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State of the Society 
Advancing the Profession 

Happy Valentine’s Day!! 

On behalf of the Society I extend sincere appreciation to the 
Colorado Section, under the leadership of Tom Bartlett and Don 
Smith, for hosting this Annual Meeting. Every aspect was well 
planned. 1 would also like to recognize the past Presidents of the 
Society for the leadership they have given and the platform from 
which we are now able to operate. Our Board of Directors for this 
past year have been excellent to work with. To those of you who 
served as committee chairpersons, your volunteer efforts did not 
go unnoticed, as it was through your efforts that the Society 
programs become implemented. I also appreciate the support of 
my colleagues and University administration for their assistance 
and support over the past year. 

Two gentlemen to whom I am deeply indebted are Ray Housley, 
our Washington representative, and Bud Rumburg, our Executive 
Vice-President. Their untiring effort, constant vigil, and wise 
counsel are critical to the well being of the Society and were an 
asset to me in pursuing programs. 

1 cannot close my Valentine’s Day appreciation without thank- 
ing my wife, Glenda. Over the last two years she has assisted me in 
more ways than either of us could ever have imagined. Her support 
in taking care of personal concerns, much greater than we had ever 
anticipated, is all that allowed me to pursue the activities of the 
Society. Her attendance here today is warmly appreciated. I owe 
her more thancan beexpressed and I havealot ofcatchingup to do 
after this meeting. 

I am pleased to state that everything is going well in the Denver 
office. We have sold the old office building and that has taken a 
financial burden off the Society and is allowing Bud more time to 
pursue other activities. The building sale was good. We got a fair 
price, based onwhat the market would bear, obtained a good down 
payment and an excellent interest rate on the balance. Member and 
section response to our call for purchase of notes on the new 
building was excellent, and those of us who hesitated lost out on a 
good deal. We have an excellent staff which has to be the most 
efficient in the business. Rene Crane, who left us this fall to pursue 
new interests, will be missed but has been replaced by Ann Harris, 
who is doing a superb job. Kinten, Jenny, Patty, and Marlowe 
round out our personnel, assisted by Pat Smith, who still works 
part time on society publications. Jerry Schwien also played an 
important part in OUT operations until his return to the SCS in 
October. Their support is greatly appreciated. 

We have changed our accounting procedures and hope to have a 
better understanding of our cash flow, better identify what our 
costs are per activity, and thus be more efficient, economically. 
Speaking of economics, the Society is doing well. We are solvent, 
but not affluent. Earlier in the year we indicated that we were in 
deficit spending because of the building repairs, etc. With receipt of 
one outstanding bill, we will end the year on the positive side, but 
there is no surplus. We still do not have funding to initiate new 
projects or activities. Each of us should still be creative in thought 
as to ways of increasing the cash flow of the Society, and the Board 
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is looking at this as a critical issue identified in our strategic plan. 
We are upgrading our publications equipment and I am also 
optimistic that we will be connected to the electronic world via 
E-mail with internet capabilities before the end of 1994. 

Our Strategic Plan was implemented last year in Albuquerque. 
The Board of Directors spent considerable time in discussion and 
review of the plan this past summer in Springfield. Our concern 
was how to most efficiently carry out the intent of the plan and 
address the critical issues. This past Saturday evening the Board 
met with the outgoing and incoming chairpersons ofthe Society in 
a brainstorming session to see if there were better or different ways 
to carry out the strategic plan, to see ifthere is duplicated effort, or 
LO see if we have any missing links in our structure. It was a 
stimulating session and a lot of good information was presented. 
The Board will continue to review the output of the session and try 
to make adjustments by the summer meeting for implementation 
as swn as possible. 

With the significant changes in the federal administration and 
Congress, we concentrated on a substantial informational process, 
contacting the Secretaries of Interior and Agriculture and all con- 
gressional delegates involved with agriculture and natural resour- 
ces, providing them with infomtation on the significance of range- 
lands, the importance of the natural resource, and encouraging 
them to recognize this in their environmental agenda, and offered 
the assistance of the Society. Additional correspondence and per- 
sonal contact with many of the individuals and programs have 
been continued through the year. 1 believe we are perceived as a 
sound organization with a lot to offer and that our support and 
contact is appreciated. However, much of the daily issue is politi- 
cal, involvingjudgements OT decisions to which the Society is not in 
position to offer professional assistance. Our followup contacts 
with individuals allows us the opportunity to discuss and review 
many of the decisions as they might impact the resource and/ or the 
opportunities for management. 

I am reminded that before there were volcanic eruptions they 
had to carry the lava down the mountain by hand and scatter it 
over the sleeping villages. This took a lot of time. It didn’t take long 
for an eruption to LX-XT this year with the development of Range- 
land Reform 94. Federal Grazing Policy forums were held in April 
and May. We had representation at each of the hearings, with 
several of you involved with presenting testimony through the 
formal panels or from the public input sessions. I presented the 
SRM position on grazing management at the forum in Albu- 
querque, emphasizing multiple use management based on an eco- 
system approach which recognized herbivory, both livestock and 
wildlife, as part of the greater system. Encouragement of the use of 
Coordinated Resource Management and local level involvement 
were stressed. 1 also encouraged recognition and use of the mnge- 
land orofessionals within the employ of the agencies to enhance 
public land values. 

The Society has followed the developments of the reform pro- 
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cess and has had members participating at several of the roundta- 
ble sessions across the West. We are awaiting the next round of 
written documents and are prepared to provide constructive com- 
ments. We are also prepared to present information, facts, and 
testimony at any, or all, of the public forums regarding the revi- 
sions of Rangeland Reform ‘94. 

Another key activity this past year was the release of the 
National Academy of Sciences report on Rangeland Health. Bud 
Rumburg, Ray Housley, Pat Johnson of the Unity Committee, 
and I were present, along with many members from the National 
Capital Section, at the press release and followup workshop on the 
report. Responses to the report have been varied. Some express 
extreme displeasure, others disappointment, while others are 
pleased. I believe that much of the concern about the report is 
focused on the preface of the report or on the news release regard- 
ing it. Semantics are undoubtedly a concern for many. The Unity in 
Concepts and Terminology Task Force has been working with the 
report since its release. It is important to recognize that both the 
Unity report and the Academy report have been released as first 
approximations. A symposium is scheduled at this meeting to 
discuss the Academy report. One thing has become clear: while we 
work with a specific piece of land and understand it fairly well, a 
process of integrating our knowledge of specific land units or 
allotments into an inventory report on the status of rangeland 
integrity for interpretation by the lay public and elected officials is 
less than adequate. Key agencies responsible for rangeland man- 
agement are involved and actively working to resolve this issue. I 
am convinced that professional integrity will prevail and that we 
will develop a concept that is workable and satisfactory. 

These two activities, when coupled with others, have certainly 
given rangelands and rangeland management more visibility and 
publicity than anything in recent years. Our challenge as a profes- 
sional society is to think positively, to take advantage of the 
opportunities, and to provide the facts and professional judgement 
necessary to guide the process. I believe we have a sound base if we 
look at our policy and position statements and continue to build 
from them. I recognize that what we are facing is a little like a 
bucking bronco that must be tamed and we can’t get it slowed 
down enough to get on. However, every good bronc rider believes 
that any horse can be tamed and sets out with that objective. The 
Society must be in the same frame of mind. 

While we work with the previous challenges, the Society is aware 
of the proposals for reorganization and potential downsizing of 
federal agencies. Again the Society has communicated its concerns 
and emphasized the importance of rangelands and the rangeland 
programs relative to natural resource issues. Activity in Congress 
regarding these issues is going on now. While there will undoubt- 
edly be some change, we are optimistic that rangeland manage- 
ment will still have a solid position, relative to all other activities. 

The Grazing Lands Conservation Initiative for Private Lands is 
moving forward. The steering committee last met in January. The 
committee is developing language for the inclusion of the initiative 
into the 1995 Farm Bill and is developing the support for both the 
language and the appropriation of funds. Grass-roots support 
from the membership and the sections is essential to showing the 
importance of the initiative to the support of natural resources. It is 
possible that the Grazing Lands Initiative and Conservation 
Reserve Program activities of the Society can be closely integrated. 
Speaking of the CRP, a national policy symposium was held just 
last week. The Society, through its CRP committee, was involved 
with that activity. 

Our efforts with Coordinated Resource Management are being 
well received. We have held several training sessions this past year, 
both in the public and private land states. It is very gratifying to see 
the acceptance of the process in the private land states. The process 

is recognized as an excellent way to address water issues and 
non-point source pollution problems involving numerous agencies 
and interest groups. 

The Society has published the CRM guidelines this year. We 
have also published the long-awaited Rangeland Cover Types and 
the AIBS symposia on Ecological Implications of Livestock Her- 
bivory in the West. These three publications, along with the NAS 
report on Rangeland Health, are now available through the 
Society office. Each of these should be useful to each of us as we 
look for factual information regarding rangelands and their uses. 

Our efforts at partnershipping and developing affiliations with 
other organizations is continuing and should assist us in develop- 
ing numbers and strength to present facts important to rangeland 
management. Part of this effort is showcased in a poster session to 
be held tomorrow morning. 

There is still much ahead of us. The National Biological Survey, 
after a rocky beginning, is now established. With it come many 
unanswered questions. The Society will again be providing con- 
structive comment to the program. The program promises a lot; 
however, the feasibility may be in question. How this program will 
impact on the development of sound rangeland data collection is 
not clear at this time. The inventory of species and the relationship 
to the Endangered Species Act is not clear. The process of balanc- 
ing ecosystem management, protection, and economic develop- 
ment is not clear. The dealing with geological time and its relation- 
ship to ecosystems is not identified. The ability to work through 
reasoned facts and emotional opinion is not well specified. The 
relationship of the survey to private property rights and responsi- 
bilities will be questioned. Several sections are already involved 
with this discussion. Here will be another opportunity and chal- 
lenge to the Society. 

Gap analysis and the Environmental Monitoring and Assess- 
ment Program (EMAP) are underway as processes of monitoring 
ecological integrity. These processes are not looking at site specific 
situations, but are involving landscape or larger interpretation. We 
must work carefully with these programs to insure that site specific 
information which is crucial to the management process can be 
integrated and properly interpreted and not become a source of 
conflict. 

The Endangered Species Act has not yet been debated. The 
Society has a policy statement and resolution on the topic and is 
ready to provide information when it is timely to do so. Neotropi- 
cal birds are the latest to enter the threatened and endangered 
species debate. A proposal to list the southwestern yellow fly- 
catcher has been presented. The Society has addressed the con- 
cerns listed in the Federal Register, such as identifying the presence 
of opinion, lack of knowledge on the range and extent of the 
species, and what management is capable of doing for the species. 
More of this topic should be coming soon. 

In August, 1992, I attended the Renewable Natural Resources 
Foundation (RNRF) Congress. The Congress was well structured 
and had excellent keynote speakers. As I participated in the ecosys- 
tem management working groups, I developed a state of confusion, 
frustration, and concern as I listened to nearly 150 delegates dis- 
cuss critical issues and concepts regarding renewable natural 
resources. The most important was the absence of support for the 
fact that we were dealing with a renewable natural resource. Addi- 
tional concerns involved the desire to change the status quo but not 
knowing how to do it, and an urgent need for a stewardship ethic, 
which could not be defined. 

As I went into the year I found these thoughts emerging in many 
circles. Change is inevitable and this is certainly a bit part of what 
we deal with in rangeland management today. In today’s society it 
is the baby boomers who are defining the work place. They are a 

(continued on page I I I) 
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President’s address (continued) 

generation reared in relative affluence. Their parents were pro- 
ducts of the Great Depression. A significant difference exists in the 
two. This has resulted in a society composed of idealists, realists, 
and pessimists, folded into activists and passivists, but largely an 
impatient society. The statement that people all have one thing in 
common, they are different, is so true. As we have become a more 
urbanized and technological/ service-based society, perhaps the 
words of Henry Ford are appropriate: “The farther we get away 
from the land, the greater our insecurity.” With the impact of mass 
media we have developed a public opinion, and public opinion can 
be described as what folks think folks think. 

Last summer I was asked to identify 5-10 important biological 
issues from the 173 RNRF Congress recommendations. I started 
by identifying two terms, sustainability and biodiversity. SRM has 
struggled with these terms. We have a position on biodiversity and 
an excellent synthesis paper on the topic, but still don’t have the 
answer. We have used the concept for years but are just now 
working with it in today’s application. Range science has recog- 
nized the concept of sustainability for more than 50 years. It was in 
our early definitions of range management and was associated with 
carrying capacity. These two terms are ecological conceptual 
terms. They are value-laden terms that are recognized and used by 
the lay public and elected officials, and the scientific community 
can’t answer all of the questions that these people ask or generate. 

Ecological principles must govern renewable natural resources. 
Economic theory must fit ecological concepts. Ecology is not a 
series of simple linear relationships, and we as ecologists are still 
learning the significance of some of these relationships. Most of the 
general public are not as ecologically knowledgeable as they are 
ecologically aware. I would even hazard to guess that an even 
greater number don’t even care; and if they do, protection is the 
simple answer. We have often confused past and present uses and 
their impacts on the resources of today. This is intermingled with 
the lack of knowledge in ecology, especially by the layman. Chur- 
chill said it best when he said, “If we open the quarrel between the 

past and the present, we lose the future”. 
The recommendations I presented to RNRF, and I leave with 

you, were to (1) develop consensus building on environmental 
issues to obtain agreement and avoid conflict; (2) support long- 
term, interdisciplinary ecological research to address management 
issues and to establish science.-based benchmarks; (3) create, 
implement, and maintain ongoing standardized terminology and 
data bases; (4) expand educational systems for the managers, 
resource users, landowners, public officials, and lay public to 
appreciate how defined ecosystems work; (5) develop an accepta- 
ble stewardship ethic and implement it through educational pro- 
grams, including K-12; (6) quantify sustainability and biodiversity 
for the different societal values and determine the ecological integ- 
rity for estimating future values of resources; (7) establish effective 
mechanisms for communicating data bases and management needs 
to, and between, scientists and managers; (8) focus on pro-active 
programs to integrate more scientific data and information into the 
policy process; (9) revise federal cost-benefit guidelines to reflect 
contemporary resource economics; (10) develop coalitions of pro- 
fessional organizations to address needs as none of us knows as 
much about something as all of us. 

Much of this we are doing today but we must focus and work 
harder at it. The common thread through the recommendations is 
communications. This is undoubtedly the biggest challenge we 
have to good management. I believe we must operate on the 
premise that nothing is so simple that it can’t be misunderstood! 
We must double our efforts to go forward with facts and reasoned 
judgements. Opinions should be clearly stated. I am reminded that 
you don’t squat while wearing spurs, so let’s get on with the 
challenge! 

This past year has been the greatest honor of my professional 
career. I thank each of you as individual members for your contri- 
butions to the profession. This is what has made the Society strong 
and effective. Happy Valentine’s Day! 
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Viewpoint: Integrating CRM (Coordinated Resource 
Management) and NEPA (National Environmental 
Policy Act) processes 

SHERMAN SWANSON 

The author is associate professor in the Department of Environmental and Resource Sciences, University of 
Nevada, Reno 89512. 

Abstract 

Coordinated Resource Management (CRM) and the National 
Environmental Policy Act (NEPA) each provide an approach for 
involving the public and resource specialists from many disciplines 
in public land management decisions. This viewpoint suggests 
combining the consensus building approach of CRM into the 
broader public involvement and sometimes more thorough analy- 
sis of a NEPA process. The combined process seems most applica- 
ble when a diversity of interests want potentially incompatible 
decisions, especially if those decisions could significantly affect the 
structure and function of ecosystems or natural-resource-based 
economies. Fourteen steps in a combined process describe the 
mechanics and rationale for this integration. To succeed with this 
process, begin with thorough preparation, then fostor open and 
repeated 2-way communication. Communication with the broader 
public ensures that all affected interests may contribute ideas. 
Consensus building with representatives of all resource interests 
and land ownerships ensures public trust and broadly supported 
management. Consensus building continues through decision 
making, implementation, monitoring, evaluation, and replanning. 

Key Words: planning, public land, alternative dispute resolution, 
public involvement, and environmental analysis 

The Extension Service, Soil Conservation Service, and the 
Forest Service in USDA and the Bureau of Land Management in 
USDI sanctioned Coordinated Resource Management in memo- 
randa of understanding in 1980 and 1987. Coordinated Resource 
Management (CRM) “provides for interaction among interested 
and affected agencies, organizations, individuals, and the planning 
agency to determine mutually acceptable management practices 
and multiple use objectives at the local level” (MOU 1987 in 
Phillippi and Cleary 1993). Through CRM people in many states 
and provinces have resolved public and private land management 
questions with much success. It’s become an effective tool for 
improving public involvement and enlightened interdisciplinary 
management. 

The National Environmental Policy Act (NEPA) became law in 

The NEPA process refers to how Federal agencies analyze the environmental effects 
of certain proposed actions. They must involve the publicand document their analysis 
in an Environmental Assessment (EA) and/or Environmental Impact Statement 
(EIS). (See Council on Environmental Quality 1986.) 

The author wishes to thank Rex Cleary, E.W. (Bill) Anderson, Dave Torell, Edith 
Asrow, Tony Dana, Mike Havercamp, Glen Sechrist, Robert Larkin, John Butt, and 
Craig \h(hittekiend for their significant contributions to my thinking regarding this 
mtegratlon and for their editorial help. In part, this viewpoint reflects the experience 
of and lessons learned from the Modoc-Washoe Experimental Stewardship Program. 
However, the responsibility for any errors or omissions rests entirely with me. 

Manuscript accepted 17 Sep. 1993. 
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1970. It requires Federal agencies to use a systematic and interdis- 
ciplinary approach for environmental analysis and decision mak- 
ing. Agencies must document the process with environmental 
assessments (EAs) or environmental impact statements (EISs). 
Procedures for implementing NEPA ensure that public officials 
and citizens have environmental information available before 
making decisions and taking actions. “Accurate scientific analysis, 
expert agency comments, and public scrutiny are essential to 
implementing NEPA” (Council of Environmental Quality 1986). 

Because public lands are held in public trust, many laws (The 
Federal Land Management and Planning Act, National Forest 
Management Act, and others) require public involvement in man- 
agement decisions for these lands. Court decisions and policies 
interpreting these laws have modified management procedures and 
given the public more opportunities to be involved early and in 
meaningful ways. 

Many peoples’livelihoods depend on the management of public 
lands. Furthermore, many actions by private citizens affect the 
public’s resources. This is especially true in lands grazed by live- 
stock. The rancher, operator, or herder is often the most critical 
land manager on a day-today basis. Other examples abound of 
management actions influenced or caused by private citizens, 
including volunteer projects, advisory or support coalitions, and 
people with a concern for certain natural resources. Substantial 
knowledge about public land ecosystems and socioeconomics 
resides with the public, outside administering agencies. 

Public land managers who believe in the public involvement and 
interdisciplinary philosophy behind either CRM or NEPA find the 
2 processes compatible. When integrated, and facilitated by people 
skilled in communications and public involvement, these processes 
strengthen each other. Together CRM and NEPA ought to pro- 
duce better plans and better land and resource management. 

However, public land administrators who believe the agency 
knows best, or who become frustrated with consensus building or 
open dialogue, will find the integration of CRM into NEPA diffi- 
cult. They may frequently frustrate the public’s desire for meaning- 
ful involvement even when following the NEPA process. This 
paper expresses my viewpoint that integrating CRM into the 
NEPA process often improves both public trust and environmen- 
tal and resource management decisions. It provides rationale and 
outlines some essential steps in the process. 

The NEPA and CRM Processes 

Agencies have developed detailed guidelines for the NEPA pro- 
cess including the required public involvement. Decisions and 
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actions must be based on sound technical information about 
environmental, economic, social and other considerations. Agen- 
cies must identify and consider environmental effects of proposed 
actions as well as a reasonable range of alternate solutions or 
actions. Alternatives often include no change in present manage- 
ment and ones that address issues and concerns inadequately 
addressed by the proposed action but that would accomplish stated 
goals and objectives. The relationship between short-term uses and 
the maintenance and enhancement of long-term productivity must 
be considered. The NEPA process must identify and consider any 
unavoidable adverse effects and any irreversible or irretrievable 
commitments of resources. However, the agency need not select 
the alternative with least impact. 

Existing environmental impact statements (EISs) and environ- 
mental assessments (EAs) document much of this process of envi- 
ronmental analysis. However, the requirement for a NEPA process 
is ongoing. Any proposed Federal actions “significantly effecting 
the quality of the human environment” not having previous envi- 
ronmental documentation must be analyzed. Although this will 
not include all Coordinate Resource Management plans, even on 
Federal land, it may include most with Federal involvement. 

Meanwhile, Coordinated Resource Management (CRM) has 
evolved as a form of public involvement informally combined with 
interdisciplinary and interagency coordination. “Coordinated Resource 
Management is an approach for reaching decisions and resolving 
resource conflicts”(CRM Memorandum of Understanding 1987 in 
Phillippi and Cleary 1993). It is a voluntary process in which 
natural resource owners, managers, and users work together as a 
team. Coordinated Resource Management teams formulate and 
carry out plans for the management of all major resources and land 
ownerships in a planning area, or they resolve specific conflicts. 
Critical elements of CRM include: (1) participation by the full 
diversity of people, land owners, groups, and agencies interested in 
the land and its resources, uses, and values; (2) equal opportunity 
for developing ideas and resolving issues through consensus; and 
(3. becoming committed to resolving issues by focusing on collec- 
tive needs and the opportunities inherent in the land and its resour- 
ces. Through coordination, the management of different resources 
and the land ownerships becomes integrated into 1 plan with 
common objectives. 

Our society faces great challenges relating to changes in values, 
economic or ecologic realities, ideas, knowledge, and ownership of 
knowledge. One cannot assume that either old or new ideas are 
automatically better. Neither can one assume that agencies neces- 
sarily possess the best information about some resources. Although 
public involvement and environmentally conscientious decision 
making are both necessary in public land management, the pro- 
cesses used to achieve them have not always been ideal. By taking 
steps to become fair and thorough, some processes may be too 
bureaucratic, costly, and time consuming. Analysis of unrealistic 
alternatives or consequences adds to this perception. Some of the 
public, who should be actively involved in decision making, 
become frustrated. They lack confidence that agencies take 
seriously the ideas provided in formal public hearing or calls for 
written comment. Often they fail to understand the kind of infor- 
mation that could be most useful. In contrast, processes that 
emphasize collaboration with only selected individuals or groups 
may achieve responsiveness at the expense of objectivity. Some 
interested parties become alienated by a process they perceive as 
unfair or user unfriendly. They become bitter about decisions they 
cannot accept, but cannot afford to challenge in court. 

To avoid this, and to achieve optimum efficiency, openness, and 
thoroughness in both public involvement and environmental anal- 
ysis, I suggest an integration of CRM in NEPA processes. The 
combined process seems most applicable when different interests 

want potentially incompatible decisions. This is especially true if 
the decision significantly affects the structure and function of 
ecosystems or natural-resource-based economies. 

Integration of NEPA and CRM 

As land managers learn of the legal and practical mandate to 
follow the NEPA process, some see those well-defined guidelines 
as the only acceptable steps in the decision making process. How- 
ever, NEPA was intended to be an environmental analysis and 
disclosure process not a decision making process. 

Some land managers believe in the openness of CRM. They 
emphasize the ability within CRM to develop understanding 
among previous adversaries and commitment for carrying out 
truly coordinated plans. Unfortunately CRM advocates some- 
times fail to grasp the necessity of NEPA. A good NEPA process 
will often produce a technically stronger decision because of man- 
dated thoroughness (including analysis of alternatives). Coordi- 
nated Resource Management advocates should also realize that 
some legitimately affected interests cannot or will not become 
involved in a sometimes inconvenient, lengthy, or time consuming 
CRM process. 

This paper provides a format that unites CRM and the NEPA 
process (Fig. 1 &Steps 1-14). The strengths of each process should 
lead to better decisions and better land and resource management. 
The strengths of an integrated process can help avoid weakness of 
each individual process. 

Although neither CRM nor NEPA is restricted to public land, 
the setting for this united process often involves some public land. 
Land management does not begin at a point in time, but is an 
ongoing process. It is crucial that land managers learn from suc- 
cesses and failures. As new knowledge and philosophies develop, 
proactive managers, users, and other interested parties share their 
thoughts. At times, they see the need for new management, or a 
coordinated set of decisions regarding a specific land area. The 
need for new management is clear on some public rangelands. 
Evaluations of monitoring information have suggested real prob- 
lems with existing management in places. In some areas there is 
inconsistency between on-the-ground management and new land- 
use plans (National Forest Land and Resource Management Plans 
or Bureau of Land Management Resource Area Management 
Plans). Open communication through the years minimizes the 
surprise of such needs. 

The process described here primarily applies to plans at a smaller 
scale than the “National Forest” and “Resource Area” plans men- 
tioned above. The appropriate area for a CRM/ NEPA plan could 
be an allotment, several allotments, a watershed, mountain, or any 
other logically defined site-specific management area. However, 
when a plan for a whole National Forest or Bureau of Land 
Management Resource Area needs revision, a similar process 
could be used. The major difficulty with consensus decision mak- 
ing in such broad-scale planning efforts is the large number of 
people who want to be involved, and the sometimes political nature 
of those decisions. 

Steps to Follow in an Integrated CRM/NEPA Process 
I have described below (steps l-14 and Fig. 1) an integrated 

CRM/NEPA process with rationale and guidelines. Although 
steps are presented in sequential order, efficient managers antici- 
pate and prepare for future steps. A few steps go on simultane- 
ously. Failure to plan ahead and progress steadily will convince 
some that CRM, NEPA, or the government is too bureaucratic or 
their involvement is not valued. 

Step 1: Initiate CRM 
When an agency, land owner or operator, interested citizen, or 
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Fig. 1. Flow chart showing an integration of CRM and NEPA-mandated environmental analysis and documentation. The CRM team does the process 
steps in italics. The center column lists the principal steps in the process. 

*After a proposed action has been through scoping, and based on comments or appeals the CRM team has come to a new consensus, only writing an EA precedes issuing a 
decision. 

group such as a Conservation District realizes the need for a new 
plan, they may request that others work with them to help develop 
it. Often agencies have a prioritized schedule of areas that need new 
management or a coordinated set of decisions. After any discus- 
sion of needs or schedule adjustments, community, agency, and 
interest group leaders agree that it is time to get started. Experi- 
mental Stewardship Programs (set up under the Public Range- 
lands Improvement Act) established steering commit- 
tees. These steering committee and similiar umbrella-type CRM 
groups generally decide when to start planning on particular areas 
or resource issues. Where the management and activities of several 
people or agencies should be coordinated, the planning area often 

102 

includes more than one land ownership. Generally, the agency 
responsible for management of the largest land area takes a prim- 
ary role. When the area includes the land of more than one Federal 
agency, each may do at least some of the primary-agency functions. 

Step 2: Analyze the Management Situation 
Successful planners use the best available information. To pre- 

pare an analysis of present management and resource conditions 
and interdisciplinary team (ID team) forms within the primary 
agency. Resource specialists with skills needed to address the 
important resource issues and uses compose the ID team. Their 
analysis describes the existing condition of the resources, and 
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resource management issues, concerns, or opportunities. The 
desired future condition (according to the Forest Plan or Resource 
Management Plan) describes the goal. Furthermore, the analysis 
includes possible management practices with preliminary com- 
ments about their direct, indirect, and cumulative environmental, 
economical, economic, and other consequences. The analysis also 
lists affected Federal, state, and local agencies and other interests. 
Input comes from resource specialists inside and outside the 
agency, monitoring and historical records, reports, inventories, 
planning documents, research, etc., and the public. To learn the 
concerns of the public, the primary agency publicizes anticipated 
planning efforts and solicits public input with press releases, let- 
ters, public meetings, tours, personal contacts, etc., as appropriate. 
When completed, the analysis becomes the core of a packet sent to 
all potential CRM team members. 

Although such an analysis is necessary, its preparation often 
generates fear among those who feel threatened by change. There- 
fore, it’s important to word the document positively and make it 
informative without allowing it to become argumentative or advo- 
cacy oriented. 

Step 3: Select1 Recruit CRM Team Members 
When the ID team and others are ready for active planning, the 

steering committee recruits appropriate people (or groups to be 
represented) for the CRM team. Lacking a steering committee, a 
Conservation District or a few “community pillars” and the prim- 
ary agency, land owner, or permittee can invite participation. 
The primary agency will know, through previously invited public 
input, of certain individuals or groups with the knowledge and 
skills needed to represent various interests. 

The CRM team consists of field level professionals appropriate 
for the types of resources and existing conditions, opportunities, 
and conflicts. It consists of: (1) a representative from the agency(- 
ies) responsible for managing the public land; (2) expertise from 
other directly involved agencies (such as the state fish and wildlife 
department or the Soil Conservation Service); (3) representatives 
from environmental interest groups or individual(s) who under- 
stand their concerns; (4) involved permittees and any included land 
owners or their representative(s); and (5) individuals who can 
represent other appropriate interest groups (wild horse, off-road 
vehicle, etc.) that want to, or should be, involved. Adequate and 
complete representation of all resource interests and all land 
ownerships is vital to successful CRM. 

Leaders may have to recruit certain people or interests with 
needed expertise or perspective. They may also have to screen out 
dysfunctional personalities, people who cannot adapt to the 
requirements of communication and teamwork. Some such highly 
vocal personalities have strong interests that should be represented 
by someone else who can effectively participate in a team effort. If 
key interests do not represent themselves, the CRM team should 
still consider their concerns. The primary agency should represent 
all legitimate interests (national, regional, local, future genera- 
tions, and taxpayers), even in their absence. To maintain conti- 
nuity, if the CRM team is to update the work of a prior CRM plan, 
prior CRM team members should be recruited if practical. 

Step 4: Select/Recruit a Facilitator 
The primary agency, with the help of the steering committee or 

key people, should recruit an appropriate unbiased facilitator or 
moderator familiar with the CRM process. The skills needed by the 
facilitator will include meeting management, communication, role 
clarification, team building, working with diverse audiences and 
sometimes difficult people, visioning, goal and objective setting, 
decision making, and group maintenance. Various training mate- 
rials discuss CRM effectiveness and meeting facilitation (Ander- 

son and Baum 1988, Phillippi and Cleary 1993). Also, much has 
been written about effective alternative dispute resolution (Fisher 
and Ury 1983, Bingham 1986, Ury 1991, Rees 1991, and Hart 
1992). The team must come to trust the facilitator and believe that 
he or she will help them all make timely progress. 

Step 5: Send Information to the CRM Team 
The primary agency sends a pre-tour packet (see step 2 above) to 

each CRM team member at least 2 weeks before their first meeting. 
This packet should contain maps of the planning area and details 
about its physical, biotic, and cultural features. There should be a 
description of present management, a summary of important 
inventories and monitoring information, and pertinent informa- 
tion on management constraints or desired future conditions from 
any applicable Forest Plan or Resource Management Plan. To this 
is added an array of possible management practices and comments 
about them, and any other pertinent information. 

The packet is not intended to resolve issues. However, it will 
provide information needed for the CRM team to resolve them. It 
should be clear that the CRM team will be free to develop their own 
solutions for resource management in the planning area. They may 
use all or parts of the listed possible management practices or 
develop completely new ideas. If they succeed in developing a plan 
by a consensus, it will become the “proposed action” upon which 
the primary agency will conduct any needed environmental analy- 
sis (the NEPA process). 

The packet will naturally focus attention on key unresolved 
issues. Although a necessary tool for management, this informa- 
tion may make the process of visioning more difficult. To over- 
come this, the facilitator may need to begin by emphasizing rela- 
tionship building and goal setting. This will help avoid premature 
debate of analysis-implied problems or solutions that may become 
irrelevant with a new vision and evolving management strategy. 

The primary agency also sends the CRM team a description of 
the CRM process. The steering committee or someone familiar 
with the CRM process normally develops this paper. Some states 
have a handbook for this purpose. The CRM Handbook published 
by the Society for Range Management contains appropriate des- 
criptive materials (Phillippi and Cleary 1993). This description 
explains how members will be involved and for what they should 
prepare. Coordinated Resource Management team members should 
read the CRM materials and study the packet of information 
before the first team meeting. 

Step 6: Tour the Planning Area 
To work as an effective team, members of the CRM team 

prepare themselves. They will each need to become familiar with 
the landscape and resource features of the planning area as well as 
opportunities for improved or continued resource management. 
For many CRM teams, their first meeting is a tour of the planning 
area. Participants learn first hand the nature of the resources, 
opportunities, and conflicts. They check the completeness and 
accuracy of any perceptions based on information in the pretour 
packet. Additional information about the planning area is added 
as necessary during or after the tour. 

As team members with different and often conflicting interests 
describe their vision for the land, they tell others what motivates or 
concerns them and why. Everyone on the team, because of their 
different experiences, brings a unique set of viewpoints to the team. 
Each will probably identify opportunities, conflicts, and resources 
that the others might overlook. Thus they begin an informal pro- 
cess of building relationships with other team members as they 
share personal knowledge of the land and its uses. 

The CRM team tours the planning area by vehicle, on foot, or by 
horseback. Size of the area and the complexity of the situation 
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dictate.the time required. The minimum time is usually one day. It 
is important to look at the entire planning area and not just the 
main or important parts of it. 

To provide timely and useful participation, and to negotiate 
effectively, team members should understand key features of the 
CRM process including the meaning of consensus. At the begin- 
ning of the tour, a representative of the Steering Committee or 
primary agency explains expectations for the whole process. It 
should be clear how the primary agency will support a consensus 
and that environmental analysis and public review must follow. 

Then the facilitator explains, or develops with the group, the 
ground rules and operating procedures. The facilitator might dis- 
cuss group process for working through difficult issues, steps for 
building trust, and relationships with others including the media. 
Each team member should discuss their role and be familiar with it. 
They should also discuss a time line so participants can commit the 
necessary time. Some CRM teams summarize these discussions at 
the beginning of the tour and conduct a thorough follow up at the 
start of the first indoor meeting. Some also conduct a well- 
organized training that describes the process in detail. Such train- 
ing also describes what the process is not, and how it has been 
successful elsewhere. 

When discussions lead to consensus about an action item it must 
be recorded so that all can agree that it is the action they agree to. 
Recording agreement items promptly, while everyone is present, is 
critically important. Ideas are clear in everyone’s mind and receive 
full team support. Occasionally a CRM team develops a consensus 
about a complete and thorough set of recommendations during 
discussions on the field tour. More often, the tour becomes the 
foundation for considerable follow up consensus building. Work- 
ing through conflicts to arrive at consensus is part of the CRM 
process. 

Step 7: Develop the CRM Plan 
Through continued meetings the team will come to understand 

the purpose, role, and most important issues and concerns of each 
team member. The lead agency and other representatives will help 
them become familiar with pertinent laws, policies, opportunities, 
and constraints. During CRM, team members will each need to: 

-explain their needs and listen to (learn) the needs of others; 
-participate in team building to develop mutual trust; 
-help develop common goals and objectives based on issues, 

concerns, and opportunities; 
-keep constituents up to date on meetings and decisions; 
-consider input to the plan from outside the CRM team; 
-work toward solving problems; 
-propose, with others, an integrated set of actions to accomp- 

lish the goals and objectives. 
All CRM team members make personal decisions regarding 

when to negotiate for something different and when to accept 
alternate ideas that others feel strongly about. In many situations, 
expressions of discomfort with a proposal lead to further discus- 
sion and better solutions. A solution not previously thought of will 
often meet the needs of all parties and therefore not require a 
compromise. 

To develop a team concept of the vision for the land and the 
CRM Plan, the first meeting soon after the tour should focus on 
goals. It is critically important for the group to create a vision and 
move forward with faith, motivation, and commitment. By start- 
ing with perceptions of opportunities and then of issues or prob- 
lems, the team may find the common interests and trust to state 
goals expressing collective agreement. Each person should explain 
their needs as opposed to a bargaining position. Some teams prefer 
to discuss resource needs and their vision before a field trip, as a 
way for people to get to know each other. 

Goals express a general direction and may depict a condition 
desired far into the future. They may not be worded precisely 
enough to identify the needed management actions and monitoring 
information. Thus the team develops specific objectives that 
address the stated goals. The time needed to accomplish objectives 
should be consistent with the length of the planning cycle. 

Management actions should be based on specific objectives that 
provide enough detail to identify needed monitoring. It should be 
apparent for each objective who will measure success or failure and 
how. For example, describing the desired plant communities 
focuses ideas that help to choose appropriate management actions 
and vegetation monitoring methods. A good objective is obtain- 
able, measurable, and worthy of the management cost (including 
monitoring) necessary to achieve it. To ensure consistency, the 
team should develop specific objectives and management actions 
at the same time. 

It is critically important that the interdisciplinary (ID) team 
knows of the CRM team’s progress and concerns and makes 
available any needed analysis. The interdisciplinary team members 
should actively participate in the tours and meetings as needed. 
The CRM team should have and use the best collective wisdom as 
the basis for their recommendations. If the primary agency receives 
additional important information or a request from the public, the 
agency has an obligation to help the CRM team address the need. 
Similarly, if ID team members have a problem with developing 
ideas, the CRM team should learn of the concerns early enough to 
address the issue. 

Note that in each Federal agency, a responsible official (such as a 
Forest Service District Ranger or Bureau of Land Management 
Area Manager) makes the final decision on proposed actions that 
affect public lands. The responsible official (after discussions with 
ID team members) may not agree with the evolving CRM consen- 
sus. If CRM representatives anticipate official disagreement, they 
prevent misunderstanding or mistrust by improving communica- 
tions. Decision makers and other key individuals with strong views 
should be encouraged to present their views on specific matters and 
to listen to the views of others. It helps for the responsible official, 
and the decision makers of other groups, to personally participate 
in CRM meetings. When decision makers do not participate, they 
must trust their selected representative. Representatives on the 
CRM team should discuss ideas as needed with those they repres- 
ent. However, all team members need the flexibility to explore the 
wide range of potential solutions, and to accept any that meet the 
breadth of participants’ needs and their common goals. 

Groups may fail to reach consensus at times. They can and 
should use many strategies to work through the impass. Schedul- 
ing additional field time, bringing in technical expertise, and pro- 
viding time for people to collect their thoughts, consider alterna- 
tives, or create new ideas all help. However, the team needs to 
understand that decisions must be made. If the team cannot resolve 
the issue in a reasonable time, responsible officials and land owners 
may have to make decisions without the benefit of the team’s 
recommendation. However, as long as the team continues to pro- 
gress in a good-faith effort, decision makers should make every 
effort to allow their work to go on. Usually, there is much the team 
agrees upon. Often, management can move forward even when the 
team hasn’t resolved all issues. 

When the CRM team members all agree that the plan (the 
collective set of actions) adequately addresses all goals and objec- 
tives, all members signify mutual support and agreement by sign- 
ing it. They then receive a copy of the agreed upon CRM plan. 
Items in the plan include sufficient details about such things as 
grazing strategies, proposed range or habitat improvements, moni- 
toring, and any other actions the group will take for resource 
management on the planning area. All agreed upon actions should 
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state or list who will do what, where, and when. 

Step 8: Review and Approve 
The responsible official then approves the CRM plan as concur- 

rently or subsequently, but informally, analyzed by the ID team. 
Where appropriate, the responsible official approves it as a 
member of a steering committee or umbrella group. These groups 
also function by consensus. If the steering committee or responsi- 
ble official(s) do not concur, they send the report back to the CRM 
team. After reconciling the concerns, the CRM team again brings 
their recommendations to the responsible official or steering com- 
mittee for approval. The approved CRM plan becomes the pro- 
posed action for additional scoping and completion of any 
required environmental analysis. 

The role of the responsible official(s) on the steering committee 
warrants explanation and emphasis. The responsible official is 
clearly responsible for the decision. The official can neither shift 
nor share the responsibility. However, the decision-making pro- 
cess can be shared. Therein lies a unique and invaluable character- 
istic of CRM. Federal advisory boards and committees develop 
advice and recommendations for the responsible official who later 
weighs the advice while making a decision. In contrast, the respon- 
sible official who is a member of a CRM steering committee works 
shoulder to shoulder with other members rather than accepting 
advice from a distance. Participating responsible officials in no 
way shift responsibility, but do share the process. Agency staff 
functions in much the same way on the CRM team. The manager 
participates with the advisors rather than just listens. This charac- 
teristic, which is unique to CRM, explains much of the success that 
CRM has enjoyed. The Experimental Stewardship Program is the 
testing and experimental ground for CRM and the effect of this 
unique quality is central to the success reported for this process in 
the 1985 and 1991 Reports to Congress (USDA and USDI 1985 
and 1991). 

Step 9: Continue Scoping and Document NEPA Analysis 
Scoping is a required process for identifying the scope of signifi- 

cant issues related to a proposed action. It invites additional partic- 
ipation from the public and other agencies. Interdisciplinary team 
communications with the public and the CRM process achieve 
much of the purpose for scoping. However, formal scoping is based 
on a proposed action, the CRM plan. 

