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Research Needs on Western Rangelands 

J. 0. KLEMMEDSON, REX D. PIEPER, DON D. DWYER, 
WALTER F. MUEGGLER, AND M. J. TRLICA 

Highlight: A brief history of rangelands leading to the current 
status of range research in the western United States is reviewed. 

Better range management, based on findings of range research 
and recognition of how multiple resources can be used more 

F’ive categories of new or mre=lVd problems needing research 
are identified. Ranked by priority, the five are: (1) dynamics of 

compatibly, has brought this about. The more moist, forested 

individual plants and plant communities; (2) identification, classi- 
ranges have improved the most, but improvement on most 

fication, and inventory of range ecosystems; (3) improvement of 
rangelands has not achieved the expected stability and full 

rangelands for increased productivity and stability; (4) short- and 
productivity. The current rate of range improvement and the 

long-term grazing impacts; and (5) influence of economic, social, present status of range management do not reflect our current 

and political constraints on management of range resources. state of knowledge. Economic, social, and political constraints 

Recommendations are made for some redirection of current are often a deterrent to full application of what is presently 
research and for organizing, administering, and coordinating known. 
research activities. There are compelling reasons to use and care for western 

rangelands in a manner that insures their highest contribution to 

About 70% of the western states consists of rangeland, where 
climate, soils, physiography, or economics restricts develop- 
ment for intensive agriculture. The characteristic vegetation is 
herbaceous or shrubby, often with a tree overstory. In the more 
moist portions of this region, rangeland overlaps with forest on 
50 to 75 million acres, the exact acreage depending on criteria 
used to define forest. Here, competition for the various uses 
becomes intense and the value of forage for livestock is often 
secondary to other uses. Competing demands for land are fewer 
in more arid, nonforested portions of the region where weather 
is more variable, primary productivity lower and more erratic, 
and negative impacts from inappropriate land use more appar- 
ent. Since settlement by European man, nonforested rangelands 
have been valued most for livestock grazing-perhaps their 
highest economic use. Historically, improper grazing practices 
have caused public controversy on both forested and non- 
forested rangeland; and because of overgrazing, often combined 
with periods of drought, much deterioration of rangeland 
resources has resulted. 

Significant improvement in range condition has been 
achieved since passage of the Taylor Grazing Act in 1934. 

the-public good. During the early 1960’s, when increasing 
emphasis was placed on feedlot production of cattle and sheep, 
the contribution of the western range to livestock production 
diminished in importance in the eyes of agricultural policy- 
makers. As a result, federal appropriations for the traditional 
areas in management and research on ranges have declined 
steadily over the past decade and a half. But the relative 
importance of range and pasture forages in livestock production 
increased sharply in 1972-1974 with worldwide food shortages 
and high prices of grain. This trend can be expected to continue; 
it would not be prudent to view the abundance of grain we have 
experienced in 1977 as more than a temporary pause in the 
continuing worldwide food crisis. Thus, the demand for U.S. 
grain in the international market and the importance of grain as 
foreign exchange to balance payments for needed imports of oil 
and other scarce items will grow. As a result, the price of grain 
will increase to levels where it is less feasible economically to 
finish livestock on high grain rations to the extent practiced in 
the past. It is now becoming more economical to substitute 
roughages for feed grains. Additionally, the present grading 
system of meat does not encourage feeding cattle to a high 
finish. 

This paper has been adapted from a report of a Western Regional Task Force, RP 2.06, 
Rangelands always have been important for breeding herds 

titled, “Range, Wildlife Habitat and Fisheries: Research Needs and Priorities.” It is a 
contrtbution of the Regional and National Agricultural Research Planning System. 

that produce feeder lambs and calves for fattening and finishing 

Although organized under the Forest Resource Research Program Group, the Task Force on high grain rations. But with a higher cost of grain and the 
feels its recommendations are broad and apply to all western rangelands. willingness of consumers to purchase meat with less finish in 

The authors are the Task Force Chairman and members of the range sub-task force. They 
are professor, School of Renewable Natural Resources, University of Arizona, Tucson 

favor of lower prices, the demand for pasture and range forage 
85721; professor, Department of Animal and Range Sciences, New Mexico State will increase. In turn, this trend should enhance the value of 
University, Las Cruces 88003; professor and head, Department of Range Science, Utah 
State University, Logan 84322; principal range ecologist, Intermountain Forest and Range western rangeland for the production of red meat. However, 
Experiment Station, Logan, Utah 8432 I ; and associate professor, Department of Range 
Science, Colorado State University, Fort Collins 8052 1. 

funding for traditional areas of management and research on 

The authors gratefully acknowledge the assistance of many colleagues who contributed 
rangeland has not caught up with the increasing demands for 

with their ideas in discussions with the authors prior to convening the Task Force. 
Although this body of personal knowledge and current CRIS reports were important 

range resources. 

information sources to the range sub-task force, this paper represents the combined Simultaneously, pressure by nonconsumptive users and for- 
thinking of the authors and they accept full responsibility for its conclusions. 

Manuscript received August 8, 1977. 
merly nontraditional users of forests and rangelands have been 
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increasing. Environmentalists and various recreationist groups 
are showing more concern for rangelands and are demanding 
better management and a voice in the decision-making process 
governing land use. The strength of these groups is manifested 
by the impact of recent court decisions favoring the plaintiffs. 
Examples are lawsuits of the Natural Resources Defense Coun- 
cil vs BLM contesting management of grazing lands and the 
Isaac Walton League vs Butz over timber harvesting practices 
on the National Forest System. 

The situation is clear. Research and management of western 
rangelands have been inadequate and lacking in balance for too 
long; moreover, many resource values have been neglected in 
past research efforts. Thus, we find ourselves doing too much 
piecemeal management or management for one or a few 
traditional uses and essentially no management for other range 
resources. We also lack adequate data to deal with the current 
issue of the impact of range use on environmental values. There 
is a clear mandate for immediate solutions to these long- 
standing problems. But the proper solutions will come only with 
concerted and aggressive action by professionals trained in the 
sciences of natural resource management backed by vigorous 
and progressive research programs. Otherwise, the range will 
be managed by default and as dictated by emotion, politics, and 
irrelevant issues. 

Criteria for Identifying 
Research Needs and Priorities 

The primary mission for this sub-task force was to identify 
new and unresolved problems of rangelands. We comment only 
briefly on active research programs. Failure to enforce the 
strong aspects of current range research should not be in- 
terpreted as criticism of current research direction. 

Our selection of range problems currently in need of research 
and the priorities of allocating research resources to the solution 
of these problems was based on the following criteria. Each 
criterion was given approximately equal weight in assignment 
of priorities. 

1. Social Demands and Political Constraints 
Much has happened in the past two decades, both nationally 

and internationally, to alter the needs and demands of society for 
the resources of western rangelands. The world demand for food 
and a diminishing amount of cropland in the United States have 
caused an increase in the importance of rangelands for produc- 
tion of red meat. The priority of land uses is changing. Citizen 
groups are vigorously expressing their concerns over land 
management and are now an important force in the decision- 
making process. New political constraints in response to 
changes in land-use and environmental concerns now make it 
necessary to evaluate the impact of management decisions on a 
variety of on- and off-site resources. 

2. Present State of Knowledge 
In this evaluation we have stressed research needs not 

adequately covered by existing research programs. If infor- 
mation needed for solution of a problem is already available, or 
is currently being sought by a substantial research effort, that 
problem was deleted or given low priority for initiation of new 
research. Task Force members feel many management prob- 
lems remain unsolved for which there exists the basic know- 
ledge necessary for solutions. 

3. Probability of Success 
Despite the substantial benefits that might result from solu- 

tion of a particular resource problem, achievement of these 

benefits is unlikely if the probability for solution of the problem 
is poor. Research on some complex problems is not feasible 
because of obvious constraints on funding, scientific talent, or 
lack of suitable technology and methodology. 

4. Likelihood of Extensive and Immediate Use of Results 
Sufficient funds are never available to work on all problems 

needing research. Therefore, it is important to focus attention on 
research essential for the solution of major problems. But it is 
even more important that unresolvable constraints do not 
prevent application and extensive use of the new research 
findings once they are available. 

5. Logical Sequence of Scientific Inquiry 
The solution to many research problems logically will be 

found by a sequential pattern of research. In the selection of 
problems needing research, it is important to consider the 
orderly acquisition of information. 

Research Needs 

In our evaluation of new research needs on western range- 
lands, we have delineated five broad problem categories. We 
consider these the most pressing current problem areas. Each 
major problem is briefly described, the general research ob- 
jectives related to the problem outlined, and approaches to 
problem solutions suggested. 

Problem Category I: Identifwation, Classi+tion, and Inventory 
Range Ecosystems 

No system of range identification and classification is 
currently applicable and consistent over broad areas of the range 
region. Systems currently in use vary among geographic regions 
and agencies responsible for the lands. Some systems axe based 
on an identification of both site potential and range condition, 
while others neglect an evaluation of site potential altogether. 
The resulting array of systems seriously restricts the usefulness 
and application of knowledge acquired through research and 
experience. Land managers need information on range con- 
dition in relation to capability of sites to produce forage and 
sustain various uses. An identification and classification system 
with regional or national acceptance and application is urgently 
needed. This would provide a common base upon which to 
inventory range sites, to evaluate range condition, to accumu- 
late and build management experience, to assess environmental 
impacts, to extrapolate research results, and to plan manage- 
ment and improvements. 

A uniform system for identification and classification of 
rangeland would provide a framework for all future research and 
management; it would be useful to land-use planners, man- 
agers, and researchers. The system should provide improved 
information for better allocation of resources among various 
users. 

Objectives: 

(1) Develop a uniform regional or national system for 
evaluating and classifying site potential, condition, and trend 
of range sites. 
(2) Determine capabilities 
alternative land uses. 

of classification units to support 

(3) Use output of (1) and (2) to allocate and integrate 
resource use and values for social needs. 

(4) Determine the functional relationship 
tial and environmental factors. 

between site poten- 
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Any applicable research approach should be pursued, in- 
cluding those successfully used in development of habitat-type 
classifications, the system for identification and classification 
of soils in the United States, and the soil-vegetation survey of 
California. Identification and classification of site potential 
presumably should be based on an integration of data for 
vegetation, soil, climate, geology, landform, topography, and 
other resources combined to yield a distinctive unit for each 
range site. 

Problem Category II: Dynamics of Individual Plants and Plunt 
Communities 

Rangeland ecosystems are extremely complex, exist over a 
broad range of environments, and are usually characterized by 
severe stresses. Physical stresses such as extremes of tempera- 
ture, precipitation, soil moisture and nutrients, and biological 
stresses such as competition, disease, and herbivory all limit 
productivity. Moreover, ecosystems become vulnerable during 
periods of stress. Deterioration often ensues if stress conditions 
are not alleviated or allowed for through adjustments in manage- 
ment. Relatively little is known about ecosystem response to 
stress conditions and the mechanisms that produce ecosystem 
change. We often do not know how individual species respond 
to various stresses, especially grazing; hence, we are unable to 
explain community dynamics related to stress. Knowledge of 
basic physiologic and morphologic mechanisms of species 
causing changes in ecosystems is usually lacking. Managers 
need this knowledge to predict changes in plant communities 
and to devise prescriptions geared to specific stress conditions. 

Objectives: 
(I) Describe and explain mechanisms of interactions among 
plants, animals, soils, climate, and other environmental 
factors which lead to ecosystem changes. 
(2) Determine requirements for key plant species and evalu- 
ate responses of individual plant species and communities to 
physical and biological factors contributing to stress. 

Studies should be undertaken under both natural and con- 
trolled conditions; and they should be directed toward analysis 
of interactions affecting changes in plant species and com- 
munities. Answers to questions regarding basic mechanisms of 
ecosystem productivity and stability should be sought. Re- 
searchers should not overlook opportunities to adapt techniques 
and methodologies of other disciplies. 

Problem Category III: Improvement of Rangelands for Increased 
Productivity and Stability 

Rangeland improvement practices developed in the past have 
emphasized response in forage production. Virtually no atten- 
tion has been given to the effect of range improvements on 
resources other than forage. Little is known about the long-term 
effects of range manipulations on water quality, wildlife, and 
fish habitat, soil stability, and other resource values. By 
concentrating on short-term objectives in the past, we often 
achieved only temporary gains in forage production. There are 
few examples of long-term monitoring of plant community 
responses to specific vegetation manipulation practices. Failure 
to achieve and maintain stability in vegetation and soils follow- 
ing improvements has resulted from lack of understanding of 
ecosystem processes. We are unable to prescribe integrated 
management systems to fit conditions of the post-improvement 
system. Many examples of range improvement can be charac- 
terized as “piece-meal” efforts; they usually lack the necessary 

adjustment in grazing management practices to provide for 
maintenance of the altered ecosystems. The results have often 
been temporary gains with slow reversion to the pre- 
improvement condition. 

This research is important for many reasons. Many western 
ranges are producing far below their inherent capability and are 
not contributing to their potential for satisfying human needs. 
We need to restore rangelands to resemble more nearly their 
potential ecological condition and thus achieve greater stability 
of all range resources. Restored ecological productivity will 
enhance most resource values, regardless of kind, and contrib- 
ute greatly to red meat production with a low expenditure of 
fossil fuels. 

Objectives: 
(1) Evaluate impacts of range manipulation practices on 
major ecosystem components (i.e., producers, consumers, 
and decomposers and the abiotic environment). 
(2) Develop integrated systems of management designed to 
maintain productivity and stability following manipulation. 
(3) Improve plant materials for various resource needs. 
(4) Develop improved methods for on-site water manage- 
ment. 
(5) Develop potential sources of biological N-fixation and 
develop management techniques to utilize them. 

We believe emphasis should be placed on using present 
knowledge of range improvement methods to develop inte- 
grated systems of range improvement. This should include the 
design of management prescriptions tailored to ecosystems 
improved by various manipulation practices. Consideration 
should be given to all ecosystem components (not just the forage 
resource) and the changes in components caused by manipu- 
lation. Ideally, in the development of integrated systems of 
improvement and management, consideration would be given 
to all applicable means of accommodating animal reductions 
caused by the nonuse or restricted use that may be required on 
the improved areas. This would provide incentive for improve- 
ment. In this regard, new research into development of supple- 
ments and nontraditional sources of livestock feeds (such as 
waste products for use in combination with range forage) is 
encouraged. Presumably, the team approach could be effective- 
ly used to solve these research problems. 

Problem Category IV: Short-d Long-Term Grazing Impacts 

Grazing studies of the past have been stereotyped, largely 
oriented to single goals, and were evaluated primarily in terms 
of vegetational and livestock responses. The effects of grazing 
treatments on soil factors also have been measured to a limited 
extent. The scope of future grazing studies should be expanded 
to include impacts on other rangeland resources including 
wildlife. The Natural Resources Defense Council vs BLM law 
suit focused attention on grazing impacts on federal lands and 
serves to illustrate the paucity of data concerning the influence 
of grazing on resources other than vegetation and livestock. 

Land managers must be in a position to predict the impact of 
grazing management decision on all components of forest and 
range ecosystems. We also must be able to differentiate among 
grazing stress and other physical and biological stresses in terms 
of their effects and interactions. In the past, it has been too easy 
to blame livestock grazing for range damage that in fact may 
have been caused partly or entirely by other stresses. 
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Objectives: 
(1) Determine impacts of grazing management systems on 
recreation, wildlife, fisheries, nonpoint source pollution, 
and other watershed values as well as on livestock, individual 
plants, and plant communities. 

Grazing studies usually require a great investment of facili- 
ties, personnel, and time, yet rather limited and unsatisfactory 
results often have been obtained in the past. Therefore, new 
grazing studies should be started only with considerable 
caution, firm commitments for long-term funding, and after 
very intensive planning. Grazing studies already underway 
should be examined for opportunities to include the objective 
delineated above. The studies should be based on growth 
requirements of key plants and include adequate replication. 
Researchers should seek imaginative and innovative altema- 
tives to the traditional approach to grazing studies. One possible 
approach would be to combine grazing studies and demonstra- 
tion projects which involve whole systems of management 
rather than the traditional single-goal grazing studies. Federal 
grazing allotments might be managed to collect data for this 
specific research objective and under an incentive system to 
achieve cooperation from permittees. Other approaches in- 
volving private livestock operators should be explored. 

Problem Category V: Influences of Economic, Social, and Political 
Constraints on Management of Range Resources 

The history of the American range, particularly those por- 
tions now administered by the federal government, discloses a 
sequence of events under which condition and stability of ranges 
have changed dramatically over time. Most of these lands have 
suffered from misuses. Although they have recovered to some 
extent, in most cases, they are still less productive and less 
stable than they once were. Land managers tend to point to 
so-called ‘ ‘overgrazing, ’ ’ often coupled with other physical and 
biological stresses, as the direct cause of destructive change. 
However, misuse or poor management can often be attributed 
indirectly to economic, social, and political pressures. The 
pressures which prevailed during the period of deterioration are 
in many instances still a factor in slow rates of range recover; 
they only differ in kind and magnitude. Restrictive and perhaps 
out-of-date policies seriously hamper our ability to put into 
practice range management knowledge already available. Laws 
and policies governing tenure status of grazing permits, grazing 
fee schedules and distribution of receipts from grazing on 
federal land, predator management, and many others seemingly 
have great influence on the incentive to invest on a short- or 
long-term basis in range management. The mood of federal 
agencies, the Administration, and Congress regarding the low 
priority of range resources for appropriations has seriously 
impaired improvement over the past 25 years, but especially in 
the last decade. Now, new forces, especially environmentalist 
groups and the courts, are influencing decisions regarding 
resource management. Researchers should examine the in- 
fluence that these various forces have on range management 
both in the private and public sectors, and determine what 
changes should be made. Policymakers need to understand 
better the impact of their decisions which influence the range- 
land user, consumer, and society at large. 

Objectives: 
(1) Determine the influence of government policies and 
legal, social, and economic constraints on the current and 
future status of range resources. 

This research will involve unique combinations of talent. We 
visualize that individuals with backgrounds in range science, 
economics, political science, sociology, and law will need to 
collaborate in team efforts. The research may involve the 
analysis of data collected from case studies, development of 
models, and testing of alternative solutions. 

Research Priorities 

We partitioned problems identified above by two measures of 
priority: (1) a percentage priority, which suggests the relative 
distribution of research resources to the various problems, and 
(2) a ranking, which portrays the relative importance of each 
problem for research. 

Percent 
Priority Rank 

I. Identification, Classification, 
and Inventory of Range 
Ecosystems 23 2 

II. Dynamics of Individual Plants 
and Plant Communities 27 1 

III. Improvement of Rangelands for 
Increased Productivity 22 3 

IV. Short- and Long-Term Grazing 
Impacts 16 4, 

V . Influence of Economic, Social, 
and Political Constraints on 
Management of Range Resources 12 3 

We believe the research problems ranked 1 and 2 above need 
immediate attention. 

Evaluation of Current Research 

We believe some lines of current research require redirection. 
For example, research on mechanical and herbicidal control of 
noxious plants has produced some effective methods, but new 
knowledge is still needed. Thus, some of this research should be 
continued to assure that methodology keeps pace with tech- 
nology. However, unless additional funds can be obtained, we 
feel a large portion of noxious plant control research should be 
reoriented into learning how present methods of control can be 
utilized more effectively and integrated into systems of range 
improvement for specific problems. We favor expanding re- 
search on biological control of noxious plants. We also believe 
that research on plant control by use of fire should be continued. 

Research on dates and rates of fertilizer application and on 
large empirical grazing system and grazing intensity studies 
should be greatly reduced or restructured; present knowledge in 
this area exceeds current application. Research on remote 
sensing of rangelands should be examined critically for useful- 
ness of results obtained to date and those expected in the future. 
We also recommend abandonment of modelling research for 
academic purposes per se; goal-oriented modelling research has 
been productive and should be continued. 

Recommendations for Organizing, Administering, 
and Coordinating Research Activities 

Solutions to research problems are coming too slowly and arc 
not meeting the need of resource managers. The difficulty, in 
part, lies in poor information transfer, failures in research 
planning and administration, and funding which is inadequate to 
cope with research needs. The downward trend over the past 10 
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years in funding for research and management of rangelands 
reflects the failure of government policymakers to recognize 
and understand the importance of rangelands. They fail to grasp 
the significance of the current and potential role of rangelands in 
ted meat production, and that the western range is a region rich 
in many other resource values that must be maintained in the 
national interest. Western rangelands that have not regained an 
acceptable state of condition since earlier periods of misuse are 
susceptible to erosion and flooding. The damages incurred 
on-site, to adjacent dependent communities, and to downstream 
areas including municipalities are insidious and costly, but 
frequently overlooked. In the absence of adequate research and 
proper management, these damages will mount and resource 
values will decline. Policymakers need to recognize these social 
costs of failing to manage rangelands properly, and that these 
alone are justifiable reasons for maintaining a strong research 
and management program for western rangelands. 

Even in the absence of new funds for research, some progress 
can be achieved by better utilization of current funds. In this 
regard, stringent peer review procedures must be employed 
when assessing research projects for initiation or continuation. 
Objectives for some currently funded projects appear too broad; 
they should be sufficiently narrow to reasonably assure accom- 
plishment within the stated duration of the project. However, 
shortsighted emphasis on objectives that are too narrow often 
leads to disorderly and fragmented research efforts. This is 
particularly detrimental to the comprehensive approach often 
required for ecosystem research involving multiple and inter- 
dependent resource values. In such cases, specific short-term 
objectives must be logically structured into long-term projects 
which may be required for problem solution. 

Long-term projects should not be discouraged; the nature of 
some problems makes them mandatory. Rather, they should be 

funded on a short-term basis (maximum of 5 years) but with 
provision for continuation if adequate progress is demonstrated. 
Unproductive projects should be promptly abandoned and funds 
reallocated. Rapid shifts in priorities for research from year to 
year to fit what is currently in vogue in terms of granting 
agencies rather than addressing the real research needs are 
upsetting to productive research efforts and should be dis- 
couraged. Flexibility in research programming may be prudent 
on a small scale to accommodate critical emerging problems. 
and to help maintain research budgets. However, rapid shifts are 
wholly unrealistic in terms of satisfying research needs, main- 
taining continuity in a research program, and solving resource 
management problems. 

Successful planning and coordination of range research 
requires up-to-date information on research activities nation- 
wide. The Current Research Information System (CRIS) was 
developed in 1966 to meet this need for agriculture and related 
sciences. CRIS is apparently not serving as a good clearing- 
house for research in range management. We rated CRIS reports 
as poor in providing information on existing research projects, 
and the progress of research. Procedures for completing CRIS 
reports are often out-of-date, research objectives are stated too 
broadly, and reported progress is too incomplete to be useful. 

In planning range research it is imperative that we remain 
continually aware of the many values inherent in rangelands. 
Forage is not the only product; rangelands also produce wildlife, 
water, recreational opportunities, minerals, sources of energy, 
and often wood fiber. All of these values are becoming 
increasingly important and more frequently in demand by 
society. Management aimed at one value will inevitably affect 
the other values. Research must be directed towards unravelling 
these interrelations and providing the basis for sound multiple- 
use management of rangelands. 

Election Results 
The 1,877 ballots cast in the 1977 election were counted on December 2. Selected by 

the membership to serve the Society during the next 3 years were: 

Pwsider~t Elru . . . , Daniel L. Merkel 
Directors . . . . . . . . . Charles M. Jarecki 

William Laycock 

The new officers will be installed at the forthcoming Annual Meeting in San Antonio, 
at which time Bob Williamson, the current president elect, will succeed to the presidency. 
Daniel Merkel will serve as president in 1979, and the two newly elected directors will 
serve for the 3-year term 1978-1980. 

Retiring next month from the Board of Directors are Past President Bob J. Ragsdale 
and Directors Lyman G. Linger and E. H. McIlvain. The very significant service 
rendered to the Society by these men is greatly appreciated. 

Daniel Merkel is at present SCS range conservationist at the Rocky Mountain Forest 
and Range Experiment Station. 

Charles Jarecki is a cattle and grain rancher in Polson, Mont., and William Laycock is 
range scientist with the Agricultural Research Service. 

A committee of members of the Colorado Section counted the ballots. Ballots and 
tally sheets are kept on file in the Society office for 1 year. 
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Factors Affecting Forage Consumption by 

Cattle in Arizona Ponderosa Pine Forests 

WARREN P. CLARY, PETER F. FFOLLIOTI’, AND 
FREDERIC R. LARSON 

Highlight: Forage consumption was significantly correlated 
with forage production and tree density, but not with steepness of 
slope, rockiness of soil, or distance from water. This suggests that 
good range management practices can effectively distribute live- 
stock use. 

Management practices designed to increase multiple use 
values of ponderosa pine forests are being tested in Arizona 
(Brown et al. 1974). Some of these practices will increase 
herbage production (Clary 1975), but there is a question as to 
what extent cattle will consume the additional forage. Factors 
related to forage consumption need to be identified in evalu- 
ating possible impacts of forest overstory manipulations on 
grazing values. 

An earlier study on the Coconino Plateau in north-central 
Arizona found that distance to water, steepness and length of 
slope, access routes, forest density, season of use, range 
condition, floristic composition, and possibly rockiness in- 
fluenced the manner in which pine-bunchgrass ranges were 
grazed (Glendening 1944). Slope steepness and distance up- 
slope were important variables on uniform terrains in Mon- 
tana, but the amount of rockiness was not (Mueggler 1965). In 
a Utah study, Cook (1966) concluded that although factors 
such as slope, distance to water below, percent palatable 
plants, and thickness of brush were correlated with utilization, 
no single factor could be used as a reliable index for predicting 
use. Young et al. (1967) found that forest density and 
understory vegetation influenced the distribution of forage 
utilization in northeastern Oregon. 

This note summarizes the results of a study conducted to 
define factors related to forage consumption by cattle on the 
Beaver Creek Watershed in north-central Arizona, and to 
provide insight as to how timber management practices will 
likely affect utilization of the range resource. 

The Study 
The study was conducted on one-half of a summer-use cattle 

allotment (13,000 acres) on the Beaver Creek Watershed at the edge of 
the Coconino Plateau, near Flagstaff, Ariz. Yearling cattle grazed the 

Authors are supervisory range scientist, Southern Forest Experiment Station, Alexan- 
dria, Louisiana; professor, University of Arizona, Tucson; and silviculturist, Rocky 
Mountain Forest and Range Experiment Station, Flagstaff, Ariz. 

Manuscript received January 6, 1977. 

allotment from June 1 to October 15 under a 4-unit rest-rotation 
system. Under this system, one range unit was rested for the entire 
grazing season while each of the other units were grazed 1.5 months 
per season. Range riding several days each week kept the animals well 
distributed. 

Timber on this allotment is primarily ponderosa pine (Pinus 
ponderosa), with some intermingling Gambel oak (Quercus gambelii) 
and alligator juniper (Juniper-us deppeana). Although the area had not 
been commercially logged for 15 years, 17% of it had been uniformly 
thinned 5 years prior to the study. 

Principal grasses and grasslike plants include blue grama (Boute- 
loua gracilis), sedges (Carex spp.), spike muhly (Muhlenbergia 
wrightii), mutton bluegrass (Poa fendferiana), bottlebrush squirrel- 
tail (Sifanion hystrix), and black dropseed (Sporobolus interruptus). 
Principal forbs and half-shrubs are western ragweed (Ambrosia 
psilostachya), showy aster (Aster communtatus), and broom snake- 
weed (Gutierrezia sarothrae). Total herbage production in the year of 
the study averaged 200 lb/acre. 

Elevations range from 6,600 to 7,400 ft. Soils are volcanic with 
considerable surface rockiness (Williams and Anderson 1967). Annu- 
al precipitation averages 20 to 25 inches. 

Methods 

Fifty-eight clusters of five 9.6-ft2 plots were distributed on the study 
area by a stratified random procedure. Production of green forage was 
determined by weight estimate (Pechanec and Pickford 1937a). A, 
sixth plot at each cluster was estimated, clipped, and oven-dried to 
provide a conversion factor to oven-dry weight. Utilization was 
determined by ocular estimates (Pechanec and Pickford 1937b). 

Eight independent variables were empirically related to two depen- 
dent variables that expressed forage consumption and utilization. The 
dependent variables were: forage consumed (YI), in lb/acre (calcu- 
lations included grasses, forbs, and half-shrubs); and utilization of 
perennial grasses (Y2), in percent by weight. The independent vari- 
ables were: perennial grass production (Xl); average preference rating 
of the grasses present on each sample area (X2) (Clary and Pearson 
1969); ponderosa pine density-basal area per acre (X3); percent forest 
crown cover estimated from aerial photographs (X4); percent slope at 
the sample area (Xs); distance from nearest water along probable travel 
route (X6); elevation difference between the sample area and nearest 
water (X7); and soil (X8). 

Multiple regression techniques were used in the analysis. Pre- 
liminary analysis suggested that forest variables be expressed both 
linearly and logarithmically. l 

’ Basic data included values of 
logarithmic transformations. 

0. Consequently (I) was added to all data values to allow 
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Table 1. Characteristics of the regression variables. 

Unit of 
Variables measure Minimum Mean Maximum _ 

Dependent: 
Forage consumed lb/acre 0 62 569 
Utilization of 
perennial grasses % of weight 0 34 84 

Independent: 
Perennial grass 
production lb/acre 0 147 675 
Average preference 
rating of grasses at Numerical 
sample area rating 16 21 30 
Ponderosa pine Ft” basal 
density area/acre 0 72 166 
Forest crown cover y. 10 43 90 
Slope at sample area % 0 10 30 
Distance from water Ft 500 3,820 11,210 
Elevation from water Ft 0 113 432 

Results and Conclusions 

Forage consumed by livestock averaged 62 lb/acre (Table 1); 
97% of the consumption was perennial grasses. Forage con- 
sumption increased as grass production increased and forest 
density decreased. Two variables-perennial grass production 
and ponderosa pine density (logarithm of basal area)- 
accounted for 67 and 6 1 %, respectively, of the variation in 
pounds of forage consumed (Table 2). Two combinations of 
variables accounted for over 75% of the variation in forage 
consumed. 

Utilization of perennial grasses averaged 34% by weight. 
Although percent utilization of perennial grass was associated 
with perennial grass production, forest crown cover (loga- 
rithm), and percent slope, correlations were too low to be of 
practical value. Combining variables did not improve the 
correlations. 

Most topography and distance variables related to forage 
consumption in other studies were not significant on Beaver 
Creek. Poss ible reasons were that the topography is more gentle 
on the Coconino Plateau than on many western mountain areas 
and that steep canyons were not sampled in this study, so only 
limited variability was present. Likewise, the amount of rocki- 
ness and average forage preference did not vary greatly. 

However, Glendening’s earlier (1944) study on similar areas 
of the Coconino Plateau described noticeable effects on grazing 
use by physical factors such as distance to water and steepness 
and length of slope. Why did this result not appear in the present 
study? In Glendening’s study, the allotments ranged from 
13,000 to 29,000 acres with no cross fences and a much lower 
density of developed watering places. The average distance to 
water in the present study was about one-half that found by 
Glendening. In addition, the allotment evaluated in the present 
study was cross-fenced into approximately 6,500-acre units and 
was under a management system which included rest-rotation 
and regular range riding. Under this management, cattle were 
well distributed, utilizing the forage resource wherever it 
occurred. 

Table 2. Correlations of selected variables with two expressions of 
forage use. 

Dependent 
variable independent variable 

Yl Xl 
log (X3 + 1) 
log (X4 + 1) 

log (X3 + I), x3 

log (X3 + l), x3, x4 

log (X3 + l), x1, x3 

Y2 Xl 
X5 

log (X4 + 1) -~ 
Dependent variables: 

YI = forage consumed (lb/acre). 

Simple 
correlation 
coefficient 

+0.82 
-0.78 
-0.63 

+0.34 
-0.28 
-0.45 

Multiple 
correlation 
coefficient 

0.85 
0.89 
0.89 

Y? = utilization of perennial grasses (% by weight). 

Independent variables: 
XI = perennial grass production (lb/acre). 

X.1 = ponderosa pine density (basal area/acre). 
X4 = forest crown cover (%). 
SC = slope (% ). 

Variables most highly correlated with amount of forage 
consumed were those that would be influenced by timber 
management practices. Conversely, the factors unaffected by 
forest management practices, such as topography, surface 
characteristics, and distance to water, had little relation to 
forage consumption. These results suggest that, with proper 
livestock management, physical features on areas similar to the 
Beaver Creek Watershed will not severely restrict cattle move- 
ment except possibly on extreme slopes. Therefore, these 
features should not greatly hinder cattle from utilizing addi- 
tional forage produced following reductions in forest overstory 
as a result of timber management practices. 
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A Comparison of Esophageal Fistula and 

Fecal Material to Determine Steer Diets 

M. VAVRA, R. W. RICE, AND R. M. HANSEN 

Highlight: Cattle diets were determined by esophageal fistula 
and fecal material collection procedures from yearling cattle 
grazing shortgrass range in northeastern Colorado. Diets were 
quantified by microhistological procedures from samples collected 
in June, July, August, and December of 1969; and June, July, and 
August of 1970. Total grasses occurred significantly less in 
esophageal samples, while total forbs were significantly lower in 
fecal samples. Individual grass species did not appear to follow a 
set pattern of variation from esophageal to fecal sampling; some 
were greater in fecal samples while others were greater in fistula 
samples. Forbs occurred at greater percentages in fistula samples, 
with the exception of burning bush (Kochia scopuriu) in 1969. 
Correlation and regression analysis revealed little relationship in 
botanical composition determined on fecal and esophageal sam- 
ples. However, an importance value ranking revealed esophageal 
and fecal samples were similar when individual species were 
ranked from the most common to the least common in the diet. 

Microhistological examination of fecal material or esophage- 
al fistula extrusa are two common techniques for estimating the 
botanical composition of the diets of herbivores. Esophageal 
fistulation has been primarily used with domestic animals 
(Vavra et al. 1973) while fecal examination has been used with 
wildlife (Hansen et al. 1975) and where several herbivores graze 
in common (Hansen et al. 1973). Reviews of each method exist 
(esophageal fistulation, Van Dyne and Torrell 1964; fecal 
collection, Ward 1970). The microhistological examination 
method of Sparks and Malechek (1968) appears to be the most 
common technique used in recent years and applies to material 
collected by both procedures. Anthony and Smith (1974) 
compared dietary residues collected from the rumen and feces 
and raised several questions about the fecal analysis technique. 
Higher estimates of evergreen species and lower estimates of 
some forbs resulted from fecal analysis as compared to rumen 
analysis. Also, the authors stated that quantification of food 
items such as flowers, tubers or acorns would not be possible 
with fecal analysis. Use of the esophageal fistula has been 
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restricted to domestic animals because a tractable animal 
amenable to frequent handling is essential. Additional problems 
include: (1) associated surgery, McManus (1961); (2) incom- 
plete collection, Campbell et al. (1968); (3) fistulated animals 
can only be grazed for short time periods, Van Dyne and Torrell 
(1964). 

This study was conducted to determine if diet determinations 
differed when esophageal fistula extrusa or fecal material was 
used as the sampling medium. Additionally, simple correlations 
and regressions were calculated to determine: (1) the relation- 
ship between data collected by esophageal fistula and fecal 
material and (2) regression equations to be used to adjust fecal 
data should differences exist. 

Materials and Methods 

The study was conducted on the Pawnee Site of the U.S. Inter- 
national Biological Program Grassland Biome. This area was located 
on the Central Plains Experimental Range, approximately 57 km north 
of Greeley, Colo. The range is administered by the USDA/ 
Agricultural Research Service. A more complete description of the 
pastures, area and cattle grazing formulae can be found in Vavra et al. 
(1973). 

Samples were collected on heavy, moderate, and light grazing 
intensities in June, July, and August of 1969; and on heavy and light 
intensities in December of 1969 and during June, July, and August of 
1970. Four animals were used per pasture treatment during both years. 
Esophageal and fecal samples came from the same animals. Fecal 
material used was from a 24-hour total collection, which began 
directly after the esophageal fistula collection. Samples were then 
paired by animal and by sample day for analysis. 

Microhistological examination of material followed the method of 
Sparks and Malechek ( 1968). Forty microscope fields were examined 
at 100x for each sample. Frequency of occurrence was recorded and 
converted to density; then relative density was calculated as an 
estimate of percent composition by dry weight. 

Statistical analysis followed Steel and Torrie (1960). Selected plant 
species which made up the major diet constituents (>5% of total diet) 
and plant groupings of warm-season grasses, cool-season grasses, 
total grasses, total forbs, and total shrubs were compared between 
sampling techniques. The least squares analysis of variance was used 
to determine significant differences due to technique. Main effects 
(technique, pasture, collection month) and first order interactions were 
tested. Data were pooled by year for the analysis to remove any 
variability due to year. Simple correlation and regression analyses 
were run on data pooled by month, by year, and over the entire study. 
All references to statistical significance imply differences at the 0.05 
level of probability. 
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Table 1. Mean percent weight of diet constituents of cattle. 

1969 1970 .~ 

- 
Western wheatgrass (Agropyron smithii) Agsm 
Red threeawn (Aristida longiseta) Arlo 
Blue grama (Boutefoua gracilis) Bogr 
Buffalograss (Buchloe dactyfoides) Buda 
Sun sedge (Carex hefiophila) Cahe 
Sand dropseed (Sporobolus cryptandrus) Spcr 
Needleandthread (Stipa comata) Stco 

Total warm season grasses 
Total cool season grasses 
Total grasses 

Astragalus sp. Astr 
Spreading wildbuckwheat (Eriogonum effusum) Eref 
Burning bush (Kochia scoparia) Kosc 
Scarlet globemallow (Sphaerafcea coccinea) Spco 
Evening primrose (Oenothera coronopifofia) Oeco 
Spreading fleabane (Erigeron divergens) Erdi 
Wavyleaf thistle (Cirsium undulatum) Ciun 
Slimflower scrufpea (Psoralea tenuifora) Pste 

Total forbs 
Fringed sagewort (Artemisia frigida) Arfr 

Total shrubs 

Esoph 

10 
40 

29” 
4” 
6 
la 

fuY 
16 
55” 

5” 
2” 

12 
3 
0 
5 

37” 
6 

Fecal Esoph Fecal 

9 
86 

416 
lb 
8 

< lb 

496 
17 
67b 

< 1 
IIb 
6b 

11 
4 
0 
3 

296 
5 
5 

6 
6 

45a 

12” 
3 
8” 

57a 
21a 
740 

3 
.=I 1 

2 
6a 
2 
4 

40 
23a 

2 
la 

5 
736 

< 1 
76 
2 
26 

816 
14b 
92b 

< 1 
< 1 

2b 
2 

<l 
< 1 
< lb 

76 
< 1 
< lb 

“. ’ Means with different superscrIpts within year and between technique differ significantly at the .05 level. 

Additionally, individual species were ranked as to “importance 
value”: sequentially from greatest to least amount in the diet for the 
two techniques. Importance value was a ranking used to compare the 
occurrence of plant species in the diet as estimated by each method. 
“1mportant”dietar-y constituents would be those that occurred most 
often in the diet. Scientific names of all plants mentioned in the text are 
listed in Table 1. 

X 

X 

X 
X x xx 

Results 

The percent composition by weight of selected dietary con- 
stituents as determined by the two methods is presented in Table 
1. Of individual grass species, significant differences due to 
technique occurred for red threeawn, blue grama, buffalograss, 
and sand dropseed during 1969 and blue grama, sun sedge, and 
needleandthread during 1970. Definite trends within species 
between techniques for the two study years were not evident. 
More western wheatgrass occurred in esophageal samples than 
in fecal samples in 1969, while the reverse was true in 1970. 
More red threeawn and sun sedge occurred in esophageal 
samples in 1969 but again the reverse was true in 1970. 
Esophageal samples contained more blue grama and needleand- 
thread during both years. The lack of a definite trend among 
individual species was responsible for the lack of year to year 
trend when the grasses were pooled into cool- or warm-season 
categories. Significantly less total grasses occurred in esophage- 
al samples during both years of the study. 

