenty-seven ranges subsequent to removal of Klamafh weed by beetles lgsl-lg57. 
Distance in 

Category miles Center ?h l 1?/4 l?/2 1% 2 2?/4 3514 3$/2 33,h 4 4;& 4;/2 43/h 5 6 6?‘4 6)s 6gi 7 7” 8 g 

Klamath Weed ;:8 
8$/4 83’ /4 

Ttt T 
9% Mean 

T 0.8 T 1.5 0.2 
Others Weeds : 

~_ 
Cynosurus echinatus * 3.7 25.4 30.0 15.0 37.0 26.6 2.1 33.3 
Hypochoeris glabra 16.3 

2.6 8.4 7.9 
1.3 

10.8 9.5 
0.8 

7.5 4.5 
10.8 2.1 2.1 5.6 Hemizonia, Madia 2.9 1.3 3.3 5.8 4.1 1.7 1.3 2.1 1.3 6.5 13.3 5:: 5.0 ;:; 

Other tar weeds 2.9 2.2 0.8 2.9 0.8 0.4 1.7 
Bromus rigidus * * 

7.2 2.1 10.0 4.1 6.7 
0.8 Hordeum 4.4 1.7 2.1 

gussoneanum & 1.3 5:: 2.5 1.7 0.8 k:: 

H. murinum 3.3 10.0 4.1 
Navarretia spp. 

0.8 
3.1 1.3 1.3 2.7 2.5 1.1 

Agoseris spp. 
0.4 

0.8 i:X 
1.3 1.7 

3.7 
8:; 

Centaurea solstitialis 5.0 1.7 

Hordeum hystrix 0.4 1.7 4.1 
Eremocarpus setigerus 

1.3 002 011 
Lactuca scariola 0.4 1.3 

Rumex acetosella 
; 

0.8 T 
Total “Other Weeds” 20.0 30.4 35.3 21.6 47.0 40.1 7.1 36.5 0.8 5.5 5.5 14.6 16.2 19.6 21.1 21.1 7.5 9.6 3.0 13.7 1.3 9.1 18.8 0.0 17.5 12.5 9.9 16.2 
Legumes : 

Lotus spp. 1.3 3.7 3.3 4.1 Trifolium spp. 0.5 1.7 3.1 8.7 2.1 1.3 202 1.3 1.7 

8:; 

3.3 0.8 10.8 11.7 4.1 2.1 

Medicago hispida 

0.8 1.3 2.5 

4.6 0:8 
4.6 2.1 

2.5 1.7 5.8 5.8 1.3 12.1 
Vicia 2.9 spp. 20.0 3.3 2.9 

i-75 
0:1 

Total Legumes 3.1 1.3 8.3 5.4 1.3 3.3 4.0 9.9 1.3 0.0 1.3 2.5 0.0 5.0 4.6 0.0 10.8 2.5 1.3 1.7 0.0 5.0 9.5 30.8 13.0 12.1 7.0 5.4 
Forage Grasses : 

Danthonia calijornica 39.2 22.0 Aira caryophyllea 11.7 3.2 7.9 90s 0.6 47.9 50.4 4.4 34.5 6.2 2.1 4.1 20.8 1.1 2.1 ::: 9.1 8.7 45.8 
Bromus mollis 12:1 0.8 12.7 

4.1 16.9 
15.1 8.3 5.8 11.6 11.2 15.8 17.1 

11.7 
7.5 1.3 2.1 14.1 Q:! 11.6 10.0 6.6 13.1 24.5 

2.1 7.7 
5.0 13.3 

202.81 

4.5 6.7 14.9 3.7 

150.40 

10.4 
5:4 1.7 

Holcus lanatus 2.5 4.1 
10.0 

13.1 2.1 17.9 8.3 3.7 5.6 1.6 
Festuca megalura & 1.7 

15:0 
25.8 7.0 

14.1 10.8 10.8 1.6 

F. myuros 2.1 0.8 Lolium & 4.6 0.4 9.1 4.1 1.6 
perenne 

4.6 2.9 5.8 1.3 

L. multijlorum 5.6 2.1 5.8 5.4 Briza minor 2.3 0.4 2.1 0.7 
1.7 0.4 0.8 

:;: 
3.7 

;:: ;:I 2.5 1.1 
Carex, Luzula, Juncus 1.7 1.7 0.8 1.7 

Avena fatua 

1.3 14.9 

1.3 f :: 3.9 
1.3 0.1 Agrostis hallii 0.8 

23:: 

t :: 
1.3 1.7 

Elymus glaucus 
2.9 ::3’ 

8.: 0:5 

Stipa pulchra 
Gastridium ventricosum 
Poa scabrella 

Total Forage Grasses 
Forbs : 

Erodium spp., chiefly 
botrys Centaurium venustum 

Plantago spp.* * 
Linanthus bicolor Geranium chiefly spp., 

dissectum Modiola caroliniana 
Daucus carota & 

7.9 0.5 
2.1 1.7 1.6 1.3 0.6 

013 :.: 

0.2 0.2 
T 

60.7 27.7 16.3 30.4 16.1 12.2 25.0 5.2 69.7 71.3 23.8 34.3 60.5 31.5 22.9 29.5 51.1 30.1 31.6 43.0 73.1 43.1 31.6 23.1 34.2 37.9 38.0 36.1 

21.6 9.5 5.4 0.8 5.4 36.6 4.6 12.1 7.9 31.7 17.9 0.4 12.5 0.6 13.7 13.7 4.1 1.7 5.4 2.7 3.3 3.7 2.5 0.8 1.7 2.5 

0.4 
4.6 13.1 

7.7 
4.1 

2.8 1.7 0.8 1.7 0.8 0.7 1.7 
1.7 2.5 3.1 12.4 1.3 3.7 2.1 1.3 

:*t 
0.8 0.4 31:; 1.7 017 

0.8 1.7 1.3 1.3 0.4 0.8 2.3 0.8 0.4 1.7 0.4 
5.0 1.7 2.5 0.4 

D. pusillus 1.3 Filago, Micropus 1.3 0.8 2.1 0.8 0.2 

Galium spp. 2.1 1.7 

?i:5 

Lythrum hyssopifolia 0.4 2.1 2.1 !I:; 

Anagallis arvensis 0.8 Baeria chrysostoma t 0.8 2.1 1.3 1.3 00.: 
Cordylanthus, Orthocarpus, 0:1 

Castilleia 0.4 
Plagiobothrys canescens 

T 
1.3 T 

Total Forbs 0.0 22.2 13.7 7.9 6.2 11.0 40.3 13.8 14.6 9.2 38.0 24.2 3.0 1.1 12.9 13.7 2.1 19.5 26.1 8.3 2.8 9.7 3.9 13.2 6.2 5.8 

Bare Ground 

8.5 12.5 

Remaining Misc. Coverage 3;:: 2::: 16.2 18.4 26.4 33.4 27.2 34.6 13.6 14.0 31.4 24.4 20.3 Total Forage Species 42.8 36.6 35.7 63.8 51.2 38.3 43.7 23.6 26.5 28.5 38 3 38 69.3 28.9 
85.6 80.5 

63.1 
61.0 63.5 “Corrected” Total 37.6 40.4 43.2 64.0 

5211 59:0 0 63:0 33 3 22 75:9 8 57:8 32 1 45:0 36 7 67:l 329 63:4 19 1 55:8 31 7 36 5315 6 2z.E 
54:7 

Forage Species 74.1 60.6 48.4 57.4 30.1 35.4 88.2 38.9 97.2 91.8 82.9 75.9 76.4 “Corrected” Total 53.7 55.2 58.6 82.2 74.8 81.4 84.0 93.2 76.4 61.5 89.2 75.5 73.5 73.1 70.0 

Other Weeds 23.2 36.0 44.6 28.4 60.0 53.5 9.0 49.1 1.0 6.3 7.2 18.2 19.5 28.0 “Corrected” Misc. Coverage 28.8 28.6 9.6 2.7 3.4 7.0 10.9 8.2 11.2 13.0 4.1 18.3 6.4 12.0 1.9 2.0 9.9 6.0 4.1 1.6 13.3 
18.3 

25.0 
14.1 

0.0 
12.8 

20.8 
8.1 

16.5 
12.3 14.4 7.8 

13.5 21.4 
5.2 10.3 13.5 10.8 3.7 10.1 

* Not palatable but mainly 
13.4 8.9 

a ruderal and only moderately aggressive. ** See footnote, table 1. I See footnote, table 2. it T-Trace. 
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the latter two plus Lotus spp., 
in Shasta and Placer Counties. 

In general, increase of other 

FIGURE 4. Panoramic view showing type of rangeland in the lo-mile sequence study 
originally infested with Klamath weed. The striking control of the weed by beetles is 
shown in the upper foreground, and the complete coverage of the weed at the flowering 
stage in the then uncontrolled area is shown in the immediate foreground. (Photograph 
by J. K. Hollowa~y, June 1949). 

ium venusturn). Combined forbs, 
“uncorrected,” amounted to 12.5 
percent. 