Following steering committee consensus or responsible official 
approval, the agency sends a description of the proposed action, to 
affected interests for review. The description includes initial and 
future conditions and may include other alternatives considered. 
An enclosed letter encourages the public to provide comments. The 
public may offer information, support, or criticism, or request 
analysis of additional alternatives. 

Public comment may cause the responsible official(s) to prefer 
management actions different from the proposed action. If peferred 
management significantly differs from the CRM plan, the CRM 
team or steering committee needs to meet. Together they work out 
any differences by developing (a new?) consensus if possible. 

The agency documents an analysis of the proposed action and 
any appropriate alternatives in an environmental assessment (EA). 
To keep EAs concise, they should tier to, adopt, or incorporate by 
reference other environmental documents (US Forest Service 
1992). 

Step 10: Issue a Decision 
With a completed environmental assessment, the responsible 

official selects a preferred alternative. This may be the original 
proposed action or a new alternative endorsed by the CRM team 
(and steering committee where appropriate). If the CRM team 

could not agree on an alternative that meets the agency’s responsi- 
bilities, the responsible official may have to select an alternative 
not endorsed by the CRM team. However, such a decision often 
leads to court and may make working with affected interests very 
difficult. 

After selecting the preferred alternative, the responsible official 
determines if the proposed action will have a significant impact on 
the “human environment” based on the completed environmental 
assessment. If not, the official issues a “finding of no significant 
impact (FONSI)“’ and a concise decision notice that describes the 
preferred alternative. The agency then notifies interested and 
affected people, other Federal agencies, state and local govern- 
ments, and organizations of the availability of environmental and 
accompanying decision documents. The primary agency may then 
write these decisons into any other plans as necessary (for example 
by writing allotment management plan(s) in consultation with the 
permittee(s 

Step 11: Consider Appeals 
Following the decision notice, anyone may request a copy of the 

environmental assessment. Experience has shown that open plan- 
ning processes reduce opposition and appeals, especially after 
CRM consensus building. However, some issues are intractable 
and any affected interest may appeal the decision. If the appeal is 
upheld, sometimes only minor modification is needed and this may 
not require calling the CRM team back together. However, if 
significant modifications are warranted, reconvening the CRM 
team becomes the logical next step. 

Step 12 Implement and Monitor 
Once a plan is complete, managers should carry it out as soon as 

possible or as specified in the plan. This is why the original (and any 
subsequent) CRM plan identified responsible individuals and a 
timeline. Timely implementation requires continued CRM team 
support and possibly meetings or work parties. Some projects in 
the plan may also require additional detailed planning, such as 
developing specifications for installing structures. Only those who 
will directly use or install the project need to design it. 

Implementation, effectiveness, and validation monitoring are 
each needed to learn whether prescribed management was applied 
and meets objectives. Implementation monitoring tells what 
actions were taken, including such things as use dates, herd size, 
dates of project completion, etc. Effectiveness monitoring records 
the short-term effect of applied management. It includes such 
things as utilization pattern or residue levels as affected by grazing 
use and growing conditions. It also records the effect of natural 
events such as weather, fires, floods, etc. Validation monitoring 
documents the long-term effect of management. It measures trend 
in attainment of plan objectives including such things as changes in 
species composition, growth of woody vegetation, or changes in 
stream channel form. 

Step 13: Conduct Annual Reviews 
Periodic review sessions require monitoring information. The 

CRM team should meet semiannually or annually. They keep 
abreast of progress toward implementation, the success of planned 
actions, and problems or additional needs. Regular meeting are 
especially important early in the implementation phase. Expe- 
rience has shown that when key people do not continue to meet and 
take management actions by consensus, the plan is likely to fail. 
Almost every plan needs fine tuning and some may need major 

INote that if the responsible official determines that the proposed action will have a 
significant effect on the quality of the human environment, the official issues a notice 
of intent to file an environmental impact statement (EIS). Often when an EIS is 
needed, it will be prepared, instead of an EA. An EIS proposed action can also be 
developed with a CRM process. However there may also be formal public hearings, a 
more detailed environmental analysis of more alternatives, public review of a draft 
EIS, and other differences in scale. 
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adjustment. The CRM team is the logical group for this. Some- 
times, fundamental goals change with time. Whenever a plan needs 
adjustment, the primary agency may need to supplement or revise 
environmental analysis and documentation. 

Step 14: Evaluate and Replan 
Sometimes new information, the nonattainment of long-term 

objectives, or a change in goals of the primary agency or other key 
player(s) creates the need for replanning. In extreme situations, 
this should be accepted as simply a need to start over at step 6, or 
rarely step 1. Whether the primary agency needs to supplement or 
revise environmental documentation depends on how much the 
latest plan differs from prior environmentally documented plans. 

In conclusion, CRM is most successful when people follow the 
“cardinal rules for CRM,“that is when: (1) all the affected interests 
were adequately represented, (2) participants expressed their needs 
(not their positions), (3) the team became committed to success, 
and (4) they agree to management by consensus (Phillippi and 
Cleary 1993). Those groups that continue to meet annually and 
take management actions through the CRM process consistently 
find that resource management continues to improve (Anderson 
and Baum 1987). In addition, CRM plans often include nonfederal 
land and increase the possibility for entire watershed, ranch, habi- 
tat, or ecosystem approaches..By combining CRM with the profes- 
sional staffwork and additional public involvement required by 
NEPA for Federal lands and actions, planning becomes more 
thorough and decisions become more defendable. When everyone 

understands the legal requirements from the beginning, they can 
understand their role and plan their participation. By combining 
the NEPA process with the consensus-building CRM process, 
plans and decisions become better supported and more easily 
carried out. 
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Abstract 

Multi-variable analysis of grazing research has seen little con- 
ceptual development and even less application. To advance 
reseruThonthemultiplerelatiorshipsoflivestock~,computer-based 
analyses using multiple variables are needed. Dynamic variables 
describing livestock-herbage relationships must be developed to 
describe dynamic processes such as herbage growth and disap- 
pearance. Such variables could be used either alone or in combina- 
tion with other variables as indicators to analyze and manage 
grazing. This paper presents 4 arrays of derived variables and 
discusses their individual and combinational value in analyzing 
and managing grazing. Greater power in analyzing grazing will 
come from use of combinations of variables rather than relying on 
single variables, e.g., stocking level. The variables described are 
useful in comprehensive analyses of research or in ad hoc roles 
aiding decisions in management. The paper also discusses possible 
future uses of variables as indicators in computerized analyses of 
other ecological systems. 

Key Words: stocking rate, stocking level, grazing systems 

Multi-variable analysis of grazing research has seen little con- 
ceptual development and even less application. Both its develop- 
ment and application are long overdue. A recent paper by Hart 
(1993) analyzing the citation histories of different schools of stock- 
ing rate research is in itself clear evidence that single variable 
grazing research based principally on stocking rate has in theory 
and practice gone as far as it can go. To advance research on the 
multiple relationships of livestock grazing, computer-based ana- 
lyses using multiple variables are needed. Such multi-variable ana- 
lyses are needed tools in describing the complexities and synergies 
of grazed systems. The multiple variables used in research can also 
be used as indicator variables in simplified models for analysis and 
decision making. 

Scientific analysis of grazing research has been limited by the use 
of static variables to describe dynamic processes. Concepts and 
associated variables describing livestock-herbage interactions often 
have been developed and defined to fit existing field sampling 
techniques. Dynamic variables must be developed to fit dynamic 
processes, and then appropriate techniques developed to either 
measure or model data to calculate values for the variables. Vari- 
ables describing instantaneous conditions (rate variables) (Forres- 
ter 1961) and variables describing cumulative effects over a period 
of time (level variables) are both needed. 

Earlier papers (Scarnecchia and Kothmann 1982, Scarnecchia 
1985a) presented an array of dynamic stocking variables describing 
relationships among the basic variables of animal demand in 
animal-units (AU), pasture area (ha), total herbage in a pasture (kg 
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or tons), and time. The total herbage in a pasture (kg or tons) used 
in calculating some stocking variables (e.g., grazing pressure, 
(AU/ kg)) is easily sampled by clipping, but clipping is inadequate 
to determine growth and disappearance which occur in pastures. In 
a later paper, Scarnecchia and Kothmann (1986) presented 
another array of variables describing growth, disappearance, and 
accumulation of herbage under livestock grazing. By relating vari- 
ables describing animal demand, herbage intake, and animal pro- 
duction to variables describing growth, disappearance, and accumu- 
lation of herbage, other arrays of dynamic variables can be derived 
which describe livestock-herbage relationships. This paper pres- 
ents 4 arrays of derived variables and discusses their individual and 
combinational value in the analysis of grazing. 

Demand, Intake and Production Relationships 

With an appropriately abstracted definition of an animal-unit as 
a unit of animal demand rather than a unit of intake (Scarnecchia 
1985b, Scarnecchia and Gaskins 1987), an array of variables relat- 
ing animal demands to growth, disappearance, and accumulation 
of herbage can be derived (Table 1). The 3 rate variables describe 
instantaneous relationships, while the 3 accumulation variables are 
calculated over a period of time. Each of 3 rate variables describes a 
different relationship and each numerator and denominator of the 
level or accumulation variables is the mathematical integral of each 
corresponding numerator and denominator of the rate variables. 
Because the number of animal-units stocked is a management 
decision and may be set arbitrarily, and because growth and disap- 
pearance of herbage may approach or be 0, all 6 variables may be 
mathematically undefined (i.e., division by 0) or take on extreme 
values. The 2 demand/accumlation variables may be positive or 
negative, depending on whether growth exceeds disappearance. In 
most real systems, they can be used either alone or in combinations 
in making management decisions such as when to move animals 
from a pasture. The animal-unit-day/cumulative herbage growth 
(AUD/ CHG) and AUD/cumulative herbage disappearance (CHD) 
variables (Table 1) are used in deriving 2 interchangeable defini- 
tions of stocking efficiency (Scarnecchia 1988). 

Table 2 shows analogous variables describing intake/ herbage 
relationships. In the 2 variables in Row 2 of Table 2, intake is part 
of disappearance so that the variables in Row 2 cannot have values 
>l. The rate of intake/herbage disappearance rate (HDR) and 
amount of intake/ CHD variables will be LO but 5 1 in all systems. 
The denominators of the variables in row 2 of Table 2 may be 
replaced with (herbage disappearance rate excluding intake), and 
(cumulative herbage disappearance excluding intake), respectively, 
yielding 2 other variables whose values are mathematically unde- 
fined if the above denominators are 0, or may be very large if the 
denominators are small. Like their analogues in Table 1, the 2 
intake/ accumulation variables may be positive or negative in sign. 
The amount of intake/ CHG and amount of intake/ CHD variables 
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accumulation. Abbreviations: AU-anim&nit; AUfLanimal-unit-day. 
Table 1. Rate and level variables describing relationsbios between animal demand expressed in animal-units and herbage growth, disappearance and 

Rates Levels 

Demand Rate of Demand (AU) 
Growth Herbage Growth Rate 

(HGR) (kg/day) 

Demand 
Disappearance 

Demand 
Accumulation 

Rate of Demand (AU) 
Net Herbage Accumulation Rate 
(NHAR = HGR-HDR) (kg/day) 

Demand (AUD) 
Net Herbage Accumulation 
(NHA = CHG-CHD) (kg) 

Table 2. Rate and level variables describing relationships between animal intake and berbage growth, disappearance and accumulation. 

Rates Levels 

=h ~1~1 
Intake 
Disappearance 

Intake 
Accumulation 

Rate of Intake (kg/dav) 
Net Herbage Accumulation Rate 
(NHAR = HGR-HDR) (kg/day) 

Amount of Intake (kg) 
Net Herbage Accumulation 
(NHA = CHG-CHD) (kg) 
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are used in deriving either of 2 interchangeable definitions of 
harvest efficiency (Scarnecchia 1988). 

Animal production/herbage variables are shown in Table 3. 
Because animal production (either the rate or amount over some 
period of time) is not a direct managerial decision, mathematically 
it is more restricted than the number of animal-units that can be 
stocked. Notwithstanding this slight difference, the variables in 
Table 3 have mathematical behaviors similar to their analogues in 
Table 2. The amount of production/ CHG and amount of produc- 
tion/ CHD variables in Table 3 are used in deriving 2 interchange- 
able definitions of a particularproduction efficiency (Scarnecchia 
1988). 

Each numerator and denominator in the 9 rate variables in Table 
2 and 3 may be separately differentiated with respect to time, 
yielding 9 additional variables (Table 4). These additional vari- 
ables describe instantaneous relationships between the instantane- 
ous rates of change in each respective numerator and denominator. 
These variables would be useful primarily in modeling research in 
identifying and predicting trends. Although these variables are 
potentially useful in the future, the discussion that follows focuses 
mainly on the more immediately applicable rate and level variables 
in Tables l-3. 

Identification of the Important Variables 
and Description of their Uses 

The variables in Tables 1 through 3 are generated by grazing and 
are subject to limited control by a manager. Comparatively, the 
variables in Table 1 are subject to greater control because the 
number of animal-units stocked (and thus the numerators) are 
directly controllable, although limited by indivisibility of individ- 

ual animals. The intake variables (Table 2) are subject to less direct 
control because intake is a more complex function than animal 
demand, i.e., total intake is a function of other variables in addition 
to the number of animal-units stocked. The production variables 
(Table 3) are subject to even less direct control because production 
is a function of other variables in addition to intake. 

Among the variables in the Tables l-3, which ones are most 
useful? All variables will be useful in modeling and in model-based 
planning. Each of the 18 variables contains different information; 
potentially each is useful either alone or in combinations as indica- 
tors for planning. Just as a technical analyst of financial markets 
may use a number of indicators (ratios, indices, or other variables) 
to predict market movements or make buy and sell decisions, a 
pasture manager may use any of these variables, either for specific 
pastures or more generally for making decisions about grazing. A 
variable which may be a useful indicator in one situation may be 
less useful in another. For example, the herbage growth variables 
(Row 1, Tables l-3) may be useful indicators during the growing 
season, but not during the dormant season. When disappearance is 
more rapid, the herbage disappearance variables (Row 2, Tables 
l-3) may be more important. Single variables alone may be useful 
indicators for ad hoc planning tactics, but will usually be more 
useful when combined with stocking variables (grazing pressure, 
stocking rate, etc.) or with other variables in Tables l-3. Many uses 
in management and modeling are possible for the variables in 
Tables l-3, limited only by the insights of the researcher or 
manager. 

Some variables in Table 2 express interesting individual rela- 
tionships. The rate of intake/ HDR variable (Table 2) expresses the 
fraction of disappearance which is disappearing as intake at a point 
in time, and is an instantaneous intake/disappearance efficiency. 

Table 3. Rate and level variables describing relationships between animal production and herbage growth, disappearance and accumulation. 

Production 
Growth 

Production 
Disappearance 

Production 
Accumulation 

Rates 

Rate of Animal Production 
(nroduction/dav) 

Herbage Growth Rate 
(HGR) (kg/day) 

Rate of Animal Production 
(nroduction/dav) 

Herbage Disappearance Rate 
(HDR) (kg/day) 

Rate of Animal Production 
(nroduction/dav) 

Net Herbage Accumulation Rate 
(NHAR = HGR-HDR) (kg/day) 

Levels 

Amount of Animal Production 
(nroduction unit) 

Cumulative Herbage Growth 
(CHG) (kg) 

Amount of Animal Production 
(txoduction unit) 

Cumulative Herbage Disappearance 
(CHD) (kg) 

Amount of Animal Production 
(production unit) 

Net Herbage Accumulation 
(NHA = CHG-CHD) (kg) 
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Table 4. Variables describing instantaneous relationships among rates of change in rates of animal demand, animal intake, and animal production and 
rates of change in rates of herbage growth, disappearance and accumulation. 

ANIMAL DEMAND ANIMAL INTAKE 

Growth 

Rate of Change in 
Rate of Demand (AU/&y) 

Rate of Change in 
Herbage Growth Rate 

&g/day*> 

Rate of Change in 
Rate of Intake (kg/day) 

Rate of Change in 
Herbage Growth Rate 

(kg/day*) 

Disappearance m 

Accumulation 

Rate of Change in Rate of Change in I 
Rate of Intake (ke/dav) Rate of Animal Production 

Rate of Change in fnroduction/day*L 
Herbage Disappearance Rate Rate of Change in 

fig/day*) 
I I I 

Herbage Es,pe;,-ance Rate 
0 (1.) \“&y UUJ , I 

Rate of Change in Rate of Change in Rate of Change in 
Rate of Demand (AU/day) Rate of Intake (k&l&_ Rate of Animal Production 

Rate of Change in Rate of Change in fnroduction/day*l_ 
Net Herbage Accumulation Net Herbage Accumulation Rate of Change in 

Rate Rate Net Herbage Accumulation 
&s/day*) (kg/day*> Rate 

(kg/day*) 

ANIMAL PRODUCTION 

Rate of Change in 
Rate of Animal Production 

fnroduction/da$L 
Rate of Change in 

Herbage Growth Rate 
(kg/clay*) 1 = 

The amount of intake/CHD (Table 2) expresses a similar fraction 
over a period of time, and represents an intake/disappearance 
efficiency over that time. Both variables are individually useful in 
describing results of grazing research, partly because both are 
mathematically well behaved and vary in value from 0 to 1. The 
amount of intake/ CHD variable can be modified by adding a final 
amount of herbage per pasture (TH) at the end of time interval t-to 
for which it is calculated to define a harvest efficiency of all herbage 
to which animals have had access during at least some portion of 
t-to (Scarnechia 1988). 

are compatible with the key species and key area concepts range 
and pasture science. 

Identification of variables such as those in Tables l-3 is impor- 
tant because once identified, they demand an heuristic reorienta- 
tion of methods of measurement or simulation in order to use 
them. When such variables are functionally important, they 
encourage increased efforts to measure or model basic variables 
(e.g., growth or disappearance) previously considered difficult to 
measure, but nonetheless critical to thorough understanding. 

In Table 3 the rate of production/ HDR and amount of produc- 
tion/CHD variables relate animal production to herbage disap- 
pearance and describe the efficiency of use of disappearance for 
animal production. The animal production/ herbage growth vari- 
ables (Row 1, Table 3) describe how new herbage growth is related 
to animal production. All 4 variables should also be useful in 
modeling animal production on different kinds of herbage. 

All variables in Table 3 are appropriate for use in time-lag 
analyses where the production rates and amounts at or during a 
time may be related to herbage variables at or during a previous or 
later time. In fact, all of the variables in Tables l-3 can be used in 
such analyses. The interpretation of the intake/disappearance var- 
iables (Row 2, Table 2) will be slightly changed, as the values of 
both variables will no longer necessarily be Il. Otherwise, inter- 
pretations of these and the other variables will be little changed. 

All variables in Tables l-3 may be calculated either on a wet or 
dry matter basis. Although often ignored and eliminated by dry 
matter calculations, herbage water content is often important in 
analyzing livestock nutrition and behavior. This importance 
makes the variables useful on both wet and dry matter bases. 

Each of the variables in Tables l-3 might be useful either alone, 
in combination with other variables shown and/ or in combination 
with stocking variables. In ecologically based livestock systems in 
which indicator species and indicator areas are often used in 
managerial decisions, dynamic variables may analogously serve as 
indicators in research and management. Effort must be directed at 
developing more accurate methods of measuring or modeling her- 
bage growth and disappearance used in many of the variables by 
using modeling techniques and by building on such basic work as 
that of Gammon and Roberts (1978). Also, less dependence on 
single variables (e.g., stocking level) in describing relationships will 
improve interpretations of research. Future work should focus on 
developing algorithms and software to conduct multi-variable ana- 
lyses. Researchers and managers must also become more comfor- 
table and imaginative in working with the arrays of dynamic 
variables which will be needed to research and manage the systems 
involved. 
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Abstract 

Based on recent circumstances in connection with compensation 
of livestock killed by large, protected carnivores in Norway, this 
paper discusses what type of logic should be used to establish which 
animal is the perpetrator. We suggest that the use of a “modus 
tollens” logic based upon tracks and signs which are notfound at 
the site is invalid for management purposes. Instead, we suggest 
“modus ponens” logic based upon what is actually found by a 
carcass. 

Key Words: large carnivores, animal husbandry, livestock loss, 
compensation, tracks and signs 

Brown bear (Ursus arctos), wolf (Canis lupus), and wolverine 
(Gulo gulo) are protected by law in all of Norway, as is lynx (Lynx 
lynx) in the southern half of the country. There are also several 
thousand cattle (heifers) (Bos taurus)and 2.3 million domesticated 
sheep (Ovis aries) which range free in Norway during the summer. 
This combination results in some losses to carnivores each year. 
Losses of domestic animals to large carnivores are compensated by 
the government when it can be documented by evidence which 
shows that protected carnivores are responsible for the loss. 
Research with mortality transmitters (Mysterud and Warren 1991) 
is being conducted to determine how and why free ranging sheep 
die (Warren and Mysterud 1990, Mysterud and Warren 1993). In 
some instances, it is not difficult to determine what has killed 
livestock. At other times this is difficult, which results in arguments 
as to whether or not compensation should be paid. 

In 1992, we were involved in the “Selbu-case” in South Tron- 
delag, Norway where more than 20 cattle died by “unexplainable” 
means (Mysterud and Mysterud 1993). After a thorough evalua- 
tion of the case, we considered it probable that these animals were 
killed/ had died in connection with attacks/ advances from a (male) 
brown bear. The incidents took place in an area known to be 
occupied by bears, based on sightings and signs, but whose role in 
cattle killing was not confirmed. 

The controversy surrounding the Selbu-case started after 1 of us 
(as an independent expert) evaluated 1 of the killed animals in 
September 1992. Other experts in Norway rejected the conclusion 
that bears could be considered as a probable perpetrator. It was 
argued that neither bear hair nor scats were found by the carcass, 
nor was the carcass consumed; so bear was not a possible 
perpetrator. 

Objective Criteria 

The following discussion is based upon the logic in using tracks 
and signs and explore the validity of what one does not observe on 

Erik Bleken, Atle Mysterud, Arne Nacss, Michael Pelton, and Jerry Thomas 
warren have commented upon earlier drafts of this paper. The argument was shar- 
pened from suggestions by the editor and one of the referees. 
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or by a carcass. One of the skeptical experts in the Selbu-case 
introduced his own independent “objective criteria” as to what is 
necessary in order to confirm that a bear has been present, namely 
hair, scats, and/or certain tracks (on a suitable surface). With this 
logic, if none of these criteria could be met, a bear can not be 
implicated. 

The skeptical expert examined hairs that were found at other 
sites where animals were found killed/had died. The analysis 
showed these to be hair from domesticated sheep and cattle. This 
cannot be used, as our critic used it, as “proof” for or against the 
presence of a bear (or bears). Only upon locating its hair can a bear 
be implicated. We are going to more fully explore this by examin- 
ing the formal logic in the reasoning and attempt to put the 
problem into perspective. 

To explore the logical validity, we can reason as follows: 
“If a bear is the perpetrator, then there will be bear hair(s) on the 

site where the carcass is found!” 
“There are no bear hairs on the site where the carcass is found!” 
“Bear is not the perpetrator!” 
Formally this is what is known as “modus tollens’? 
“If p, then q!” 
“Not q!” 
“Not p!” 
This is a valid argumentation. The problem is that it is without 

foundation in reality. If a bear is involved, it can in some instances 
leave hairs where a carcass is found, but this neednot always be the 
case. Extending the previous logic, q follows from p, but q is not 
the only outcome of p. Even though the bear may have lost hair, it 
may be difficult to find. 

We want to suggest an alternative procedure for such circum- 
stances, based upon what we think should be a more realistic 
approach. 

“If the bear is the perpetrator, then there can be bear hair on the 
site, but there does not have to be!” 

“There are no hair on the site!” 
“The bear does not have to be, but may be the perpetrator!” 
Formally: 
“If p, then q or not q!” 
“Not q!” 
“p or not p! 
Therefore, we can not use lack of hair to conclude anything at 

all. 
If one finds bear hair by a carcass, it is certainly important 

evidence/indication that the bear has been in the area. We can 
establish that: 

“If there are bear hairs on the site, then the bear has been there!” 
“There are bear hairs on the site!” 
“The bear has been there!” 
Formally this is what is called “modus ponens’:’ 
“If p, then q!” 
“Pi” 
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“q!” 

This is also a valid logical argument. The point is, however, that 
in such instances one needs to focus on thepresence of hairs (i.e., 
modusponens) and not on lack of hairs (i.e., modus tollens)! It is 
our impression that many of those involved in Norwegian nature 
conservation are not well enough aware of this, or use such state- 
ments consciously to tighten the criteria required to establish that a 
protected carnivore is the culprit. 

Scats 
In the Selbu-case, lack of scats near the carcasses was used to 

exonerate bears. We maintain that the absence of bear scats indi- 
cates nothing at all (modus tollens). One will often find scat where a 
bear has consumed much of a carcass, but this is this modus 
ponens-incident. The above (scat deposition) will occur where a 
predation incident results from foraging by a carnivore. By focus- 
ing on lack of scats only, we can not say that the bear has killed 
them as ordinary preys or not. A bear that kills and eats of a carcass 
may or may not leave scats at the site where the carcass is found. If 
the bear, for example, is disturbed while eating, it can leave the site. 
It can also do so before it begins eating, or it can even in the absence 
of disturbance rest a secure distance away from the carcass, per- 
haps leaving the carcass indefinitely. The scats will then be left 
elsewhere. The sexual aggression-hypothesis in the Selbu-case 
(Mysterud and Mysterud 1993) is based on other observations on 
and around the carcasses and can explain the lack of feeding signs, 
among them the lack of scats. It is not certain that the intention of 
the bear was to eat. 

The Quality of Tracks 
One of our critics in the Selbu-case maintains that clear tracks 

should be made on suitable surfaces (e.g., clay, bare soil etc.) so 
that claws and contours of the sole are fully visible. Fourteen 
carcasses in the Selbu area were found in forested terrain, 2 in bogs 
and 2 on grass-rich pasture. As one can imagine, the probability of 

finding a convincing track in these habitats is very small, especially 
if the tracks and sign are not fresh. Much of the season when this 
occurred in 1992 was also dry. The use of lack of especially good 
tracks to exonerate a bear, is obviously modus tollens logic. The 
premises are not realistic since a bear of course could have been 
present without leaving clear tracks. 

Finding clear tracks on totally unsuitable surface in a common 
forest understory is therefore an unreasonably strict criterion in 
documenting the presence of a bear in the past at the site where a 
carcass is found. Drought would also make it even harder to find 
clear tracks, even in bogs. 

Conclusion 

It is obvious that the more evidence one finds by a carcass, the 
easier and more certain it is to evaluate the incident. But it is just as 
clear that failing to find hair, scats, or clear tracks in cases where 
large carnivores can be a possible perpetrator can not be used to 
exclude the suspected carnivore! In every such case one needs to 
focus on what is actually found and on this base one% judgement 
on the probability for a given perpetrator! 
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Abstract 

Diet, dietary selection, and nutritional composition of the foods 
of sage grouse (Centrocercus urophasianus) hens were determined 
during the pre-laying period in southeastern Oregon in 1990 and 
1991. We collected 42 female sage grouse during a 5-week period 
preceding incubation (4 March-8 April). Sagebrush (Artemisia 
spp.) was the most common among 21 foods consumed but forbs 
composed 18 to 50% of the diet by weight. Desert-parsley (Loma- 
tium spp.), hawksbeard (Crepis spp.), long-leaf phlox (Phlox lon- 
gifolia Nutt.), everlasting (Antennaria spp.), mountain-dandelion 
(Agoserir spp.), clover (Trifoliwnspp.), Pursh’s milk-vetch (Astragalus 
purshii Dougl.), buckwheat (Eriogonum spp.), and obscure milk- 
vetch (A. obscurus) were the primary (11% of the diet by weight) 
forbs consumed. Forbs were used selectively over sagebrush in 
both low and big sagebrush cover types. All forbs were higher in 
crude protein and phosphorus and many were higher in calcium 
than sagebrush. Consumption of forbs increased nutrient content 
of the composite diet. Substantially fewer forbs were present in the 
diet in 1991 than in 1990, which coincided with reduced sage grouse 
productivity on the study area. These results suggest that consump- 
tion of forbs during the pre-laying period may effect reproductive 
success by improving nutritional status of hens. 

Key Words: Centrocercus urophasianus, diet, nutrition, Oregon, 
sage grouse 

Reduced productivity was associated with the population decline 
of sage grouse (Centrocercus urophasianus) in Oregon since the 
1940’s (Crawford and Lutz 1985). Poor productivity may be caused 
by inadequate nutrition of hens during the breeding season (Moss 
et al. 1975). Female red (Lugopus lagopus scoticus) and ruffed 
grouse (Bonasa umbellus) that obtain adequate nutrition in spring 
diets contribute more nutrients to eggs (Jenkins et al. 1965) and 
produce larger clutches and larger, more viable chicks compared 
with hens on less nutritious diets (Jenkins et al. 1963, Eastman and 
Jenkins 1970, Beckerton and Middleton 1982). Nitrogen (a mea- 
sure of crude protein) and phosphorus were identified as nutrients 
that affected egg production of red grouse (Moss 1967). Waibel 
(1977) found dietary calcium and phosphorus important for breed- 
ing success and productivity of poultry. Little information is avail- 
able on diets and nutrition of female sage grouse during the pre- 
laying period. Sagebrush (Artemisia spp.) contributed 89-100% of 
March and April diets (Rogers 1964, Wallestad 1975) of sage 
grouse in Montana and Colorado; the remainder of the diets were 
composed of forbs. However, diets of males and females were not 
senarated in these studies and no information on reproductive 
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stage of the birds, relative availability and nutrient content of 
foods, or dietary selection was provided. 

A need for information about the diet and nutrition of sage 
grouse hens during the critical period preceding egg-laying promp- 
ted this study. Objectives of the study were to determine the diet 
(foods eaten, parts consumed, frequency of occurrence, and rela- 
tive dry weight), dietary selection, and nutrient content of foods of 
pre-laying female sage grouse in Oregon. 

Study Area 

The study was conducted on lands administered by the U.S. Fish 
and Wildlife Service in eastern Lake County and by the Bureau of 
Land Management in western Harney County, Oregon. Elevations 
ranged from 1,200 to 2,450 m. Mean annual precipitation averaged 
29 cm and maximum daily temperatures averaged approximately 
23” C from March through September (U.S. Dep. Commerce 
1991). Total annual precipitation was 27 cm for 1989 and 17 cm for 
1990. Precipitation averaged 3 and 2 cm and temperatures aver- 
aged 3 and 1’ C during the periods of data collection in 1990 and 
199 1, respectively. 

The area consisted of flat sagebrush plains, interrupted by rol- 
ling hills, draws, and ridges, and was bounded by mountains on the 
west. Several lakebeds, springs, creeks, and meadows were distrib- 
uted throughout the area. Two cover types were used by sage 
grouse hens during the pre-laying period: low sagebrush (A. arbus- 
cula Nutt.) with bluebunch wheatgrass (Agropyron spicatum 
Scribn. & Smith) and Sandberg’s bluegrass (Poa sandbergii 
Vasey), and big sagebrush (A. tridentata var. wyomingensis Nutt.) 
with Thurber’s needlegrass (Stipa thurberiana Piper). Sagebrush 
cover exceeded 20% in both cover types, whereas grass cover was 
IlO% (Barnett 1992). Common annual and perennial forbs in both 
cover types included desert-parsley (Lomatium spp.), milk-vetch 
(Astragalus spp.), phlox (Phlox spp.), clover (Trifolium spp.), 
lupine (Lupinus spp.), hawksbeard (Crepis spp.), and mountain- 
dandelion (Agoseris spp.). Plant nomenclature was taken from 
Hitchcock and Cronquist (1990). 

During the past 10 years, stocking rates of livestock ranged from 
0.13 to 0.18 AUMs/ ha, and grazing occurred from April through 
December: rates were adjusted annually according to range condi- 
tions and forage availability. The study area was grazed in 1990, 
but not 1991. In 1990, utilization on key species averaged 44% on 
the Harney County portion of the study area (W.F. Taylor, Bur. of 
Land Manage., pers. commun.). Utilization data were not availa- 
ble for the Lake County portion of the area. Range condition of the 
Lake County portion was rated fair to poor (W.H. Pyle, U.S. Fish 
and Wildl. Serv., pers. commun.). Condition of the Hamey 
County portion of the area was estimated 4% potential natural 
community, 28% late seral, 51% mid seral, and 14% early seral 
(W.F. Taylor, Bur. of Land Manage., pers. commun.). 
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Table 1. Frequency of occurrence among crops nod relative dry weight of foods consumed by pm-laying sage grouse hens in southeastern Oregon, 
March-April, 1990-91. 

Frequency of occurrence among crops Relative dry weight 

Food 

Big sagebrush Low sagebrush Low sagebrush Big sagebrush Low sagebrush Low sagebrush 
1990 1990 1991 1990 1990 1991 

(N = 7) (N q  13) (N = 22) (N q  7) (N = 13) (N q  22) 

Sagebrush (Artemisia spp.) 
Desert-parsley (Lomarium spp.) 
Hawksbeard (Crepis spp.) 
Long-leaf phlox (Phlox longifolia Nutt.) 
Mountain-dandelion (Agoseris spp.) 
Clover (Trifolium spp.) 
Everlasting (Antennaria spp.) 
Pursh’s milk-vetch (Astruguluspurshii 

Dougl.) 
Buckwheat (Eriogonum spp.) 
Obscure milk-vetch (Astrugalus obscurus 

Wats.) 
Buttercup (Rununculus spp.) 
Other phlox (Phlox spp.) 
Blue-eyed mary (Collinsia spp.) 
Bluebells (Mertensia spp.) 
Larkspur (Delphinium spp.) 
Rockcress (Arabis spp.) 
Other forbs 
Grasses 
Ants 
Caterpillars 
Beetles 

_;o;__________(%)_____________ 92 loo _;;__________(%)_____________ 50 82 
86 92 68 7 16 8 
57 62 37 11 14 3 
86 92 55 12 4 2 
28 69 11 2 4 1 
0 31 18 0 4 I 

43 69 41 8 3 2 
57 31 9 2 <1 <l 

14 8 0 2 <l 0 
0 31 5 0 2 <1 

0 8 0 0 <I 0 
14 15 18 <1 <I <1 
0 38 9 0 <I <l 
0 0 5 0 0 <1 
0 0 5 0 0 <l 

14 0 0 <I 0 0 
57 54 0 <I <1 0 
57 69 5 <I <l <I 
0 15 0 0 <1 0 
0 8 0 0 <I 0 
1 0 0 <I 0 0 

The sage grouse population on the study area was characteristic 
of populations in much of the remaining range in Oregon with low 
densities and productivity (Crawford and Lutz 1985). During our 
study there were differences in productivity between years. Pro- 
ductivity surveys revealed 0.5 chicks/ hen and average brood size of 
2.7 in 1990 but only 0.2 chicks/ hen and average brood size of 2.2 in 
1991 (J.C. Lemos, Ore. Dep. of Fish and Wildl., pers. commun., 
and W.H. Pyle. U.S. Fish and Wildl. Serv., pers. commun.). 

identified, separated, and dried at 50’ C to constant weight. Rela- 
tive percent dry weight (total weight of each food divided by total 
weight of all foods in all crops) was calculated for each cover type 
and year. 

Methods 

We shot 42 sage grouse hens during the S-week period preceding 
incubation (4 March-8 April) in 1990 and 1991. Breeding chronol- 
ogy was determined from a concurrent radio-telemetry study of 
sage grouse hens on the study area. In 1990,13 hens were collected 
from low sagebrush and 7 hens were obtained in big sagebrush 
stands. In 1991, all 22 hens were collected from low sagebrush 
stands despite expenditure of effort equal to 1990 in big sagebrush 
areas. We collected birds in the evening (from 2 hours before sunset 
to dusk) to increase likelihood of obtaining a full crop. Crop 
contents were removed and plant species and parts (leaves, flowers, 
stems, etc.) identified. Contents were placed in plastic bags and 
frozen. 

We evaluated vegetative characteristics at foraging sites and 
random locations. A foraging site was defined as a circle with a 
10-m radius centered where a hen was first observed (J.W. Con- 
nelly, Ida. Dep. Fish and Game, pers. commun.). In addition, a 
random site was selected in the same cover type. Frequencies of 
plant species at foraging and random sites were estimated with the 
line-point method (Heady et al. 1959). Eight 15-m lines were ran- 
domly placed in the circle. For each line, the starting point was 
determined by a randomly selected distance and direction from the 
center of the site. Line orientation was determined by a randomly 
selected compass bearing. Lines that fell outside the circle were 
rejected and a new bearing was selected. Point samples were taken 
at 30-cm intervals along the line. Two of the 8 lines were randomly 
selected for determination of shrub cover, which was estimated 
with the line intercept method (Canfield 1941). Percent cover of 
grasses and forbs was estimated in 10 randomly placed 20 X 50-cm 
rectangular frames (Daubenmire 1959). 

Frequencies of foods were calculated for each cover type and 
year in 2 ways. First, overall frequency of occurrence was obtained 
by dividing the number of crops in which each food was present by 
the total number of crops examined. This method yielded informa- 
tion about frequencies of foods consumed among birds in the 
sample population. A second technique was employed to compare 
frequencies of foods within the crop contents of individual birds to 
frequencies of occurrence of those foods at foraging locations. This 
approach was used to describe dietary selection and was termed 
“frequencies within dietary samples.” Frequency of food items 
within each crop was determined by spreading the contents in a 
single layer in a glass tray, overlaying a dot grid, and recording the 
food item directly below each of 100 dots. Crop contents were 

Samples of plants used by grouse were collected at foraging and 
random sites immediately after availability data were collected. If a 
plant was not found in the defined foraging or random site, plants 
closest to the site were collected. Because plant parts may differ in 
chemical content (Cook and Harris 1968), nutrient analyses were 
conducted only on the plant parts consumed by birds. 

Plant samples were analyzed for crude protein, calcium, and 
phosphorus for all plants that composed L 1% of the relative dry 
weight of the diet in either cover type or year. Preliminary analyses 
revealed no significant differences in availability (o/o cover) or in the 
nutrient content of sagebrush or forbs between foraging and ran- 
dom locations. Consequently, samples from foraging sites and 
random locations were pooled for further analyses. Samples were 
ground in a Wiley mill with a 20-mesh screen. Crude protein was 
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determined from analysis of samples for ammonium nitrogen and 
multiplication of ammonium values by 6.25. The Kjeldahl method 
(Association of Official Analytical Chemists 1980) was used to 
digest samples for crude protein and phosphorus analysis and 
determination for the nutrients was made calorimetrically on a 
Technicon Auto Analyzer. Calcium content was determined by 
ashing (Association of Official Analytical Chemists 1980). Nut- 
rient content of the composite diet was calculated by combining 
nutrient analysis data with relative dry weight data (Reinecke and 
Owen 1980). 

To evaluate food selection, frequency within dietary samples 
was compared with frequency data from foraging sites. Crops of 4 
hens did not contain sufficient material for frequency analysis and 
were not used in food selection analysis. Frequencies were com- 
pared and ranked for each bird for those foods that composed 
L 1% of the relative weight of the diet up to the limit of the number 
of variables (foods) that could be used (Johnson 1980). Differences 
between frequencies were then averaged among all birds and used 
as a measure of dietary selection with the program PREFER 
(Johnson 1980). 

Vegetative characteristics (% cover of shrubs, grasses, forbs, and 
bare ground) were compared between years and cover types. 
Kruskal-Wallis tests were used for comparisons and, when signifi- 
cant differences were detected, the Least Significant Difference 
procedure was used to separate means (Snedecor and Cochran 
1980). Tests were considered significant at the m.05 level of 
probability. 

Results 

A total of 21 foods were consumed by female sage grouse during 
the pre-laying period, which included sagebrush, 16 forbs, 3 taxa of 
insects, and a trace of unidentifiable grasses (Table 1). Sagebrush 
occurred in all but 1 of the 42 crops examined. Forbs that were 
found in the highest frequencies included desert-parsley, hawks- 
beard, long-leaf phlox (P. longijolia Nutt.), mountain-dandelion, 
clover, everlasting (Antennaria spp.), and Pursh’s milk-vetch (A. 
purshii Dougl.). Leaves were consumed from all plants. In addi- 
tion, sage grouse hens consumed the buds of everlasting and obs- 
cure milk-vetch (A. obscurus Wats.) and the new flowers of desert- 
parsley and buttercup (Ranunculus spp.). Types of food eaten by 
hens were similar between cover types and years, but frequencies of 
forbs among crop samples were lower in 1991 than in 1990 (Table 
1). 

Sagebrush composed 50 (low sagebrush cover type in 1990) to 
82% (low sagebrush cover type in 1991) of the diet by relative dry 

Table 2. Mean frequency of foods within dietary samples that composed 
21% relative dry weight of the diet of proiaying sage grouse hens, 
frequency of foods at foraging locations, and reintive selection of foods, 
Oregon, March-April, 1990-91. 