1 
3 
g 42- 
3 

X XX 
xx X 

XX xx x 
XX 

X xx 
x x x x 

X X 
X 

X XX 
xx X 

X 

0 ( X X 

IO 55 Id0 

% IN FECES 

Fig. 1. The relationship between feces and esophagealfistula extrusa analyses 
for the determination of percent blue grama in steer diets. 

With the exception of burning bush in 1969, greater percent- 
ages of individual forb species were present in esophageal than 
in fecal samples. Differences were significant in 1969 for 
spreading wildbuckwheat and in 1970 for scarlet globemallow 
and slimflower scurfpea. Significantly less total forbs occurred in 
fecal samples during both years. Shrubs (primarily fringed sage- 
wart) made up a small portion of the diets but appeared in 
greater percentages in esophageal samples. 

Individual species were ranked from the most common to the 
least common in the diet on a percent weight basis (Table 2). In 
both years four of the top five ranked plants were common to 
both sampling techniques. The five most common species in the 
diets made up 64.6% and 75.6% in 1969; and 76.4% and 93.5% 
of the diets in 1970 for esophageal and fecal sampling, 
respectively. The average change in rank (ACR) of grasses and 
forbs between samplin g techniques and within a year was 
calculated by dividing the total number of changes by the total 
number of species represented. Shrub species were not con- 
sidered. This calculation should give an indication of the degree 
of variation of each class of plants in the diets. Grasses had ACR 
values of 1 and 2 for 1969 and 1970, respectively. Forbs were 
more variable having ACR values of 2 and 2.5 for the respective 
sampling years. 

Generally, correlation and regression coefficients were quite 
low (rarely exceeding r = 0.50) regardless of how the data were 
pooled. An example of a typical esophageal-fecal relationship is 
presented in Figure 1. 

Discussion 

When one first considers the examination of plant fragments 
in feces to determine the botanical composition of herbivore 
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Table 2. Importance ranking of individual plant species occurring in Cattle 

diets as determined by examination of esophageal fistula extrusa and 
feces. 

Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

1969 1070 

Esoph Fecal Esoph Fecal 

Bogr Bogr Bogr Bogr 
Spco Spco Cahe Agsm 
Agsm Agsm Stco Cahe 
Arfr Arlo Agsm Arlo 
Cahe Cahe spco spco 
Eref Kosc Arlo Spcr 
Arlo Arfr Pste Stco 
Ciun Oeco Erdi Oeco 
Buda Ciun Spcr Astr 
oeco Eref Astr Kosc 
Kosc Stco Arfr Arfr 
stco Buda Oeco Pste 
Pste Pste Kosc Erdi 
Astr Astr Buda Ciun 
Spcr Spcr Ciun Eref 
Erdi Erdi Eref Buda 

diets, the obvious shortcoming is the differential digestion of 
various plant species in the diet. However, data are available in 
the literature to refute this. Regal (1960) stated that cutinized 
epidermis passes through the animal’s digestive tract un- 
digested. Hanna et al. ( 1973) reported that the outer portion of 
the epidermis was more resistant to digestion than other cellular 
structures because it is cutinized and lignified. Chatterton and 
Powell ( 1974) found different rates of digestion of various 
cellular constituents of orchardgrass (Dactylis glomerata); how- 
ever, the cuticle (cutinized layer over the epidermis) remained 
intact and was not significantly attacked by microbes. 

Wallace and Van Dyne (1970) reviewed lignin digestibility 
values (lignin is an important constituent of the epidermis that 
prevents digestion, see above) and found a range of -40 to 
+64%. Data collected by Wallace and Van Dyne (1970) on 
lignin digestibility varied from 4% to 46% depending on season 
of year and plant maturity. The greater the digestibility of lignin 
the smaller the chance of a discernible epidermal fragment 
passing through the digestive tract of a ruminant, and the 
smaller the chance of identification as a diet constituent. Our 
data indicate that cuticular resistance to digestion is greater in 
grasses than in forbs because total grasses in esophageal 
samples were always significantly less than in feces and forbs 
were significantly higher in esophageal samples than in feces. 

Fecal samples in this study were collected for a 24-hour 
period just after collection of esophageal fistula samples. Diet 
composition of the fistula sample could not be duplicated in the 
feces. Fistula samples represent only a portion (1 or 2 hours) of 
the total grazing period. Actual percentages of plant species in 
the diet of an animal probably vary with time of day and with 
exact location of the animal on the pasture (where vegetation 
exists according to soil type, aspect, etc .). 

The forbs and shrubs reported by Taylor (1972) to be highly 
digestible in the study area were the same ones which Dearden 
(1973) reported to be less discernible to microscope technicians 
after digestion than before digestion. Cell wall thickness is the 
characteristic which probably influences the identification of 
fragments to a greater extent than any other (Dearden et al. 

1972). Estimated percentages in diets are interdependent 
variables and whenever a technician overestimates or under- 
estimates one plant species the percentages of other species in 
the sample are adjusted upward or downward by an equivalent 
amount. Although statistical significance can be demonstrated 
for the various sources of errors in the microscopic technique of 
Sparks and Malechek ( 1968) the importance of plants making 
up the major portion of a mean diet are in the same general order 
(Dearden et al. 1975). 

If the esophageal fistula method is considered the standard as 
it often has been (Laycock et al. 1972), then it should be used 
where resources warrant. However, fecal analysis can be used 
where the degree of accuracy needed is less, where rare or 
endangered animal species are studied, where unmanageable 
animals are studied, or where several herbivores occupy the 
same range. Actual percentages of a species in the diet are 
probably less important than the relative value (importance 
value) of that species. An importance value ranking should 
identify the most important diet constituents and therefore fulfill 
the need of most diet investigations. 
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Intensive-Early Stocking and Season-Long 

Stocking of Kansas Flint Hills Range 

ED F. SMITH AND CLENTON E. OWENSBY 

Highlight: Native Flint Hills bluestem range was stocked at 
twice the normal rate, 1.7 acres per steer. Daily steer gain and gain 
per acre were greater for IES. Late summer gain by steers on SLS 
was less than the gain during early summer on either treatment. 
For the complete trial, steers under SLS gained more per head, 
210 lb compared with 141 lb, due to the 154-day grazing period 
compared with 75 for IES. Although more grass had been 
removed by mid summer with IES, by the end of the summer grass 
yield was higher on IES than on the pasture stocked only half as 
heavily but full season. Percent big bluestem increased under IES 
and decreased with SLS. Percent Kentucky bluegrass decreased 
under IES and increased with SLS, but that may have resulted 
6-om more complete burning under IES. 

Steer gains during the latter half of the growing season on 
Kansas Flint Hills range are barely one-half those of the first half 
of the season (Anderson et al. 1970), because forage quality 
declines with grass maturation and translocation of nutrients to 
reserve pools. Reduced intake due to high temperatures may 
also contribute to slower gains during late summer (Dwyer 
1961). Stocking rate effects also become manifest during late 
summer. Launchbaugh (1957) indicated steer gains were com- 
parable with light, moderate, and heavy use during the early 
season, but decreased in late summer as stocking rate increased. 
Apparently, selectivity of animals for forage quality does not 
become critical until late in the growing season when nutritive 
value is low, which suggests an increase in forage-use- 
efficiency by intensive grazing in the early growing season 
when nutritive value is highest. The advantage would give 
increased gains per acre without sacrificing gain per animal. 

Klipple (1964) tested early-season intensive grazing, late- 
season intensive grazing, and season-long grazing with steers in 
eastern Colorado. Monthly cattle gains during the early growing 
season on pastures stocked season-long were the same as on 
early-intensive-use pastures; yearly gain/acre on the early- 
intensive-use pastures was higher than on season-long stocked 
pastures. Late-season-intensive-use produced less gain per head 
than season-long or early-intensive-use. Forage production was 

Authors are research animal scientist, Department of Animal Science and Industry; and 
research range scientist, Department of Agronomy, Kansas State Universty, Manhattan 
66506. 

The report is Contribution No. 522-T, Department of Animal Science and Industry and 
zr&No. 1614-T. Department of Agronomy, KAES, Kansas State University, Man- 

lower on early- and late-season intensive use pastures than on 
pastures used all season. 

We studied the effects of intensive-early stocking (IES) and 
season-long stocking (SLS) on steer gain, herbage production, 
botanical census, and grazing distribution. 

Materials and Methods 
The study area was two 60-acre pastures in the Flint Hills region of 

the True Prairie, 5 miles northwest of Manhattan, Kans. Vegetation 
was primarily warm-season perennial grasses; big bluestem (Andro- 
pogon gerardi Vitman) and little bluestem (A. scoparius Michx.) were 
the major dominants. Indiangrass [Sorghastrum nutuns (L.) Nash] and 
sideoats grama [Boutelouu curtipendulu (Michx.) Torr.] were secon- 
dary. Kentucky bluegrass (Pou prutensis L.) was sparsely present. 
Numerous forbs, woody plants, and other grasses constituted the 
Emainder. Range sites were described by Anderson and Fly (1955). 
The pastures were burned during late April each year. 

Cattle 
Each year on May 2 from 1972 through 1975, the pastures were 

stocked with either Angus, Hereford, or Angus x Hereford cross 
yearling steers averaging 451 lb and approximately 14 months old. 
Steers were identified and individually weighed the first day of each 
month and July 15. Weights for 1973 are missing. From the afternoon 
of the day before being weighed, they were confined in pens without 
feed or water. One pasture allowed 1.7 acres per steer from May 2 to 
July 15 (75 days). Steers on the other pasture were allowed 3.4 acres 
per steer from May 2 to October 3 (154 days). 
Herbage Production 

Herbage remaining after grazing was estimated by clipping ten 
l/lOO,OOOth-acre plots in loamy upland, breaks, and clay upland 
mnge sites July 16, 1972-74. At the end of the growing season 
herbage was clipped from 10 caged and 10 uncaged areas in the same 
range sites. The cage was moved each year. Herbage was separated into 
grasses and forb-brush components and dried to moisture-free. During 
1Y /S, method of yield estimation was changed and those data are not 
presented. 
Botanical Census 

Plant census was from modified step-point samples (Owensby 
1973). Within each pasture 1,500 points were read along a pre- 
determined grid. Each set of 1,500 points was partitioned randomly 
into three subsets for statistical analysis. Basal cover and botanical 
composition estimates were determined in June from 197 1 to 1975. 
The 197 1 plant census data were used as a base, and analysis of 
variance was calculated on the change in basal cover and botanical 
composition. 
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Table 1. Perennial grass yields (lb dry matter/acre) at growing season’s 1974, when the IES pasture yielded more forbs and brush (Table 
end by year and range site from caged areas on season-long and 2). Forb-brush yields were greater on clay upland and break 
intensive-early stocked pastures. sites than on loamy upland site. Apparently, IES resulted in 

Years Range sites 
greater use of that yield component in 1972 and 1973. 

Forb-brush amounts on grazed areas by growing season’s end 
Loamy Clay 

Grazing system 1972 1973 1974 upland Breaks upland 
were greater for the SLS pasture than for the IES pasture in 
1972, but did not differ in 1973 and 1974 (Table 3). On caged 

Season-long 2146r 2538 2248 2422l 2192 2268 
2278 2729 2863 2435 

areas, for&brush amounts were in 1972 and 1973 at 
Intensive-early 2493 2202 

higher 

’ LSD.,,> = 282. 

Grazing Distribution Surveys 
Grazing use was estimated on July 16 and in late November to 

determine grazing distribution by the Deming method (Deming 1939). 
Grazing use was estimated ocularly along a line grid throughout each 
pasture and rated on a scale of 1 to 5 (1 = light use, 5 = heavy use). 

Statistical Analyses 
Analyses of variance were calculated using subsamples as an 

estimate of error variance, since the experiment was not replicated. 
Though not considered strictly statistically valid, the analyses aid in 
interpretation. 

Results and Discussion 

Herbage Production 

Perennial Grass Component 
Perennial grass yield from grazed areas July 16 was greater 

(PC. 05) on the SLS pasture ( 1,30 1 lb dry matter/acre) than on the 
IES pasture (872 lb dry matter/acre). The lesser perennial grass 
amount remaining on the IES pasture at mid-season reflected the 
higher stocking rate. Although the stocking rate on the IES 
pasture was two times that of the SLS pasture, perennial grass 
yields on the IES pasture were 67% of the perennial grass yields 
on the SLS pasture. Since twice as much grazing use was 
expected, there appeared to be added growth early in the season 
on the IES pasture compared with the SLS. 

At growing season’s end, the perennial grass component after 
grazing was greater (P< .05) on the IES pasture than on the SLS 
one (1,610 to 1,334 lb dry matter/acre). The rest from July 15 to 
October 3 gave plants time to produce enough photosynthetic 
tissue to restore vigor on the IES pasture. 

Perennial grass yields for SLS and IES pastures from areas 
caged to prevent livestock grazing were similar for the first 2 
years, but the third year the IES pasture produced more grass 
than the SLS pasture (Table 1). The higher perennial grass 
production came from loamy upland and breaks range sites. 
Greater productivity on the pasture may have been due to an 

Table 3. Forb-brush amounts (lb dry matter/acre) remaining on grazed 
and caged areas following the growing season on season-long and 
intensive-early stocked pastures (avg. of all range sites). 

Grazing system 

Grazed Caged 

1972 1973 1974 1972 1973 1974 

Season-long 306 ’ 293 280 431” 569 414 
Intensive-early 136 269 371 212 319 524 _ _ 
’ LSD.,,, = 135. 
‘LSD.,,; = 217. 

growing season’s end from SLS than for the IES pasture, but 
yields did not differ in 1974. 

Plant Census 
Botanical composition and basal cover between 1971 and 

1975 were used to detect change of some important components 
of the Flint Hills plant communities under season-long and 
intensive-early stocking. Harmful or beneficial effects of the 
two grazing systems are evaluated by the magnitude of the 
change. 
Basal Cover 

Big bluestem was the only major dominant which changed its 
basal cover differentially with respect to stocking system, 
increasing more under IES than SLS on all range sites (Table 4). 

Table 4. Basal cover (%) of big bluestem and perennial forbs under season- 
long and intensive-early stocking (avg. of three range sites). 

Big bluestem 
1971 
1975 
Change 
LSD.,,> = 0.62’ 

Perennial forbs 
1971 
1975 
Change 
LSD.oa = 0.27’ 

Grazing system 

Season-long Intensive-early 

1.10 1.31 
1.66 2.71 

+0.56 +1.40 

0.21 0.23 
0.89 0.50 

+0.68 +0.27 

increased vigor of the dominant 
from grazing. 

grasses from late-season rest 
’ Least signd’icant ddt’erences (PC.05) refer only to change in basal cover. 

For-b-brush Component 
At mid-season, forb-brush amounts were greater from grazed 

Kentucky bluegrass basal cover increased more from 197 1 to 
1975 

areaS On the SLs Pasture *an from the IES Pasture, except in 
on loamy upland and clay upland range sites under SLS 

than IES (Table 5). Since regrowth following livestock removal 
on the IES pasture provides a continuous fuel source, burning 

Table 2. Forb-brush amounts remaining (lb dry matter/acre) on July 16 
by year and range site from grazed areas under season-long and 

was more complete on the IES pasture than the SLS one and 

intensive-early stocking. 
resulted in a greater mortality of Kentucky bluegrass on the IES 
pasture. Grass-like plants, largely cool-season species, behaved 

Year Amounts 
similarly to Kentucky bluegrass, increasing in basal cover under 

Grazing system 1972 1973 1974 Range site remaining SLS and remaining essentially stable under IES (Table 5). 

Season-long 220’ 472 236 Gamy upland 176’ 
Perennial forb basal cover increased under both IES and SLS, 

Intensive-early 123 167 336 Breaks 293 but the increase was greater under SLS on all range sites (Table 
Clay upland 307 4). Apparently, increased forb grazing early in the growing 

’ LSD.,,: = 83. 
season or the more complete bum with IES than with SLS 

” LSD.,,: 1 15. resulted in the differential response. 
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Table 5. Basal cover (%) of Kentucky bluegrass and grass-like plants in 
pastures under season-long and intensive-early stocking on indicated 
range sites. 

Table 7. Composition (% total basal cover) of indicated species under 
season-long and intensive-early stocking for indicated range sites. 

Range site 

Grazing system Loamy upland Breaks Clay upland _ 
Kentucky bluegrass 

Season-long 
1971 0.18 0.12 0.37 
1975 1 .Ol 0.17 1.10 
Change +0.83 +0.05 + 1.47 

Intensive-early 
1971 0.60 0.20 0.76 
1975 0.86 0.14 0.64 
Change +0.26 -0.06 -0.12 

LSD .o.; = 0.49’ 
Grass-like plants 

Season-long 
1971 0.21 0.29 0.14 
1975 0.93 0.55 0.41 
Change +0.72 +0.26 +0.27 

Intensive-early 
1971 0.32 0.27 0.16 
1975 0.35 0.16 0.43 
Change +0.03 -0.11 +0.27 

LSD.03 = 0.36’ 

’ Least significant difference (PC.05) refer only to change in basal cover. 

Grazing system Loamy upland 

Range site 

Breaks Clay upland 

8.0 10.0 
7.1 12.9 

-0.9 +2.9 

7.3 
11.2 

+3.9 

3.7 8.6 9.0 
6.4 16.7 11.6 

+2.7 +8.1 +2.6 

4.5 2.8 13.1 
12.5 2.0 25.9 

+8.0 -0.8 + 12.8 

16.1 3.6 14.3 
10.6 1.7 5.7 

-5.5 -1.9 -8.6 

Overall, IES was more beneficial to the plant community than 
was SLS, favoring big bluestem and deterring undesirable 
components such as Kentucky bluegrass, grass-like plants, and 
perennial forbs. 

Percent Composition. 

5.3 6.4 5.2 
11.4 6.7 4.1 

+6.1 +0.3 -1.1 

8.7 4.9 3.0 
4.5 2.0 4.2 

-4.2 -2.9 +1.2 

Big bluestem % composition increased under IES over the 
4-year period and decreased under SLS (Table 6). The only 
other major dominant to change in % composition differentially 
with respect to grazing system was little bluestem, which 
decreased more under SLS than under IES. 

On breaks range sites, sideoats grama % composition in- 

creased more under IES than under SLS (Table 7). That was 
likely due to the increased grazing pressure on breaks sites with 
IES compared to SLS. Kentucky bluegrass % composition 
increased on loamy upland and clay upland range sites in the 
SLS pasture and decreased on the IES (Table 7). Again the more 
complete burn on the IES pasture probably accounted for the 
differential response. The breaks range site was lightly grazed 
under SLS and burned completely, accounting for similar trends 
in % composition under both systems. Grass-like plants re- 
sponded similarly to Kentucky bluegrass in % composition 
changes (Table 7). 

Sideoats grama 
Season-long 

1971 
1975 
Change 

Intensive-early 
1971 
1975 
Change 

LSD.05 = 4.0’ 
Kentucky bluegrass 

Season-long 
1971 
1975 
Change 

Intensive-early 
1971 
1975 
Change 

LSD .05 = 3.3l 
Grass-like plants 

Season-long 
1971 
1975 
Change 

Intensive-early 
1971 
1975 
Change 

LSD .05 = 3.41 
Perennial forbs 

Season-long 
1971 
1975 
Change 

Intensive-early 
1971 
1975 
Change 

4.1 5.1 8.5 
13.3 9.4 11.4 

+9.2 +4.3 +2.9 

6.9 3.9 4.3 
5.8 5.7 5.0 

-1.1 +1.8 +0.7 
LSD.05 5.4’ 

’ Least significant differences (fW.O.5) refer only to change in percent composition. 

During the 4-year period SLS resulted in an increase in 
perennial forb % composition, while under IES perennial forb 
% composition remained relatively stable. 

IES favored maintenance of a desirable plant community, but 
SLS resulted in a slow deterioration of % composition of the 
desirable species and an increase in undesirable components. 

Grazing Distribution 

Table 6. Composition (% total basal cover) of big and little bluestem under 
season-long and intensive-early stocking (avg. of three range sites). 

IES resulted in more uniform grazing of all range sites than 
SLS did. Grazing distribution patterns were essentially the same 
throughout the 4 years. 

Grazing system 

Season-long Intensive-early 

Big bluestem 
1971 28.9 26.0 
1975 - 21.7 30.8 
Change -7.6 +4.8 
LSD.05 3.8l 

Little bluestem 
1971 15.5 11.9 
1975 11.0 10.8 
Change -4.5 -1.1 
LSD.05 = 2.7l 

’ Least significant differences (P<.O5) refer only to change in percent composition. 

By mid-July all areas of the IES pasture had received at least 
moderate use, with approximately 10% of the total area used 
moderately heavy. Moderately heavy use was concentrated on 
an upland ridge along the east side of the unit (Fig. 1A). Two 
small areas, one near water and another near salt, also had 
received moderately heavy use. Grazing distribution over all 
range sites was uniform. 

In mid-July approximately 60% of the total area of the SLS 
pasture had received moderately light use, 35% moderate use, 
and 5% moderately heavy use (Fig. 1 B). Uneven grazing 
distribution was associated with range sites. Break areas and 
outfacing slopes away from water were grazed least. Similar 
range site distribution on the IES pasture did not result in uneven 
grazing. 
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A 

Mid July 

Fig. 1. Grazing patterns of pastures studied: (A) in mid-July, pasture stocked 

intensive-early; (B) mid-July, pasture stocked season-long; (C) early 

(October, pasture stocked season-long. 

In early October after cattle removal from the SLS, grazing 
was moderately heavy over 40% of the pasture, moderate 40%; 
and moderately light 20% (Fig. 1C). Again, range site distri- 
bution appeared to be the primary determinant for grazing 
intensity. Usually breaks range sites received moderately light 
grazing, while level loamy upland and clay upland sites were 
moderately to moderately heavily grazed. 

Cattle Gain 

From May 2 to July 15, the daily gain of steers under IES was 
similar to those under SLS in 1972 and 1974 and greater in 1975; 
the 3-year average was greater under IES (Table 8). The IES 
system used grass when its nutritive value was highest. Gain per 
acre was more under IES. Under SLS , daily gain declined as the 
season progressed and was lower from July 15 to October 3 than 
for the earlier period. The 154 days of SLS produced 2 10 lb gain 
per steer compared with 141 lb for 75 days under IES. 

Conclusions 

1. Intensive early stocking (2X) from May 1 to July 15 
maintained perennial grass herbage production comparable to 
that of season-long stocking. 

2. Grazing distribution was more uniform under IES than under 
SLS. 

3. Desirable warm-season perennial grasses were favored more 
by IES than by SLS. 

4. Kentucky bluegrass and perennial forbs were favored more 
by SLS than by IES. 

Table 8. Steer gains on intensive-early stocked md season-long stocked 
pastures. 

Intensive-early Season-long stocked 
stocked May 2- July 15 May 2- 

May 2-July 15 July 15 Oct. 3 Oct. 3 
75 days 75 days 79 days 154 days 

No. of steers, all years 
Acres per steer 
Gain per steer (lb) 

1972 
1974 
1975 
Avg. 

Daily gain per steer (lb) 
1972 
1974 
1975 
Avg. 

Gain per acre (lb) 
1972 
1974 
1975 
Avg. 

104 52 52 52 
1.7 3.4 3.4 3.4 

132 122 66 188 
159 153 109 262 
131 117 64 181 
141 131 79 210 

1.78O’ 1.65” 0.84b 1.22c 
2.09” 2.01” 1 .36b 1.68C 
1.77Q 1 .5gb 0.83c l.lgd 
1.88” 1.756 1 .ooc 1 .36d 

78 36 19 55 
96 45 32 77 
77 34 19 53 
83 39 23 62 

’ Values in same row with different letters differ significantly (P c.05). 

5. Daily gain and gain per acre by steers were increased by IES 
compared to SLS. 

6. Gain per steer was lower with IES than SLS because of the 
shorter grazing season, 75 days for IES compared with 154 days 
for SLS. 
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Nutritional Characteristics of Blue Grama 
Herbage under the Influence of Added Water 
and Nitrogen 

U. G. BOKHARI 

Highlight: The effects of water and nitrogen treatments on 
nutritional characteristics of blue grama [Bouteloua gracilis 
(H.B.K.) Lag. ex Steud.] herbage were studied at a native short- 
grass prairie site in northeastern Colorado. Results indicated 
greater total nonstructural carbohydrates (TNC) (g mm2), protein 
(g m-‘), gross energy (GE) (kcal me2), and total carbon (g mP2) in 
herbage from the water and water + nitrogen treatments than 
from the untreated control or nitrogen treatments. On the other 
hand, there were greater concentrations (% dry weight) of TNC 
and nitrogen in the nitrogen treatment than in the other three 
treatments. The greater yield of TNC, protein, and GE in the 
water and water + nitrogen treatments was mainly a result of 
greater aboveground-live biomass production than in the control 
or nitrogen treatments. TNC/N and C/N ratios of herbage from 
these treatments were calculated and are discussed in light of their 
importance in nutrition of grass forage for livestock production. 

Production in the shortgrass prairie ecosystem in North 
America is usually limited by water and nutrient availability. 
Addition of water and nutrients (mainly nitrogen) has increased 
production of range grasses several-fold (Lauenroth and Sims 
1973; Klages and Ryerson 1965; Wight and Black 1972). The 
effect of water stress and other environmental factors on 
carbohydrate reserves and regrowth potentials has been dis- 
cussed in a number of reviews (May 1960; Jameson 1963; Cook 
1966; White 1973). Carbohydrate contents of herbage undergo 
diurnal and seasonal changes due to changes in their environ- 
ment, such as temperature, water potential of soil and leaves, 
and nutrient status of soil (McIlroy 1967; Waite and Boyd 1953; 
Green and Beard 1969; Holt and Hilst 1969; Dina and Klikoff 
1973). 

The effect of nitrogen fertilization on forage quality of range 
grasses depends upon the species, rate of application, time of 
application, and other environmental conditions. Kelsey et al. 
(1973) and Pettit and Fagan (1974b) reported that nitrogen 
fertilization increased crude protein concentration of blue grama 
and other grass species. Heavy application of nitrogen de- 
creased carbohydrate contents of several grasses (Waite 1958; 

Adegbola and McKell 1966). Several investigators have re- 
ported that irrigation and fertilization decrease carbohydrate 
reserves in perennial plants (Pettit and Fagan 1974a; Brown and 
Blaser 1965; Nowakowski 1962). 

Total nonstructural carbohydrates (TNC) are important 
sources of available energy which affect the quality of forage 
and its digestibility (Cooper 1973; Wilson and Ford 1973; Noble 
and Lowe 1974). The ratio of available energy-to-protein in 
pasture has been found to have a great effect on growth and 
performance of animals (Reid and Jung 1973). 

This study was conducted to investigate the relationship 
between TNC and protein contents of blue grama plants at 
various phenological stages under the influence of additional 
increments of water and nitrogen. 

Methods and Materials 
The study site is situated about 40 km northeast of Fort Collins at 

40”49 N latitude, 104”46’ W longitude and at an elevation of 1,650 m 
(4,500 ft). Mean annual precipitation is 311 mm, with a range of 110 
to 580 mm recorded over the past 3 1 years at the Central Plains Experi- 
mental Range. Approximately 70% of the mean annual precipitation 
occurs during the April to September growing season. Mean monthly 
temperature ranges from below 0°C in December and January to 22°C 
in July. Mean open pan evaporation was 1,230 mm, with a high of 
about 1,350 mm in 1974. Principal perennial species are blue grama 
(Bouteloua gracilis), fringed sagewort (Artemisia frigida), plains 
pricklypear (Opuntia polyacantha), needleleaf sedge (Carex eleo- 
charis), and scarlet globemallow (Sphaeralcea coccinea). 

Four treatments each of two replications on a l-ha plot included 
control (no additional water or nitrogen), water, nitrogen, and water + 
nitrogen treatments. The nitrogen treatment was initiated in the spring 
of 1970 by applying 150 kg N/ha as ammonium nitrate to maintain a 
difference of at least 50 kg/ha of mineral nitrogen (NH4 + NOs) 
between the nitrogen and control treatments. The water treatment was 
initiated in 197 1 by applying water by means of a sprinkler system to 
maintain matric potential between 0 and -0.8 bars at a depth of 
approximately 10 cm in the water and water + nitrogen treatments. 
The water + nitrogen treatment received additional amounts of 
nitrogen in the spring of 1972, 1973, and 1974 at the rate of 150, 100, 
and 100 kg/ha of equivalent nitrogen, respectively. An additional 
100 kg/ha of nitrogen was also applied to the nitrogen treatment in 
1973 and 1974. 

The author is senior plant physiologist, Natural Resource Ecology Laboratory, Samples for biomass estimation and chemical analyses were taken 
Colorado State University, Fort Collins 80523. by clipping at least six quadrats (0.50 m2) in each replicate of each 

This paper reports on work supported in part by National Science Foundation Grants 
GB-7824, GB- 13096, GB-3 1862X, GB-3 1862X2, GB-41233X, DEB73-02027 A03, and 

tmatment on six sampling dates. 

DEB73-02027 A04 to the Grassland Biome, U.S. International Biological Program, for Samples were dried at 60°C to a constant weight and weighed, and 
“Analysis of Structure, Function, and Utilization of Grassland Ecosystems.” This study an aliquot from each sample was taken for chemical analyses. Total 
was conducted at the native shortgrass prairie site, the field research facility of the Natural 
Resource Ecology Laboratory, Colorado State University, located on the USDA, Agricul- 

nonstructural carbohydrates (TNC) were extracted and determined 

tural Research Service, Central Plains Experimental Range in northeastern Colorado. according to the procedure of Smith (1969). Total nitrogen was 
Manuscript received April 5, 1977. determined by the microKjeldah1 method. Gross energy (GE) was 

18 JOURNAL OF RANGE MANAGEMENT 31(l), January 1978 



determined by the adiabatic bomb calorimetry method (Phillipson 
1964). Total carbon was determined volumetrically by cornbusting an 
aliquot of the dried sample in a leco induction furnace. Total TNC 
(g m-“) and total N (g mb2) values were calculated by multiplying the 
concentration (per gram dry weight basis) of the above constituents at 
different sampling dates with the respective aboveground live biomass 
of blue grama on those dates from the four treatments. Gross energy 
(GE) values were calculated by multiplying the 1970-1972 average 
content of GE (kcal g-’ dry weight) of aboveground live herbage with 
the biomass of blue grama during the 1973 and 1974 growing season. 
Data were analyzed statistically using a model of repeated analysis of 
variance, testing for treatment differences while repeating each 
determination across a replicate of each treatment. 

Results and Discussion 

Data presented here in the form of tables and figures are 
mostly from the 1973 growing season because the data from the 
1974 growing season are not complete and include only three 
sampling dates. Only salient features of the 1974 data will be 
presented and discussed at appropriate places. 

Total Nonstructural Carbohydrates (TNC g m-*) 
During 1973 the maximum TNC in herbage of blue grama 

was found in the water + nitrogen treatment (30.5 g m-“), 
followed by the water treatment (9.9 g me2) and the nitrogen 
(5.2 g mP2) and control treatments (2.9 g m-“) (Fig. 1). 

in the TNC content of the four treatments. 
The greater amounts of TNC (g m-‘) in the herbage of the 

water and water + nitrogen treatments were mainly due to 
greater biomass production in the two treatments and not 
necessarily due to greater TNC concentrations (percent dry 
weight). For example, mean annual aboveground live biomass 
of water and water + nitrogen treatments during I973 were 9 1.5 
and 230.8 g m-‘), respectively, as compared to 2 1.1 g my2 from 
the control and 33.4 g m-’ from the nitrogen treatments. Above- 
ground peak standing live biomass was 150.0 g me2 from the 
water and 348.9 g m-‘) from the water + ntrogen treatments. On 
the other hand, the TNC concentrations of herbage from the 
water and water + nitrogen treatments were slightly lower 
(7.3% and 7.8%, respectively) than the control (9.5%) and 
nitrogen (8.5%) treatments. The decrease in TNC concentra- 
tions of these treatments was due to its rapid utilization by the 
vigorous growth that results from the addition of water + 
nitrogen, which confirms early findings of Waite (1958) and 
Nowakowski (1962). Additional supply of nitrogen in the 
presence of adequate water increased biomass of blue grama 
more than that of water alone (Lauenroth and Sims 1973). This 
increase in aboveground live biomass places extra demands on 
photosynthates to support the growth and maintenance of these 
structures. Consequently, there is faster turnover of TNC pool 
in the shoots of these two treatments and also a greater dilution 
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Fig. 1. Total nonstructural carbohydrates (TNC, g m+) in the aboveground 
live compartment of the control (D), water (E), nitrogen (F), and water + 
nitrogen (G) treatments during the I973 growing season. 

The TNC contents of herbage in all the treatments exhibited 
two peaks during the 1973 growing season except for the 
nitrogen treatment, which peaked at the end of the growing 
season. One of the two peaks in the three treatments occurred 
during the middle of the growing season, but not at the same 
time and the second at the end of the growing season. Mean 
annual TNC (g mP2) content in herbage from the control, water, 
nitrogen and water + nitrogen treatments were 1.92, 6.86, 
2.97, and 18.64 g m-“, respectively. 

Comparing the peak TNC yield (g mp2) of the four treat- 
ments, the herbage from the water + nitrogen treatment had 
900%, 200%, and 400% greater TNC than that of the control, 
water, and nitrogen treatments, respectively. The increase in 
TNC of the nitrogen treatment over that of the control treatment 
was about 80%. The water treatment recorded an 89% increase 
in TNC over that of the nitrogen treatment. Repeated measures 
of analysis of variance indicated no significant difference 
between the TNC at different sampling dates (Tukey’s Q = 
10.07) except for the water + nitrogen treatment. There were 
significant dates x treatment interactions (P < O.OOl), mainly 
due to the water + nitrogen treatment following the second 
sampling date. Addition of water alone had no significant effect 
on TNC content (Tukey’s Q = 13.36); however, water in 
conjunction with nitrogen significantly increased TNC content 
during the middle and final vegetative growth period. 

Gross Energy Content (kcal m-‘) 

The GE content of blue grama herbage from the four treat- 
ments is given in Figure 2. During the 1973 growing season the 
maximum GE in the herbage was in the water + nitrogen 
treatment (1,296 kcal mP2). The maximum GE content from the 
control treatment was 110 kcal m-‘, and it was 636 kcal mP2 
from the water and 192 kcal m-’ from the nitrogen treatments. 

During the 1974 growing season the maximum amounts of 
TNC in the herbage were from the water + nitrogen treatment 

The mean annual GE content of herbage from the control, 

( 12.66 g mw2). There was no significant difference between the 
water, nitrogen, and water + nitrogen treatments was 62.4, 

peak TNC content of the control, water, and nitrogen treatments 
342.4, 194.6, and 863.7 kcal mP2, respectively. During the 

(about 3 .OO g m-“) in each case). The three dates in the 1974 
1974 growing season, the maximum GE content in the herbage 

growing season are at a comparable time of sampling with the 
from the water + nitrogen treatment was at the middle of the 

1973 growing season, and the data up to that point in time during 
growing season (788 kcal me2). During the same period, the 
control, water, and nitrogen treatments recorded maximum 

both years does not reveal any significant year-to-year variation values of I 14,144, and 146 kcal me2, respectively. The average 

additional demands on the carbohydrates to provide additional 
carbon skeleton for the incorporation of nitrogen into amino 
acids and proteins. 
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Fig. 2. Gross energy (GE, kcal m-‘) in the aboveground live compartment of 
the control(D), water(E), nitrogen (F), and water + nitrogen (G) treatments 
during the 1973 growing season. 

annual GE content from the control, water, nitrogen, and water 
+ nitrogen treatments was4.11,4.15,4.12, and4.21 kcal/gdry 
wt, respectively. 

The greater amounts of GE in the water ( 194.6 kcal rnm2) and 
water + nitrogen (863.7 kcal me2) treatments than that of the 
control (62.4 kcal m-‘) or nitrogen (194.6 kcal mV2) treatments 
are due to greater amounts of aboveground live biomass, and not 
due to greater GE concentrations (kcal g dry wt-l). GE is 
composed of two components, the nonlabile energy (structural 
components), which is not available for redistribution once it is 
fixed, and the labile energy (nonstructural carbohydrates), 
which is available for distribution between all the plant parts. Of 
the two components of GE the nonlabile energy is the pre- 
dominant form. Both nonlabile and labile energy content (kcal 
m-‘) of blue grama shoots from the water and water + nitrogen 
treatments are higher than the control or the nitrogen treatments. 
Similar results were reported earlier by Bokhari et al. (1974) 
when blue grama plants were grown in environment controlled 
growth chambers under identical treatment conditions as de- 
scribed for this study. The magnitude of GE of the shoots from 
the growth chamber experiment was, of course, different than 
that of the field experiments. 

Total Nitrogen Content (g m+) 
The total nitrogen content of blue grama herbage during the 

1973 growing season varied from a maximum of 6.0 g rnw2 in 
water + nitrogen treatment to a maximum of 0.67 g mm2 in the 
control, 1.74 g m-’ in the water, and 3.41 g mm2 in the nitrogen 
treatments (Fig. 3). The control, water, and nitrogen treatments 
exhibited two peaks while the water + nitrogen treatment 
showed one peak during the 1973 growing season. The mean 
annual total nitrogen content in herbage of the control, water, 
nitrogen, and water + nitrogen treatments was 0.40, 1.15, 
1.16, and 4.11 g m-“, respectively. 

The amounts of total nitrogen in the biomass of the nitrogen 
treatment indicated greater content than that of the control and 
water treatments mainly because of greater concentration of 
nitrogen (percent dry weight). For example, the maximum 
concentration of nitrogen in herbage of the control treatment 
during the 1973 growing season was 2.50%, and it was 2.00% 
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Fig. 3. Total nitrogen (g rnm9) in the aboveground 
control (D), water (E), nitrogen (F), and water + 
during the 1973 growing season. 

live compartment of the 
nitrogen (G) treatments 

in the water treatment, 3.20% in the nitrogen treatment, and 
2.64% in the water + nitrogen treatment. Mean annual con- 
centration of nitrogen in herbage of the control, water, nitrogen, 
and water + nitrogen treatments was 1.97, 1.41, 2.19, and 
2.15%, respectively. 

During the 1974 growing season, the maximum total nitrogen 
content (g m-“) from the control, water, nitrogen, and water + 
nitrogen treatments was 0.55, 0.85, 1.12, and 3.07 g m+, 
respectively. Nitrogen concentration varied from a minimum of 
1.67% to a maximum of 2.3 I % in the control, from 1.20% to 
1.60% in the water, from 2.34% to 3.00% in the nitrogen, and 
from 1.14% to 3.10% in the water + nitrogen treatments. 
During 1974 maximum nitrogen concentration in herbage was 
identical with the water + nitrogen and nitrogen treatments. 
Repeated statistical comparisons by analysis of variance indi- 
cated significant dates x treatment interactions (P < O.OOl), 
which is attributable mainly to the water + nitrogen treatment. 
There were no significant differences in terms of nitrogen 
content (g m-‘) of herbage at different sampling dates (Tukey’s 
Q = 1.66) from the control, water, and nitrogen treatments. 
Water + nitrogen significantly (Tukey’s Q = 2.20) increased 
nitrogen content. 

In the control and nitrogen treatments there seems to be a 
buildup of nitrogen in the shoots (probably as nitrate, as 
postulated by Sullivan, 1962) due to lack of capability of the 
shoots (photosynthates) to provide sufficient carbon skeleton 
for the incorporation of additional nitrogen. On the average 
there are greater protein concentrations in the shoots of the 
nitrogen treatment, ( 15%) than those of the water (9%) or water 
+ nitrogen (13%) treatments. Uresk and Sims (1975) reported 
an average of 10% crude protein in live blue grama herbage 
from different grazing treatments during 1970 with a minimum 
of 7.8% at maturity and a maximum of 18% during early 
vegetative growth. 

Total Carbon Content (g m-“) 
The total carbon content of blue grama herbage from the four 

treatments during the 1973 growing season is given in Figure 4. 
The water treatment produced greater content of carbon in 
herbage than control or nitrogen treatments. The mean annual 
content of total carbon in herbage of the control, water, 
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there is proportionately greater accumulation of carbon- 
containing substances in the water and water + nitrogen treat- 
ments than in the control treatment. The lowest C/N ratio in the 
nitrogen treatment ( 17.2) indicates comparatively greater con- 
tent of nitrogenous compounds, which again may be due to the 
presence of nonproteinaceous substances as well as nitrogen in 
the form of nitrate. 