Summary and Conclusions 
Klamath weed, prior to 1949, 

was estimated to infest 2% mil- 
lion acres of valuable range- 
land in northern California. The 
failure of other solutions 
prompted the late H. S. Smith to 
initiate biological control, a pro- 
gram he had discussed as early 
as 1928 with the late R. J. Till- 
yard of Australia. In 1947, a ten- 
year study was begun on control 
of this weed by imported beetles, 
primarily Chrysolina quadri- 
gemina (Rossi), relative to de- 
gree of control and range plant 
composition. The data show that 
a major improvement in the 
ranges resulted. Control was 
more effective than hoped for 
even by enthusiasts. The weed 
now exists at less than 1 percent 
of its former occurrence. There 
was concurrent marked increase 
in perennial grasses, chiefly 
California oatgrass in Humboldt 
County, and there and elsewhere 
the winter annuals-grasses. 

weeds following decline of 
Klamath weed was minor; in 
many instances no increase at 
all. The main weeds in Hum- 
boldt County were dogtail and 
hawkbit, while ripgut brome was 
the predominant in Shasta and 
Placer Counties. None of these 
was a serious aggressor on these 
ranges. In Humboldt County 
dogtail and hawkbit are exten- 
sive in places, but they do not 
displace or dominate California 
oatgrass, which was the domi- 
nant single species in an area 
within 10 miles of the beetle re- 
lease site. Also, both are an- 
nuals and neither toxic nor per- 
nicious. Ripgut brome is highly 
objectionable in grain fields or 
abandoned areas, but it can be 
controlled by moderate grazing. 
It is grazed and of value prior 
to formation of the barbed seed 

legumes and forbs-of fair to heads. 
good forage value claimed a ma- Medusa head is a serious 
jor portion of the space opened claimant, but in the extensive 
up by decline of Klamath weed. area represented by the Blocks- 
This low level of the weed con- burg, Fort Seward, Alderpoint 
stitutes no loss whatever, ex- region of southern Humboldt 
cept as it may occasion prema- County, formerly notorious for 
ture intervention to eradicate it its Klamath weed, it has made 
locally. little inroad. It may or may not 

There was good correlation in be significant, but in the equally 
the progress in beetle densities extensive region westward to- 
with control of Klamath weed ward Garberville, where the 
when the former were plotted in soils are more shallow and po- 
the immature rather than the rous and Klamath weed was 
mature stage-consistent with never a problem, medusa head 
an explanation of reciprocal den- has during the same period of 
sity-dependence in the two pop- time increased from a status of 
ulations. rarity to one of continuousness 

During the course of this study for miles. Thus, we do not know 
no noxious species have entered whether climatic and edaphic 
the land vacated by Klamath conditions where Klamath weed 
weed to an alarming degree. The was most favored originally of- 
vast improvement by biological fer advantage to medusa head 
removal of Klamath weed, with over the desirable forage species, 
the correlated increase in forage or vice versa. Nor do we know 
of fair to good value is docu- to what degree good range man- 
mented, although many of the agement can influence the re- 
annuals are not the most desir- sult in the right direction. 
able. The principal forage spe- Abuse by overgrazing or 
cies were California oatgrass, poorly timed grazing will in- 
soft chess, and filaree (Erodium crease the chances that noxious 
spn.), in Humboldt County, and species or those of low value will 
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come in. Chemical methods of 
control, no less than biological, 
are subject to the same un- 
founded-fear that if we control 
a given noxious weed we may 
get a worse one in its place! 

The rancher should follow pro- 
gressive management conducive 
to long term values. Such man- 
agement should make it possible 
to gather the maximum-reward 
from the extensive success of bi- 
ological control of a weed, which 
during earlier years did much to 
stymie research toward general 
range improvement. 
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Runoff in Relation to Range Condition in the 
2,200 feet where they empty into 
the Rio Grande to about 5,500 
feet elevation on the headwaters. 
They are approximately 80 miles 
in length, with an average gradi- 
ent of about 40 feet to the mile 
(Figure 1). 

The topography of the Alamito 

Big Bend-Davis Mountain Section of Texas 

HORACE L. LEITHEAD 

Range Conservationist, Soil Conservation Service, U. S. Creek watershed is character- 
Department of Agriculture, Ephrata, Washington ized by gently to moderately 

rolling hills adjacent to the val- 
ley floor. These valleys are 

The conservation program in 
the Big Bend- Davis Mountain 
section of Texas since 1940 has 
been geared to the conservation 
of water as well as the conserva- 
tion of the soil resources. 

Grass management practices 
are being applied with the goal 
of restoring the original vegeta- 
tive cover of ranges which have 
a condition class rating less than 
excellent. This is being done by 
a natural ecological process of 
plant succession, so that the soils 
will be tied down and a mini- 
mum of moisture will be lost by 
runoff and from other causes. 
Studies on ranges on the Alamito 
and Terlingua creek drainages 
have been directed toward an 
answer to the question: “How 
much can we reduce our water 
loss by improving the condition 
of our ranges?“. These drainages 
lie adjacent and are similar as 
to soils, topography and climate. 

This report will present the 
data collected on: (1) The rate of 
moisture absorption by the soils 
on the gravelly loam site in ex- 
cellent, good, fair and poor con- 
dition; (2) the difference in mois- 
ture penetration after high in- 
tensity rainstorms on range sites 
that supported range in good and 
poor condition; (3) the rate of 
moisture loss from the surface 
foot and one-half of soil under 
different range condition and 
use; (4) th e measurable flow 
from Alamito and Terlingua 
creeks, where there was a differ- 
ence between the condition of 
the range on the two watersheds 
due to past management. 

Description of Watersheds 
large, broad flats of loam soils 
generally over four feet deep. 

The Terlingua and Alamito Tobosa grass (Hilaria mutica), 
watersheds are each slight 1 y blue grama (Bouteloua gracilis), 
over 1,000 square miles in area. sideoats grama (Bouteloua curti- 
Both drain to the south. Eleva- pendula), and cane bluestem 
tions range from approximately ( A drop o g on barbinodis) were 

FIGURE 1. Location map of the Terlingua Creek and Alamito Creek watersheds in 
Brewster, Jeff Davis, and Presidio Counties, Texas. 

83 
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the climax grasses in these over- 
flow draws and clay loam flat 
sites. 

30 

The soils on the hills to the 
west of Alamito Creek are gra- 
velly loams, 10 to 20 inches deep, 
over cemented gravels and cali- 
the, with slopes averaging 20 to 
25 percent. The dominant climax 
grasses on these soils are sideoats 
grama, hairy grama (BouteZoua 
hirsuta), cane bluestem, and 
black grama (Bouteloua erio- 
poda). 

25 

55 
B 
c 

10 

The area east of Alamito Creek 
has predominantly stony loam 
soils, 10 to 15 inches deep on 
the average, over basalt. It origi- 
nally supported black grama, 
hairy grama, and sideoats grama 
grasses. 

c 

0 
Year 1931 32 33 34 35 36 31 38 39 40 41 42 43 44 45 a6 47 48 49 

FIGURE 2. Mean annual rainfall over the Alamito and Terlingua watersheds during 
a 19-year period. 

North of the Rio Grande and 
west of Alamito Creek are some 
dissected outwash gravelly loam 
soils. Although these soils origi- 
nally supported black grama; 
bush muhly (Muhlenbergia port- 
eri), Chino grama (Bouteloua 
breviseta), and Neally grama 
(Bouteloua uniflora), they are 
eroded to desert pavement in 
many places, and they are now 
dominated by creosote bush 
(Larrea tridentata), and mariola 
(Parthenium incanum). 

A rock escarpment divides the 
two watersheds. It varies in 
height from 100 to 600 feet. 

The headwaters of Terlingua 
Creek originate in numerous 
canyons with mesas between. 
The soils are loams with varying 
amounts of stone throughout the 
profile, 10 to 20 inches deep, 
over fractured basalt rock. The 
dominant vegetation on the 
mountain soils is composed of 
hairy grama, blue grama, side- 
oats grama and cane bluestem. 
Slopes are variable. The canyons 
have slopes over 60 percent 
while the mesas and ridges be- 
tween may average around 15 to 
20 percent. 

middle portion of the area. The 
average slope on the flat is about 
five percent. Soils are loams and 
clay loams over five feet deep. 
This flat at one time supported 
a good stand of tobosa grass and 
blue grama, with smaller colo- 
nies of sideoats grama and cane 
bluestem. In the main drainage 
ways giant sacaton (Sporobolus 
giganteus) could be found. 

The southern portion of the 
watershed is an area of eroded 
clay loam hills with large areas 
covered with broken lava rocks. 
The major species of vegetation 
on this site are Chino grama, 
Neally grama, hairy grama, side- 
oats grama, lechuguilla (Agave 
Zechuguilla) and several other 
shrubs. 