Mean frequency 
Within Occurrence Relative 
dietary at foraging order of 

Cover type Food samples sites selection1 

(%) (%) 
Big sagebrush Sagebrush 52.4 24.9 5 

li?7) 
Hawksbeard 12.0 0.1 1’ 
Desert-parsley 10.4 1.0 4 
Long-leaf phlox 13.4 0.5 3. 
Pursh’s milkvetch 1.6 0 2’ 

Low sagebrush Sagebrush 38.4 27.0 8 
1990 Desert-parsley 25.1 3.3 5a 
(N = 11) Hawksbeard ii.4 0.6 2’ 

Mountain ii.7 0.1 1” 
dandelion 

Clover 4.3 1.0 4” 
Long-leaf phlox 2.4 1.0 7 
Obscure milk- 3.0 0.3 3” 

vetch 
Everlasting 1.0 0.4 6 

Low sagebrush Sagebrush 63.6 22.7 7” 
1991 Hawksbeard 8.8 0.2 la 
(N = 20) Desert-parsley 14.4 1.5 

Long-leaf phlox 4.6 0.4 !I a 

Everlasting 4.4 0.2 4” 
Mountain 3.1 0.1 2” 

dandelion 
Clover 0.1 0.2 5” 

IRanked numerically from most selected (1) to least selected. 
a = used in a greater proportion that available (m.05). 

weight (Table 1). In 1990, forbs made up 45 to 50% of the diet but 
decreased to 18% in 1991. Grasses and insects collectively com- 
posed <l% of the weight of the diet. In addition to sagebrush, 
desert-parsley, hawksbeard, and long-leaf phlox supplied the bulk 
of the diet; 84 to 95% of the relative dry weight of the diet was made 
up of these 4 foods. 

Results from the analysis of dietary selection revealed that 
within crops sagebrush was the most common food consumed 
(Table 2). These findings, which paralleled results from the analysis 
of frequencies among crops and from dry matter composition, also 
indicated greater amounts of sagebrush in the diet of pre-laying 
hens in 1991 than in 1990. Other frequently encountered foods 

Table 3. Nutrient content of plant foods that composed 11% of the relative dry weight of the diet of pre-hying grouse hens in southeastern Oregon, 
March-April, 1990-91. 

Food N’ 
Crude protein 

x SE 
Calcium Phosphorus 

x SE x SE 

Low sagebrush leaves 
Big sagebrush leaves 
Desert-parsley leaves 
Desert-parsley flowers 
Hawksbeard leaves 
Long-leaf phlox leaves 
Everlasting leaves and buds 
Mountain-dandelion leaves 
Clover leaves 
Pursh’s milk-vetch leaves 
Obscure milk-vetch leaves a 
Buckwheat leaves 

nd buds 

66 
14 
49 
12 
24 
16 
14 
23 

5 
2 
3 
2 

,;42__(%)_______ 

15:9 
0.47 
0.43 

25.0 0.36 
25.7 0.72 
29.6 0.44 
25.6 0.98 
16.7 0.56 
26.0 0.64 
36.7 i .49 
21.5 0.00 
26.0 2.09 
16.9 1.62 

_____-(%)_______ _ 

0.412 0.01 
0.70 0.02 
1.36 0.05 
0.35 0.02 
0.78 0.08 
0.98 0.04 
0.52 0.02 
0.44 0.05 
0.69 0.16 
0.69 0.00 
0.52 0.08 
0.78 0.02 

.o_il___(%)_______ 

0:25 
6.01 
0.01 

0.41 0.01 
0.62 0.04 
0.50 0.02 
0.47 0.02 
0.36 0.01 
0.48 0.02 
0.47 0.05 
0.24 0.00 
0.26 0.04 
0.30 0.03 

‘Number of sites from which plant samples were collected. 
2Low sagebrush and big sagebrush were significantly different in calcium content (P = 0.01). 
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Table 4. Percent cover of vegetative classes in big sagebrush and low sagebrush stands used by pm-laying sage grouse hens in southeastern Oregon, 
March-April, 1990-91. 

Cover type 

Big sagebrush 
1990 
Low sagebrush 
1990 
Low sagebrush 
1991 

N 

14 

26 

44 

Sagebrush 
x SE 
____(%)____ 

23.0ab’ 1.64 

25.la 1.97 

18.8b 0.94 

Grass Forb Bare ground 

x SE x SE x SE 

5-3-b--(%)---- 0.83 2;;--(%)---- 0.81 *0-8-a--(%)---- 1.68 

10.3a 0.93 8.2a 1.00 58.3~ 1.82 

4.9b 0.47 3.lb 0.43 76.0b 1.06 

‘Within columns, means with the same letter were not significantly different at P<O.OS. 

within crops included hawksbeard, desert-parsley, mountain- 
dandelion, and long-leaf phlox. An evaluation of dietary selection 
revealed that forbs were preferentially selected (m.05) over 
sagebrush by pre-laying hens. Hawksbeard, mountain-dandelion, 
and long-leaf phlox consistently had the highest selection values in 
most cover types and years (Table 2). 

Nutrient analyses of those foods that composed L 1% of the diet 
by weight indicated that sagebrush was lowest in protein (14.2 to 
15.9%) of all foods tested (Table 3). Protein content of forbs ranged 
from 16.7 (everlasting) to 36.7% (clover). Values for the forbs that 
contributed substantially to the diet or were among the most highly 
selected (desert-parsley, hawksbeard, mountain-dandelion, and 
long-leaf phlox) ranged from approximately 25 to 30% crude 
protein. Calcium content was highest in the leaves of desert-parsley 
(1.36%) and long-leaf phlox (0.98%). All other foods had values 
that ranged from 0.35 (desert-parsley flowers) to 0.78% (hawks- 
beard, long-leaf phlox, and buckwheat leaves). Phosphorous con- 
tent was greatest in desert-parsley flowers (0.62%) and hawksbeard 
leaves (0.50%). Sagebrush leaves were lowest in phosphorus con- 
tent of all plant foods tested. Nutrient content of the leaves of low 
and big sagebrush was similar except for calcium (P= 0.01) which 
was higher in big sagebrush (0.70%) than low sagebrush (0.41%). 

not be available during the pre-laying period in all years or in all 
areas of sage grouse range due to snow cover. This discrepancy 
may also have resulted from lack of separation of the diets of males 
and females in other studies. Dietary differences between sexes of 
other grouse, including blue grouse (Dendragapus obscurus) and 
rock ptarmigan (Lugopus mutus), during spring have been reported 
(King and Bendell 1982, Gardarsson and Moss 1969). 

Four forbs, including hawksbeard, desert-parsley, long-leaf 
phlox, and mountain-dandelion, were taken in relatively high fre- 
quencies, collectively composed up to 38% of the dry weight of the 
diet, and were among the most highly selected foods. These foods 
contained at least 25% crude protein and several were high in 
calcium or phosphorus. No previous work addressed dietary selec- 
tion in sage grouse hens during the reproductive period but selec- 
tion for highly nutritious foods during the breeding season was 
documented for other grouse, including rock ptarmigan (Gardars- 
son and Moss 1969) and red grouse (Moss 1972). 

Forbs were higher in nutrient content than sagebrush and con- 
sumption of forbs improved nutritional status of the hens. In 1990, 
nutrient content of the composite diet was 19.4% crude protein, 
0.77% calcium, and 0.33% phosphorus for hens collected in big 
sagebrush cover type and 19.8% crude protein, 0.64% calcium, and 
0.33% phosphorus for hens collected in low sagebrush cover type. 
In 1991 (hens collected from low sagebrush cover type only) nut- 
rient content of the composite diet was 16.0% crude protein, 0.5 1% 
calcium, and 0.25% phosphorus. Nutrient content of the composite 
diet was higher than nutrient content for a diet composed solely of 
a sagebrush because of the consumption of forbs (Table 3). 

The relationship between diet and productivity of female sage 
grouse is unknown but likely is similar to other species of grouse. 
Clutch size and weight and chick viability of captive ruffed grouse 
increased when dietary protein levels were raised incrementally 
from 8 to 20% (Becker-ton and Middleton 1982). Likewise, clutch 
size and chick viability of captive willow ptarmigan (L. lagopus) 
were higher when diets of hens contained 20% crude protein com- 
pared with 15% protein (Hanssen et al. 1982). 

Production of sage grouse, measured by chicks/ hen and average 
brood size, decreased in 199 I. This corresponded to a decrease in 
forbs eaten and decrease in nutrient content of the composite diet. 
Many factors contribute to successful reproduction, including 
predation, weather, and nutrition. Our study revealed that forbs 
are an important source of protein and other nutrients, and con- 
sumption of forbs increased nutritional status of the hens. 

We used the data obtained from vegetation sampling to test for 
changes in cover of the major vegetation classes on the study area. 
We compared cover types sampled in 1990 and found that forb and 
grass cover were greater and bare ground less in low sagebrush 
than big sagebrush. We also found that in low sagebrush cover type 
forb and grass cover declined and bare ground increased signifi- 
cantly (P<O.OS) from 1990 to 1991 (Table 4). Consequently, fewer 
forbs were available on the study area in 199 1. 

Differences in amounts of forbs consumed between 1990 and 
1991 likely were related to decreased availability of forbs between 
the 2 years. This change in abundance of sage grouse foods perhaps 
was related to the 40% reduction from normal precipitation for the 
year preceding the 1991 sample. Differential use of low and big 
sagebrush stands, which was reflected in sample sizes of birds, may 
be related to the greater availability of forbs found in low sage- 
brush compared with big sagebrush, based on the sample from 
1990. 

Discussion 

Our findings revealed that forbs constituted a substantially 
greater proportion of the pre-laying diet of sage grouse hens than 
previously reported. Previous research indicated that sagebrush 
composed 100% of the diet of sage grouse in February (Wallestad 
1975), 97% in March (Wallestad 1975), 89-100% in April (Patter- 
son 1952, Rogers 1964), and 80-86% in May (Patterson 1952, 
Rasmussen and Griner 1938). We found that forbs contributed 
approximately 20 to 50% to the diet of pre-laying hens. Forbs may 

The importance of sagebrush to sage grouse for food and cover 
can not be understated. Sagebrush is a major component of sage 
grouse diets throughout most of the year. However, forbs are more 
nutritious and are sought as forage when available. Historic over- 
grazing and fire suppression in many portions of the western range 
of sage grouse have resulted in increased sagebrush cover and 
decreased herbaceous understory (Kauffman 1990, Winward 1991). 
Because of the apparent importance of forbs to pre-laying female 
sage grouse, management activities should allow for restoration of 
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an array of early-season forbs within sagebrush stands. 
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Abstract 

We compared the preference of cattle for 12 entries, 2 of crested 
wheatgrass [Agropyron deserforum (Fischer ex Link) Schultes], 5 
of thickspike wheatgrass [Elymus lunceolatus (Scribner & J.G. 
Smith) Gould ssp. lanceofatus], 3 of Snake River wheatgrass (pro- 
posed name E. lanceolatus spp. wawawaiensis), and 2 of blue- 
bunch wheatgrass [Pseudoroegneria spicata (Pursh) A. L&e] in 
May 1989 and 1990 at Logan, Utah. Spaced plants were randomly 
arranged in 4 paddocks which were grazed once by 2 animals in late 
spring each year. Number of bites and number of visits were 
recorded for each entry in each paddock for the 2 animals individ- 
ually. Cattle preferred Hycrest and Nordan crested wheatgrasses 
both years. Number of bites per plant for crested, thickspike, 
Snake River, and bluebunch wheatgrasses averaged 9.1, 4.3,3.1, 
and 4.1, respectively, in 1989 and 6.7,3.3,3.5, and 3.6, respectively, 
in 1990. Number of visits was highly correlated with number of 
bites across entries. Grazing preference among entries was more 
highly correlated with biomass score and canopy height than basal 
area or maturity. Cattle preferred crested wheatgrass over the 
native wheatgrasses tested here during the spring grazing season. 

Key Words: bluebunch wheatgrass, crested wheatgrass, northern 
wheatgrass, palatability, Snake River wheatgrass, thickspike wheatgrass 

Many researchers have measured differences in livestock prefer- 
ence among forages, but identifying agronomic, morphological, 
and nutritional traits that do not affect preference has been easier 
than identifying those that do. Marten (1969) cited several workers 
who found little relationship between preference and plant chemi- 
cal composition. Townsend (1986) found that plant height, vigor, 
and maturity were unrelated to preference in cicer milkvetch 
(Asfrugulus cicer L.). Likewise, Burns et al. (1988) found little 
relationship between preference of Panicum spp. and laboratory 
indices of forage quality, canopy height, or percent stand. Gesshe 
and Walton (1981) cited some literature where preference was 
correlated with forage nutritive value, but more often preference 
and forage quality parameters were unrelated. Research concern- 
ing preference of cool-season grasses important in the semiarid 
western United States has been limited since Rogler (1944) pub- 
lished preference data of important native and introduced grasses 
of the northern Great Plains. Differences in steer preference, as 
measured by bite counts and percent utilization, were found 
among lines of a quackgrass [Elytrigia repens (L.) Beauv.] X 
bluebunch wheatgrass [ Pseudoroegneriu spicata (Pursh) A. Love] 
population (Truscott and Currie 1987). Information regarding the 
relationship between plant species’ physical structure and their 
preference by livestock is minimal (O’Reagain 1989). 

Our objective was to compare crested wheatgrass with its native 
triticeae relatives thickspike wheatgrass [Elymus lunceolutus 
(Scribner & J.G. Smith) Gould ssp. lanceolutus], Snake River 
wheatgrass (proposed name E. lanceolatus ssp. wawuwaiensis), 
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and bluebunch wheatgrass for preference by cattle during the 
spring grazing season. Plant biomass, canopy height, basal area, 
and maturity were measured to determine if either forage availabil- 
ity or phenological development could explain differences. 

Materials and Methods 

Field Design 
Plants of 12 wheatgrass entries were started from seed in the 

spring of 1987 and transplanted from the greenhouse to the field in 
August. Plants were established on l-m centers and separated by 
electric fences into four 216-m2 paddocks. Within each paddock 
were 18 blocks with 12 positions, each randomly assigned to a plant 
of a specific entry. Thus each of the 4 paddocks consisted of 18 X 12 
q  216 spaced plants surrounded by a border of ‘Secar’ Snake River 
wheatgrass outside the fence. 

The plots were located on a west-facing slope on a foothill site in 
Logan, Utah. The soil was a Sterling gravelly loam [loamy- 
skeletal, mixed, mesic Typic Calcixerolls (lo-20% slope)]. Trans- 
plants were irrigated in 1987 and 1988 to enhance establishment 
before data collection began in 1989. 

The 12 entries included released varieties and unreleased popula- 
tions of crested, thickspike, Snake River, and bluebunch wheat- 
grasses. Entries included ‘Nordan’ and ‘Hycrest’ crested wheat- 
grasses; ‘Elbee’, ‘Sodar’, ‘Critana’, T21076 (The Dalles, Ore.) , and 
T-38 (Tuscarora, Nev.) thickspike wheatgrasses; K27 (Riggins, 
Ida.), and D38 (Jones and Nielson 1993) Snake River wheat- 
grasses; and the diploid ‘Whitmar’and the tetraploid P7845 (Win- 
chester, Ida.) bluebunch wheatgrasses. 

A&ma, Data Collection and Analysis 
Relative preference of entries was determined by grazing two 

l-year-old Hereford heifers in each paddock once each year. Graz- 
ing began between 0830 and 1000 and lasted until grazing slowed or 
animals began to graze nonselectively (37 to 65 min). Grazing was 
considered to be nonselective when the animals began grazing 
adjacent plants rather than searching for more preferred plants. 
Several days before the test began the animals were held on an 
adjacent pasture of crested wheatgrass and Russian wildrye [ Psa- 
thyrostachys juncea (Fischer) Nevski] to precondition them to 
fresh grass. 

The 4 paddocks were grazed consecutively on 15, 16, 17, and 18 
May 1989 by the pair of heifers. Observers for each animal 
recorded the number of bites taken from each plant. If the animal 
later returned to the same plant, the number of bites was recorded 
separately as a second visit. To calculate the number of bites per 
plant, the total number of bites from a particular entry by a single 
animal was divided by the number of extant plants of that entry 
(maximum of 18). To calculate the number of visits per plant, the 
number of discontinuous times an animal grazed an entry was 
divided by the number of extant plants. Bites per visit was calcu- 
lated as number of bites divided by number of visits. Plants were 
clipped to 100 mm in late June to eliminate differences between 
grazed and ungrazed plants the following year. The above proce- 
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dure was repeated in 1990 with 2 different animals on 1,2,3, and 4 
May. 

One hundred ninety-two observations (2 animals X 4 paddocks 
X 2 years X 12 entries) were available for analysis of variance. Each 
animal per paddock was considered an independent replication. 
Years and replications (nested within years) were considered ran- 
dom while taxa and entries within taxa were considered fixed. 
Entries were arranged in the field in a randomized complete block 
design. Differences among the 4 taxa (3 df) and entries within taxa 
(8 df) were tested with the entry X year mean square, while their 
interactions with year were tested with the residual mean square. A 
single degree-of-freedom contrast ‘crested wheatgrass vs. other 
taxa’ was partitioned from the taxon sum of squares. Entry means 
were separated by the Bayes L.S.D. with k ratio = 100 (Smith 1978). 

Plant Data Collection and Analysis 
Immediately before grazing both years, we measured above- 

ground biomass score, canopy height, and basal area of individual 
plants in each paddock. The biomass scores were the average 
ratings of 2 observers, based on a scale of 1 = least to 9 = most 
vigorous. Basal area, the area occupied by a plant at ground level, 
was estimated by rr multiplied by the product of the greatest radius 
(half the longest distance from edge to edge) and its greatest 
perpendicular radius (half the length of the longest perpendicular 
from edge to edge of the greatest radius). Basal area especially 
distinguished the rhizomatous thickspike wheatgrass from the 
other taxa which were bunchgrasses. Ocular estimates of canopy 
height (height of the average mature tiller) were made by placing a 
meterstick in the center of the plant canopy. Maturity was mea- 
sured differently in 1990 from 1989. In 1989, average date of first 
head emergence was calculated from an adjacent nursery of 
ungrazed spaced plants outside the paddock. A separate ungrazed 
nursery was necessary because head emergence continued beyond 
the time of grazing. Because correlation with animal data was of 
greatest interest, we changed the procedure in 1990. Maturity of 
plants within the paddock was scored immediately before grazing 
based on a scale of 1 = early head to 5 = vegetative. The 1989 
procedure provided a better measure of the relative maturity of the 
12 entries, but the data collected in 1990 at the time of grazing was 
more appropriate for correlation with the animal data. Differences 
between entries for plant traits were tested with the paddock X 
entry interaction in 1989 and 1990. Entry means were separated 
using the Bayes L.S.D. (k ratio = 100). Data are presented as 
least-squares means. Correlations between the 4 plant traits, 
number of bites, and number of visits were calculated among the 12 
entry means in 1989 and 1990. 

Results and Discussion 

Number of bites in 1989 covered an 1 l-fold range from 0.9 
bites/plant for T-38 thickspike wheatgrass to 9.8 bites/plant for 
Hycrest crested wheatgrass (P<O.Ol; Table 1). In contrast, in 1990 
the entries encompassed only a 6-fold range (P<O.Ol). With the 
exception of K27 Snake River wheatgrass, number of bites in 1990 
was similar to 1989 for lower-ranking entries but lower than 1989 
for higher-ranking entries. The taxon X year interaction was signif- 
icant (P<O.O5) because the number of bites of thickspike and 
crested wheatgrass declined from 1989 to 1990 while the number 
for bluebunch and Snake River wheatgrasses was similar for both 
years. Because of this interaction, data for the 2 years are presented 
separately. The 8-df entry within taxon X year interaction was 
nonsignificant (mO.10). 

Number of bites for crested, thickspike, Snake River, and blue- 
bunch wheatgrasses averaged 9.2,4.3,3.1, and 4.1, respectively, in 
1989 and 6.7, 3.3, 3.5, and 3.6, respectively, in 1990. Hycrest and 
Nordan crested wheatgrasses were the highest ranking entries both 

Table 1. Bites per animal of 12 crested (CWC), thickspike (TSWG), Snake 
River (SRWG), and bluebunch (BBWG) wheatgrass entries in 1989 (n q  
8) and 1990 (n = 8y. 

1989 1990 
Entry Bites Entry Bites 

-no./plant- -no./ plant- 
Hycrest CWG 9.8 a2 Hycrest CWG 6.9 a 
Nordan CWG 8.3 a Nordan CWG 6.5 a 
T21076 TSWG 6.1 b K27 SRWG 5.7 ab 
Elbee TSWG 6.0 b T21076 TSWG 4.9 abc 
P7845 BBWG 5.5 bc P7845 BBWG 4.3 bed 
Critana TSWG 5.0 bed Critana TSWG 4.1 bed 
K27 SRWG 4.1 bcde Elbee TSWG 4.0 bed 
Sodar TSWG 3.7 cde Secar SRWG 3.0 cde 
Secar SRWG 3.2 de Whitmar BBWG 2.9 de 
Whitmar BBWG 2.7 ef Sodar TSWG 2.5 de 
D38 SRWG 2.1 ef D38 SRWG 1.9e 
T-38 TSWG 0.9 f T-38 TSWG 1.1 e 

L.S.D. 2.1 2.0 

‘Taxon X year interaction significant (P<O.OS). Entry within taxon X year interaction 
not significant (DO. 10). 
Walues within a column not followed by the same letter are significantly different 
according to the Bayes LSD. (k ratio = 100). 

years, though their superiority was greater in 1989 than 1990. The 
contrast ‘crested wheatgrass vs other taxa’was significant (P<O.Ol) 
both years and accounted for 94 and 95% of the variation between 
taxa in 1989 and 1990, respectively. D38 Snake River and T-38 
thickspike wheatgrasses had the fewest number of bites both years. 

Number of visits was highly correlated with number of bites 
across entries, rz = 0.96 in 1989 and 0.86 in 1990. However, unlike 
number of bites, there were no significant interactions between 
taxon or entry within taxon with year (DO. lo), so results for the 2 
years were combined (Table 2). Like number of bites, differences 

Table 2. Visits per animal and bites per vbit of 12 crested (CWG), thick- 
spike (TSWG), Snake River (SRWG), and bluebunch (BBWG) wheat- 
grass entrim averaged over 1989 (n q  8) and 1990 (n q  8)‘. 

Entry 

1989 
Bites Entry 

1990 

Bites 

-no. / plant- --no. / plant- 
Nordan CWG 0.89 al Elbee TSWG 10.2 a 
Hycrest CWG 0.89 a Hycrest CWG 9.9 ab 
K27 SRWG 0.67 b T21076 TSWG 9.8 ab 
T21076 TSWG 0.65 bc Sodar TSWG 8.6 abc 
Critana TSWG 0.63 bc P7845 BBWG 8.5 abc 
P7845 BBWG 0.62 bc Nordan CWG 8.4 abc 
Secar SRWG 0.52 cd Critana TSWG 7.8 bc 
Elbee TSWG 0.52 cde K27 SRWG 7.2 c 
Whitmar BBWG 0.44 de Secar SRWG 6.6 cd 
D38 SRWG 0.42 def Whitmar BBWG 6.6 c4l 
Sodar TSWG 0.37 ef D38 SRWG 4.9 de 
T-38 TSWG 0.28 f T-38 TSWG 3.6 e 

L.S.D. 0.14 2.2 

*Taxon X year and entry within taxon X year interaction not significant (PH. 10) for 
visits and bites per visit. 
ZValues within a column not followed by the same letter are significantly different 
according to the Bayes LSD. (k ratio = 100). 

among entries for number of visits was significant (P<O.Ol) and 
greatest for Nordan and Hycrest crested wheatgrasses and lowest 
for T-38 thickspike wheatgrass. The contrast ‘crested wheatgrass vs 
other taxa’ was significant (P<O.Ol) and accounted for 93% of the 
variation between taxa. 

The entry X year interaction was also nonsignificant (DO. 10) 
for bites/visit and data were combined across years. Entries were 
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Table 3. Biomass score, canopy height, basal area, and May beading date 
least-squares means of 12 crested (CWC), thickspike (TSWG), Snake 
River (SRWG), and biuebuncb (BBWG) wheatgrass entries in 1989. 

Entry 
Biomass 
score’ 

Canopy 
height 

Basal 
area* 

May 
heading date 

Hycrest CWG 
Nordan CWG 
Critana TSWG 
Elbee TSWG 
Sodar TSWG 
T21076 TSWG 
T-38 TSWG 
Secar SRWG 
D38 SRWG 

5.6 a3 
4.6 b 
4.7 b 
4.1 cd 
3.9 de 
5.9 a 
3.4 ef 
3.2 f 
2.5 g 

K27 SRWG 4.4 bc 
Whitmar BBWG 2.7 a 
P7845 BBWG 4.3 bed 
L.S.D. 0.5 

-mm- -cmr- 
356 b 
308 cd 

295 e 
237 ef 

315 c 623 c 
285 de 607cd 
284 de 474 d 
389 a 1426 a 
253 f 921 b 
312 cd 97 f 
246 f 116f 
397 a 125f 
267 ef 120f 
372 ab 199 ef 
29 148 

23.1 bc 
19.9 de 
21.0 cd 
19.7 de 
19.2 de 
25.2 ab 
26.2 a 
20.9 cd 
25.1 ab 
19.5 de 
19.2 de 
17.6 e 
2.6 

‘Biomass scored from 1 = least to 9 = most. 
2Basal area estimated as T X product of the greatest radius and its greatest pcrpendicu- 
lar radius. 
Walues within a column not followed by the same letter are significantly different 
according to the Bayes L.S.D. (k ratio = 100). 

significantly different (P<O.Ol) for this trait. Bites/visit was high- 
est for Elbee thickspike wheatgrass; however Hycrest and Nordan 
crested, T21076 and Sodar thickspike, and P7845 bluebunch 
wheatgrasses were statistically similar (k ratio = 100) to Elbee. 
Judged by this parameter, D38 Snake River and T-38 thickspike 
wheatgrasses were again least preferred. 

T21076 thickspike wheatgrass scored highest for biomass both 
years but was not significantly different (k ratio q  100) from Hy- 
crest crested wheatgrass in 1989 (Tables 3,4). Whitmar bluebunch 

Table 4. Biomass score, canopy height, basal area, and maturity score 
least-squares means of 12 crested (CWG), thickspike (TSWG), Snake 
River (SRWG), and bluebunch (BBWG) wheatgrass entries in 1990. 

Biomass 
Entry score’ 

Hycrest CWG 4.7 cd4 
Nordan CWG 4.0 e 
Critana TSWG 5.1 bc 
Elbee TSWG 4.5 de 
Sodar TSWG 4.0 e 
T21076 TSWG 6.4 a 
T-38 TSWG 4.0 e 
Secar SRWG 4.3 de 
D38 SRWG 2.8 f 
K27 SRWG 5.4 b 
Whitmar BBWG 3.2 f 
P7845 BBWG 4.5 de 
L.S.D. 0.5 

Canopy Basal 
height area* 

-mm- -cm*- 
278 cd 326 e 
240e 254 e 
266 d 1076 c 
237 ef 1070 c 
230 ef 795 d 
314 ab 1985 a 
214 f 1702 b 
284 cd 235 e 
215 f 184e 
327 a 274 e 
229 ef 184e 
296 bd 324 e 

23 216 

Maturity 
scorer 

4.5 ef 
4.6 f 
4.6 f 
4.6 f 
4.6 f 
4.5 f 
4.9 g 
3.6 b 
4.3 de 
3.4 a 
4.1 cd 
3.9 c 
0.2 

‘Biomass scored from I = least to 9 = most. 
‘Basal area estimated as R X product of the greatest radius and its greatest perpendicu- 
lar radius. 
‘Maturity score: 1 = early head, 2 = late boot, 3 = boot, 4 = early boot, 5 = vegetative. 
‘Values within a column not followed by the same letter are significantly different 
according to the Bayes LSD. (k ratio q  100). 

and D38 Snake River wheatgrasses scored lowest for biomass both 
years. K27 Snake River and T21076 thickspike wheatgrasses were 
the 2 tallest entries, closely followed by P7845. Whitmar blue- 
bunch, D38 Snake River, and T-38, Sodar, and Elbee thickspike 
wheatgrasses were shortest. Of the 4 grass taxa included in the 
study, only thickspike wheatgrass was rhizomatous; its basal area 
was far greater than the others’(Tables 3,4). T21076 was the most 

rhizomatous entry, followed by T-38. Elbee, Critana, and Sodar 
were intermediate between these thickspike wheatgrass entries and 
the bunchgrasses. Entries of Snake River wheatgrass tended to 
mature earlier than crested and thickspike wheatgrasses both 
years. Coefficients of determination (r*) between years were 0.70 
(P<O.Ol) for biomass score, 0.92 (P<O.Ol) for canopy height, 0.95 
(P<O.Ol) for basal area, and 0.20 (ZQO.10) for maturity. 

Correlations between the 4 plant traits and number of bites were 
similar to correlations with number of visits (Table 5). both in 1989 

Table 5. Correlation coefftcients between number of bites, number of 
visits, biomass score, canopy heigbt, basal area, and maturity (1989 May 
beading date, 1990 maturity score). 1989 data below the diagonal and 
1990 data above the diagonal. 

Number Number 
of of Biomass Canopy Basal Maturity 

bites visits score height area score 

Number 
of bites 0.93** 0.54’ 0.60* -0.21 -0.15 

of visits 0.98** 0.42 0.58* -0.32 -0.25 
Biomass 
score 

Canopy 
height 

0.79** 0.78** 0.81** 0.53’ a.08 

0.54’ 0.59’ 0.75** 0.01 -0.60* 
Basal 
area 0.03 Xl.04 0.52’ 0.14 0.64; 

May 
heading 
date -0.20 -0.20 0.07 -0.21 0.50 

+,*‘**Correlation coefficient significant at P<O.lO, 0.05, and 0.01, respectively. 

and 1990. In 1989 bites and visits were primarily correlated with 
biomass and secondarily correlated with canopy height, while in 
1990 this pattern was reversed. Biomass score and canopy height 
were highly correlated (P<O.Ol) both years. Numbers of bites and 
visits were not correlated with basal area or maturity (DO. 10). At 
the phenological stage that these plants were grazed, biomass and 
height were more important determinants of animal preference 
than were basal area or maturity. Ganskopp and Rose (1992) 
found differences in frequency and level of utilization between 
crested wheatgrass plants distributed among 10 basal area classes. 
Intermediate-sized plants were most likely to be grazed. We sus- 
pect we did not see such a relationship because 4 different taxa, 3 
caespitose and 1 rhizomatous, were included in our study. While 
immaturity is generally associated with increased preference, with 
the inclusion of various taxa other factors were apparently more 
significant than maturity alone. 

Among plant traits, rhizomatous growth habit (high basal area) 
was correlated with biomass (P<O. 10) both years and with late 
maturity in 1990 (P<O. lo), but not with canopy height either year 
(p>O.lO). Maturity as measured by May 1989 heading data was 
not correlated (mO.10) with other plant traits. But, as noted 
above, earliness (low maturity score) was correlated (P<O.OS) with 
height and caespitose growth habit (low basal area) in 1990. 

The positive correlations of bites and visits with biomass and 
height (Table 5) indicated that forage availability was an important 
factor affecting animal preference. Development of higher-yielding 
crested wheatgrass varieties might further improve grazing prefer- 
ence. O’Reagain (1984) reported that preference to cattle of 9 
indigenous South African grasses was positively correlated with 
leaf table height and tuft diameter. He argued that leaf accessibility 
is an important determinant of cattle preference. 

We conclude that cattle, when offered a choice, prefer crested 
wheatgrass to its native relatives thickspike wheatgrass, Snake 
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River wheatgrass, or bluebunch wheatgrass during the spring graz- 
ing season when forage is typically most plentiful. Shewmaker et 
al. (1989) also found sheep preferred Nordan crested wheatgrass 
over bluebunch wheatgrass. Crested wheatgrass’ high palatability, 
productivity, and grazing tolerance suggest its continued use for 
grazing cattle in the spring in regions where it is adapted. 
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Abstract 

Many ranchers claim that if a cow starts edbng locoweed, she 
will teach others to eat it. Three grazing trials were conducted to 
evaluate the role of social facilitation in starting cattle to graze 
locoweed. The fast trial was conducted near Gladstone, N.M., 
using mature cows grazing woolly locoweed (Astragalus mollissi- 
mus var. mollissimus Torr). The second trial was conducted on the 
Raft River Mountains in northwestern Utah, using yearling cattle 
grazing white locoweed (Oxytropis sericea Nutt). The third trial 
was conducted to determine if aversion-conditioned yearling cattle 
would consume white locoweed when placed with cattle that were 
eating locoweed (loco-eaters). Cattle conditioned to eat locoweed 
and naive animals in trials 1 and 2 first grazed in separate pastures 
to evaluate their initial acceptance of locoweed. The groups in the 
respective trials then were placed together to evaluate the itiuence 
of social facilitation on locoweed consumption. Locoweed con- 
sumption was quantified by bite count. Naive cattle in trials 1 and 2 
sampled small quantities of locoweed while grazing separately. 
However, they greatly increased locoweed consumption when 
placed with the loco-eaters. Aversion-conditioned cattle in trial 3 
did not consume locoweed while grazing separately. When placed 
with loco-eaters, they gradually increased consumption of white 
locoweed, in contrast to the immediate acceptance of locoweed by 
naive c&e in trials 1 and 2. The aversion extinguished and averted 
animals eventually accepted white locoweed at levels comparable 
to loco-eaters. Results of this study demonstrate that social facili- 
tation can cause cattle to start eating locoweed. 

Key Words: social learning, conditioned food aversion, poisonous 
plant, woolly locoweed (Astragalus mollissimus var. mollissimus 
Torr), white locoweed (Oxytropis sericea NW). 

Stockmen claim that animals eating locoweed influence others 
to eat it (Marsh 1909, Patterson 1982). Social facilitation has been 
defined as“the initiation of a particular response... while observing 
others engaged in that behavior” (Galef 1988). This phenomenon 
has been extensively studied in lab animals. Galef (1986) concluded 
that “rats will abandon, to a greater or lesser extent, reliance on 
information it personally has collected concerning the value of 
potential foods, in favor of information acquired from others”. 
Social facilitation has been observed among grazing cattle and 
sheep in conditioned food aversion studies. When animals that 
have been averted to a particular plant or food are placed with 
nonaverted cohorts which are eating that food, the averted animals 
begin to eat, and the aversion to that food extinguishes (Lane et al. 
1990, Ralphs and Olson 1990, Provenza and Burritt 1991). Social 
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facilitation appears to be a robust phenomenon that influences 
animals to sample foods they observe others eating. If the food 
provides positive nutritional feedback without immediate negative 
consequences, the animal will continue eating that food (Provenza 
et al. 1994). 

Three grazing trials were conducted in areas that traditionally 
have locoweed poisoning problems. The objective was to deter- 
mine if social facilitation would cause cattle to start grazing loco- 
weed. Two trials used cattle that were not familar with the respec- 
tive locoweed species. Their consumption patterns were evaluated 
when they grazed alone and when they were placed with cohorts 
that were eating locoweed. The third trial included yearling cattle 
adversely conditioned to avoid locoweed to determine if social 
facilitation would overcome the aversion. We hypothesized that 
the naive and averted cattle would not consume locoweed while 
grazing separately, but when they were placed with other cattle that 
were eating locoweed, social facilitation would influence them to 
start grazing locoweed. 

Methods 

The first trial was conducted near Gladstone, N.M., on woolly 
locoweed (Astragalus mollissimus var. mollissimus Torr.) in 199 1. 
Mature cows were used in this trial. The second trial was conducted 
on the Raft River Mountains in northwestern Utah in 1992. Year- 
ling steers and heifers grazed on white locoweed (Oxytropis sericea 
Nutt.). The third trial was an aversion trial conducted at the same 
location as trial 2. 

Gladstone 
This trial was conducted in conjunction with a larger grazing 

study on woolly locoweed in the spring of 1991 (Ralphs et al. 1993). 
The study site had been farmed until 1963, then seeded to blue 
grama [Bouteloua gracilis (H.B.K.) Lag. ex Steudel], sideoats 
grama [B. curtipendula (Michx.) Torr.], and yellow sweet clover 
[Melilotus officinalis (L.) Pallas]. Squirreltail [ Elymus elymoides 
(Raf.) Swezey], three-awns (Aristida spp.), and broom snakeweed 
[ Gutierrezia sarothrae (Pursh) Britt. & Rusby] established natu- 
rally. A population outbreak of woolly locoweed occurred in fall 
1989, and a dense infestation remained in spring 1991. 

Four cows (Hereford, Angus, and their cross, 360 to 500 kg) 
grazed this infested pasture from 28 March to 5 May and were 
readily eating woolly locoweed (loco-eaters). Four new cows 
(naive) from another grazing study were brought to Gladstone to 
evaluate their acceptance of woolly locoweed. A 16-ha pasture was 
partitioned and the 2 groups grazed separately in 8-ha pastures for 
a 6-day period to evaluate the initial acceptance of woolly loco- 
weed by the naive cows without the influence of social facilitation. 
The partition fence was then removed and the groups grazed 
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together for a 12-day period to measure the influence of social 
facilitation on consumption of woolly locoweed by naive cows. 

Diets were quantified by a bite count technique (Lehner 1987). 
Each animal was observed for 5-min periods, the number of bites 
of major forage classes (grass, forb, and locoweed) were counted, 
and the percentage of the diet was calculated. Daily observations 
were taken during the morning and evening grazing sessions each 
day during the first period when the groups were separate, and 
every other day during the second period when the groups were 
together. 

Raft River 
This trial was conducted with yearling cattle that grazed white 

locoweed on the Raft River Mountains in northwestern Utah in 
August 1992. The site was a flat mountain top at an elevation of 
2,900 m. The range site was a high mountain loam site and domi- 
nant species included Idaho fescue (Fesruca idahoensis Elmer), 
mutton grass (Poa fendluriana (Stend.) Vasey), white locoweed, 
western yarrow (Achilea lanulosa Nutt.), and orange sneezeweed 
(Helenium hoopesii Gray). 

Eight mixed Hereford X Angus X Chianina steers and heifers 
(200 kg f 5 SE) were randomly allocated to 2 groups of 4 animals 
each. Animals in group 1 (loco-eaters) were preconditioned to eat 
white locoweed by mixing small quantities of fresh-picked white 
locoweed with fresh alfalfa, and gradually increasing the propor- 
tion of locoweed until the calves would eat it alone. Animals in 
group 2 (naive) were not exposed to locoweed until they were taken 
to the Raft River Mountain field grazing trials. 

In the field grazing trial, the loco-eater group and the naive 
group grazed separately for a 5day period in adjacent 1.2-ha 
pastures to evaluate their propensity to graze white locoweed 
without the influence of social facilitation. The partition fence was 
then removed and the groups grazed together for a 7day period to 
evaluate locoweed consumption under the influence of social facili- 
tation. Cattle were observed by 2 observers whenever they were 
actively grazing. Diets were quantified by bite count as described 
above. 

Aversion Conditioning and Grazing Trial 
The prior 2 trials involved a casual social influence to start eating 

a novel food. This trial involved acceptance of a food that was 
distasteful, and which the cattle associated with making them ill. 
Food aversion involves both the conscious memory of the food 
that causes illness, and also a subconscious hedonic shift where 
that food becomes distasteful (Garcia et al. 1985, Provenza et al. 
1993). 

Four yearling cattle (averted) were conditioned to avoid eating 
white locoweed through the process of conditioned food aversion. 
Conditioning of the animals took place at the ARS Poisonous 
Plant Research Laboratory in Logan. Each animal was offered 500 
g fresh picked white locoweed for 5 min. Two animals readily ate 
the locoweed, but 2 were reluctant. The influence of social facilita- 
tion was used to entice the slow eaters to consume locoweed. One 
animal that had readily eaten locoweed was placed together with 
one that had not eaten locoweed and offered 2 kg fresh locoweed. 
All animals readily consumed locoweed in this setting. The animals 
were then gavaged with lithium chloride (LiCl) 200 mg/ kg BW to 
induce gastrointestinal distress. The animals subsequently asso- 
ciated the induced illness with the taste of white locoweed. The 
aversion was tested and reinforced in a series of paired feeding 
trials at 2 to 4 day intervals. Each conditioned animal was ran- 
domly paired with a loco-eater (from the second trial) and offered 2 
kg fresh locoweed for 5 min. If averted animals consumed any 
locoweed, they were dosed again with LiCl. 

The field grazing trial was conducted on the Raft River Moun- 

tain, and the site and design were similar to trial 2. The averted 
group (n = 4) and loco-eater groups (n = 4) grazed separately for 4 
days in adjacent pastures to verify the aversion to white locoweed 
by the conditioned group. The 2 groups were then placed together 
in the same pasture for 4 days to determine if social facilitation was 
strong enough to extinguish the aversion. Diets were quantified by 
bite count as described above. 