TNC/N Ratio 
\ 

‘E 
The proportion of total available carbohydrate and total 

nitrogen content (TNC/N) is considered a reliable index of 
quality and potential utilization of herbage by livestock (Reid 
and Jung 1973). The TNC/N ratio in all treatments during 1973 
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increased toward the end of the growing season, except for the 
nitrogen treatment, which began to decline at this time (Table 
2). The maximum TNC/N ratio recorded was about 7.0 in the 

Fig. 4. Total carbon (g rnef) in the aboveground live compartment of the herbage of the control and water treatments. Average TNC/N 
control (D), water (E), nitrogen (F), and water + nitrogen (G) treatments ratios during the 1973 growing season were 5.0 from the 
during the 1973 growing season. control, 6.0 from the water, 3.3 from the nitrogen, and 3.8 from 

the water + nitrogen treatments. Average TNC/N ratios up to 
nitrogen, and water + nitrogen treatments was 8.6,42.6, 14.0, the middle of the 1974 growing season were 6.2, 5.4, 3.8, and 
and 44.2 g m-‘, respectively. 3.4 from the control, water, nitrogen, and water + nitrogen 

During the 1974 growing season, the maximum content of treatments, respectively (Table 2). 
carbon in herbage of plants growing in control, water, nitrogen, 
and water + nitrogen plots was 12.66 g m-‘), 15.61 g m+, 

Table 2. Total nonstructural carbohydrates (TNC) and total N ratios 
(TNC/N) in aboveground live herbage of blue grama during the 1973 and 

14.78 g m-‘), and 80.03 g m?, respectively, up to the middle of 1974 growing seasons. 

the growing season. 
There were no significant differences in carbon concentration 

Treatments 

(percent dry weight) of herbage among the four treatments Sampling dates Water + 

(averaging 4 1% to 45%) at any given time during the growing EP- 
(Julian days) Control Water Nitrogen nitrogen 

season. The carbon concentration in herbage of plants growing - 138- lb0 4.4 7.0 3.7 - 

in all treatments increased as the plants approached maturity. 
159-166 4.7 4.0 2.5 2.5 
179-191 4.7 6.3 4.8 2.4 

On the average, the 38% carbon in the herbage at the beginning 207-2 15 2.7 6.0 2.4 4.1 
of the growing season increased to 48% by the end of the 229235 6.1 5.5 4.8 3.8 

growing season. 235-253 7.1 7.7 1.5 6.6 
Average 5.0 6.0 3.3 3.8 

C/N Ratio 1974 144-151 6.1 5.0 5.3 3.0 

The C/N ratio in herbage of all four treatments fluctuated 163-168 6.5 6.1 2.7 3.2 

throughout the growing season (Table 1). Maximum C/N ratio 203-206 6.2 5.2 3.4 4.1 

in blue grama herbage during the 1973 growing season was from 
Average 6.2 5.4 3.8 3.4 

the water treatment (69.9) and minimum from the nitrogen 
treatment (6.0). The seasonal average C/N ratio in herbage of 
plants growing in the control, water, nitrogen, and water + 
nirogen plots was 18.2, 38.2, 17.2, and 21.1, respectively. 
During the 1974 growing season, the maximum C/N ratio in 
herbage was found during the middle of the growing season. 

The control treatment, which represents the normal con- 
ditions of the native shortgrass prairie site with a lower C/N ratio 
than the water and water + nitrogen treatment, indicates that 

Table 1. Carbon and nitrogen ratios (C/N) in aboveground live herbage 
of blue grama during the 1973 and 1974 growing seasons. 

Treatments 

Sampling dates 
(Julian days) Control Water Nitrogen 

Water + 
nitrogen 

138-140 19.0 19.0 19.0 - 
159-166 13.2 25.1 15.4 15.8 
179-191 18.0 39.2 32.0 16.0 
207-235 11.0 69.9 13.8 23.8 
235-253 29.8 38.1 6.0 29.1 
Average 18.2 38.2 17.2 21.1 
144-151 17.3 25.1 13.8 13.0 
163-168 24.1 28.8 13.1 16.4 
203-206 23.1 31.7 14.4 26.0 
Average 21.5 28.5 13.7 18.4 

TNC is a source of readily available energy which, ac- 
cording to Cooper (1973), enhances rumen microbial activity 
and forage utilization and also aids in utilization of protein and 
nonprotein nitrogen (Macrae et al. 1972; Noller and Rhykerd 
1973). Rumen microorganisms require a source of readily 
available energy for conversion of nonprotein nitrogen to 
microbial protein (Nowakowski 1962). Low available energy- 
to-protein ratios have been associated with poor feeding quality 
of silage, depressed growth and performance of animals on 
pasture, and a higher susceptibility to metabolic disease (Butler 
and Jones 1972; Reid and Jung 1973). 

Crude Protein (N x 6.25 g m-‘) 

Herbage from the water + nitrogen treatment had a higher 
content of crude protein throughout the 1973 growing season 
than did that from the other three treatments (Fig. 5). Maximum 
amounts of crude protein in the herbage were from the water + 
nitrogen treatment (37.93 g m-“). 

Compared to the other three treatments, the control treatment 
had the lowest amounts of crude protein throughout the growing 
season with a maximum amount of 4.18 g mm2 during the middle 
of the growing season and a minimum amount of 1.03 g me2 at 
the beginning of the growing season. During the 1974 growing 
season, the maximum content of protein was in the herbage 
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Fig. 5. Totul crude protein (N X 6.25 g me2) in the aboveground live compart- 
ment in the control (D), water (E), nitrogen (F), and water + nitrogen (G) 
treutmertts during the I973 growing season. 

from the water + nitrogen treatment (19.22 g m-“) and 
minimum from the control treatment. Up to the middle of the 
1974 growing season, average protein contents in the control, 
water, nitrogen, and water + nitrogen treatments were 2.77, 
3.85, 5.47, and 14.70 g m-‘), respectively, during the 1973 
growing season. 

Mean annual protein content (g rnpZ) was greater in the 
herbage from the water + nitrogen treatment (28.2 g rnmZ) than 
in that from the water or nitrogen (7.2 g m-‘), or the control (2.5 
g m-“) treatments. The greater concentration of protein (% dry 
weight) was found in the nitrogen treatment, which may not 
really represent protein nitrogen but most probably nonprotein 
or nitrate nitrogen. Usually the Kjeldahl procedure used for the 
determination of total nitrogen does not include nitrate unless a 
modified procedure is used. However, in most studies crude 
protein content of fertilized range grasses increased inde- 
pendently of yield (Rogler and Lorenz, 1957; Mason and 
Miltimore, 1964). Protein contents of blue grama herbage were 
higher during the middle of the growing season (June and July) 
in all treatments except the nitrogen treatment, which indicates 
the appropriate time of its nutritive values for livestock. 
Rodgers and Box ( 1967) reported similar trends in protein 
contents of several grasses including blue grama. 

From a nutritional point of view these results indicate that 
nitrogen fertilization alone may reduce production and forage 
quality due to reduction in carbohydrate contents. Other quality 
factors such as increase in protein concentration may compen- 
sate for carbohydrate and yield losses. Irrigation alone or in 
combination with fertilization increases forage production and 
protein yield but may reduce forage quality due to low protein 
concentrations. Changes in the yield of protein may compensate 
for low protein concentration in otherwise highly productive 

mge grasses. 
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Influences of Brush Conversion and Weather 

Patterns on Runoff from a Northern California 

Watershed 

MICHAEL D. PITT, ROBERT H. BURGY, AND HAROLD 
F. HEADY 

Highlight: Sixteen years of data were evaluated to determine the 
inBuence of annual weather patterns and a brush conversion 
project on subsequent runoff from an 86.2-ha watershed. Grassy 
vegetation released 39% more total runoff than did woody vegeta- 
tion. Total runoff for each hydrologic year was directly propor- 
tional to total precipitation, regardless of vegetative cover. How- 
ever, runoff as a proportion of total precipitation increased 59% 
following conversion of woody to grassy vegetation, and most 
closely correlated with March cover. 

Unfortunately, brush conversion also drastically increased the 
number of soil slips and sediment discharged from the watershed. 
All major landslides occurred in the vicinity of streams when the 
root systems of woody vegetation along these streams began to 
decay. Leaving this streambank vegetation intact may have 
prevented some of the undesirable results of brush conversion on 
the watershed. 

Literature describing watershed management practices typi- 
cally concludes that reduction of woody vegetation cover, by 
cutting or other means, results in increased water yields (Burgy 
and Papazafiriou 1974). Studies as early as 1900 in Switzerland, 
the Colorado Wagon Wheel Gap Study (Bates and Henry 1928)) 
the Coweeta studies in North Carolina (Hewlett and Hibbert 
1961; Hibbert 1969), studies in South Africa (Pereira 1962), 
forestry and hydrologic research in Oregon (Rothacher 1965), 
California (Rowe 1948; Biswell and Schultz 1958; Rowe 1963; 
Bentley 1967; Lewis 1968), Ohio (Hat-r-old et al. 1962), West 
Virginia (Reinhart et al. 1963), and many others, representing 
thousands of acres of watersheds and many years of records, all 
demonstrated the impacts of woody plant reduction in increased 
water yield. 

However, total amounts of increased water yield following 
conversion from brush to grass are highly variable and un- 
predictable, and depend not only upon the change in vegetative 
type, but also upon annual weather patterns (Rowe and Reimann 
196 1) . Where long-term weather records are available, average 
annual precipitation is usually considered a reliable parameter 
for predicting water yield (Branson et al. 1962). However, 
many climatic factors other than average annual precipitation 
also influence runoff. High levels of either storm intensity or 
duration may produce runoff, while low intensity storms, not 
exceeding soil infiltration capacity, may produce no runoff at 
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all. Rainfall distribution over time also affects water yield, as 
storms separated by periods of clear weather produce maximum 
interception capacity at the beginning of each shower, with a 
corresponding decrease in runoff. Temperature regimes during 
both storms and clear weather exert additional impacts on total 
water yield. Intercepted moisture becomes more susceptible to 
evaporation when temperatures are high during periods of clear 
weather. This evaporation in turn produces a higher moisture 
holding capacity in the vegetation, thereby increasing inter- 
ception capacity during the next storm and ultimately reducing 
runoff. 

These variable climatic factors must be separated from the 
effects of watershed management techniques before evaluating 
the success of such techniques. Observed changes in runoff 
following brush conversion projects may result from different 
weather patterns as well as the reduction in woody vegetation. 
Therefore, this study evaluates the relative influences of annual 
weather patterns and a brush conversion project on 16 years of 
runoff from a northern California watershed. 

Location and Methods of Study 

The study was conducted at the Hopland Field Station, which is 
owned and operated by the University of California and is located in 
Mendocino County in the central portion of the coast mountain ranges. 
The experimental area, known as Watershed II, is an 86.2-ha drainage 
basin with a west-facing orientation draining into the Russian River. 
Elevations range from 183 to 396 m. Soils on the watershed are 
approximately 1 meter thick overlying sandstone and shale rock of the 
Franciscan Formation. This formation is extremely shattered and 
jointed, with intrusions of basic rock and interlaced with faults, very 
typical of the coastal mountain ranges (Gowans 1958; Burgy and 
Papazafiriou 1974). 

The study began in 1952 when the watershed was fenced and a weir 
erected for measuring runoff. Other instrumentation to measure 
precipitation, soil moisture, and groundwater levels, and a settling 
basin to measure sedimentation were also installed. The vegetative 
composition of Watershed II prior to brush conversion included 5.2 ha 
of open grassland; 19.8 ha of mixed grass and deciduous oak trees 
(Quercus lobata); 50.6 ha of black oak (Quercus kellogii), live oaks 
(Quercus agrijolia, Q. wislizenii), blue oak (Quercus dougfusii), and 
madrone (Arbutus menzeisii); and 9.3 ha of brush composed principal- 
ly of chamise (Adenostomu jusciculutum) (Pitt 1975). 

The years 1955 through the summer of 1959 marked the first or 
calibration period of brush conversion. Throughout this calibration 
period, botanical composition, cover, and standing crop were esti- 
mated twice a year; once immediately before the onset of rapid plant 
growth in February, and again during summer dormancy in June. 
Precipitation and runoff were sampled monthly. The second, or 
treatment period of brush conversion on Watershed II, when woody 
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vegetation was converted to grassy vegetation, began in December, 
1959. The trees were killed by applying 2,4-D amine in surface cuts 
circling the base of the tree trunks. This procedure required approxi- 
mately 4 months and concluded in April, 1960. Deciduous trees 
treated early in the winter generally did not come into leaf the 
following spring. Deciduous trees treated later in the winter did come 
into leaf the following spring but typically shed these leaves by 
September, 1960. The evergreen madrone and live oaks lost their 
leaves gradually and were bare within a year following treatment. 
During the second year after treatment, many small limbs fell; and 
within 3 years following treatment, many of the small tree trunks also 
rotted and fell. By the end of 1964, over 50% of the trees had fallen and 
a heavy litter lay on the ground limiting access for both men and 
livestock. 

July 1969 marked the beginning of the third or stabilization period 
of brush conversion, initiated by burning the watershed to remove the 
extensive build-up of decaying woody vegetation. Firing procedures 
utilized two crews beginning at the top of the watershed and firing 
downhill around the periphery. When the crews reached the bottom of 
the watershed, a safe, burned boundary strip encircled most of the 
watershed. Center firing occurred before the perimeter fire completely 
enclosed the watershed. Within one hour of the firing, the major 
portion of the burning, with excellent fuel consumption, was com- 
plete. Vegetation sampling continued until the stabilization period of 
brush conversion terminated in June, 1973. Runoff and sedimentation 
were sampled only through the end of the 1970 hydrologic season. 

Runoff and precipitation both decreased during the treatment 
period immediately following brush conversion on the water- 
shed. During the stabilization period of brush conversion, both 
runoff and precipitation increased, although precipitation was 
only slightly higher than the average prior to brush conversion. 

The trend in runoff as a percentage of total precipitation, 
however, increased much more than either runoff or precipita- 
tion increased throughout the study of Watershed II. Obviously, 
grassy vegetation subsequent to brush conversion produced 
greater amounts of runoff as a percentage of total precipitation 
than did woody vegetation prior to brush conversion (Fig. 1). 
Indeed, analysis of variance for runoff/precipitation ratios as a 
function of brush conversion periods on the watershed produced 
differences significant at the 20% level of significance (F = 
2.12). While annual runoff averaged 39% more during the 
stabilization period than during the calibration period of brush 
conversion, the ratio of runoff to total precipitation increased 
59% between these same two periods. In contrast, total precipi- 
tation increased only 3.73% between the calibration and 
stabilization periods of brush conversion. Therefore, in both 
absolute and relative terms, grassy vegetation released a higher 
proportion of precipitation as runoff than did woody vegetation. 

This relationship of runoff to total precipitation became 
particularly important during high rainfall years. Runoff from 

Results and Discussion Watershed II exceeded 40 cm only during the hydrologic years 

Brush conversion undoubtedly increased runoff from Water- 
ending in 1956, 1958, 1969, and 1970 (Table 1). Average 

shed II, as the formerly intermittent stream draining the center 
runoff for the years 1955 through 1970 inclusive equaled 27.94 

of the watershed became perennial immdiately following herbi- 
cm while total rainfall averaged 92.46 cm. During the high 

tidal treatment of the woody vegetation. However, some of this 
runoff years of 1956, 1958, 1969, and 1970, however, total 

observed increase in runoff (Table 1)’ may have resulted from 
rainfall equaled 129.39, 152.20, 127.00, and 112.90 cm, 
respectively (Table 1). Furthermore, the amount of runoff as a 

Table 1. Annual runoff (cm) and precipitation (cm) through June 1 of the 
function of total rainfall increased geometrically. The runoff/ 

hydrologic year, and the corresponding runoff/precipitation ratios (9%) on precipitation ratios for the hydrologic years ending in 1955 
the grazing unit designated as Watershed II, Hopland Field Station. through 1970 averaged 27.5%. Alternatively the runoff/precipi- 

tation ratios for the high runoff years of 1956, 1958, 1969, and 
Runoff 1970 equaled 31.4, 45.5, 45.0, and 43.2%, respectively. 

Hydologic Runoff Precipitation Precipitation Runoff through June 1 during these hydrologic years averaged 
year (cm) (cm) (o/o) 53.95 cm, 93.1% higher than the average runoff year during the 

1954-1955 4.44 63.09 7.0 study of Watershed II. 
1955-1956 40.64 129.39 31.4 In contrast to runoff, total precipitation during these years of 
1956-1957 6.32 74.62 8.5 
1957-1958 

1956, 1958, 1969, and 1970 averaged 130.35 cm, only 40.8% 
69.22 152.20 45.5 

1958-1959 13.69 65.25 21 .o 
higher than the average precipitation through June 1 for the 

1959-1960 6.63 64.92 10.2 hydrologic years ending in 1955 through 1970 inclusive. 
196&1961 17.25 77.85 22.2 Therefore, increasingly greater proportional quantities of runoff 
1961-1962 23.16 78.56 29.5 emanated from increasing quantities of total precipitation. The 
1962-1963 31.88 102.56 31.1 
1963-1964 11.33 60.71 18.7 

runoff/precipitation ratios for the years 1956, 1958, 1969, and 

1964-1965 37.67 109.30 34.5 
1970 averaged 4 1.3%, 50.2% higher than the average runoff/ 

1965-l 966 23.62 79.45 29.7 precipitation ratio throughout the study on Watershed II. 
1966-1967 34.64 106.17 32.6 Obviously total rainfall, as influenced by the intensity, duration, 
1967-1968 22.61 77.09 29.3 
1968-1969 57.15 127.00 45.0 

and separation of individual storms and ambient temperature 

1969-1970 48.77 112.90 43.2 
patterns during and between these storms, significantly in- 
fluenced total runoff from Watershed II, regardless of the 

different weather patterns following brush conversion as well as 
vegetative cover. 

the reduction in woody vegetation. Therefore, simple corn- hfl uence of Weather Patterns on Runoff 
parison of average runoff before and after brush conversion may 
lead to conclusions that confound the influences of brush con- 

Results obtained from step-wise multiple regression of runoff 
on 76 weather variables (Pitt 1975) illustrate that runoff depends 

version and annual weather patterns. 
Figure 1 illustrates the relationships among total runoff, total 

primarily on total precipitation (Table 2). * Total rainfall through 
J une 

precipitation, and runoff as a percentage of total precipitation. 
1 of the hydrologic year entered the regression equation 

’ The hydrologic year begins October 1 and extends through September 30. Only minor z The first five weather variables entering the regression equations in Table 2 are listed 
quantities of runoff and precipitation occurred from June 1 to the beginning of the next from left to right in order of their respective appearance in the step-wise regressions. 
hydrologic year. Virtually all precipitation was discharged from the watershed during each Direction of influence (positive or negative) and the coefficients are included with each 
hydrologic year. weather variable. 
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Fig. 1. Runoff, precipitation, and runoff/precipitation ratio through June I of (2) Treatment. (3) Stabilization. 
the hydrologic year as a function of the conversion period. (I) Calibration. 

first, and by itself correlated with runoff through June 1 with an 

P of 0.92. The negative correlation of runoff through June with 
total precipitation in April and May is possibly associated with 
increased evapotranspiration of annual vegetation during this 
period of rapid plant growth. High rainfall during these 2 
months often produces virtually no runoff from watersheds in 
that region of California. 

Runoff through March 1 of the hydrologic year also highly 
correlated with total precipitation, particularly during the 

months of December, January, and February (Table 2). The 
negative correlations of runoff through March 1 with numbers 
of days below freezing in October and increasing mean 
minimum temperatures in October, likely indicate cold weather 
with no rain, and an extended summer with no rain, respective- 
ly . Both these regressions of runoff on weather variables and the 
following regression equations (Table 3) of runoff on standing 
crop and cover utilized only those data (Table 4) collected after 
brush conversion ( 196&l 969 inclusive) so that results were not 

Table 2. Summary of results obtained from step-wise multiple regressions of runoff through both March 1 and June 1 of the hydrologic year on weather 
variables. 

Runoff Constant Weather variables ti F 

0.7 
Runoff through June 1 10.0 Precip . 

year 

0.6 
Runoff through March 1 9.9 Precip. 

DJF 

0.6 
Runoff through June 1 -12.5 Precip. 

-1.0 
Precip. 
A, May 

-0.2 
< .6cm 
SON 

0.3 -0.2 0.2 
Precip. < .6cm M. max. 

0 SONMAM ONMA 

-3.5 0.7 -0.4 
<O”C Precip. M. min. 

0 SON 0 

.99 832.5’ 

.99 260.7’ 

.92 96.5’ 

’ Significant at 0.01. 

year 
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Table 3. Simple regressions of runoff through both March 1 and June 1 of 
the hydrologic year on cover and standing crop at the March 1 and June 1 
sampling dates on Watershed II, Hopland Field Station, during the years 
1960 through 1969 inclusive. 

P F 

March runoff = 1.03 + O.l9(March cover) .20 2.07 
March runoff = 5.20 + 0.36(March standing crop) .15 1.44 
June runoff = 5.96 + O.l5(June cover) .08 0.70 
June runoff = 2.38 + 0.28(June standing crop) .25 2.67 
June runoff = 0.43 + 0.27(March cover) .33 3.91’ 
June runoff = 6.80 + 0.44(March standing crop) .18 1.82 

’ Significant at 0. IO. 

confounded with the different runoff potentials of predominant- 
ly brushy versus predominantly grassy vegetation. Following 
conversion, this annual, grassy vegetation dominated all treated 
areas of the watershed, and permitted virtually no reinvasion by 
woody plant species. 

Influence of Annual Vegetation on Runoff 
The regressions of runoff on standing crop and cover pro- 

duced relatively low coefficients of determination as simple r2 
values ranged from .08 to .33. The largest coefficient of 
determination resulted from the regression of runoff through 
June 1 on cover at the March sampling date. This relationship 
suggests a delayed influence of annual vegetation on runoff 
mther than an immediate calendar effect. Indeed, only this 
particular regression of runoff on vegetational parameters 
produced results significant at the 10% level of significance. 

These regression analyses of runoff on vegetational parame- 
ters excluded data collected in 1970, which can therefore be 
used to “test” the predictive accuracy of the regressionequation 
of June runoff as a function of March cover. From Table 3 June 
runoff equals 0.43 + 0.27 x March cover. Cover in March of 
1970 equaled 54.53%. Therefore, the regression equation 
predicts 38.48 cm of runoff through June 1 of 1970, a value 
which compares reasonably well with the observed 48.77 cm 
through June 1 of 1970. However, since total precipitation is 
such a dominating factor in terms of runoff, this equation 
relating March cover to runoff through June 1 should be applied 
very cautiously. 

Managerial Recommendations 

Brush conversion not only augmented runoff from Watershed 
II but also drastically increased the number of soil slips and 
resulting sediment discharged from the watershed. Relatively 
stable top soils prevailed on the watershed prior to brush 

Table 4. Runoff through March 1 of the hydrologic year, standing crop 
(oven dry g/AZ) and foiiar cover (?G) at the March 1 and June 1 sampling 
dates on Watershed II, Hopland Field Station, during the years 1960 
through 1970 inclusive. 

Year 

March 
runoff 
(cm) 

March June 
cover cover 

1960 4.27 27.90 27.19 
1961 12.12 44.61 43.65 
1%2 17.32 34.07 33.90 
I%3 17.60 41.58 30.15 
1964 10.06 29.77 14.69 
1965 34.29 23.36 18.39 
1966 21.72 22.01 17.18 
1%7 24.51 46.35 43.58 
1968 16.64 45.29 40.50 
1969 50.06 60.89 39.45 
1970 44.42 54.53 36.31 

March 
standing 

crop 

1.76 
4.49 
5.56 
6.44 
8.34 
7.41 
3.00 

11.90 
20.08 
13.51 
12.79 

June 
standing 

CroP 

7.30 
27.98 
20.28 
30.91 
26.91 
33.32 
29.74 
28.52 
46.90 
34.92 
16.79 

conversion treatments. No massive soil movements occurred 
during the calibration period of brush conversion, even under 
heavy precipitation (Burgy and Papazafiriou 1974). However, 
61 soil slips occurred during the 10 years immediately following 
brush conversion. Only five of these slips occurred during the 
period of 1960-1964, while 18 slips were observed in 196” 
1965, 15 in 1965-l 968, and 17 in 1968-1969. The remaining 
six soil slips occurred in 1969-1970 (Burgy and Papazafiriou 
1974).Although the rate of soil slips has recently declined, two 
new slips were observed in the spring of 1974. These slips were 
relatively small, however, and may represent natural slides very 
characteristic on clay soils found in the Franciscan Formation. 

All of the major landslides occurred in the vicinity of streams 
(Fig. 2), and in most cases bank cutting preceded the slips. The 
bulk of these slips did not occur until 5 years following brush 
conversion, when the root systems of the dense, woody vegeta- 
tion along stream banks began to decay. Once these roots 
released their hold upon the top soil, which often reached 
moisture saturation during the winter months, the total number 
of land slips in each time period was directly proportional to the 
total precipitation in that time period (Burgy and Papazafiriou 
1974). These land slips produced such enormous quantities of 
sediment that measurement activities were discontinued. Sedi- 
mentation from Watershed II averaged approximately 400 tons 
per year during the calibration period, but increased to 4,000 
tons per year following brush conversion. Intense storms 
occasionally washed 100 tons of sediment per hour from Water- 
shed II following brush conversion. 

The precise economic impacts of brush conversion on Water- 
shed II remain unquantified. However, repeated soil slips 

Location of slips 0 

Fig. 2. Main soil series and location of soil slips on Watershed II, Hopland 
Field Station. (From Burgy and Papazafiriou 1974.) 
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certainly detract from long-term forage production potentials, 
while subsequent siltation may reduce runoff quality and values 
for downstream agricultural enterprises. Since most of the soil 
slips began on the steep slopes adjacent to the stream banks 
draining the center of the watershed, one implication is that total 
brush conversion may have been undesirable. Retaining some 
dense, riparian vegetation intact during brush conversion pro- 
grams serves to minimize the unwanted side effects of slippage 
and sedimentation (Lewis and Burgy 1964). However, since 
these dense, woody sites contributed a very large proportion of 
the total forage increase following brush conversion (Pitt 1975), 
leaving them intact would also detract from the benefits of brush 
conversion prjects. The appropriate balance of these positive 
and negative results of brush conversion certainly depends upon 
managerial objectives in any particular regional locale. 

Summary and Conclusions 

The influences of brush conversion, herbage productivity, 
and annual weather patterns on runoff emanating from Water- 
shed II, Hopland Field Station, were investigated during the 
years 1955-1970 inclusive. Grassy vegetation following brush 
conversion produced approximately 59% more runoff as a 
percentage of total precipitation than did woody vegetation prior 
to brush conversion. Once this grassy vegetation became 
established however, the relative degree of cover and standing 
crop from one year to the next exerted only negligible influences 
on total runoff from the watershed. The coefficients associated 
with cover and standing crop in the simple regression equations 
for runoff (Table 3) never exceeded 0.44, indicating that a unit 
increase in either cover or standing crop produces less than a 
unit increase in runoff. Interestingly, both cover and standing 
crop positively correlated with runoff, suggesting that in- 
creasing cover and standing crop of grassy vegetation produce 
greater amounts of runoff. However, these relationships among 
runoff, cover, and standing crop actually represent associations 
with the overwhelming influence of total precipitation, which 
positively correlated with all three of these variables (Pitt 1975). 

Indeed, total precipitation rather than temperature and rain- 
fall patterns was primarily responsible for annual variability in 
total runoff emanating from Watershed II subsequent to brush 
conversion. The first four variables entering the step-wise 
multiple regression equation of runoff through June 1 on 
weather patterns all describe amounts of rainfall as opposed to 
temperature patterns. Although periodicity and intensity of 
storms as well as temperature patterns certainly influence total 
water released from any watershed, the single variable, total 

precipitation through June 1, described 92% of the variability in 
annual runoff from Watershed II. 

In addition to increased runoff, brush conversion at this site 
drastically increased sedimentation and soil slippage in the 
vicinity of streams, particularly after the root systems of the 
dense, woody vegetation on these slopes decayed. Leaving 
some stream bank vegetation intact may have minimized that 
undesirable result of brush conversion on Watershed II. 
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Vegetative Responses of Some Great Basin 

Shrub Communities Protected against Jack- 

rabbits or Domestic Stock 

BARBARA RICE AND MARK WESTOBY 

We surveyed the vegetation at 19 locations inside and outside 12 
exclosures built at various times in Curlew Valley, northern Utah. 
The exclosures were in semidesert shrub vegetation and included 
several communities definable by a dominant perennial shrub 
distribution having sharp boundaries. At the level of the individu- 
al quadrat, there was no correlation between the density of any of 
the abundant annuals and the percentage of the soil surface that 
was bare, or covered by rock, dead plant matter, or cryptogam 
crust. The communities as defined by dominants arranged them- 
selves in the order winterfat, shadscale, shadscale and perennial 
grasses, sagebrush, black sage. These communities are known to 
be found on progressively less xeric sites. The changes which 
resulted from protecting samples of these communities from 
grazers were fairly consistent within each community, but differed 
among communities; and moreover these changes were not corre- 
lated with a trend from more to less xeric sites. Protection against 
sheep, with or without protection against jackrabbits, did not have 
very many effects even over 15 years: halogeton generally de- 
creased; peppergrass increased where present; winterfat increased 
in vigor but not in density where it was dominant. Other dominant 
shrubs and perennial grasses, did not respond to protection. 
Protection against jackrabbits had no consistent extra effect on the 
parameters studied. The classical concept of range succession is 
that recovery from overgrazing moves a community through 
secondary succession parallel to a gradient towards relatively 
more mesic conditions. On the whole, this concept has not been 
useful in interpreting the results of excluding grazers from these 
semiarid shrublands. 

It is generally accepted that vegetation on many semiarid 
rangelands has changed during the last century, partly because 
of poor grazing practices (Martin 1975). A number of reports 
document shifts from grassland to shrub-dominated vegetation 
in New Mexico (Buffington and Herbel 1965) and central Utah 
(Christensen and Johnson 1964). Vale (1975) suggested that 
northern Great Basin semiarid ranges may always have been 
dominated by shrub species. Under continued grazing pressure 
vegetational change in northern Nevada may be toward annual 
grasses and forbs replacing desirable browse-species (Robertson 
and Kennedy 1954). 

Studies of grazing successions are frequently based on 
comparisons of protected and grazed vegetation, and results 
vary considerably. Stoddart et al. ( 1975) state that secondary 
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succession should follow the same sequence as primary succes- 
sion, although the process may be extremely slow. On some 
Arizona ranges the shrub component continues to increase, 
regardless of grazing treatment (Smith and Schmutz 1975). 
Gardner ( 1950) found an increase in grass cover on protected 
areas in New Mexico, but little difference in floristic composi- 
tion after 30 years. In Texas Smeins et al. (1976) recorded little 
change in plant composition within an exclosure protected for 25 
years, and Reardon and Merrill (1976) found that litter produc- 
tion was greater under continuous light grazing than under no 
grazing. In western Colorado, Turner ( 197 1) found little re- 
sponse to protection which could be clearly attributed to live- 
stock exclusion, although an increase in litter and moss cover 
within exclosures was attributed to the lack of trampling. 
However, Robertson ( 197 1) reported that 30 years’ exclusion of 
livestock on a Nevada sagebrush-grass range resulted in an 
increase of shrub, forb, and grass cover. 

In Curlew Valley, northern Utah, different range scientists 
have at various times built exclosures against livestock, and 
sometimes against jackrabbits. The exclosures are spread over a 
range of vegetation types along a slope and have been protected 
from 6 to 15 years. They provide an opportunity to study 
differences between protected and unprotected vegetation and 
also the relation of those differences to variation among different 
vegetation types. In this paper we report results of a vegetation 
survey designed to investigate those matters. 

Study Area 

Curlew Valley runs north from the shore of the Great Salt Lake 
across the Utah/Idaho border. Vegetation ranges from sagebrush 
(Artemisia trident&z) types in the north to saltbush types (Atriplex 
spp.) in the south and at lower elevations. Total year-round precipita- 
tion ranges from 150-200 mm in the south to 350400 mm in the 
north. Most falls in the winter, a substantial portion as snow. Besides 
decreasing precipitation, another probable cause of changing vegeta- 
tion down the valley is the increasing salinity of soils left behind by 
Pleistocene Lake Bonneville during its retreat. Attempts to define the 
correlation of soil properties with plant distribution in the study area 
have not been successful (Mitchell et al. 1966). 

Gates et al. (1956) show that abrupt changes in soil chemistry do not 
necessarily induce concomitant, or consistent, shifts in vegetation. 
Even the relatively strong patterning in winterfat and shadscale 
vegetation types is apparently independent of soil salinity (Mitchell et 
al. 1966), although salinity would seem the strongest factor operating 
on distribution in the area. 

A sketch-map of the part of the valley in which our studies were 
located is shown in Figure 1. The Wildcat Hills, on the east in 
Figure 1, rise in the center of the valley. The lowest point on the east- 
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Fig. 1. Sketch map of the study area. A is the access road, C and D indicate 
relevant fences, small rectangles with two- or three-digit names are ex- 
closures. Further explanation in text. 

west road A lies at about B. The dominant shrubs are mapped over the 
area. This mapping is not exact but serves to show which shrubs 
dominate the vegetation of particular exclosures. For example, 
exclosure CO3 is dominated by sagebrush. To the east on the map, the 
toad A turns north under a sharp slope upwards to the Wildcat Hills. 
Thus exclosure CO2 lies higher than the others, on coarser soils, and is 
dominated by black sage (Artemisia nova). Exclosure CT2 lies at the 
mouth of a small valley into the Wildcat Hills, and its soil is also 
coarser, presumably derived from material washed out of the valley. 

What is known of the grazing history of the area is as follows. (We 
are grateful to Dr. N. E. West for this information.) From 1869-1914, 
Kelton, a few miles south, was a major railhead for shipping stock. 
Over this period the study area probably was grazed intensely by sheep 
being driven to Kelton and held waiting for shipment. After 19 19 the 
main east-west railway route shifted south of the Great Salt Lake, and 
Kelton was no longer used. More recently the valley to the south of the 
study area has been grazed in winter under Bureau of Land Manage- 
ment permit. In the study area itself, the area west of the fence C has 
been grazed year-round by cattle. The center of the valley, bounded by 
fence C and fence D, was privately owned and used as a lambing 
ground until 1969. Since then it has not been grazed. The corridor 
between Fence D, on the west, and the slope of the Wildcat Hills, on 
the east, is the route through which sheep are driven south in early 
winter to use the grazing in the lower valley, and north again in spring. 
While there is no fence restraining sheep to the east, the absence of 
dung indicates that they do not usually have time to spread up onto the 
high ground. 

The area shown in Figure 1 has been much used since the 1950’s for 
various studies of range ecology. The exclosures shown there have 
mostly been established in order to protect from defoliation individual 
plants whose physiology was being studied. Those exclosures pre- 
fiied CO were established in 1956 (Cook 197 1); except for CO 1 they 
were made proof against jackrabbits (Lepus calijornicus only in this 
area) in 1957. The studies in them ended in 1969; the protection of 
CO2 and CO4 against jackrabbits has lapsed since then (Westoby 
1973). Exclosures prefixed CT were established in 1966 (Coyne 196% 
Trlica 1971). None of these were made jackrabbit-proof. Those 
prefixed B were established in 1968 (Bjerregaard 1971) and were 
made jackrabbit-proof. 

Methods 
Data Collection 

Data were collected at a total of 19 “locations.” These were inside 
each of the 12 exclosures and close by, but outside, seven of them- 
exclosures B 1, CO1 , C02, C03, C04, C05, and C06. Locations in 
exclosures are referred to by the suffix P (e.g. BlP) and those outside 
by the suffix U (e.g. B 1 U). The inset in Figure 1 shows the arrange- 
ment within and outside the exclosures. Four 30-m transects were 
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placed at each location. At 1.5-m intervals along each transect, twenty 
0.1 m4 (50 cm x 20 cm) quadrats were sampled. Within each quadrat 
percent cover and rooting density of shrubs were recorded. The soil 
surface was described as percentages of bare soil, cryptogam cover 
(algal crust), and litter; plant bases were considered litter. For 
perennial grasses, a cover value was recorded for each individual 
whose center lay inside the quadrat. Percent cover for each such 
individual was estimated as if it lay entirely inside the quadrat. 
Individuals some part of which fell inside the quadrat were not 
recorded if their center was not inside. 

At each end of the quadrat, two 10 cm x 20 cm areas were marked 
off with wire. The densities of annual species were recorded in these 
two subquadrats. 

These data were collected between May 6 and 12, 1973. At this date 
all annuals had germinated but most had not flowered. Identification 
was therefore speculative at the time the data were collected. In most 
cases the species were given arbitrary names and successfully identi- 
fied later. In one case, however, seedlings of two Descurainiu species 
were given the same arbitrary designation, and these data could not be 
properly separated afterwards. Generally they occurred together only 
in the Wildcat Hills, while over the rest of the area Descuruiniu 
pinnatu was found. 

Data Analysis 
In the Results section, besides presenting the basic data on vegeta- 

tion properties of the 19 locations, we describe results of analyzing the 
data in three ways. 

First, we studied the distribution of herbaceous species in the 
0.1 -m2 quadrats with respect to their relation to soil surface properties 
and the percentage cover of half-shrubs and whole shrubs, by 
correlation of these factors for all 1,520 quadrats. Second, we 
ordinated the 19 locations to find the main directions of variation in 
vegetation composition over the whole study area, in order to see 
whether changes in vegetation after exclusion were consistently 
related to their direction of variation. A Bray-Curtis ordination method 
was used (Bray and Curtis 1957). Third, we considered the specific 
effects of protection by comparing particular pairs of samples (grazed 
and ungrazed) at locations which probably had similar shrub domi- 
nants before undergoing different grazing histories. 

The basic data which come out of a vegetation study take the form of 
a table, with species along one side, locations along the other, and a 
measure of the abundance of each species at each location in each cell 
of the table. Such a table contains too much information for the main 
patterns to be readily apparent. Ordination is one of several methods 
for reducing such a data table to a simpler picture, but without 
discarding too much information in the process. The first step is to 
convert the basic data table to a similarity table. This is a table with the 
list of locations along both sides. Each cell of the table contains a 
measure of how different two locations are. The diagonal contains zero 
values, and the matrix is symmetrical about the diagonal. 

Various measures of how different two locations are can be used. 
The results we present used percentage similarity, obtained by 
summing over all species the smallest abundance of each divided by 
the sum of its abundances in the two sites. 

The similarity matrix can be used in various ways. In ordination 
procedures the locations are arranged along a few axes (usually two, so 
that the resulting figure can be shown on a page) in such a way that 
distances between locations in the arrangement are as close as possible 
in proportion to the differences between them in the similarity matrix. 

We carried out several Bray-Curtis ordinations and a principal 
components ordination. In Bray-Curtis ordination axes are defined by 
choosing very dissimilar sites as endpoints; principal components 
ordination uses measures of how much variance between sites is 
explained to choose axes. For our data all analyses gave similar 
results. Gauch and Whittaker ( 1973) describe and assess the merits of 
different ordination methods. 

Before carrying out ordinations, we reduced somewhat the basic 
data table. First, we removed those species which occurred in only a 
few locations because the mathematics of ordination make two loca- 
tions appear similar if they both lack the same species as well as if 
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Table 1. Vegetation composition as percentage cover and densities at the 19 locations studied. Locations are arranged with similar ones adjacent. Zero values 
indicate cover of less than 0.05%. 