The outwash plains along the 
Chisos Mountains make up a 
small percentage of the area. The 
climax vegetation is principally 
the same as on the outwash 
plains in the Alamito Creek 
watershed. 

Rainfall Characteristics 

The 02 Flat, which makes up 
about one-fourth of the water- 
shed next to the escarpment on 
the west and northwest, is about 
40 miles long. It covers the 

The Big Bend is known for its 
erratic rainfall, and any rancher 
there may tell you he would be 
in “tip top shape” if he had just 
one more rain. 

Most of the yearly rainfall 
comes during the growing season 
from June through October. The 

yearly mean average rainfall 
over the entire watershed is 
about 14 inches. From 1931 
through 1950 the yearly high was 
32.38 inches on the Alamito 
Creek watershed, the low 6.95 
inches. On the Terlingua Creek 
watershed the yearly high was 
27.25 inches and the low 2.32 
inches. Figure 2 shows the mean 
annual rainfall over both water- 
sheds from the best rainfall rec- 
ords available from the U. S. 
Weather Bureau, International 
Water and Boundary Commis- 
sion, Soil Conservation Service, 
and local rancher records. 

The mean annual rainfall was 
computed from the records of 
ten stations on the Alamito 
Creek drainage and six stations 
on the Terlingua Creek drainage. 
These stations were selected be- 
cause of the uniformity of cov- 
erage in percent of the total 
watersheds. 

Storms are of two general 
types: (1) thunder storms and 
(2) coastal storms that move in 
from the Gulf of Mexico. Thun- 
der storms occur mostly in the 
afternoon and between midnight 
and sun-up. The afternoon 
storms were found to be of 
higher intensities than the 
storms at night. Recording rain 
gages have measured several 
storms with intensities of 1 to 
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Table 1. Wafer intake rates and production of forage by range condition fair condition, the same rain only 
class on the Gravelly Loam Site, Highland Soil Conservaflon soaked into the soil to a depth 
District, 1950. of 5 inches. 

Excellent 
Water intake-inches per hour 9.5 
Pounds of forage per acre 1065 

Range Condition 
Good Fair 

5.8 4.25 
666 511 

Poor 
2.75 

341 

On an overflow site where 
runoff water was diverted onto 
rangeland from an arroyo, mois- 
ture penetrated to over 5 feet on 
good condition range. On range 
in poor condition moisture did 
not penetrate more than a foot. 
These measurements were taken 
after water flowed over the soil 
for approximately 20 hours. 

During the winter of 1950 the 
author made a study on a ranch 
that had an overflow site near a 
rain gage. A fence separated two 
range condition classes that had 
been grazed at different inten- 
sities. There were 2.18 inches of 
moisture that fell in a five-week 
period at such a gentle rate that 
none ran off, and all was ab- 
sorbed by the soil where it fell 
(Table 2). Moisture penetrated 
the clay loam soil under both 
good and poor range conditions 
to a depth of 18 inches. Soil 
samples were taken once a week 
to the depth which moisture 
penetrated. The samples were 
oven-dried to determine the per- 
cent of moisture. 

1.25 inches per hour. The local 
thunder storms seldom cover a 
large area, but often yield 2 to 
3 inches of rain during one 
storm. 

These local thunder storms fit 
the expression so often used, 
“Someone knocked a hole in the 
bottom of the bucket.” A large 
amount of water falls in a very 
short period of time and yields 
a large volume of runoff locally, 
which can cause severe erosion, 
especially on ranges in poor con- 
dition (Figure 3). 

The storms that move in from 
the Gulf of Mexico generally 
cover an area that greatly ex- 
ceeds the size of the two water- 
sheds. These storms are of much 
lower intensity and of a longer 
duration. These storms often last 
for two and sometimes three 
days. For the period covered by 
this report there have been on 
the average two to three of these 
coastal storms over the area each 
year, and they yield, on the aver- 
age, l/2 to 2 inches of moisture. 

Inf ilfr afion Studies 

Infiltration rings were used to 
determine the correlation be- 
tween range condition and rate 
of water absorption by the soil 
(Leithead, H. L. 1950. Field 
methods used to demonstrate 
range condition. Jour. Range 
Mangt. 3:95-99.). This study was 
made on the gravelly loam and 
overflow sites. Data are present- 
ed on the gravelly loam site be- 
cause it was one range site where 
all four range condition classes 
could be found. The same cor- 
relation was found to exist be- 
tween range condition and rate 
of water absorption on the good, 
fair, and poor conditions on the 
overflow site, even though the 

rate of absorption was corre- 
spondingly slower. 

Water was absorbed at the 
rates shown in Table 1 on the 
four range condition classes on 
the gravelly loam site using in- 
filtration rings. Production of 
these same ranges was measured 
by plot clippings on I ungrazed 
pastures. 

Field observations were made 
after many storms to check the 
depth of moisture penetration on 
the various range sites that sup- 
ported range in different condi- 
tion classes. A spade was used 
to check the depth of penetra- 
tion. When it was possible, sites 
were selected where a fence sep- 
arated range in two different 
condition classes. This was to 
eliminate the possibility of com- 
paring moisture penetration un- 
der different intensities and 
amounts of rain. 

After one general rainstorm 
moisture penetrated to 30 inches 
on a loamy upland site in good 
condition. Across the fence, 
where the range was in a low 

The soil supporting poor con- 
dition range that was closely 
grazed continued to lose mois- 
ture after it was first moistened, 
even though light showers con- 
tinued to fall (Table 3). The area 

FIGURE 3. Water concentrating in an arroyo after a 3-inch rain that fell in 1.2 hours 
near Valentine, Texas, June 25, 1938. When rains like this fall on poor condition range 
they cause a lot of damage. Soil and water losses are great from the area covered by 
the storm. 
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Table 2. Amount and disiribution of 
rainfall on infiltration study area 
during ihe period January 19-Febr- 

uary 23, 1950. 
Inches of 

Date Precipitation 
January 19 .78 

22 .44 
23 .08 
24 .lO 
29 .23 

February 1 .23 
13 .18 
23 .Ol __- 

Total precpltation 2 18 

100 
al f 1 Terlingua Creek Drainage 

I 
m Alamito Creek Drainage 

I 

supporting good condition range 
that had been properly grazed 
maintained its soil moisture sup- 
ply for a long time. 

1932 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 

FIGURE 4. Acre-feet of water lost per square mile of drainage during a 20-year period 
on the Alamito and Terlingua drainages. 

The soil that supported heavily 
used, poor-condition range lost 
on the average one-fourth inch 
of moisture per week. This loss 
was attributed primarily to evap- 
oration from the soil surface. 
There were light winds every 
few days, and for the most part 
the atmosphere was dry. The 
m ax i m u m daily temperatures 
were less than 70 degrees, which 
is too cold for active plant 
growth of warm season species 
such as blue grama, sideoats 
grama, and cane bluestem. These 
were the major species on the 
site in good condition. Fluff- 
grass (Tridens pulchellus), bur- 
rograss (Scleropogon brevi- 
folius), and annual three-awn 
were the major species on the 
poor-condition range. 

lingua creeks. Therefore, it was 
decided to analyze this flow data 
to determine if a correlation ex- 
isted between range condition 
and runoff from these two water- 
sheds that were each over 1,000 
square miles in area. 

It should be brought out here 
that all dates showing any meas- 
urable amount of runoff above 
normal were checked against the 
rainfall records. The records 
showed that 9 out of 10 storms 
that were of such magnitude to 
produce a measurable amount of 
runoff were from coastal storms 
that covered both watersheds 
and yielded, on the average, 
more than .75 inch of moisture. 

In a 2?&month period prior to 
active plant growth the range in 
poor condition lost approximate- 
ly 74 percent of the moisture that 
had entered the soil. The range 
in good condition that had been 
properly grazed lost about 42 
percent. The wilting coefficient 
of these soils is about 4.5 per- 
cent. 

When storms covered less than 
one-third or one-fourth of either 
watershed, measured discharge 
from runoff was quite small. 
Coastal storms have usually con- 
tributed less than one-fourth of 

Table 3. Percent of moisture in fhc 
that supported range in different condition and intensifies of 
grazing, 1950. 

Runoff and Condition 

The International Boundary 
and Water Commission had 
maintained water stage re- 
corders since January 1931, at 
the mouth of Alamito and Ter- 

Date 
January 19 21.15 

February 2 26.44 
8 23.75 

18 23.92 
24 23.20 

April 7 15.22 

the annual rainfall. 
The recorded annual discharge 

in acre-feet per square mile of 
drainage on the Alamito and 
Terlingua Creek watersheds was 
computed from data taken from 
International Boundary and 
Water Commission Bulletins 
Nos. 2 through 21, 1933-1951, and 
is expressed in Figure 4. Low 
flows were based on meter meas- 
urements, and medium and high 
flows were a continuous record 
of gage heights and rating curve, 
the higher points of which were 
determined by meter measure- 
ment, computations by shifting 
channel methods. In analyzing 
this figure it should be kept in 
mind that a diversion dam was 
constructed across Calamity 
Creek and Chalk Draw into the 
Maravillas drainage. This re- 
duced the drainage area of Ter- 
lingua Creek by 219 square 

firsf 18 inches of clay loam soil 

Percent of moisture in the soil 
Good condition 

range - 
lightly used 

Poor condition 
range - 

heavily used 
21.51 
18.26 
16.93 
17.26 
13.59 
5.79 
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Table 4. Range condition by sites on ihe Alamito and Terlingua Creek Watershed. 