Data Analysis 
Each trial was analyzed separately. The percentage of locoweed 

bites was compared by analysis of variance (ANOVA) in a split- 
plot design. Animal treatment groups were the main plot, and were 
tested by the animals-within-group factor. Period (separate and 
together) was the split-plot and was tested by the period-by- 
animal-within-period interaction, as was the period-by-treatment 
interaction. Days within periods and the treatment-byday-within- 
period interaction were tested by the residual error. There was a 
treatment-by-period interaction in (P<O.O5) in all 3 trials. The 
model was reduced and groups were compared in each period, and 
the locoweed consumption by the naive or averted group was 
compared over periods. Individual animals were considered exper- 
imental units. Percentage data of the diets were transformed by 
arcsin for analysis, but the nontransformed means are presented in 
the figures. 

Standing crop was estimated in each of the separate pastures at 
the beginning of each trial. Two paced transects bisecting the 
pastures were stepped off and 10 quadrats (1 by .25m) were system- 
atically located along each transect. Forage classes (grass, forbs, 
and locoweed) were clipped, dried in a forced air oven for 48 hours 
at 60° C, and weighed. Mean standing crop and standard errors are 
presented in Table 1. 

Table 1. Standing crop (kg/ha-’ f standard error) of separate pastures at 
the beginning of each grazing trial. 

Grazing 
trial Group Grass Forb Locoweed Total 

____________kg/ha-‘________---- 
Gladstone Loco-eater 482 f 30 167 f 23 186 f 31 835 f 57 

Naive 246f 29 5 f 2 183 f 136 434 f 144 
Raft River Loco-eater 356 f 30 540 f 84 188 f 60 1084 f 110 

Naive 1080 f 112 460 f 106 212 f 84 1752 f 174 
Aversion Loco-eater 784 f 74 328 f 33 324 f 88 1436 f 146 

Averted 684f 76 516 f 58 344f 106 1544f 134 

Results 

Gladstone 
Woolly locoweed is not very palatable to cattle (Marsh 1909). At 

the beginning of the larger grazing study preceding this social 
facilitation trial, the Gladstone cows were reluctant to graze woolly 
locoweed (Ralphs et al. 1993). They were forced to start grazing 
woolly locoweed in a grazing pressure experiment that confined 
them to a small pasture where the grass was depleted by the end of 
the IO-day trial. When the cows were later released into a larger 
pasture where feed was not limiting, they continued eating woolly 
locoweed for 23% of observed bites. 

In the present study, there was a group-by-period interaction in 
the amount of woolly locoweed consumed (P q  0.003). During the 
first period when the groups were separate, loco-eaters consumed 
woolly locoweed for 42% of bites while the naive group grazed very 
little woolly locoweed (Fig. 1). When the groups were placed 
together, the naive group increased consumption of woolly loco- 
weed (P = 0.0 1) to levels that were similar to the loco-eater group 
(Fig. 1). There was no difference between the groups while they 
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Fig. 1. Mature cattle consumption of woolly locoweed at Gladstone, N.M. 
Loco-eater and naive groups grazed separately for the first 6 days, then 
grazed together for 12 days to evahtate the infhtence of social facilitation. 
Error bars are standard errors. The treatment group-by-period (separate 
or together) interaction was signi5cant (P = 0.003). 

grazed together (P q  0.55). There was a group-by-day-within 
period interaction (P = O.Ol), that represents the variability in 
locoweed consumption by the loco-eaters in the first period, rang- 
ing from 20 to 70% of recorded bites. 

Raft River 
There was also a group-by-period interaction in the amount of 

white locoweed consumed in this trial (P = 0.007). Loco-eaters 
consumed white locoweed for 25% of their bites in the first period 
when they grazed separately, while the naive group consumed 
locoweed for only 3% of bites (Fig. 2). Most of the locoweed 

Raft River Ut. 
50 

40 

30 

20 

10 

Naive 
Loco-eater 

a a 
-I- 

O 
0 Separate Together 

Fig. 2. Yearling cattle consumption of white locoweed on the Raft River 
Mountain, Utah. Loco-eater and naive groups grazed separately for the 
5rst 5 days, then grazed together for 7 days to evahrate the infiuence of 
social facilitation. The treatment group-by-period (separate or together) 
interaction was significant (P q  0.007). Error bars are standard errors. 

consumed by the naive animals occurred on the first day, then they 
abstained for the remainder of the period. 

When the groups were placed together in the second period, the 
naive animals immediately increased consumption of white loco- 

weed (P q  0.01). There was no difference in white locoweed con- 
sumption between the 2 groups when the grazed together (P = 
0.83). On the morning the groups were placed together, 2 naive 
animals were observed watching loco-eaters graze locoweed. These 
animals tried it and continued eating it. The other 2 naive animals 
must have observed others eating locoweed, because all naive 
animals were eating as much white locoweed as the loco-eaters by 
the end of the first day. 

There were differences in locoweed consumption among days- 
within periods (P= 0.01). Locoweed consumption by the loco-eater 
group ranged from 10 to 35% of recorded bites in the first period, 
and from 10 to 50% of recorded bites by both groups in the second 
period. 

Aversion Trial 
During the conditioning phase, all averted animals consumed 

fresh picked locoweed the first day, prior to dosing with LiCl, 
Following dosing, most animals abstained. One steer took loco- 
weed for 84 bites and another took 25 bites in the subsequent 
paired feeding trials and were dosed a second time with LiCl. 

There was a group-by-period interaction (P = 0.01) in this field 
grazing trial. The averted group did not consume locoweed while 
the groups were separated, but loco-eaters consumed white loco- 
weed for an average of 33% of their bites (Fig. 3). When the groups 

60 

50 

40 

30 

20 

10 

0 

L 

AVERSION TRIAL 
I I I I I I I 

- Loco-eater 
--Averted 

Separate Together 
I I I I I I I I 

3 4 5 6 7 8 9 10 

Day 
Fig. 3. Aversion grazing triai. Loco-eater and averted groups grazed 

separately for 4 days and together for 4 days to evahtate the infhtence of 
social facilitation. The treatment group-by-period (separate or together) 
interaction was sign&ant (P = 0.01). Error bars are standard errors. 

were placed together, the averted group gradually increased loco- 
weed consumption over the 4 day period to where it was similar to 
the loco-eater group. There was a group-by-day-within period 
interaction (P = 0.01) that supports the increasing consumption of 
locoweed by the averted group in the second period. The increase 
in white locoweed consumption over time indicates a gradual 
acceptance of white locoweed, in contrast to its immediate accep- 
tance of it by the naive cattle in the other 2 trials. Social facilitation 
was strong enough to influence the averted animals to sample the 
plant they associated with past illness. When no adverse effects 
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occurred they gradually increased consumption and extinguished 
the aversion. 

Discussion 
Social facilitation is an extremely strong force influencing anim- 

als to consume food they see others eating. Naive animals in all 3 
trials started or increased locoweed consumption when placed with 
the loco-eater group. Trials 1 and 2 illustrate the influence of social 
facilitation in casual acceptance of a new food. The aversion trial 
was a severe test in which animals overcame the aversion to loco- 
weed, even though there was an abundance of grass and forbs to 
select from (Table 1). 

There was some degree of confounding between experience and 
social facilitation in this study. It is not known whether the naive 
animals would have eventually accepted locoweed if they were 
given more time alone. However, the dramatic increase in loco- 
weed consumption by the naive groups when they were placed with 
loco-eaters in trials 1 and 2, and the extinction of the aversion in 
trial 3, strongly suggests that social facilitation played a major role 
in the animals acceptance of locoweed. 

Considerable research has been conducted on social influences 
in diet selection by rats (Galef 1991). Simple exposure to a food will 
not create a preference for that food. However, exposure of an 
observer rat to the same diet in the presence of a demonstrator rat 
increased the observers preference for that diet. Even lingering 
food ques on the demonstrator (odor on breath or particles of food 
on fur) caused the observer rat to form a preference for that food. 
Social facilitation goes beyond forming preferences to novel palat- 
able foods. Rats will greatly increase intake of unpalatable foods 
following interaction with cohorts that had fed on it. Rats will also 
abandon a learned aversion to a food following interaction with 
conspecifics that have eaten that food. 

We found that social facilitation was a strong force influencing 
cattle to graze larkspur. In fact, it has been the major obstacle in 
maintaining aversions to larkspur in field grazing trials where 
averted and control animals grazed together (Ralphs 1992, Ralphs 
and Olson 1992). In studies using sheep, aversions to palatable 
shrubs and grain have been partially extinguished by social facilita- 
tion (Burritt and Provenza 1989, Provenza and Burritt 1991, 
Thorhallsdottir et al. 1990). Galef (1985) stated that “toxicosis- 
induced aversions to food is the most potent known experimental 
determinant of diet selection.” Studies conducted on the diets of 
rats, our studies with cattle, and feeding studies with sheep, have 
repeatedly shown that social facilitation is so powerful that it will 
overcome toxicosis-induced aversions to the target foods. 

Foraging animals continually sample foods in order to track the 
nutrient status of the foods in their environment (Launchbaugh et 
al. 1993). It appears that when information obtained from conspe- 
cifics conflicts with the animals perception of a food, that food is 
willingly sampled to reassess its value. Galef (1988) stated that 
while social influences may facilitate acquisition of a behavior, 
continuation of that behavior depends on its consequence to the 
individual. Continued acceptance or rejection of a food is depend- 
ent upon its postingestive consequences and feedback (Provenza et 
al. 1994, Garcia et al. 1985). Highly nutritious foods provide posi- 
tive nutritional feedback, and their relative palatability increases. 
Low quality foods, or foods containing toxis that affect the gas- 
trointestinal tract, produce negative feedback, and their relative 
palatability declines. The continued acceptance and consumption 

of poisonous plants presents a paradox. The positive nutritional 
consequences from locoweed in this study, and larkspur in the 
reported aversion studies apparently are stronger than the negative 
consequences of delayed intoxication. 

Conclusion 

Social facilitation appears to be a very strong influence on the 
acceptance of novel foods by animals and in shaping food prefer- 
ences and selection. The results of this study demonstrated that the 
social influence of cattle eating locoweed caused naive cattle to 
start grazing it. Many ranchers in locoweed-infested areas watch 
their cattle closely and remove those they see grazing locoweed. 
This reduces the incidence of social facilitation influencing other 
cows to eat locoweed, and prevents the progression of locoweed 
intoxication. 
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Abstract 

We used a cubic sampling quadrat to study the 3-dimensional 
structure of volunteer Bromus-Poa swards, and explored the rela- 
tionship of bite depth and sward height as a determinant of bite 
sizes of wapiti (Cervus eluphus) in the mixed-wood parklands of 
central Alberta, Canada. The vertical biomass distribution of the 
sward was pyramidal with leaves dominating the top stratum. Bite 
depths of yearling and adult wapiti were not significantly different 
but both were influenced by sward height and season. Wapiti 
selected bites in both vertical and horizontal dimensions. In spring, 
wapiti selected vertically, taking green leaves in the top layer of the 
sward. They selected forbs horizontally in summer and selected 
leaves vertically in mature autumn swards. Based on the relation- 
ships among bite depth and sward height, biomass and sward 
height, as well as vertical biomass distribution, we calculated 
expected bite sizes of wapiti on seasonal pasture. We also predicted 
changes of dietary protein and neutral detergent fiber with increas- 
ing bite depth. On spring swards, calculated dietary protein 
decreased and fiber increased as animals grazed deeper into the 
swards. In summer and autumn, dietary protein peaked as wapiti 
cropped about half of the height of the sward whereas dietary fiber 
was rehtively constant. Wapiti adjusted their bite depth to select 
forage containing at least 14% protein in spring, summer, and 
autumn. The sacrifice of bite size in tall summer and autumn 
swards was compensated by diet quality. 

Key Words: elk, bite depth, bite size, sward structure, diet quality, 
foraging ecology, foraging model 

Wapiti (Cervus elaphus) were once abundant throughout west- 
ern Canada, particularly in the aspen parklands and mixed wood 
forest. Gates and Hudson (1983) explored the foraging behavior of 
wapiti with a focus on the habitat selection. Hudson and Nietfeld 
(1985) and Hudson and Watkins (1986) studied feeding rate of 
wapiti in relation to forage biomass. Both studies indicated that 
sward structure was an important determinant of foraging behav- 
ior of wapiti. 

Sward structure influences the forage behavior of herbivores 
(Milne et al. 1982, Barthram and Grant 1984). Domestic grazers 
consume more green than cured matter and more leaves than stems 
(Arnold 1987, Black and Kenney 1984, Dudzinski and Arnold 
1973). Grazing sheep adjust their bite stratum according to sward 
structure (Burlison et al. 1991). Sward height in homogeneous 
hand-constructed swards has the most influence on bite depth 
(Ungar et al. 1991). Tiller length is correlated with herbage availa- 
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bility which in turn is correlated with bite size and forage intake 
(Allen and Whittaker 1970, Forbes 1989, Ungar et al. 1991). 

A bite is the basic unit of diet selectivity by herbivores and it 
forms the basis of several grazing models (Demment and Green- 
wood 1988, Ungar and Noy-Meir 1988). Unfortunately, bite size 
and food intake are difficult to quantify. Stobbs (1973a) and Milne 
(1982) used esophageal fistulation and Allden and Whittaker 
(1970) employed short-term weight gain during grazing. Other 
approaches include hand-plucked samples (Hudson and Nietfeld 
1985), artificial swards (Demment and Greenwood 1988, Spalinger 
et al. 1988 Ungar, and Noy-Meir 1988), and marker methods 
(Holleman and White 1989, Jiang and Hudson 1992). 

In this study, we assessed bite size and diet quality of wapiti in 
relation to bite depth in seasonal Bromus-Poa swards with differ- 
ent vertical biomass and quality profiles. Specific questions guid- 
ing our study were (1) how do stratification of sward biomass and 
forage quality change seasonally? and (2) how do wapiti adjust bite 
selection in relation to these changes in sward structure? From 
this, we inferred how bite depth affected bite size and diet quality. 
Bite depths generally were linearly related to sward height. Wapiti 
adjusted their bite depth to ingest food with a lower protein limit of 
about 14% in spring, summer, and autumn. Wapiti took large bites 
in tall swards in spring and took unexpectedly small bites in tall 
cured swards in autumn. 

Methods 

Study Area and Animals 
The study was conducted at the Ministik Wildlife Research 

Station, near Edmonton, Alberta, Canada. The study area exhibits 
a cool, continental climate characterized by short, warm summers 
and long, cold winters (Wonders 1969). The major vegetation types 
are Populus forest, Bromus-Poa pasture, and Carex wetland 
(Gates and Hudson 1983). Grasses (Bromuspumpellianus (Scribn.) 
Wagnon, Poa pratensis L.) flushed in May. Green graminoid 
leaves dominated the sward canopy in mid-May. Inflorescences 
appeared in late May and seeds ripened in August. The dominant 
dicot, dandelion (Taraxacum officinale Weber), emerged in early 
May, became the most visible dicot in early June, and persisted to 
autumn. Following dandelion, clovers (Trtfolium spp.) reached 
their peak biomass in July and survived until the end of the 
frost-free period. Other dicots like Achilles millefolium L., Aster 
spp., Cirsium arvense (L.) Stop., and Fragaria virginiana Duchesne 
spp. glauca (S. Watts) Staudt comprised less than 1% of the pasture 
biomass. 

We studied 12 female wapiti, 6 born in 1988 for the 1990 grazing 
season and another 6 born in 1990 for the 1991 grazing season 
(denoted sub-adults and yearlings, respectively). Half of the sub- 
adults and 2 of the yearlings were hand-reared, facilitating close 
observation. In May 1990, the sub-adults weighed 230 f 7 kg. In 
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Fig. 1. Seasonal sward structure and composition. Vertically, the biomass 
distribution in swards was a pyramidal structure. In spring, the biomass 
pyramid had a relatively larger base and there were more green leaves in 
the top layer. Transposing axes and calculating median RB and RH 
(Equations 1 and 2), the relationship between biomass and height can be 
summarized by the following equations: spring, RB q 4.yf1.45) 
exp(-O.O43(*.006)RH) (r* = 0.98); summer, RB = 5.3(&1.27)exp 
-0.057(fO.O04)RH) (r* = 0.96); autumn, RB = 5.5(fl.O6)exp 
-O.O56(fOO3)RH) (rJ q 0.98). 

May 1991, the yearlings weighed 138 k 7 kg. 

Sward Structure and Bite Characteristics 
We studied sward structure with a cubic sampling quadrat. The 

quadrat had 3 stacked 0.5 X 0.5-m frames welded with 4 steel wires 
(1 m long and 5 mm in diameter) at the 4 corners. Between the top 
and bottom, a movable frame was adjusted to specific heights and 
fixed by wing-nuts. Two l-m rulers were welded at opposing sides 
to measure the height of the movable quadrat. With this device, we 
sampled 9 quadrats per season in the experiment paddock in late 
May (fully leafed stage, late spring), late June and early July (full 
bloom stage, summer) and August (seed ripened stage, autumn), 
respectively, in 1990. In spring, we cut the swards into 3 layers of 
equal height, whereas in summer and autumn we cut 7 and 6 layers, 
respectively. We separated the sample into graminoid stems, gra- 
minoid leaves, dicots, and unidentified portions. In spring, we also 

sorted the sample into green and cured matter. We clipped another 
ten 0.5 X 0.5-m samples (without distinguishing layers) in each 
season to increase the sample size for studying the relationship of 
sward height and biomass. For the additional samples, we aver- 
aged the sward height at the 4 corners of the quadrat. From 
mid-May till mid-October, 1990, we randomly measured 22 plant 
heights every 10 days. 

We subsequently assessed bite depth and bite area and observed 
the experimental animals. On dew, frost, or newly grazed swards, 
we measured bite imprints to calculate bite areas (Jiang and Hud- 
son 1993). The bite imprints were measured along the long axis and 
short axis and the bite area was calculated as an ellipse. In each 
season, we assumed that bite areas of the same age group were 
similar. We opportunistically measured the stubble heights of 50 
bites and 50 adjacent ungrazed plants in the vicinity of the bites and 
calculated the difference as bite depth. Vertical diet selection in 
spring was determined in May 1990. Wapiti were released into a 
previously ungrazed paddock. We measured the height of dried 
plants, green grass, and bite stubble. 

Forage Quality 
Samples were pooled by layer and season, then oven-dried at 60” 

C for laboratory analysis. Sub-samples were taken for dry matter 
determination at 1 lo0 C. We determined gross energy, crude pro- 
tein, neutral detergent fiber (NDF), acid detergent fiber (ADF), 
and 72% sulfuric acid lignin. Gross energy was determined with a 
bomb calorimeter (PARR Instrument Company, Illinois, USA). 
Crude protein (N X 6.25) was determined by the macro-Kjeldahl 
method (A.O.A.C. 1984). NDF, ADF, and lignin were determined 
according to Goering and Van Soest (1970). 

Calculating Bite Size and Diet Quality 
We calculated relative height (RHi) or relative biomass (RBi) of 

layer i in relation to the total height of biomass (Jiang and Xia 
1987). We also calculated the median RHi and RBi in each layer, 
MRHi and MRBi: 

MRI.I~ q RHi + RHi-1 (i q l,...,L) (1) 
2 

MRBi q 
RBi (i = l,...,L) (2) 

RHi - RHi-1 

Table 1. Energy, Protein, NDF, ADF, and lignin in graminoids and dicots. 

Energy Protein NDF ADF Lignin 

Spring 
Cl. Leaves 
C. Culms 
G. Grz. Leaves 
G. Gr. Culms 
G. Dicots 

Summer 
G. Gr. Leaves 
G. Gr. Culms3 
G. Dicots 

Autumn 
G. Gr. Leaves 
G. Gr. Culms’ 
G. Dicots 

W/8) (%I (%) (%I (%I 

15.8 * 0.4 13 k 0.2 67 k 1 35 It 1 8 fO.l 
16.3 f 0.3 9 f 0.5 76 f 1 42f 1 6f0.1 
17.2 f 0.0 17 f 0.0 51f2 26fl 7fl.O 
16.6 It 0.2 14 + 0.4 63 + 3 35 f 3 6 kO.4 
17.2 f 0.0 25 k 0.4 30 f 1 14zt 1 3 *0.1 

16.9 f 0.0 16 k 0.1 65 zt 2 325 1 6f0.2 
16.6 f 0.2 9 f 0.4 75 f 1 44fl 7 zto.1 
16.7 zt 0.0 22 * 0.1 33 It 1 17 f 1 4 *o.o 

16.9 zt 0.1 16 k 0.2 68 f0.09 34 f. 1 6 f0.1 
17.1 f 0.1 IO f 0.8 75 f 0.9 42 k 1 7 f 0.2 
17.0 * 0.1 161tO.l 49fl.O 29+1 6kO.l 

I: C: cured. 
2: G: green; Gr: grass. 
3: Including heads. 
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Fig. 2. Bite depths of sub-adult in 1990 end of yearlings in 1991 in seasonal 
swerds. Tbe dotted lines represent the heights of swards. The regressions 
of bite depth (BD) and sward heights (SH): in spring: BD = -.6l(ztO.63) + 
0.44&0.@4)SH (fl q  0.74, yearlings) and BD = -.Zs(~tO.30) + 0.29 
(kO.OJ)SH (fi = 0.61, rub-adults); In summer: BD = -2.qf1.97) + 
0.7S(fO.O9)SH (rz = 0.61, yearlings) and BD = -3.OS(f0.69) + 
0.63(0.03)SH (fl q  0.92, sub-edults); in autumn: BD = -2.21(*1.98) + 
0.66(fO.O9)SH (P = 0.58, yearlings) and BD = -1.OS(f0.83) + 0.58 
(f0.04)SH (fi = 0.83, sub-adults). 

Where: L was the number of layers cut in the season, L = 3 in spring, 
L = 7 in summer and L = 6 in autumn. 
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Exponential regression between MRHt and MRBi in each sea- 
son gave a dimensionless biomass density-distribution function 
along the vertical axis. Bite depth was calculated as an empirical 
function of sward height. Bite volume is a cylinder with the bite 
area as the cross-section and bite depth as the height (Ungar and 
Noy-Meir 1988). Finally, we quantified bite size in relation to bite 
volume and biomass distribution: 

J 
100 

B&H. 9~) q  BM(sH. SN) BA -b aHdRH 
B~~,H,a& 

(3) 

Where: a and b were the exponential regression coefficients, BS 
was bite size(g), BM was biomass (g/cmr), BA was bite area (cmz), 
and SN was season. BM (SH, sN) was biomass distribution calculated 
by logarithmic regression of herbage biomass on sward height in 
each season. BD%(sH, EN) was the relative bite depth calculated by 
linear regression of bite depth on sward height in each season. 

In Equation (3), the driving variables were sward height and 
season. Sward height increased at IO-cm intervals from 10 cm to 30 
cm in spring, to 50 cm for sub-adults and 40 cm for yearlings in 
summer, and to 40 cm in autumn. The 95% confidence limits of the 
bite size was calculated using 95% confidence limits of the bite 
depth at specific sward height. 

For progressive bite depth, dietary protein and NDF were calcu- 
lated according to the proportions of green, dead matter, leaf, stem 
and their respective protein, and NDF contents in each season. 

k n 
DC(k) = C C SQ pj (k = l,..., L) (4) 

i-1 j=I 

Where: DC(k) was the dietary component such as protein or NDF 
when bite depth reached the kth layer of the sward. L was the 
number of layers cut in the season. scij was the proportion of sward 
component j such as cured leaves, cured culms, green leaves, green 
culms, or forbs in the kth layer. n was the number of sward 
components found in the layer. pj was the percentage of protein or 
NDF in the sward component j. The unidentified portion of the 
sward sample was pooled with cured stems. 

Sod Experiment 
We refined our estimates of bite characteristics using six 0.5 X 

0.5-m pieces of sod removed with about 5 cm of soil layer. We 
measured the sward heights and placed 1 piece of sod in a pen with 
2 hand-reared sub-adult wapiti. When the wapiti started to eat, we 
took bites from their mouths to determine bite weight and mea- 
sured the corresponding bite heights. When we placed a finger on 
the diastema, the animal egested the bite in attempting to remove 
the finger with her tongue. 

Statistics 
Two multivariate analysis of variance (MANOVA) evaluated 

seasonal and botanical effects and their first order interaction on 
energy, protein, NDF, ADF, and lignin. A multiple comparison 
among the means was carried out with the Tukey-Kramer test 
(Sokal and Rohlf 1981). Because of the different initial sward 
heights in each season, the impacts of season and cohort on bite 
depth and their first and second order interactions were explored 
by 2-way ANCOVA with sward height as a covariate. Data were 
transformed into their square-roots to achieve homogeneity of 
variance. Multiple comparisons among the means of sward heights 
and bite depth were carried out by Fisher’s protected LSD method 
(Sokal and Rohlf 1981). Differences were considered significant 
where the probability of a type I error did not not exceed 0.05. Data 
were summarized as the mean f 1 se. 

Results 

Sward Characteristics 
Biomass in swards was pyramidal, with the greatest bulk density 



at the base of the sward (Fig. 1). Spring swards had more biomass 
at the bottom (p-CO.05). Biomass and height of layers expressed in 
relative scale were related exponentially @<O.OS). The slope(b) of 
the exponential regression in spring was significantly different 
from those in summer and autumn (p<O.O5). However, summer 
swards were no different in vertical biomass distribution from 
autumn ones @>0.05). 

Protein, NDF, ADF, and lignin differed significantly among 
seasons (p<O.O5) and forages (p<O.O5) and the interactions 
between season and forages were significant (p<O.OS). Green mat- 
ter had more protein and less fiber than cured plant material 
@<O.OS; Table 1). Dicots had more protein and less fiber than 
graminoids @<0.05; Table 1). Energy content differed signifi- 
cantly among forages but not among seasons @<0.05). 

Bite Characteristics 
Bite depth was affected by season (p<O.OS), sward height 

(p<O.O5) and their interaction @<O.OS, Fig. 2). Wapiti grazed 
deeper in spring swards than in summer and autumn ones 
QKO.05). Bite area was related to the age of wapiti. The bite area of 
sub-adults was 38 f 0.1 cm2 in spring, and 49 f 0.1 cm2 in summer 
and autumn of 1990. Bite area of yearlings was 27 f 0.03 cm2 in 
spring and 38 f 0.1 cm2 in summer and autumn of 199 1. 

In early spring, wapiti selected green leaves above previous 
year’s growth, which set a constraint on diet selection. When the 
paddock was first grazed, the heights of green grasses were about 
double that of dried grasses whereas grazed stubble height was 
about the same as that of dried grasses. The regressions of bite 
height (BH), green grass height (GH) and dried grass height were as 
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Fig. 3. Simulation of bite size as II function of sward height. The dotted 
lines are the 95% confidence limits of the solid lines with the same legend. 
In spring, wapiti grazed deeper in tall swards; their bite size increased as 
sward height increased. As the sward matured in summer and autumn, 
bite size decreased in 20-cm height swards; sward height had little influ- 
ence on bite size of wapiti when sward height was taller than 20 cm. 

In 6 experiments, 1 tame wapiti ate 0.28 f 0.06 g (3 bites) and 
another ate 0.18 f 0.03 g (3 bites) on sod pieces with plant heights 
of 11.2 f 1.2 cm. The predicted bite size for this sward was 0.25 g 
with 0.13 g and 0.51 g as the 95% confidence limits. These results 
were within the range of predicted bite sizes. 
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Fig. 4. Bite strata in each season (range of mean bite depth corresponding 
to different sward height) and corresponding nutritional quality (protein 
above; neutral detergent fiber, below) of bites taken at various sward 
depth (% of the maximum sward height). The lower limits ofthe average 
bite depth in all seasons were 13.7-14.3s dietary protein. 

follows: (DGH) GH = X31(&0.29) + 1.95(fO.O7)DRH (r2 = 0.86) 
and BH = 0.081(f0.14) +1.18(&0.04)DRH (rz = 0.92). In summer, 
wapiti shifted from a solely grass diet to a mixed grass and dicot 
diet. Nietfeld (1983) reported that dandelions accounted for 18% of 
the diet of wapiti in late May and 36% in June. 

Yearlings and sub-adults had different bite sizes in seasonal 
swards (Fig. 3). In spring, yearling and sub-adult animals had 
larger bites in 30-cm tall swards than in IO-cm tall swards (p<O.O5), 
whereas in summer they took smaller bites in 30-cm tall swards 
than in IO-cm tall swards @<0.05). In autumn, yearlings had 
smaller bites in swards >20-cm high than in IO-cm tall swards 
(p<O.OS), whereas sub-adults had bites of 0.25 g in IO-cm tall 
swards and bites of about 0.1 g across all swards taller than 20 cm 
@<0.05). In autumn, the bite size of yearlings decreased as sward 
height increased. Bite size for sub-adults was 0.15 g in lo-cm tall 
swards, 0.12 g in 20-30-cm tall swards and 0.13 g in 40-cm tall 
swards. 



Bite Depth and Diet Quality 
The expected dietary protein and NDF are summarized in Fig- 

ure 4. In spring, as the bite depth increased from the surface to 
the bottom of sward, calculated dietary protein in diet decreased 
and NDF increased. In summer, dietary protein increased as bite 
depth increased to 60% of the sward height. Beyond this point, 
dietary protein decreased, but NDF only increased slightly. In 
autumn, dietary protein remain relatively constant until wapiti 
cropped about half of the sward height. We noted a decrease in 
dietary protein when wapiti cropped more than 60% of the sward 
height. Dietary NDF increased in autumn as bite depth and slightly 
decreased because of short forbs in the swards in summer and 
autumn. 

The average bite depth stratum of wapiti shifted upward in 
swards from spring to autumn (Fig. 4). Sub-adults grazed deeper in 
spring swards and they elevated their bite strata in summer and 
autumn swards. However, the actual bite strata provided higher 
dietary protein than other cropping heights in summer and 
autumn. The lower limits of bite depth were adjusted to provide 
about 14% dietary protein in all seasons. 

Discussion 

Sward Structure 
Hodgson (1981) noted the importance of sward structure in 

foraging selectivity of domestic grazers and adopted a point quad- 
rat to study the vertical sward profile. On Serengeti grasslands, 
Coughenour et al. (1984) assessed canopy structure by measuring 
leaf angle, biomass concentration, and tiller heights. Because of the 
dense tillers and leaves in our study area, leaf angle measurement 
was inappropriate and we developed the cubic sampling quadrat to 
quantify sward structure. Except in swards less than 5-cm tall, the 
cubic quadrat sampling appeared suitable. The profile we obtained 
was similar to the triangle shape obtained by Hodgson (198 1) using 
a point quadrat and that by Stobbs (1973b) with a hedge trimmer 
mounted on an adjustable frame. Biomass and height expressed in 
relative scales facilitated calculation of bite size and comparisons 
among seasons. 

Milne et al. (1982) noted the linear relationship between bite 
depth and sward height allows the prediction of forage intake. Bite 
depth of wapiti in seasonal swards was very similar to those of 
sheep and cattle (Milne et al. 1982, Barthram and Grant 1984). 
Grazers tend to bite a fairly constant proportion of total sward 
height, because they select tillers with greater leaf length and 
younger laminae. Barthram and Grant (1984) noticed that reduc- 
tion of bite depth in tall swards may limit intake per bite and 
consequently total intake. In tall matured swards, wapiti took 
smaller bites than in short swards during summer and autumn. 

Foraging modes 
Wapiti selected forages along horizontal and vertical vectors. 

Bite depth represents the vertical dimension. In spring, wapiti 
completely relied on grasses. When green leaves dominated the 
sward canopy, dried grasses at the bottom of the sward constrained 
diet selection. Wapiti maximized bite depth by grazing green leaves 
above dried grasses. In summer and autumn, wapiti preferred short 
swards with new leaves to tall mature ones. Grass leaves appear 
more slowly in tall swards and take longer to complete their 
expansion (Parsons et al. 1991), so grazing can improve pasture 
quality. 

Wapiti selected individual forbs in the horizontal dimension. In 
early summer dandelion accounted for 20% of the total pasture 
biomass (Nietfeld 1983) and wapiti shifted their diet from solely 
grasses to both dandelion and grasses. Pasture became hetero- 
geneous as seed ripened in autumn, wapiti normally nibbled the 
leaves, avoided tall reproductive culms, and selected feeding sta- 

tions with short grasses. The horizontal selection in autumn dif- 
fered from that in summer: the former involved a selection of 
feeding stations whereas the latter involved selection of individual 
plants. 

Bite size 
Bite sizes of sub-adults calculated in this study were in the range 

of bite sizes measured by other methods with the same wapiti. 
Jiang and Hudson (1992) reported wapiti had average bites of 0.35 
f0.08 too.41 fO.lOg inlater spring,compared too.13 too.51 gin 
this study. Wilmshurst (1992) measured bite sizes of yearling wapiti 
as 0.05 to 0.4 g in sod experiments at the same research site. 

Bite size is determined by bite dimensions and sward bulk den- 
sity. Laca et al. (1992) found that bite area increased with sward 
height and decreased with bulk density in homogeneous swards. 
Whether this is true for wapiti needs to be tested, because wapiti 
and cattle differ in foraging mechanism. Wapiti graze by using 
their lips, dental pad and lower incisors to grasp, and break the 
forage instead of using their tongues to sweep and prehend forage. 
Furthermore, tiller density did not vary greatly in our study area, 
so we assumed that bite area was constant within seasons. 

The relationship between bite size and sward height varies with 
pasture maturity, plant species composition, and grazing system. 
On homogeneous artificial pastures, animals graze deeper (Milne 
1991) and take larger bites from tall swards than short swards 
(Burlison et al. 1991). On heterogeneous natural grassland, grazing 
animals take smaller bites in mature than young swards (Van Soest 
1982, Stobbs 1973a). In our study, sub-adult wapiti took larger 
bites in tall swards in spring than in summer, since the green 
material in spring swards was homogeneous and highly digestible 
(Jiang and Hudson 1992). As swards matured, wapiti spent more 
time in short swards, perhaps due to larger bites and high quality of 
the newly generated leaves. In summer and autumn, wapiti did not 
crop as deep as they did in tall spring swards, but their bite depth 
maximized possible dietary protein. Vertical selection is a balance 
of the tradeoff between dietary protein and bite size. Sacrifice of 
bite size in summer and autumn might be compensated by diet 
quality. 

There are limitations in our methodology. First, the method of 
calculating bite size may be more suitable for swards of interme- 
diate heights. In swards less than 5-cm tall, wapiti may prehend and 
break the grasses at ground level and bite depth may be difficult to 
measure. Bite depth is only an indicator of average length of tiller 
removed (Laca et al. 1992). In such a case, treating the bite volume 
as a cylinder plus a hemisphere may be better. Another short- 
coming of Equation 3 may arise when wapiti adjust the angle of 
mouth to select the leaf stratum in matured swards, but we did not 
observe this foraging posture frequently. However, the equations 
provide a theoretical framework although relationships between 
bite size and sward height may differ due to different sward struc- 
tures and foraging responses of the grazer. 

Our approach integrated bite depth, sward height, and biomass 
density to predict bite sizes and diet quality of wapiti in different 
seasons, depicited the foraging responses of wapiti to sward struc- 
ture, and provided another avenue to study bite sizes and diet 
selection of grazing herbivores. As a functional response to sward 
structure, wapiti may select bite depth and bite site according to the 
distribution of food items, forage quality and sward configuration. 
Consequently, bite sizes of wapiti may change markedly in 
response to seasonal changes in sward structure and forage quality. 
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Abstract 

Estimates of forage production for long-term ungrazed, lightly, 
moderately, and heavily grazed treatments (0,20,40,60% removal 
of annual forage production) established in 1939 in shortgrass 
steppe communities were subjected to multiple regression analyses 
to assess long-term temporal trends resulting from grazing and 
short-term sensitivities to abiotic factors. Average production 
based upon alI data from 1939-1990 was 75,71,68, and 57 g mm2yrm1 
for ungrazed, lightly, moderately, and heavily grazed treatments, 
respectively. Variability in forage production was explained mostly 
by cool-season precipitation, and magnitude of forage production 
was more sensitive to annual fluctuations in precipitation than to 
long-term grazing treatments. Production per unit increase of 
precipitation was greater for cool-season than warm-season pre- 
cipitation, but only when cool-season precipitation was above 
average. This was attributed to differences in evaporative demand 
of the atmosphere resulting in different utilization-efficiencies of 
small and large rainfall events in the 2 seasons. Based upon a 
regression model constructed using data from 1939 through 1962, 
forage production was not effected by grazing to 20 to 35% remo- 
val. For pastures of average relative productivity, grazing at 60% 
level of consumption for 25 years resulted in a 3% decrease in 
forage production in wet years and a 12% decrease in dry years. 
Estimates of productivity after 50 years of heavy compared to light 
grazing treatment were -5 and -18% for wet and average years of 
precipitation, respectively. 

Key Words: abiotic versus biotic controls, forage production, 
grazing intensities, rain-use-efficiency, semiarid grassland, short- 
grass steppe 

Le HouCrou (1984) suggested that “vegetation condition”due to 
grazing management seems to influence the rain-use efficiency of 
plant communities at least as much as aridity. Greater quantity and 
lower variability in annual production was observed for pristine 
versus grazed vegetation across a range of grasslands (Le Houtrou 
et al. 1988). However, the semiarid shortgrass steppe has a long 
evolutionary history of grazing by large herbivores and does not 
respond to grazing in a manner similar to that of many other plant 
communities (Milchunas et al. 1988). Species composition of 
ungrazed communities is more similar to that of disturbed com- 
munities than is species composition of heavy grazed communities 
(Milchunas et al. 1990). Does this grassland display the same 
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resistance to grazing in long-term forage production as it does in 
species composition? Does production in different grazing inten- 
sity treatments track annual fluctuations and seasonal timing in 
precipitation similarly? 

Forty percent of the variation in annual forage production 
across a wide range of moderately grazed pastures could be 
explained by annual precipitation (Lauenroth and Sala 1992). The 
difference between a wet versus a dry year in the shortgrass steppe 
is a function of a few large events, but the majority of rainfall in 
either dry or wet years comes in small events (Sala and Lauenroth 
1982, Sala et al. 1992). There are reasons to believe that grazing 
intensity treatments may interact with fluctuations in precipita- 
tion, thereby differentially affecting production. In the shortgrass 
steppe, plant basal cover is greater, litter cover is less (Milchunas et 
al. 1989), and root biomass distributions more uniform spatially, 
potentially allowing a more intensive exploration of the soil 
volume (Milchunas and Lauenroth 1989), in heavily grazed than 
ungrazed treatments. These structural differences between grazing 
treatments may differentially affect precipitation-use-efficiency in 
dry versus wet years. 

In addition to annual fluctuations, long-term data sets are con- 
ducive to addressing questions concerning time-lag effects. While 
production of individual tillers may be closely related to current- 
year precipitation, a dry year or a series of dry years may reduce 
basal cover, thereby constraining production in subsequent years 
even when conditions are favorable for growth. A better under- 
standing of plant growth relationships to current- and previous- 
year conditions can help in formulating guidelines for proper 
stocking-rate management. 

Our objectives were to assess long-term trends in forage produc- 
tion in relation to grazing intensity treatments. We focus on poten- 
tial interactions of the gazing treatments withefficiency in utilizing 
current-year seasonal precipitation, the effects of previous years’ 
precipitation on current-year production, and the relative impor- 
tance of climatic, edaphic, and biotic controls. 

Materials and Methods 

The Central Plains Experimental Range (CPER) is located in 
north-central Colorado (40’49’N 107’47’W). Vegetation is domi- 
nated by blue grama (Boureloua grucilis (H.B.K.) Lag.) and buf- 
falo grass (Buchloe dactyloides (Nutt.) Engelm.), with plains prick- 
lypear ( Opuntiupolyucunthu Haw.), scarlet globemallow (Sphuer- 
ulceu coccineu (Pursh) Rydb.), and fringed sagewort (Artemisiu 
frigida Willd.) consistent components. Basal cover is typically 
25-35%, 90% of which is blue grama (Milchunas et al. 1989). 
Precipitation averages 32.l-cm yr-’ (9.8-cm yr-’ standard devia- 
tion), ranging from 22.6 to 47.9 cm over the past 52 years. May 
through September growing season precipitation averages 22.9-cm 
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Fig. 1. Climatic diagram (Walter 1979)for the Central Plains Experimen- 
tal Range, north-central Colorado (400 49’N 107047%‘). Dotted areas 
indicate periods of relative drought and lined areas the relatively humid 
season. 

year-‘, which is 71% of mean annual (Fig. 1). Maximum July 
temperatures average 30.6” C (std. dev. 2.0’ C) and January min- 
imums average -11.0’ C (std. dev. 32.” C). Soil organic carbon 
ranges from 7 to 19 g kg-‘, and sand content from 74 to 52% 
(Yanker et al. 1988). Soils are primarily Aridic Argiustolls, Ustollic 
Haplargids, Ustic Torriorthents, and Ustic Torrifhrvents. 