Measure of abundance Location 
Species CO2U CO2P CT2P CO3U CO3P BlU B 1P CTlP COlU COlP CO4U CO4P CO6U CO6P CT4P B2P COW CO5P CT3P 

Percent cover 
Artemisia nova 26 25 
Artemisia tridentata 1 
Atriplex conjertijolia 0.1 
Ceratoides lanata 
Atriplex nuttallii 
Chrysothamnus 0.4 2 

viscidijlorus 
Grayia spinosa 1 0.1 
Artemisia spinescens 
Kochia americana 

Rooting density/m2 
Artemisia nova 5 4 
Artemisia tridentata 
Atriplex conjertijolia 
Ceratoides lanata 
Atriplex nuttallii 
Chrysothamnus 0.3 

viscid$orus 
Grayia spinosa 0.3 0.1 
Artemisia spinescens 
Kochia americana 
Malcolmia ajricana 4 1 
Halogeton glomeratus 
Descurainia spp. 19 7 1 
Ctyptantha sp. (annual) 3 1 
Bromus tectorum 20 21 
Lepidium perjoliatum 

6 9 

8 

5 

0.3 1 
0.3 

0.1 

1 
69 150 

5 75 
4 3 

95 673 

10 
12 

0.3 
19 20 

2 

1 
4 
0.3 

5 3 

1 

53 141 21 
129 23 32 2 

2 13 31 3 
776 164 225 62 

45 4 558 

6 
0 

2 3 0.1 
7 8 9 0 

2 16 25 
0.3 

1 2 
0.3 0.8 

0.3 2 
2 2 2 1 0.1 
0.1 1 19 21 

0.4 0.3 
2 2 

0.3 11 1 3 
701 247 558 2 285 

15 77 0.3 12 16 19 
7 25 11 7 13 2 

642 609 446 232 7 5 
7 9 72 

1 0.1 

21 29 
18 

0.5 0.3 

23 27 
49 

4 15 94 
25 2 88 
9 23 
3 4 45 

55 7 34 

15 22 

28 42 

4 
3 

466 

313 
26 

5 
21 
84 

they have the same species. Thus too many zero values in the table can 
produce misleading results. Second, we divided all percentage cover 
values in the table by the largest single percentage cover, and all 
densities by the largest single density. This has the effect of making 
species measured by cover (shrubs and perennial grasses) of roughly 
equal importance in the ordination to species measured by density 
(annuals). 

most abundant in sagebrush communities, where it formed an 
almost continuous understory. 

Results 

Vegetation Composition 

Of the native herbaceous species, the annual Cryptantha was 
found in moderate amounts in all communities, never reaching 
the abundance of halogeton, cheatgrass, or Lepidium per- 

jofiatum, The latter was found only in shadscale communities. 
Lepidium densiflorum was found only in winterfat com- 
munities. Allium nevadense, Phlox longtfolia, and Gilia incon- 
spicua were virtually restricted to black sage communities. 

Table 1 shows the vegetation composition of the 19 locations 
studied. On the basis of the dominant shrubs, the locations fall 
into six subjectively recognizable communities. These corre- 
spond to the types indicated in Figure 1. They are communities 
dominated by sagebrush, shadscale, winterfat (Cerutoides 
lanata), Nuttall saltbush (Atriplex nuttullii), black sage, and 
shadscale-mixed shrub-grass community. 

Of the minor perennials, white sage (Kochia americana) and 
bud sage (Artemisia spinescens) were found exclusively in 
certain shadscale communities on the east side of the valley. 
Phlox hoodii and rabbitbrush (Chrysothamnus viscidiflorus) 
occurred in all full-shrub communities. Gruyia spinosa was 
found in sagebrush with black sage communities. Pricklypear 
(Opuntia pofyacantha) was found occasionally in all com- 
munities. 

By far the most important perennial grass was squirreltail 
(Sitanion hystrix). It occurred in all six communities, but rarely 
exceeded 10% cover; it did not compare with the dominant 
shrubs in abundance. Indian ricegrass (Oryzopsis hymenoides) 
was less common. Sandberg bluegrass (Poa sandbergii) 
equalled squirreltail in importance in the black sage community. 

Correlation between Herbaceous 
Species and Microscale Properties 

We attempted to determine the microscale habitat preferences 
of the more abundant annuals and of perennial grass seedlings 
by correlating their density in individual quadrats with factors 
that might be expected to influence their densities, such as the 
percentages of the soil surface covered with litter, a cryptogam 
crust, or bare ground, and the shrub cover over the quadrat. 

Of the herbaceous species, three of the most important, 
halogeton (Halogeton glomeratus), Malcolmia africana, and 
cheatgrass (Bromus tectorum), are introduced. Halogeton was 
found in all communities except those dominated by black sage, 
but reached its greatest abundance in certain shadscale and 
winter-fat communities. Mulcolmia africana was also found in 
several communities, including those dominated by black sage, 
but only reached great abundance in Nuttall saltbush com- 
munities. Cheatgrass was found in all communities, but was 

We plotted scattergrams of densities against these factors, 
after appropriate transformations (square root for densities, 
angular for percentages). None of these scattergrams showed 
any consistent patterns. Accordingly we did not calculate 
correlation coefficients. 

Ordination 
Figure 2 shows the results of a typical Bray-Curtis ordination. 

In this figure, locations which were similar (as measured by 
percentage similarity) are close together, while very different 
sites are far apart. The dotted lines separate sets of locations 
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Fig. 2. Results of a two-dimensional Bray-Curtis ordination of sample sites. 
The closer two sites on this figure, the more similar was their vegetation. 
Arrows go from grazed sites to protected sites with the same dominants, and 
therefore indicate the directions of change after protection. Further ex- 
planation in text. 

dominated by different perennial species or species- 
combinations. The main sequence of these subjectively recog- 
nizable communities, from left to right, is black sage, sage- 
brush, shadscale-mixed shrub-grass, shadscale, and winter- 
fat. This is the same sequence as is found typically in Curlew 
Valley going towards lower elevations and more saline soils. 
The ordination has placed the Nuttall saltbush communities to 
one side of this main sequence, though these are normally found 
interspersed in a mosaic with the winter-fat communities. 
Although surrounded by shadscale-mixed shrub-grass com- 
munity, exclosure CT2P is dominated by sagebrush and rabbit- 
brush. This may be due to its position on coarse alluvial soils 
washed down from the Wildcat Hills. 

Just as two sites with different vegetation would occur in 
different places in a two-dimensional ordination such as Figure 
2, a change in the vegetation of one site would cause it to change 
its position, and the direction of the move would indicate the 
nature of the change which had occurred. 

Therefore on Figure 2 we have drawn arrows from locations 
which are unprotected to those which have the same perennial 
dominants and which have been protected from large herbivores 
to various degrees and for various times. These arrows represent 

in length the amount of vegetation change suggested, and in 
direction the nature of the change. 

First, it is clear that within each subjectively recognizable 
community the effects of protection from herbivores are reason- 
ably consistent. Second, however, the trends were different in 
each community. Even in two communities with a good deal in 
common, the shadscale (A. conjertijolia) and the shadscale- 
mixed shrub-grass communities, the effects of herbivore ex- 
clusion moved the composition of the vegetation in directly 
opposite directions. 

In particular, the trends that resulted from herbivore ex- 
clusion apparently did not bear any regular relation to the main 
trend of vegetation variation along the topographic-rainfall-soil 
salinity gradient. Thus the effect of protection on the shadscale- 
dominated communities was not to make them more like the 
more mesic sagebrush-dominated communities. Similarly, pro- 
tection did not make sagebrush-dominated communities more 
like the more diverse black sage-dominated communities. 

Specific Effects of Protection 
Table 2 describes what is known of the history of protection of 

the 12 enclosures. It is of course hard to guarantee that a fence is 
jackrabbit-proof. We tested this by estimating the standing crop 
of pellets inside and outside each exclosure during 1973 (Table 
2). Westoby and Wagner (1973) found in a nearby area that the 
standing crop of pellets was 2-3 times as great as a yearly 
deposition rate which can be calculated from literature values. 
Therefore it is assumed here that the standing crop of pellets can 
reasonably be used as a crude estimator of jackrabbit grazing 
pressure at a location over the last 2-3 years. If the 95% 
confidence limits of pellet density inside and outside an ex- 
closure do not overlap, the exclosure has probably provided 
effective protection since 1969. Non-overlap of confidence 
limits is a conservative test for the difference between means 
(Sokal and Rohlf 1969). The two peaks of jackrabbit density in 
Curlew Valley during the history of these exclosures have been 
in 1959-6 1 and in 197&72. From the data presented in Table 2, 
it is possible to decide which exclosures were rabbit-proof 
during those peaks. 

It might be thought that exclosures which had been protected 
against sheep grazing but not made rabbit-proof would be 
subject to heavier jackrabbit use than the community at large; 
but the pellet counts show no evidence of this. However, a 

higher rate of pellet deposition may have been counteracted by a 

Table 2. History and characteristics of some exclosures in Curlew Valley up to 1973. 

Exclosure 
Vegetation type name 

Atriplex conjertijolia co1 
CT1 
Bl 

Artemisia nova co2 

Artemisia tridentata’ co3 

Atriplex conjertijolia co4 
and perennial grasses CT2 

Atriplex nuttallii co5 
CT3 

Ceratoides lanata’ CO6 
cr4 
B2 

’ Area grazed by cattle. 
’ Sheep grazing in this community stopped in 1969. 

Sheep-proof 
since 

1957 
1966 
1968 

1957 

1957 

1957 
1966 

1957 
1966 

1957 
1966 
1968 

Jackrabbit pellets per m’ 
(95% confidence limits) 

Inside Outside 

34 2 28 155 ? 148 
29-e 17 282 13 

l-e1 29 + 37 

24531 30 ‘- 39 

29 k 26 92 + 52 

73 k 52 57231 
53 ? 52 54 t 49 

19-e 11 125 ” 51 
99* 31 131290 

o-e0 155 k 148 
70* 17 90 t 47 

324 92 -+ 34 

Dates definitely 
jackrabbit-proof - 

Never 
Never 
1968-1973 

1958-1969 

Never 

1958-1969 
Never 

1958-1973 
Never 

1958-1973 
Never 
1968-1973 
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higher rate of decomposition inside the exclosures, resulting 
from a more uneven (less trampled) soil surface and a denser 

CO6U in winter-fat communities. The effect of excluding cattle 

herb layer (Flux 1967). 
can be seen by comparing CO3P with CO3U in sagebrush 
communities. 

From Table 2 various comparisons among specific locations 
can be identified which allow us to explore the effects of 
particular kinds of protection in different communities. The 
effects of protecting against jackrabbits specifically can be seen 
by comparing B 1 P with CT 1 P in shadscale communities, and 
B2P with CT4P in winter-fat communities. Notice that sheep are 
absent from both sides of these comparisons. The effects of 
protecting against both sheep and jackrabbits can be seen by 
comparing CO2P with CO2U in black sage communities, CO4P 
with CO4U in shadscale-perennial grass communities, CO5P 
with CO5U- in Nuttall saltbush communities, and CO6P with 

For each of these pairs of locations, we compared the value of 
all measured quantities by t-test after appropriate transforma- 
tion. We do not show the detailed results of these tests here, 
although mean values are shown in Table 1. The results are 
summarized in Table 3, where a + means that protection caused 
a significant (P < .05) increase in the parameter, 0 means 
there was no change, a - indicates a significant decrease under 
protection, and a blank means that the value was zero in both 
locations being compared. 

In interpreting Table 3 it should be borne in mind that 1 in 20 
contrasts would be expected to show a “significant” change 

Table 3. Herbivores excluded and the resulting increase (+), decrease (-), or no change (0) in vegetation parameters from plant communities subjectively 
defined by their dominants. Blanks indicate that the species was absent from both locations being compared. Increases and decreases defined at P = .05. 

Measure and 
species or 
other parameters 

Rabbits Sheep Sheep and rabbits Cattle 

Atriplex Ceratoides Atriplex Atriplex Ceratoides Ceratoides Artemisia A. confertifolia Atriplex Artemisia 
conjertijolia lanata conjert~olia nuttallii lanata lanata nova perennial grass nuttallii tridentata 

Percentage cover 
Chrysothamnus viscidijlorus 
Artemisia nova 
Artemisia spinescens 
Artemisia tridentata 
Atriplex confertvolia 0 
Atriplex nuttallii 
Ceratoides lanata 
Grayia spinosa 
Juniperus osteospermum 
Kochia americana 
Opuntia polyacantha 
Phlox hoodii 
Sitanion hystrix 0 
Poa secunda 
Oryzopsis hymenoides 
Bare soil 0 
Littered soil 0 
Cryptogam-crusted soil 0 
Rock 

Density 
Chrysothamnus viscidijlorus 
Artemisia nova 
Artemisia spinescens 
Artemisia tridentata 
Atriplex confertijolia 
Atriplex nuttallii 
Ceratoides lanata 
Grayia spinosa 
Kochia americana 
Opuntia polyacantha 
Phlox hoodii 
Allium nevadense 
Bromus tectorum 
Cryptantha nana 
Cryptantha sp. (annual) 
Cymopteris longipes 
Descurainia spp. 
Delphinium nelsonii 
Brigeron pumilis 
Camilina microcarpa 
Gilia polyclador 
Halogeton glomeratus 
Lepidium montanum 
Lepidium perjoliatum 
Lepidium densijlorum 
Malcolmia ajricana 
Phlox longifolia 
Ranunculus testiculatus 
Rumex acetosella 
Sphaeralcea collina 

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 

- 

+ 

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 

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 
0 0 
0 

0 
+ 

0 

0 + 
0 + 
0 
- - 

0 + 
+ + 
0 

0 
0 
0 

- 
+ 

0 

- + 

0 0 

+ 0 

+ 

0 

- 

0 
0 

0 
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randomly. Thus we would expect as many as 9 of the + ‘S and 

-‘s in Table 3 to be spurious. Conclusions must be based on 
repeated patterns. rather than on single comparisons. 

Looking first at the effects attributable specifically to ex- 
cluding rabbits, we see that there were no changes in particular 
species which were repeated in both the communities for which 
we have data. In some cases where there was a significant 
increase in one community, there was a significant decrease in 
the other. These results are documented in more detail by 
Westoby ( 1973). 

There seem to be two species consistently affected by the 
exclusion of sheep but not jackrabbits. Lepidium perjoliatum 
increased consistently in the Atriplex corzjertijolia communities 
in which it was found. Halogeton decreased in most cases, 
although in one case in a shadscale community it had increased. 
This increase was smaller and less significant (P < .05) than the 
decreases (P < .OOOS). This situation may be explained by the 
fact that the “unprotected” half of this comparison had not been 
grazed by sheep for 3 years before the data were collected. 
Perhaps the response of halogeton to sheep exclusion is a rapid 
one. 

In the winterfat community, winterfat has increased in 
percentage cover but not in rooting density as a result of sheep 
exclusion; that is, the individual plants have increased in vigor, 
but not in number. 

Considering now the effects of excluding both sheep and 
jackrabbits, we see first that some of the patterns found when 
sheep alone were excluded are confirmed. Lepidium per- 

joliatum increased where it was present, Halogeton usually 
decreased, and winterfat increased in percentage cover but not 
in density where it was a dominant. Interestingly, wintertat 
increased in density as well as percentage cover in the shadscale- 
perennial grass community where it was not a dominant. 

Malcolmia ajricana seemed to decrease when both sheep and 
jackrabbits were excluded, but this was contradicted by in- 
creases found when either sheep or jackrabbits were excluded 
separately. 

Across all kinds of exclusion, the percentage of soil with 
cryptogam crust tended to increase, and the percentage of bare 
soil to decrease correspondingly. This was presumably the 
result of trampling pressures being removed. 

Conclusions and Discussion 

From these results we drew the following conclusions: 
1) Although the communities in the study area have sharp 
boundaries as defined by the dominants, ordination arranged 
them as a series dominated by winterfat, Nuttall saltbush, 
shadscale, sagebrush, and black sage. These communities occur 
on progressively less saline soils, at higher elevations, and 
commonly under higher rainfall. Adjacent communities in the 
series tend to have annual species in common. 
2) The vegetation changes in these communities which result 
when they are protected against domestic stock, jackrabbits, or 
both are different among communities. These changes do not 
tend to move the communities either higher or lower along the 
environmental progression described. 
3) Protection against grazers tended to increase the percentage 
of the soil surface covered with cryptogam crust, and conversely 
to decrease the percentage of bare soil. This presumably 
resulted from the absence of trampling. 
4) At the level of the 20 X 50 cm quadrat, there appeared to be 
no correlation between soil surface properties (percentages of 
litter, cryptogam crust, etc.) and the abundance of any of the 
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common annuals or perennial grass seedlings. 
5) In most communities the following tendencies of particular 
species either to increase or decrease under protection were 
found: halogeton tended to decrease; peppergrass (L. per- 

jaliatum) to increase where present; winterfat plants increased 
tn vigor where it was a dominant (i.e. there was an increase in 
percentage cover but not in density). 
6) Protection from jackrabbits had no consistent effects. 
7) A number of plant species which might have been expected 
to respond to protection did not do so. The other abundant 
annuals besides halogeton and peppergrass (Malcolmia ajri- 
cana, Bromus tectorum, Descurainia spp., and Cryptantha sp.) 
did not show a consistent response. Perennial grasses did not 
respond, either in percentage cover, density, or the number of 
seedlings present. The dominant perennial shrubs, with the 
exception of winterfat, did not increase under protection. 

Three general points can be made from these conclusions. 
First, the difficulties of intepreting exclosure experiments 
should be emphasized. Our results from cold deserts are much 
like those documented for warm, arid zones (Smeins et al. 1976; 
Smith and Schmutz 1975), indicating common problems over 
different types of rangelands. While quadrats can be replicated 
inside and outside an exclosure, it is unusual to have replicated 
exclosures; that is, replicated samples of the original vegetation 
subjected to an exclosure treatment. Moreover, in most cases 
including this one, the sample protected is arbitrarily rather than 
randomly chosen from the original vegetation. Other factors 
complicating interpretation in this study are the varied history of 
the exclosures, and the varied history of grazing patterns to 
which the areas outside the exclosures have been subjected. 

Second, even given these reservations about the imperfections 
of the “experimental design,” we feel we can conclude that any 
changes which ensue on protection in these communities are at 
best slow, and probably almost nonexistent. With the exception 
of winterfat, none of the dominant shrubs or the perennial 
grasses responded to protection even after periods of 15 years. 
This must mean either that these populations were not reduced 
by intense grazing earlier, or that the concept of the grazing 
succession is not meaningful in these semiarid shrublands, or 
that recovery has been prevented by some new factor such as 
Halogeton invasion. 

Third, we conclude that those changes which do occur after 
protection are not correlated with changes occurring along the 
gradient from relatively xeric to relatively mesic sites which 
dominates the distribution of communities over the area. Again, 
this is in conflict with the classical concept of range succession 
(Stoddart et al. 1975). 
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Molybdenosis: A Potential Problem in Rumi- 
nants Grazing on Coal Mine Spoils 

JAMES A. ERDMAN, RICHARD J. EBENS, AND ARTHUR 
A. CASE 

Highlight: Copper-to-molybdenum ratios in all but two sweet- 
clover samples collected on spoil at eight coal mines in the 
Northern Great Piains ranged from 0.449 to 51. Ratios of 51 or 
less in forage are reported to cause moiybdenosis, a nutritional 
disease occurring in molybdic regions of the world. Therefore, if 
the major forage on coal-mine spoils is sweetclover or other species 
with similar Cu:Mo ratios, molybdenosis may be expected to 
occur in cattle and sheep grazing in these areas. 

Molybdenosis is a copper-deficiency disease which occurs 
particularly in cattle and sheep and which is caused by the 
depressing effect of molybdenum (MO) on the physiological 
availability of copper (Cu) (Dye and O’Harra 1959; Clawson et 
al. 1972; Case 1974). Characteristic symptoms in cattle are 
scouring, weight loss, depigmentation, reproductive impair- 
ment, and even death. Calves are most susceptible, and early 
symptoms are often irreversible. Although there appears to be no 
evidence that nonruminants suffer from MO toxicity, various 
osteodystrophic conditions may occur in horses fed on high MO 
forage over an extended period of time (Dye and O’Harra 1959). 

Sweetclover (Melilotus oflicinalis and M. alba) is known to 
be a MO accumulator, as are many other legumes; it is 

abundant and widespread on many coal mine spoils in the 
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Northern Great Plains. Legumes are recommended in seed 
mixture used for land reclamation because of their nitrogen- 
fixing capability. Sweetclover is considered to be an especially 
effective plant for spoil-bank stabilization. This species is 
highly nutritious for livestock, ranking with other cultivated 
legumes in forage value, and is considered by some ranchers to 
be superior in productivity and nutritional quality to several of 
the native grasses in the Northern Great Plains (Miles 1970). 

The availability of MO to a plant is strongly affected by soil 
pH (Alloway 1973). Its availability is therefore enhanced by the 
more alkaline conditions that prevail in much of the West. Webb 
and Atkinson (1965) reported that 5 ppm MO in forage is the 
approximate upper level tolerated by cattle, although more 
recently values as low as 2 ppm have been considered important 
in MO-induced hypocuprosis in cattle (Alloway 1973; Thornton 
1977. Others believe that it is not the concentration of Mo alone, 
but the ratio of Cu to MO, that is the common cause of 
molybdenosis. The disproportion of these elements ranges from 
abnormally low levels of Cu and moderately high concen- 
trations of MO (distinguished as hypocuprosis or “peat scours”) 
to unusually high concentrations of MO with normal Cu levels 
(distinguished as molybdenosis or “tear-t disease”). These two 
conditions of element imbalance may, for convenience, be 
termed molybdenosis. A recommended Cu:Mo ratio for cattle is 
about 6: 1, whereas a ratio of less than 2: 1 will most likely cause 
molybdenosis symptoms to develop (Dollahite et al. 1972). 
Sheep are somewhat more tolerant of MO (Dye and O’Harra 
1959), although ratios of less than 5: 1 have caused swayback 
disease in lambs as well as bovine hypocupraemia in Britain 
(Alloway 1973). 
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Fig. 1. The Northern Great Plains coal province, showing locations of the 
eight sur$ace mines sampled for sweetclover and associated spoil material. 
Map adapted from Whitaker and Pearson (1972); U.S. Geological Survey 
(1974). 

Native soils may contain sufficient MO to cause molybdenosis 
in range livestock in some areas of the United States, particular- 
ly in Nevada and California (Kubota 1975). The replacement or 
alteration of native soils with spoil materials from mining 
operations can lead to more widespread molybdenosis prob- 
lems, as was demonstrated in connection with a clay mine 
operation in Missouri (Ebens et al. 1973). The development of 
coal resources in the Northern Great Plains, particularly by 
surface mining, led us to examine the Cu:Mo ratios in samples 
of sweetclover that grew on spoils from eight coal mines in this 
region. 

Methods 

We conducted the field work during late summer of 1974. Samples 
of sweetclover and associated soil and/or spoil material were collected 
from 10 randomly selected sites (in which sweetclover could he found) 
at each of eight surface mines scattered throughout the Northern Great 
Plains (Fig. 1). A sample of spoil material or a spoil-soil mixture 
(where topsoiling had heen attempted) was collected to a depth of 
about 20 cm. The sweetclover sample consisted of the above-ground 
portion of a plant growing within 1 m of the soil sample. Composite 
samples were collected from an area as large as 10 m* when single 
plants were not large enough. Although we wished to sample only 
yellow sweetclover (M&lotus c@cinalis), at the Big Sky and Utility 
mines this species had matured to the point where only stems remained 
and the later-maturing white sweetclover (M. alba) was sampled 
instead. Both species occurred at most mines, yellow sweetclover 
appearing to be the more abundant. 

Samples of sweetclover were first dry-ashed at 450°C for 24 hours. 
Cu and MO analyses of the ash were performed using atomic 
absorption spectrophotometry and thiocyanate methods, respectively 
(Reichen and Ward 195 I ; Nakagawa 1975). Because many reports on 
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Fig. 2. Mean copper (A) and molybdenum (B) concentrations in sweetclover, 
Cu:Mo ratios in sweetclover (C), andpH values of associated spoil materials 
(D) at eight surface coal mines in the Northern Great Plains. Each mean is 
based on 10 randomly selected samples. 
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element concentrations in sweetclover are given on a dry-weight or 
moisture-free basis (see, for example, Furr et al. 1973, we converted 
the element concentrations that were reported by the analysts on an ash 
basis to a dry-weight basis. Samples of spoil materials were ground to 
pass through an 80-mesh sieve. Soil pH was measured using a 
hydrogen ion-specific glass electrode in a water-saturated paste. 

Results 

An analysis of variance procedure, which tested the differ- 
ences between and within mines, demonstrated significant 
differences (P < 0.05) between the mines for all variables 
represented in Figure 2 (Cu, MO, and Cu:Mo ratios in sweet- 
clover, and pH in spoils). The Cu levels in sweetclover, 
however, were not very different between mines, and are about 
normal for forage (Dye and O’Harra 1959). The MO levels and 
Cu:Mo ratios in sweetclover indicate that the potential for 
molybdenosis exists to varying degrees at all mine spoils that we 
sampled. 

Duncan’s multiple range test showed that the means for MO 
fall into two groups. One group represents samples from the 
Beulah, Dave Johnston, and Hidden Water mines: the MO 
averages range from 2.6-3.4 ppm. Spoil samples from these 
three mines were slightly acid or neutral. The second group of 
means ranged from 6.413 ppm MO (Fig. 2); these concen- 
trations are considered unusually high for typical forage and are 
all above the critical level of 5 ppm for MO. Moreover the 
Cu:Mo ratios for samples from the mines in this group are below 
the conservative critical 2: 1 ratio. Samples of spoils from these 
five mines were definitely alkaline, which probably accounts 
for the higher levels of MO in the sweetclover. 

The data indicate that the MO concentrations in sweetclover 
growing on coal mine spoil banks at the mines studied are 
sufficiently high to induce metabolic imbalances in cattle and 
possibly in sheep and native ruminants at subclinical, if not 
acute, levels, assuming the animals were to feed predominantly 
on this or similar legumes. The low Cu:Mo ratios that we 
observed are in accord with those found in a recent study of 
reclaimed coal spoils in western North Dakota (Bauer et al. 
1976). In mine areas where molybdenosis may be a potential 
problem, wholesome pasturage can be established by avoiding 
molybdenum-accumulating plant species, or by minimizing 
access to the fresh forage, which can cause greater injury than 
properly cured hay (Barshad 1948; Miller et al. 1970). Molyb- 
denum-induced Cu imbalances in the diet may be corrected by 
treating the livestock with either copper sulfate or copper 
glycinate, although the latter treatment can produce undesirable 
side effects. 

It may be difficult to prevent the development of hazardous 
geochemical environments in some surface-mining operations. 
But with the proper management of reclaimed areas, mining and 
agriculture can be compatible. 
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Increasing Rangeland Forage Production 
by Water Harvesting 

H. A. SCHREIBER AND G. W. FRASIER 

Highlight: Effects of additional water, provided from adjacent water-collecting 
areas, on forage production of blue panicgrass (Panicum antidotule Retz.) were 
assessed. Applying paraffin for water repellency of runoff areas increased water for 
use on the collecting areas. In this 3-year study, more than 2,000 kg/ha/year forage 
was harvested with rainfall of less than 130 mm and collecting-area runoff from 14 
summer events in 1974 and from 18 summer events each in 1975 and 1976. Forage 
production from control plots averaged only 200 kg/ha/year the second and third 
years. Forage yield was increased about ldfold over that of the control using a 
waxed-soil runoff area two times the crop growing area. Adjusting yields for the size 
of the bare runoff areas, the average yield increase for the system was still five times 
greater than that which would have been obtained from an uninterrupted planting of 
grass. Water-use efficiencies for this technique were comparable to those for irrigated 
grass. 

The semiarid and arid regions of the 
United States encompass a large por- 
tion of our rangelands and produce 
much of our red meat. Concern is 
increasing that, unless we approach 
maximum utilization of the rangeland 
forage resources, economic pressures 
may cause an overall reduction in meat 
production (Box 1974; Long 1974). 
One means of maintaining meat pro- 
ductivity is to increase forage produc- 
tion in these areas. Limited natural 
rainfall may be more effectively used by 
collecting runoff water from specially 
prepared areas and concentrating this 
water on a crop area. This may result in 
more efficient use of water for in- 
creasing forage production. This meth- 
od, commonly called “runoff farm- 
ing,” was developed over 4,000 years 
ago and consisted of collecting runoff 
water from higher areas with character- 
istically low infiltration rates for appli- 
cation to small fields in valleys (Evenari 
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et al. 1961). Evans et al. (1975), 
rediscovering the technique, showed 
the feasibility of collecting water from 
impermeable highway surfaces for 
increased forage production. Recently, 
researchers have investigated various 
materials and methods for increasing 
runoff (Cooley et al. 1975). These 
methods consist primarily of covering 
the soil surface with a membrane or 
chemically sealing soil pores. How- 
ever, most of these water-harvesting 
methods are relatively expensive for 
collecting water for crop production. 
Only a limited number of methods, like 
land forming and water-repellent soil 
treatments, have potential for being 
adapted to runoff-farming applications. 

Many native range grasses that 
evolved under limited moisture con- 
ditions are not capable of efficiently 
utilizing water quantities that might 
occur with various water-harvesting 
treatments (Paulsen and Ares 1962; 
Martin and Cable 1975). One range 
grass, blue panicgrass (Panicurn anti- 
dotale Retz.), will survive periods of 
low seasonal rainfall (80 to 250 mm) 
that often occur in arid lands, but can 
respond to over 500 mm of water 
(Wright 1962). This grass can compete 
on range sites with native perennials 
but when cultivated, fertilized, and 
irrigated has yielded over 30,000 
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kg/ha/year near Tucson, Ariz. 
In this paper we report results of a 

3-year study conducted to assess the 
effect of water harvesting on pro- 
duction of blue panicgrass. By coupling 
more available water with a higher 
fertility level, the productivity of spe- 
cialized areas of our rangelands could 
be significantly increased. 

Methods and Materials 
A series of small test plots was estab- 

lished on a recently developed sandy loam 
alluvial terrace (2% slope) created in part 
from old mine spoils. These plots were 
located 6.5 km west of Tombstone, Ariz., 
on the lower part of the Walnut Gulch 
Watershed. There were no confining layers 
within 5 m (17 ft) of the surface, and gravel 
increased with depth. The plots were 
enclosed with a 6-cm high metal border 
buried 2 cm below ground. Grass plots (3 x 

3 m) were seeded with blue panicgrass on 
June 24, 1974, at a rate of 4.5 kg/ha. After 
seeding, the plots were sprinkle irrigated 
with 8 mm/day for 2 weeks to insure 
seedling emergence and a stand of grass. 
All grass plots were fertilized before 
seeding with triple superphosphate, ammo- 
nium nitrate, and agricultural limestone at a 
rate of 33,23, and 450 g/m2 (300,200, and 
4,000 lb/acre), respectively. 

A total of 36 plots were installed in a 
randomized block design with three repli- 
cations of treatments. The treatments were 
three lengths of runoff areas and four runoff 
to crop-growing-area ratios of 0: 1, 1: 1,2: 1, 
and 3: 1. The 0: 1 plots had no runoff- 
contributing area and were used as the 
controls. The remaining plots had metal- 
bordered runoff areas that were 3 m wide 
and either 3, 6, or 9 m long. The water 
collected from the runoff area was retained 
within the cropped area by using a 6 to 18 
cm metal border. The three runoff-area 
treatments were: bare soil (cleared and 
smoothed), waxed (cleared, smoothed, and 
waxed), and grassed (cleared and seeded 
with blue panicgrass like the crop area). On 
the cleared and smoothed areas, all vegeta- 
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lion wah removed and the soil surface 
smoothed and compacted with a smooth 
steel-drum lawnroller. For the wax treat- 
ment, refinedparaffinwax (12X-135 AMP) 
was heated to I WC and sprayed on cleared 
and smoothed soil surfaces at a rate of 
I.1 kg/y&” , as described by Fink et al. 
(1973) (Fig. I). One year later, on July 9, 
1975, ammonium nitrate, triple super- 
phosphate, potassium chloride, and mag- 
nesium sulphate were applied at rates of 30, 
33, I I, and 13 g/m” (270, 300, 100, and 
120 lb/acre), respectively. 

Rainfall for the 1974 growing season 
was normal until early August (Table 1) 

and provided sufficient water for adequate 
growth on all plots. However, because of 
an August drought, all plots wen harvested 
on August 26, 1974, even though flower 
emergence was not uniform among treat- 
menta. Rainfall after the cutting date was 
minimal, and no further harvests were 
attempted in 1974, although residual avail- 
able water provided some additional growth 
on the plots with the larger mnoff- 
contributing areas. This growth and the 
early 1975 spring growth froze without 
producing any harvesting vegetation, 
which essentially depleted the soil water as 
evidenced by the absence of growth on any 

244.8 m.3 475.8 160.1 

4.8 5.4 
148.0 170.2 
38.1 46.1 

0.0 0.0 

190.9 221.7 

16.8 24.7 32.6 11.6 
193.0 281.0 369.0 135.8 
24.0 33.1 42.2 17.0 

plots before the 1975 summer rainfall. The 
1975 and 1976 summer precipitation was 
more uniformly distributed than that of 
1974, and the latter year’s rainy seasons 
were longer. Smith and Schreiber (1974) 
found that the mean amount of rainfall was 
7.6mm(0.3inch) withamedianof4.3mm 
(0.17 inch) for each of 30 events per 
growing season. At the study location, 
although all years had typical rainfall 
distributions, there were only 14, 18, and 
18 event> per growing season June 1 to 
September 30 for the 3 years, respectively. 

The I975 harvest was made in Decem- 
ber, after all plots had depleted the 
available soil water and frost had killed all 
top growth. Eighteen rainfall events were 
recorded prior to harvest with a total depth 
of I23 mm (4.84 inches) in 1976. Unlike 
either preceding year, two events exceeded 
25 mm, but the calculated runoff (discussed 
later) was lowest in 1976. 

In May 1976, a small laboratory rainfall 
simulator covering a I-m* area was used to 
estimate runoff efficiencies from the wax 
mnoff areas by spraying water onto the 
catchment surface at a constant rate from a 
150.cm height. The runoff water was 
collected at the lower edge of the test area 
by a small tube connected to a vacuum 
pump, which deposited the mnoff water in 
a plastic precalibrated chamber. The spray 
rdte was determined by placing a pan cover 
over the test area for a predetermined time 
and measuring the water collected. The pan 
was then removed and the water sprayed 
directly on the catchment. The wafer was 
sprinkled at a rate of 4.5 to 5 cm/hour, until 
a total of 1 cm of water was applied. This 
corresponded with the quantity and intensi- 
ty of many of the precipitation events in the 
Southwest. 

Results and Discussion 

The rainfall simulator was used to 
evaluate the runoff efficiency of the 
waxed runoff area in May, 1976. 
Results indicated that the runoff per 
event from waxed plots could be 
expressed as: 

Runoff (mm) = Rainfall (mm, - I .o. (1) 

Using the results from Frasier (1975), 
the runoff of the bare soil plots per 
event could be expressed as: 

Table 2 presents the calculated quanti- 
ties of runoff for the waxed and bare- 
soil plots for each season. There was no 
apparent runoff from the grass plots, 
because no rainfall event exceeded the 
soil infiltration capacity. 

The potential water available for 
plant growth is the rainfall plus the 
water collected from the runoff area. 



This is expressed mathematically as 
follows: 

Table 1 shows the monthly potential 
water available for plant growth from 
each of the test areas. 

The average forage yields for 1974 
(Table 2) did not differ statistically 
among all treatments because of the 
uncertain effect of the residual soil 
water remaining after sprinkle iniga- 
@ion of all plots. The forage yield 
differences between and within the 
1975 and 1976 seasons, when the plant 
growth was totally dependent upon 
natural rainfall, were significant (P = 
.05). Contrasting production in 1976 
with that of 1975 indicated that pro- 
duction increased with time as stands 
became more established. Yields of the 
best 1975 plots from waxed runoff 
areas increased slightly, if at all, in 
1976. This suggested that these grass 
stands were already in equilibrium with 
the climatic and soil factors by the end 
of 1975. In 1976, yieldsfromplotswith 
larger runoff ratios in the bare and 
grassed runoff areas increased 2 to 2.5 
times over that found in 1975. With an 
equal amount of rain and less calculated 
total runoff, this increase might he 
attributable to the runoff penetrating 
deeper into the soil profile, or to the age 
of the stand. Yields were almost five 
times greater for plots receiving runoff 
water from waxed areas than those for 
the control for the 2~1 ratio of runoff: 
crop area treatment on the complete 
system unit area basis. Forage yields 
for plots from the waxed runoff areas 
sometimes decreased as the ratios of 
treatment: crop growing area increased 
from 2: I to 3: I. Possibly this was a 

chance result of some undetermined 
nutritional deficiency or of leaching of 
the existing nutrients by the increased 
water. 

Dividing the average yield of each 
plot (Table 2) by the potential available 
water for each treatment, the average 
yield of blue panicgrass herbage per 
millimeter of water was I to 3 kg/ha for 
waxed runoff areas and I to 2 kg/ha per 
millimeter of water for the bare soil 
runoff areas for 1975. The only source 
of water was precipitation and runoff 
during this year. Variation in water-use 
efficiency among plots for the size and 
types of the runoff areas could be 
related to the different depths of soil 
water storage between treatments and 
to plant responses to varying degrees of 
drought. Maximum runoff would result 
in proportionately less surface evapom- 
tion and more evapotranspiration from 
plants, as compared with crop-growing 
areas receiving no runoff water. Plant 

responses to drought might also be a 
factor if prolonged desiccation caused 
irreplaceable loss of photosynthetic 
tissue, thereby resulting in a less 
capable system to manufacture dry 
matter. . 

Our results compared favorably with 
borne other studies of irrigated blue 
panicgrass. Erie et al. (1965) reported 
an average seasonal consumptive use of 
I.328 mm (52.3 inches) with 630 mm 
(24.8 inches) of the water being used 
during July, August, and September. 
Their yields for a 2.year study were 
7,160 kg/ha (6,378 lb/acre) the first 
year and 3,775 kg/he (3,362 lb/acre) 
the second year for an average yield of 
5.4 and 2.8 kg/iia per millimeter of 
water for the 2 years, respectively.’ 
The application of additional water by 
water-harvesting techniques permits a 
water-use efficiency of the same order 
of magnitude as that for irrigated blue 
panicgrass. 

Summary and Conclusions 

A 3.year study was conducted to 
evaluate the possibility of increasing 
forage production by increasing the 
available water for plant growth by 
runoff farming (water-harvesting) tech- 
niques. Although the study was con- 
ducted on soil not generally suited for 
optimum growth, our results indicated 
that average per hectare yield was about 
five times greater than the control for an 
area receiving less than 130 mm (5.1 
inches) of precipitation during the 
growing season. These results are 
significant, since two-thirds of the area 



was used only for collecting water and 
did not contribute any forage. Addi- 
tional studies are needed to further 
evaluate different types of runoff treat- 
ments and grasses and to develop 
methods for managing this type of 
system for optimum forage production. 
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White-tailed Deer Preferences and Hunter 

Success under Various Grazing Systems 

P. 0. REARDON, L. B. MERRILL, AND C. A. TAYLOR, JR. 

Highlight: Preferences of white-tailed deer to various grazing 
management systems now being tested at the Texas A&M Uni- 
versity Agricultural Research Station, Sonora, were evaluated on 
the basis of deer density and economic returns from hunting. 
Hunter success was evaluated on the basis of several factors. 
White-tailed deer definitely preferred a rangeland grazed under a 
system which included a systematic rotational deferment, and the 
more frequent the deferment the higher the preference. Hunter 
success was directly related to deer density, time during the season 
hunted, brush management, and type of grazing system utilized. 
Results from this study indicates that good livestock grazing 
management can also be good big-game range management. 

Any landowner who has white-tailed deer (Odocoileus 
virginianus) or other game animals knows or should know their 
economic importance. However, very few landowners whose 
major source of income comes from livestock think they can 
afford to actually “manage” for their wildlife. This may stem 
from the misconception that good wildlife-range management is 
not good livestock-range management. Even though the re- 
quirements for managing certain wildlife species such as game 
birds may be different than for livestock, range management for 
the white-tailed deer and most other big game species in Texas is 
essentially the same as for livestock. However, when large 
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acreages of rangelands are completely cleared and converted 
“improved” pastures, they could lose much of their value 
white-tailed deer habitat. 