Alamito Creek 667,523 acres Terlingua Creek 684,800 acres ~ __ 
Range Condition Range Condition 

Site (Acres) (Acres) 

Excellent Good Fair Poor Excellent Good Fair Poor 

Overflow Draw 1,024 5,274 50,586 
Clay Loam Flat 1,152 73,308 152,245 
Loamy Upland 2,560 22,733 137,062 26,086 7,991 
Gravelly Loam 

Ridges 21,024 41,004 91,904 87,987 
Stony Loam Hills 10,358 17,075 563 13,727 115,657 67,407 
Lava Mesa 20,470 76,339 7,910 
Gravelly Outwash 46,412 14,649 
Lavas and Clays 92,607 122,418 
Calcareous Loam 

Mts. 24,791 

Total Acres by 
Range Condition 23,584 95,589 327,654 220,696 13,727 306,363 364,710 

Percent of Range 
in each Con- 

dition Class 3.53 14.32 49.09 33.06 2.00 44.74 53.26 

miles. In 1948 this diversion dam 
washed out and the runoff water 
from these two headwater drain- 
ages again flowed into Terlingua 
Creek. 

The average yearly amount of 
moisture to leave the Alamito 
Creek watershed by runoff 
would amount to less than one- 
fourth inch of the total annual 
rainfall over the watershed. The 
Terlingua Creek watershed lost 
on the average about one-half 
inch of the annual rainfall by 
runoff. 

In order to have a comparison 
of the range condition on each 
watershed, the author carried 
out a range site and condition 
survey in 1951, using the method 
developed by the Soil Conserva- 
tion Service. A large portion of 
the Alamito Creek watershed 
had been surveyed before that 
time for developing ranch con- 
servation plans. The Terlingua 
Creek watershed was not in an 
organized Soil Conservation Dis- 
trict until 1948. The range con- 
dition on Alamito Creek was 
checked in 1951. There were in- 
dications that the ranges were 
improving, but few of them had 
improved as much as one condi- 
tion class. Range improvement 
by natural plant succession in 
this area is, of course, slow. 

There were nine major range 
sites recognized on these water- 
sheds. Table 4 gives an acreage 
breakdown of range condition by 
sites on each watershed. 

Conclusions 

Runoff is increased in the 
Davis Mountain-Big Bend area 
as ranges deteriorate in range 
condition because the soil ab- 
sorbs moisture slower. A range 
site in good condition absorbs 
moisture five to six times faster 
than the same range site in poor 
condition. 

The loss of moisture by evap- 
oration from the first foot of soil 
is about three times greater on 
closely grazed, poor condition 
range than it is from the same 
sites in good condition that have 
been properly grazed. Moisture 
lost to evaporation can be just 
as serious as moisture lost by 
runoff, even though it is less 
noticeable. 

Moisture lost by runoff on 
Alamito and Terlingua Creek 
drainages is from general storms 
that yield more than .75 inches 
of moisture per storm and cover 
more than two-thirds of the 
watershed. Alamito Creek has 
lost, on the average, over the 25- 
year period, about one-fourth 

inch of the annual rainfall. Ter- 
lingua Creek lost about one-half 
inch of rainfall during the same 
period. However, it is question- 
able if the difference in runoff 
from these watersheds can be 
attributed altogether to the dif- 
ference in range condition, since 
comparable range does not oc- 
cur on each tiatershed in the 
same percentage. Although the 
soils are similar, there is a higher 
percentage of clay in the soils 
in three of the range sites found 
on Terlingua Creek. 

Runoff from the local thunder 
storms does not leave the water- 
shed even though it leaves the 
area on which the rains fall. 
This runoff is absorbed in the 
dry beds of the arroyos, and very 
seldom reaches the gaging sta- 
tions at the mouths of these 
drainages. 

A greater percentage of the 
annual precipitation in this sec- 
tion of Texas can be held where 
it falls by improving the condi- 
tion of the range. Local runoff 
can be reduced and production 
increased; yet, because of the 
rainfall pattern it is doubtful 
that the amount of water that 
leaves a watershed as large as 
these drainages can be reduced 
greatly by improving the condi- 
tion of the range. 
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The use of commercial fertil- 
izers on dryland ranges is a 
practical means of increasing 
forage production in many areas. 
Several investigators have 
studied the effects of fertilizers 
on forage production and chem- 
ical composition of the vegeta- 
tion. Relatively little is known, 
on the other hand, of the ecologi- 
cal and phenological effects. In 
this study a commercial fertil- 
izer (ammonium phosphate) was 
applied at 3 rates on a southern 
Arizona desert grassland range. 
The effects of this application on 
forage response, ecology, and 
growth characteristics of three 
native grasses were recorded. 

Numerous workers have re- 
ported that the influence of com- 
mercial fertilizers advanced the 
stage of range readiness several 
weeks (Dickey, Hoglund and 
Madson, 1948; Hoglund, Miller 
and Hafenrichter, 1952). Others 
observed an extension of the 
growing period (Johnsen, 1954; 
Freeman and Humphrey, 1956). 
Johnsen concluded that this pro- 
longation of the growing season 
was a typical nitrogen effect, 
i. e., that of delaying plant ma- 
turity. He also noted that the 
addition of ammonium phos- 
phate did not increase the num- 
ber of flowering stalks per plant 
and had no apparent effect on 
leaf length. He did observe an 
increase in leaf numbers. 

The seed setting characteris- 
tics of a grass influence its na- 
tural distribution, ease of estab- 

1 Approved for publication as Tech. 
Paper No. 475, Arizona Agricul- 
tural Experiment Station. 

lishment and usefulness in range 
improvement. Burton (1943) in 
studying some of the factors per- 
taining to seed set in southern 
grasses, found that commercial 
fertilizers had no significant ef- 
fect on the percentage of florets 
that set seed. He later noted that 
seed yields may be increased by 
moderate applications of nitro- 
gen (Burton, 1944). Retzer (1954) 
reported that range fertilization 
in conjunction with reseeding 
operations enhanced initial seed- 
ling survival and subsequent 
growth. 

Experimental Area 

The current study was con- 
ducted on the Vaca Ranch, lo- 
cated in San Rafael Valley, 
Santa Cruz County, in south- 
eastern Arizona.2 The experi- 
mental area, at 5,000 feet eleva- 
tion, is typical of high-potential 
semidesert grassland ranges in 
southern Arizona. Precipitation, 
most of which falls as rain dur- 
ing the summer and winter sea- 
sons, has averaged approximate- 
ly 18 inches per annum over the 
30-year period of record. High 
winds, high temperatures, and 
low humidity make evaporation 
rates excessive during the sum- 
mer growing season. Because of 
low temperatures which prevent 
much winter or early spring 
growth, most of the forage is pro- 
duced during the late spring and 
summer months. 

Soils of the area are derived 

2 Appreciation is expressed to Mr. 
Bud Gunterman, owner of t,he Vaca 
Ranch, for making the study area 
available and for applying the fer- 
tilizers. 

from Quaternary and Tertiary 
sands and gravels. The parent 
materials weather to form a 
heavy clay-loam surface with a 
compact subsoil. Soils on the 
study plots were slightly acid, 
and have been tentatively classi- 
fied as a Reddish Brown soil of 
the Whitehouse-Tumacacori ser- 
ies. 

Vegetation of the area is domi- 
nated by perennial grasses. Blue 
grama (Bouteloua gracizis), 
hairy grama (B. hirsuta), and 
sideoats grama (B. curtipendula) 
are the species most frequently 
encountered. Others found in 
significant quantities are pover- 
ty three-awn (Aristida divari- 
cata), curly mesquite (H&L&X 
belangeri), Rothrock grama 
(B. rothrockii) and Texas ti- 
mothy (Lycurus phleoides). Two 
species of annual forbs, wild 
daisy (Erigeron concinnus), and 
goldeneye (Viguiera annua) 
were abundant throughout the 
area at the time the study was 
made. 

The study site was a 40-acre 
livestock-exclusion pasture that 
had received aerial applications 
of ammonium phosphate fertil- 
izer in the early summer of 1956. 
This was applied in granular 
form at rates of 100, 250, and 500 
pounds per acre. The applica- 
tions were flown on in strips 33 
ft. wide and approximately one- 
eighth mile long. Due to ex- 
tremely deficient summer rain- 
fall, the fertilizer was not leach- 
ed into the ground until after the 
onset of the winter rains in De- 
cember 1956. 