Four replicate pastures each of light, moderate, and heavy stock- 
ing rates (each approx. 130 ha), and ungrazed controls, were 
established in 1939 on areas that were not previously overgrazed 
(Klipple and Costello 1960). Two of the 4 replicates for each 
grazing treatment were in sandy-soil lowlands (half-sections 
numbers 8N, 7E, SW, and 7W, 19W, 19E). The lowland replicates 
are dominated by the same grass-forb matrix, but also have a shrub 
component (fourwing saltbush-Atriplex cune.rcens (Pursh) Nutt.), 
and are more productive than sites with fine-textured soils (Liang 
et al. 1989). One of the lowland replicates (half-sections 8N, 7E, 
5W) also has a dry meadow of alkali sacaton (Sporobolus airoides 
(Torr.) Torr.) and western wheatgrass (Agropyron smithiiRydb.). 
One of the upland replicates (half-sections 23W, 23E, 15E) is 
upland blue grama-buffalo grass and the other (half-sections lSW, 
22E, 21N) is blue grama-buffalo grass on ridges and buffalo grass- 
western wheatgrass in swales. Each of the 4 replicates were origi- 
nally chosen to represent different shortgrass “subtypes” (Klipple 
and Costello 1960). 

Grazing occurred over a 6-month period spanning the growing 
season (June-November), with stocking rates for a particular year 
depending on the number of animals necessary to remove appoxi- 
mately 20,40, and 60% of forage production. From 1961 to 1991, 
these areas have been managed so that approximately 4535, and 
22 g me2 of herbage were left at the end of the grazing season in 
lightly, moderately, and heavily grazed treatments, respectively. 
During this latter period, stocking averaged 1521, and 32 yearling 
heifers 130 ha-‘. Lengths of grazing periods varied depending on 
amount of forage produced in different years. From 1957 to 197 1,2 
replicates (the upland sites), and from 1972 to present only 1 
replicate (the bluegrama-buffalo grass site), of each of the original 
grazing-intensity pastures remained in the experimental design. 

Forage production was estimated from 1939-1962 by harvesting 
end-of-season-standing-crop of live-plus-recent-dead forage within 
temporary moveable cages. From 1939-45,24-caged plots 2.32 mr 
were clipped immediately-above crown level in each pasture repli- 

cate; from 1946-62, IO-caged plots 0.19 m* were clipped in each 
pasture replicate. Before 1949, only blue grama and buffalo grass 
were sampled, and from 1949-1962 other grasses and sedges 
( Curex sp.) were included. No vegetation data were collected from 
1963-1970, with subsequent estimates of production on various 
subsets of the 4 grazing treatments collected in 1970-73 (Sims et al. 
1978), 1983-1990 (W.K. Lauenroth and D.G. Milchunas, unpub- 
lished data, with data for ungrazed treatment from an exclosure 
established in 1969 and for moderately grazed section 24 which is 
adjacent and vegetatively similar to the remaining lightly and 
heavily grazed replicate), 1988 (Milchunas et al. 1992), and 1989 
(Varnamkhasti 1991). These latter investigators harvested all live- 
plus-dead vegetation in temporary cages at the end of the growing 
season except for cacti (primarily plains pricklypear). Long-term 
ungrazed treatments were not sampled for productivity prior to 
1970. Data for green weights of all forage species collected in 
1950-51 show forbs and shrubs contributing 20,16, and 18%, and 
sedges contributing 1,2, and 3%, of biomass in lightly, moderately, 
and heavily grazed treatments, respectively (Klipple and Costello 
1960). Data for 1983-1990, sampling all vegetation except cacti, 
show forbs-plus-shrubs contributed an average of 22 and 11% and 
sedges contributed 4 and 8%, of production in ungrazed and mod- 
erately grazed shortgrass steppe, respectively (W.K. Lauenroth 
and D.G. Milchunas, unpublished data). Therefore, the data col- 
lected from 1939-1948 and from 1949-1962 are quite similar, but 
data collected from 1970-1990 included a significant additional 
shrub and forb component. 

We refer to plant production as ‘forage production’ rather than 
‘aboveground net primary production’ because of the representa- 
tion of cattle forage species in the sampling. End-of-season- 
standing-crop provides good estimates of aboveground net prim- 
ary production in plant communities such as the shortgrass steppe, 
where there is a short growing season and species that account for 
the majority of production have similar phenologies (Lauenroth et 
al. 1986, Milchunas and Lauenroth 1992). Accurate estimates of 
net primary production by t4C turnover show that end-of-season 
live-plus-recent-dead estimates of aboveground herbage underes- 
timate aboveground net primary production by 16%, whereas 
summation of positive increments in biomass from sampling 
throughout the growing season overestimates aboveground net 
primary production by 63% (Milchunas and Lauenroth 1992). 

The missing data in the 1960’s and the different components of 
vegetation sampled in the early and late periods necessitated that 
data from 1939 through 1962 be treated separately from those 
collected from 1970 through 1991. Data from 1939 through 1962 
were subjected to multiple stepwise regression analyses of forage 
production against: (1) grazing intensity (20,40,60% removal); (2) 
years of grazing treatment; (3) warm-season precipitation (May-- 
September); (4) cool-season precipitation (October-April); (5) 
previous year’s precipitation (October-September l-year-previous); 
(6) precipitation t-years-previous; and (7) pasture relative produc- 
tivity coefficient, and interaction and quadratic terms for the above 
variables. Although pasture relative productivity is not independ- 
ent of the dependent variable, it was included because of the 
different productivities of the 4 replicate blocks of grazing intensity 
treatments. This ‘normalization’of the data was necessary in order 
to decipher grazing-precipitation relationships; not including dif- 
ferent pasture productivities resulted in regressions that were too 
noisy to discern effects of grazing or precipitation. Including rela- 
tive productivity factors as an independent variable, rather than 
applying them to the dependent variable, was deemed a more 
visible manner of handling the problem; the effect of spatial varia- 
bility across the landscape could be viewed in relation to grazing- 
precipitation effects. Separate regressions for each replicate- 
pasture-block were not an alternative because not all blocks were 
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sampled each year through 1962, which would again interfere with 
discerning precipitation responses between grazing treatments. If 
the replicate-blocks responded differently to grazing, this effect 
would appear as significant interaction terms, which were included 
in the model. Pasture relative productivity was calculated as the 
mean of all data for each particular block of pasture subtype 
divided by the mean of all data. Data from 50 years after initiating 
the treatments were used to substantiate predictions of the statisti- 
cal model. 

The regression model was examined for the presence of variables 
in interaction or quadratic terms. Quadratic and interaction terms 
were only included if (1) single terms were significant, and (2) single 
and interaction or quadratic terms were significant together. All 
levels of significance were considered ~10.05. Casewise residual 
statistics included studentized residuals, Mahalanobis’ distances, 
and Cook’s distances. Casewise residuals were assessed in relation 
to cut-off values as defined in Rousseeuw and Leroy (1987). Out- 
hers were removed in order to minimize potential of leverage 
points resulting in unreliable statistical models. Examination of 
normal probability plots indicated good agreement between 
observed and expected normality. 

Results 

Forage production across all 50 years averaged 7 1,68, and 57 g 
m~2yr-’ for lightly, moderately, and heavily grazed treatments (n q 
89,97, and 88), respectively (Fig. 2). The ungrazed treatments for 
which only 15 observation-years were available, averaged 75 g mm2 
yr-‘. Average warm-season precipitation during the years in which 
the ungrazed treatments were sampled was the same as that for the 
years in which the 3 grazed treatments were sampled, but averaged 
2 cm more for cool-season precipitation. Distributions of produc- 
tion values were similar with the exception of a slight skew toward 
the high end for lightly grazed and toward the low end for heavily 
grazed; standard deviations were 20,22,21, and 21 g mm2 yr-’ for 
ungrazed, lightly, moderately, and heavily grazed treatments, 
respectively. Precipitation from 1939-1990 averaged 31.9 cm yr-‘, 
with 71% occurring during the May-September growing season. 
Coefficient of variation for warm-season precipitation was 35%, 
and for cool-season precipitation was 39%, compared with 26,32, 
3 1, and 36% for forage production in the ungrazed, lightly, moder- 
ately, and heavily grazed treatments, respectively. 

Visual examination of production and precipitation data from 
193991990 indicated production varied widely both among years 
and within years among pastures (Fig. 3). Precipitation was often 
relatively constant for 2 to 3 years with large high or low years of 
precipitation interspersed. No clear temporal trends in forage pro- 
duction in the grazing treatments were evident. 
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Fig. 2. Distributions (number of occurrences) of forage production (g rn-* 
yi’) on lightly, moderately, and heavily grazed treatments in shortgrass 
steppe at the Central Plains Experimental Range. Ungrazed treatment 
was not included because of the few years of sampling; see text for mean 
and variance. 

Multiple regression analysis showed that biotic, climatic, and 
edaphic factors were all important controls on forage production 
in this semiarid grassland. Cool-season precipitation (October 
through April), warm-season precipitation, grazing intensity, 
years of grazing treatment, and relative pasture productivity were 
significant independent variables and together explained 61% of 
the variance in forage production (Table 1). Precipitation 1 or 2 

Table 1. Regression model for forage production (g mm2 yil) of shortgrass steppe based upon 24 years of data for production in lightly, moderately, and 
heavily grazed treatments in 4 blocks of treatment pastures of different inherent productivity (see Materials and Methods Section for description of 
pasture relative productivity coefficient). Independent variables are ordered in accordance with their entry into the stepwise regression model, and all are 
significant atp<O.OS (constantp = 0.09). Sensitivity is the difference in forage production when changing an independent variable from a low to a high 
value while holding other independent variables constant. See text for low-high values. N = 156. 

Independent variable Regression coefficient Coefficient std. error Incremental R2 Change in R* Sensitivity - 
(Cool-season precipitation)* 1.2938 0.1923 .21 .21 
Pasture relative productivity 59.6643 8.3296 .36 .I5 +18 
(Grazing intensity)* -0.0124 0.0055 .43 .07 d 
Warm-season precipitation I .3032 0.2114 .48 .05 +20 
Cool-season precipitation -17.7954 3.1999 .55 .07 +64 
Year m0.8125b 0.1681 .60 .05 -16b 
Grazing intensity 0.6772 0.4418 .61 .Ol 13 
Constant 28.8181 16.9757 

“Sensitivities are a function of both simple and quadratic term, values are provided under simple term. 
bThe coefficient for, and sensitivity to, year was primarily due to decreasing cool-season precipitation rather than to years of grazing treatment. See text for details. 
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years prior to sampling forage production, and interaction terms, 
did not significantly enter into the regression model. Cool-season 
precipitation, rather than warm-season precipitation, and relative 
pasture productivity were factors contributing the greatest to the 
cumulative R2. Grazing intensity, and its quadratic, and years of 
grazing treatment together contributed only 0.14 to the cumulative 
R2 of 0.61. 

Because it is impossible to graph in 6 dimensions, we examined 
sensitivities of change in forage production to changes in inde- 
pendent variables from low to high values chosen to represent the 
observed ranges. Based upon the regression model, forage produc- 
tion was most sensitive to differences in cool-season precipitation 
from dry to wet years; predicted increase in forage production 
when cool-season precipitation increased from 6 cm to 14 cm was 
64 g m-‘yr-’ (Fig. 4a). In comparison, varying warm-season precip- 

itation from 15 cm to 30 cm increased production 20 g m-‘yr-’ (Fig. 
4b). The sensitivity of forage production to cool-season precipita- 
tion (Fig. 4a) was low during very dry years and increased as 
cool-season precipitation increased. Average cool-season precipi- 
tation from 1939-1990 was 8.7 cm. Increasing cool-season precipi- 
tation from 7 to 8 cm was predicted to increase production 1.6 g 
rn-‘yr-’ compared with an increase of 6.8 g m-2yr-’ for an increase 
from 9 to 10 cm. In contrast, forage production increased 1.3 g 
me2yr-’ for each additional centimeter for warm-season precipi- 
tation. 

In comparison to the 64 and 20 g me2yr-’ increase in production 
for increasing cool- and warm-season precipitation, respectively, 
increasing other independent variables in the regression model 
from the low to the high range of values resulted in +18, -16, and 
-13 g me2yr-’ of production for changing the pasture relative pro- 
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Fig. 4. Sensitivity of change in the regression model of forage production g 
mm2 yr’l) to changes in a) cool-season and b) warm-season precipitation. 
Ranges for precipitation were chosen to provide examples of reasonable 
low-high values; other variables in the regression model were held con- 
stant at average values. See Table 1 for description of regression model. 

ductivity coefficient from 0.85 to 1.15, duration of grazing treat- 
ment from 5 to 25 years, and grazing intensity from 20 to 60% 
utilization, respectively. There were small effects of long-term 
grazing treatment intensities up to 35% consumption of forage on 
forage production, with increasingly greater negative effects as 
levels of removal by cattle increased to 60% (Fig. 5). Increasing 
grazing intensities from 20 to 60% decreased production 2.5% 
under conditions of high precipitation and 5 years of treatment, 
compared with a decrease of 12% under the opposite set of condi- 
tions (low precipitation and 25 years of treatment). 

The regression analyses indicate (1) no difference in forage pro- 
duction under grazing intensities removing 20 to 35% biomass, (2) 
decreased production from 35 to 60% removal intensities, but (3) 
decreased production on all grazing treatments from 1939 to mid- 
1960’s. The decrease in production with time may be due to grazing 
or to a pattern of decreasing precipitation through time. Regres- 
sions of precipitation over time showed no significant decline in 
warm-season precipitation, but a slope of -0.19 cm yi’ for cool- 
season precipitation (r* = 0.19, year significant at p q  0.03, and 
slope significantly different from 0). This estimates a decline in 
cool-season precipitation from 10.8 to 6.6 cm over 25 years. The 
forage production model would predict a 19.7 g me2 decrease in 
production due to this decline in cool-season precipitation com- 
pared to a decline of 16 g me2 for 25 years of grazing treatment. 
Therefore, it is likely that the decline in production with years of 
grazing predicted by the regression model is a consequence of the 
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Fig. 5. Sensitivity of change in the regression model of forage production 
(g mm2 yr-t) to changes in grazing intensity (20 to 60% utilization), 
duration of grazing treatment (5 and 25 years), and cool- and warm- 
season precipitation (6 and 14, and 15 and 30 cm yr-l). Ranges for 
variables were chosen to provide examples of reasonable low-high 
values. Decreased production with increasing years of treatment is not 
considered a grazing effect, because cool-season precipitation declined 
over the years of measurement (see text for additional explanation). 

decline in cool-season precipitation through the years, because 
there was no significant grazing intensity by years of grazing inter- 
action. The regression model indicates, however, that heavy graz- 
ing (60% consumption of forage production) has resulted in a 3% 
decrease in production in relatively wet years to a 12% reduction in 
relatively dry years. 

Recent production data for the long-term grazing treatments 
had to be left out of the regression analyses because of the outlier- 
effect in X-space and because of different proportions of the total 
species that were sampled. Estimates of aboveground primary 
production (sampling all species) obtained in 1989 (after 50 years 
of grazing treatments) indicated that heavily grazed treatments 
produced 18% less than lightly grazed treatments in this year of 
average precipitation (Varnamkhasti 1991). Supplementary water 
added to plots to simulate a wet year resulted in large increases in 
production in all treatments, and heavily grazed treatments pro- 
duced only 5% less than lightly grazed treatments under this wet- 
condition. Regression model predictions of the reductions due to 
heavy grazing for the average- and wet-year conditions when the 
above empirical data were collected were -19 and -16Y0, respec- 
tively (using 1 year of treatment in model, assuming year effect is 
due to declining cool-season precipitation through years for data 
used in model). Predictions of the regression model constructed 
from earlier data were very similiar to the empirical data for the 
year of average precipitation, slightly overestimated the effect of 
heavy grazing in the wet year and depicted the less negative effect of 
heavy grazing under wet-year compared to drier conditions. 

Discussion and Conclusions 

Long-term data sets are valuable for assessing year-to-year vari- 
ability in parameters and their temporal trends. Often, however, 
methods and research objectives change through time, which pla- 
ces limitations on analyses and interpretations of the data. The 
data and analyses presented here may be useful in separating the 
relative effects of climatic, edaphic, and biotic controls on plant 
production in shortgrass steppe, but should not be considered as 
absolute estimates of production or as representing all factors 
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which may affect production in the different grazing treatments. increasing grazing intensity. 
The reader is referred to Ashby et al. (1993)-for end-of-season- Precipitation was the most influential variable in accounting for 
standing crops of all functional groups in the grazing treatments variability in production at this shortgrass steppe site. Lauenroth 
for 194142,1950-51, and 1991-92, and to Milchunas and Lauen- and Sala (1992) analyzed average production across the entire 
roth (1992) for estimates of bias in traditional harvest estimates of CPER regardless of grazing treatment and found significant rela- 
net primary production. Williamson et al. (1989), Milchunas et al. tionships between production and both annual and growing- 
(1992), and Varnamkhasti (1991) examine how current-season season precipitation. These analyses indicate that above average 
herbivory, grazing, or defoliation affect estimates of production amounts of cool-season precipitation were most effective in prom- 
through compensatory regrowth mechanisms and illustrate how oting high production. This may be because a smaller fraction of 
this may influence relative differences between treatments in dif- precipitation during the cool season is likely to be lost to evapora- 
ferent years. Further, a decline in cool-season precipitation tion compared to the warm season, or that high total production 
through time was confounded with years of grazing treatment in corresponds to years with a greater contribution by cool-season 
the regression model. We therefore cannot use the model as a tool (C3) plants. De Wit (1958) suggested that a given amount of 
for predicting absolute values but view it as a useful means to precipitation results in greater production as evaporative demand 

. 

*- 

decipher the relative importance of climatic, edaphic versus biotic of the atmosphere decreases. Mean maximum air temperatures in 
controls on forage production. Sensitivity analyses suggest a rank- March and April at the CPER are 10 and lS” C, respectively, 
ing of importance of climatic > edaphic > biotic. compared to 26 and 31” C in June and July (see also Fig. 1). The 

Early reports (using data through 1953) of the response of short- regression model predicted a greater increase in production per 
grass steppe vegetation to long-term grazing treatments at the unit of cool- than warm-season precipitation, but only when cool- 
CPER (Klipple and Costello 1960) concluded that under lightly season precipitation was greater than average. Increases in produc- 
grazed treatment “Highly palatable species...increased in fre- 

grazed conditions before initiating the long-term grazing treat- 

quency of occurrence. Dominant grasses increased in vigor and 
yield.. ..Heavy grazing caused a reduction in the total production of 

ments rather than to ungrazed treatments. Although species com- 

vegetation growth and production of most of the better forage 
plants.” Klippe and Bement (1961) concluded that most of the 

position data were collected, productivity data were not collected 

improvement in forage production from light grazing occurred 
during the first 5 to 7 years with little added improvement observed 

in ungrazed treatments. Even species composition of ungrazed and 

after 7 years. Our analyses using data for additional years of 
grazing treatment do not alter early conclusions when placed in a 

lightly grazed treatments were very similar at the time of last 

proper context. The ‘increase’ in yield under light grazing that the 
early authors refer to is probably in comparison to the moderately 

sampling (1940-42,1946-48,1952-53) by these early authors. Dif- 

tion with increasing precipitation were 0 or very small when cool- 
season precipitation was below average, but increases in production 
were linear throughout the range of increasing warm-season 
precipitation. 

tures are relatively low. Large events during this period probably 
accumulate below the evaporative zone and provide a source of 

Small rainfall events are a large portion of precipitation events in 
the shortgrass steppe (Sala and Lauenroth 1982, Lauenroth and 

water for early spring growth even during precipitation-free peri- 

Milchunas 1991). While the dominant species of shortgrass steppe 
are capable of responding rapidly to, and utilizing, small rainfall 

ods that may occur during May or June. Small rain events may be 

events (Sala and Lauenroth 1982), plant growth and water uptake 
are minimal during March and April. Small events falling at this 

more effectively utilized during the warm season when roots are 

time would be largely lost to evaporation even though tempera- 

active than during the cool season, but the effectiveness of large 
ferences in species composition of ungrazed versus heavily grazed 
treatments were still small after nearly 50 years of treatment (Mil- 
chunas et al. 1989), and ungrazed rather than heavily grazed com- 
munities were more similar to disturbed communities (Milchunas 
et al. 1990). 

Lauenroth and Milchunas (1991) calculated net losses of nitro- 
gen from shortgrass steppe due to cattle via volatilization from 
urine, eructation of rumen gases, and animal harvest to be 376 g 
ha-’ yr-‘. D.G. Milchunas and W.K. Lauenroth (unpublished data) 
observed lower soil carbon and nitrogen on heavily grazed than 
ungrazed shortgrass steppe. Lower production on heavily grazed 
shortgrass steppe may be due to lower soil fertility. Plant mortality 
is probably not a reason for lower production because plant basal 
cover is greater in heavily grazed than ungrazed treatments (Mil- 
chunas et al. 1989). 

These analyses do not generally support Le Houerou’s (1984) 
and Le Houerou et al.‘s (1988) concepts of rain-use-efficiency 
under pristineversus grazed conditions. Compared with light graz- 
ing intensity, rain-use-efficiency declined with heavy grazing inten- 
sity, but not with moderate grazing. Le Houerou predicted increas- 
ing variability in rain-use-efficiency with grazing. Absolute variabi- 
lities in production (standard deviations) across treatments were 
very similar, although coefficients of variation were lowest for 
ungrazed and highest for heavily grazed grassland. In terms of 
vegetation available to consumers, all 4 grazing treatments dis- 
played a similar degree of variability. Further, no grazing treat- 
ment by precipitation interaction was observed to support our 
hypothesis of a decreasing capacity for response to wet years with 

events may be greater during the cool season. 
The shortgrass steppe has a long evolutionary history of grazing 

by large herbivores and of semiaridity (Milchunas et al. 1988). 
Plant communities are resistant to grazing (Milchunas et al. 1990) 
and well adapted to drought through mechanisms for fast recovery 
(Lauenroth et al. 1987) and efficient utilization of precipitation 
(Sala and Lauenroth 1982). Thus while unusual for many other 
systems, it may not be unusual that productivity of shortgrass 
steppe is more sensitive to variability in precipitation than to 
differences in long-term grazing intensities. 
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Abstract 

Japanese brome (Bromus japonicus Thunb.), an alien annual 
grass, is an important component of some northern mixed-prairie 
communities. Understanding the relationship between environ- 
ment and population dynamics for this species is critical for effi- 
cient management of infested ranges. Our objective was to deter- 
mine the germination pattern of seed harvested in the Great Plains 
with varying collection dates, storage conditions, incubation 
temperatures, and light regimes. Seeds were collected from inflo- 
rescences (nondisseminated seed) during July in Oklahoma and 
Montana and during November and December in Montana. July 
collections were stored in paper sacks in a laboratory, and 
November and December collections were divided into thirds and 
stored in an unheated warehouse, oven-dried at 46O C, or frozen at 
-18” C. Seeds were germinated in 2 regimes, where temperatures 
alternated every 12 hours and light was provided during the 12 
hours of high temperature. One regime provided 10 days of prechil- 
ling (0 and 100 C) followed by 18 days of a warm temperature (8 
and 23’ C) (chilling). Another regime consisted of 28 days of the 
warm temperature (warm). Samples of seeds were also imbibed in 
the warm regime with la-hour or intermittent periods of light. July 
collections germinated rapidly to >90% regardless of temperature. 
November and December collections stored in the warehouse ger- 
minated >70% in the warm regime, but germination was reduced 
to <20% with chilling, suggesting secondary dormancy was 
induced by imbibition at 00 C. Oven drying was the only treatment 
that consistently reduced maximum germination. Darkness en- 
hanced ‘I-day germination, but light improved 28-day germbtation, 
and more recently collected seeds were more sensitive to light than 
older ones. These and earlier findings from Kentucky suggest 
Japanese brome seeds grown in different locations respond sim- 
ilarly to changing environmental conditions. 

Key Words: Bromus japonicus, dormancy, freezing, Great Phtins, 
harvest date, nondisseminated seed, oven drying 

Japanese brome (Bromus japonicus Thunb.), an alien 1 
grass, is an important component of certain northern rn~_ri- 
prairie communities (Whisenant 1990). Research on this species in 
the Northern Great Plains focused on seeking methods of control 
(Currie et al. 1987, Gartner et al. 1978, Whisenant and Uresk 1990) 
and on modeling dynamics of seedling establishment (Whisenant 
1990). 

Because it is an annual, perpetuation of the species depends on 
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production of seeds that germinate when environmental condi- 
tions allow seedling emergence and establishment. Seeds of annual 
bromes proceed through periods of primary and secondary dor- 
mancy (Baskin and Baskin 1981, Hull and Hansen 1974, Young et 
al. 1969). Dormancy status of seeds declines from early ripening, 
when seeds are still green, through dissemination which may occur 
as late as 1 year following production (Evans and Young 1975). 

Baskin and Baskin (1981) concluded temperatures in northcen- 
tral Kentucky were within the range for germination of Japanese 
brome seeds from late June until mid December when tempera- 
tures approached O” C. They reported dispersed seeds could ger- 
minate in light or darkness during July through November if soil 
moisture was available. They also hypothesized that a high percen- 
tage of seeds dispersed in winter, when temperatures approached 
0” C, was induced into secondary dormancy and had to undergo a 
period of afterripening in warm temperatures the following 
summer before they could germinate the following autumn. Hul- 
bert (1955) reported optimum and maximum temperatures for 
germination increased with age. Fluorescent light inhibited germi- 
nation of freshly harvested seed and retarded that of older seed at 
favorable temperatures. Light stimulated germination of Cweek 
old seed at 20 to 30’ C, but l-year old seed germinated optimally in 
darkness at all temperatures tested. 

Previous studies were conducted with seeds produced in the 
more moderate climates of southeastern and northwestern United 
States compared to those in eastern Montana. We did not know if 
Japanese brome seeds produced in the Great Plains will respond 
similarly. Milby and Johnson (1987) reported dormancy of downy 
brome (Bromus tectorum L.) seeds, a closely allied species, varies 
with geographic location. They found downy brome seeds col- 
lected in southern Kansas, central Oklahoma, and north Texas 
required afterripening for at least 3 months to achieve at least 50% 
germination. They indicated data from earlier studies suggested 
similar afterripening requirements were reported for seeds col- 
lected in eastern Washington, central Idaho, and central Califor- 
nia. In contrast, they reported a high percentage of freshly har- 
vested seed germinated when samples were collected in Montana, 
northern California, northern and western Nevada, southern 
Idaho, and northern Utah. 

Disseminated Japanese brome seeds are continually exposed to 
varying conditions of moisture, temperature, and illumination. 
Developing a better understanding of how varying environments 
affect seed germination will enhance the ability to predict fluctua- 
tions in population dynamics of Japanese brome in the Northern 
Great Plains. This information is necessary for land managers to 
efficiently utilize brome infested ranges. 

The current study was designed to enhance understanding of the 
ecology of Japanese brome in the Great Plains. Thus, the germina- 
tion pattern of nondisseminated Japanese brome seed in the Great 
Plains was studied with varying collection locations and dates, 
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storage conditions, incubation temperatures, and light regimes. 

Materials and Methods 
Japanese brome seeds were collected from native range located 

on the Fort Keogh Livestock and Range Research Laboratory in 
Miles City, Mont., on 12 July, 21 November, and 30 December 
1991 and from El Reno, Okla., on 7 July 1991. Seeds collected in 
July were stored in paper sacks in the laboratory at about 21’ C 
and 50% relative humidity. Seeds collected during November and 
December were divided into thirds and stored in an unheated 
warehouse (maximum and minimum outside temperatures aver- 
aged 6.8” C and -7.1” C, with extremes of 22.2 and -24.4” C, 
relative humidity averaged 60% with standard deviation of 13.3); 
dried at 46’ C for 6 to 35 days and stored in a desiccator at room 
temperature; or stored in a freezer at -18” C. Seed viability was 
determined on each seed lot in 1992 by the tetrazolium chloride 
test. Viability averaged 98% for Oklahoma seeds, and 99,96, and 
93% for Montana seeds collected in July, November, and Decem- 
ber, respectively. Weights were determined for each collection after 
oven drying seeds for at least 24 hours at 105” C. Weights per 100 
seed averaged 239 mg for Oklahoma seeds and 255,215, and 199 
mg for seeds collected in Montana in July, November, and 
December respectively. 

In 2 studies, 4 replications of duplicate samples of 100 seeds of 
each collection per storage condition were incubated in 9-cm petri 
dishes. Each dish contained 2 pieces of a thick medium speed filter 
paper with high retention supported on a polyurethane foam disc. 
Distilled water was supplied continuously to the filter-paper-disc 
apparatus through a cotton wick inserted through a hole in the 
center of the foam disc. Replications were conducted over time, 
with a 3day interval between starting dates. 

Study 1 
One study was initiated on 14 January 1992 to investigate the 

effect of location and date of collection, storage condition, and 
incubation temperature on seed germination. In this study 1 set of 
seeds was incubated for 28 days in alternating 12-hour periods of 8 
and 23” C (warm) with light supplied by cool-white fluorescent 
bulbs (PAR = 30 pmoles me2 set-‘) during each 12-hour 23“ C 
period. Another set of seeds was incubated initially for 10 days in 
alternating 1Zhour periods of 0 and 10” C and then transferred to 
the 8 and 23’ C chamber for the remaining 18 days (chilling). Light 
was supplied with cool-white fluorescent bulbs during the 12 hours 
at 10” C. 

Controlled rather than field environments were used to subject 
seeds to prechilling during imbibition. Use of this treatment was 
based on the assumption that seed disseminated during late fall, 
winter, or early spring would have to imbibe at temperatures near 
O” C in the Great Plains as the seasons progressed from winter to 
spring or during warming periods in winter. 

Germinated seeds were counted daily and removed from the 
dishes when the radical and coleoptile were each at least 5-mm 
long. Data were reduced by fitting the cumulative response 
function. 
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to the cumulative proportion of seeds germinated each day. The 
parameters max, GSO, and SLP estimate the maximum proportion 
germinated, the day on which 50% of max have germinated, and 
the rapidity of germination, respectively. Effects of varying the 
parameters individually on patterns of germination are shown in 
Figure 1. The estimated parameters, defining temporal germina- 
tion response to experimentally imposed conditions, were subse- 
quently analyzed with 2 analyses of variance. One compared Okla- 
homa and Montana seeds stored in the laboratory or warehouse 

Time (Days) 

Fig. 1. Effects of individually varying the parameters maximum prmina- 
tion (max), day to 50% maximum germination (C,) and rapidity of 
germination (SLP) on the shape of the germination response function. 

and analyzed the effects of seed source, collection date (July, November, 
and December), and incubation temperature (warm and chilling), 
A second analysis with only Montana seeds collected in November 
and December, compared effects of storage conditions (ware- 
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house, oven-dried, and frozen) and incubation temperatures 
(warm and chilling) on patterns of germination. Means were 
separated by Fischer’s Least Significant Difference at ~10.05. 

Study 2 
In this study initiated on 21 February 1992, we compared the 

effect of location and date of collection, storage conditions, and 
light on Japanese brome seed germination when light was applied 
in daily 12-hour exposures or intermittently (about 5 min. dura- 
tion) during weekly germination counts. Seeds were incubated for 
28 days in the 8 and 23’ C regime, with light supplied for 12 hours 
during the 23” C by cool-white fluorescent bulbs (PAR q  30 pmoles 
me2 sec.‘). One set of dishes was wrapped in aluminum foil to 
exclude light, except when seeds were counted. Nonwrapped 
dishes were placed in an unsealed plastic bag. This procedure was 
used to reduce and equalize evaporation rates between the 2 sets of 
dishes. 

Germinated seeds were counted and removed every 7 days using 
the criteria of Study 1. The less frequent counting of germinating 
seeds led to a data structure that was insufficient for fitting the 
cumulative response function used in Study 1. Therefore, a 
repeated measures analysis of variance was used to determine the 
effects of seed source, storage conditions, and light on log trans- 
formed proportion of germinated seeds. Tests of significance for 
treatment effects (averaged over time) used variation among dishes 
treated alike as error, and hypotheses concerning the time course of 
events used the residual mean square as error. Means of the trans- 
posed data were separated using Fischer’s Least Significant Differ- 
ence (psO.05). Figures were plotted from the estimated means 
after back-transformation and multiplication by 100 to derive 
percent germination. 

Results 

Study 1 
Laboratory and Warehouse Storage-All Seed Lots 

The temperature-by-source interaction was significant for max- 
imum germination, days to 50% germination, and rapidity of 
germination when seeds were stored in the laboratory or unheated 
warehouse (Table 1). Maximum germination of Oklahoma and 
Montana seeds collected in July and stored in the laboratory 
averaged >90%, whether seeds were incubated in the chilling or 
warm regimes. Germination of Montana seeds collected in July 
was 8% greater in the warm compared to the chilling regime, 
whereas seeds collected in November and December germinated 5 
to 14 fold more in the warm compared to the chilling regime. A 
smaller proportion of seeds collected in November and December 
germinated than seeds collected in July in Montana. Further, a 
smaller proportion of seeds collected in December germinated 
compared with seeds collected in November. 

Judging from the days required to reach SY& maximum germi- 
nation (Gm), seeds collected from both locations on all dates 
required a longer period of time to germinate in the chilling com- 
pared to the warm regime (Table 1). Germination of all seed was 

Table 1. Maximum germination (%), rate of germination (days to SO%), 
and rapidity of germination (slope) in 2 temperature regimes for Japa- 
nese brome seed collected in Oklahoma and Montana in July 1991 and in 
Montana in November and December 1991. Summer collections were 
stored in a laboratory and fall and winter collections were stored in an 
unheated warehouse. 

Temperature 
Oklahoma Montana 

7 Jul. 12 July. 21 Nov. 30 Dec. 

0 and 10” C + 8 and 23’ C 
____&_______(%)______________ 

92 18 5 
8 and 23’ C loo 100 88 71 

LSDo.m=4 
__ ______(daysto~~~)____---___ 

0 and lo0 C + 8 and 23O C 
8 and 23’ C 

14 15 16 18 
11 8 10 12 

LSDo.m=Z 
-- ______(slcpe)__________ 

0 and 10” C + 8 and 23’ C 38 
8 and 23’ C 5 

16 17 14 
10 6 5 
LSDr,.ffi=5 

delayed during the IO-day period at 0 and 10“ C. In the chilling 
regime, seeds collected in December required more time to reach 
50% maximum germination than other collections, while in the 
warm regime December collections required more time than other 
Montana seeds, but requirements were similar to those of Okla- 
homa seeds. 

Rate of germination was consistently slowest over the 28day 
period in the chilling regime (Table 1). Seeds germinated rapidly at 
8 and 23O C following 10 days of chilling at 0 and 10” C, during 
which no seeds germinated. Germination advanced some during 
the chilling period if only from water imbibition as evidenced by 
the magnitude of increase in rapidity of germination ranging from 
1.6 fold for Montana seeds collected in July to 7.6 fold for Okla- 
homa seeds as the seeds were transferred from the 0 and 10” C to 8 
and 23“ C temperatures. The rate of germination for all seed 
sources was similar in the warm regime. 

Storage Conditions-November and December Collections 
Storage conditions differentially affected germination of seeds 

collected in November and December as reflected by the significant 
source-by-temperature-by-storage interaction (Table 2). However, 
temperature effects alone accounted for IO-fold more variation 
than any other effect examined. Germination was consistently 
greater in the warm (65fl%) (mean&standard error) than in the 
chilling (11 f 1%) regime, and germination was similar in the chil- 
ling regime regardless of storage condition. Highest germination 
was attained by November collections when stored in the ware- 
house or freezer and incubated in the warm regime. Highest germi- 
nation of December seeds occurred when stored in the warehouse, 
lowest when oven-dried, and intermediate when frozen. 

The time required to reach 50% of maximum germination was 
similar for November and December collections stored in the 3 

Table 2. Maximum germination (%) in 2 temperature regimes for Japanese brome seed collected in November and December 1991 in Montana. Storage 
was in an unheated warehouse, oven-dried, or frozen. 

November December 
Temperature Warehouse Oven-dry Frozen Warehouse Oven-dry Frozen 

_______________-____--------------- (%)_________ ____-__________________--_ 
0 and 10’ C + 8 and 23” C 18 17 20 5 1 2 
8 and 23’ C 88 63 90 71 23 53 

LSDo.o5=5 
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regimes, ranging from 14 to 17 days. The temperature-by-source 
interaction was significant, reflecting the significant divergence 
between time required for the November (12 days) and December 
(15 days) collections to reach 50% maximum germination in the 
warm regime, while no difference (17 and 18 days) was observed in 
the chilling regime. A significant storage-by-temperature interac- 
tion occurred when warehouse and frozen seeds required fewer 
days to germinate than oven-dried seeds in the warm but not the 
chilling regime (Table 3). 

Table 3. Days to 50% germination (Gg,,) in 2 temperature regimes for 
Japanese brome seed collected in Montana in November and December 
1991. Seeds were stored in an unheated warehouse, oven-dried, or frozen. 

Temperature Warehouse Oven-dry Frozen 
____ _____ (daysto50%)-------- 

0 and 10” C + 8 and 23” C 17 17 17 
8 and 23O C I1 16 12 

LSDo.ffi= 1 

Germination rate was only affected by temperature. The rapidity 
of germination (SLP) was nearly 3 fold greater in the chilling 
regime than in the warm regime. 

Study 2 
When Japanese brome seeds were incubated in intermittent 

compared to alternating 12-hour periods of darkness and light in 8 
and 23O C, a significant source-by-storage-by-light interaction 
occurred for total germination. July collections from Oklahoma 
and Montana stored in the laboratory germinated >95% by day 7. 
Germination increased to 98% on later dates and was similar 
between the 2 collections and light treatments regardless of count- 
ing date. 

Germination of seeds collected in November was consistently 
greater with storing in the warehouse or freezer compared to oven 
drying except on day 28 (Fig. 2). Regardless of storage conditions, 
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Fig. 2. Germination of Japanese brome seed collected in November, stored 
in an unheated warehouse, oven-dried, or frozen and imbibed for 28 days 
in an 8 and 23” C temperature regime in intermittent light or with 
alternating fight for 12 hours at the high temperature. 

seed germination in intermittent light exceeded that in 12 hours of 
light on day 7. Seeds stored in the warehouse or freezer germinated 
similarly in intermittent or 1Zhour periods of light on days 14,21, 
and 28, while germination of oven-dried seeds imbibed in 12 hours 
of light exceeded germination in intermittent light on days 21 and 
28. 

Germination profiles of seeds collected during December were 
more sensitive to storage conditions and light regimes than seeds 

from November collections. Within light regimes, germination of 
seeds collected during December and stored in a warehouse con- 
sistently exceeded germination of seeds stored in a freezer, and 
germination of frozen seeds exceeded germination of oven-dried 
seeds (Fig. 3). Germination of seeds collected during December 
was higher in intermittent than 12 hours of light for the first 7 days. 

Fig. 3. Germination of Japanese brome seed collected in December, stored 
in an unheated warebouse, oven-dried, or frozen and imbibed for UI days 
in an 8 and 23O C temperature regime in intermittent or with afternathrg 
light for 12 hours at the high temperature. 

However, between days 7 and 14 a consistent reversal occurred and 
thereafter germination in 12 hours of light exceeded that in inter- 
mittent light for all storage conditions. 

Discussion 
Results clearly show that germination of Japanese brome seeds 

can occur over a wide range of environmental conditions. More 
than 70% of seeds collected from inflorescences during November 
and December germinated, and nearly 100% of seeds from July 
collections germinated rapidly (Table 1). Seeds, however, har- 
vested during November and December entered secondary dor- 
mancy when they imbibed water and temperatures approached 0” 
C. These findings agree with Baskin and Baskin (1981) for Japa- 
nese brome in northcentral Kentucky and with Hull and Hansen 
(1974) for downy brome in Utah and Idaho. 

It is understandable how seedlings may become established each 
fall when rains begin to moisten the soil surface. Fifty percent of 
the seeds stored in a laboratory or warehouse germinated in 8 to 12 
days at 8 and 23” C with a constant water source (Table 1). We 
suspect surface soils in many instances will remain moist for at least 
a week with the onset of fall rains in the Northern Great Plains, and 
the length of the moist period will be increased with the presence of 
a mulch layer that reduces moisture loss through evaporation. 

Imbibition in the chilling regime reduced maximum germination 
of seeds collected in November and December by 80 and 93% 
compared to seed imbibed in the warm regime (Table 1). Thus, 
only 7 to 20% of the seeds in our study appear to have the potential 
to germinate in spring if dormant seeds from Montana respond 
similarly to those from Kentucky and do not germinate until the 
following fall. We can only speculate on the future of the dormant 
seed population, since this aspect was not investigated in the cur- 
rent study. There is, however, evidence that germination patterns 
of seeds of annual grasses vary with geographic location (Milby 
and Johnson 1987). 