Many factors such as quality and quantity of game animals, 
type of commercial lease, prices charged, and number 
hunters will affect income from wildlife to landowners. The 
success of any wildlife management program, which includes 
harvest of excess animals on a commercial basis, is measured 
primarily from two viewpoints, the hunter’s and the land- 
owner’s. The hunter’s viewpoint, of course, includes 
chances for harvesting some game animals, i.e. hunter success. 
The landowner’s viewpoint includes obtaining maximum sus- 
tained net economic returns. To be a consistently successful 
wildlife manager requires skill plus knowledge about 
requirements, habits, and preferences of wildlife such as 
white-tailed deer (Brothers and Ray 1975). 

Most landowners manage their rangeland primarily 
domestic livestock, thus leaving game animals to take what they 
can, when they can. This may create severe competition 
available food between livestock and white-tailed deer. 
competition increases, available forage decreases and deer 
reproductive rates, body size, and antler quality are reduced 
correspondingly (Teer et al. 1965; Thomas 1966). Since 
white-tailed deer generally spends most of its life near the place 
it was born, it seldom has a choice as to the type or condition 
the rangeland it occupies. However, if white-tailed deer had 
choice, they definitely would prefer certain rangelands 
management systems over others (Merrill et al. 1957; Passey 
and Hicks 1970). 

Since the landowner’s primary objective is to obtain maxi- 
mum sustained income, he must develop management programs 
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Table 1. Income from bunting program on Sonora Research Station, 1971-75. 

Number of hunters 
Days of hunting offered 
Deer harvested 
Hunting fee per day ($) 
Net income deer harvested* per 
Net income acre per 

1971 1972 

59 97 
8 8 

45 54 
26.00 28.00 
51.00 81.07 

.66 1.26 

1973 1974 1975 Average 

80 60 60 71 
6 6 6 7 

44 30 40 43 
35.00 35.00 40.00 32.80 

105.34 115.50 98.78 90.34 
1.34 1.00 1.14 1.08 

* Expense items used in figuring net income are “out-of-pocket” expenditures only. 

to improve both the livestock and wildlife habitats. This is not 
always an easy task since there is such a wide variation in 
rainfall patterns, hunter preferences, landowner preferences, 
present habitat and deer herd conditions, location of ranch, and 
many other factors. Present research comparing various grazing 
management systems at the Texas A&M University Agricul- 
tural Research Station at Sonora, Tex., offers an excellent 
opportunity to study some of these factors. Objectives of this 
research were to identify or determine: (1) preferences of 
white-tailed deer to different grazing management systems; (2) 
factors affecting hunter success (hunter success in this paper is 
defined as the percent of hunters harvesting at least one deer 
during a 2-day hunt). 

Other than brush treatment, there are very few basic differences 
between pastures. They are all included in one major range site. There 
are some vegetative differences which are a result of the grazing 
system. 

White-tailed deer preferences for the various grazing management 
systems were evaluated by two basic methods: (1) making periodic 
nighttime and early morning census counts in each pasture to deter- 
mine deer densities; (2) setting up an actual commercial day-hunting 
enterprise to estimate income to each grazing system. Significant 
differences were determined by analysis of various procedures. 

Study Area and Methods 
This study was conducted on the Texas A&M University Agricul- 

tural Research Station at Sonora, Tex. The station is located in the 
Edwards Plateau or Hill Country region of Texas, midway between 
Rocksprings and Sonora on State Highway 55. The Sonora Station is 
operated under various research projects designed to gain information 
concerning both livestock and wildlife habitat improvemept. 

Seven grazing management systems are being compared under 
current projects. They include four separate Merrill grazing systems 
under various brush management methods, a 7-pasture short duration 
system, and continuous year-long grazing at two stocking rates. 

All harvested deer were recorded according to the pasture where 
they were taken. Carcass data such as weight, age, sex, body, and 
antler characteristics were also recorded. Estimated hunting income to 
each grazing system was determined annually from the average value 
of each harvested deer times the actual number of deer harvested in that 
system. Average value of each harvested deer was based on total 
hunting income divided by the number of deer harvested. Net income 
figures are based on the gross income minus only “out-of-pocket” 
expenditures. “Out-of-pocket” expenditures included expenses such 
as annual depreciation of deer blinds, truck mileage, labor costs, and 
all maintenance expenses. An effort was made to distribute hunters on 
all pastures to equalize hunting pressure and chances of harvesting a 
deer. General information about the hunting program on the Sonora 
Station, the number of hunters, number of deer harvested, and income 
per deer and per acre is given in Table 1. Hunting occurred only on 
weekends and all hunters were allowed to take their legal limit of deer 
(three deer) if possible. 

The Merrill grazing system includes three herds of livestock on four 
pastures with each pasture being grazed 12 months, then rested 4 
months. One Merrill system has been root-plowed and seeded to native 
grasses, one has been aerial sprayed, and one has had the brush thinned 
or grubbed out with a bulldozer. The other Merrill system has had no 
brush control. The 7-pasture system has had no brush control and has 7 
pastures and one herd of livestock which is moved to a new pasture 
every 3 weeks. Therefore, each pasture is grazed 3 weeks then rested 
18 weeks. The two continuously grazed pastures are never rested and 
have received no brush treatment. All systems are grazed with cattle, 
sheep, and goats at a ratio of 60-20-20, and stocking rates were 
maintained as listed in Table 2. All pastures are approximately 80 
acres in size and are separated by low fences, which permit deer to 
move freely between pastures and choose the grazing management 
system or habitat they prefer. 

Conclusions concerning hunter success were drawn by running 
regression analyses and correlating data such as annual rainfall, deer 
density, fawn crop, time hunted, and grazing system to the number of 
deer harvested. 

Results and Discussion 
Preference of White-tailed Deer 
for Various Grazing Systems 

Table 2. Livestock stocking rates, deer densities, and hunting revenues 
from seven systems of grazing at Sonora Research Station, 1971-X 

Livestock Deer* Hunting* 
stocking rate density revenues 

Grazing system (acres/AU) (acres/deer) (income/acre) 

Moderate-continuous 16.0 18c $ .82b - 
Heavy-continuous 11.9 2oc .59b 
Merrill:control 16.0 15b 2.25 a 
Merrill:aerial-sprayed 12.8 16b .88 b 
Merrill:front-end grubbed 12.8 16b .62b 
Merrill:rootplowed 12.8 15b .79b 
7-pasture short duration 10.7 10a 1.79a 

* Numbers in a column not followed by the same letter differ significantly at the 5% level. 

When deer were given a choice, they preferred grazing 
management systems that Merrill et al. ( 1975) had reported to 
be best for livestock (Table 2). The highest deer density was 
found in the 7-pasture system (Table 2). This was not surprising 
since these pastures are grazed by domestic livestock only 6 to 9 
weeks per year and also receive the most frequent rest. It should 
also be noted that the 7-pasture system maintained this high deer 
density even though it also supported the highest concentration 
of livestock. Deer densities were not significantly different 
among the four Merrill systems, although both continuously 
grazed pastures had significantly lower deer populations. This 
supports the idea that deer do prefer to stay in pastures which are 
periodically deferred and indicates that the more frequent the 
deferment the higher the preference for this system. 

Maximum income per acre, which was highest in 1973, was a 
tinction of the number of hunters and the price they were 
charged and not necessarily hunter success or number of deer 
harvested (Table 1). In 1974 the number of hunters was less than 
in 1973. This reduction was necessary since deer census counts 
made prior to the 1974 hunting season indicated that the overall 
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deer population was down. Therefore, it was necessary to 
reduce the numbers of hunters to obtain a desirable deer harvest. 

The highest economic returns, which were a result of number 
of deer harvested or hunter success, came from the Merrill and 
7-pasture system which have had no brush treatment (Table 2). 
There was no significant difference among the other treatments. 

At first glance, the low incomes from the Merrill systems 
which were either sprayed, grubbed, or rootplowed seem to 
indicate that brush control was detrimental to the deer habitat. 
However, the deer populations in these pastures remained 
relatively high (Table 2). This indicates that brush treatment 
lowered hunter success but not necessarily deer densities. 
Observations have shown that deer utilize cleared areas during 
darkness and uncleared pastures during daylight. This empha- 
sizes the importance of careful planning in any brush clearing 
operation. Leaving strips or motts of brush will not only provide 
the cover and food necessary for wildlife, but will also make the 
area more huntable, and improve hunter success. 
Factors Affecting Hunter Success 

The major factor contributing to hunter success in this study 
was deer density. There was a positive correlation between deer 
density and hunter success. Alternating high then low deer 
densities on the whole ranch were evident from 1971 through 
1975, but were not statistically correlated to previous or present 
year’s rainfall since rainfall was above average (average is 
approximately 23 inches) in all years. Previous or present year’s 
fawn crop was also not correlated to hunter success. 

Another factor affecting hunter success in this study was the 
time the person hunted during the hunting season (Table 3). 
Hunter success was always highest on the first two weekends. 
This is probably because in central Texas the white-tailed deer’s 
breeding activities (when male deer are most easily killed) 
usually begin durin, 0 October or November and then slow 
down by the third weekend of hunting season. Also, by the third 
weekend most deer have become very wary of hunting 
activities. 

Since deer tended to prefer certain grazing systems over 
others and since high deer density was related to hunter success, 
it can be concluded that landowners who are interested in 
improving their rangelands while increasing big game and 
livestock revenues can set up grazing management systems 
which accomplish both objectives. The type of system em- 
ployed will be determined by such criteria as present ranch 
facilities, range conditions, climate, and type of livestock 
management utilized. By setting up a system with a rest period 

l oooooooooooooooooooooeo 

Table 3. Hunter success by weekend from 1971-75 on the Sonora Re- 
search Station. 

Hunter success (%) by weekend* 

Year 1 st weekend 2nd weekend 3rd weekend 

1971 63 50 44 
1972 52 58 18 
1973 48 52 32 
1974 46 23 15 
1975 48 61 31 

Average 51 52 26 

” Hunter success IS dettned a5 the percent of hunters harvesting at least one deer during 

a Z-day hunt. 

long enough to improve range conditions and frequent enough to 
maintain high deer densities a landowner can expect to increase 
both hunter success and total income. 

Conclusions 

Results from this study show that good livestock-range 
management can be good big-game range management. High 
hunter success was attributed to high deer density and deer 
density was attributed to the type of grazing system utilized. 
Highest deer densities and economic returns came from grazing 
systems which included a systematic deferment and the more 
frequent the deferment, the higher the deer preference for that 
system. Care should be taken in planning and carrying out any 
rangeland brush management. Clearing out extremely large 
areas may reduce hunter success even though it may not reduce 
deer density. Thus, with careful planning, rangeland resources 
can be managed to increase returns from both livestock and big 
game animals. 
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Phenology of the Aerial Portions of Shadscale 
and Winterfat in Curlew Valley, Utah 

NEIL E. WEST AND JUAN GASTO 

Highlight: Phenological development of aboveground portions 
of shadscale and winterfat was observed for 7 years in Curlew 
Valley, Utah, and graphically related to patterns of precipitation 
and temperature. The considerable variation in year-to-year 
phenology should be noted by those taking data in other basic and 
applied studies. Preset dates for livestock management actions 
that ignore yearly phenological differences could result, in some 
years, in the plants being used during phenological states that are 
susceptible to damage by browsing. Seed set cannot be counted on 
every year, complicating one of the assumptions of rest-rotation 
grazing. 

Explanations of various rangeland plant phenomena often 
require an understanding of the phenological course of develop- 
ment of the organisms under study. For example, transpiration 
rates of desert plants are only partially explained by soil 
moisture depletion. Loss of ephemeral leaves sharply cuts 
transpiration losses by cold-winter desert shrubs during summer 
drought (Moore et al. 1972). Productivities are often inferred 
from what are thought to be peak standing crops (Holmgren and 
Brewster 1972). However, if the periods of growth were better 
defined, one could more accurately gauge when peak standing 
crop occurs. Nutritive values also vary with phenological 
stages. Sampling of materials on a preset date for several years 
may result in collection of materials in radically different 
phenological stages. 

Management plans are dependent on plant development. 
Desert ranges are best suited for livestock utilization during the 
dormant periods. Although desert plants commonly provide 
more palatable and nutritious forage during their periods of 
growth, the plants can withstand much less grazing pressure and 
have high mortality rates if grazed at that time (Cook 1971). If 
phenological patterns and their likely variations due to climatic 
differences were more completely known, we could better 
adjust livestock use to avoid excessive damage by grazing. 

Although some data are available on the phenology of the 
aboveground growth of cold winter desert and semidesert 
species, particularly sagebrushes, (Morton and Hull 1975) only 
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Wein and West ( 1972), Wallace and Romney (1972), Tueller et 
al. ( 1972), and Ackerman and Bamberg ( 1974) have included 
phenology of perennial chenopods in published reports. These 
prior studies have all been located in drier and warmer environ- 
ments than the northern Great Basin and conducted over only 1 
to 3 years. Characterization of phenological variation over 
longer periods was needed for a variety of basic and applied 
research projects being conducted in the northwestern Great 
Basin. 

Since the data we collected in response to these needs are of 
possible direct use by others and illustrate some principles 
applicable elsewhere, we present here the results of our 
phenological monitoring of shadscale [Atriplex corzjertijofia 
Tot-r. and Frem. (!S. Wats.)] and winterfat [Ceratoides larzata 
(Pursh) J. T. Howell] between 1966 and 1973 in Curlew Valley, 
northwestern Utah. 

The climate, vegetation, and soils at the study location near 
the north end of the Great Salt Lake have been described by 
Mitchell et al. ( 1966). Femandez and Caldwell ( 1975) provided 
further descriptions of the study area and have reported on 
belowground phenology of the same species at the same site 
during 1972 and 1973. 

Methods 

Twenty individuals ofeach species were randomly selected from pure 
stands and permanently marked for observation. Sample plants were 
located within exclosures that have excluded livestock and rabbit 
grazing since 1967. 

Phenological observations were made at least once every 2 weeks 
from March through October. Observations were more frequent 
during periods of rapid change. Three different sets of plants in close 
proximity to each other on the same site were used to minimize the 
possible effects of accumulated observer disturbance. The first set was 
observed from 1966 to 1968. A second set was selected and observed 
in 1969 and 1970. Data were not taken in 197 1, but a third set of 10 
plants of each of the two species was observed during 1972-1973. 

A random set of 10 twigs in all possible portions of each plant’s 
crown was selected and marked with colored plastic tape using coding 
techniques previously described by West and Wein (197 I). Pheno- 
phases and numerical codes used to denote them are given in Table 1. 
Graphs of phenological progression were drawn using the methods 
described by West and Wein ( 197 1). Since the phenological status was 
recorded on an ordinal scale, as discrete, noncontinuous variables, 
only graphical comparisons of averages were made because parametric 
statistical analysis was inadvisable. 

Meteorological data were collected continuously at the study site. 
Data missing due to malfunction or disturbance of equipment were 
obtained by the Thiessen polygon method, using the nearest three U.S. 
Weather Service stations (Wisler and Brater 1959). Mean weekly air 
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Table 1. Phenophases and the numerical codes used to denote them. 

Score Phenophase -___ 
1 Winter dormancy 
2 Leaves regreening, apical leaf buds swelling 
3 Twigs elongating 
4 Floral buds developing 
5 Flowers opening 
6 Fruit developing (male flowers dying) 
7 Fruit disseminating 
8 Summer dormancy beginning, leaves turning grey-green 
9 Leaf buds swelling after late summer or early fall rains 

10 Twig elongation after late summer or early fall rains __~ 

temperatures (at I .5 meters above the ground in a standard shelter) and 
annual cumulative precipitation values were graphed from October 1, 
preceding the growing period. 

average spring periods, whereas colder than average spring 
conditions were associated with delayed progression of pheno- 
phases. Drier than average years truncated phenological devel- 
opment, with noncompletion of reproductive phases. Low or 
zero seed set was noticeable during such years. 

Total winter precipitation was apparently of major impor- 
tance in influencing a full progression of phenophases, although 
warmer and/or drier than average spring or summer conditions 
were seen to cancel some of the effects of above average winter 
precipitation. Rainfall after June did little to either prolong or 
fulfill the potential course of phenophases. One warmer, wetter 
than average August-September period (1968) was associated 
with a pattern of some individuals beginning to grow and flower 
a second time. 

Results 

The phenological progressions observed in each of the years 
are graphically summarized in Figure 1. The concomitant weekly 
average air temperatures and cumulative precipitatibn values 
are given immediately below. Average temperatures and cumu- 
lative precipitation data (over the &year sequence) are indicated 
by the thinner, identical line within each year’s graph. The 
current year’s values are highlighted by shading below the 
thicker line. 

The date of first appearance of given phenological stages 
varied considerably (Table 2). For instance, the average date of 
initial twig growth in the spring had a range of 35 days for 
shadscale and 47 days for winterfat over the 7 years observed. 
The average date of first flowering (phase 5) had a range of 44 
days for shadscale and 29 days for winterfat. The respective 
standard deviations were 20 days for shadscale and 15 days for 
winterfat. Shadscale dispersed seed (phase 7) in 6 out of 7 years, 
winterfat in 5 out of 7 years. 

We encountered a variety of climatically different years. 
Phenological patterns were correspondingly unique. Visual 
inspection of the graphs and consideration of the original data 
support the following generalizations. 

W interfat generally undergoes a slower prbgression of pheno- 
phases than does shadscale. When the full sequence of pheno- 
phases was truncated due to adverse conditions, then winterfat 
phenology was more arrested than that of shadscale. Both 
species evidenced accelerated development during warmer than 

Root growth in these shrubs begins slightly before above- 
ground morphological developments appear and continues after 
there is visible change in the aerial portions of these plants 
(Fernandez and Caldwell 1975). This more prolonged below- 
ground activity is understandable because of the more moderate 
microenvironment of the soil compared to the atmosphere and 
the connection of root growth with the near year-round trans- 
piration and photosynthesis carried on by these species 
(Caldwell et al. 1978). 

These species in Curlew Valley began their aboveground 
phenological development later and had their phenophases 

1966 1967 1968 ) 1969 1970 1971 1972 1973 
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/ 

Fig. 1. Population averagesfor phenologicalprogressions by shadscale and winteeat in Curlew Valley, Utah, for the years indicated. Description ofphenophases 
and coding are given in Table I. Next to bottom row of graphs indicates average weekly temperatures (‘C) for each year (thick line and shading) and &year 
average (thin line). Unshaded areas lack temperature data. Bottom row of graphs indicates cumulative precipitation (mm) for each year beginning Oct. I (thick 
line and shading) and 8-year average (thin line). 
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Table 2. Mean date (+ days standard deviation) of first observed occurrence of each phenophase each year and over the 7 years for each species. 
(Phenophases described in Table 1.) 

Phenophase code 
--- 

Species Year 2 3 4 5 6 7 8 g*** 10*** 
p____ 

Shadscale 1966 18Apr.k 2 5May+ 3 22Mayk18 30Junek23 25July+ 8 ** ** 

I%7 * 30Apr.k 4 29May+lO 15June-c 9 26Junek12 6Sept.k 5 18Sept.k 0 
1968 2Apr.k 8 16Apr.+lO 15Mayk 7 15Junek 6 3July? 5 18Sept.k 0 27July+ 0 
1969 5Apr.k 0 21Apr.k 4 21May+ 6 lJune+ 9 5July422 29Aug.4 6 21Sept.k 0 31 Aug.+ 4 18Sept.k 0 
1970 10Apr.k 9 30Apr.213 8May+ 7 18Mayk 6 28June+ 5 5Aug.k 11 7Oct.2 5 
1972 20Apr.217 20Mayk25 24Mayk16 17Junek14 21Aug.+47 16Sept.+21 5Aug.256 
1973 19Apr.k 0 llMay+ 0 22Mayk 5 1Junet 9 17June+20 6Oct.?15 2Oct.547 
Mean 11 Apr.&10 20Apr.&14 19May+12 11 June+20 7Julyk22 1 Sept.+21 11 Sept.236 

Winterfat 1%6 17Apr.k 0 25 May+19 17 June238 ** ** ** ** 

1967 7Apr.k 6 1 May? 4 9June-+ 4 21 June* 5 2OJuly+-0 5Sept.k 4 18Sept.k 0 
1%8 28Mar.k 3 8Apr.+ll 14June+ 6 21June+ 9 llJuly?ll lOOct.-+ 0 26Julyk 0 29Aug.k 0 18Sept.k 0 
1969 * 20Apr.4 2 26Mayk13 SJune+- 8 23Junekll 6Aug.k 3 24Sept.220 
1970 28Mar.k 0 lSApr.2 0 2May? 0 24May & 9 lOJune+lO 14Aug.k 0 12Oct.f 0 
1972 22Apr.k 9 14May+-14 3Junek 0 2July? 0 31 July? 0 ** 31 July? 0 
1973 19Apr.k 0 2May-+ 0 28May+ 6 9June+ 8 15July?16 3Oct.k 0 2Sept.232 
Mean 8Apr.210 29Apr.218 28Mayk21 7June’_15 38June-t20 27Aug.223 lOSept.?31 

c Some plants already in phase 1 when sampling began. 

Not observed. 
’ Regreening after summer dormancy was only observed in nonfruiting individuals in I968 

spread out over a longer period than populations observed 
elsewhere (Wallace and Romney 1972; Wein and West 1972; 
Tueller et al. 1972; Ackerman and Bamberg 1974). The other 
sites were warmer and drier than Curlew Valley, however. Sites 
with greater amounts of and more consistent late summer-early 
fall precipitation probably have second periods of reproductive 
activity occurring more routinely (Wein and West 1972). 

The practical implication of this study for other researchers is 
that to ignore phenology when plant data are gathered for other 
purposes, is to confound the results seriously. The range 
manager should also be alert to yearly differences in phenologi- 
cal patterns. For instance, if livestock were turned in or gathered 
up at prescribed calendar dates, variable vegetation responses 
should be expected since time of range readiness varies con- 
siderably among years. 

Seed production cannot be counted on every year. Rest- 
rotation grazing plans assume that seed will develop during the 
rest year. Under desert conditions seed production is not 
dependable. Thus, if the “rest” year is dry and hot, no seed 
production is likely and no reproductive benefits from rest will 
occur. 

Studies such as this can yield insights into the effects of 
climatic conditions on phenological development. Many years 
of data collection from various sites will be necessary, however, 
before we can begin to predict phenological consequences of 
antecedent climatic conditions on salt desert shrubs, such as 
Blaisdell(1958) has done for major species on a sagebrush-grass 
range. 

Literature Cited 

Ackerman, T. L., and S. A. Bamberg. 1974. Phenological studies in the 
Mojave Desert at Rock Valley (Nevada Test Site). p. 215-226. In: I-I. Lieth 

(ed.) Phenology and Seasonality Modeling. Spring-Verlag, New York. 
Blaisdell, J. P. 1958. Seasonal development and yield of native plants on the 

upper Snake River Plains and their relation to certain climatic factors. U.S. 
Dep. Agr. Tech. Bull. 1190. 68 p. 

Caldwell, M. M., R. S. White, R. T. Moore, and L. B. Camp. 1977. Carbon 
balance, productivity, and water use of cold-water desert shrub communities 
dominated by C3 and G species. Oecologia (Berlin). 29:275-300. 

Cook, C. W. 1971. Effects of season and intensity on use of desert vegetation. 
Utah Agr. Exp. Sta. Bull. 483. 57 p. 

Fernandez, 0. A., and M. M. Caldwell. 1975. Phenology and dynamics of 
root growth of three cool semi-desert shrubs under field conditions. J. Ecol. 
63:703-714. 

Hohngren, R. C., and S. F. Brewster, Jr. 1972. Distribution of orgaic matter 
reserves in a desert shrub community. U.S. Dep. Agr., Forest Serv. Res. 
Pap. INT-130. 15 p. 

Mitchell, J. E., N. E. West, and R. W. Miller. 1966. Soil physical properties 
in relation to plant community patterns in the shadscale zone of northwestern 
Utah. Ecology 47:627-630. 

Moore, R. T., R. S. White, and M. M. Caldwell. 1972. Transpiration of 
Atriplex confertifolia and Eurotia lanata in relation to soil, plant, and 
atmospheric moisture stresses. Can. J. Bot. 50:2411-2418. 

Morton, H. L., and H. M. Hull. 1975. Morphology and phenology of desert 
shrubs. p. 39-46. In: D. N. Hyder (ed.) Arid Shrublands. Sot. Range 
Manage. , Denver, Co10 . 

Tueller, P. T., A. D. Bruner, and J. B. Davis. 1972. Ecology of Hot Creek 
Valley-vegetation and soil responses to underground detonation. Univ. 
Nevada Agr. Exp. Sta. Rep. NVO-409-l. 131 p. 

Wallace, A., and E. Romney. 1972. Radioecology and ecophysiology of 
desert plants at the Nevada Test Site. TID-25954. Oak Ridge Tenn. U.S. 
A.E.C. Technical Information Center. 439 p. 

Wein, R. W., and N. E. West. 1972. Phenology of salt desert plants near 
contour furrows. J. Range Manage. 24:299-304. 

West, N. E., and R. W. Wein. 1971. A plant phenological index technique. 
Bioscience. 21:116-l 17. 

Wisler, C. O., and E. F. Brater. 1959. Hydrology. 2nd ed. John Wiley and 
Sons, New York. 408 p. 

JOURNAL OF RANGE MANAGEMENT 31(l), January 1978 45 



Nonstructural Carbohydrate 

Snowberry (Symphoricarpus 

MELVIN R. GEORGE AND C. M. McKELL 

Highlight: Nonstructural carbohydrate (NC) concentrations in defoliated snow- 
berry (Symphoricarpus oreophilus) plants were compared over two seasons with 
trends of NC concentrations in untreated plants. Nonstructural carbohydrate con- 
centrations in small roots and stems of defoliated plants decreased slowly from the 
time of initial defoliation. The NC concentrations in large roots and root crowns 
remained stable until prolonged, intense defoliation caused a significant decrease in 
NC concentrations in these plant parts. NC concentrations in stems, large roots, and 
root crowns decreased significantly before plant death. The decrease in NC 
concentrations in large roots and root crowns coincided with an increase in NC 
concentrations of stems prior to leaf production. Defoliated plants did not produce 
new stems after defoliation began and stem mortality during dormancy was great. 
NC concentrations apparently were inadequate to support the entire plant through 
dormancy. Nonstructural carbohydrates remaining in dead plant parts constitute an 
unused portion of the carbohydrate reserves. 

Changes in carbohydrate reserves in 
response to various intensities, sea- 
sons, and durations of defoliation have 
been studied in several plants (Cook 
1966; Donart and Cook 1970; Trlica 
and Cook 197 1; Menke 1973; Willard 
and McKell 1973). Defoliation during 
periods of normal reserve depletion 
often induces more serious reserve 
depletion. In general, defoliation that is 
too heavy or too frequent results in 
decreased nonstructural carbohydrates 
(NC). Most defoliation and clipping 
treatments on snowberry (Symphori- 
carpus oreophilus) failed to reduce NC 
concentrations below that measured 
during leaf production. Frequent, in- 
tense defoliation would be expected to 
cause NC to decrease to concentrations 
lower than those measured during leaf 
production in untreated plants. De- 
foliation treatments by Donart and 
Cook (1970) and Willard and McKell 
(1973) apparently were not sufficiently 
intense to accomplish a permanent 
reduction in NC concentration. In these 
studies, partial to total replenishment of 
reserves was achieved after the treat- 
ments were imposed, but before 
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dormancy began. Recovery from de- 
foliation implies that snowberry’s 
carbohydrate pool may be greater than 
the amount of NC used during the 
normal annual cycle. An estimate of the 
size of the carbohydrate reserve pool 
might be obtained by determining how 
much of the extractable NC can be 
depleted during continuous defoliation. 
In 1973 and 1974 a depletion study of 
NC in snowberry was conducted in 
Logan Canyon, Utah, to determine the 
trend and ultimate level of NC con- 
centration present in defoliated and 
untreated shrubs. 

Methods and Materials 
Fifty-six snowberry plants of similar size 

were selected for the study. Twenty-eight 
of these plants were defoliated by hand 
picking all of the leaves. After the initial 
leaf removal on June 1, 1973, leaf regrowth 
was removed every 2 weeks on June 15, 
June 29, and July 13. Leaves were not 
replaced in 1973 after the fourth defoli- 
ation. The defoliated plants produced leaves 
the. following spring and defoliation was 
resumed on May 15, 1974, followed by 
defoliations on May 30 and June 15. 

Four plants were sampled on May 26, 
1973, before defoliation began. After 
defoliation, four defoliated plants and four 
untreated plants were sampled on June 7, 
June 17, and August 3, 1973; and May 1, 
June 8, and July 15, 1974. Stem production 

Depletion in 

oreophilus) 

by defoliated plants was observed as an 
indicator of plant vigor. Stem mortality was 
determined by ocular estimate. 

Defoliated and untreated plants were 
excavated to a depth of 61 cm and 
representative sub-samples of stems, small 
roots (less than 6 mm in diameter), large 
toots (greater than 6 mm in diameter), and 
root crowns were collected. On each 
collection date, plant material was frozen in 
dry ice and taken to the laboratory where it 
was stored in a freezer until it was freeze- 
dried. The freeze-dried plant samples were 
ground in a Wiley Mill through a 40-mesh 
screen and stored in desiccators. 

The NC was extracted from the ground 
plant samples using 0.2 N sulfuric acid as 
described by Smith et al. (1964). This 
method hydrolyzed NC to reducing sugars, 
which were analyzed using the dinitro- 
salicylic acid method (Luchsinger and 
Comesky 1962). Glucose was used as a 
standard. The product of this procedure has 
conventionally been called total available 
carbohydrates but this term is a misnomer, 
according to Stoddart et al. ( 1975) and 
George ( 1976). 

Data were subjected to analysis of 
variance and Duncan’s new multiple range 
test (Duncan 1955) was used to separate 
means where a significant difference oc- 
curred (p < 0.05). 

Results and Discussion 

Nonstructural carbohydrate concen- 
trations in small roots and stems of 
defoliated plants were depressed initial- 
ly and were reduced significantly in all 
plant organs by the time of plant death 
(Fig. 1). Nonstructural carbohydrate in 
stems from untreated plants increased 
from a minimum of 5.6% on May 26 to 
a maximum near 12% in August. Stems 
from defoliated plants had only about 
5% NC in August; whereas a maximum 
of 7.5% was found on May 1, 1974. 
This was followed by a decrease to 
3.3% on June 8, 1974. The NC on this 
date was significantly lower than the 
NC measured on May 26, 1973, just 
before defoliation began, thus illus- 
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Fig. 1. Mean NC concentration for four plant 
parts from defoliated and untreated snowberry 
plants in 1973 and 1974. Means with the same 
letters are not significantly d@erent at the 5% 
level of probability. 

trating that NC in stems can be 
significantly decreased below the usual 
NC minimum reached in untreated 
plants during leaf production. During 
this study there was no stem production 
by the defoliated plants, but stem 
production did occur in the untreated 
plants. 

The NC in large roots and root 
crowns from untreated plants main- 
tained stable concentrations between 5 
and 5.5% throughout the defoliation 
study in 1973 (Fig. 1). However, the 
NC in the large roots and root crowns 
from defoliated plants deviated from 
these normal concentrations on May 1, 
1974, when NC dropped significantly 
to 4.1% for large roots and 4.4% for 
root crowns. 

Small roots from untreated plants 
had a minimum NC concentration of 
5.2% on June 7, 1973, and increased to 
a maximum near 12.5% in August (Fig. 
1). The NC concentration in small roots 
from defoliated plants decreased from 
the beginning of defoliation until plant 
death occurred over a year later. 
However, the NC concentration within 
small roots did not decrease significant- 
ly from the NC minimum measured on 
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June 7, 1973, until plant death oc- 
curred. 

Nonstructural carbohydrates in 
stems, root crowns, large roots, and 
small roots collected in the second 
season on July 15 when the plants were 
dead were significantly lower than the 
lowest concentrations measured near 
the time defoliation was begun. The 
NC for stems, root crowns, large roots, 
and small roots from dead plants was 
2.6, 3.4, 2.6, and 2.3%, respectively 
(Fig. 1). An estimated 60 to 75% of the 
defoliated stems died during winter 
dormancy. The NC in these dead stems 
on May 1 was 3.3%. More stems were 
dead on June 8 and the NC at this time 
was 2.5%. 

Several important results were meas- 
ured or observed while monitoring NC 
concentration in untreated and de- 
foliated snowberry plants. The NC 
concentrations in stems and small roots 
fluctuated more and sooner than the NC 
concentrations in large roots and root 
crowns. Nonstructural carbohydrates 
in defoliated plants can be decreased 
below the depressed concentrations 
measured during leaf production in 
untreated plants. Of particular impor- 
tance is the fact that NC was not 
replenished in severely defoliated 
plants, so they entered dormancy with 
depressed reserves. Finally, the ob- 
served lack of stem production after 
several defoliations and the high stem 
mortality during winter dormancy were 
important indicators of the effect of 
defoliations. 

The fluctuation of NC concentra- 
tions in small roots and stems indicates 
the probable use or translocation of 
enough of the reserve carbohydrate 
pool in each of these plant parts to cause 
a change in concentration. This is 
probably because of the close proximi- 
ty of these plant parts to the major sites 
of use. Stoddart et al. ( 1975) suggested 
that reserves nearest the place of use 
would be most readily available. Other 
researchers have shown marked de- 
pletion of carbohydrate reserves in 
tissue adjacent to expanding buds and 
shoots (Siminovitch et al. 1953; Woods 
et al. 1959; Priestly 1960). Coyne 
(1969) and Trlica and Cook (1971) 
showed that NC concentration in small 
roots was more responsive to change 
than NC concentration in crowns of big 
sagebrush and black sagebrush. The 
NC concentration in large roots and 
toot crowns was relatively stable, 
indicating that the net use of the reserve 

carbohydrate pool was not great 
enough to change the NC concen- 
nation. If this reserve pool is great 
enough, its contribution to metabolism 
may be quite important without signifi- 
cantly decreasing the NC concen- 
tration. NC in large roots and root 
crowns could act as a “margin 
safety” to excessive carbohydrate use 
in the plant. 

The defoliation in this study was 
frequent and intensive as a means 
depleting carbohydrate reserves in the 
subject plants. Snowberry has been 
clipped in other studies with little long- 
term effect on NC concentrations. 
Donart and Cook (1970) found that 
plants clipped once during leaf pro- 
duction at 90% would replenish part 
their small root reserves by late July. 
Willard and McKell (1973) monitored 
NC concentrations in small roots, large 
roots, and root crowns when they 
simulated several grazing systems 
varying the time of clipping. The only 
clipping regime that significantly 
duced NC concentrations in large roots 
from snowberry was clipping on July 
15 for five consecutive years. 

In this study, NC concentration 
large roots and root crowns of untreated 
plants remained relatively stable 
throughout the year. The NC concen- 
tration in large roots and root crowns 
defoliated plants did not decrease 
significantly unless defoliation pressure 
was prolonged. This would indicate 
that NC was used in respiration in the 
large roots and root crowns or that NC 
was transported to support NC require- 
ments in small roots and stems. The NC 
concentrations in stems and small roots 
did not decrease significantly im- 
mediately after defoliation began. The 
large roots and root crowns, with 
larger reserve pool, may have helped 
maintain the NC concentrations 
small roots and stems. Initially this 
could be accomplished without measur- 
ably lowering NC concentrations 
large roots and root crowns, but the 
carbohydrate demands of dormancy 
and mobilization of reserves to support 
spring production might eventually 
cause a significant reduction in NC 
concentrations in larger roots and root 
crowns. Although stem NC concentra- 
tion is maintained in live stems, live 
stem biomass decreased as stems died 
during the 1974 season. Ogden and 
Loomis ( 1972) found a similar situation 
in Agropyron intermedium. They found 
equal concentrations of water-soluble 



carbohydrates in roots from clipped and 
unclipped plants, but less water-soluble 
carbohydrate quantities in roots of 
clipped plants. This suggests that root 
biomass may decrease because of 
clipping, while carbohydrate concen- 
tmtions remained stable. 

Carbohydrate depletion may be re- 
sponsible for the lack of stem pro- 
duction in defoliated plants, but other 
explanations should also be considered. 
Stem production would not occur if the 
buds were injured or killed by defoli- 
ation. Although new stems were not 
produced following defoliation, the 
terminal and lateral buds functioned in 
leaf replacement within 3 weeks after 
each defoliation until dormancy in 
1973 and plant death in July, 1974. 
Although the objective of defoliation 
was to deplete carbohydrate reserves, 
plant morphology cannot be ignored 
when interpreting the effects of de- 
foliation. 

Continuous defoliation eventually 
results in plant death. From the be- 
ginning of defoliation, NC concen- 
trations followed a decreasing trend in 
two storage organs until a plant part 
died. The decrease in NC to the range 
of critical concentrations can be a 
contributing cause of death. However, 
death could have occurred because of 
other reasons brought about by de- 
foliation. 

The NC concentration measured in 
dead plant material is difficult to 
interpret in terms of plant functions. 
Whether some of this reserve material 
could have been used under normal 
circumstances is not known, but it does 
represent a considerable loss to the 
plant. The isolation of carbohydrate 
reserves from the food transport system 
of shrubs deserves further study. 

Summary and Conclusions 

In continuously defoliated snow- 

berry plants, NC concentrations in 
small roots and stems decreased slowly 
from the time of initial defoliation. The 
NC concentrations in large roots and 
mot crowns remained stable until 
prolonged, intense defoliation eventu- 
ally caused a significant decrease in NC 
concentrations in these plant parts. NC 
concentrations in stems, large roots, 
and root crowns decreased significantly 
before plant death. The decrease in NC 
concentration in large roots and root 
crowns coincided with an increase in 
NC concentration in stems just prior to 
leaf production. This indirect evidence 
seems to indicate that mobilization of 
carbohydrates in the stems is supported 
by NC in the large roots and root 
crowns. However, othercarbon sources 
in the stems may have supported the 
increase in NC in the stems. The 
defoliation treatments also depressed 
plant vigor, as indicated by the lack of 
stem production after defoliation began 
and the high stem mortality suffered 
during dormancy. The depressed NC 
concentrations in stems and small roots 
at the beginning of dormancy appeared 
to be a good indicator of lowered plant 
welfare. 

Nonstructural carbohydrate concen- 
tlations in dead plant parts represent an 
unused portion of the carbohydrate 
reserves. Although the carbohydrates 
in dead plant parts may be extractable 
using routine laboratory procedures, 
they appeared to be unavailable for 
plant use. In shrubs where stem dieback 
is common, such isolation may repre- 
sent a great loss to the general vigor of 
plants and ecosystem productivity. 
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Successional Trends in a Ponderosa Pine/ 
Bitterbrush Community Related to Grazing by 
Livestock, Wildlife, and to Fire 

JAMES M. PEEK, FREDERIC D. JOHNSON, AND NED 
N. PENCE 

Highlight: A ponderosa pine/bitterbrush community in the 
South Fork of the Salmon River, Idaho, was determined to be a 
seral stage of a Douglasfir/snowberry habitat type. An exclosure, 
erected in 1959 to evaluate effects of browsing on bitterbrush by 
big game, contained more kinnikinnik and less Idaho fescue than 
did the outside area. Bitterbrush density was similar outside and 
inside the exclosure, but twig production was 12 times greater 
outside. A combination of periodic natural fire prior to effective 
suppression starting in the 1940’s, and livestock grazing were 
probably initially responsible for the secondary successional 
vegetation on the site. Subsequently, utilization by big game of this 
vegetation has served to maintain the productivity of the bitter- 
brush and retard succession to climax. 

1,400 m. The surrounding canyon slopes are very steep, unglaciated 
&composed granite. Climate is mild and relatively dry with an 
average precipitation about 620 mm at a river-grade station (Krassel 
R.S.) 10 km south of Buckhom Bar. Temperatures seldom go below 
- 10°C in winter and snow is rarely over a few centimeters deep. Mid- 
June to mid-September is normally without effective precipitation. 
The South Fork Salmon River canyon is dominated by forests of 
ponderosa pine and Douglasfir. Dry-lightning is common during the 
summer drought and the evidence of high fire frequency is easily read 
from the trees. 