Methods 

Each application rate was sam- 
pled by three randomly selected 
lOO-foot line transects. There 
was a total of 4 series of 3 tran- 
sects-one series in each appli- 
cation rate and one in an adja- 
cent unfertilized area. Five 
plants each of blue, hairy, and 
sideoats grama were located 
along each transect; the same 
plants were used throughout the 
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study. Species growth response 
to fertilization was evaluated by 
measurements of the studied 
plants taken at weekly intervals 

. throughout the 1957 spring and 
summer growing seasons. Meas- 
urements began when the old 
stems of each plant first greened 
up in the spring and ended when 
the plants completed setting 
seed and cured in the fall. The 
length of the three longest leaves 
and stems was measured on each 
plant. The time of initiation of 
growth, flower stalk emergence, 
flowering, and seed set was 
noted for each species studied on 
each transect. At the close of the 
summer growing s:ason, the 
number of stems per plant was 
counted. Clippings were made 
on ten randomly selected 9.6 
square-foot quadrats in each ap- 
plication rate and in the check 
area. These were oven-dried and 
weighed to determine total for- 
age production in pounds per 
acre. Seed fill per seed unit was 
determined by the method de- 
scribed by Wolff (1950). 

vigorous than those that were 
not fertilized, and although no 
count was made, it was evident 
that the fertilized plants were 
producing more leaves than the 
untreated controls. The same 
phenomenon was noted by John- 
sen (1954) who concluded that 
any increased production due to 
fertilization was the result of an 
increase in leaf numbers rather 
than in leaf length. 

ently rather inconsistent. A 
marked increase was noted at 
the low rate, a slight increase at 
the medium rate, and the great- 
est increase at the high rate. 
Sideoats grama responded only 
at the high rate, a slight decrease 4 
being recorded at the low and 
medium rates. 

Forage Production 

Stem Length 

Resulis 

Stem length of blue grama was 
increased by fertilization but in- 
versely to the amount of fertil- 
izer applied (Table 1). Although 
the increase was appreciable at 
all application rates, the re- 
sponse at the high rate was con- 
siderably less than at either the 
medium or low levels. Hairy 
grama increased its stem length 
at the low and high levels by 
about one-fourth, but showed no 
change at the medium level of 
treatment. Sideoats grama fol- 
lowed the same pattern as it did 
in leaf-length response; negative 
results were obtained under all 
levels of fertilization. 

Forage production as a re- 
sponse to fertilization proved to 
be erratic. Of the three species 
evaluated, only blue grama re- 
sponded rather consistently. Al- 
though increases were marked at 
all fertilization levels, more than 
400 percent increase was noted 
at the high rate. Hairy grama 
produced about twice as much 
forage at the low fertilization 
rate as on the check area, but 40 
percent less than the check at 
the medium rate, and only slight- 
ly more than the check on the 
high rate area. Sideoats grama 
showed slight increases at the 
low and high rates and a slight 
decrease at the medium rate, 
figures which were rather in- 
conclusive at all rates. 

Leaf Length 
The effect of all rates of fertil- 

izer application on leaf length 
was rather inconsistent (Table 
1). Blue grama responded with a 
slight increase; however, this 
was in inverse proportion to the 
rate of application. Hairy grama 
yielded longer leaf lengths than 
the controls only under the high 
level of fertilization. Sideoats 
grama, on the other hand, gave 
negative results under all three 
levels of treatment. It was noted 
that all species on the treated 
transects appeared to be more 

Number of Stems 

There was a general tendency 
for stem number to increase 
under fertilization. This effect 
was most marked with blue 
grama. Although significant in- 
creases were noted for blue 
grama at all application rates, 
the highest rates gave the great- 
est stem number increase; the 
lowest rate gave the least in- 
crease. Although stem numbers 
of hairy grama also increased 
under all application rates, the 
results were variable’ and appar- 

It will be noted that these two 
latter species gave little or no 
response under the medium level 
of fertilization for leaf length, 
stem length and number of stems 
per plant. This would account 
at least in part for the negative 
forage-production results. 

Forage produced by the three 
species combined was doubled at 
the low and medium fertilization 
rates and increased a little more 
than four times at the high rate. 
These results are in essential 
agreement with those of Free- 
man and Humphrey (1956) who 

Table L-Effect of ammonium phosphate on growth of range grasses. 

Fertilizer 
Application 

Rate 
Leaf Length 

70 change 
Stem Length 

% change 

Number of 
Stems 

% change 

Forage 
Production 
% change 

Seed Yield 
% change 

lbs./acre Bgr. 1 Bhi. Bcu. Bgr. Bhi. Bcu. Bgr. Bhi. Bcu. Bgr. Bhi. Bcu. Bgr. Bhi. Bcu. 
Low 100 +15 0 -14 +34 +22 -13 + 33 +37 - 4 +187 +llO +16 
Medium 250 

+36 +lO +26 
+11 0 -29 +30 0 -24 +106 + 5 -10 + 166 - 40 -21 + 6 -31 

High 400 +4 
+20 

+23 0 +19 +28 - 2 +166 +52 +50 +447 + 20 +23 - 7 -31 +24 
1 Bgr. = blue grama. Bhi. = hairy grama. Bcu. = sideoats grama. 
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noted an increase in total forage 
production at each fertilizer in- 
crement up to 400 pounds of 16- 
20 per acre. They agree only 
roughly with those of Johnsen 
(1954) who, although noting an 
increase under fertilization, did 
not record a rate of increase that 
was correlated with rate of fer- 
tilization. 

Seed Yield 

Seed yield of blue grama was 
increased by one-third at the low 
fertilization level. At the med- 
ium and high levels, seed yields 
were not markedly different 
from those of the check. Hairy 
grama seed production showed 
an insignificant 10 percent in- 
crease at the low level but a 31 
percent decrease at the medium 
and high levels. In contrast, 
sideoats grama produced ap- 
proximately one-fourth more 
seed under all fertilization levels 
than on the unfertilized check 
plots. These varied results are 
difficult to explain and should 
be verified by additional studies. 

Growth Period 
Initiation of spring growth was 

not affected by fertilization. 
Growth of the three perennial 
grasses studied began at about 
the same time on both fertilized 
and unfertilized plots. Range 
readiness and length of green- 
feed period of both blue and 
hairy grama, on the other hand, 
were affected at all fertilization 
levels. At the high fertilization 
level blue grama was ready to 
graze 6 weeks ahead of the check 
and cured 2 weeks ahead, thus 
lengthening the green-feed pe- 
riod by 4 weeks. At the medium 
level of treatment, range readi- 
ness was 4 weeks earlier, and the 
grasses cured 2 weeks before the 
check plants, thus extending the 
period of green feed by 2 weeks. 
The blue grama plants at the 
low fertilization rate were ready 
for grazing 4 weeks before the 
controls and cured at the same 
time, thus producing an addi- 
tional 4 weeks of green feed. 

Range readiness for hairy 

grama was advanced by 4 weeks 
at both the high and medium 
fertilization levels. These plants 
cured 2 weeks before the con- 
trols, lengthening the green-feed 
periods by 2 weeks. At the low 
level of fertilization hairy grama 
reached readiness 6 weeks before 
the unfertilized plants and cured 
at the same time, providing 6 
weeks additional green feed. 

Conversely, the date of range 
readiness for sideoats grama was 
not advanced by fertilization. On 
the other hand, the plants of this 
species cured 2 weeks earlier at 
the high and medium application 
rates than at the low level and 
unfertilized. High and medium 
level fertilization rates there- 
fore appear to have reduced the 
green-feed period of sideoats 
grama by 2 weeks. 

All three species began flow- 
ering at an earlier date on all 
fertilized plots than on the un- 
fertilized areas. Flowering was 
initiated first at the high fertil- 
ization level, next at the medium 
level and last at the low level. 
Despite the difference in time 
of initiation of flowering, the 
plants at the high fertilization 
rate and those that were not fer- 
tilized set seed at about the same 
time. At the time this seed had 
set, seed was in the process of 
forming on those plants fertil- 
ized at the low rate, while those 
at the intermediate rate were 
still flowering. 

Summary 
A study was made of the ef- 

fects of range fertilization on 
several growth characteristics of 
three native forage grasses in 
southern Arizona. Ammonium 
phosphate in granular form was 
applied at rates of 100, 250 and 
400 pounds per acre. The fertil- 
izer remained on top of the soil 
for approximately 6 months be- 
fore precipitation was adequate 
to leach it down. 

The growth response to this 
fertilization by blue, hairy and 
sideoats grama was extremely 
varied. 