Imbibition of July collections in the chilling regime (Table 1) 
reduced rate of seed germination slightly for 3 and 7 days for the 
Oklahoma and Montana collections, respectively, when compared 
to the warm regime, but total germination was not affected. Thus, 
the germination process advanced in these seeds during chilling 
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even if at a slower rate. Imbibition of water and physiological 
development was reported for crested wheatgrass [Agropyron 
desertorum (Fisch. ex Link) Schult.] seeds incubated at low 
temperatures (Wilson 1973). 

Of the 3 storage regimes tested, oven-drying and storing over 
desiccant was the most detrimental to germination (Table 2) with 
greatest reductions occurring in the 8 and 23O C regime for seeds 
collected in December. Probert (1992) also reported that even 
partial desiccation of freshly harvested seeds can increase sensitiv- 
ity to dormancy regulating factors. This environment might exist 
for summer dispersed seed, but it is not a treatment that would 
occur naturally to seeds dispersed during fall or winter. Its impor- 
tance is related to subsequent seed research, as seeds are often 
collected and dried before storage for use in future research. Freez- 
ing only reduced germination of December collections. Storage in 
freezing temperatures may have simply reduced the rate of 
afterripening. 

Rarely has the response of Japanese brome seeds to light been 
reported. Hulbert (1955) reported fluorescent light was inhibitory 
for new and retarding for older seed at favorable temperatures. 
This work, however, appears to have been conducted in continu- 
ous light or darkness with constant temperatures. Baskin and 
Baskin (198 1) germinated seed in alternating periods of light and 
darkness, or seeds were imbibed in field conditions and germina- 
tion was counted only after 30day imbibition. In our study, light 
generated by cool-white fluorescent bulbs reduced germination 
during the first 7 days of imbibition, but generally enhanced ger- 
mination over the 28day period (Figs. 2 and 3). Response to light 
also appeared related to seed age. Light did not affect germination 
of July collections, had a minimal effect on total germination of all 
except oven-dried November collections, but had a large effect on 
maximum germination of December collections at 7 and 28 days. 

Germination was quite high with only intermittent light during 
weekly germination counts. If we exclude the ovendrying treat- 
ment, over 40% of the seeds collected in November and December 
and 95% of the seeds collected in July germinated in intermittent 
light. It is thus apparent how seeds may germinate readily under a 
litter cover that restricts light and reduces moisture evaporation. 
Care must be taken, however, when forming hypotheses relative to 
field germination and emergence since the spectral composition of 
radiation incident on the seed can be affected by many factors, e.g., 
time of day, seasonal meteorological conditions, snow cover, shal- 
low burial in soil, and transmission characteristics of the overstory 
vegetation (McDonough 1977). 

In our study, la-hour photoperiods were used. Simpson (1990) 
interpreted Baskin and Baskin (198 1) data to suggest that a combi- 
nation of low temperatures and short days at the soil surface 
induced secondary dormancy during the winter. Our results with 
12-hour photoperiods concur that cool temperatures may be a 
factor in this phenomena. We do not have any direct evidence 
concerning day length, but day length may not be as important. 

Management Implications 

These and earlier findings clearly indicate Japanese brome seeds 
from Oklahoma, Montana, and Kentucky respond similarly to 
changing environmental conditions. The results of this series of 

studies are important because they describe characteristics of Jap- 
anese brome that indicates it may be a component of Northern 
Great Plains rangelands for years to come. Other germination 
studies (Haferkamp, unpublished data) showed temperature is 
likely not a limiting factor for fall germination of Japanese brome 
seed that is disseminated in summer or fall. If soil moisture is 
adequate, high levels of germination will often occur during the 
initial fall period. This results in a large population of Japanese 
brome seedlings that can overwinter and renew growth early the 
following spring. 

As with downy brome, complete germination of all seeds in 1 
season is rare (Hull and Hansen 1974). Seeds which are not dissem- 
inated or do not germinate in the fall overwinter as seeds and 
potentially enter a state of secondary dormancy. Only a small 
proportion may germinate before the next fall. 

The germination process appears to shift in response to moisture 
and temperature from one in which most seeds germinate at once 
to one in which seed germination is delayed with only a few seeds 
germinating at any one time. These processes result in a carryover 
of a large number of viable seeds from year to year, complicating 
control of Japanese brome through conventional means. Japanese 
brome seed germination characteristics also aid its future invasion 
and perpetuation on rangelands in the Northern Great Plains. 
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Abstract 

Development of plant materials adapted to the demands of a 
harsh environment and conditions created by standard planting 
practices has resulted in improved seedling establishment for some 
species. Bluebunch wheatgrass (Pseudoroegneria spicata [Pursh] 
Love) is an important native bunchgrass often planted in the 
Intermountain and Pacific Northwest regions. Though cultivars 
have been developed, this species continues to have a reputation 
for weak seedlings. Forty-seven accessions of bluebunch wheat- 
grass collected from naturally occurring populations in 9 geogra- 
phic regions and the cultivar ‘Goldar’ were evaluated for germina- 
tion rate, seedling emergence and growth, and seed weight. 
Significant differences in seed weight and germination rate at 
optimum (15/2sO C) and cold (lo C) temperatures were observed. 
Seedling emergence from a 4-cm depth ranged from 5 to 66%. 
Mean dry shoot weight 28 days after planting varied among acces- 
sions by a factor of 6. Simple correlations between seed weight and 
percentage emergence (r q  0.62) and seed weight and mean shoot 
weight (r= 0.63) indicate seed weight could be used as a preliminary 
screening test for these traits. Seed weight was not useful ln predict- 
ing germination rate. Results suggest establishment success may be 
improved through careful selection for traits associated with seed- 
ling vigor. 

Key Words: seedling vigor, Pseudoroegneria spicata, seed size, 
depth planting 

Climatic conditions on western North American rangelands 
make establishment of perennial grasses a challenge. In the Great 
Basin and Columbia River Plateau, springtime seedbed moisture 
and temperature often undergo rapid change, resulting in a narrow 
window for seedling emergence and establishment. Research and 
experience have provided economical practices that increase the 
probability for establishment success. One such practice that en- 
ables seeds to make maximum use of winter moisture is fall plant- 
ing. In addition, establishment is usually best if seeds are drilled 
rather than broadcast (Nelson et al. 1970). Buried seeds experience 
more favorable moisture and temperature conditions than seeds at 
the soil surface. 

Researchers have selected plant species/ ecotypes with growth 
characteristics suited for the seedbed conditions created by the 
interaction of the environment and the improved planting practi- 
ces. Many of these selections have resulted in improved stand 
establishment, and the resulting cultivars are described as having 
good seedling vigor. 

Bluebunch wheatgrass (Pseudoroegneria spicata [Pursh] Love) 
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is one of the more important grasses in the western United States 
and Canada. It occurs as a dominant in many areas of the Inter- 
mountain and Pacific Northwest regions. The use of bluebunch 
wheatgrass seed in revegetation efforts has not equalled that of 
most introduced species in part due to the commonly held belief 
that the species has weak seedlings (Jones et al. 1991). 

Though probably no single characteristic can be used as a mea- 
sure of seedling vigor in grasses, “a rapid germination rate, fast 
rates of root and top growth, a robust growth habit, [and] resist- 
ance to stress”may be important indicators (McKelll972). Simple 
tests allow researchers to screen numerous populations for traits 
associated with establishment success. How useful these tests are 
depends upon how closely the traits are associated with successful 
stand establishment in the field. 

A primary objective of this work was to measure variablity 
among collections of bluebunch wheatgrass representing a wide- 
spread geographic distribution. Particularly, we compared seed 
and seedling performance of the cultivar ‘Goldar’ to that of wild 
collections, using ‘Hycrest’ crested wheatgrass (Agropyron crista- 
turn [L.] Gaertner X A. desertorum [Fisher ex Link] Shultes) as a 
standard for all accessions. In addition, by correlating results of 
different tests, we assessed the usefulness of each test as a screening 
tool for seedling vigor in bluebunch wheatgrass. 

Materials and Methods 

Seeds for 47 naturally occurring populations of bluebunch 
wheatgrass, representing 9 geographic regions in 8 states, were 
collected during the summers of 1988 and 1989 (Table 1). Seed lots 
were cleaned using a small 2-screen fanning mill and stored in 
envelopes at room temperatures. Seed of the cultivar ‘Goldar’ 
(1987 harvest) was obtained from Soil Conservation Service Plant 
Material Centers at Aberdeen, Ida. ‘Hycrest’ crested wheatgrass 
(1989 harvest) seed was obtained from the Agricultural Research 
Service, USDA, in Logan, Ut. Seeds used for seed weight determi- 
nation, germination, and emergence tests were hand selected to 
maximize the percentage of viable undamaged seed. Mean seed 
weight was determined for each collection using 4 subsamples of 
100 seeds each. We converted values for grams per 100 seeds to 
number of seeds per gram for data presentation. 

Germination Experiments 
For each experiment, a subsample of 100 seeds of each collection 

was subdivided into 4 equal replications (25 seeds each). Seeds of 
each replication were placed in a 100 X 15mm petri dish above 2 
germination blotters (Anchor Paper Company) moistened to satu- 
ration with tap water. Petri dishes were randomly stacked in a 
cardboard box that was then enclosed in a plastic bag. The box was 
kept under controlled temperatures until the end of the experiment 
except for brief periods when the petri dishes were examined for 
data collection. During these periods, seeds were exposed to fluo- 
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Table 1. Mean germination rate, emergence percentage, dry shoot weight (me), and number of seeds per gram for 47 collections of bluebunch wheatgrass 
from naturally occurring populations and the cultivar ‘Goldar’. 

Geographic region Germination rate index Deep planting 
county, state 15/2S0 C I0 c Emergence Dry shoot weight Number of seeds/grams 

(%I 

34.8 20.5 66 
40.3 16.0 65 
39.1 20.3 25 
42.3 19.3 50 
38.5 16.6 53 
40.8 15.0 43 

(mg) 

9.5 
7.1 
4.0 
5.0 
5.7 
6.8 

Palouse Prairie 
Asotin, WA (1) 
Asotin, WA (2) 
Garfield, WA (I) 
Garfield, WA (2) 
Whitman. WA 
Nez Per&, ID 

Snake River Canyon Area 
Adams, ID* 
Idaho, ID (I) 
Idaho. ID (2) 
Idaho; ID (3) 
Washington, ID (I) 
Washington, ID (2)* 
Washington, ID (3) 
Baker, OR (1) 
Baker, OR (2) 
Baker, OR (3) 
Baker, OR (4) 

Snake River Plain 
Ada, ID 
Butte, ID 
Clark, ID 
Owyhee, ID 
Malheur, OR 

Western Great Basin 
Elko, NV 
Eureka, NV 
Humbolt, NV (1) 
Hombolt, NV (2) 

Eastern Great Basin 
Bear Lake, ID 
Cache, UT 
Davis, UT (I) 
Davis, UT (2)** 
Juab, UT (1) 
Juab, UT (2) 
Juab, UT (3) 
Salt Lake. UT 
Utah, UT’( 1) 
Utah, UT (2) 

Salmon River Valley 
Custer, ID 
Lemhi, ID 

228 
259 
276 
298 
255 
233 

33.1 
34.5 
30.2 
29.7 
33.3 

48 7.5 
39 5.6 
53 4.7 
41 4.1 
43 7.2 
16 2.5 
53 5.4 
38 5.6 
25 2.7 
58 5.7 
59 5.7 

216 
260 
274 
243 

14.4 
13.6 
14.6 
14.3 
-- 
16.7 
13.3 
11.8 
12.8 
15.3 

I76 
30.4 
36.3 

240 
197 
I96 
253 
176 
I78 

33.9 
28.5 
31.7 
27.0 

33.9 14.8 40 4.0 
16.8 I9 5.6 
14.6 8 0.6 
12.0 8 2.2 
11.0 20 2.4 

258 
35.5 
29.7 

309 
437 

30.4 
25.2 

374 
264 

27.0 13.1 24 3.4 
29.3 14.3 36 3.7 
32.7 10.6 22 3.4 
33.2 17.6 17 2.8 

262 
270 
323 
273 

32.7 
28.0 
33.4 
29.3 
29.8 
33.3 
31.5 
28.4 
25.9 
29.5 

14.2 
12.5 
15.3 
12.2 
15.0 
13.9 
13.0 
12.0 
12.6 
14.4 

25 2.7 
39 3.8 
14 5.5 

376 
344 
301 
285 
343 
317 
403 
312 
432 
262 

I4 3.5 
I2 3.3 
5 5.5 
8 3.3 

I5 3.0 
12 5.8 

40.1 18.1 28 2.7 352 
46.5 17.5 44 7.3 279 

Bitterroot River Valley 
Missoula. MT 
Rovalli, MT 

Upper Colorado Plateau 
Garfield, CO 
Moffat, CO 
Rio Blanco, CO 
Uinta, WY 

Colorado Front Range 
Larimer, CO (I) 
Larimer, CO (2)** 
Larmier, CO (3) 

36.8 12.3 55 4.7 254 
37.6 15.3 39 3.6 237 

36.0 10.2 23 3.0 360 
33.5 11.0 58 4.3 356 
33.0 10.8 34 3.9 356 
32.9 13.0 6 2.5 378 

31.2 10.9 8 
26.1 9.6 -- 
33.3 14.1 21 

I.6 375 
403 
318 2.5 

‘Goldar’ 51.2 17.8 47 8.4 201 
Overall mean 33.4 14.2 32 4.4 291 

‘The I C germination rate test was omitted for these accessions due to insufficient seed numbers. 
**These accessions were not used in the greenhouse emergence test. 
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rescent light and additional water was added as needed. Seeds were 
classified as germinated when the radicle had elongated to at least 3 
mm and the coleoptile had elongated and demonstrated a positive 
gravitropic response. Germinated seeds were counted and removed 
from the petri dish on each observation date. Abnormal seedlings 
(e.g., no radicle) were treated as nonviable. 

The 2 experiments differed in temperature regime, duration of 
treatment, and frequency of observation dates. We designed the 
first experiment to determine germination rate under near-optimal 
conditions. In this test, seeds experienced a 1Zhour alternating 
temperature regime of 15/25O C for 21 days. Data were collected 
on days 3,4,5,6,7, 10, 14, and 21. The second experiment tested 
germination rate at a constant lo C, a crude approximation of the 
temperature experienced by seeds under winter snowpack. Earliest 
germination was observed on day 38. Germinants were scored and 
removed twice weekly from day 38 through day 84. The box was 
then placed in the 15125” C chamber for 7 days, after which any 
additional germinants were counted. Viability of ungerminated 
seeds was determined by cut test. 

Germination rate indices (GR) were determined for replications 
of each accession at both temperature regimes. Modified versions 
of the method described by Maguire (1962) were used and are 
described as follows: 

Experimental Temperature 15125” C 
GR=(G3/1+G4/2+G5/3+G6/4+G7/5+G10/6+G14/7+ 

G21/8) 
Experiment Temperature 1’ C 

GR = (G38/1 + G42/2 + G45/3 + G49/4 + G52/5 + G56/6 + 
G59/7+G63/8+G66/9+G71/10+G77/11+G84/12) 

Where G(n) equals the percentage of total viable seeds counted 
as germinated and removed on day n, and n equals the number of 
days after initiation of the experiment. 

Depth Emergence Trials 
In June 1990 we evaluated emergence percentage and shoot 

growth rate in response to depth planting in loamy sand. Three 
replications of 50 seeds for each collection were planted uniformly 
in 70-cm rows. Rows of seeds were spaced 6 cm apart on top of 5.5 
cm of firm level soil in 12 well-drained planter boxes (80 cm X 95 
cm). Seeds were covered to a depth of 4.0 cm. The soil was settled 
with water, and additional soil was added to make a uniform depth 
throughout each box. Boxes were watered frequently to ensure 
that water was not limiting. Boxes were kept on benches in a 
greenhouse with a 25/ 15” C day/night temperature regime. Over- 
head fluorescent lights provided supplemental light. 

Emergence was monitored for 28 days after planting. We 
adjusted total emergence percentage using the viability percentages 
determined in the near-optimum temperature germination exper- 
iment as an estimate of total viable seed percentage. Mean dry 
shoot weight was determined for each row using up to 10 healthy 
plants for each replication. To do this, top growth was harvested, 
oven dried at 40’ C for 24 hours, and weighed to the nearest 0.1 mg. 

We subjected all data to analyses of variance and mean separa- 
tions using the Student-Neuman-Keuls (SNK) method (p<O.O5). 
We used simple correlations to evaluate relationships among the 
different tests. 

Results 

We observed significant differences (p<O.O5) among collections 
in germination rate at both temperature regimes (Table 1). Blue- 
bunch wheatgrass germination rate indices ranged from 25.2 to 
51.2 at near-optimum temperatures (15/25” C) and from 9.6 to 
20.5 at near-freezing temperatures ( lo C). The correlation between 
germination rate at near-optimum and near-freezing temperatures 
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Fig. 1. The relationship between optimum (H/250 C) and cold (lo C) 
temperature germination rates. The equation for the plotted regression 
line is: 
Optimum GR (15/25”C) = 1.19 X Cold G R (1” C) + 16.48 

is significant but not as high as might be. expected (Fig. 1). The cold 
temperature germination rate index of ‘Hycrest’ was 26.8, higher 
than that of any of the bluebunch wheatgrass collections. This was 
due to more rapid initiation of coleoptile growth. The radicle 
emergence rates of several bluebunch collections were higher than 
that of ‘Hycrest’(data not shown). ‘Goldar’ had the highest germi- 
nation rate index at optimum temperatures of all seed lots. High 
germination rates were most common among, but not limited to, 
collections from the Palouse Prairie. Mean viabilities for all collec- 
tions in the near-optimum and cold temperature tests were 90 and 
84%, respectively. No dormant (ungerminated, viable) seeds were 
observed in either experiment. 

Emergence of seed buried at a 4-cm depth varied from 5 to 66%, 
and mean dry shoot weight ranged from 1.6 to 9.5 mg/ plant across 
all bluebunch wheatgrass collections (Table 1). ‘Goldar’ had 47% 
emergence an 8.4 mg/ plant mean dry shoot weight. Emergence for 
‘Hycrest’ was 69% but was not significantly different from that of 
the better lines of bluebunch wheatgrass. The high mean dry shoot 
weight (12.2 mg/ plant) of ‘Hycrest’suggests a faster seedling shoot 
growth rate for crested wheatgrass than for bluebunch wheatgrass. 

At the conclusion of the experiment the soil along a number of 
seed rows was carefully removed to expose germinated seeds and 
seedlings. For successful emergence, the coleoptile apparently had 
to reach near the soil surface. We observed that plumules which 
emerged from subsurface coleoptiles were frequently damaged. 

There were differences among collections from different geogra- 
phic regions (Table 1). Mean emergence percentages for collections 
from the Palouse Prairie and the Snake River Canyon regions were 
50 and 43%, respectively. Conversely, mean emergence for collec- 
tions from the Eastern Great Basin was 16%. Mean dry shoot 
weight was highest among collections from the Palouse Prairie (6.4 
mg/ plant) and lowest among collections from the Colorado Front 
Range (2.1 mg/plant). A simple correlation between emergence 
percentage and mean dry shoot weight demonstrates patterns 
among major geographical regions (Fig. 2). 

Seed weight ranged from 176 to 437 seeds/g (Table 1). The 
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Fig. 2. The relationship between emergence percentage and mean shoot 
weight results of the deep planting experiment. Results of collections 
from 8 geographic regions are distinguished for comparison purposes. 

collections with the heaviest seeds were primarily from the Snake 
River Canyon region. No clear regional patterns emerged for seeds 
with medium-range weights. Although the seeds of the Colorado 
Plateau and Colorado Front Range collections are all relatively 
light (mean of 364 seeds/g), there were numerous collections from 
other geographic regions with similar seed weights. ‘Goldar’ seed 
(201 seeds/g), though significantly lighter than the seeds of 3 wild 
collections, was nevertheless among the heaviest. 

Table 2. Simple correlation coefficients (r) among seed weights, germina- 
tion rates at 2 temperatures, and emergence percentage and mean shoot 
mass in response to deep planting. 

Deep planting 
Germination rate p % Mean 

15/25O C lo C Emergence shoot wt. 

Seed weight 0.26 0.37 0.62* 0.63’ 
Germination rate 

15/25’C 0.60* 0.39 0.508 
10 c - - 0.32 0.53* 

Emergence percentage - - -- 0.68* 

*Significant at 0.01 level. 

We calculated simple correlations in examining the relationships 
between seed weight, germination rates, and responses to deep 
planting (Table 2). Seed weight was not significantly correlated 
with germination rate (p<O.Ol). Significant correlations were 
observed between seed weight and emergence percentage and seed 
weight and mean dry shoot weight (Fig. 3). Germination rates at 
either temperature regime were not significantly correlated with 
emergence percentage; there was a higher correlation with mean 
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Fig. 3. The relationships between seed size (number of seeds per gram) and 
the results of the deep seeding trial expressed as emergence percentage 
and mean dry shoot weight (mg). The equation for the plotted regression 
lines are: 
(A) Seeds per gram + -2.38 X Emergence Percentage + 365.1 
(B) Seeds per gram + -22.07 X Mean Dry Shoot Weight + 386.56 

dry shoot weight. 
We observed considerable variation in seed weight, germination 

rate, and responses to deep planting among the bluebunch wheat- 
grass collections. Some traits revealed regional patterns suggesting 
adaptation to broad climatic patterns. Simple correlations were 
highest between seed weight and emergence percentage, seed 
weight and mean shoot weight, and emergence percentage and 
mean shoot weight (Table 2). 

Discussion 

Maguire (1962) suggested that germination rate of nondormant 
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seeds could be used as a simple method for evaluating seedling 
vigor of forage grasses. Subsequently, Lawrence (1963) found that 
germination rate was correlated with other measures of seedling 
vigor among collections of Russian wildrye (Psathyrosfachys&n- 
tea [Fischer] Nevski). However, the differences we observed 
among bluebunch wheatgrass collections in germination rate were 
not highly correlated with other measures of seedling vigor. 

Some researchers suggest seed size be used only in “first cut” 
phases of cultivar selection and that advanced selections relv on 

Germination rate from low temperature tests is likely to be more 
useful than germination rate from tests conducted at optimum 
temperatures. Cold temperature germination tests more closely 
resemble field conditions when seedling emergence is likely to take 
place. In addition, differences in germination rate are magnified at 
lower temperatures, permitting easier segregation of study lines. 
Finally, these tests are easily performed on large numbers of seed 
lots. Based on our results, this test should not be substituted by any 
other test. 

In our work, the delay in germination caused by cold tempera- 
tures was not expressed equally by all collections. This may reflect 
relative differences in the levels of risk from spring frost and 
drought among widely separated collection sites. Climate corre- 
lated differences in cold temperature germination rate exist for 
other species common to bluebunch wheatgrass habitat (McAr- 
thur et al. 1987, Meyer et al. 1989, Kitchen and Meyer 1991, Meyer 
and Monsen 1991). 

performance-based evaluations (Asay and Johnson 1983, Berdahl 
and Barker 1984). Our data support this position. 

Selecting for seedling vigor in bluebunch wheatgrass will only be 
effective to the extent differences among seed collections are 
genetic. However, other possible causes of variable performance 
exist among the collections in these studies. For example, the 
collections were taken from widely distributed “wild” populations 
that had considerable differences in maternal environment during 
seed production. In addition, seeds collected during 2 seasons were 
different in age at the time the tests were conducted. The degree to 
which such environmental differences affect these test results can- 
not be determined in this study. However, as supported by work 
with other species, there is good reason to believe that genetic 
control should be relatively strong (Hunt and Miller 1965, Asay 
and Johnson 1983). Thus, the opportunity is likely that seedling 
vigor will improve in bluebunch wheatgrass through evaluation 
and selection. 

Another frequently used indicator of seedling vigor in grasses is 
growth response to deep planting. Planting depth is determined by 
the growth medium and species being evaluated (Murphy and 
Arny 1939). Emergence percentage, shoot size, and overall vigor 
are the primary variables measured (McKell 1972). These tests are 
usually conducted in greenhouses or growth chambers where 
temperature and moisture regimes are controlled and set at levels 
favorable for rapid growth. Parallel field tests are frequently con- 
ducted as well. Significant correlations have been observed 
between the results of deep seeding and field tests among lines of 
several species including intermediate wheatgrass (Thinopyron 
intermedium [Host] Barkworth & D. Dewey) (Hunt and Miller 
1965) and Russian wildrye (Asay and Johnson 1980, Berdahl and 
Barker 1984). Given the range of response of our bluebunch 
wheatgrass collections to this test, screening of study lines by deep 
planting should yield positive results. 

When evaluating large numbers of breeding lines, it is imperative 
to eliminate as many lines as possible using simple tests prior to 
intensive field testing. However, using an inappropriate level of 
selection intensity may result in the elimination of lines that may 
have superior field performance capabilities. The decision about 
what level of selection intensity to use must be guided by how 
closely the test results are related to actual desired traits. For this 
reason, the use of multiple tests in evaluating lines of bluebunch 
wheatgrass appears to be worth the extra effort. Certainly, the 
results of these and all other tests of seedling vigor must be more 
thoroughly compared to parallel field plantings. 

Though a few accessions of bluebunch wheatgrass had emer- 
gence percentages not significantly different from that of ‘Hycrest’, 
shoot growth was not as rapid for any bluebunch wheatgrass 
collection. This suggests that seedings of potential cultivars of this 
species may require more time to reach maturity than those of 
crested wheatgrass. Improvement in this and other desirable traits 
will likely come with intense selection within segregating 
populations. 

For many species, the ability to emerge from a deep planting is 
dependent upon maximum coleoptile length (Rogler 1954, Berdahl 
and Barker 1984). This trait is easy to measure and probably under 
strong genetic control (Hunt and Miller 1965). It may be feasible to 
use maximum coleoptile length in place of emergence from deep 
planting, as this characteristic was primarily responsible for blue- 
bunch wheatgrass emergence success. However, this approach 
does not provide information on shoot growth rate. In addition, 
any test that could easily provide root growth data (both weight 
and maximum length) would be valuable (Harris 1970, 1977). 
Dewitt (1969) observed considerable variability in early root 
growth responses to cold temperatures among collections of blue- 
bunch wheatgrass. 

We recognize that poor performance in these trials does not 
necessarly indicate weak establishment attributes under natural 
conditions. For example, seeds of bluebunch wheatgrass ripen and 
disperse during mid to late summer and are able to fall-germinate 
and emerge with adequate moisture. Seeds drilled in late fall expe- 
rience a sequence of conditions quite different from that exne- 
rienced by seeds in natural plantings. Traits that improve estab- 
lishment under these conditions may have less importance in 
natural regeneration. However, unless we are willing to rethink our 
established planting practices, we must select for those traits that 
ensure the greatest probability of establishment success using 
standard planting practices. Some plant material selections mav 
possess attributes that are desirable enough to justify such 
consideration. 

Seed size is the easiest and perhaps the most common character- 
istic used to screen for seedling vigor in grasses. Positive correla- 
tions between seed size and field establishment, and seed size and 
other greenhouse and laboratory tests for seedling vigor have been 
documented for numerous species (Rogler 1954, Kneebone and 
Cremer 1955, Tossell 1960, Vogel 1963, Hunt and Miller 1965, 
Asay and Johnson 1980, Asay and Johnson 1983, Berdahl and 
Barker 1984). Simple correlations (Table 2) revealed little relation- 
ship between seed weight and either test of germination rate for 
bluebunch wheatgrass. Seed weight was a fairly good predictor of 
emergence percentage and mean shoot weight from deep planting 
(Fig. 3). 

We recommend selection for seedling vigor within accessions of 
bluebunch wheatgrass with other favorable characteristics, partic- 
ularly drought tolerance. The heritable variation necessary to do 
this successfully is apparently available. We also recommend a 
more careful examination of the seedbed requirements of these 
species and the impacts of modifying traditional seeding practices. 
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Abstract 

The canopy of Quercus douglasii I-I. & A. (blue oak) has been 
variously reported to enhance or suppress understory production. 
The effects of canopy removal have been reported only for the 
northern portion of blue oak’s range. We removed all blue oaks 
from 6 plots in the central coast of California and found no 
significant change in understory biomass over 3 years. Understory 
herb cover averaged 32.6% on cleared plots, compared to 24.3% on 
uncut plots, but composition changed little with the exception of 
an increase in Erodium cicufarium (L.) L’Her. Clearing did not 
produce the distinctive species composition and forage enhance- 
ment under Q. doughsiicanopy reported in other studies, all based 
on comparisons between unmanipulated canopy and adjacent 
grassland. Our results suggest that the canopy effect could instead 
be caused by differences in sites occupied by trees. Clearing of Q. 
doughiiin regions with 50 cm or less of mean annual precipitation 
is not recommended for increasing forage production. 

Key Words: oak savanna, canopy effect, forage 

Oak-dominated hardwood rangelands occupy about 4 million 
hectares in California (Ewing et al. 1988). The Quercus douglusii 
H. & A. (blue oak) series is the most widespread extending north- 
ward in the Sacramento Valley foothills and south through the San 
Joaquin Valley and central Coast Ranges (Allen et al. 1991). The 
canopy in the Q. douglasii savanna controls important ecosystem 
processes. Trees modify the understory environment (Jackson et 
al. 1990, Callaway 1990) and contribute structural diversity which 
enhances wildlife habitat (Block and Morrison 1987). The annual 
plants dominating the savanna understory grow at different rates 
(Frost and McDougald 1989) and differ in composition (McClaran 
and Bartolome 1989) when compared to treeless grassland. In 
regions with more than 50 cm mean annual precipitation, Q. 
douglasii canopy cover reduces understory forage yield compared 
to open grassland but may increase yields in drier regions (McCla- 
ran and Bartolome 1989). 

Previous studies have reported forage increases following Quer- 
cus douglusii removal in the more mesic northern range of the 
species in the foothills around the Sacramento Valley (Kay 1987). 
One 19-year long study found that, although production increased 
after tree removal, forage produced on cleared areas was less than 
on natural grasslands (Heady and Pitt 1979). This result suggests a 
difference in site potential for natural grasslands and woodlands. 

Range managers have recommended Quercus douglasiiclearing 
for range management improvement based on 2 studies in the 
northern Pati of the species’range showing increased forage yields 
after canopy remOVa (Heady and Pitt 1979, Kay 1987). However, 
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large-scale clearings for range improvement are no longer likely to 
be recommended (Standiford and Hewitt 1991) because forage 
yields and utilization are often higher under individual trees in 
drier areas (Holland 1980), accelerated erosion with clearing (Pitt 
et al. 1978), and potential loss of wildlife habitat (Vemer 1987). 
Small clearings in Q. douglusii stands are still recommended to 
increase habitat diversity for wildlife and allow wood harvesting. 

Studies in the drier, more southern Quercus douglasii areas in 
the central Coast Ranges and San Joaquin Valley Foothills, show- 
ing different species composition and greater production under the 
canopy all compared canopy to nearby openings, not the effects of 
canopy removal (Holland 1980, Frost and McDougald 1989, 
McClaran and Bartolome 1989). Studies comparing open and 
canopy all confound site and canopy effects. Quercus douglasii 
may simply occur on more productive sites within the savanna 
mosaic. 

We report understory forage response to Quercus douglasii 
removal on a site within the drier part of its range. 

Study Area 

The 80-ha study site is located approximately 16-km west of 
Paso Robles, Calif. (Lat. 35” 40’ N, Long. 120’ 37’ W), in the 
Central Coast Range. The site falls within the southern region of 
the Quercus douglusii series (Allen et al. 1991) at 520-m elevation. 
The vegetation belongs to the blue oak/grass subseries, and is 
dominated by Q. douglasiiwith an understory of annual herbs. The 
soil has been classified as Dibble clay loam, a Typic Argixeroll 
derived from a weathered shale parent material (Lindsey 1983). 
Annual precipitation averaged 36 cm over 100 years at the nearest 
weather station, Paso Robles (NOAA 199 l), but is about 50 cm on 
the research site. Monthly rainfall during the study was below 
average the first 2 years, but reached average in the third year 
because of an exceptionally wet March 1991 (Fig. 1). The study site 
is moderately grazed, winter through spring, by 20 cow-calf pairs. 

Methods 

In fall 1987, 6 pairs of circular 0.04-ha plots were located in 
Quercus douglasii stands. Canopy cover was measured with a 
spherical densiometer. DBH and height of all trees over IO-cm 
DBH and fuelwood volume was measured on the plots (Standiford 
et al. 1990). In summer 1988, a randomly selected plot from each 
pair was cleared of all trees. In fall of 1988, a 1.0-m* cage was 
randomly placed in each of the 12 plots. Botanical composition 
and forage production were measured each spring at the end of the 
growing season beginning in 1989 and continuing for 3 growing 
seasons. Each spring, botanical composition and cover were mea- 
sured with a IO-point frame, 100 points per plot inside each cage. 
Then ungrazed forage was measured by clipping square 1 / 16 m2 
plots inside the cage to estimate forage productivity. 
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Cumulative Precipitation, Paso Robles 
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Table 1. F-ratios (F,, where n and m are degrees of freedom) from 
analysis of variance using a split-plot design. Significant F-ratios are 
marked with asterisks,p<O.Ol = ***,O.Ol<p< O.OS= l * O.OS,<p<O.lO 
= ** 

Fig. 1. Monthly precipitation at Paso Robles, Calif., for the 1988-89, 
1989-90, and 1990-91 seasons. Total rainfall averaged 36 cm over 100 
years record (NOAA 1991). Precipitation at the study site is approxi- 
mately 40% greater. 

The data were analyzed with ANOVA using a randomized com- 
plete block (plot pairs) split in time. The plot pairs (cut and uncut) 
are blocks, with tree removal (cutting) the main treatment. Years 
are analyzed as the split treatment. Dependent variables are 
ungrazed forage, total herb cover, number of herb species per plot, 
and understory botanical composition. Taxa hit during point sam- 
pling totaled 5 1. The 18 taxa which occurred in more than 1 sample 
were each subjected to ANOVA. The 0.1 level of significance was 
chosen for factors analyzed. 

Results 
The study plots averaged 68% canopy cover. Fuelwood volume 

averaged 2.55 m3/ plot, for an estimated yield of about 1 cord/ plot. 
Trees per ha averaged 500, and basal area averaged 11.48 mr per 
ha. None of these variables differed significantly among plots, and 
values are characteristic of the blue oak/grass subseries (Allen et 
al. 1991). 

Forage production differed significantly only among years 
(Table 1). Tree removal had no significant effect on forage produc- 
tion, which averaged 36.64 g/m2 in 1989,60.16 g/m2 in 1990, and 
58.08 g/m2 in 1991 (Fig. 2). 

Herbaceous cover significantly increased after tree removal, 
measuring 24.3% uncut and 32.6% in openings. No recruitment of 
Quercus douglasii was observed during the study on any plots. 

Tree removal caused significant decreases in cover of 2 grasses 
(Fig. 3). No other taxa were significantly affected by tree cutting 
alone. 

Cover of a number of species changed among years, but was 
unaffected by tree removal (Fig. 4). Bromus mollis L., the most 
common grass in the study area, declined significantly from 9.1% 
cover in 1989 to 2.6% cover in 1991. Viola sp. increased signifi- 
cantly from 0.7% in 1989 to 4.0 and 4.5% in 1990 and 1991, 
respectively. Species of Sanicula became significantly more abun- 
dant in 1990 and 1991. Cerastium spp. were not recorded after 
1989, a significant decline. 

Several taxa showed significant interactions of tree removal and 
year. Erodium cicutarium cover did not change on uncut plots, but 
increased significantly on the cut plots by 1991 (Fig. 5). Stipa 
pulchra Hitch. was present on cut plots at the low cover of 0.8% in 
1990, absent other years, but present at 0.2% on uncut plots in 1991 

Variable 

Tree 
Removal 

(F1,5) 

Factor 

Year 
(Fzzo) 

Year X Tree 
Removal 

(Fzzo) 

Avena barbata 5.084*** 
Bromus molhs 0.934 
Brodiaea spp. 0.298 
Bromus diandrus 2.360 
Carduus pycnocephalus 0.861 
Centaurea melitensis 0.014 
Cerastium spp. 2.002 
Daucus pusillus 1.359 
Erodium cicutarium 9.625*** 
Hordeum hystrix 4.839*** 
Hypochoeris glabra 0.307 
Medicago polymorpha 3.745 
Poa scabrella 1.818 
Sanicula bipinnata 3.449 
Sanicula bipinnattjida 0.268 
Stellaria media 0.419 
Stipa pulchra 2.494 
Viola sp. 2.659 
Number of taxa 0.101 
Ungrazed biomass 0.025 
Cover 4.65* 

0.659 
14.316*** 
1.150 
0.513 
I.116 
0.025 
2.776+ 
I.631 
3.908** 
0.331 
0.404 
0.855 
1.092 
3.3975 
3.114* 
1.505 
1.809 
2.856* 
0.552 
2.62* 
I .42 

1.030 
0.356 
2.687+ 
0.074 
0.371 
1.675 
2.138 
0.052 
3.669** 
1.167 
I.149 
0.196 
0.157 
1.264 
0.179 
0.306 
2.672” 
1.321 
2.554 
2.25 
I.31 

70 

0 
1282 IS90 1921 

Year 

Fig. 2. Ungrazed biomass in spring. LSD (p<O.l) = 4.907. 

Treatment 

Fig. 3. Percent cover of 2 grass species affected by tree removal (cutting). 
Differences between treatment (cut vs. uncut) from ANOVA are signib 
cant at 60.01. 
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Fig. 5. Percent cover of Erodium cicuhium as affected by the interaction 
of tree removal (cutting) and year. LSD wO.1) = 7.92. 

(Fig. 6). Brodiaea spp. occurred at very low cover in the cut 
samples in 1989 and in uncut samples in 1991 (Fig. 6). 

Discussion and Conclusions 

Removal of Quercus douglasii overstory did not affect under- 
story forage production on the relatively xeric study site. Changes 
in species composition due to treatment were also relatively minor, 
with the exception of increase in Erodium cicutarium on cut plots 
in the third year. The small, but statistically significant, changes 
observed in cover of perennial species of Suniculu, Brodiuea, and 
Stipa were likely due more to sampling variability than tree remo- 
val. In contrast to the results of McClaran and Bartolome’s (1989) 
survey comparing open and understory composition, which showed 
distinctive canopy and open communities, removal of Q. douglusii 
neither affected composition nor the number and diversity of 
understory species. The effects of year on understory biomass and 
composition were more important than canopy removal. 

Dry weather patterns during the study may have reduced the 
response of understory species to tree removal. However, dry years 

0.6 . . . . . . . 
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Fig. 6. Percent cover of StipapuUua(Stpu) and Broudiaea spp. (BRO) as affected by the interaction of tree removal (cutting) and year. LSD’s QKO.1) for 
Stpu q 0.684, BRO = 0.324. 
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are common and so should be the lack of understory response. Tree 
removal may open up wildlife habitat and offer the opportunity to 
sell wood, but did not produce benefits for livestock production 
under conditions of this study. Removal of Quercus douglasii for 
forage production was not justifiable based on our results. 

Our results are consistent with the hypothesis that Quercus 
douglasii occupies different sites than the adjacent open grassland. 
The studies showing canopy enhancement in the southern part of 
the Q. douglasii savanna (Callaway 1990, Frost and McDougald 
1989, Holland 1980, McClaran and Bartolome 1989) all confound 
site and canopy effects because overstory canopy cover was not 
manipulated experimentally. Significant differences in community 
composition between openings and canopy like those found by 
McClaran and Bartolome (1989) did not appear after Q. douglasii 
removal on our plots. Presumed canopy effects on composition 
and production, which are so far based only on results comparing 
naturally occurring patterns of trees, may instead be mainly a site 
effect. If trees do occur on different microsites, then this result also 
has important implications for understanding and managing 
regeneration. 

Literature Cited 
Alien, B.H., B.A. Hoizmm, and R.R. Evett. 1991. A classification system 

for California’s hardwood rangelands. Hiigardia 59:1-45. 
Block, W.M., and M.L. Morrison. 1987. Conceptual framework and eco- 

logical considerations for the study of birds in oak woodlands, p, 
163-173. In:T.R. Plumb and N.H. Pilisbury(tech. coords.) Multiple use 
management of California’s hardwood resources. USDA Forest Serv. 
Gen. Tech. Rep. PSW-100. 

Caiiaway, R.M. 1990. Effects of Quercus douglasii on grassland productiv- 
ity and nutrient cycling in central California. Ph.D. Diss. Univ. Caiif., 
Santa Barbara. 

Ewing, R.A., R.N. Tuazon, N. Tosta, L. Huntsinger, R. Marose, K. 
Nielson, R. Motroni, and S. Turan. 1988. California’s forests and range- 
lands: growing conflict over changing uses. Forest and rangeland resour- 
ces planning, California Dep. Forest. and Fire Protection, Sacto. 