Bitterbrush (Purshia trident&a) is generally recognized as a 
component of climax dry forest and steppe habitat types in Idaho 
(Daubenmire and Daubenmire 1968; Steele et al. 1975). A 
0.047-ha (one acre) big game exclosure established in 1959 on a 
big game winter range on the Buckhom Bar, South Fork of the 
Salmon River of central Idaho has provided an opportunity to 
evaluate successional status of bitterbrush (Purshia tridentutu) 
in relation to habitat type and land use practices. Two hypothe- 
ses were tested during this study: (1) bitterbrush was a seral 
species within a zootic-pyrrhic disclimax of a Douglasfir 
(Pseudotsuga menziesii)/snowberry (Symphoricarpos albus)- 
kinnikinnik (Arctostuphylos uva-ursi) habitat type (h.t.), and 
(2) foraging by mule deer (Odocoileus hemionus) and elk 
(Cervus elaphus) was contributing to maintenance of the 
existing bitterbrush stand outside of the exclosure. 

A savanna-like stand of uneven-aged ponderosa pine dominates 
Buckhom Bar; the great majority of trees are mature and yellow- 
barked. In and around the exclosure there are about 245 trees/ha. Mean 
diameter breast high is 24 cm with the larger trees up to 91 cm. Two 
Douglasfirs of about 15 cm dbh were also present in the vicinity, but 
they were very rare on Buckhom Bar. The understory of the general 
area was dominated by bitterbrush 0.9-1.8 m tall, rather widely 
spaced. Average stem age of bitterbrush was 26 (15-39) years based 
on annual ring counts of 13 randomly selected stems. Lesser amounts 
of snowberry, low huckleberry (Vaccinium caespitosum), wild rose 
(Rosa woodsi), and white spiraea (Spiraea betulijolia) form a very open 
low-shrub layer, while a few scattered Scouler willow (Salk scouleri- 
ana) and serviceberry (Amelanchier alnifolia) plants represent the tall 
shrubs. Graminoids, chiefly Idaho fescue (Festuca idahoensis), June- 
grass (Koeferia cristata), and pinegrass (Calamagrostis rubescens) 
dominate a widely spaced ground layer which is rich in forbs. 

U.S. Forest Service records, including history of the area, 
standing crop and annual productivity measurements of bitter- 
brush, and canopy coverage/composition measurements of the 
understory made in July 1976, form the basis for testing the 
hypotheses. 

Study Area 

Buckhom Bar is underlain by granitic gravel substrate, approxi- 
mately 100 m above current river level at an elevation of about 

The area had a history of fire as evidenced by fire scars on many pine 
trees, and charcoal on stumps and downfalls. Human use of the area 
dates back over 75 years, consisting primarily of domestic livestock 
grazing until the 1940’s. Around 1940 the river bars were described by 
the District Ranger as “dust beds” from sheep and horse use. Grazing 
was sharply reduced in the late 1940’s, and excluded in early 1960. 
Establishment of the current bitterbrush stand dates to the initial 
reduction of livestock grazing. Occasional selective cutting of larger 
insect-infested pine ceased in the early 1960’s. 

Vegetation Sampling 

Method 
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Vegetation was sampled with a series of micro- and macroplots 
taken inside and immediately outside of the exclosure. Four lines were 
placed perpendicular to the sides of the exclosure at estimated mid- 
points from the comers. Ten 2 x 5-dm (0.2 m*) plots were taken on 
each line both inside and outside with a plot interval of about 1.5 m 
between plots. A 2-m distance from the fence was maintained to 
prevent bias associated with the edge. A road-trail over 15 years old 
was by-passed by doubling the plot interval. Cover was estimated as 
outlined by Daubenmire (1959) using six cover classes, on plants 
rooted in the plots. This method is most reliable for low plants 
of relatively discrete habit. Taller shrubs, such as bitterbrush, 
often go unsampled, while cover estimates of rhizomatous grasses, 
such a pinegrass, are very inaccurate. To add depth to the vegetational 
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description, cover was also estimated on two circular macro-plots of 
375 m2 inside and outside the exclosure. This system follows 
Daubenmire and Daubenmire (1968) as modified by Steele et al. (1975) 
and allows direct comparison with plot data published for most of the 
forest habitat types of Idaho and western Montana. The northern plot 
pair was chosen to represent medium bitterbrush density with typical 
ponderosa pine overstory dominance. The southern plot pair was 
judged typical of open areas with virtually no overstory shade and 
higher coverage of bitterbrush. Habitat types were determined using 
Steele et al. ( 1975). Voucher specimens of most plants were deposited 
in the Research Herbarium, College of Forestry, Wildlife and Range 
Sciences, University of Idaho (IDF). Scientific and common plant 
names follow Hitchcock and Cronquist (1973). 

Parker 3-step transects (Parker 1951) were measured inside and 
outside the exclosure in 1959, 1964, and 1975. These provide direct 
estimates of vegetation change when grazing by big game is excluded. 

Bitterbrush Sampling 
Production of current year twig growth of bitterbrush was used as 

the index to productivity. Twigs were counted within 35 4-m’ circular 
plots, inside and outside adjacent to the exclosure, following Shafer 
(I 963). A regression equation of twig weight as a function of length 
was determined by clipping, measuring the length, oven-drying at 
70°C for 24 hours, and weighing 68 twigs representing the range of 
lengths encountered on the site. Lengths of 100 unbrowsed twigs 
inside and outside of the exclosure were measured to nearest 0.5 cm. A 
mean weight per twig was obtained from mean leader lengths inside 
and outside the exclosure and multiplied by the mean number of twigs 
per m’ to arrive at weight estimates for twig growth. 

Standing crop of aerial shoots of bitterbrush was estimated by 
counting individual plants within the 4-rnZ plots. A crown cover 
estimate was made by measuring two diameters at right angles to each 
other across the canopy of each plant; and canopy area was determined 
using the formula 

= do dz (x= - 
4 

where QL equals canopy area and d equals one diameter (cm) across the 
canopy of the plant. Ten whole plants representative of the variation in 
plants within the stand were measured, clipped at ground level, and 
weighed. A regression equation of weight of plant on its canopy area 
was calculated following Peek (1970). Calculation of standing crop 
was made by determining a mean canopy area for plants inside and 
outside the exclosure, converting to weight using the regression 
equation, and multiplying by stem density/ha. A significance level of 
P = 0.10 is used in all statistical tests unless otherwise specified. 

Graminoids 
*Agropyron repens 
Calamagrostis rubescens 
Carex geyeri 
Carex rossii 
Carex sp. 
Danthonia intermedia 
Festuca ia’ahoensis 
Koeleria cristata 
Luzula campestris 
Poa sp. 
Unknown grass 

Forbs 
Achilles millejolium 
Antennaria microphylla 
A. neglecta 
A. stenophylla 
Arenaria congesta 
A. macrophylla 
Calochortus eur-ycarpus 
Campanula rotundgolia 
Castilleja spp. 

Yollinsia parvijlora (A) 
Collomia tinctoria (A) 
Epilobium angustifolium 
E. paniculatum (A) 
Fragaria virginiana 
Gayophytum (A) 
Gentiana affinis 
Geum trijlorum 
Hieracium albertinum 
Lotus purshiana (A) 
Lupinus sericeus 
Mania exiqua (A) 
Microsteris gracilis (A) 
Montia perjoliata (A) 

+ 
20 

2 
+ 

9 
15 
2 
l 

+ 

+ 
+ 
+ 
l 

0 
+ 
+ 
0 
+ 
+ 
+ 
+ 
0 
+ 
+ 
0 
+ 
15 
+ 
+ 
+ 
l 

l 

Heights of all bitterbrush plants within the plots and percent of 
crown covered by the arboreal black lichen Bryoriafremontii Tuck, 
and number of dead plants were also determined. 

Results 

Present Vegetation 
Table 1 summarizes micro- and macro-plot data and com- 

pares with the Douglasfir/snowberry habitat type-kinnikinnik 
phase and the ponderosa pine/bitterbrush habitat type-Idaho 
fescue phase from Steele et al. ( 1975). Steele et al. (1975) 
sampled 11 Douglasfir/snowberry stands and three ponderosa 
pine/bitterbrush stands in the central Idaho area. Both microplot 
and macroplot data reveal several remarkable differences in the 
vegetation outside and inside the exclosure. Idaho fescue, June- 
grass, and intermediate oatgrass (Danthonia inter-media) de- 
clined dramatically inside. Pinegrass declined substantially in 
macroplots while remaining. about the same in microplots. 
Other graminoids showed but small differences outside to 
inside. Figure 1, taken in July 1976, compares vegetation inside 
and outside the exclosure. 

Orthocarpus tenuijolius (Ak 
Penstemon procerus + 
Potentilla glandulosa + 
P. gracilis + 
Sedum stenophyllum l 

Solidago missouriensis + 
Trijolium longipes + 
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Shrubs 
Amelanchier alnijolia + 
Arctostaphylos uva-ursi 9 
Physocarpus malvaceus l 

Purshia tridentata 50 
Ribes irriguum a 
Rosa woodsii 3 
Salix scouleriana + 
Shepherdia canadensis + 
Spiraea betulijolia + 
Symphoricarpos albus 3 
Vaccinium caespitosum 2 
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* = Alien taxa. 
(A) = annual. 
’ Steele et al. 1975. 
’ Psme/Syal-Aruv = DouglasWsnowberry habitat types (Steele 1975). 
’ Pipo/Putr-Feid = Ponderosa pine/bitterbrush habitat types (Steele 1975). 

There were 31 species of forbs, most low in both cover and 
frequency in microplots and cover in macroplots both outside 
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Table 1. Summarization of species cover values and frequencies in micro- 
plots (0.1 mZ) and macroplots (375 m2) inside and outside the Buckhorn 
Bar exclosure, and comparison with cover values for Douglasfir/ 
snowberry and Ponderosa pine/bitterbrush habitat types. 

Vascular plants 

Macroplots 
Avg. cover % (+ = < 1%) 

Two plots All plots’ 
Psme/Syal-Amv Avg. cover 

Microplots 
% cover 0 % 

Psme/ Pipe/ frequency 
Syal- l+tr_ (+ = < 0.9%) 

Outside Inside Aruv Fcid” Outside Inside 

1: 
3 
0 

l 

0 

3 

0 

22 

l 

0 

3 

l +.3 
4.60 6.70 
+.3 . 
+e8 1.5 
+.3 +.3 
2.25 +.18 
4*45 +e3 
1.23 +e8 

0 
+ . 15 +e 10 
+.3 



and inside. Most significant was the decline of hawkweed 
(Hieracium albertinum) inside, substantiating the seral role of 
this common forb in this habitat type. 

Nine species of annuals occurred in plots outside of this 
exclosure, none with significant cover or frequency. Only one 
species, Lotus purshiana, appeared in plots inside the ex- 
closure, testifying to the trend toward climax of the vegetation 
inside. 

The most obvious difference in the outside/inside vegetation 
comparison occurred with kinnikinnik. Outside, kinnikinnik 
had a micmplot frequency of 15% and a cover of 2%, while 
inside frequency and cover increased to 80% and 46%, respec- 
tively. Cover of this species in macroplots outside and inside 
were 9% and 50%, respectively. The average cover of bitter- 
brush remained about the same inside and outside the macro- 
plots, while a few scattered tall and midsize shrubs including 
servicebay, Scouler willow, and buffalobeny (Shepherdin 
canadensis) appear in small amounts. The trend toward snow- 
berry domination at climax was shown by slight increases in its 
macroplot cover and larger increases in microplot cover and 
frequency. Low huckleberry (Vaccinnium caespirosum) may be 
a seral increaser on this habitat type, but it shows little change 
after 17 years of protection from browsing, suggesting a long- 
term role in the successional process. 

Successional Trends 
Parker 3.step data indicated downward trends of Idaho fescue 

and yarrow and upward trends of snowbeny and kinnikinnik 
inside the exclosure (Table 2). Pinegrass declined both outside 
and inside, indicating a seral role following fire. 

Bitterbrush showed similar trends in cover inside and outside 
of the exclosure, with highest coverage occurring in 1975. 
Alberta hawkweed, the most abundant forb in our outside plots, 
showed a strong upward trend outside in the Parker 3-step data. 
The 3.step data strongly imply that hawkweed was not an 
important early seral species but achieved an important role 
more recently. 

Bitterbrush Standing Crop 
The coefficient of determination for the regression weight of 

arboreal stems of bitterbrush on canopy area was 0.85, and the 
regression was significant at the 0.01 level of probability (Fig. 

2). Regression coefficient derived separately from plants inside 
and outside the exclosure were not significantly different. Mean 
canopy area of 48 plants measured inside the exclosure was 
3,956 i 737 cmE, and of 76 plants measured outside, 4,729 ? 
1,005 cmz. Standing crop of plants outside the exclosure was 
157 & 6.8 g/m”, and inside I15 ? 7.5 g/m”, or 73% of the 
weight of the outside crop (Table 3). 

Stem densities per m” were similar inside (0.336 & 0.022) 
and outside (0.325 ? 0.014) the exclosure. Plant heights 
averaged 88.37 ? 6.7 cm inside the exclosure and 80.95 5 7.6 



Fig. 2. Regression of aerial stem weight of bitterbrush on canopy area. The 
regression equation is Y = -383.47 + 0.1834X. ? = 0.85. Data were 
collected in July 1976. 

outside the exclosure. In addition, an average of 16 t 6% of the 
crown canopies of bitterbrush within the exclosure were covered 
with the common black tree lichen, while this palatable species 
was completely absent from bitterbrush outside (Table 3). 

Dead stem densities averaged four times greater inside the 
exclosure than outside (Table 3). Thus the bitterbrush stand 
inside the exclosure was similar in density to that outside, but 
was uniformly taller, with more dead stems, greater black lichen 
coverage, and smaller canopy area. These factors indicated that 
bitterbrush vigor was deteriorating within the exclosure when 
compared with that existing outside. 

Bitterbrush Production 
Twig production was much greater outside than inside the 

exclosure, probably reflecting the stimulating effect of moder- 
ate browsing (Table 3). Approximately 12 times more twigs per 
m’ were produced outside than inside, accounting for a similar 
disparity in weight production. Regression coefficients of twig 
weight on length derived separately for twigs inside and outside 
the exclosure were not significantly different. Twig lengths 
were significantly greater outside the exclosure (5.36 2 
0.65 cm) than inside (3.39 f 0.56 cm). However, twig weights 
did not differ significantly. The regression of twig weight on 
length was significant (P = 0.001) and had a coefficient of 
determination of 0.889 (Fig. 3). The regression equations of 
Basile and Hutchings (1966), developed from twigs collected 
during plant dormancy, estimated twig weight at 62% of the 

Table 3. Standing crop, productivity, height, dead stem density, and 
lichen coverage on bitterbrush inside and adjacent to the Buckhorn Bar 
exclosure, South Fork Salmon River, in July 1976. Confidence interval 
(CI) is 90%. 

Cover 

Outside Inside 

x CI x CI 

Stems/m2 
Canopy area per plant (cm’) 
Stem weight/m’ (g) 
Plant height (cm) 
% canopy covered by lichen 
Dead stems/m2 
Current year’s twigs/m2 
Twig weight/m2 (g) 
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0.325 + 0.014 
4,729 2 1,005 

157 k 6.8 
80.9 -+ 7.6 

0 
0.075 ‘- 0.032 
224.8 + 20 
14.36 + 1.28 

0.336 + 0.022 
3,956 +- 737 

115 * 7.5 
88.4 2 6.7 

16 * 5.7 
0.279 + 0.085 

19+ 1.5 
1.21 kO.96 

estimates derived from collection during the growing season on 
the study area. 

Discussion 

To most observers, Buckhom Bar appears to be an undisturbed 
area. Based on keys and descriptions provided by Steele et al. 
(1975), plus the insight of over 20 years’ experience in forest 
typing, Buckhom Bar was determined to be a Douglasfir/ 
snowberry h. t.-kinnikinnik phase. However, this area will not 
key directly due to the paucity of Douglasfir, which could be 
considered accidental. Thus, the vegetation here could easily be 
taken to represent the ponderosa pine/bitterbrush h.t., Idaho 
fescue phase. The description of this habitat type (Steele et al. 
1975, p. 32) and the occurrence map (p. 31) all support this 
conclusion. Only the constancy table (p. 173-174) provides 
insight to the discrepancy between the Buckhom Bar vegetation 
and a ponderosa pine/bitterbrush climax. 

In the climax condition, bitterbrush and Idaho fescue can be 
expected to disappear from Buckhom Bar. Both are important 
winter forage species for big game in this area. Yarrow, Alberta 
hawkweed, the three species of Antemaria, and most small 
annual forbs, all are either seral or disturbance increasers in this 
type. Lack of low huckleberry in the Steele et al. (1975) data 
helps to establish the seral role of this shrub in this habitat type, 
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Fig. 3. Regression oj twig weight on length of bitterbrush. The regression 
equation is Y = - 0.001 + 0.014X. P = 0.89. Data were collected in July 
1976. 



while our data show it to be slow in yielding to the advancing 
succession. 

U.S. Forest Service utilization estimates for bitterbrush 
outside the exclosure from I959 to 1975 averaged 60% of 
current growth removed (range 33-84%). The average fell 
within the maximum allowable annual utilization for bitterbrush 
as determined from clipping (Garrison 1953). It also appeared 
that this level of use had maintained bitterbrush in vigorous 
condition on Buckhorn Bar, while after 17 years of protection 
from browsing, the plants within the exclosure were less 
productive. These observations were the reverse of often 
anticipated results, since exclosures were often established as 
public relation tools to demonstrate detrimental effects of heavy 
browsing on preferred forage by big game. 

A “browse line” was evident on black tree lichens outside 
the exclosure, where no lichens were present below 2.5 m, 
indicating the high palatability of this species. Also, the few 
ponderosa pine and Douglasfir seedlings available to big game 
in the vicinity showed heavy browsing and some mortality. 
Ponderosa pine regeneration was present inside the exclosure. 

We hypothesize that the combination of periodic natural fire 
prior to effective suppression dating from the 1940’s and 
livestock grazing were initially responsible for the secondary 
successional vegetation present on this site. Subsequently, 
utilization by big game has served to maintain the productivity 
of the bitterbrush, prevent establishment of conifer regener- 
ation, and retain the seral community. Thus, we conclude that 
this is an example where browsing by a big game population has 
perpetuated a favorable food source. 

Management alternatives to retain this situation must be 
considered if the balance between big game and the winter range 
is altered to allow succession to continue. Experimental burning 
may be considered to determine response of bitterbrush, usually 
a nonsprouter following fire (McKell et al. 1972). Selective 
logging to retain the savanna-like qualities of the site is a less- 
risky alternative (Stuth and Winward 1976). Livestock grazing 
at a controlled level of use on herbaceous forage, when use of 
winter game forage would be minimal, is also to be considered. 
The current population and mix of elk and mule deer should also 
be maintained through judicious regulation of harvest, with 
utilization of bitterbrush as one guide to adjusting seasons. If 
successional trends toward the climax Douglasfir/snowberry 
habitat type progress, the area will eventually become much less 

valuable as winter big game range. Heavier ground fuel and 
better fuel continuity will also develop with the more mesic 
vegetation and thus forest fires will be both hotter and more 
difficult to control. 

Bitterbrush is seral on this habitat type, with its seral position 
being effectively maintained by moderate browsing by deer and 
elk. Also, the ponderosa pine/bitterbrush community represents 
one successional stage of a Douglasfirlsnowberry habitat type. 
The following plants appear to be important seral species on this 
Douglasfir/snowberry habitat type: Idaho fescue, intermediate 
oatgrass, three species of Arzterzruzria, Alberta hawkweed, 
lupine, wild rose, low huckleberry, and bitterbrush. 

Caution must be exercised by field crews, and particularly 
those training them for habitat-type work. In habitat-typing, 
observations beyond the obvious indicator (or key) plants are 
often needed. Crews should be able to read and interpret 
constancy tables. In this instance, the numbers of mesic forbs 
present is a positive, though subtle, indicator that the forb- 
depauperate ponderosa pine/bitterbrush climax is an inappropri- 
ate choice for classification. 
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THESIS: NEW MEXICO STATE UNIVERSITY 

Effects of Type and Rates of Nitrogen Fertilizers on Blue Grama (Bouteloua gracilis 
(H.B.K.) Lag. ex Steud.) Rangeland Production, by Kenneth Owen Fulgham, MS, 
Animal, Range, and Wildlife Science. 1972. 

A study was conducted on the Fort Stanton Experimental Research 
Station in Lincoln County, New Mexico, to determine the effects of 
four types of nitrogen fertilizers applied at two rates on production of a 
blue grama rangeland. 

Ammonium nitrate, ammonium sulfate, sulfur coated urea and urea 
were applied at rates of 40 lb of nitrogen per acre annually and 80 lb 
nitrogen per acre biennially. 

Fertilization increased production for carruth sagewort, grasses and 
other forbs (P < .O 1) during the study. The drouth experienced during 
the study influenced plant composition and production. Production of 
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other forbs increased from 1970 to 1971 while the carruth sagewort 
and grass production decreased. This was a result of the decreased 
precipitation. Urea was the most effective nitrogen source over the 
years. The 80 lb nitrogen per acre rate was more effective the first year 
while the inverse was true the second year. 

Inflorescence production was not significantly influenced by fertili- 
zation except that there was a significant response to the low rate 
urea in 1970 on blue grama culm heights. Crude protein was increased 
almost 1% for all fertilizer treatments combined when compared to the 
control. 



Salt Tolerance of Five Varieties of Wheat- 

grass during Seedling Growth 

M. G. MOXLEY, W. A. BERG, AND E. M. BARRAU 

Highlight: The salt tolerance of five relatively recently released 
varieties of wheatgrass was evaluated in a 6-week greenhouse 
study. Barton western wheatgrass (Agropyron smithii Rydb.) 
tended to be more sensitive to salinity than Arriba or Rosana 
western wheatgrass. Critana thickspike wheatgrass (A. dasystu- 
chyum [Hook.] Scribn.) tended to be more salt tolerant than the 
western wheatgrasses but was not as salt tolerant as Jose tall 
wheatgrass (A. efongatum [Host] Beauv.). 

Salinity is a widespread problem in arid and semiarid regions. 
It is also a man-induced problem in soils where irrigation and 
rising water tables cause an increase in soluble salts. Of recent 
concern are the salinity problems associated with some coal 
mine spoils and processed oil shale wastes. One approach to the 
problem is to seed salt-tolerant species. 

It would be desirable for the species selected to fit into the 
overall land use plan and pose minimum management prob- 
lems. Thus in many cases, use of indigenous salt-tolerant 
species or selections within species would be preferred. 

The purpose of this study was to determine the salt tolerance 
during the seedling stage of four recently released varieties of 
western and thickspike wheatgrasses. These species are native 
to extensive areas of the western United States. Tall wheatgrass, 
a species known to have outstanding salt tolerance, was used as 
a standard. 

Six salinity treatments plus an untreated soil check were replicated 
three times. Salts were added in solution at a rate of 340 ml per pot at 
the time of planting. These solutions were prepared using mixtures of 
NaCl, CaC12, and distilled water in such proportions to maintain the 
sodium adsorption ratio at a constant level of 3. At this level, the 
sodium hazard is low and soil structure and permeability are main- 
tained. One hundred ppm N and 50 ppm P were added to each pot. 

After harvest a vertical cross section of the soil from one pot per 
salinity treatment per replication was sampled for electrical con- 
ductivity. The six salinity treatments were designed to obtain satu- 
tation extract conductivity values of 2, 4, 6, 10, 15, and 20 mmhos/ 
cm; the average EC’s of the soils from the six treatments were: 2.3, 
3.8, 6.1, 9.3, 15.3, and 18.3, respectively. These values are close to 
the predicted values which will be used in the discussion to follow. 
The EC of the check soil was 0.68 mmhos/cm. Soils with saturation 
extract EC values of 4 mmhos/cm and greater are considered saline, 
EC values of 16 mmhos/cm and greater are extremely saline (Richards 
1954). The study was planted on February 12, 1976, and harvested 
on March 25, 1976. All pots were watered twice daily in an effort to 
keep moisture levels close to field capacity. Soil moisture dropped no 
more than 20% below field capacity on the hottest days. During the 
third week all pots were thinned to 20 plants per pot. The study was 
harvested 6 weeks after planting. Tops were clipped 1 cm above 
ground level and were oven dried for 24 hours at 60°C prior to 
weighing. 

Results 

Five named varieties of Agropyron, representing three species, 

Materials and Methods 

were obtained from Soil Conservation Service Plant Materials Cen- 
ters. All have been released since 1970 except Jose tall wheatgrass, 
which was released in 1965 (Hanson 1972). The five varieties are 
identified as follows: 

Vurieo 

Arriba 
Barton 
Rosana 
Critana 
Jose 

Species Common name SCS center 

A. smithii western wheatgrass Los Lunas, N. Mex. 
A. smithii western wheatgrass Manhattan, Kans. 
A. smithii western wheatgrass Bridger, Mont. 
A. dasystachyum thickspike wheatgrass Bridger, Mont. 
A. elongatum tall wheatgrass Los Lunas, N. Mex. 

shows Jose tall wheatgrass to be the outstanding producer of the 
five varieties tested. This was to be expected since the vigor and 

A comparison of above-ground dry matter yields (Table 1) 

high salt tolerance of this species is widely recognized (Forsberg 
1953; Dewey 1960; Rauser and Crowle 1963). Yields of Critana 
thickspike wheatgrass were similar to yields of Arriba and 
Rosana western wheatgrass at salinity levels of 4 mmhos/cm 
and greater. Barton western wheatgrass yielded significantly 
less than Critana thickspike wheatgrass at salinity levels of 4,6, 
and 10 mmhos/cm. There were no significant differences in 
yield among the western wheatgrass varieties except that Arriba 
out-yielded Barton in the 6 mmhos/cm treatment. 

The loam soil in which the grasses were grown was the Al horizon 
from a Platner series (Aridic paleustoll). Two-liter paper pots with 
plastic liners were each filled with 2 kg of soil. The field capacity of 
this soil was 17% of the air-dry weight. 

The authors were research technician, associate professor, and researcher in the Depart- 
ment of Agronomy, Colorado State University, when the study was conducted. Present 
address of the senior author is Wyoming Department of Environmental Quality, Lander, 
wyo. 

This report is submitted as Colorado State University Experiment Station Scientific 
Series Paper No. 22.33. 

Manuscript received April 13, 1977. 

Table 1. Yields of above-ground dry matter (g/pot) for five wheatgrass 
varieties as influenced by salinity treatments. 

Salinity treatments (mmhos/cm) 

Variety Control 2 4 6 10 15 20 

Jose 2.14a* 2.52a 2.36a 2.17a 1.58a 0.66a 0.36a 
Critana 1.43b 1.47c 1.58b 1.26b 0.71b 0.24b 0.07b 
Aniba 1.67b 1.86b 1.53bc 1.24b 0.61bc 0.16b 0.07b 
Rosana 1.54b 1.77b 1.51bc 1.09bc 0.59bc 0.17b 0.07b 
Barton 1.65b 1.66bc 1.3oc 0.92~ 0.54c 0.17b 0.02b 

- 
* Anv two means within the same salinity treatment followed by the same letter are not 

sigkficantly different at the 0.05 level. 
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Fii. 1. Relationships of relative yield offive wheatgrass varieties to electrical 
conductivity of soil extract. 

The yield of the roots as a function of the salinity treatments 
followed the same trend as the tops but the mass was slightly 
greater. The Jose variety produced about twice as much root 
mass as any of the other varieties. Root weights are not included 
in this report as we are not confident that all roots were 
recovered by the washing techniques used. 

Dry matter yields are useful in pointing out differences in 
growth rates among varieties, but salt tolerance per se is best 
evaluated on the basis of relative plant yields when grown under 
saline as compared to nonsaline conditions. Thus relative yields 
were calculated and plotted for each variety at each salinity level 
using the yield of the control of that variety as the standard (Fig. 
1). 

When comparing relative yields, the greatest differences 
among varieties existed at the 6 mmhos/cm level where all 

varieties were significantly different (0.05 level) except Arriba 
and Rosana. Consistent trends in differences in salt tolerance 
among some varieties at EC’s of 6 mmhos/cm and greater are 
apparent in Figure 1. 

Salt tolerance can be compared using a salt tolerance index, 
which is the EC of the soil saturation extract at which yields are 
reduced 50% from the control (Richards 1954). Thus by using 
Figure 1, we can rank the five varieties in this study with their 
respective salt tolerance indexes as follows: (1) Jose, 13 
mmhos/cm; (2) Critana, 10 mmhos/cm; (3) Arriba and Rosana, 
8.5 mmhos/cm; (4) Barton, 7 mmhos/cm. 

The salt tolerance of the western wheatgrass varieties in this 
study was considerably less than the salt tolerance of tall wheat- 
grass. This is in agreement with the findings of Forsberg (1953), 
who reported on seedling success and forage yields of these 
species in a field study. In contrast, Richards (1954) rated 
western wheatgrass high in salt tolerance. The latter rating was 
for productivity of western wheatgrass that was established 
under nonsaline conditions and then subjected to salinity 
treatments. Thus the reader is cautioned that salt tolerance 
indexes can be expected to vary with the stage of growth and 
environmental conditions, particularly moisture regime and 
type of salt. 

In summary, Jose tall wheatgrass was considerably more salt 
tolerant than the western and thickspike wheatgrass varieties 
tested. Critana thickspike wheatgrass produced significantly 
greater relative yields at an intermediate salinity level (6 
mmhos/cm) than the western wheatgrass varieties. The western 
wheatgrass varieties Arriba and Rosana produced greater rela- 
tive yields than the Barton variety at the intermediate salinity 
level. At the higher salinity levels, differences among the 
western and thickspike wheatgrass varieties were less and 
generally not significant. 
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Conflicting Vegetational Indicators on Some 
Central Oregon Scablands 

J. EDWARD DEALY AND J. MICHAEL GEIST 

Highlight: Two soil-vegetation sites were studied in central 
Oregon to determine why two conflicting plant indicators (ante- 
lope bitterbrush and low sagebrush), occurred on apparently 
uniform sites. Investigation showed that bitterbrush was not a 
reliable indicator of site conditions in the two study areas. Land- 
scapes that appeared to be uniform were actually highly variable 
because of internal soil differences. 

Knowledge of soil-vegetation relationships helps the range 
manager judge range condition, assess potential productivity, 
and determine appropriate species for use in range reseeding 
efforts when native plant cover has been depleted (Anderson 
1956). 

Site assessment is difficult where vegetative indicators con- 
flict. We found conflicts with some central Oregon scablands. 

Our investigation centered on determining why con&&g 
plant indicators occurred on an apparently uniform site. This 
situation was observed on two areas near Silver Lake in central 
Oregon. Scablands within the study areas generally support low 
sagebrush (Artemisia arbuscufa Nutt.)’ plant communities. 
Curlleaf mountainmahogany (Cercocarpus ledifolius Nutt.) and 
antelope bitterbrush (Purshia tridentata (Pursh) DC.), usually 
indicative of better sites, occur, however, as individuals or 
small groups within the margins of these scablands (Dealy 
1971). 

Study Areas 

The two study areas are located on the upper edge of the Silver Lake 
winter range approximately 137 km (85 miles) south-southeast of 
Bend, Ore., and 8 km (5 miles) south-southwest of Silver Lake, Ore. 
(Fig. 1). Study area I (elevation 1,583 m, (5,200 ft) is situated on the 
Fremont National Forest at the toe of Hager Mountain (elevation 2,195 
m, 7,200 ft), a volcanic cone rising out of an undulating plain 
primarily supporting ponderosa pine (Pinusponderosa Dougl.) forest. 
Study area II (elevation 1,433 m, 4,700 ft) occurs 13 km (8 miles) 
west-northwest of study area I, on the Lakeview District, Bureau of 
Land Management, on a nonforested bench surrounding the Silver 
Lake valley. 

The climate is continental with some marine influence from the 
west. Temperatures reach subfreezing levels during winter and highs 
of 32” to 41°C (90” tto 105°F) during summer. The growing season is 
75 to 85 days in June, July, and August. Killing frost can occur during 
___~____________~_~ 
The authors are plant ecologist and research soil scientist, U.S. Department of Agricul- 

ture, Forest Service, Pacific Northwest Forest and Range Experiment Station, La Grande, 
Oregon. 

Manuscript received May 5, 1977. 

I plant nomenclature follows Hitchcock and Cronquist (1973). 
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Fig. 1. Study area locations near Silver Lake, Ore. 

any month. Annual precipitation is approximately 38 cm (15 inches) 
with 50% in winter, 40% in spring and fall, and 10% in summer. 

Methods 

Our methods were observational. Plants occurring at each study 
area were identified and listed in relation to their respective soils, 
which were described by standard survey methods (U.S. Department 
of Agriculture 195 1). Soil pH was determined calorimetrically with a 
Truog soil reaction test kit.” Some supplemental soil investigations 
were also made to better define the diversity of conditions associated 
with observed vegetative patterns. 

Results 

Vegetation 
Area I, a nearly level opening surrounded by ponderosa pine, 

contained a single shrub layer of low sagebrush with an under- 
story of squirreltail (Situnion hystrix (Nutt.) Smith) and prairie 
junegrass (Koeleria cristuta Pers.). When a sufficient rise in 
microtopography occurred, Idaho fescue (Festuca idahoensis 
Elmer) replaced other grass dominants. Prominent perennial 
forbs included low pussytoes (Antennaria dimorpha (Nutt.) T. 
& G.), nineleaf lomatium (Lomatium triternatum (Pursh) Coult. 
& Rose), pink microsteris (Microsteris gracilis (Hook.) 
Greene), and scabland fleabane (Erigeron bloomeri Gray). 

‘? Mention of commercial products or companies does not constitute an endorsement by the 
U.S. Department of Agriculture. 

JOURNAL OF RANGE MANAGEMENT 31(l), January 1978 



A finger of curlleaf mountainmahogany and antelope bitter- 
blush occurred within the low sagebrush opening (Fig. 2). One 
western juniper (Juniperus occidentalis Hook.), 1 m (3.28 ft) 
tall, was growing at the tip of the finger. Other vegetation 
associated with this finger included Idaho fescue, squirreltail, 
and an occasional bluebunch wheatgrass (Agropyrorr spicatum 
(Pursh) Scribn. & Smith). Commonly occurring forbs were 
western yarrow (Achiika millejolium L.) and woolly sunflower 
(Erioph)llum lununrm (Pursh) Forbes). 

Area II was also a low sagebrush flat with a grass layer 
primarily of Sandberg bluegrass (Pea sandbergii Vasey), 
Thurber’s needlegrass (Stipa thurberiana Piper), and squirrel- 
tail (Fig. 3). Forbs included low pussytoes, nineleaf lomation. 
pink microsteris, and milkvetch (Asrragalus L. spp.). 

Individuals and small groups of antelope bitterbrush occurred 
within the low sagebrush flat just below the edge of the 
ponderosa pine zone. Beneath bitterbrush plants the grass laya 
was composed almost entirely of cheatgrass (Bromus fecmr~m 
L.) apparently due to past grazing; however, occasional rem- 
nants of Idaho fescue, squirreltail, bluebunch wheatgrass, and 
Thurber’s needlegrass occurred. Forbs were rare under these 

shrubs. In Table I microsite vegetation is compared by study 
area. 

Soils 
Area I soils were derived from alluvium apparently origi- 

nating from Hager Mountain colluvium. This material was a 
mix of fines, gravels, and cobbles to 20 cm in size including 
basalt, andesite, pumice, ash, and obsidian. Area II soils were 
dominantly residual, derived from fractured basalt and andesite, 
with pumice and ash influence. The pumice and ash at both 
areas originated from Mt. Mazama or Newbeny Craters 
(Allison 1945; Haward and Youngberg 1969). 

In Figure 4, soils (A, B, C, D) associated with described 
vegetation are portrayed diagrammatically to scale with tenta- 
tive horizon identification and horizon characteristics. Soils 
were not correlated with named soil series. 

Area I, soil A, associated with low sagebrush, had grayish 
brown (dry colors are used throughout), loam surface material 
grading into brown, clay subsoil, with stone content increasing 
with depth. A prominent accumulation of medium and tine roots 
occurred on the surface of an indurated layer CC,,,). The layer 
was quite hard, generally continuous at this location; it con- 
tained varying amounts of gravel and cobble-size coarse frag- 
ments. A gravelly loam layer underlay the indurated layer and 
resembled the subsoil at the same depth of soil B, which 
occurred under the finger of bitterbrush and mountainmahoga- 
ny. The two soils were similar in color, texture, structural 
development, pH, and amount of coarse fragments in the upper 
horizons. They had weak play surface structure and moderate 
subangularblocky subsurface structure Soil B, underthefinger, 
was deeper than A, horizons were thicker, and no cemented 
layer or rooting restriction was found. Drainage and root 
penetration were restricted by the indurated layer in soil A under 
low sagebrush (Fig. 5). 

Additional soils data from a similar low sagebrush opening 
near area I showed a gravelly-clayey zone from 22-67 cm with 
an indurated layer from 65-75f cm. 

A second excavation under low sageblush revealed a 
gravelly-clayey zone beginning at 12 cm, but no indurated layer 
was found. Two nearby soils associated with bit! ~rbmsh con- 
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tained gravelly-clayey zones at 35 cm in one case and at 3X cm in 
the other; neither contained an indurated layer. 

In general, the indurated layer was variable in degree of 
cementation, thickness, and amount of horizontal fracturing. In 
some places it exhibited fine horizontal striations or bands of 
varied color. The upper surface of the layer was frequently 
coated by a thin, silicious sheet. The general color of the layer 
ranged from predominantly milky to yellowish brown with 
subtle milky markings. There were no surface soil or topo- 
graphic indicators of presence or absence of the indurated layer. 

In area II under low sagebrush, soil C graded from a gray- 
colored gravelly loam at the surface to a brown clay in the 
subsoil (19-36 cm). Structure ranged from weak play in the 
surface to moderate subangularor angular blocky in the subsoil. 
The two soils were similar in pH values. A broken indurated 
layer (Fig. 6) mixed with clav occurred from 36-69+ cm. Thin 
section microscopic analysis by the Oregon State University 
Soils Laboratory (report on file at the Range and Wildlife 



Habitat Laboratory, La Grande, Ore.) showed this layer to be 
cemented by silica and clay. Fragments of the indurated layer 
ranged from gravel to cobble size and were tilted at varying 
degrees from horizontal. Roots showed a tendency to accumu- 
late among the surface of the clayey-indurated zone, but 
accumulation was not as pronounced as in area I, soil A. 

Under bitterbrush, soil D had gray surface color and loam 
surface texture; it graded into brown subsoil material with clay 
texture. Structure ranged from weak platy in the surface to 
moderate subangular blocky or moderate prismatic in the 
subsoil (24-58 cm). Roots extended through broken tilted 
indurated fragments mixed with clay from 58-72 cm. This latter 
material was similar to the 36-69 cm layer in soil C under low 
sagebrush, but better structure was present in soil D. The 
indurated layer exhibited less horizontal orientation under 
bitterbrush and occurred deeper than under low sagebrush. 

Two other excavations near those in area II showed some 
similar soil profile characteristics and depth relationships, but 
no broken indurated layer was found within 70 cm of the soil 
surface under bitterbrush or 50 cm under low sagebrush. 

Conclusions 

Our investigations showed that neither bitterbrush nor curl- 
leaf mountainmahogany were reliable indicators of site con- 
ditions in the study areas. Landscapes that appeared uniform 
from surface soil and topographic observations were actually 
highly variable because of internal soil variations. A thorough 
examination of both soil and vegetation is necessary before 
forage production or rehabilitation potentials can be predicted. 

Under low sagebrush we found that a shallow, poorly 
structured, fine-textured (clayey) gravelly layer and/or presence 
of a shallow continuous, indurated layer restricted rooting of 
bitterbrush and mountainmahogany and prevented their occur- 
rence. The latter two species, however, will grow where these 
influences are moderated by better subsoil structure in fine- 
textured horizons, fracturing of or lack of the indurated layer, or 
deeper, well-drained soil. The abundance of the species depends 
on the kind and degree of moderation. Internal soil differences 
in the two study areas were not indicated by pH tests in the field. 