There was no difference in the 
time of beginning growth on 
treated and untreated plots. Sub- 
sequent to growth initiation, 
however, grasses on the fertil- 
ized areas made more rapid 
growth than those that were not 
fertilized. The date of range 
readiness was advanced and 
length of the green-feed period 
was increased for blue and hairy 
grama under all levels of treat- 
ment. The green-feed period was 
lengthened from 2 to 4 weeks for 
blue grama, and 2 to 6 weeks for 
hairy grama. Range readiness of 
sideoats grama was not ;affected, 
and fertilization at the high and 
medium levels appeared to re- 
duce the green-feed period of 
this species by 2 weeks. 

All species on the fertilized 
areas initiated flowering earlier, 
and remained in the flowering 
stage longer than the untreated 
plants. All species at the high 
level of treatment set seed at 
the same time as those on the 
controls; they were followed by 
those on the low level and med- 
ium level of treatment respec- 
tively. With the exception of 
hairy and sideoats grama at the 
medium level of fertilization, all 
species increased total forage 
production over the controls 
under all levels of treatment. 

It appears that adequate pre- 
cipitation immediately f@llowing 
application of the fertilizer is es- 
sential to obtaining the optimum 
benefits from range fertilization. 
More work in this line is needed 
before any recommendations 
pertaining to such a range- 
improvement practice in south- 
ern Arizona can be proposed. 
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BOOK REVIEWS 
Edited by Lowell K. Halls, Forest Service, U. S. Department of Agriculture, New Orleans, Louisiana 

The Challenge of Our Wafer- 
sheds. Proceedings of the De- 
velopment Center on Water- 
shed Management for Asia and 
the Far East. Soil Conseruu- 
tion Society of India. Hazarri- 
bager, Bihar, India. 167 pages. 
1957. 

This is a collection of papers used 
for lectures at a watershed training 
conference sponsored jointly by the 
FAO and the Government of India 
during February and March 1957. 
Twenty-one foresters, agriculturists, 
and engineers from nine Far Eastern 
countries participated. Papers were 
contributed by 14 specialists in sub- 
jects related to watershed manage- 
ment. FAO Report No. 703 gave a 
brief summary of the material dis- 
cussed and the present volume gives 
the complete papers. 

The introductory chapter by K. 
S. V. Raman is an excellent account 
of the geographic, historic, and eco- 
nomic situations which have devel- 
oped into the present day challenge 
of our watersheds. Patterns of or- 
ganization to meet the challenge are 
discussed and the difference in the 
problems of Asia and the United 
States is emphasized. 

The next section on watershed be- 
havior and development includes 
four brief chapters. Of special in- 
terest is the consideration of multi- 
purpose management by A. devajda, 

which brings out relative advantages 
and disadvantages of upstream and 
downstream storage and their appli- 
cation to Indian conditions. The hy- 
drologic cycle is described in chap- 
ters by John H. Wetzel and Herbert 
C. Storey. A comparison of vegeta- 
tive and structural watershed im- 
provement measures is given by 
Wetzel in a chapter on engineering 
devices, which states that structural 
measures are not a substitute for 
vegetative control measures but a 
supplement used where assured pro- 
tection or control is required. 

Forests, grasslands, and arable 
lands in watershed management is 
the general topic of 10 chapters. 
Chapters on principles of plant eco- 
logy by Clark Holscher, grasslands 
in watershed management by H. C. 
Storey, and the grassland survey of 
India by P. M. Dabadghas, will in- 
terest rangemen. 

Watershed management research 
is discussed in seven chapters. A 
good discussion of the different pur- 
poses and methods for pilot water- 
sheds is given by John Blackmore. 
That chapter and one by John Wet- 
zel on research on effects of a water- 
shed program are recommended to 
anyone concerned with watershed 
action projects. Watershed techni- 
cians will find methods of hydrologic 
analysis and floor forecasting in use 
in India described in chapters by 
P. R. Ahuja. 

Project planning and operations is 

the topic of another section of four 
chapters. Papers by Wetzel and 
Blackmore should be helpful to those 
concerned with watershed programs. 
Blackmore, in discussing economic 
considerations, describes alternatives 
to cost-benefit analysis pointing out 
that every day Governments make 
decisions on such questions as 
whether to construct schools, air- 
craft carriers, or public health cen- 
ters, even though there is no way to 
accurately measure the value of their 
benefits. For decision making as to 
particular kinds of resource develop- 
ment activities there is no alterna- 
tive to socio-political negotiations be- 
tween groups with differing in- 
terests. If such decisions were all 
made in accordance with presently 
used cost-benefit ratio techniques, 
the world would not have Coulee 
Dam, the TVA, nor any of the land 
reclamation since the sixteenth cen- 
tury in the Netherlands. 

The last section has education and 
participation of local people for its 
topic. Here again is much that is 
valuable for those planning or en- 
gaged in watershed projects. This 
comment can be applied to the en- 
tire volume which is the best gen- 
eral source of information now avail- 
able to guide the planning and pro- 
motion of watershed projects. 

The Soil Conservation Society of 
India is commended for publishing 
these papers.-Marvin D. Hoover, 
U. S. Forest Service, Ft. Collins, 
Colorado. 
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good discussion of the different pur- 
poses and methods for pilot water- 
sheds is given by John Blackmore. 
That chapter and one by John Wet- 
zel on research on effects of a water- 
shed program are recommended to 
anyone concerned with watershed 
action projects. Watershed techni- 
cians will find methods of hydrologic 
analysis and floor forecasting in use 
in India described in chapters by 
P. R. Ahuja. 

Project planning and operations is 

the topic of another section of four 
chapters. Papers by Wetzel and 
Blackmore should be helpful to those 
concerned with watershed programs. 
Blackmore, in discussing economic 
considerations, describes alternatives 
to cost-benefit analysis pointing out 
that every day Governments make 
decisions on such questions as 
whether to construct schools, air- 
craft carriers, or public health cen- 
ters, even though there is no way to 
accurately measure the value of their 
benefits. For decision making as to 
particular kinds of resource develop- 
ment activities there is no alterna- 
tive to socio-political negotiations be- 
tween groups with differing in- 
terests. If such decisions were all 
made in accordance with presently 
used cost-benefit ratio techniques, 
the world would not have Coulee 
Dam, the TVA, nor any of the land 
reclamation since the sixteenth cen- 
tury in the Netherlands. 

The last section has education and 
participation of local people for its 
topic. Here again is much that is 
valuable for those planning or en- 
gaged in watershed projects. This 
comment can be applied to the en- 
tire volume which is the best gen- 
eral source of information now avail- 
able to guide the planning and pro- 
motion of watershed projects. 

The Soil Conservation Society of 
India is commended for publishing 
these papers.-Marvin D. Hoover, 
U. S. Forest Service, Ft. Collins, 
Colorado. 
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Conservation of Natural Re- 
sources. Edited by Guy-Harold 
Smith (second edition). John 
Wiley and Sons, Inc., New 
York, A? Y. 474 pages. 1958. 
$8.50 

The conservation of our Nation’s 
two billion acres of land and related 
plant, water, mineral, and human 
resources is the thesis of this excel- 
lent revised edition. Developed by 
nineteen authorities the book gives 
a constructive appraisal of present 
conditions, policies, needs, methods, 
and accomplishments of conservation 
in the United States. 

Added features include a new 
chapter on “Economics and Conser- 
vation” and up-to-date illustrations. 
Five sections have been completely 
rewritten. 

There are 23 informative chapters 
developed under eight major sub- 
divisions as follows: History and 
Development of Conservation; Soil 
Resources and Soil, Water and Plant 
Conservation; Forest Resources and 
Conservation; Water Resources, 
Their Use and Management and 
Flood Control; Mineral Resources; 
Wildlife Conservation; Recreation 
and Human Conservation; and Na- 
tional, State and Local Planning for 
Conservation of Natural Resources. 

This book is prepared generally 
for college students who will lead 
in scientific and policy making re- 
sponsibilities of the future. However, 
it will be of vast interest to those 
of all ages and occupations because 
conservation of the Nation’s re- 
sources is the responsibility of every 
citizen and organization. 

The editor says that everyone 
needs enthusiasm and understanding 
of the essential nature of resources 
and the measures necessary to save 
from wasteful destruction our na- 
tional heritage. The future educa- 
tional leaders who are receiving their 
training in colleges, universities and 
soil conservation districts have an 
opportunity to pass along to a new 
generation the knowledge and un- 
derstanding of the resource situation 
as it affects the welfare of the people 
and the nation. 

Appearance of this new book is 
timely in light of the national query 
as to the adequacy of the natural re- 
sources to which we have ready ac- 
cess. There is no reason why this 
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universal interest will dwindle in the 
immediate future because of the pop- 
ulation explosion in the U. S., which 
is creating an enlarged demand on 
natural resources. 

Throughout its history, the U. S. 
has not only replaced its population, 
but increased it. During the past 
century, the American population in- 
creased more than six times, while 
world population only doubled. 
China’s population is enlarging faster 
than ours, but U. S. population is 
going up faster than Russia’s. 