Frost, W.E., and N.K. McDougaid. 1989. Tree canopy effects on herbace- 
ous production of annual rangeland during drought. J. Range Manage. 
42281-283. 

Heady, H.F., and M.D. Pitt. 1979. Reactions of a northern California 
grass-woodland to vegetational conversions. Hiigardia 4751-73. 

Holland, V.L. 1980. Effect of blue oak on rangeland forage production in 
central California. D. 314-318. In: T.R. Plumb (tech. coord.) Ecoloev. _ II , 
management and utilization of California oaks. USDA Forest Serv. 
Gen. Tech. Rep. PSW-44. 

Jackson, L.E., R.B. Strauss, M.K. Firestone, and J.W. Bartoiome. 1990. 
influence of tree canopies on grassland productivity and nitrogen 
dynamics in a deciduous oak savanna. Agr. Ecosys. and Environ. 
32:89-105. 

Kay, B.L. 1987. Long-term effect of blue oak removal on forage produc- 
tion, forage quality, soil, and oak regeneration, p. 351-357. In: T.R. 
Plumb and N.H. Pillsbury (tech. coords.) Multiple use management of 
California’s hardwood resources. USDA Forest Serv. Gen. Tech. Rep. 
PSW-100. 

Lindsey, WC. 1983. Soil survey of San Luis Obispo County, California: 
Paso Robies Area. USDA Soil Conserv. Serv. 

McCiaran, M.P., and J.W. Bartoiome. 1989. Effects of Quercus douglusii 
(Fagaceae) on herbaceous understory along a rainfall gradient. Madrofio 
36141-153. 

National Oceanic and Atmospheric Administration. 1991. Ciimatoiogicai 
data: California. Nat. Oceanic and Atmospheric Admin., Nat. Climatic 
Data Center, Asheville, N.C. 

Pitt, M.D., R.H. Burgy, and H.F. Heady. 1978. Influence of brush conver- 
sion and weather patterns on runoff from a northern California 
watershed. J. Range Manage. 31:23-27. 

Standiford, R.B., and R.E. Howitt. 1991. A dynamic model of California’s 
hardwood rangelands, p. 279-285. In: Standiford, R.B. (tech. coord.) 
Proc. Symp. on Oak Woodlands and Hardwood Rangeland Manage- 
ment. USDA Forest Serv. Gen. Tech. Rep. PSW-126. 

Standfford, R.B., W.D. Tietje, and J.W. LeBianc. 1990. Harvesting fire- 
wood for sustained yield on oak rangelands. Univ. California Coop. Ext. 
Pub. 21487. 

Verner, J. 1987. The importance of wildlife habitats for wildlife in Caiifor- 
nia, p. 162-173. In: T.R. Plumb and N.H. Pillsbury (tech. coords.) 
Multiple use management of California’s hardwood resources. USDA 
Forest Serv. Gen. Tech. Rep. PSW-100. 

154 JOURNAL OF RANGE MANAGEMENT 47(2), March 1994 



J. Range Manage. 
47:155-l% March 1994 

Competitive pricing for the McGregor Range: 
Implications for federal grazing fees 
JOHN M. FOWLER, L. ALLEN TORELL, AND GRAY GALLACHER 

Authors ore professors ond former research assistant, Deportment of Agricultural Economics and Agiculture 
Business, New Mexico State University, Las Cruces 88003. 

Abstract 

Competitive bidding is an acceptable way to determine an effi- 
cient price to both buyer and seller. The quasi-competitive bid 
structure used to price federal forage and lessor-provided services 
on the McGregor Range in New Mexico indicates that the efficient 
market price for federal forage, services, and facilities had an upper 
value of S4.88/AUM during the 1992 grazing season. The facilities 
and services provided on the McGregor Range had a value of 
Sl.96/AUM to the ranchers leasing the bombing range. The resid- 
ual amount of S2.92/AUM repesents the estimated value of high 
quality federal forage during 1992. The total cost of grazing 
McGregor Range was estimated to average S16.78/AUM during 
the 1992 production year. This is less than the cost of leasing 
comparable private land (S19.68/AUM) or BLM land (S21.06/ 
AUM) in New Mexico. 

Key Words: grazing fees, competitive bidding, forage value 

Controversy and grazing fees have emerged as synonymous 
terms. The issues have evolved and matured to the extent that 
emotion, which can rapidly surge and abate, is being carefully 
controlled by coalitions of special interest groups. The coalitions 
work diligently to market their respective positions. Political rami- 
fications are paramount. However, recent effort has been directed 
toward educating the general public, with each new urban and 
suburban generation further removed from agricultural produc- 
tion practices. 

The heart of the public land controversy is who shall “control” 
federal land. The power struggle evolves around 2 central themes: 
(1) the trend in ecological condition of western rangelands and (2) 
the price level that simultaneously provides a reasonable rate of 
return* to the federal treasury and the opportunity to earn a 
positive return for rancher permittees. Ecological condition assess- 
ment is conducted by the managing agency which determines a 
long-run carrying capacity for each allotment. The long-run carry- 
ing capacity can be adjusted through suspended preference or 
voluntary reduction, i.e., taking nonuse for resource or economic 
reasons or by applying for temporary nonrenewable increases in 
stocking rate if resource conditions are favorable. The end result is 
that livestock numbers are regulated and do not respond to tradi- 
tional economic and market forces. Therefore, the supply of forage 
allocated to livestock is relatively fixed in animal unit months 
(AUMs) of grazing available. This directs attention to the price 
level of federal forage as a factor of production to the range 
livestock industry and as a revenue source for the federal govern- 
ment leasing the renewable forage resource. 

Research was funded by Agriculture Experiment Station and Range Improvement 
Task Force? Cooperative Extension Service. 

Manuscnpt accepted 17, Sep. 1993. 

IA ‘reasonable rate of return” is defined as a rate covering the federal government’s 
cost of managing livestock grazing on federal lands. 
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Federal Forage Valuation 
The Secretaries of Agriculture and Interior have initiated several 

large-scale efforts to determine a grazing fee that represents a fair 
market value for federal forage and promotes stability in the range 
livestock industry (USDA/USDI 1977, 1986, 1992). Rangelands 
are so varied in quality and the management so diverse that a single 
fee will obviously overcharge some and undercharge others. 
Unconstrained competitive bidding for each allotment is the only 
mechanism for establishing an efficient price for each separate 
allotment. However, consideration of access, ownership of water 
rights, improvement location, and administrative complexity pre- 
cludes the use of this mechanism at this point in time. 

The private market for native forage explicitly recognizes that 
the demand for forage is a derived demand in that the forage price 
is determined by productive value of forage as an input to livestock 
production. Forage value is influenced by rate of gain, calf and 
lamb crop, and the price of the final output. As livestock prices 
increase, the willingness to pay for the various factors of produc- 
tion also increases. Recognition of this economic principle places 
expanded emphasis on the forage value index (FVI) for future 
adjustments of federal grazing fees. 

Private leasing of native range has traditionally been used as an 
approximation of value for federal forage (USDA/USDI 1986, 
1992). The assumptions required to accept private lease rates as an 
appropriate measure of value are that federal and private lands are 
of similar productive quality and that the services and facilities 
provided by the private sector are comparable to the services and 
facilities provided by the federal government. Both assumptions 
are largely invalid. Private lands were homesteaded because of 
superior quality, location, and the presence of water, while range- 
land that was retained in federal ownership was regarded as margi- 
nal in terms of productivity and/or location (P&c Land Law 
Review Commission 1968). Private services often include direct 
caretaking of livestock, doctoring, supplemental feeding, salting, 
rotating livestock, and maintenance and repair work. Private facil- 
ities may include the use of headquarters, corrals, water develop- 
ments, traps, and other ranch improvements. Neither services nor 
facilities are traditionally provided at the same level of intensity 
with a federal grazing lease. 

The value of lessor services in New Mexico has been estimated 
by Gray et al. (1982), Fowler et al. (1985), and Tore11 and Bledsoe 
(1990). These studies show that the value of services and facilities 
constitute approximately l/3 of the total transaction price for 
native rangeland in New Mexico. Therefore, when prices for pri- 
vate native range lease rates are quoted, they should be reduced by 
approximately 33% to determine the price for the forage com- 
ponent. 

Comparison of total fee and nonfee grazing costs is another 
method that has been widely used to estimate the market value of 
public land grazing (USDA/ USDI 1977, Obermiller 1992, Bartlett 
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et al. 1993, Redmond et al. 1993). A significant application of this 
method, for example, was determination of the $1.231 AUM base 
value used in the current federal grazing fee formula (USDA/ USDI 
1977). By this method, total private grazing costs defines the 
amount willingly paid for grazing within a competitive market. 
Subtracting nonfee costs on public lands from this amount gives an 
estimate of the amount that would make total private and public 
grazing costs equal. 

Higher grazing costs on public lands because of location, dis- 
tance, terrain, productivity, multiple uses, and regulations are 
directly considered using the total cost approach to valuation 
(Bartlett et al. 1993). However, previous studies that compare to 
the private forage market have not adjusted for quality differences 
or for the multiple use management objectives on public lands that 
are not a restriction with private forage leases (except to the degree 
that grazing costs are impacted by these regulations). In order to 
minimize the adjustments for these relatively intangible variables it 
is necessary to observe a large scale competitive market established 
for federal forage and use this directly to price federal forage. This 
type of pricing scenario occurs at a unique setting known as the 
McGregor Range in southeastern New Mexico (Fig. 1).2 

Fig. 1. Location of McGregor Range in southeastern New Mexico. 

Study Area and Methods 
The McGregor Range is controlled by the Department of the 

Army and the surface range forage is administered by the Bureau 
of Land Management (BLM). The McGregor Range is comprised 
of 14 separate units ranging in size from 8,000 acres to 32,000 with 
the average slightly over 19,000 acres (Table 1). Grazing seasons 
traditionally have been 9 months with leases usually starting in 
October. Currently 3 units are leased for 8 months and 1 unit for 18 
months. The grazing units are rested during the growing season 
(July, August, and September). 

The McGregor Range is the only area of significant size (27 1,000 
leased acres) where federal forage is auctioned by quasi-competitive 
bidding. The McGregor Range situation is not a true competitive 
bid; only the up-side is competitive. A floor of %3/AUM was 

2Fort Meade and Fort Robinson also have competitive bids; however, both areas lease 
a relatively small number of AUM’s. 

Table 1. McGregor Range grazing units (1992 grazing season). 

Minimum 
Unit allowable 
number’ Size Approximate bid Actual bid 

(Acres) AUMS ______$/AUM ______ 
1 31,000 4,496 4.50 4.50 
2 25,000 2,252 4.50 4.50 
3 32,009 2,252 4.00 4.55 
4 13,000 3,825 n/a3 n/a 
5 20,000 2,700 n/as n/a 
7 19,000 2,702 5.00 5.00 
8 17,000 726 4.50 7.65 
9 31,000 1,611 4.50 4.85 

10 12,000 2,702 5.25 no bid 
11 18,000 3,000 n/as n/a 
12 8,000 1,351 5.25 5.70 
13 20,000 3,222 4.25 no bid 
14 12,000 1,815 4.50 4.50 
15 13,000 1,198 4.00 6.15 

TOTAL 271,000 

‘There is no current unit number 6. 
2Not all pastures are grazed each year; the long-term capacity is listed as 49,877 AUMs 
in the McGregor Range RMP Amendment, 1990. 
‘This unit was not offered for lease during the 1992 grazing season. 

established in 1985 and increased to %4/AUM in 1987. Starting 
with the 1992 grazing seasod, the floor was variable depending on 
the grazing unit, ranging from $4 to $525/AUM (Table 1). The 
minimum bid was set administratively depending on quantity and 
quality of forage. Six of the units offered were either leased at the 
floor or were not bid, comprising 71% of the total AUMs leased in 
1992. The 1991 grazing season also had 75% of the AUMs leased at 
the floor or not bid. The units were all leased later on a first-come- 
first-serve basis at the minimum bid for both grazing seasons. The 
bidding is open to all with no commensurate property requirement. 
Roughly one-half of the registered bidders were successful for each 
of the last 3 grazing seasons. 

All successful McGregor Range bidders for the 1990/ 91 grazing 
season were interviewed and individual operations budgeted to 
determine total rancher costs for grazing livestock on the bombing 
range. Bidders were recontacted to clarify responses and assure 
accuracy of reported information. The individual budgets were 
then aggregated to estimate an average total cost of grazing the 
McGregor Range. The aggregation was accomplished by weight- 
ing each grazing unit by the number of AUMs leased. The total cost 
of grazing McGregor Range was then compared to the total cost of 
grazing other federal rangeland and private rangeland in New 
Mexico (Table 2), as reported by Bartlett et al. (1993) for the 1992 
production year. A 3% annual rate of inflation was assumed in 
adjusting McGregor Range grazing costs from the 1990 produc- 
tion year to the 1992 year when comparable grazing cost data were 
collected. Current and historic weighted average bid prices and 
AUMs grazed were determined and summarized in Figures 2 and 

Assumptions about wage rates, mileage rates, and other eco- 
nomic values were similar between the 2 cost studies, thus, reported 
differences are largely due to the amount of inputs used. A more 
detailed description of specific assumptions used in each of the 2 
cost studies is given in Gallacher (199 1) and Bartlett et al. (1993). 

Results and Discussion 
The weighted average bids per AUM for the 1990, 1991, and 

1992 grazing seasons at McGregor range were $5.21, $4.21, and 

3Refers to the grazing season starting in the fall of 1992 and ending in June 1993. 
Seasons of use for other years are similarly defined across years. 
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Table 2. Average grazing costs (S/AUM) on public and private leased 
lands in New Mexico aa compared to the McGregor Range, 1992. 

Native rangeland’ McGregor Range 
Private BLM 1990 19922 

Lost animals 
________ _____ ($/AUM) ____---- ;;;-- 

2.03 2.48 0.80 
Association fees 0.03 0.00 0.09 0:10 
Veterinary 0.11 0.10 0.48 0.51 
Herding and moving 2.91 4.76 1.94 2.06 

livestock 
Misc. labor and 0.27 0.39 2.53 2.68 

mileage 
Salt and feed 2.94 3.50 3.67 3.89 
Water 0.22 0.66 BLM’ BLM’ 
Horse 0.25 0.22 0.56 0.59 
Improvement 3.05 4.02 BLM’ BLM’ 

maintenance 
Development 0.24 0.62 BLM’ BLM’ 

depreciation 
Other costs 0.04 0.08 1.15 1.22 

Total non-fee costs 12.80 16.16 11.22 11.90 
Lease rate/ grazing fee 6.88 1.92 5.21 4.88 
Permit cost -- 2.98 -- -- 

Total cost 19.684 2 1.06’ 16.43 16.78 

~Source: Bartlett et al. (1993, Table C3). 
ZAdjusted from the 1990 McGregor range cost estimates by an average inflation rate of 
3%. 
aProvided by BLM as part of the competitive lease price. 
‘As described by Bartlett et al. (1993), individual cost items may not add up to the total 
cost because the mean for each cost item was estimated using an independent linear 
statistical model and is not the sum of the individual cost categories. 

$4.88, respectfully (Fig. 2). The annual weighted average was calcu- 
lated by multiplying the AUMs leased in each grazing unit by the 
bid price and then dividing by total AUMs leased. Units rested or 
leased for 18 months in prior years were not included in the current 
year’s average. The weighted average bid of $8.11/ AUM during 
the 1985 grazing year is often cited as strong evidence that the 

federal grazing fee is too low. A detailed examination of the 
successful bidders revealed that this relatively high bid occurred 
after 2 successive drought years in West Texas (Gallacher 1991). 
Three quarters of the successful bidders were from West Texas and 
were protecting the core genetics of their brood herds. When the 
drought ended, the bid fell to $3.461 AUM during the 1986 grazing 
season. There were 24,327 AUMs leased for the 1992 grazing 
season (Fig. 3). Two grazing units that were put up for bid were not 
leased during the auction; however, they were both leased later at 
the floor price on a first-come-first-serve basis. The $4.881 AUM 
weighted average for the 1992 grazing season included both the 
units leased at the auction and the 2 units leased later at the floor. 
The same lease pattern occurred during the 1991 grazing season 
and resulted in a $4.211 AUM weighted average price. 

The average price per AUM received for federal forage on the 
McGregor Range is not directly comparable to the current fee 
charged on BLM, U.S. Forest Service (USFS), and other federal 
rangeland. The BLM maintains a full-time range crew on the 
McGregor Range that performs services and provides facilities not 
included with the standard federal grazing permit. The BLM is 
responsible for providing water, fences, maintenance, and devel- 
opment depreciation. It cost the BLM an estimated $3.93/AUM to 
provide these services and facilities on McGregor Range during 
1991 (Gallacher 1991). By comparison, Bartlett et al. (1993) esti- 
mated private land lease rates increased by an average of 
$1.96/AUM when the lessor provided water and facilities as a 
condition of the lease. This would represent the cost saving and 
value to the rancher when leasing the McGregor Range. The net 
amount paid for McGregor Range forage was then $3.25 1 AUM in 
1990 ($5.21/ AUM average lease rate minus $1.96/AUM service 
value), $2.25/AUM in 1991 and $2.92/AUM in 1992. 

Total grazing costs on McGregor Range were estimated to aver- 
age less than similar costs estimated by Bartlett et al. (1993) for 
private leased land and BLM land in New Mexico. Updated to 
1992, total grazing costs on McGregor were estimated to be 
$16.78/AUM, with the nonfee cost component making up 71% of 
this total. By comparison, private leased land had an average total 

_ 1.42 

67 69 71 73 75 77 79 81 83 85 87 89 91 
Fiscal Year 

Fig. 2. Weighted average bids (S/AUM) received at McGregor Range, 1967-92. 
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Fig. 3. Number of AUMs Icased at McGregor Range, 1967-91. 

$21.06/AUM (Table 2). The major cost items that caused BLM 
lands to have the greatest average cost were herding and moving 
livestock, improvement maintenance and depreciation, and the 
investment in the grazing permit. 

Appel, T. Heisler, G. Stoebig, T. Bagwell, P. Burgener, and J. Coen. 
1993. The Federal Grazing Fee: 1993. In: U.S. Dep. Interior, BLM, and 
USDA, Forest Service. Incentive-based grazing fee systems for public 
rangeland administered by the BLM and U.S. Forest Service, Washing- 
ton, D.C. 

Travel costs to and from McGregor Range were substantially 
higher then for leasing comparable private and public lands. Most 
ranchers leasing the McGregor Range travel long distances to 
transport and care for cattle while on the bombing range. How- 
ever, because BLM provides water, fencing, and improvements 
that are typically provided and maintained by ranchers leasing 
BLM and USFS lands, and because ranchers do not have to buy 
the grazing permit to use McGregor Range, grazing costs for 
McGregor Range were less in total. 

Fowler, J.M., L.A. Torell, J. Witte, and R. Bowe. 1985. Private land 
grazing transactions in New Mexico, 1983-84: Implications for state 
trust land grazing fees. Range Improvement Task Force, Agr. Exp. Sta. 
and Coop. Ext. Ser. Rep. 18, New Mexico State Univ., Las Cruces. 

Gallacber, G. 1991. Grazing fee evaluation on McGregor Range: A compet- 
itive market situ&on. M.S. Thesis, New Mexico State Univ., Las 
Cruces. 

The value of the grazing permit should be the factor that adjusts 
to maintain total grazing costs at the same level for different types 
of land (Barlett et al. 1993). Yet, the cost comparison made here 
would indicate that total grazing costs on BLM land were higher 
than on McGregor Range even if permit cost were zero or not 
considered. 

Gray, J.R., J.M. Fowler, L. Foster, and V.D. Lansford. 1982. Grazing lease 
arrangements and costs on privately owned rangelands in New Mexico, 
1980. Range Improvement Task Force, Agr. Exp. Sta. and Coop. Ext. 
Ser. Rep. 12, New Mexico State Univ., Las Cruces. 

Nielson, D.B., and J.P. Workman. 1971. The importance of renewable 
grazing resources on federal lands in the 11 western states. Utah Agr. 
Exp. Sta. Circ. 155. 

The implied value of public land forage from comparing total 
grazing costs on McGregor Range with total costs on BLM land 
would be negative, because grazing costs were higher on BLM land 
even with no grazing fee and excluding permit investment cost. 
This same negative forage value was estimated by Bartlett et al. 
(1993) for USFS cattle and sheep producers, and for sheep produc- 
ers grazing BLM lands. It was concluded that many public land 
ranchers have been willing to pay more in total to graze public 
lands than the apparent value implied from the private forage 
market. The total cost approach provides inconsistent results (Bar- 
tlett et al. 1993). The comparison of total grazing costs on McGre- 
gor Range with grazing costs on BLM lands made here supports 
this conclusion. Yet, it also highlights the importance of not com- 
paring private lease rates with the federal grazing fee to imply 
value. Nonfee costs are substantially higher on public lands and 

accounting for this difference greatly alters the conclusions that 
will be reached. 
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Abstract 

The opthnum combination of 3 range improvements was deter- 
mined for private lands on Utah ranches. While many promising 
range improvements are available, determination of which altema- 
tives to implement must consider the total ranch operation. Linear 
programming (LP) makes it possible to simultaneously determine 
the profit maximizing combinations of range improvements and 
how these improvements will affect the total ranch operation. The 
study examined 3 range improvements (revegetation, burning, and 
chemical brush control) for big sagebrush (Artemisia tridkntuta 
NW.) and pinyon-juniper (Pinus spp.-juniperur spp.) on upland 
loam and upland shallow loam range sites. Net present value 
analysis and an LP model were used to identify the most efficient 
alternative, the limithtg constraints, and the optimum levels and 
combinations of alternatives. The optimal solution ran 238 brood 
cows compared to 196 for the typical Utah ranch. Burning big 
sagebrush or pinyon-juniper infestations on crested wheatgrass 
(Agropyron desertorum Fisch. ex Link) foothill ranges was the 
most profitable range improvement. Annual net cash incomes after 
burning sagebrush or pinyon-juniper on the upland loam site were 
S37,873 and S37,770, respectively, compared to S31,278 on the 
typical Utah cow-calf operation. The optimal solution will change 
as input and product prices change. The model was designed for 
application to specific ranches rather than to make general 
recommendations for the typical Utah ranch. 

Key Words: linear programming, revegetation, burning, chemical 
treatment, net present value 

Range improvements have traditionally been economically ana- 
lyzed on a case by case basis. Analysis and comparison of proposed 
improvements should consider impacts on the “total ranch” (White 
1988) and must include the best available uses of time, funds, and 
other resources. White et al. (1988, p. 3) defined total ranch man- 
agement as “the balancing of resource uses for the best and highest 
ranch benefits, directing ranch change, and maintaining diversity 
and flexibility to meet future consumer demands.” 

Many range improvements in the Intermountain area attempt to 
alleviate forage deficiencies on spring ranges. These shortages 
often limit year-long carrying capacity (Banner 1981). Crested 
wheatgrass (Agropyron desertorum Fisch. ex Link) production 
has substantially contributed to improved net ranch returns. Eco- 
nomic analysis of range improvements should be completed on a 
“total ranch” basis because other aspects of ranch management 
could be more limiting to net returns than the improvements in 
question. 

Due to year-long herd size constraints imposed by unbalanced 
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seasonal range forage, considerable efficiency may still be gained 
by practices designed to alleviate seasonal forage L1 bottlenecks” 
(Hewlett and Workman 1978). Proper selection of alternatives is 
crucial. According to White (1988) “selecting the right thing to do 
is more important than doing things right.” 

Economic comparisons among feasible alternatives are often 
difficult to make because of the complexity of the total ranch 
operation. Too often, comparisons are made between individual 
projects which can be misleading because the economics of the 
entire ranch are not considered. Linear programming (LP) can be 
used to determine the optimum combination of improvements. 
Personal computer linear programming software is readily avail- 
able for use by ranchers, extension personnel, researchers, and 
range and ranch management consultants. These programs allow 
the optimum combination of improvements to be quickly and 
easily determined. Linear programming can also point out possible 
combinations of improvements where additive effects may increase 
the added net return more than if the 2 improvements were com- 
pleted separately. 

Methods 

The data set consisted of interview data from 96 Utah cattle 
ranches. The resulting typical Utah ranch was used as the base for 
this study. Three promising range improvements to alleviate the 
spring forage bottleneck common (Evans 1992) on the typical Utah 
cow-calf operation were analyzed. Included were (1) reseeding 
crested wheatgrass on poor condition native range sites; and con- 
trol of sagebrush and pinyon-juniper on established crested wheat- 
grass seedings by (2) burning or (3) chemical means. The first 
objective of the study was to determine the economic feasibility of 
each improvement by comparing the present value of added net 
returns above the variable costs to required added investment (net 
present value, NPV). 

Next, it was important to determine the correct proportions of 
the economically feasible alternatives to maximize net returns. The 
second objective of the study was to determine the optimum inten- 
sities and combinations of range improvements to maximize net 
revenue using linear programming. Data were compiled in spread- 
sheet format using Lotus l-2-3 (Lotus Development Corporation 
1985). Spreadsheet data were then converted into linear program- 
ming format using Lotus-Lindo Connection (Booker 1987). The 
linear programming optimization package used was LINGO 
(LINDO Systems, Inc. 199 1). Objective function coefficients were 
generated from the net present value analysis described above. 

Results and Discussion 

The typical Utah ranch runs 196 brood cows with a 14% heifer 
replacement rate (27 heifers). Replacements (31 head) are bred at 
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Table 1. Typieai Utah ranch private land holdings, carrying capacities, and 
grazing leases, 1990. 

Land holdings 
Desert range 
Native foothill 
Low meadow pasture 
Foothill crested wheatgrass 
irrigated alfalfa hay 
Irrigated grass hay 
Irrigated barley 
Dryland wheat 
Crop aftermath 

Grazing leases 
U.S. Forest Service 
Bureau of Land Management 
State of Utah 
Private 

Size 

(hIa; 

539 
45 

221 
41 
6 

13 
19 
79 

743 

Carrying capacity 

(AUM) 
3 

180 
264 
298 
987 
90 

199 
147 
303 

415 
707 

ii 
248 

spring forage bottleneck can be alleviated by seeding these deterio- 
rated rangelands with crested wheatgrass, allowing a longer, and 
sometimes earlier, spring grazing period. Crested wheatgrass 
revegetation of 2 range sites (Upland Loam and Upland Shallow 
Loam), infested with 2 brush types (sagebrush and pinyon- 
juniper), were compared. The economic analysis of range revegeta- 
tion included information on project benefits, value of project 
benefits, project costs, interest rate, project risk, expected project 
life, and range site selected for treatment (Workman and Tanaka 
1991). 

Table 2. Net variable cash ranch income for a typical Utab ranch selling 
excess crops (1% brood COWS), 1990. 

Item Dollars 

Annual cash returns 
Cattle: 

approximately 14 months of age to have their first calf at the age of 
2. Heifer conception rate was set at 86% (Yates 1980). The cow to 
bull ratio is 27:l and 8 bulls are used to breed mature cows and 
replacements. There are 158 calves born (an 8 1% calf crop based on 
cows in the calving herd) and 150 calves weaned (77%), of which 
24% (36 head) are sold as yearlings. Mature cow death loss is 3.92% 
and heifer death loss is 2.34%. Results from our 96 Utah ranch 
sample compare closely with the aggregate profile for Utah ranches 
reported by Gee et al. (1986a, 1986b). 

19 cull COWS’ (982# @ $46.88/& 
3 cull bulls (15OW @ S61.41/cwt~ 

8,747 
2,763 

26 hfr calves (425# @ $87.74/cwt3 9,695 
57 str calves (437# @ $97.33/cwt9 24,244 
18 yrlg hfrs (595# @ $75.64/cwt9 8,101 
18 yrig strs (626# @ $82.7i/cwt9 9,320 
4 open hfrs (700# @ $76.85/cwt9 2,152 

Crops’: 
alfalfa hay (164 ton @ $80.OO/ton) 13,120 
bariev (1467 bu @ $2.42/bu) 3,550 

Private land holdings, carrying capacities, and grazing leases for 
the typical Utah ranch are shown in Table 1. The 1990 net variable 
cash ranch income for the typical Utah ranch ($3 1,278) is calcu- 
lated by subtracting the annual variable cash costs from the annual 
cash returns composed of income from cattle and crops (Table 2). 
Average cattle prices were from Cattle Fax Resources, Inc. (1988, 
1989,199O) weekly reports. A Cmonth average price (August-No- 
vember) was used for fall sales and a Zmonth average price (April 
and May) for spring sales. A 3-year average price was used for 
calves and yearlings and a 2-year average price for cows and bulls. 
Average annual crop prices (1988-1990) for crops in excess of 
livestock needs were from Utah Department of Agriculture (1991). 

Alleviation of Spring Forage Bottlenecks 

wheat (1265 bu @ S3.46;buj 4,377 

Total 86,069 

Annual variable cash costs -54,791 

Net variable cash ranch income 31,278 

“Death loss removed (3.92% for cows). 
bPrices from Cattle Fax Resources, Inc. (1989, I990), weekly reports. 
cPrices from Cattle Fax Resources, Inc. (1988, 1989, 
dPrices from Utah Department of Agriculture (1991). 

1990), weekly reports. 

The most limiting constraint on the typical Utah ranch is the 
availability of early spring forage (Evans 1992). The following 
sections analyze the economic feasibility of revegetating degraded 
range sites with improved species and controlling sagebrush and 
pinyon-juniper encroachment of previously seeded areas. 

Revegetation of Degraded Sites 

The main benefit of crested wheatgrass reseeding is increased 
forage. Increased forage production for each range site was deter- 
mined using yield and vegetation composition data from Mason 
(1971). Native foothill ranges for the typical Utah ranch currently 
produce 180 AUMs on 539 hectares (0.35 AUM/ha). The AUM 
requirement was set at 300 kg/ AUM (National Research Council 
1970). Carrying capacities of the Upland Loam and the Upland 
Shallow Loam range sites in poor condition were 0.51 AUM/ ha 
and 0.27 AUM/ ha, respectively (Table 3). Thus the current aver- 
age carrying capacity of 0.35 AUM/ ha for the native foothill range 
on the typical Utah ranch was similar to those of the 2 range sites 
chosen for this analysis. Seeding crested wheatgrass increased the 
carrying capacity by 1.76 AUM/ ha and 1.66 AUM/ha on the 
Upland Loam and Upland Shallow Loam range sites, respectively 
(Table 3). 

The typical Utah ranch has 539 ha of native foothill range. The The annual value of this carrying capacity increase was calcu- 

Table 3. Increased production from seeding crested wheatgrass on 2 range sites, 1990”. 

Upland Loam 
Before 

After 

Upland Shallow Loam 
Before 

After 

Herbage * Forage * 

(kg/ ha) (%) 

1,318 23 

1,511 90 

599 27 

1,288 90 

Utilization = Usable / Forage = Carrying Increased 
Forage Req. capacity production 

(%) (kg/ ha) (kg/ AUM) (AUMW (AUM/ ha) 

50 152 300 0.51 
1.76 

50 680 300 2.27 

50 81 300 0.27 1.66 
50 580 300 1.93 

‘Adapted from Workman and Tanaka (1991). 
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Table 4. Added net present value of seeding crested wheatyes on 2 Table 5. Added net present value of seeding crested whe8tgraes on 2 
sagebrush i&s&d range sites, WM. plnyon-juniper infested range sites, 1990. 

Upland Loam Upland Loam 
Returns: Returns: 
Increased annual forage value = 1.76 AUM/ha * $5.96/AUM 

= $10.49/ha 
Increased annual forage value = 1.76 AUM/ha * $5.96/AUM 

= S10.49lha 
Present value of annual forage $10.491 ha * 9. 128u),,r, 9% 

= $95.751 ha 
Present value of annual forage q  $10.49/ha * 9.128mr, 9% 

= S95.75/ha 
Total returns: $95.75/ha 

costs: 
Initial: $57.431 ha 
Deferment: 

Postponed forage = $95.75/ha - (95.75/ha l 0.917,,,,, ,& 
= $7.95/ha 

Alternate forage = 0.51 AUM/ha l $5.96/AUM * 0.9171,, 9% 
= S2.79/ ha 

Total costs: $68.17/ha 
Added Net Present Value = $95.75/ha - $68.17/ha 

= $27.581 ha 
Upland Shallow Loam 

Returns: 
Increased annual forage value = 1.66 AUM/ha * $5.96/AUM 

=%9.89/ha 
Present value of annual forage= $9.89; ha l 9. 128u)yr, 936 

= $90.281 ha 
Total returns: $90.28/ha 

costs: 
Initial: $57.43/ha 
Deferment: 

Postponed forage = $90.28/ha -($90.28/ha * 0.9171yr, m) 
= 57.491 ha 

Alternate forage = 0.27 AUM/ha * $5.96/AUM * 0.917,,r,9% 
=$1.48/ha 

Total costs: $66.4O/ha 
Added Net Present Value = $90.28/ha - $66.4O/ha 

= 23.88/ha 

lated by multiplying the increased production by the 3-year aver- 
age (1988-1990) adjusted private range lease rate (USDA/ERS 
1991). Published private lease rates include a 30% premium for 
landlord services and operating cost savings (Tore11 et al. 1989). 
Therefore, the forage portion of the private range lease rate was 
%5.96/ AUM ($8.52/ AUM * 70%). 

Expected costs of sagebrush revegetation include initial project 
investment (seedbed preparation, seed, and seeding) and induced 
operating and maintaining costs. Specific revegetation require- 
ments are explained in detail by Horton (1989). Induced costs 
include grazing deferment and fence and water facility construc- 
tion and maintenance. 

Initial investment for sagebrush revegetation consisted of 6.7 
kg/ ha of Fairway crested wheatgrass (Agropyron cristatum (L.) 

Total returns: S95.75/ha 
costs: 
Initial: $119.84/ha 
Deferment: 

Postponed forage = $95.75/ha -($95,75/ha * 0.917, yr, %) 
=167.95/ha 

Alternate forage = 0.51 AUM/ha * $5.96/AUM * 0.917, yr, 9% 
= $2.791 ha 

Total costs: S130.58/ha 
Added Net Present Value = S95.75/ ha - $130.58/ha 

= J34.831 ha 

Upland Shallow Loam 
Returns: 
Increased annual forage value = 1.66 AUM/ha l $5.%/AUM 

= S9.891ha 
Present value of annual forage = $<.89/da * 9.12820yr, 9% 

=$90.28/ha 
Total returns: $90.28/ha 

costs: 
Initial: $119.48/ha 
Deferment: 

Postponed forage = $90.28/ha-($90.28/ha * 0.9171y,, wO) 
= $7.491 ha 

Alternate forage = 0.27 AUM/ha l $5.96/AUM l 0.917,yr, 9% 
=$1.48/ha 

Total costs: $128.81/ha 
Added Net Present Value = $90.28/ha -$128.81/ha 

= -38.53/ha 

Gaertn.) seed at $2.671 kg and seedbed preparation and seeding 
costs of $39.54/ha. The total initial investment was %57.43/ha 
(USDA 1984). A 4% real interest rate was combined with a 5% risk 
(1 failure for every 20 seeding projects) resulting in a 9% risk 
included real interest rate (Workman and Tanaka 199 1). The life of 
the project was set at 20 years. Deferment costs included a l-year 
deferment for seedling establishment (no grazing until the end of 
the first year after seeding) and the resulting cost of alternate 
(leased) forage for the same period (Table4), priced at the adjusted 
private lease rate. 

The added net present values of reseeding the Upland Loam and 
the Upland Shallow Loam range sites infested with sagebrush were 
$27.58/ha and $23.88/ha, respectively (Table 4). This analysis 
demonstrates the importance of improving the best (most respon- 

Table 6. Added net present values of controlling sagebrush and pinyon-juniper by burning end chemical treatments, 1990. 

Treatment Herbage Useable forage Carrying capacity PB” Initial costb Added NPV 

Basin Big Sagebrush: 
Before treatment 
Burning 
Tebuthiuron 

PinyonJuniper: 
Before treatment 
Burning 
Tebuthiuron 

(kg/ ha) (kg/ ha) (AUM/ ha) (%/ha) 

562 253 0.84 53.08 
1364 614 2.05 129.46 
1364 614 2.05 129.46 

336 151 0.50 31.57 
900 405 1.35 85.28 
900 405 1.35 85.28 

(S/ha) (S/ha) 

29.16 47.22 
46.44 29.94 

40.28 13.43 
51.38 2.33 

‘Present benefit (PB) = carrying capacity * $5.96/AUM l 10.59420, ,% 
bPrices indexed to 1990 
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sive) range sites first in order to maximize net present value. 
A similar analysis was performed for revegetation of the same 2 

range sites infested with pinyon-juniper. Returns from increased 
forage and costs of postponed and alternate forage were the same 
as the above analysis. M. O’Dell (personal communication, 1992) 
estimated the cost of tree removal by double chaining on pinyon- 
juniper sites combined with aerial seeding to be $119.84/ha. 

Added net present values from reseeding crested wheatgrass on 
Upland Loam and Upland Shallow Loam range sites infested with 
pinyon-juniper were -34.831 ha and -%38.53/ha, respectively (Table 
5). This analysis also demonstrates the importance of improving 
the best range sites first. 

Control of Sagebrush and Pinyon-Juniper 
Another method of increasing spring forage availability is con- 

trolling brush on seeded areas. The typical Utah ranch has 221 
hectares of crested wheatgrass foothill range producing 298 AUMs 
annually, resulting in a current average production of 1.35 
AUM/ ha. This is an average for seeded areas for the typical ranch 
and is somewhat less than the potential carrying capacity of revege- 
tated rangelands (Table 3). 

Control of unwanted vegetation in established seedings by burn- 
ing and chemical treatments was analyzed using the methods des- 
cribed above. Control success on a given seeding may vary with 
treatment used, vegetation type, soil type, precipitation, stocking 
rate, and current condition of the seeding. Tanaka and Workman 
(1988) reported an optimum big sagebrush kill rate of 92 to 100%. 
Our target kill rate was set at 90% and the value of forage, treat- 
ment life, YO forage (90), and YO utilization (50) were unchanged 
from the previous analysis. A 40/o real interest rate was combined 
with a lower 3% risk (lower chance of failure when controlling 
brush in established seedings) resulting in a 7% risk included real 
interest rate (Tanaka and Workman 1988). 

Results of controlling basin big sagebrush (Artemisiu tridentata 
subsp. tridentata Nutt.) by burning and chemical treatment appear 
in Table 6. Herbage production of crested wheatgrass/ sagebrush 
areas before and after treatments are from Tanaka (1986) as are 
treatment costs, indexed to 1990. Added net present values for 
burning and tebuthiuron treatments were $47.221 ha and $29.941 ha, 
respectively (Table 6). 

Results of controlling pinyon-juniper by burning and chemical 

treatment also appear in Table 6. Herbage production of crested 
wheatgrass/ pinyon-juniper areas before and after treatments are 
from Clary (1987). Burning costs are from Tanaka and Workman 
(1988) and Bunting (1984), indexed to 1990. Herbicide treatment 
costs are from Tanaka and Workman (1988) and G.A. Rasmussen 
(personal communication, 1992), indexed to 1990. Added net pres- 
ent values were calculated in the same manner as in the big sage- 
brush analysis above. Added net present value for the burning and 
tebuthiuron treatments were %13.43/ha and $2.331 ha, respectively 
(Table 6). 

Linear Programming Analysis 
Linear programming was used to determine the optimum com- 

binations and levels of range improvement options to maximize 
net variable cash ranch income for the typical Utah ranch. Four 
range site and brush type combinations (upland loam sagebrush, 
upland shallow loam sagebrush, upland loam pinyon-juniper, and 
upland shallow loam pinyon-juniper) were analyzed. 

Model Description 
The linear programming model included 3 potential range 

improvement alternatives (revegetation, burning, and chemical 
treatment) for 2 brush types (sagebrush and P-J) on 2 range sites 
(upland loam and upland shallow loam). The linear programming 
model was constructed in standard format (Dykstra 1984). The 
model for the upland loam sagebrush range site is shown in Table 
7. Similar models were used for the other 3 site and brush type 
combinations. Objective function coefficients included net vari- 
able cash ranch income/ brood cow, net variable cash ranch 
income/ hectare improved by revegetation, burning, or chemical 
treatments, and net variable cash ranch income/ hour of labor 
hired. 

Objective function coefficients for revegetation were based on 
amortized investments (20 years, 9% risk included real interest 
rate) to determine the change in net variable cash ranch income for 
1990. Objective function coefficients for brush control were based 
on amortized investments (20 years, 7% risk included real interest 
rate) to determine the change in net variable cash ranch income for 
1990. 

Constraints included labor, livestock investment, short-term 
capital, and forage. The labor requirement coefficient was 27.59 

Table 7. Linear programming model for the upland loam sagebrush range site. 