We are not implying that low sagebrush or sporadic bitter- 
brush occurrence is always tied to the same site factors 
discussed in this study. Rather, we encourage fieldworkers to 
look for other ecological influences. We can safely say that few 
single-factor, cause-effect relationships exist in nature, because 
a change in one factor is usually accompanied by one or more 
associated changes. Our attempt at untying this tenuous ecologi- 

cal web is only a beginning. We hope our future experiences and 
those of others will help to refine these interpretations. 

The following is a first approximation guideline to the soil- 
vegetation relationships in the areas studied: 
A. Expect low sagebrush without bitterbrush where rooting 
depth of shrubs is restricted by: 

1. a continuous indurated soil layer near the soil surface, 
or 
2. a broken indurated layer mixed with poorly structured, 
fine-textured material near the soil surface. 

B. Expect spotty or patchy bitterbrush occurrence in low 
sagebrush stands where restrictive soils (described under A) 
are occasionally interrupted by: 

1. comparatively deep, well-drained soil with moderate 
well developed structure, or 
2. soil lacking a continuous indurated layer but having 
poorly structured, fine-textured material (with or without 
broken indurated fragments) in the lower subsoil only. 
Be prepared for some digging if you want to develop a 

management plan or assess the reseeding potential of a site 
supporting scattered bitterbrush. Use soil exposures at roadcuts, 
gravel pits, pond sites, etc., for initial insights to profile 
features. Use a backhoe, if possible, to excavate trenches across 
visible vegetative changes. Hand excavated soil pits, dug with 
the aid of a crowbar to break through indurated layers, should 
also be situated across vegetative transitions. The knowledge 
gained should tell whether bitterbrush is indicating discontinu- 
ities in soil conditions or if the site will generally support a 
population of shrubs eliminated earlier by fire or other factors. 
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THESIS: MONTANA STATE UNIVERSITY 

Evaluation of Nitrogen Fertilization and Grazing Effects on a Porcupine Grass 
(Stipa spartea var. curtiseta) Community, by Leonard Roy Roath, MS, Range 
Science. 1974. 

Evaluation of nitrogen fertilization and grazing treatments on a 
porcupine grass community was initiated on the Rohde-Langen 
Ranch, north of Glasgow, Montana, in 1970, to determine whether 
increased utilization of porcupine grass could be achieved. 

Nitrogen fertilizer (ammonium nitrate) was applied at five rates, in 
50-lb increments, O-200 lb of actual nitrogen per acre. The 200 lb of 
nitrogen per acre treatment was applied as 600 lb of nitrogen per acre 
in 2-ft bands on 3-ft centers. An exclosure was established and moved 
each spring to create varying lengths of grazing deferment following 
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initial fertilizer applications. 
Porcupine grass yield did not respond significantly to nitrogen 

application. Wheatgrasses increased in yield and density with added 
nitrogen. The remaining vegetation demonstrated no uniform yield 
response to fertilization. Palatability of all species was greatly 
increased in the first season following fertilization but decreased 
substantially the following year. Extreme utilization adversely af- 
fected yield and cover of porcupine grass, but other species showed no 
uniform response. 

59 



A Comparison of the Line-interception and 
Quadrat Estimation Methods of Determining 
Shrub Canopy Coverage 
THOMAS A. HANLEY 

Highlight: The line-interception and Daubenmire’s 0.1 m2 quadrat estimation 
methods of determining canopy coverage were compared for four densities of big 
sagebrush in northwestern Nevada. Results indicated that the methods provide 
comparable estimates. The line-interception method is preferable to 0.1 m* quadrats 
where high levels of precision and confidence are required, but the 0.1 m* quadrat 
method may be preferable where lower levels of precision and confidence are 
acceptable. Fewer man-minutes of time are required by either method for one person 
working alone than for two people working together. 

Canopy coverage is a frequently 
measured and useful parameter in range 
analysis. It serves as a criterion of 
relative dominance and the influence of 
plants on precipitation interception and 
soil temperature. Compared with other 
parameters, such as biomass or produc- 
tivity, canopy coverage is relatively 
easily measured. Evaluations precise 
enough for research purposes generally 
do not require excessive field time. 

A variety of methods have been 
devised for measuring plant canopy 
coverage, but advantages and dis- 
advantages vary with types of vegeta- 
tion sampled and degrees of confidence 
and precision’ required. The line- 
interception method (Canfield 1941) is 
a frequently used technique for meas- 
uring canopy coverage of shrubs in the 
Great Basin. Kinsinger et al. (1960) 
compared results of line-interception, 
variable plot, and loop methods for 
shrub cover in Nevada and found the 
line-interception method to be the most 
accurate. However, it required an 
undesirably large sample size due to the 
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variability between sample units 
(lines). Daubenmire (1959) compared 
results of the line-interception method 
and an estimation technique using 0. I 
m2 quadrat sampling for big sagebrush 
(Artemisia tridentutu) and found that 
although the standard error of 0.1 m2 
quadrat sampling was high, the esti- 
mates obtained from 40-50 quadrats 
were nearly identical to those from 
350 m of line-interception. He pointed 
out that much more time was required 
for the line-interception method than 
for the quadrats. 

Quadrat sampling of canopy cover- 
age usually involves a visual esti- 
mation of canopy coverage within a cir- 
cular or rectangular plot, whereas the 
line-interception method involves 
measurement of the intercepted lengths 
of an “elongated plot without width.” 
Advantages of quadrat sampling over 
linear and plotless techniques have been 
elaborated by Daubenmire (1959) and 
include (1) enhanced opportunity for 
comparison and correlation of more 
taxa, (2) evaluation of frequency, and 
(3) more complete information about the 
community as a whole. The principal 
advantage of the line-interception tech- 
nique is that of direct measurement, as 
opposed to visual estimation, of the 
vegetation being sampled (Canfield 
1941). 

It was the purpose of this study to 
compare the precision and efficiency of 
the line-interception (Canfield 194 1) 
and 0.1 m” quadrat estimation 

(Daubenmire 1959) methods for meas_ 
uring Great Basin shrub canopy 

coverage in varying stands of shrub 
canopy cover. Canopy coverage, as 
used in this study, was defined as the 
percentage of the ground included in a 
vertical projection of imaginary poly- 
gons drawn about the total natural 
spread of foliage of the individuals of a 
species (Daubenmire ( 1968). Dead 
portions of the canopy were not 
included. 

Methods 

Four sites were selected for study. All 
were in northwestern Nevada, near Cedar- 
ville, California. Big sagebrush was the 
sole shrub component in three of the sites. 
Minor amounts of shadscale (Atriplex 
conjertijolia) and greasewood (Sarcobatus 
vermiculatus) were present in the site with 
the lowest total cover. Big sagebrush 
canopy coverage ranged from approximate- 
ly 848% over the four sites. The average 
shrub height was approximately 75 cm at 
each site. 

Ten parallel 30-m lines, systematically 
spaced at 3-meter intervals, were used for 
the line-interception method. Forty 0.1 m’ 
(20 x 50 cm) quadrats, systematically 
spaced at 1.5-m intervals along two parallel 
30-m lines 3 meters apart, were used for the 
quadrat method: canopy coverage was 
estimated within six cover classes: (1) O-5, 
(2) 5-25, (3) 25-50, (4) 50-75, (5) 75-95, 
and (6) 95-lOO%, with the midpoints of 
each class used in computing the mean. 
Such classes are believed to leave little 
chance for personal error in class assign- 
ments, yet yield rather fine differences 
when the results from a considerable 
number of small plots are averaged 
(Daubemire 1959). Each site was sampled 
by both methods twice, once with one 
person working alone and once with two 
people working together. All measure- 
ments and estimates were made by the same 
person. The time required for each method 
was recorded each time. Thus, data from a 
total of 600 m of line-interception and 80 
0.1 m2 quadrats were obtained at each site 
sampled. The person conducting the 
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1 48.8 % MEAN CANOPY COVER 

sampling was already familiar with the use 
of both techniques. Therefore, data were 
not available concerning the amount of 
time necessary for training the observer; 
nor were data available concerning differ- 
ences between individual observers. 

Canopy coverage data were analyzed in a 
4 x 2 x 2 factorial. The layout was a 
randomized complete-block design with 
each datum being the mean canopy cover- 
age of ten lines or 40 quadrats. Blocks were 
sites, and factors were sampling methods 
and number of persons. An arcsine trans- 
formation (arcsinfl was used, because 
percentage or proportion data usually fit a 
binomial distribution (Steel and Torrie 
1960; Zar 1974). 

Results and Discussion 
Highly significant (a! = 0.001) 

differences were found between mean 
cover of sites, as was expected. No 
significant (a! = 0.05) differences were 
found between means of the two 
methods, the number of persons, or any 
interactions. Therefore, the line- 
interception and 0.1 m2 quadrat meth- 
ods, whether conducted by one person 
alone or two people together, yielded 
comparable results over the entire 
range of shrub canopy coverage 
sampled. 

The data for the number of persons 
were pooled by method, and the sample 
size (number of lines or quadrats) and 
time required for one and two people to 
sample within two levels of precision 
and confidence were calculated (Table 
1) using the pooled sample variances as 
estimates of the true population 
variances. Due to the greater variability 
between samples at low shrub density, 
much larger sample sizes would be 
required by both methods when the 
total canopy coverage approaches 10% 
than when it approaches 50%. The size 
of line-interception samples required 
are comparable to those reported by 
Kinsinger et al. ( 1960). In all cases the 
time required to sample within these 
levels of precision and confidence 
would be less for the line-interception 
method than for the 0.1 m2 quadrat 
method. Two people working together 
would require more man-minutes of 
time than would one person working 
alone in most cases for either method. 
However, the numbers of samples, and 
consequently the time, required to 
sample within these levels of precision 
and confidence are undesirably high for 
both methods. 

Daubenmire ( 1959) suggested that in 
such comparisons adequate sample 
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Fig. 1. Change in mean canopy coverage with increasing sample size. 
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Table 1. Comparison of mean (X) big sagebrush canopy coverage, size of sample required (n), 
and man-minutes required for one person alone (tl) and two people together (t2) to sample 
within two levels of precision and two levels of confidence using the 0.1 m2 quadrat and line- 
interception methods. 

Cover at 
different locations 

8.1% 
mean cover 

13.5% 
mean cover 

26.0% 
mean cover 

48.4% 
mean cover 

Within + 0.10X and Within ? 0.20X and 
0.95 confidence level 0.90 confidence level 

Line- Line- 
Quadrats interception Quadrats interception 
(0.1 m2) (30 m) (0.1 m2) (30 m) 

x = 9.19% X = 6.92% x = 9.19% X = 6.92% 
n = 2700 n= 115 n=471 n= 19 
ti = 675 t1 = 380 ti = 118 ti = 63 
t2 = 1080 tz = 368 t2 = 190 tz = 62 

X= 14.31% x= 12.75% x = 14.31% x = 12.75% 
n= 1261 n = 80 n=221 n= 14 
ti = 316 ti = 288 ti = 56 t1=51 
t2 = 380 t2 = 288 tz = 68 t2 = 52 

X = 26.44% X = 25.48% x = 26.44% X = 25.48% 
n=551 n = 36 n = 97 n=6 
t1= 193 t1= 173 t1 = 34 tr = 29 
t2 = 248 t2 = 196 t2 = 44 t2 = 34 

X = 48.56% x = 48.17% X=48.56% x=48.17% 
n = 223 n=6 n = 39 n=l 
t1 = 84 t1 = 37 t1= 15 t1 =7 
t2= 112 t2 = 36 t2 = 20 tz = 6 

sizes calculated on the basis of the 
standard error overestimate the amount 
of work needed to obtain a reasonable 
appraisal of the coverage of scattered 
shrubs. If this is true, then both 
methods may be of more practical value 
to range ecologists. The methods were 
therefore compared by a graphical 
procedure of plotting their means as 
cumulative functions of increasing 
sample size (Fig. 1). In each case, the 
line-interception mean appeared to 
stabilize earlier than the quadrat mean. 
The need for larger sample sizes at 
lower shrub densities appeared to 
hold true, especially for the 0.1 m2 
quadrat method. However, the argu- 
ment that sample sizes greater than 
those involved in this study (20 30-m 
line-interception transects and 80 
0.1 rnZ quadrats) are not needed to 
obtain a reasonable appraisal of big 
sagebrush canopy coverage appears to 
be plausible, especially for the line- 

interception method. A comparison of 
the time required for one person to 
sample ten 30-m line-interception tran- 
sects versus 80 0.1 m2 quadrats (Table 
2) shows that comparable results may 
be obtained by the 0.1 mZ quadrat 
method in slightly more than one-half 
the time required for the line-inter- 
ception method. 

These data and analyses therefore 
indicate that the line-interception and 
0.1 m2 quadrat methods are equivalent 
in accuracy of measuring canopy cover- 
age of big sagebrush, but that the 
sample size and time required for 
adequate sampling affect the relative 
advantages and disadvantages of each 
in relation to the sampling objectives. 
Where a high degree of precision and 
confidence are required (where repeat- 
ability is very important), the line- 
interception method would be more 
advantageous than the 0.1 m2 quadrat 
method; however, both methods would 

Table 2. Comparison of time (minutes) re- 
quired for one person to sample ten 30-m 
line-interception transects versus 80 0.1 m* 
quadrats for big sagebrush canopy coverage. 

Mean 
canopy coverage 

8.1% 
13.5% 
26.0% 
48.4% 

10 lines 

33 
36 
48 
61 

80 quadrats 

20 
20 
28 
30 

be very time consuming. Where a 
lower level of precision and confidence 
are acceptable (e.g., as in range 
inventories), the 0.1 mZ quadrat meth- 
od may be more advantageous than the 
line-interception method. In either 
case, no time (man-minutes) is saved 
by two people working together rather 
than one person working alone. 

These conclusions are expected to be 
true for the range of shrub canopy 
coverage analyzed. The inverse rela- 
tionship between adequate sample size 
and canopy coverage may be especially 
important for species with lower 
canopy coverage than that investigated 
in this study. 
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Blue Grama and Buffalograss Patterns in and 

Near a Prairie Dog Town 

CHARLES D. BONHAM AND J. STEPHEN HANNAN 

Highlight: Blue grama and buffalograss patterns differed in 
response to prairie dog mound building activities. While both 
species exhibited smaller pattern sizes within prairie dog towns 
compared to outside, but adjacent areas, the size of clumps and 
patches differed for the two species. Prairie dog activities caused a 
two-fold decrease in pattern size of blue grama by reducing size of 
clumps and patches. On the other hand, buffalograss patches were 
fi-agmented into small clumps which were not observed outside the 
town. 

The black-tailed prairie dog (Cynomys ludovicianus) is a 
native of the Great Plains region of North America and has been 
studied extensively as to its role in grassland ecosystems. In 
particular, Osbom and Allen (1949), Koford (1958), and 
Bonham and Lerwick (1976) reported that definite vegetation 
patterns consisting of concentric rings occur within prairie dog 
towns. Several authors have also observed that vegetative 
composition within towns were related to prairie dog clipping of 
taller plants and feeding habits, as well as mound building 
activities (King 1955; Koford 1958; Lerwick 1974). While 
these kinds of specific differences have been noted, no attempt 
has been made to describe vegetation patterns within prairie dog 
towns on a quantitative basis. 

Greig-Smith (1964) noted that spatial distribution of 
individual plants may be random, contagious, or regular. He 
further observed that plants are seldom randomly distributed. 
Then, pattern can best be defined as a departure from random- 
ness (Kershaw 1958; Greig-Smith 1964) and can be subdivided 
into two categories: (1) contagious, which is characterized by 
clumping or aggregation of individual plants, and (2) regular, 
which is characterized by even or uniform spacing of individual 
plants as in an orchard. Contagious patterns in natural 
vegetation are much more common than are regular patterns. 

One of the more obvious and most often encountered patterns 
in any vegetation type involves the morphology of the individual 
plant. Therefore, Anderson ( 196 1) emphasized that the normal 
morphological pattern for a species should be determined and 
used as a basis to compare the performance of a given species 
under varying ecological conditions. 

The present study was to measure pattern size for blue grama 
(Bouteloua gracilis) and buffalograss (Buchloe dactyloides) in 
and near a dog town and to relate any specific pattern sizes found 
to prairie dog mound building. Normal patterns, as defined by 
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Anderson (1961), for both species were considered as those 
occurring outside, but adjacent to, the town. Effects of prairie 
dog activities on normal patterns for these species were then 
determined by comparing the clump and patch sizes found 
outside the town to those inside the town. 

Site Description 

The prairie dog town was located in the western part of the Central 
Plains Experimental Range, 50 km northeast of Fort Collins, Colo. 
Blue grama and buffalograss were the dominant species, and mid- 
grasses such as western wheatgrass (Agropyron smithii) and needle- 
andthread (Stipa comutu) were major associates. Perennial forbs were 
abundant and included scarlet globemallow (Sphaerulcea coccineu), 
plains Bahia (Bahia oppositijoliu), locoweed (Astrugulus spp.), and 
B&tons skullcap ‘(Scuttelfuriu brittonii). Annuals included sixweeks 
fescue (Volpia octojloru), woolly plantain (Pluntugo purshii), tansy- 
leaf aster (Aster tanucetijolius), and stickweed (Luppulu redowskii). 
Cattle had moderately grazed the area during the spring for several 
years, before and during the study. 

The soils of the site are from the Shingle series, which have textures 
varying from sandy loam to sandy clay loam in the top 6 inches, while 
subsoils are predominately a sandy clay loam. There were no 
significant diferences among chemical or physical characteristics of 
soils inside compared with those outside the prairie dog town (Lerwick 
1974). 

Methods 

A method for pattern measurements suggested by Kershaw (1957) 
was used to obtain cover data for blue grama and buffalograss at 1 -cm 
intervals along ten 12.8-m line transects. Each transect was divided 
into 256 basic units of 5 cm each and the total number of occurrences 
for blue grama and buffalograss in each of the units was recorded. Six 
of these transects were located within the prairie dog town while four 
transects were used to obtain data outside the town. In the latter area, 
transects were placed parallel and 15 m apart, while transects inside 
the town originated at the center of randomly selected burrows. 

Percentage ground cover for each species was obtained by dividing 
the number of transect points at which the species was encountered by 
the total number of observation points on the transect and multiplied 
by 100. Data from each transect were grouped into basic data blocks, 
consisting of five consecutive points, for analysis. These blocks were 
then grouped into successively larger blocks for each separate analysis 
such that each block was twice as large as that in the preceding analysis 
and half as numerous. That is, the smallest block consisted of five 
basic data points and each successive set of blocks was formed by 
combining two adjacent basic units (Fig. 1). 

Analysis of variance procedures were used to obtain estimates of 
mean squares for each block size (Greig-Smith 1952, 1964; Kershaw 
1957). A trend in magnitude of mean squares as block size increases 
indicates that a decrease or increase is occurring in the variation of the 
data. This trend can be easily seen, if it exists, by plotting block size 
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Fii. 1. Method jor combining blocks jor mean square analyses. 

against mean square values for increasing block sizes. A peak occurs on 
the graph when a maximum of variation occurs between two adjacent 

blocks. This peak provides an estimate of the size of the clump or patch 
of the species as indicated by block size. 

Results and Discussion 

Sizes of Normal Patterns 
The mean square procedure using block sizes has at least two 

limitations for the study of species patterns. One is the assump- 
tion of linearity of the pattern as block size increases, while the 
second occurs when blocks of data are formed. The latter 
procedure allows the measured scale to be, for example, either 
1.6 m or 3.2 m in size. Yet, in reality, the size may be anywhere 
between the two. However, the procedure was useful to 
compare patterns inside versus outside the town. 

The normal pattern for blue grama based on data outside the 
prairie dog town showed that peaks occurred at two different 
block positions (Fig. 2). This pattern that was independent of 
prairie dog activities was then used for comparison of pattern 
inside the town. The mean size of the smaller pattern for blue 
grama outside the town was indicated by a peak at block size 8 
(0.4 m). This pattern size was related to the aggregation of blue 
grama clumps with a mean linear size of 0.4 m, while the peak at 
block size 64 corresponded to the blue grama patch mean size of 
3.2 m. 

I2 4 8 163264128 
BLOCK SIZE 

Fig. 2. Mean square of blue grama and buffalograss cover values compared to 
sample block size outside the prairie dog town. 

4 8 

BLOCK 

16 
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32 64 128 

Fii. 3. Mean square oj blue grama and buffalograss cover values compared 
to sample block size in a prairie dog town. 

Pattern sizes for buffalograss outside the prairie dog town were 
indicated by one prominent peak (Fig. 2), which coincided with 
that of blue grama (3.2 m). Aggregated clumps of buffalograss 
also occurred naturally within larger patches of buffalograss. 

Sizes of Patterns inside the Town 
Blue grama cover inside the town gave two peaks on the mean 

squares versus block size graph, which corresponded to two 
morphological units, clumps and patches (Fig. 3). The smaller 
pattern size was indicated by a peak occurring at block size 4 (4 
blocks of 5 cm each), which corresponded to the mean size of 
0.2 m for blue grama clumps found near prairie dog burrows. 
These clumps were observed to occur within larger patches of 
blue grama indicated by a peak at block size 32 ( 1.6 m) (Fig. 3). 
This smaller pattern is attributed to the morphologically con- 
trolled way in which blue grama tillers. 

Pattern measurements for buffalograss inside the town also 
gave peaks at two different block sizes and indicated pattern 
sizes for buffalograss were the same as those for blue grama 
(Fig. 3). That is, the pattern size indicated by a peak at block 
size 4 (0.2 m) is the mean clump size of buffalograss occurring 
in prairie dog towns while the larger pattern size at block 32 (1.6 
m) is a measure of mean patch size. 

Both blue grama and buffalograss cover inside the town 
generally increased as distance from the burrow increased. 
Furthermore, the occurrence of small clumps of blue grama and 
buffalograss near crater mounds were remnants of a once larger 
patch of blue grama or buffalograss sod. The prairie dog’s habit 
of scratching topsoil from the area around burrows probably 
broke up larger patches of blue grama and buffalograss into 
smaller clumps. 

Comparison of Pattern Sizes and Prairie Dog Activities 
A comparison of pattern sizes for blue grama inside and 
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outside the dog town revealed that two basic differences 
occurred (Figs. 2 and 3). The same small scale (0.2 m) pattern 
that was associated with clumps of blue grama near prairie dog 
burrows did not appear outside the town. Instead, the pattern 
size for clumps from the outside area was larger (0.4 m) and was 
considered to be the normal pattern for an area free of prairie dog 
mound building. Furthermore, there was a significant decrease 
(P = .Ol) in size of blue grama patches within the town (1.6 m) 
compared to outside the town (3.2 m). Therefore, prairie dog 
activities seemingly contributed to two-fold decrease in the size 
of both blue grama clumps and patches within the town through 
construction of crater mounds. 

Buffalograss within the town aggregated into clumps within 
patches as was the case with blue grama. However, this 
aggregation was on a smaller level than that in the outside area 
which indicated that prairie dog mound construction also 
resulted in fragmentation of buffalograss patches into smaller 
units as was the case for blue grama (Figs. 2 and 3). However, 
the pattern size for buffalograss outside the town did not include 
a significant small scale pattern. 

In conclusion, blue grama and buffalograss were affected in a 
morphologically similar way by prairie dog mound building 
activities. Both species displayed smaller pattern sizes inside 
the town compared to those pattern sizes in adjacent areas 
unaffected by prairie dogs. As pointed out previously, peaks 
occurring at given block sizes do not suggest an exact measure- 
ment of scale size, but rather are an estimate of that size. 

Therefore, the occurrence of peaks at the same block size for 
both species does not suggest a common, identical scale for 
clumps or patch size for the two species. 
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Effect of Prescribed Fire on Bobwhite Quail 
Habitat in the Rolling Plains of Texas 

J. DAVID RENWALD, HENRY A. WRIGHT, AND JERRAN 
T. FLINDERS 

Highlight: Bobwhite quail preferred lotebush as loafing cover 
over all other woody plants, although honey mesquite was also 
used during summer months. Most (88.3%) lotebushes on the 
study area were resprouts of burned plants. During the first 5 to 6 
years after burning, quail used large lotebushes that had escaped 
fire or were partially defoliated. Following fire, only 3.9 lote- 
bushes/ha were available as cover for quail. Little covey move- 
ment was observed between seasons, indicating yearlong cover 
requirements were being met within a fairly small area. Before 
burning large pastures, at least 10 large honey mesquite and 4 
large lotebushes per hectare in each primary rest area should be 
ringed with 7-m firebreaks to insure adequate cover for quail. 
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Prescribed burning is a useful tool to manage tobosagrass 
(Hilaria mutica)-honey mesquite (Prosopis glandulosa var. 
glandulosa) communities for livestock production in the 
Rolling Plains of West Texas (Wright 1972), but its effects on 
bobwhite quail (Cofinus virginianus) habitat have not been 
evaluated. Suitable habitat must contain some type of brush or 
woody cover where quail can rest most of the day (Robinson 
1957; Casey 1965). Present burning prescriptions (Wright 
1974) remove most cover because they are designed to eliminate 
dead mesquite stems and to top-kill resprouts of associated 
shrubs. Lotebush (Ziziphus obtusijolia) is a co-dominate with 
mesquite throughout the Rolling Plains and is the primary source 
of fall, winter, and spring cover for bobwhite quail in the 
Rolling Plains. 

Fire has never been used extensively for quail management in 
Texas and has never been used in the Rolling Plains of West 
Texas, which is near the western edge of the bobwhite quail 
range (Jackson 1969). Jackson ( 1969) attributed this to the 
danger of fire plus the widely held belief that fire is a destructive 
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force in grassland management. He believed that the only 
alternatives left to retard succession were discing or grazing 
even though he recognized the benefits .of fire in increasing 
grass and forb production. Jackson ( 1969) reported one instance 
where a wildlife management area was burned by a wildfire 
covering 2,000 acres. Regrowth of plants in the burned area 
produced 15% more quail food than the unburned area with most 
of the unburned land decreasing in food production the 
following year. However, the loss of shrub cover in grasslands 
after fire may have offset any food benefits. 

This study was conducted from November 1, 1973, to 
September I, 1975, to determine the effects of a 7-year burning 
program on bobwhite quail habitat, particularly woody cover. 
Field work was directed at habitat measurements and quail 
population studies following prescribed bums. 

Study Areas and Methods 

The study area, which was sprayed with 2,4,5-T (2,4,5-trichloro- 
phenoxy acetic acid) in 1966, is on the Renderbrook-Spade Ranch, 
32.2 km south of Colorado City, Tex., in Mitchell County. The area 
lies on the southwest edge of the Rolling Plains described by Thomas 
(Gould 1969). Average precipitation is 48.2 cm per year. Slopes range 
from 0 to 3% on a Stamford Clay (Typic Chromustert) soil. Vegetation 
is dominated by tobosagrass, buffalograss (Buchloe ductyloides), and 
annual broomweed (Xanthocephalum dracunculoides), with an over- 
story of honey mesquite and scattered lotebush. 

Seven treatments and one control were used to evaluate the effect of 
fire on quail habitat. These included areas burned in 1969 (109.7 ha), 
1970 (57.1 ha), 1971 (60.2 ha), 1972 (123.1 ha), 1973 (71.2 ha), 1974 
(73.2 ha), 1975 (91.1 ha), and an unburned control (140.8 ha). 

Bobwhite quail coveys were located using the territory-mapping 
technique (Over-ton 197 1). Coveys were flushed at midday to identify 
plants used as loafing cover. Preliminary observations indicated that 
lotebush was a preferred loafing site and this study was undertaken to 
characterize the plants used by quail. 

Thirty plants were selected in each of the seven treatment areas (1, 
2,3,4,5,6, and 7 year-old bums) plus the control. Fifteen of the lote- 
bushes selected were used by quail and 15 were randomly chosen. A 
volume figure for each plant was calculated by multiplying the mean 
height x width x length. Understory characteristics were recorded as 
light grass (< 50% herbaceous cover), heavy grass (> 50% herba- 
ceous cover), light litter (< 50% ground cover), heavy litter (> 50% 
ground cover), and percent bare ground. The height and cover of 
vegetation adjacent to lotebushes used by quail which might have 
affected visibility or escape routes were recorded along a 1 m tansect in 
each of the four cardinal directions beginning at the edge of the 
lotebush canopy. 

1 he mmtmum size of lotebush used by quail was identified by 
averaging the volume measurements of the two smallest plants used in 
each treatment area. Ages of closed-canopy resprouts used by quail 
were estimated by counting rings from the two largest stems of each 
plant. This aided in determining the age at which lotebushes would be 
of value to quail following fire. Volume measurements of mesquite 
trees were also taken to identify the size of tree used by quail. 

Woody plant densities were recorded in each treatment and control 
using two 50 x 50-m plots. In addition, the density of woody plants 
within each primary rest area in covey home ranges was measured 
using one 50 X 50-m plot. Woody plant cover within home ranges was 
sampled with two 250-m line intercepts. 

Home ranges and primary rest areas were mapped using the 
territory-mapping technique (Overton 1971) and results from re- 
trapping leg-banded quail. 

Baited walk-in traps were used to capture quail. Each bird was 
tagged with a serially numbered aluminum leg band. Trapping data 
provided information on mortality, breeding success, and covey 
movements. All traps were baited with 150 gm of grain sorghum. 
When quail were captured, the amount of bait consumed was 

estimated and the estimate divided equally among the number of birds 
caught and subtracted from their weights. 

Both parametric and nonparametric tests were used to evaluate the 
data. Spearmans Rho Test (Canover 197 1:248) was used to determine 
the correlatron of home range size with covey size and with woody 
plant density during different seasons to determine habitat suitability. 

Results and Discussion 

Habitat Measurements 
Bobwhite quail used lotebush as loafing cover more than all 

other woody plants (Table 1). Differences in seasonal use of 
various plants appeared to be dependent on growth form. Winter 
use of lotebush may have been due to the closed, spinescent 
canopy (Fig. I ) that provided overhead concealment and 
protection from predators. It is generally agreed that there is no 
single cause for quail population fuctuations from year to year 
(Mosby and Overton 1950); however, the number of coveys that 
can be supported on any given unit of rangeland may be 
dependent on the amount of winter cover (Burger and Linduska 
1967). In addition, winter cover may be selected which best 
protects coveys from climatic extremes. In grasslands there is 
no biotic protection in the community against environmental 
changes (Wiens 1974). The lotebush canopy retains large 
amounts of wind-blown litter which may create an insulated 
microhabitat favorable to quail during winter months. 

Table 1. Number of each plant species (for total study area) used for loafing 
cover by bobwhite quail by season in Mitchell County, Tex., 1973-1975. 

Season 

Winter 1973 
Spring 1974 
Summer 1974 
Fall 1974 
Winter 1974 
Spring 1975 
Summer 1975 

Honey Fourwing’ Annual Catclaw 
Lotebush mesquite saltbush broomweed acacia 

39 15 0 0 0 
30 21 0 0 0 
18 44 0 0 0 
28 11 5 0 0 
32 8 3 0 0 
14 0 0 0 0 
4 0 0 30 0 

’ Scientific name is Atripla 

Other characteristics of lotebush may have resulted in its 
selection as yearlong cover by quail. Understory measurements 
showed that 97.8% of the busbies used by quail had bare ground 
or light grass under the canopy, thus furnishing good visibility 
as well as secure dusting sites. Measurements of adjacent 
vegetation showed that grass height was significantly shorter 
near those lotebush plants that were used by quail than near 
those that were not used by quail. 

Quail use of large mesquite on the study area during the dry 
summer of 1974 may have been due to the weather extremes 
during that season. Wiens (1974) observed that dry years in 
grasslands are typified by higher than average winds and 
temperatures, thus quail may have required a more open 
situation which supplied shade, cover, and access to cooler 
breezes found in large mesquite stands. Heavy use of broom- 
weed during the summer of 1975 followed a spraying program 
during the spring. Coveys depended on broomweed once 
mesquite and lotebush were defoliated. 

Lotebush is a highly volatile species and bums easily. 
Consequently, most (88.3%) of the lotebushes that were chosen 
randomly and considered typical of the bums had been burned 
and were recovering from the effects of the fire. The resprouts 
grew slowly for the first 3 years after burning, and then grew 
rapidly during the fourth and fifth years (Neuenschwander and 
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Wright 1973). By the sixth growing season after burning about 
70% of the volume of burned lotebushes had recovered and the 
largest plants were being used by quail (Fig. I). As expected, 
volume measurements of lotebushes in the control were greater 
than those in the bums with one exception. The 1971 bum had 
more bushes on higher ground where the fire did not carry well, 
thus randomly chosen plants in this bum tended to be larger than 
those in other treatments. 

Hot fires (burning with a relative humidity of 20 to 40%, a 
wind of 13 to 24 km/hour, and air temperature of 2 I to 26”C, 
and no green forbs in the understory vegetation) similar to the 
1974 bum are most effective in reducing above-ground growth 
of lotebushes, though the plants are rarely killed (Scifres and 
Kothmann 1976). In this treatment all lotebushes burned in an 
April [ire, but resprouting was evident by October. No coveys 
were observed loafing in this treatment area after the bum, 
though feeding birds were occasionally flushed. Bums during 
wet years (when green forbs were abundant) such as 1975 have 
the least effect on lotebushes, even though fire may reach the 
canopies of some plants. A bum in 1975 had a low intensity 
because annual forbs greened up early, winds were IO to 13 
Table 2. Home range and primary rest areas of bobwhite quail and 

average covey population by Season from 197&19X in Mitchell County, 
Tex. 

km/hour, and relative humidity was 40%. This resulted in some 
bushes being defoliated and a few burned to ground level, but 
due to the patchiness of this “cool” bum, enough lotebushes 
survived to suppofl resident coveys with no displacement. 

Lotebushes used by quail averaged 3.8 tiJ and were signifi- 
cantly (P i .05) larger than plants randomly chosen. Only 
I I. 8% of these plants had been burned and returned to a closed- 
canopy form The rest of the plants had either escaped the fires 
or were partially defoliated. The two smallest plants used by 
quail had an average volume of 0.97 m”, which we consider to 
be the minimum size for lotebush to be useful to quail. 

Mesquite trees used by quail tended to be large, averaging 
48.6 ti’. Low-growing, multiple-stemmed resprouts that re- 
sulted from burning were rarely selected by loafing quail when 
larger trees or lotebushes were available. Since fine fuel was too 
light around the base of most large trees for top-kill with fire, 
many older mesquite trees escaped fire and furnished loafing 
cover for quail during the warmer months. Trees that were 
48.6 m’ in size averaged I I .6 trees/ha on the burned treatments 
and 17.7 trees/ha on the unburned control. 

The large number of lotebushes used by quail yearlong is of 
particular interest when related to woody plant densities follow- 
ing fire. Lotebush densities for burned treatments averaged 33.6 
plants/ha. However, only 3.9 plants/ha were large enough to be 
used ior loafing cover. Densities of lotebush in the control (18.4 



plants/ha) were significantly lower than in the burns, but most 
(63.4%) were larger bushes and used as loafing cover by quail. 

A composite map of bobwhite quail home range (Fig. 2) on 
various ages of tobosagrass bums shows that large areas 
remained unoccupied by coveys. These areas did not have 
concentrations of woody cover and did not appear to have space 
for travel lanes and dusting sites in the thick tobosagrass. 

Large coveys of quail were always associated with mixtures 
of large lotebush shrubs and mesquite trees (Fig. 3) during the 
summer of 1974. At this time a positive correlation (P < .05) 
was noted between covey size and the density of mesquite in 
covey headquarters. Larger coveys appeared more active in 
daily movements. Coveys using dense stands of mesquite were 
occasionally seen moving about midday when coveys residing 
in areas of scattered trees were loafing. The dense blocks of 
mesquite may have acted as screening cover, allowing coveys to 
move about more confidently in any direction in search of food. 

The 1974 fall and winter home ranges (Table 2) were much 
smaller than summer ranges. By comparison, winter home 
ranges averaged less than half (4.8 ha) of the 24 acres (9.7 ha) 
reported by Johnsgard (1973:422) as the average winter range 
for Texas and Missouri bobwhites, but equal to Kansas studies. 
More coveys were found in open grassland habitats which had 
only a few mesquite trees in the primary rest areas. The number 
of lotebushes suitable for cover in home ranges remained the 
same as for coveys in the summer of 1974, indicating a possible 
minimum number of lotebushes required for fall and winter 
cover. This number included two to three clones of lotebushes in 
the primary rest area plus three to five individual lotebush plants 
to serve as screening cover when coveys traveled through home 
ranges. 

Observations recorded before covey break-up in the spring of 
1975 showed that quail had moved back into areas of higher 
mesquite density. Home ranges averaged only 1.4 ha and covey 
size dropped to 5.6 quail/covey. Early spring rains increased the 
food supplies of forbs and insects and home ranges were 
apparently adequate for the smaller coveys. 

Woody cover measurements in quail home ranges showed a 
wide variation within and between seasons (Table 3). The 
smallest percentages of cover were generally associated with 
covey home ranges on upland sites and the largest percentages 
were measured in home ranges on bottomland sites. Mesquite 
trees in bottomland sites are very fire tolerant, whereas mesquite 
on upland sites are moderately susceptible to fire (Wright et al. 
1976). Lotebush, catclaw acacia (Acacia greggii), and algerita 
(Berberis trijoliatu) made up more than half (63.4%) of the 
woody cover in home ranges on upland sites. 

Management Implications for Quail 
Management for bobwhite quail in honey mesquite-tobosa- 

grass communities centers around the amount and type of 
woody plants necessary to maintain yearlong cover. Prescribed 
burning as outlined by Wright (1974) would generally benefit 
quail habitat if added precautions are taken. Fire has the greatest 
effect on mesquite resprouts which are the prime concern of 
ranchers and which are of little value to quail. Larger trees need 
no protection from fire unless they have been previously top- 

killed, then 7-m firelines should be dozed in circles with 30-m 
diameters around at least 10 large mesquite trees/ha for optimum 
summer cover. Once lotebush plants are burned it may take 6 to 
7 years before they become useful to quail. By that time pastures 
should be burned again to increase production and utilization of 
tobosagrass (Wright 1972). In primary rest areas, 7-m firelines 
should be dozed in circles with 15-m diameters around at least 
four clones of lotebush or large individual plants/ha to insure 
optimum winter cover for quail. 

Since lotebush is a clonal plant and some shrubs may be 9 ma 
in volume while others are very small, only 10 or 20% of the 
land on a ranch may be key cover areas for quail. Feeding areas, 
however, may cover 50 to 80% of the ranch. Thus preparing 
firelines for the protection of lotebush and mesquite plants from 
prescribed fire is biologically feasible and would leave only a 
small amount of unburned brush. 

The cost to cut a fireline around each group of four clones of 
lotebush that contained mesquite plants would be $2.00 to 
$4.00. Prorated over the entire acreage for many such firelines 
within a section of land, this would be $.20 to $.80/acre, 
depending on amount of lotebush in the area. Since the life of 
the detrimental effects of fire on lotebush is 6 years or more, the 
cost for firelines can be further prorated to $.04 to $.14/acre/ 
year plus interest. Hunting leases for quail cost from $.25 to 
$1 .OO/year in the Rolling Plains. 
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Deer Mouse Preference for Seed of Commonly 
Planted Species, Indigenous Weed Seed, and 
Sacrifice Foods 

RICHARD L. EVERETT, RICHARD 0. MEEUWIG, AND 
RICHARD STEVENS 

Highlight: Captive deer mice from pinyon-juniper, sagebrush- 
bitterbrush, and Jeffrey pine-ceanothus plant associations were 
fed a variety of shrub, grass, forb, and tree seeds. Mice ate or 
destroyed an amount of seed equal to approximately one-third 
their body weight daily. Seed of bitterbrush, singleleaf pinyon, 
balsamroot, and small burnet were the most preferred food items 
tested while seed of Utah juniper, smooth brome, fourwing salt- 
bush, and big saltbush were least preferred. Planting valuable 
forage species whose seeds are not preferred by deer mice would 
appear to improve seeding success on sites where seed predation 
by deer mice is a problem. 

Seed predation by the deer mouse (Peromyscus maniculutus) 
and other rodents has contributed to the failure of several 
seedings (Howard 1950; Spencer 1954; and Nord 1965). The 
deer mouse has been singled out as a major consumer of planted 
seed by Casebeer ( 1954), Kvemo ( 1954), and Nelson et al. 
(1970). 