Several chapters deal with Amer- 
ica’s strategic water problem and 
make it clear that this resource is 
rapidly becoming the dominant and 
limiting factor in agricultural and 
industrial development. This means 
that the conservation programs of 
the future will be directed more and 
more toward efficient use of water, 
toward maximum storage of water, 
and toward development and protec- 
tion of every possible source of wa- 
ter supply, for all uses. It has been 
estimated that by 1980 our total con- 
sumption of water will have reached 
597 billion gallons per day-more 
than double the 1955 rate. More than 
1,000 communities have had to ration 
water in the past five years. 

Throughout the book the writers 
have employed description and illus- 
tration in a way to promote clear 
understanding of conservation of 
natural resources in the United 
States.-B. W. Allred, Soil Conser- 
vation Service, Washington, D. C. 

Quantitative Plant Ecology. By 
P. Greig-Smith. Academic 
Press Inc., New York, and But- 
terworths Scientific Publica- 
tions, London. 198 pages. 1957. 
$6.00. 

For range men contemplating or 
engaged in research on methods or 
techniques, Quantitative Plant Eco- 
logy is without peer. It is an out- 
standing reference book for all who 
are interested in the quantitative ap- 
proach to plant ecology. 

This book is not one to be picked 
up and read casually. The author 
who is Lecturer in Botany at the 
University of North Wales, assumes 
that the reader has a basic knowl- 

edge of statistical methods and eco- 
logical concepts. But those who do 
not have this training can obtain 
much useful information from study- 
ing this book carefully. 

The first chapter deals with the 
different methods used in quantita- 
tively describing vegetation such as 
frequency, density, percentage of 
area covered (cover), basal area, and 
yield. It also discusses the relation 
of random and nonrandom conta- 
gious plant distributions to fre- 
quency. 

Chapter 2 is concerned with samp- 
ling methods from the view of posi- 
tion and number of samples and 
with comparisons of different sets 
of observations. This important chap- 
ter aptly discusses the role of sample 
placement in a systematic manner, 
at random, or by some combination 
of these schemes; the consequences 
of selection of a particular sampling 
scheme are little understood by 
many research workers. 

Chapter 3 discusses the signifi- 
cance of pattern, which is the depar- 
ture from a random distribution of 
the individuals within ‘the commun- 
ity. Various tests for nonrandom dis- 
tribution and techniques of analyzing 
pattern are reviewed. The detection 
of pattern in a vegetation stand has 
value in describing that stand and, 
more important, may point to fac- 
tors that determine the survival of 
individuals and control stand com- 
position. 

The relation between the patterns 
of different plant species is discussed 
in Chapter 4. The correlation of veg- 
etation with habitat factors is dealt 
with in Chapter 5. Since data from 
measurements of plant or environ- 
mental factors may be either quali- 
tative or quantitative, the various 
combinations of these measures are 
discussed. 

Chapter 6 is concerned with the 
characterization and comparison of 
plant communities. The discussion 
then turns to the problem of classi- 
fying units of vegetation. In this 
chapter the author reviews the con- 
cept of the community as a unit or 
organism and the idea of a vegetation 
continuum. 

The final chapter is devoted to dis- 
cussion of the contribution made by 
the quantitative approach to plant 
ecology. It points out that the study 
of vegetation pattern shows promise 
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of a more definite assessment of logical data and of the area occupied limitations of the quantitative ap- 
some of the theoretical conceptions by species and some valuable tables, preach. This book should be ex- 
advanced by plant ecologists than which are not readily available else- tremely valuable to many techni- 
has yet been achieved. where. cians in range and pasture research. 

Two brief appendices include dis- The author has excelled in point- -Meredith J. Morris, U. S. Forest 
cussions of the analysis of meteoro- ing out both the advantages and the Service, Ogden, Utah. 
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SOCIETY BUSINESS 

Sampson Receives AFA’s Con- 
servation Award and Ecological 

Society’s Eminent Ecologist 
Award 

Release from dhe AFA: 
DR. ARTHUR WILLIAM SAMPSON, 

Emeritus Professor of Forestry, Uni- 
versity of California, was the re- 
cipient of the American Forestry 
Association’s Distinguished Service 
Award in the field of education, on 
October 29, 1958, at the association’s 
annual meeting in Tucson, Arizona. 

DR. SAMPSON is regarded as the 
father of our present-day science of 
range management. His more than 
fifty years of contributions in the 
field of range and pasture manage- 
ment, and forest and range ecology, 
as well as in education and public 
service, are internationally recog- 
nized. He has provided and continues 
to provide interested men with the 
basic principles of range and pas- 
ture management, enabling them to 
perform the needed job of conserva- 
tion. His standards for both quality 
and quantity of work were extreme- 
ly high for himself as well as his 
students. Although DR. SAMPSON has 
retired from teaching, he is still 
active professionally in his chosen 
field. 

DR. SAMPSON’S philosophies have 
had a profound and lasting influence 
on the management and conservation 
of our vitally important forest and 
range resources. Most of the range 
management principles in use today 
are the result of his research findings 
and experience. Because of his re- 
search contributions to forest and 
range ecology, the sound training he 
gave countless graduates of the Uni- 
versity of California, and the wide- 
spread leadership he has provided, 
DR. SAMPSON is considered more re- 
sponsible than any other individual 
for the progress made in range con- 
servation in this country. 

He was the first person in this 
country, if not the world, to employ 
scientific ecological research meth- 

ARTHUR W. SAMPSON 

The Eminent Ecologist Award is 
given annually to a retired member 
of the Ecological Society of America 
who is a distinguished ecologist and 
who has not been president of the 
Society. DR. SAMPSON is the fifth 
recipient of the award. 

The citation briefly outlines DR. 
SAMPSON’S career, his contributions 
to the science of range ecology, and 
cites a number of his more than 200 
publications. The citation states in 
part: “Drawing upon his field studies 
and intimate knowledge of the vege- 
tation in the Wasatch Mountains in 
Utah and the Blue Mountains in 
Oregon, DR. SAMPSON has made sig- 
nificant contributions to our under- 
standing of range ecology. His ef- 
forts at bringing the findings of re- 
search to bear fruit in solving prac- 
tical problems are particularly note- 
worthy.” 

ods in the solution of land manage- 
ment problems; and he established 
and became director of the first ex- 
periment station in this country de- 
voted primarily to range problems. 

His studies, initiated on the Wal- 
lowa National Forest, Oregon, in 
1908, formed the basis of the deferred 
and rotation systems of range live- 
stock management. DR. SAMPSON was 
also a pioneer in artificial range re- 
seeding, in the scientific study of 
native range plants, and in pointing 
out the importance of indicator 
plants and of plant succession in 
connection with the proper manage- 
ment of western range and range 
livestock. 

In the midst of his teaching and 
research activities, DR. SAMPSON has 
found time to write numerous tech- 
nical bulletins and articles for scien- 
tific journals. He is also the author 
of four college textbooks. 

Eminent Ecologist Award 
DR. A. W. SAMPSON was announced 

as the 1958 recipient of the Eminent 
Ecologist Award of the Ecological 
Society of America in the Society’s 
Bulletin for December 1958. 

Plaque awarded to DR. A. W. SAMPSON 
by the American Forestry Association at 
the association’s annual meeting, Tucson, 
Ariz., October 29, 1958. 

“Rush to the Rockies” and the Summer Meeting of the American 
Society of Range Management, Gunnison, Colorado, July 31-August 1 9 
1959. 
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WITH THE SECTIONS 

ARIZONA 

Officers of the Arizona Section for 
1959 are: Chairman: EARL E. HOR- 
RELL, Globe; Vice Chairman: THEO 
MOELLER, Phoenix; Councilman, 
North: WARREN D. BROUGH, Phoenix; 
Councilman, South: FRED T. BOICE, 
Arivaca; Secretary-Treasurer: ROB- 
ERT G. BOICE, Globe; Hold- over 
Council: MILTON SECHRIST, Phoenix, 
and ROBERT V. BOYLE, Phoenix; Hon- 
orary Councilmen: JOHN SMALL- 
HOUSE, Tucson, and WAYNE KESSLER, 
Phoenix. 

The 9th Annual Winter Meeiing of 
the Section at Nogales, Arizona, and 
Nogales, Sonora, was called the best 
yet by many Section “oldtimers”. 
Attendance at the Nogales meeting 
totaled over 150. CLARK MARTIN and 
WALTER ARMER were in charge of the 
program and local arrangements. At 
the close of the meeting National Di- 
rector JIM FINLEY presented outgo- 
ing Section Chairman WAYNE KESS- 
LER with a Society pin. 

Dates for the 1959 summer Section 
meeting have not yet been set, but 
the Kingman area has tentatively 
been selected as the probable site 
for the meeting.-Wayne Kessler. 

COLORADO 

Th Colorado Section was a co- 
sponsor of Forester’s Day, held at 
Colorado State University, February 
20-21, 1959. Other sponsoring or- 
ganizations were the Society of 
American Foresters, Wildlife Society, 
Forest Products Research Society, 
and the CSU Forestry Club. Theme 
of the two-day meeting was “Train- 
ing needs and trends in resource 
management.” 

The Section helped pay the ex- 
penses of the CSU plant identifica- 
tion team in the national contest at 
Tulsa. 

As of January 15 the Section had 
246 members, including 26 student 

members and one life member. The 
membership goal for 1959 is: each 
member recruit one new member. 

The Board of Directors of the So- 
ciety will meet with the Colorado 
Section this summer at the regular 
summer Section meeting. - R. J. 
Greffenius. 

NATIONAL CAPITOL 
Officers of the National Capitol 

section for 1959 were installed at the 
annual Section business meeting, 
January 6, 1959. The 1959 officers 
are: Chairman: KENNETH W. PARKER, 
Forest Service; lsd Vice Chairman: 
ROBERT W. HARRIS, Forest Service; 
2nd Vice Chairman: EVAN L. FLORY, 
Bureau of Indian Affairs; Secretary- 
Treasurer: JANE ROLLER, Forest Serv- 
ice; Council Members: MASON A. 
HEIN, WESLEY KELLER, and C. A. JOY. 
-R. W. Harris. 

SOUTHERN 
The Southern Section had a total 

of 79 members on January 15, 1959, 
a 13 percent increase over last year. 
A goal of 100 members by the end of 
1959 has been set. Efforts to get a 
meeting of the National Society at 
New Orleans are being continued 
with LOWELL HALLS as Chairman of 
the committee working on this mat- 
ter. 

BOB WILLIAMS is chairman of the 
program committee, and arrange- 
ments are being made for the annual 
meeting to be held somewhere in 
Louisiana. Special projetit commit- 
tees now active include the Bibli- 
ography on Southern Ranges com- 
mittee, the committee on Nutritional 
Phases of Southern Range Forage, 
and the committee on Survey of 
Southern Range and Pasture Re- 
search.-Hurlon Ray. 

TEXAS 
Officers of the Texas Section for 

1959 are: Chairman: GERALD W. 

THOMAS; Vice Chairman: MARION E. 
EVERHART; Secretary-Treasurer: JOE 
B. NORRIS; Directors: JACK FLETCHER, 
JOHN D. LANDERS, LEO B. MERRILL, 
CARLOS GROTE, and C. A. RECHENTHIN. 

A preliminary report from the 
Chairman of the Program Commit- 
tee, MARION E. EVERHART, indicates 
that a number of meetings well dis- 
tributed over the state are planned 
for 1959, so that every member of the 
Section will be able to attend at 
least one meeting during the year. 

JOHN HUNTER, Texas Tech, Lub- 
bock, has been appointed newsletter 
Chairman for 1959. He will be as- 
sisted by FRANCIS CHURCHILL, R. B. 
DOOLEY, AL WILHITE, DON Huss, and 
DEAN ISAAcS.-JoAnn Fletcher. 

WYOMING 

The 1959 Scholarship award from 
the Wyoming Range Management 
Fund was given to JERRY WAITMAN 
of Wheatland, Wyoming, candidate 
for the M. S. degree at the Univer- 
sity of Wyoming. The Scholarship 
Fund was established by the Wyo- 
ming Section in 1953. Four scholar- 
ship awards have been made since 
the fund was established. 

MORTON MAY, now working for the 
Forest Service, was the first recipi- 
ent. ROBERT ADAMS, now with BLM, 
was the second recipient, and RICH- 
ARD ARO, now with-the Indian Serv- 
ice, was the third. 

Support for the Scholarship Fund 
comes from the dues rebates for So- 
ciety members, from student activi- 
ties on the Wyoming campus, and 
from individual contributions. On 
December 12, 1958, a raffle for two 
original oil paintings was held to 
raise additional money for the fund. 
Winners of the original oil paintings 
were FRANK RAUZI and CHET WIL- 
LIAMS. The raffle raised $30.50 for 
the Scholarship Fund.-A. A. Beetle. 

The Colorado Section boys say, “The big ones are’ waiting!” Bring 
your fis,hing gear to the Summer Meeting at Gunnison, Colorado, July 31- 
August 1, 1959. 

97 



NEWS AND NOTES 

Good Attendance at Tulsa 
Meeting 

Registered attendance at the 
Twelfth Annual Meeting of the 
American Society of Range Manage- 
ment at Tulsa, Oklahoma, January 
27-31, 1959, totaled 408 with 38 states 
and 8 foreign countries represented. 

Total membership in the Society 
reached an all-time high on Janu- 
ary 15, 1959, with 3,508 on the Secre- 
tary’s records. There was a net gain 
of 226 members in 1958. 

The Mexico Section made the larg- 
est percent gain in members in 1958, 
showing 111 percent increase in 
membership during the year. The 
Pacific Northwest Section and Texas 
Section also showed outstanding 
progress with gains of 67 and 34 per- 
cent, respectively. The Texas Sec- 
tion is the largest with 339 members, 
followed closely by Arizona with 335 
members, and the Pacific Northwest 
with 317 members. 

Fifth Range Plant Booklet Issued 
Section 5 of the Phillips Petroleum 

Company’s series on pasture and 
range plants has recently been is- 
sued. The fifth booklet is entitled, 
“Introduced Grasses and Legumes.” 
Twenty-eight introduced grasses and 
legumes are described and illustrated 
with excellent colored plates in the 
booklet. 

The series of six booklets, when 
complete, will include plates and 
descriptions of 148 grasses, forbs, and 
poisonous plants of the range and 
pasture lands of the western and 
central states. Information concern- 
ing the publications may be obtained 
from the Phillips Petroleum Com- 
pany, 466 Adams Building, Bartles- 
ville, Oklahoma. 

New Forestry Publication 
The Society of American Foresters 

is establishing a new serial publica- 
tion to be known as Forest Science 
Monographs. The new journal will 
publish articles of 32 printed pages 
or longer (approximately 20,000 

words or about 65 pages of double- 
spaced typescript). The Monographs 
will be published quarterly. 

Costs of publishing these longer 
and more comprehensive articles 
will be born by each author or his 
sponsoring agency or organization. 
The Society will contribute editorial 
services. Inquiries about Forest 
Science Monographs should be ad- 
dressed to the Society of American 
Foresters, 425 Mills Building, Wash- 
ington 6, D. C. 

8th International Grassland 
Congress in 1960 

The 8th International Grassland 
Congress will be held July 11-21, 
1960, at Reading, England. At the 
Congress papers will be presented by 
leading world authorities on all as- 
pects of grassland husbandry. Pre- 
Congress tours of grassland areas 
and research institutes in Great 
Britain are being planned. A special 
invitation has been extended to 
members of the American Society of 
Range Management to attend the 
Congress. 

Persons desiring further informa- 
tion about the Congress should write 
to: The Secretary, 8th International 
Grassland Congress, Reading, Berk- 
shire, England. 

Goode11 to Watershed Research 
in Colorado 

BERTRAM C. GOODELL, research for- 
ester of the Rocky Mountain Forest 
and Range Experiment Station, is 
undertaking special duties in water- 
shed management research. In his 
new position GOODELL will give spe- 
cial attention to fundamental studies 
of watershed vegetation and stream- 
flow. In carrying out these activities, 
GOODELL will cooperate with the new 
Watershed Management Unit at Col- 
orado State University, headed up by 
DR. ROBERT E. DILS. GOODELL will co- 
operate in directing graduate stu- 
dents in the selection and conduct 
of basic research in the watershed 
management field. 
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GOODELL has had 17 years’ experi- 
ence in watershed management re- 
search. For the past 10 years he has 
led watershed investigations on the 
Fraser Experimental Forest near 
Fraser, Colorado. His research has 
shown how to convert more of the 
winter snow to useful streamflow, 
and a large scale pilot test has con- 
firmed these results. Previously he 
worked in Utah and in several east- 
ern states. 

New Range Management 
Curriculum in Arkansas 

The University of Arkansas’ Col- 
lege of Agriculture has initiated a 
new curriculum in range manage- 
ment in the Agronomy Department. 
Special problems in range manage- 
ment in Arkansas include the im- 
provement of ranges through the 
suppression of woody growth. Areas 
now supporting only non-merchant- 
able timber can support increased 
numbers of wildlife and domestic 
animals through the application of 
good range management practices. 
In establishing the curriculum in 
range management a new field of 
study is being opened to students in 
agriculture at the University. 

The range management major is 
designed to provide training for stu- 
dents interested in employment with 
government agencies concerned with 
improvement of southern ranges, 
with corporations holding large for- 
estry tracts on which the grazing of 
livestock is practiced, and for local 
owners of farms who depend on the 
range to broaden their base of op-. 
eration. 

In addition to most of the courses 
required in General Agriculture, ad- 
vanced courses in Animal Husband- 
ry, Botany, and Agronomy offer the 
theory and practice of pasture and 
range management, identification 
and distribution of desirable forage 
plants, breeds and nutrition of live- 
stock, and the control of undesirable 
weeds and brush. 
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