Seeds are an important part of the deer mouse diet, especially 
in the fall and winter when insects and green vegetation are not 
available (Fitch 1954; Williams 1959; and Whitaker 1966). 
Seeds of forbs (Johnson 1961), grasses (Frischknecht 1965), 
and shrubs (Jameson 1952) are consumed at different times of 
the year, depending on seed availability and floristic composi- 
tion. Seed size, odor, and nutrient content play an important role 
in food preference (Thompson 1953; Howard and Cole 1967; 
Lockard and Lockard 197 l), but when food is scarce deer mice 
will take almost any food available. Deer mice are also 
opportunistic in their feeding habits and readily consume new 
foods (for example, planted seed) that appear on the site 
(Johnson 1961). 

New methods of controlling deer mouse predation of planted 
seed should be developed. Recent restrictions on the use of 
poisons on federal lands (Evans 1974) and increased emphasis 
on the preservation of all nongame wildlife species make many 
control treatments unacceptable. 

By understanding the food habits and preferences of the deer 
mouse we hope to develop techniques that reduce seed predation 
to an acceptable level and so improve stand establishment. Seed 
predation may be reduced if planted seed species are less 
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preferred by the deer mouse than indigenous food or low-cost 
sacrifice foods. This paper presents information on deer mouse 
preference for seed species commonly planted on rangelands, 
indigenous weed seed, and possible sacrifice foods. 

Methods 

Native deer mice were trapped in western Nevada and transferred to 
an animal holding room at the University of Nevada at Reno. There a 
series of feeding trials were run to determine deer mouse preference for 
various seeds and sacrifice foods. 

Eight deer mice trapped in a sagebrush (Artemisia tridentutu)- 
bitterbrush (Purshiu tridentam) plant association were used in an 
initial feeding trial to provide baseline information on deer mouse 
preference for seed species commonly planted on rangelands. Seeds of 
18 shrub, forb, and grass species were divided into two 9-species 
groups A and B (Table 1). Each seed group was provided separately to 
four mice in individual cages. 

After the feeding trial, seed species from both seed groups were 
separated on the basis of deer mouse acceptance. Seed species that 
made up 10% or more of the deer mouse diet were grouped as primary 
seed species while those seed species consumed in lesser quantities 
were grouped as secondary seed species. 

A second feeding trial was run to determine deer mouse seed 
preference within primary and secondary seed groups. Each seed 

Table 1. Deer mouse food preference for commonly seeded species. 

Feeding trials’ 

1 2 -- __ 
Seed group A Seed group B Primary seed Secondary seed 

Common name % diet % diet % diet % diet ____ 
Antelope bitterbrush 30.7~ 26.0” 
Arrowleaf balsamroot 23.6&J 16. lb 
Small bumet 20.5” 14.36 
Sainfoin 18.4b 8.7c 
Mountainmahogany 9.6’ 9.3c 37.W 
Servicebeny 15.70 10.2c 
Lewis flax 16.3” 4.7d 
Stiffhair wheatgrass 13.8’ 4.5d 
Big bluegrass 17.2” 2.W 
Russian wildrye 10.76 3.5’ 24.ob 
Alfalfa 8.36 19.2c 
Green ephedra 3.5’ 7.4d 
Cicer milkvetch 2.4d 3.1e 
Sheep fescue 3.W 4.6’ 
Bulbous bluegrass .V 2.6e 
Big saltbush 4.5c 1.Y 
Four-wing saltbush 1 .3d .3-f 
Smooth brome .1e .7’ 

’ Species in each column with dissimilar superscripts are significantly different 
@CO. 1). 
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Table 2. Deer mouse preference for select seeded species, indigenous forb, 
grass, and tree seed and alpha-napthylthiourea (ANTU)-treated bitter- 
brush seed. 

Feeding trials] 

Food source 
Common name 

3 4 5 
Indigenous forb Tree seed and ANTU-treated 
and grass seed sacrifice food bitterbrush seed 

Seeded species 
Antelope bitterbrush 
Arrowleaf balsamroot 
Small bumet 
Mountainmahogany 
Serviceberry 
Russian wildrye 
Cicer milkvetch 
Big bluegrass 
Fairway wheatgrass 
Sheep fescue 
Smooth brome 

Indigenous forb 
and grass species 

Prickly POPPY 
Lambsquarters 
Cheatgrass brome 
Coyote tobacco 

Tree seed 
Singleleaf pinyon 
Utah juniper 

Sacrifice foods 
Barley (rolled) 
Lab Chow 
Wheat (hulled) 

31.5” 

22.gb 

9.4cd 
7.3cde 
4.gdef 
4.1ef 

.6f 

.lf 

11.4c 
3.1ef 
2.Yf 
2.Vf 

28.5” 10.26 
11.76 

20.6b 11.56 
11.5b 
4.3b’ 

4.3@ 6.ob’ 
1.9de .5bc 

23.6”b 40.5a 
.4’ 

10.2c 
8.5cd 
2.od4 

’ Species in each column with dissimilar superscripts are significantly different @<O. 1). 

group was provided separately to 12 mice: four each from sagebrush- 
bitterbrush, pinyon (Pinus monophyllu)-juniper (Juniperus osreo- 
sperma), and Jeffrey pine (Pinus je&eyi)-Ceanothus (Ceanothus 
velutinus) plant associations. For a continuum of food preference, 
seeds of mountainmahogany (Cercocarpus ledijolius) and stiffhair 
wheatgrass (Agropyron trichophorum) were included in both seed 
groups. Species in each seed group are identified in Table 1. 

Third and fourth feeding trials were run to determine whether seed 
of weedy herbaceous species indigenous to disturbed rangelands or 
commercial sacrifice foods would reduce deer mouse consumption of 
desirable seed species (Table 2). Seeds of four indigenous weed 
species and eight commonly seeded species were provided to eight 
mice in the third trial. In the fourth trial, sacrifice foods (wheat 
(Triticum sutivum), rolled barley (Hordeum sutivum), and Lab 
Chow’), seeds of pinyon and juniper, and seeds of four commonly 
seeded species were provided to seven mice. 

In the fifth and final feeding trial, we attempted to reduce deer 
mouse preference for bitterbrush seed by coating it (9% seed weight) 
with alpha-naphthylthiourea (ANTU)2, a rodent pesticide-repellent 
(Passof et al. 1974). ANTU-treated bitterbrush seed and seed of seven 
previously tested seed species (Table 1) were provided to six mice in 
this trial. 

In all feeding trials, mice were given 5 days to become accustomed 
to their new surroundings before the start of the test. Mice were 
provided with cotton nesting material and a surplus of water and Lab 

In each feeding trial except the second, differences in total seed 
consumption (% diet) were statistically analyzed with a one-way 
analysis of variance. Propriety of the analysis is dependent upon the 
assumption that food selections were made independent of each other. 
Hopefully, departures from this assumption will have minor effects on 
the analysis. In the second trial, differences in food consumption were 
run in a 3 by 10 factorial statistical test to delineate seed preference 
within seed groups and among mouse populations. Hartley’s se- 
quential method of testing (Snedecor 1956) was used to determine 
which food source pairs were significantly different @ 0.1) in 
preference in each separate feeding trial. 

’ Use of trade or firm names is for reader information only, and does not constitute 
endorsement by the U.S. Department of Agriculture or the Utah Division of Wildlife 
Resources of any commercial product or service. 

’ This publication reports research involving pesticides. It does not contain recommen- 
dations for their use, nor does it imply that the uses discussed here have been registered. 
All uses of pesticides must be registered by appropriate State and/or Federal agencies 
before they can be recommended. 

Results 
Deer mice showed a definite preference for certain seed 

Chow. Lab Chow was removed from the cages during feeding trials in 
which it was not a test food. 

Food choices were provided “cafeteria style” to each mouse in its 
individual cage. Seed or other food was placed in individual cubicles 
of a 12-cube ice tray. Food choices were kept separate and placement 
was made at random within the tray. We assumed that each mouse 
would make a large number of independent food selections during a 
feeding period and consumption of seed from any cubicle would 
reflect this independence. This assumption appeared reasonable from 
observations and because other food sources were taken before the 
preferred food was entirely consumed. 

Each mouse was provided with 0.5 g of selected foods the first day, 
1 g the second day, and additional 1 g increments until the fifth day 
when 4 g of each food item were provided. At the end of each daily 
feeding (4 p.m. to 8 a.m.), the food tray was removed. Droppedordis- 
placed seed was rare; when it occurred, the food items were replaced in 
their proper cubicles. Feces and other foreign matter were removed 
from the seed remnants. 

Total seed consumed was determined for each seed species at the 
end of each feeding period by taking the difference between the weight 
of seed offered and the weight of whole seed remaining. Empty hulls 
were separated from whole seed; but, for several seed species, this was 
only possible for small samples. In the latter case, weight of whole 
seed remaining was determined by weighing the seeds and empty hulls 
together and correcting for the empty hulls with this equation: 

Where: 

W=_L 
1 +(BC) 

W is the weight of whole seeds, 
A is the combined weight of whole seeds and empty hulls, 
B is the ratio of the number of empty hulls to the number of whole 

seeds, and 
C is the ratio of hull weight to the whole seed weight. 

The value of B for each lot of remaining seeds and hulls was estimated 
by taking a sample from each lot and counting the number of whole 
seeds and estimating the number of hulls from remaining fragments. 
The value of C for each species was estimated by weighing a number of 
samples of hulls and whole seeds. 

Amount of each seed species consumed during the 5day feeding 
trial was expressed as a percentage (percent diet) of the total seed (all 
species) consumed. Percent diet was used instead of seed weight to 
make comparisons among seed species to nullify differences in total 
seed weight consumed by individual mice. Percentages were generally 
in the 0% to 30% range and as such were transformed to arc sine 

V% Diet 

100 

before statistical treatment (Snedecor 1956). 

CAUTION: Pesticides can be injurious to humans, domestic animals, desirable plants, species within each feeding trial. Without exception, the 
and fish or other wildlife-if they are not handled or applied properly. Use all pesticides 
selectively and carefully. Follow recommended practices for the disposal of surplus 

numbers of species whose seeds were eaten decreased as the 
pesticides and pesticide containers. amount of seed offered increased. Most of the deer mouse diet 
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(65-70%) was made up of only three or four food sources in 
each feeding trial. Deer mice, however, preferred some variety 
in their diet. Total consumption of the most preferred seed rarely 
occurred when increased amounts of seed were offered, al- 
though amounts of seed of individual species were well below 
the nightly food intake of the mice. 

may account for the extreme predation of planted bitterbrush 
seed under field conditions as reported by Brown and Martinsen 
(1959), Holmgren and Basile (1959), and Nord (1965). 

Deer mice consumed or destroyed an amount of seed equal to 
30% to 40% of their body weight each night when more than that 
amount of seed was available. Total food intake decreased when 
less preferred seed species were provided. Deer mouse seed 
consumption or destruction over a 5-day period was 174% of 
body weight when preferred primary seed species were offered 
and 137% of body weight when less preferred secondary seed 
species were offered in the second feeding trial. Mice consumed 
or destroyed an intermediate amount of seed (162% of body 
weight) over a S-day period when primary and secondary seed 
species were provided together in the first feeding trial. 

Pine-nut consumption varied, ranging from 24% to 40% of 
the diet (Table 2). Increased amounts of pinyon nuts were 
consumed when untreated bitterbrush seed was not available. 
Utah juniper (Juniper osteosperma), smooth brome, (Bromus 
inermis), big saltbush (Atriplex lentijormis), and fourwing salt- 
bush (Atriplex canescens) seeds were the least preferred of the 
tested foods. 

With the possible exception of prickly poppy (Argemone 
munita), seeds of indigenous forbs were not preferred food 
items of deer mice. However, deer mice preferred seed of 
indigenous forbs as much or more than seed of smooth brome, 
big saltbush, fourwing saltbush, bulbous bluegrass (Poa 
bulbosa), sheep fescue (Festuca ovina), fairway wheatgrass, 
and cicer milkvetch (Astragalus cicer) (Table 2). 

Consumption of individual seed species varied among 
feeding trials, depending upon other food sources available. 
The proportion of mountainmahogany and Russian wildrye seed 
in the diet increased by 20% to 30% when offered with less 
preferred secondary seed species in the second feeding trial 
(Table 1). 

Deer mice from pinyon-juniper, sagebrush-bitterbrush, and 
Jeffrey pine-ceanothus plant associations did not differ signifi- 
cantly (p 0.05) in their preference for seed species commonly 
planted on rangelands. The ranking of seed species according to 
deer mouse preference (Table 3) shows the genera1 consistency 
in preference for seed species among deer mouse populations. 

Sacrifice foods provided were usually intermediate in deer 
mouse preference (Table 2). Rolled barley, the most preferred 
sacrifice food (10% of the deer mouse diet), was preferred over 
seeds of cicer milkvetch and Russian wildrye (Elymusjunceus). 

ANTU-treated bitterbrush seed made up only 10% of the diet 
instead of 26% to 32% for untreated seed (Table 2). When 
treated bitterbrush seed and pinyon nuts were offered together, 
deer mice preferred pinyon nuts. 

Deer mouse food preference was consistent among feeding 
trials with minor exceptions. Deer mouse preference for some 
seed species did vary when new food items were made availa- 
ble. For example, seed of big bluegrass (Poa ampla) was 
preferred over seed of Russian wildrye in the first trial, but not in 
the third trial (Table 1) when fairway wheatgrass (Agropyron 
cristatum) and a variety of weed seeds were provided. 

Seed of bitterbrush and pinyon were clearly among the most 
preferred of the tested foods. From 26% to 32% of the deer 
mouse diet consisted of bitterbrush seed when the seed was 
available. The high preference of deer mice for bitterbrush seed 

All tested foods are listed in Table 4 in estimated order of deer 
mouse food preference. The order in which foods appear is 
based on preference rankings within and among individual 
feeding trials. Seed from mountainmahogany (Cercocarpus 
ledijolius), Russian wildrye, or both occurred in all feeding 
trials and served as a baseline for comparisons among trials. 

Table 4. Deer mouse food preference for seeded species, indigenous forb, 
grass and tree seed, and sacrifice foods. 

Common name Food categories’ Scientific name 

Table 3. Seed preference by deer mice from pinyon-juniper, sagebrush- 
bitterbrush, and Jeffrey pine-ceanothus plant associations. 

Preference ranking of seed species 
by deer mouse populations’ 

Pinyon- Sagebxush- Jeffrey pine- 
Seed species juniper bitterbrush ceanothus 

Antelope bitterbrush 1 1 1 
Arrowleaf balsamroot 2 3 2 
Small bumet 3 2 3 
Serviceberry 4 4 5 
Sainfoin 5 5 6 
Mountainmahogany 6 8 4 
Lewis flax 7 6 8 
Stiffhair wheatgrass 8 7 7 
Russian wildrye 10 9 9 
Big bluegrass 11 10 10 
Alfalfa 9 11 11 
Green ephedra 12 12 13 
Cicer milkvetch 13 14 15 
Bulbous bluegrass 15 13 12 
Sheep fescue 14 15 14 
Big saltbush 16 18 17 
Smooth brome 17 17 18 
Fourwing saltbush 18 16 16 

I Ranking based on percent of deer mouse diet. 

Antelope bitterbrush ((3 
Singleleaf pinyon 07 
Arrowleaf balsamroot (Cl 
Small bumet (Cl 
Sainfoin CC) 
Mountainmahogany 6-J) 
Serviceberry (Cl 
Barley (rolled) (9 
Lewis flax (C) 
Stiffhair wheatgrass (Cl 
Lab Chow w 
Prickly poppy (1) 
Big bluegrass (Cl 
Russian wildrye (C) 
Alfalfa (Cl 
Green ephedra (Cl 
Wheat (hulled) w 
Cicer milkvetch CC) 
Fairway wheatgrass (0 
Lambsquarters (1) 
Cheatgrass brome (1) 
Coyote tobacco (1) 
Sheep fescue (C) 
Bulbous bluegrass (Cl 
Big saltbush CC) 
Fourwing saltbush CC) 
Smooth brome ((3 
Utah juniper CO 

Purshia tridentata 
Pinus monophylla 
Balsamorhiza sagittata 
Sanquisorba minor 
Onobrychis viciaejolia 
Cercocarpus ledijolius 
Amelanchier alnijolia 
Hordeum sativum 
Linum lewisii 
Agropyron trichophorum 

Argemone munita 
Poa ampla 
Elymus junceus 
Medicago sativa 
Ephedra viridis 
Triticum sativum 
Astragalus cicer 
Agropyron cristatum 
Chenopodium album 
Bromus tectorum 
Nicotiana attenuata 
Festuca ovina 
Poa bulbosa 
Atriplex lentijormis 
Atriplex canescens 
Bromus inermis 
Juniperus osteosperma 

’ Food categories are: (C) commonly seeded species, (T) tree species, (S) sacrifice foods, 
or (I) indigenous herbaceous species. 
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Discussion 

Deer mouse preference among seed species and sacrifice 
foods was very apparent and generally consistent among 
feeding trials and mouse populations. Amount of a particular 
seed species consumed was dependent upon the amount and 
kinds of food sources available. Seeds of less preferred species 
were taken in greater quantities when more preferred seeds were 
not available. The amount of food consumed per unit of body 
weight declined, however, when less preferred seed species 
were offered. Selecting seed species less preferred by deer mice 
should reduce the rate of predation of planted seed. 

Predation of desired seed species should be further reduced if 
seed species are selected that are less preferred by deer mice 
than indigenous weed seed. Seeding in heavy stands of vegeta- 
tion where indigenous seed sources may reduce predation of 
planted seed is not recommended because of plant competition 
and cover for deer mice. Predation of planted seed may be 
reduced, however, on prepared sites where indigenous weed 
seeds exist and cover is reduced. 

Providing sacrifice foods may also lessen predation of desir- 
able seeded species (Evans 1974). Rolled barley, Lab Chow 
or wheat could be obtained at minimal cost and mixed with the 
desired species, but only seed species that the deer mice prefer 
less than the sacrifice food would be protected. Seedling 
competition from rolled barley or Lab Chow would not occur 
because they are incapable of producing plants. Rodent popu- 
lations could increase, however, because of the sacrifice food 
source and present a problem to emerging seedlings at a later 
date. 

Treating bitterbrush seed with ANTU reduced its con- 
sumption by deer mice. Even a slight reduction in deer mouse 
preference for desirable seed species may be of great benefit if 
indigenous seed such as pinyon nuts are available to bear the 
brunt of deer mouse seed predation. 

Although deer mice showed definite preferences among seed 
of commonly seeded species, indigenous species, and sacrifice 
foods in the laboratory, the findings may not agree entirely with 
deer mice preference under field conditions. Differences in 
nutritional requirements of deer mice from season to season may 
change seed preferences. 

Seed consumption in the field may differ from predictions 
based on seed preference because all seeds are not equally 
available. Indigenous seed species are not as readily available to 
the deer mouse as newly seeded species, in most instances, but 
the presence of deer mice on the site prior to seeding is 
conclusive evidence that some indigenous food sources are 
available. 

Planted seed may be consumed regardless of deer mouse 
preference if deer mouse populations are high or planted seed is 
exposed to predation for a long time. Planting seed species that 
are not preferred by deer mice in late winter or early spring when 
mouse populations are low and the length of the predation 
period is reduced should increase the number of seeds available 
for establishment. 

Research is needed to document deer mouse seed con- 
sumption under field conditions as has recently been done for 

some granivorous birds (Goebel and Berry 1976). Information 
on deer mouse seed preference will aid in explaining any 
differences in seed consumption that may occur. 

Conclusions 

Differences in deer mouse food preference should be con- 
sidered in making choices among equally adapted and produc- 
tive species for seeding. We should plant desirable species 
whose seeds are not preferred by deer mice, especially those 
species whose seeds are less preferred than indigenous weed 
seed. Treating desirable seed species with a repellent or 
providing sacrifice foods may also be expedient when economi- 
cally feasible. Smooth brome, fourwing saltbush, bulbous blue- 
grass, sheep fescue, fairway wheatgrass, and cicer milkvetch 
would appear to be good species for seeding when adapted to a 
site where seed predation by deer mice is a problem. 
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Effects of Two Wetting Agents on Germination and Shoot 
Growth of Some Southwestern Range Plants 
S. MIYAMOTO AND J. B. BIRD 

Highlight: Two soil wetting agents (linear 
sulfonate and alkyl polyethylene glycol ether) 
were evaluated on inhibition of germination 
and shoot growth of alkali sacaton, galleta, 
blue grama, and fourwing saltbush. Sacaton 
and galleta seeds were germinated in wetting 
agent solutions (185, 370, and 740 ppm by 
volume) as well as in sand and a water- 
repellent coal mine spoil sample treated with 
the wetting agents at rates equivalent to 23.5, 
47,94 liters/ha. Blue grama and saltbush were 
germinated only in the sand and spoil samples. 
Results indicate that in solution culture these 
wetting agents reduce germination, severely 
deter shoot growth of both sacaton and galleta, 
and cause nearly permanent injury to plum- 
ules of galleta seeds. Wetting agents applied to 
sand at the comparable rates cause only minor 
reduction in shoot emergence and growth of 
the tested grass species, presumably due to soil 
sorption of wetting agents. The wetting agents 
tested are potentially phytotoxic, especially 
the sulfonate compound to saltbush, but can 
improve shoot emergence when applied to 
water-repellent media. 

One problem in revegetating coal mine 
spoils of the arid southwest is poor water 
infiltration induced by water-repellency 
(Miyamoto et al. 1977). A previous study 
shows that the use of wetting agents, 
especially a linear sulfonate compound, 
improves water infiltration into water- 
repellent mine spoils (Miyamoto 1977). 
Wetting agents are also effective for 
improving infiltration into water-repellent 
soils and peat media (e.g., Pelishek et al. 
1962; Osbom et al. 1969). However, some 
wetting agents are toxic to plants (e.g., 
Endo 1969; Luxmoore et al. 1974; DeBano 
and Conrad 1974), while others may 
stimulate plant growth (Parr and Norman 
1974). The study was thus made to evaluate 
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inhibitory effects of two soil wetting agents 
on germination and shoot growth of alkali 
sacaton (Sporobolus airoides), galleta 
(Hilaria jamesii), blue grama (Bouteloua 
gracilis), and fourwing saltbush (Atriplex 
canescens) . 

Materials and Methods 
Two commercially available wetting 

agents, “Soil Pen”’ (linear sulfonate) and 
“Water-In” (alkyl polyethylene glycol 
ether), were used. These compounds, 
especially “Soil Pen” improve water 
infiltration into water-repellent mine spoils 
consisting of coal fragments (Miyamoto 
1977. The compound “Water In” was 

studied previously by Luxmoore et al. 

(1974) and DeBano and Conrad (1974), 
and is included here for comparison. 

Four species (alkali sacaton, galleta, 
blue grama, and fourwing saltbush) were 
used for testing. Alkali sacaton and salt- 
bush are used extensively for spoil revege- 
tation in the arid-southwest, while galleta is 
used only to a limited extent. 

Germination tests were conducted for 
sacaton and galleta by using a solution 
culture technique under greenhouse con- 
ditions (25 to 30°C). Seeds ( 100 each) were 
placed into petri dishes containing wetting 
agent solutions ( 185, 370, and 740 ppm by 
volume on an active ingredient basis) in 
amounts sufficient to wet the seeds; the 
solutions were changed every 3 days. No 
adsorptive medium except seeds was 
placed in the dishes in order to avoid 
possible sorption of wetting agents. 
Germination counts were made at 3,7, and 
14 days after seeding. Seeds were con- 
sidered germinated when shoot or root 
exceeded the size of seeds. Shoot growth 
was traced by measuring the length of 
shoots. As a separate test, seeds germinated 
in the wetting agent solutions of 185 ppm 
were transferred into dishes containing 
distilled water, then the shoot elongation 

’ The trade name is included here for the convenience of 
readers and does not imply endorsement by the author, 
Texas Agr. Exp. Sta. and the Forest Service, U.S. Dep. 
Agr. 

was traced for 3 weeks. Experiments were 
in triplicate, and the Student-Newman 
method was used for tests of significance. 

Shoot emergence was determined for the 
four species by using two growth media: a 
coarse sand and a mine spoil consisting of 
coal fragments, both collected from the 
Fruitland formation in the Navajo Indian 
reservation. The coarse sand contained 
approximately 9% silt plus clay fraction. 
The coal-based spoil was poorly wettable, 
having a solid-water contact angle of 87” 
measured by the relative capillary rise 
method of Letey ( 1969). These materials 
were air dried and placed into greenhouse 
pots ( 10 cm ID, 12 cm deep). Seeds were 
placed at a depth of 1 cm. Thereafter, 
wetting agent solutions in the same con- 
centrations as the solution culture experi- 
ments were applied to the surface in amount 
of 1.25 ml/cm’. Equivalent rates of active 
ingredients were 23,47, and 94 liter/ha (or 
2.5, 5, and 10 gallons per acre, respective- 
ly). For blue grama and saltbush, only the 
highest rate was used. Pots were placed 
under greenhouse conditions (20-30°C for 
grasses and 15 to 25°C for saltbush) and 

UAlk. Sacaton --()--Gall eta 

01 
0 200 400 600 800 

WETTING AGENT,ppm 

Fig. 1. Germination of sacaton (solid lines) and 
galleta (dotted lines) seeds as influenced by 
the concentration of wetting agent solutions; 
SP = Soil Pen, WI = Water tn. 
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Table 1. The average shoot length (cm) of sacaton and galleta grown in distilled water, wetting 
agent solutions (185 ppm), and in distilled water following the growth in the wetting agent 
solutions. 

Distilled following 

Species and Distilled Wetting agents wetting agents 

days after seeding Water SP WI SP WI 

Alkali sacaton 
5 days 1 .o* 0.2b 0.1 b 0.2 b 0.1 b 

10 1.5a 0.2b 0.2b 0.8~ 0.3 b 
21 - 0.5 0.4 1.7 0.6 

Galleta 
3 days 3.2 a 0.2b 0.1 b 0.2b 0.1 b 

10 5.0a 0.2b 0.2 b 0.2b 0.2 b 
21 - 0.2 0.2 0.2 0.2 

* Numbers followed by the same letter are not significantly different at 5% level between the treatment consisting 
of different growth media. 

irrigated with tap water every 3 days at a 
rate of I .25 cm. Seedling counts were made 
on the 7th and 14th days. Shoot length was 
also measured on the same days by 
arbitrarily taking ten shoot samples. 

Results and Discussion 

Germination of galleta seeds placed in 
distilled water started within 1 day and 
virtually finished within 3 days, whereas 
sacaton continued to germinate up to about 
7 days. The germination of both species 
placed in wetting agent solutions was, 
however, slow, reaching an apparent pla- 
teau within 7 days, then increasing for 
approximately 5 to 10% for another week. 
Germination counts made at 2 weeks are 
shown in Figure 1. Increasing concen- 
trations of wetting agents reduced germi- 
nation. The germination of sacaton (solid 
lines) was reduced markedly by “Soil Pen” 
(SP), whereas galleta tolerated this wetting 
agent but was severely affected by “Water 
In” (WI). 

Both wetting agents severely deterred 

shoot growth (Table 1). Table 1 also 
includes the situation where seeds germi- 
nated in wetting agent solution were 
transferred into distilled water and then the 
shoot growth was traced (the last two 
columns). The transfer was made on the 3rd 
and 5th day after seeding for galleta and 
sacaton, respectively. This transfer acti- 
vated shoot growth of sacaton, but not of 
galleta. The incubation of galleta seeds in 
these wetting agent solutions for 3 days 
evidently causes a permanent injury to 
plumules. 

Shoot emergence of galleta from the sand 
and the coaly spoil started 2 days after 
seeding and was virtually completed within 
one week, whereas blue grama and sacaton 
started emerging approximately 5 days 
after seeding and continued to emerge for 
about another 10 days. The emergence of 
saltbush was slower by several days. 
Emergence counts made at 2 weeks are 
given in Table 2. Application of wetting 
agents reduced emergence in sand, but 
increased emergence over the control in the 
mine spoil, except for saltbush. The 

Table 2. Shoot emergence and average shoot length as influenced by application of wetting 
agents to sand and soil. 

Species and 
treatments 

Application 
rate 

(liter/ha) 

Sand Spoil 

Emergence Emergence Length 
(%) (%) (cm) 

Alkali sacaton 
Control 
Soil pen 
Soil pen 
Water in 
Water in 

Galleta 
Control 
Soil pen 
Water in 

Blue grama 
Control 
Soil pen 
Water in 

Saltbush 
Control 
Soil pen 
Water in 

(47) 
(94) 
(47) 
(94) 

(94) 
(94) 

(94) 
(94) 

(94) 
(94) 

77 a* 
65b 
61 c 
69b 
69b 

80a 
74b 
72b 

75a 
72a 
75a 

22a 
6b 

21a 

30a 
40b 
43b 
52~ 
58~ 

35 a 
58b 
52b 

28a 
56b 
43c 

13a 
8b 

12a 

1.7a 
1.6a 
1.6a 
1.8a 
1.9a 

4.8 a 
4.8a 
5.0a 

2.8a 
2.lb 
1.9b 

4.0a 
2.6b 
3.5b 

x Numbers followed by the same letter are not significantly different at the 5% level from other treatments of 
different growth media. 
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emergence of saltbush was notably reduced 
by application of “Soil Pen.” 

Application of wetting agents to sand 
and spoil resulted in minor or no measur- 
able reduction in shoot growth of the grass 
species (Table 2). (Since data from the sand 
were similar to those from the spoil, they 
are omitted.) Application of “Soil Pen,” 
however, caused notable reduction in shoot 
growth of saltbush. 

The above data point out that inhibitory 
effects are reduced when wetting agents are 
applied to sand and spoils. An observation 
similar to this is also reported by Endo 
(1969) and Luxmoore et al. (1974). The 
major reason is probably soil sorption of 
wetting agents (Valoras et al. 1969). The 
leaching of wetting agents by irrigation can 
be an additional reason, but probably a 
minor factor as compared to the sorption. If 
there were no sorption in our tests, wetting 
agent solution applied initially would have 
permanently damaged the plumules before 
leaching took place. 

In conclusion, the tested wetting agents 
should be considered potentially toxic to 
germination and shoot growth. However, 
soil application of these wetting agents to 
the tested rates is not likely to severely deter 
germination and shoot growth, with a 
possible exception of saltbush. 
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The Lands Nobody Wanted. A Conservation Foundation 
Report. By William E. Shands and Robert G. Healy. The 
Conservation Foundation, 17 17 Massachusetts Avenue, 
N.W., Washington,D.C. 20036. 1977. 282~. $14.50cloth, 
$10.50 paper. 
The Conservation Foundation, “ a nonprofit research and communi- 

cations organization dedicated to encouraging human conduct to 
sustain and enrich life on earth,” initiated this review of Forest Service 
policy, programs, and management in the eastern United States in 
1974. This book contains the Foundation’s findings, as well as its 
recommendations for future management of the Eastern National 
Forests. 

Early in the book, the authors point to the unique history sur- 
rounding the National Forests east of the 100th meridian. Movement 
of industry predominantly into the East at the turn of the century, along 
with unsuccessful farming attempts on marginal lands, resulted in the 
reduction in size and quality of the area’s forests. Many cut-over lands 
were then abandoned and wildfire took its toll. Massive erosion and 
regrowth of poor quality vegetation resulted. 

Although the Organic Act of 1897 was the founding legislation of 
the Forest Service, it was applied mainly in the West. Vast tracts of 
publicly owned land formed into National Forests for purposes of 
“protecting water flow and providing a continuous supply of timber 
for the United States.” Although there were a few opportunities to 
establish National Forests in the East, the system did not really get a 
foothold there until passage of the Weeks Act in 1911. This law 
opened the way for the Federal Government to purchase lands to 
protect watersheds and return cut- and burned-over lands to produc- 
tivity. 

Since implementation of the Weeks Act, the eastern portion of the 
National Forest System has grown until today it consists of 50 
National Forests, with some 24 million acres in 23 states. Still, this 
comprises only 13% of the total National Forest System, and the 
percentage of federal land within Forest boundaries is much less than 
in the West. Fragmented ownership patterns make workable land 
management planning difficult to achieve. Yet, the Eastern National 
Forests are under intensive environmental, economic, and recreational 
pressures, as evidenced by the fact that 174 million people live within 
a day’s drive of some part of these public lands. 

Taking all of this into consideration, the Conservation Foundation is 
“concerned that the Eastern National Forests are not receiving the 
special attention they need.” 

The authors base their recommendations for future policy and 
programs on two basic principles: 

1) National Forests in the East should provide public benefits that 
cannot be supplied by private land, either because resources are 
unavailable or because economic incentive is absent; and, 

2) Land managers should restore the National Forests as natural 
ecosystems, distinct from the man-made environments otherwise 
dominant in the East. The Forests and their products should be used 
only to the extent that this continuing process of restoration is not 
interrupted. 

The Foundation gives special emphasis to land acquisition needs 
and priorities of the Eastern National Forests, encouraging increased 
congressional appropriation of Weeks Act funding and full use of 
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Land and Water Conservation Fund Act dollars. The economic and 
social importance of public land in the heavily populated East is 
emphasized. 

The Foundation offers suggestions for change in such areas as 
staffing, planning, compensation to private landowners, incentives, 
and legislation. The report points out that many changes are necessary 
if the Forest Service is to meet the challenges facing the National 
Forests in the East. 

Range management and grazing have traditionally received minor 
consideration on the Eastern National Forests, with only about 15% of 
the area grazed by livestock. This amounts to only 1 million 
animal-unit months annually, or less than one-half of I % of the range 
grazing in the United States. Most of this is in the southeastern States 
of Arkansas, Mississippi, and Louisiana. 

These figures of actual grazing use contradict the fact that the 
Eastern National Forests, in reality, are large forage producers, 
averaging over 800 pounds per acre. A 1972 Forest Service study 
recognized this highly under-utilized resource, pointing out that 
Eastern Forests could support as much as four times the current 
grazing level. 

Although grazing has been considerably underplayed on the Eastern 
National Forests, the Foundation points to two factors that could lead 
the Forest Service to intensify its eastern range management program. 
These are conversion of private idle lands back into crop production to 
help meet current world food demands and an increasing number of 
cattle being raised in the East. 

The authors discuss some ideas that have been tossed around for 
years: better control of disease and parasite problems in the South, 
expansion of the forest understory as a grazing resource in the South, 
and the long-term grazing potential of the northern forests. They are 
also careful to point out potential problem spots, such as the value of 
forage to various wildlife, the possibility of damage to young trees, 
aesthetic impacts of fencing and other structures, damage to the water 
resource, and problems with herbicides and fertilizers. 

The Conservation Foundation’s book looks at the National Forests 
in the East with refreshing objectivity. The authors not only cite 
problems, but they offer some practical means of utilizing Eastern 
National Forest resources to the highest acceptable level, while 
allowing them to fill their very unique role. 

The Chief of the Forest Service has recognized the Conservation 
Foundation report as having considerable importance and practical 
application to future policy and programs. This book is certainly 
“must” reading for anyone concerned with the future role of the 
National Forests in the East.--Stan Tixier, Milwaukee, Wisconsin. 

Breeding Birds of North Dakota. By Robert E. Stewart. Tri- 
College Center for Environmental Studies, Fargo, North 
Dakota. 1975. 295 p. Illus. $18.50. 

Robert E. Stewart is employed by the U.S. Fish and Wildlife 
Service as a staff ecologist at the Northern Prairie Wildlife Research 
Center, Jamestown, North Dakota. Extensive fieldwork by the author 
in every county of North Dakota and a comprehensive literature search 
have been combined to produce a well-documented account of the 
breeding birds of this Northern Great Plains state. 
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Environmental attributes of the state and the ecological relations of 
breeding birds and their habitats and associations are discussed in 
detail in the introductory chapters. Descriptive accounts are then given 
for the 196 bird species that are known to breed in North Dakota. 
Breeding range maps showing distribution in the state and frequency 
are provided for 165 species. 

This book is a valuable reference for ornithologists interested in the 
Northern Plains. North Dakota hunters of waterfowl and upland game 
birds, people who like the outdoors, and those concerned with the 
effects of land use practices in the bird life of the state will find much 
useful information in the text.-Meredith J. Morris, Fort Collins, 
Colorado. 

NEW PUBLICATIONS 

ECOSCIENCE: Population, Resources, Environment, Third 
Edition, by Paul R. Ehrlich, Anne H. Ehrlich, and John P. Holden. W. 
H. Freeman and Co., 660 Market Street, San Francisco, Calif. 94104. 
1977. 1,003 p. $39.95 cloth, $19.95 paper. The present edition, based 
on Population, Resources, Environment, is an attempt to provide a 
more thorough, up-to-date understanding of the population-resource- 
environment predicament and to discuss strategies for dealing with it. 
In format and emphasis it is quite different from the earlier book. 

There is a brief introductory chapter designed to give the reader a 
capsule overview of the predicament of humanity, a framework into 
which the more detailed discussions that follow can be fitted. The first 
major section, consisting of three chapters, gives a detailed review of 
the physical and biological systems of Earth. 

The second section covers population and renewable resources- 
land, soil, water, forests, and food. The coverage of all these topics 
has been updated and considerably enlarged from that in the second 

edition of Population, Resources, Environment. The third section 
covers energy and materials far more comprehensively than did 
previous books, with special attention paid to nuclear energy and other 
possible sources for the long term, as well as the potential of energy 
conservation. 

The material on environmental disruption in the fourth section has 
been updated and includes more comprehensive coverage of carcino- 
gens, mutagens, climate modification, and many other topics. The last 
section on social, economic, and political change, including the issue 
of population control, has likewise been considerably expanded. 

Extensive footnotes with references to the technical literature 
document key points throughout the book. In addition, at the end of 
each chapter there is a brief list of references, Recommended for 
Further Reading, containing selections of the most generally useful 
works for further exploration of the topics in th’e chapter which 
precedes the annotated chapter bibliograhies. 

LAND USE: Tough Choices in Today’s World. Special Publica- 
tjon No. 22 by Soil Conservation Society of America, 7515 North- 
east Ankeny Road, Ankeny, Iowa 50021. 1977. 454 p. $7.00. This is 
a publication of the proceedings of a National Symposium presented 
by the SCSA in Omaha, Nebr., in 1977. It presents 53 papers 
encompassing a comprehensive review of land use planning problems, 
implementation, experiences and the courts’ reactions to those 
programs. The papers are presented by planners, natural resource 
specialists, attorneys, federal, state, and local governmental officials, 
landowners and laymen. Subjects deal with facing the tough land use 
choices: competition for land, preserving land for food and fiber 
production, providing for living space and natural space, federal and 
state involvement in land use planning, and a special section on the 
role of citizens, landowners, planners, elected officials, developers, 
attomevs. and the courts in the land use planning process. 

Rangeland Plant Physiology 
edited by Ronald A. Sosebee 

l 290 pages 
l illustrated 
l soft cover perfect bound 
l extensive bibliographies 
l $12.00 postpaid 

In nine chapters, RANGELAND PLANT PHYSIOLOGY dis- 
cusses the characteristic life processes, activities, and func- 
tions of the rangeland plant. 

Of particular interest to all who study, manage, or simply 
admire plant life, the book is a valuable college text supple- 
ment and a reference source for range managers and tech- 
nicians. Each chapter, authored by one or more authorities in 
the field, examines in considerable depth one aspect of plant 
physiology. Chapters include: 

I. Gas Exchange in Photosynthetic Pathways in Range Plants; II. 
Carbshydrate Translocation in Range Plants; III. Distribution and 
Utilization of Carbohydrate Reserves in Range Plants; IV. Water 
Relations of Range Plants; V. Salinity Effects on Range Plants; VI. 
Seed Physiology; VII. Plant Growth Regulators; VIII. Mineral Cycling 
in Rangeland Ecosystems; IX. Developmental Morphology and Man- 
agement Implications. 

Society for Range Management 
2760 West Fifth Ave. 
Denver, Colorado 80204 

CLYDE ROBIN 
NATIVE SEEDS 

Castro Valley, California 94546 
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