Brood Reveg Reveg Reveg Bum Burn Burn Chem Chem Chem Hired RHS 
cow April May June April May June April May June Labor Constraint 

Obiective Function: 159.58 -7.47 -7.47 -7.47 -2.75 -2.75 -2.75 -4.38 -4.38 -4.38 -6.0 dollars 
M&imize Net Return 
Subject to: 
Labor 
Livestock Investment 
Short Term Capital 
January Forage 
February Forage 
March Forage 
April Forage 
May Forage 
June Forage 
July Forage 
August Forage 
September Forage 
October Forage 
November Forage 
December Forage 
Native Rangeland 
Crested Wheatgrass 

27.59 -1.0 
854.44 
279.55 7.47 7.47 7.47 2.75 2.75 2.75 4.38 4.38 4.38 6.0 
1.3010 
1.3010 
1.3010 
1.2143 -1.76 -1.21 -1.21 
1.2143 -1.76 -1.21 -1.21 
1.2143 -1.76 -1.21 -1.21 
1.2143 
1.5765 
1.5765 
1.5765 
1.3010 
1.3010 

1 1 1 
1 1 1 1 1 I 

<= 6,760 hours 
<= 260,000 S 
<= 130,000 s 
<= 365 AUM 
<= 365 AUM 
<= 365 AUM 
<= 279 AUM 
<= 252 AUM 
<= 366 AUM 
<= 290 AUM 
<= 438 AUM 
<= 438 AUM 
<= 438 AUM 
<= 365 AUM 
<= 365 AUM 
<= 539 ha 
<= 221 ha 
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hours labor required/ brood cow, and the Right Hand Side (RHS) 
was the total amount of labor available on the typical Utah ranch 
[(lo hours/day X 26 days/month X 26 person months) = 6,760 
person hours]. 

The livestock investment requirement coefficient was $854.44/ 
brood cow and the Right Hand Side value was set at $260,000 
(twice the current livestock investment of $130,000) to allow for 
herd expansion. Current livestock investment per brood cow was 
determined by valuing all existing ranch livestock at the 1990 
market value. 

The short-term capital constraint limited ranch operating capi- 
tal. The operating capital requirement coefficient was %279SS/brood 
cow and the Right Hand Side value was set at $130,000, the current 
livestock investment. Short-term capital coefficients for range 
revegetation ($/ ha) were based on 1990 amortized investments (20 
years, 9% risk included real interest rate). Short-term capital coef- 
ficients for brush control ($/ha) were based on 1990 amortized 
investments (20 years, 7% risk included real interest rate). 

The forage constraint limited available monthly forage. Forage 
requirement coefficients were required forage (AUMs/ brood cow) 
and the Right Hand Side was the maximum monthly forage avail- 
able. Forage for the month of May was set to reflect the proportion 
of crested wheatgrass actually available in May. Hay and grain 
AUMs were allowed to fluctuate to meet feed requirements. 

Hired labor allowed labor to increase if necessary. Hired labor 
was valued at $61 hour and financed with short-term capital. 

Production coefficients for range improvements allowed the 
forage Right Hand Side to be increased for appropriate months. 
Coefficients were provided for each treatment (revegetation, burn- 
ing, chemical control) in combination with range site and brush 
type (upland loam sagebrush, upland shallow loam sagebrush, 
upland loam pinyon-juniper, and upland shallow loam pinyon- 
juniper). Right Hand Side values were limited to 539 ha of native 
foothill range for revegetation and 221 ha of brush-infested crested 
wheatgrass foothill range for brush control. 

Model Analysis 
Each of the optimum (most profitable) combinations of range 

improvements ran 238 brood cows and required no extra hired 
labor. For the upland loam sagebrush, upland shallow loam sage- 
brush, upland loam pinyon-juniper, and upland shallow loam 
pinyon-juniper combinations, 38.8,41.3,55.3, and 58.8 hectares of 
brush infested crested wheatgrass were burned to increase April 
and May forage, respectively (Table 8). Optimum net variable cash 

Table 8. Linear programming optima for 2 brush types on 2 range sites, 
1990. 

Site and April 
Brush Type Bum 

Short- 
May Shadow Term Objective 
Bum Price Cauital Function 

&land Loam 
(ha) (ha) (S) ($1 (9 

Sagebrush 8.2 30.6 2.21 66,649 37,873 
Upland Shallow 
Loam Sagebrush 8.8 32.5 2.41 66,646 37,867 
Upland Loam 
P-J 11.8 43.5 4.47 66,143 37,770 
Upland Shallow 
Loam P-J 12.5 46.3 4.75 66,756 37,757 

ranch income for the upland loam sagebrush, upland shallow loam 
sagebrush, upland shallow loam sagebrush, upland loam pinyon- 
juniper, and upland shallow loam pinyon-juniper combinations, 
was $37,873, $37,867, $37,770, and $37,757, respectively, com- 
pared to $31,278 for the typical Utah cow-calf operation. The 
short-term capital requirements for the upland loam sagebrush, 

upland shallow loam sagebrush, upland loam pinyon-juniper, and 
upland shallow loam pinyon-juniper combinations, were $66,640, 
$66,646, $66,743, and $66,756, respectively (Table 8). 

For the upland loam sagebrush, upland shallow loam sagebrush, 
upland loam pinyon-juniper, and upland shallow loam pinyon- 
juniper combinations, April and May AUMs were the limiting 
constraints with shadow prices of $2.27, $2.41, S4.47, and $4.75, 
respectively (Table 8). Therefore, only the value of the respective 
shadow price could be paid for 1 more AUM of April or May 
forage and the optimal solution would change only if 1 more AUM 
could be purchased at the shadow price or less. Since the current 
forage price was $5.96/ AUM, the optimal solution is stable. 

Summary and Conclusions 

Many range improvements may increase the profitability of a 
ranching operation but it is difficult to select the best sizes and 
combinations of improvement alternatives. Linear programming 
(LP), a decision tool readily available to ranchers, makes it possi- 
ble to determine how potential range improvements affect the 
whole ranch operation (a “total ranch” approach). 

The typical Utah ranch runs 196 brood cows as a cow-calf 
operation. Net variable cash ranch income in 1990 was $31,278. 
Linear programming was used to determine the optimum (maxi- 
mum net ranch income) sizes and combinations of range improve- 
ments to alleviate the spring forage bottleneck. Three improve- 
ments (revegetation, burning, and chemical brush control) were 
examined for 4 combinations of 2 brush types (sagebrush and 
pinyon-juniper) and 2 range sites (upland loam and upland shallow 
loam). 

The optimal solution ran 238 brood cows compared to 196 on 
the typical Utah ranch. Burning brush on established crested 
wheatgrass seedings was the most economically efficient range 
improvement. The optimum combination of improvements re- 
quired no additional off-ranch hired labor. Annual net variable 
cash ranch incomes after burning sagebrush or pinyon-juniper on 
the upland loam range sites were $37,873 and $37,770, respectively, 
compared to $3 1,278 before burning. 

Linear programming is a useful tool to determine the optimum 
combination of range improvements for a particular ranch. The 
solutions presented here are general guidelines for Utah ranchers. 
Results for an individual ranch would vary with the current man- 
agement system and input and product prices. 
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Abstract 

Reestablishment of spiny hopsrge (Gr&a spinosu [Hook.] 
Moq.) in the shrub steppe requires development of appropriate 
seeding technology. We examined the effect of planting date and 
seedbed environment on germination and seedling establishment 
of 2 seed sources at 2 southwestern Idaho sites. Seedbeds were 
prepared by rototilling. In 1987-88, seeds collected la 1986 were 
drilled at 66 viable seeds m-r of row at Birds of Prey in late fall, 
winter, and early spring and at Reynolds Creek in late fall, early 
spring,.and late spring. Seeds collected in 1986 and 1988 were 
broadcast at 400 viable seeds m-* at both sites ln late fall, early 
spring, and late spring 1988-89. Seeds in nylon bags were also 
planted at each site in late fall, winter, and early spring in 1987-88 
and in late fall, winter, early spring, and late spring in 1988-89. On 
each succeeding planting date and in early summer, 5 bags of each 
seed source from each of the earlier planting dates were recovered. 
Water content, viability, and germination were compared among 
seeds from previous plantings and control seeds stored in the 
laboratory. Each year, first-year seedling establishment at both 
sites was favored by late fail compared to other planting dates. In 
1988, seedlings established only from late fall plantings at a density 
of 1 mm2 at each site. In 1989, late fall planting at the 2 sites 
increased seedling establishment 6 (51 vs 8 me2) and 20 (41 vs 2 a2) 
times compared to early spring planting. Germination was gener- 
ally greater for seeds incubated at field sites compared to controls. 
Germination total and rate increased 6-11 times and 13 days from 
late fall 1987 to early spring 1988,1-6 times and 4 and 9 days from 
winter 1988 to early spring 1988,17 times and lo-11 days from late 
fall 1988 to winter 1989, and 4-7 times and 11 days from winter 
1989 to early spring 1989. Late fall or early winter planting is 
essential to permit early spring germination when surface soils are 
moist. 

Key Words: chenopod shrubs, Grayia spinosa, revegetatlon, 
seedbed ecology, shrub steppe 

Spiny hopsage (Gruyiu spinosa [Hook.] Moq.), a summer- 
deciduous shrub, is an endemic chenopod of the interior western 
United States. It commonly occurs in drier portions of Wyoming 
bigsagebrush(Artemisia tridentata Nutt. ssp. wyomingensis[Bee- 
tle and A. Young] Welsh) communities and in a variety of salt 
desert shrub communities (Daubenmire 1978, Blaisdell and Holm- 
gren 1984). Spiny hopsage is often heavily grazed by livestock in 
spring and in some areas is being replaced by less palatable species 
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(Blaisdell and Holmgren 1984). Local populations have been des- 
troyed or damaged by wildfires and drastic disturbances associated 
with human activities (Wallace and Romney 1972, Rickard and 
McShane 1984). Reestablishment of the species is desirable to 
increase native plant diversity on disturbed sites and provide for- 
age, cover, and soil stabilization (USDA-SCS 1968, McCullough 
1969, Krysl et al. 1984). 

Requirements for germination and seedling establishment of 
Nevada and California spiny hopsage populations producing non- 
dormant seeds were examined by Wood et al. (1976), Ackerman 
(1979), Beatley (1979/80), and Manning and Groeneveld (1990). 
Requirements for northern populations, however, are poorly 
understood. Glazebrook (1941) found seeds of an eastern Washing- 
ton population were nondormant, while King (1947) reported 
seeds from the same area required moist prechilling to germinate. 
Recommended planting dates are early spring or late fall for east- 
em Washington (Glazebrook 1941) and late fall or early winter for 
southern Idaho (Shaw and Haferkamp 1990). The small seeds 
(869-932 g-‘) require shallow planting (Smith 1974, Wood et al. 
1976). 

Fall or winter planting naturally provides cool-moist seedbed 
environments. Seeds planted near the soil surface, however, are 
subjected to extremes of water and temperature conditions that 
may decrease vigor. More information on the effects of seedbed 
environments on seed germination and seedling establishment is 
needed to develop seeding strategies and techniques to maximize 
returns from field or nursery seedings. The objective of this study 
was to determine the effects of planting date and microenviron- 
mental conditions on seed germination and seedling establishment 
of 1 southwestern Idaho and 1 southeastern Oregon spiny hopsage 
population at 2 southwestern Idaho sites. 

Materials and Methods 

Seed Collections 
Mature utricles enclosed within the papery bracts were har- 

vested in June 1986 and 1988 at Sponge Springs (Sponge Springs 
1986 and Sponge Springs 1988 seed lots), Malheur CO., Oregon 
(43O48’N 117’26’W) and at Reynolds Creek, Owyhee Co., Idaho 
(43O 16’N 116”43’W) (Table I). Utricles were collected from 2 Rey- 
nolds Creek sites about 1 km apart in June 1986 (Reynolds 1986A 
and Reynolds 1986B seed lots). Only the Reynolds 1986B site 
produced adequate quantities of utricles for harvest in June 1988. 
Collections were air-dried for 2-4 weeks and stored in the labora- 
tory. Seeds were removed from utricles to simplify handling and 
planting. This approach was justified as Wood et al. (1976) 
reported similar seedling establishment from seeds and utricles 
planted 5-mm deep in a greenhouse study. Utricles were threshed 
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Table 1. Cbsracteristics of spiny bopsage seed collection sites. 

Sponge Springs Reynolds A and B 

Location 

Vegetation 

Elevation (m) 
Precipitation 

(mm) 
Soil 

Malheur Basin, 
southeastern Oregon 

Artemisia tridentata 
Ssp. wyomingensis, 
Sarcobatus vermiculatus 
(Hook.) Torr., Grayia 
spinosa, Bromus 
tectorum L. 
991 
228’ 

Fine-loamy, mixed mesic 
Xerollic Durargidsj 

Northern foothills 
of Owyhee Mountains, 
southwestern Idaho 
Artemisia tridentata 
ssp. wyomingensis, 
Sarcobatus vermiculatus. 
Grayia spinosa, Elymus 
elymoides (Raf.) Swezey, 
Bromus tectorum 
1,260 
2492 

Lolalita Series. Coarse- 
loamy, mixed nooacid, 
mesic, Xeric 
Torriorthentsd 

1J.M. Findley (unpublished data). 
*CL. Hanson (unpublished data). 
3Oregon Water Resources Board (1969). 
%tephenson (1977). 

using a mechanical seed scarifier (Shaw and Haferkamp 1990). 
Chaff was removed with an air-screen cleaner and a seed blower. 
Threshed seeds were stored in plastic containers at 3-Y’C. Water 
contents ranged from 6 to 10%. 

Planting Sites 
Field plantings were made in southwestern Idaho at Birds of 

Prey(43’ 18’N 116’22’W) and Reynolds Creek (43O 13’N 116O44’W) 

Table 2. Characteristics of spiny hopsage planting sites, southwestern 
Idaho. 

Birds of Prey 

Location Lower Snake River 
Plains, southwestern 
Idaho 

Vegetation Artemisia tria’entata 
ssp. wyomingensis, 
Ceratoides lanata 
(Pursh) J.T. Howell, 
Grayia spinosa, Poa 
secundn Presl, Elymus 
elymoides, Salsola 
iberica Sennen & Pau 

Elevation (m) 85 

Mean annual 248 (56% from 
precipitation Oct.-Mar.)’ 
and distribution 

Reynolds Creek 

Northern foothills 
of Owyhee Mountains, 
southwestern Idaho 
Artemisia tridentata 
ssp. wyomingensis, 
Atriplex confertifolia 
(Tom & Frem.) Wats, 
Grayia spinosa, Elymus 
elymoides, Lepidium 
perfoliatum L., Salsola 
iberica 
1,200 

234 (54% from Oct.-Mar., 
20% as snow)“’ 

Mean annual 
temperature 
and range (” C) 
Mean annual 
frost-free days 
Soil 

11, -2 (Jan.) to 
21 (Jul.)4 

1504 

8, -2 (Jan.) to 
20 (Jul.)2 

90-1003 

Scism Series. Well- Nannyton Series. Fine 
drained silty mixed mesic loamy mixed mesic Typic 
Haplo Xerollic Durorthids Haplargids derived from 
formed over loess on granitic, basaltic, and 
a basalt plain. Hardpan rhyolitic alluvium3 
at OS-I.0 m4 

* Kuna 2 Weather Station, approximately 20 km northwest of the planting site (NOAA 
1987-89). 
ZHanson (unpublished data). 
%tephenson (1977). 
ToUett (1980). 

(Table 2). The Reynolds Creek site is about 2.5 km south of the 
Reynolds A and B seed collection sites. 

Precipitation was measured continuously at both sites. Air 
temperature was measured continuously at the Birds of Prey site 
and at the Reynolds Weather Station 3 km south of the Reynolds 
Creek planting site (NOAA 1987-89). Soil water content for the 
O-30 mm depth was determined gravimetrically on selected dates. 
Soil water retention curves developed for 0.0, -0.01, -0.08, -0.20, 
and -1.50 MPa at the 2 sites corresponded to 28.9, 21.0, 7.9, 6.6, 
and 6.2% soil water at Birds of Prey and 22.7, 18.6, 12.1,9.5, and 
5.2% soil water at Reynolds Creek. Soil temperature (O-20-mm 
depth) was measured using recording soil thermographs. 

Seedbed Preparation and Stand Evaluation 
1987-1988 

Seedbeds were prepared by twice-over rototilling to a depth of 
about 15 cm in fall. Residual rootcrowns of shrubs and perennial 
grasses were removed manually. Surfaces of the 3.0-by 1.5-m plots 
were hand raked just prior to seeding. 

Five rows, 3 m long and 0.3 m apart, were planted in each plot 
using a single-row cone seeder equipped with a double-disk opener 
and rubber packer wheel. Viable seeds were planted about 5 mm 
deep at a rate of 66 m-l of row (217 m-‘). Viability of each seed 
source was evaluated by tetrazolium staining (AOSA 1970). Seed 
sources (Sponge Springs 1986 and Reynolds 198614) and planting 
dates (Table 3) were arranged in a randomized-complete-block 

Table 3. Planting’ and seed recovery dates for spiny hopsage at Reynolds 
Creek and Birds of prey planting sites, southwestern Idaho, 1987-88 and 
1988-89. Seeds were planted in nylon mesh bags and direct seeded in 
small plots. 

Planting/ 
recovery date Year 

Birds of 
Prey 

Reynolds 
Creek 

Late fall2 1987-88 Dec. 17 Dec. 7 
1988-89 Dec. 21 Dec. 9 

Winter 1987-88 Jan. 26 Jan. 313 
1988-89 Feb. I3 Jan. 273 

Early spring 1987-88 Feb. 19 Feb. 21 
1988-89 Mar. 1 Feb. 27 

Late spring 1987-88 Mar. 114 Mar. 134 
1988-89 Mar. 23 Mar. 20 

Early summers 1987-88 May 3 May 4 
1988-89 May 8 May 10 

%ed sources: Reynolds, site A, and Sponge Springs 1986 collections planted in 
1987-88. Reynolds, site B, and Sponge Springs 1986 and 1988 collections planted in 
1988-89. 
lPlanting only. 
)Nvlon mesh bans. but not small blots slanted due to adverse weather conditions. 
&all plots, bu‘inot nylon mesh-bags ‘planted. 
5Recovery only. 

design with 4 blocks. Seedling density was estimated by counting 
seedlings in a 2-m row segment in each of the 3 inside rows in each 
plot. Density was estimated at Birds of Prey on 19 April, 20 May, 
and 27 June 1988 and 21 July 1989, and at Reynolds Creek on 19 
April, 26 May, and 24 June 1988 and 11 July 1989. Height of all 
seedlings was determined on the 1989 counting dates. 

1988-1989 
Seedbeds were prepared as in 1987. Seeds were broadcast 

instead of drilled because of limited seed su 
were broadcast at a rate of 400 viable seeds P 

plies. Plots 0.25-m* 
rn- , covered with about 

5 mm of soil, and compacted lightly. Seed sources (Sponge Springs 
1986, Sponge Springs 1988, Reynolds 1986B, and Reynolds 
1988B) and planting dates (Table 3) were arranged in a ran- 
domized-complete-block design with 10 blocks. Seedling density 
was estimated by counting all seedlings in each plot, Counts were 
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made at Birds of Prey on 12 March, 23 March, 18 April, and 6 July 
1989 and 17 July 1990 and at Reynolds Creek on 11 March, 20 
March, 11 April, and 3 July 1989 and 10 July 1990. Height of all 
seedlings was measured on the 1990 counting dates. 

Seed Dynamics 
On each planting date (Table 3) nylon bags (l-mm2 mesh) each 

containing 3 g of seeds were placed along the edge of plots planted 
with the same seed source at each site. Bags were carefully covered 
with about 5 mm of soil to simulate direct seeding. We recognize, 
however, that hand compacting the soil, restricting large quantities 
of seeds into a small area, and permeability characteristics of the 
nylon bags may have produced different microenvironmental con- 
ditions than drilling or broadcasting. 

On the second, third, and fourth planting dates and in early 
summer, 5 bags of each seed source planted in the field on each of 
the previous planting dates for that year were recovered (Table 3). 
Collected bags were returned to the laboratory for immediate 
processing. Samples were sieved, if necessary, to remove soil and 
seedlings. 

On each collection date, comparisons were made among charac- 
teristics of seeds from previous plantings and control seeds stored 
in the laboratory. To reduce complications in interpretation, com- 
parisons of seed characteristics were made only for collections in 
which no or very few seeds had initiated germination in the field. 
The presence of germinating seeds produced a tangled mass of 
seedlings and empty seed coats, making separation of ungermi- 
nated seeds and accurate determination of the field germination 
percentage extremely difficult. 

Subsamples were randomly selected from each bag for determi- 
nation of water content (about 1.5 g), viability (50 seeds), and 
germination (50 seeds). On each recovery date, 5 subsamples were 
also randomly selected from each control for determination of 
each seed characteristic. In addition, water content of fully 
imbibed controls was measured in January 1989. Water content 
was determined gravimetrically by drying seeds for 24 hours at 
100°C. 

Germination trials were conducted by placing seeds on 2 blue 
blotters moistened with distilled water in 1 lo- by 1 IO-mm germina- 
tion boxes. All seeds were dusted with tetramethylthiuram disul- 
fide to control fungal development. Seeds were incubated for 30 
days at 15” C with 8 hours of exposure to cool-white fluorescent 
light (PAR=15 CcMm-2s-‘) alternating with 16 hours of darkness. 
Germination boxes were randomly arranged in the germinator and 
rerandomized after each count. Germination counts were made at 
2-day intervals. Seedlings were considered normal if all structures 
essential for development were present, the hypocotyl arch raised, 
and the radicle lo-mm long. Total germination was calculated as 
the percent of viable seeds producing normal seedlings after 30 
days. Germination rate was calculated as days to 50% of 30day 
germination. 

Statistical Analyses 
Effects of planting date, seedbed environment, and seed source 

on seed water content, viability, total percent germination, days to 
50% germination, and seedling survival and height were evaluated 
by analyses of variance. Germination and viability data were trans- 
formed for analysis using the arcsin transformation (Snedecor and 
Cochran 1980). The square root transformation was used to nor- 
malize seedling counts. Data were analyzed separately by year, 
planting site, and seed-recovery or seedlingcount date due to 
differences in planting dates between years and sites. Means were 
separated by Fisher’s least significant difference. All differences 
reported are significant at m.05. Means and standard errors 
were calculated for seedling heights (? f SE). Regression analyses 

were used to explain the relationship between collection date and 
total and rate of germination. 

Results 

Environmental Site Conditions 
1987-1988 

Soil temperatures were below O°C at both sites almost continu- 
ously until early February (Figs. 1 and 2). Minimum daily soil and 
air temperatures were below O’C until early March and within the 
l-15°C range, commonly considered to include the effective pre- 
chilling temperatures for many species, until mid June (Figs. 1 and 

Precipitation patterns were similar for the 2 sites with December 
to July precipitation totaling 118 mm at Birds of Prey and 104 mm 
at Reynolds Creek (Figs. 1 and 2). Precipitation was 63% of the 
21-year average at Reynolds Creek. Water status of seedbeds on 
the 2 sites fluctuated from December through July, but did not 
exceed -0.2 MPa on any sampling date (Figs. 1 and 2). Seedbeds 
were open and exposed to wind throughout much of the winter at 
Birds of Prey, and water potentials were less than -1.5 MPa in the 
surface soil layer on all planting dates (Fig. 1). Late-fall plantings 
at Reynolds Creek were under snow cover almost continually 
through mid January. Winter plantings were made as snow melted 
and surface soils thawed during the day. Surface soils were dry on 
early- and late-spring planting dates with water potentials less than 
-1.5 MPa (Fig. 2). 

1988-1989 
As in 1987-88, minimum soil and air temperatures were below 

O’C until early March (Figs. 1 and 2); but were, however, in the 
l-15O C range until mid to late May. Differences in amount and 
distribution of precipitation again caused variation in soil water 
status of seedbeds (Figs. 1 and 2). Birds of Prey received 37 mm of 
precipitation from December through February and 37 mm in 
March. Reynolds Creek received 5 1 mm from December through 
February and 39 mm in March. Precipitation in March 1989 
exceeded that in March 1988 by 60% at Birds of Prey and 187% at 
Reynolds Creek. Birds of Prey received 19 mm of precipitation 
from April through July, 71% less than in 1988. Reynolds Creek 
precipitation from April through July totaled 29 mm, 43% lower 
than in 1988. 

Seedbeds at Birds of Prey were intermittently snow covered 
from late December until mid January. Surface soil was frozen on 
the late-fall planting date. Soil on Reynolds Creek seedbeds was 
frozen and snow covered during much of late December and 
January. Soil water potential exceeded -0.08 MPa on the winter, 
early-spring, and late-spring planting dates at both sites (Figs. 1 
and 2). 

Seedling Dynamics 
1987-1988 Plantings 

Emerging seedlings were first noted on 13 March 1988 at Birds of 
Prey and 1 March 1988 at Reynolds Creek. Within counting dates 
at each site, seedling densities were low and similar among planting 
dates and seed sources. Only seedlings emerging from late-fall 
plantings survived until June 1988, with densities averaging 1 
seedling me2 at each site. By July 1989 densities decreased to 0 me2 
at Birds of Prey and remained 1 me2 at Reynolds Creek. Additional 
seedlings emerged in spring 1989, and by July 1989 densities of 
newly emerged seedlings averaged 1 me2 at Birds of Prey and 2 me2 
at Reynolds Creek with no differences detected among seed sour- 
ces or planting dates. By July 1989, height averaged 4f0.3 cm for 
newly emerged and 15f1.3 cm for l-year old seedlings. 

1988-1989 Plantings 
Seeds planted in late fall began germinating with embryos 
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uncoiling in the bags in late February and early March when 
maximum and minimum air temperatures at the 2 sites averaged 8 
and 0°C and surface soil temperatures averaged 4 and -2’C (Shaw 
1992). Substantial numbers of seedlings emerged from late-fall 
seedings by 12 March 1989 at Birds of Prey and 11 March 1989 at 
Reynolds Creek with most seedlings emerging by late March. 
Maximum and minimum air and surface soil temperatures from 5 
March to 25 March averaged 12 and O’C (Table 4). Emergence was 
greater from late-fall compared to early- or late-spring plantings at 
each site on all counting dates (Table 4). Many weak and dead 
seedlings were noted at both sites in early July 1989 (Shaw 1992). 

Table 4. Density of spiny hopsage scediings by counting date, planting 
date, and 4 seed sources on Birds of Prey and Reynolds Creek 1988-89 
plantings, southwestern Idaho. 

Counting date 
Planting date 

Reynolds 
Birds of Prey Creek 

Sponge Sponge Seed 
Reynolds Reynolds Springs Springs source 

1986B 1988B 1986 1988 mean 

12 & 11 Mar. 1989 
Late fall-88 
Early spring-89 

23 8z 20 Mar. 1989 
Late fall-88 103ABa 
Early spring-89 44Ab 

18 & Ii Apr. 1989 

Late fall-88 93Aa 
Early spring-89 i2Bb 
Late spring-89 OAc 

6 & 3 Jul. 1989 

Late fall-88 
Early spring-89 
Late spring-89 
Mean i6B4 

17 & 10 Jul. 1990 

Late fall-88 TBa 
Early spring-89 OAa 
Late spring-89 OAa 

______ ____ _~~o.seedlingsm~__--_------ 

6Oa”* 13a 
Ob Ob 

86Ba 1 i4Aa 
TAb’ OAb 

70Ba 88ABa 
16Bb 32Ab 
TAc TAc 

5ia 
8b 
Tc 

15B 26A 

OBa 2ABa 
OAa OAa 
OAa OAa 

109ABa 
4Ab 

39a 
lb 

74ABa 
24Ab 

OAc 

94a 
9b 
Oc 

41a 
2b 
Ob 

23A 

4Aa 
OAb 
OAb 

18a 
lb 
Ob 

1 Seed source means within counting date, planting date, and planting site followed by 
similar upper case letters do not differ significantly (P<O.O5) using Fisher’s least 
significant difference. Planting date means within counting date, seed source, and 
study site followed by similar lower case letters do not differ significantly (DO.05) 
using Fisher’s least significant difference. 
*Averaged across seed sources. 
3T = less than 0.5 seedlings m-‘. 
4Averaged across planting dates. 

Density of established seedlings in July 1989 was 6 times greater on 
late-fall compared to early-spring plantings at Birds of Prey and 26 
times greater at Reynolds Creek (Table 4). July 1989 seedling 
density of Sponge Springs 1986 and Sponge Springs 1988 sources 
at Birds of Prey was 1.6 times greater than for Reynolds 1986B and 
Reynolds 1988B sources, Seedling density did not vary among seed 
sources at Reynolds Creek. 

By July 1990 only seedlings developing from llate-fall seedings 
survived at Birds of Prey (Table 4). At Reynolds Creek seedling 
density was 18 times greater from late-fall compared to early- 
spring plantings. Seedling height averaged 4f0.5 cm at Birds of 
Prey and 8f0.5 cm at Reynolds Creek. 

Seed Dynamies 1987-1988 
Water Content . 

Water content of field-incubated seeds ranged from 17 to 34% at 
Reynolds Creek and 29 to 32% at Birds of Prey, exceeding controls 
by 70 to 300% during the first 2 collection dates at Birds of Prey and 

Table 5. Total percent germination and days to 50% germination for 2 
spiny hopsage seed sources planted in the field in nylon bags on 3 
planting dates and recovered after selected intervals from Birds of Prey 
and Reynolds Creek 1987-88 plantings, southwestern Idaho. 

Birds of Prey Reynolds Creek 

Recovery Date 
Sponge Sponge 

Reynolds Springs Reynolds Springs 
Planting date 1986A 1986 1986A 1986 

__--_---_-__- _______ Totalgermination(%)___--__--_------- 
Winter-88 

Late fall 
Control3 
Mean 

Early spring-88 

Late fall 
Winter 
Control 
Mean 

Late spring-88 

Late fall 
Winter 
Early spring 
Control 
Mean 

Early summer-88 

Late fall 
Winter 
Early spring 
Control 
Mean 

62a”’ 
9b 

32B4 39A 

68Ba 
38Ab 

6Bc 

94Aa 
4iAb 
i6Ac 

88a 
47b 
24c 
i2d 

32Ba 
22Ba 
IlBb 
7Ab 

46Aa 
42Aab 
35Ab 
ilAc 

68a 
9b 

83a 
i5b 
lib 

32B 40A 

83a 
50b 
25~ 
12d 

38B 41A 

56a 
47a 
33b 

9c 
28B 44A 

-------------~--~---Daysto~0~og~rmi~tion_______~__~~_~-~~~~~ 

Winter-88 

Late fall 8b 7b 
Control 2ia 2ia 

Early spring-88 

Late fall 6e 6c 
Winter 10b i5b 
Control 19a 19a 

Late spring-88 

Late fall 7c 7c 
Winter 12b i2b 
Early spring 12b 14b 
Control 2ia 21a 

Early summer-88 

Late fall 14b i3b 
Winter 15b i3b 
Early spring i7b i5b 
Control 22a 22a 

‘Seed source means within planting date, recovery date, and seed characteristic 
followed by similar upper case letters do not differ significantly (130.05). Planting 
date means within recovery date and seed source followed by similar lower case letters 
do not differ significantly (p>O.OS). 
‘Averaged across seed sources. 
‘Seeds stored in sealed containers at 3-Y C. 
‘Averaged across planting dates. 

the first 3 collection dates at Reynolds Creek. The variability was 
probably due to infrequent rain showers and differential drying on 
seedbeds. By early summer, water content declined to 6% in all 
field-incubated seeds. Seeds were never fully imbibed on any col- 
lection date. Control seeds stored in the laboratory contained 50% 
water when fully imbibed at room temperature (21°C). 

Viability 
Field incubation during late fall and winter did not decrease seed 

viability. A slight decrease in viability (62 compared to 76% for 
controls) was noted for Sponge Springs 1986 seeds beginning in 
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Fig. 3. Germilutioa and gemination ratt of seeds harvested In 1986 at Revnolds. site A, and Sponge Springs and planted at Birds of Prey and Reynolds Creek in late fall 1987 
and mowed on s&&d 1988 dates. 

early spring and continuing into later recovery dates. Viability of 
late-fall-, winter-, and early- spring-planted seeds of the 2 sources 
declined to 58,60, and 63% by early summer compared to 70% for 
controls. Some loss in viability was related to seeds germinating in 
the bags before recovery. Sponge Springs 1986 seeds were usually 
more viable than Reynolds Creek 1986A, with significant differen- 
ces ranging from 5 to 16%. 

Germination Total and Rate 
Total germination was substantially improved by field incuba- 

tion, with longer incubations generally providing the greatest 
improvement (Table 5). Exceptions were the similarity between 
controls and winter-planted seeds in early spring at Reynolds 
Creek, and between late-fall- and winter-planted seeds recovered in 
early summer at both sites. Reynolds 1986A planted at Birds of 
Prey were the only seeds not responding positively to incubation 
from early spring to early summer. Sponge Springs 1986 seeds 
generally germinated better than Reynolds 1986A seeds (Table 5 
and Fig. 3). Speed of germination also tended to increase with 
longer incubations in soil, but rates for winter and early-spring 
plantings were similar. By summer, germination rates were similar 
for all planted seeds, and all were greater than rates of controls. 

Germination rates did not vary between seed sources (Table 5 and 
Fig. 3). 

Seed Dynamics 1988-1989 
Water Content 

Water contents averaged 35 to 44% at both sites and exceeded 
controls (6 to 7%) on the first 3 recovery dates. In late spring, water 
content was greater for seeds planted in winter (55%) compared to 
early spring (44%). These values reflect recent precipitation and 
seed coat rupturing of some winter-planted seeds. By early 
summer, seeds planted in early and late spring contained 10 to 22% 
water compared to 6 to 8% for controls. 

Viability 
Viability of seeds planted at Birds of Prey did not decrease 

relative to controls until early summer 1989. By this recovery date, 
viability of seeds planted in early and late spring decreased to 71% 
compared to 83% for controls. Among sources at Reynolds Creek, 
Reynolds 1988B generally contained the highest percentage of 
viable seeds, surpassing others by a range of 7 to 13%. Embryos of 
some Reynolds 1986B and Reynolds 1988B seeds planted in winter 
began uncoiling in the nylon bag by late spring. Viability of non- 
germinated seeds remaining in these bags on this date (72% for 
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Table 6. Total percent germination, and days to 58% germination for 4 spiny hopsage seed sources planted in the field in nylon bags on 4 planting dates and 
recovered after selected intervals from Birds of Prey end Reynolds Creek 1988-89 plantings, southwestern Idaho. 

Recovery date 
Planting date 

Reynolds 
l986B 

Birds of Prey 
Sponge 

Reynolds Springs 
l988B 1986 

Sponge 
Springs 

1988 
Reynolds 

1986B 

Reynolds Creek 
Sponge 

Reynolds Springs 
1988B 1986 

Sponge 
Springs 

1988 

Winter-89 
Late fall 
Control3 

Early spring-89 
Winter 
Control 
Mean 

Late spring-89 
Winter 
Early spring 
Control 
Mean 

Early summer-89 
Early spring 
Late spring 
Control 

20~4 

-_J 
23Ba 
7Ab 

77a” 
4b 

42a 
9b 

32A 

33Ba 
l2Ab 

66 

29AB 

--- 
48Aa 
8Ab 

22BC 

24Ba 
9Ab 

31c 43A 

31B 42A 

12Ba 6Bb 
l4Aa 16Aa 
7Ab 5Ab 

74a 
4b 

66a 
9c 

41AB 36BC 

65a 
36b 
9b 

42A 31B 

7Bb 21Aa 
l8Aa 8Aa 
4Ab 2Ab 

------------------_-__-________________________-_Daysto50%germination------------------ ___________________------------- 

Winter-89 

Late fall 8a 7b 
Control 19a 19a 

Early spring-89 

Winter 8b 9b 
Control l8a 18a 

J-ate spring-89 

Winter --- 6c 
Early spring 8b IOb 
Control 21a 21a 

Early summer-89 

Mean 20 21 

‘Seed source means within planting date, recovery date, and seed characteristic followed by similar upper case letters do not differ significantly (130.05). Planting date means 
within recovery date and seed source followed by similar lower case letters do not differ significantly (PX.05). 
‘Averaged across seed sources. 
‘Seeds stored in sealed containers at 3-5O C. 
dAveraged across planting dates. 
SWinter planted seeds from Birds of Prey were not analyzed as many seeds had initiated germination in the nylon bags. 
‘Averaged across seed sources and planting dates. 

Reynolds 1986B and 59% for Reynolds 1988B) was lower than the 
85% viability of controls and 10 and 19% lower than seeds planted 
in early spring. By early summer, viability of seeds of all sources 
planted in early and late spring declined to 77 compared to 83% for 
controls. 

Germination Total and Rate 
The 4 seed sources responded somewhat similarly to seedbed 

microenvironments (Table 6). Although total germination varied 
among seed sources in early and late spring at both sites and early 
summer at Reynolds Creek (Table 6), no clear patterns or trend 
emerged. Total germination was enhanced by field incubation 
during late fall, winter, and early spring at both sites. In late spring, 
seeds planted in winter at Reynolds Creek exhibited greater total 
germination than seeds planted in early spring, whereas in early 
summer, total germination of Reynolds 1986B and Sponge Springs 
1988 seeds planted in early spring and all seeds planted in late 
spring was slightly enhanced compared to controls. Within plant- 
ing dates, germination rate did not vary among sources at either 
site on any recovery date (Table 6). Germination rate was, how- 
ever, consistently 2 to 3 times faster for field-incubated seeds 

compared to controls until early summer. 

Discussion 

Germinability of spiny hopsage seeds was increased by exposure 
to cool, moist seedbed environments through late fall and winter, 
This response permits early-spring emergence and growth if soil 
water is adequate. Haferkamp et al. (1990) reported late-fall and 
winter planting favored germination of prostrate kochia (Kochia 
prostrata [L.] Schrader) exposed to similar conditions in south- 
eastern Oregon. 

Some nongerminating seeds may have entered secondary dor- 
mancy in response to specific environmental conditions. Evidence 
for this response is indicated by the seasonal variation in germina- 
tion percentages of late-fall, winter, and early-spring plantings 
each year (Fig. 3 and Tables 5 and 6). Total germination typically 
increased through late spring and declined by early summer. Ger- 
mination may have decreased in response to high temperatures and 
inadequate precipitation in April and May or reduced vigor of 
seeds incubated in soil until early summer. Induction of secondary 
dormancy in response to high temperatures and water stress was 
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reported for Chenopodium bonus-henricus L., an herbaceous che- 
nopod (Khan and Karssen 1980). This mechanism permits seeds to 
remain viable in soil until conditions favorable for release of 
secondary dormancy and subsequent germination are encoun- 
tered. Determining whether spiny hopsage seeds are capable of 
entering secondary dormancy and affecting factors will require 
further investigation. 

The poor emergence from some early- and late-spring plantings 
may have resulted from exposure to unfavorable moisture or 
temperature conditions. Although air and soil temperatures in 
spring were often in the 0-1Y C range, seed water content may 
have been too low for prechilling to be effective. In addition, only a 
portion of this temperature range may be effective for prechilling 
spiny hopsage seeds. Short periods of chilling are not cumulative; 
secondary dormancy may be induced during intermittent high 
temperature periods (Bewley and Black 1984). Seedling emergence 
and establishment from early-spring compared to late-fall plant- 
ings may also have been reduced as water conditions were less 
favorable for germination and the period for seedling development 
prior to summer dormancy was shorter. 

Accumulation of seeds in states of primary or secondary dor- 
mancy in the soil seed bank could contribute to episodic seedling 
establishment in good water years as has been reported for spiny 
hopsage in the Mojave Desert (Wallace and Romney 1972, El- 
Ghonemy et al. 1980). Kay et al. (1988) reported spiny hopsage 
seeds remained viable in sealed storage at room temperature for 14 
years. Longevity of spiny hopsage seeds in the soil has not been 
examined. Ability of some spiny hopsage seeds to survive in soil 
beyond the planting year was indicated by limited second- and 
third-year emergence on Reynolds Creek 1986-87 plantings (Shaw 
1992). Frischknecht and Ferguson (1984) reported little first-year 
germination of spiny hopsage and other chenopods seeded in 
Utah’s Uinta Basin during a drought year. Excellent emergence of 
some seed sources, however, was noted the second year. 

Laboratory germination and germination rate of recovered 
seeds did not vary consistently between seed sources in this study, 
possibly because seeds were collected from similar environments 
(Table 1). Seedling establishment differed between seed sources 
only on the 1988-89 Birds of Prey planting after 1 growing season. 
Others, however, have reported variation in germination charac- 
teristics among populations of spiny hopsage (Wood et al. 1976), 
spineless hopsage (Gruyiu brandegei Gray) (Meyer and Pendleton 
1990), and shadscale (Sanderson et al. 1990) from more diverse 
environments. 

Seed age did not appear to affect laboratory germination or 
cause consistent differences in field germination at the 2 locations 
in 1988-89. Dry afterripening has been reported to improve germi- 
nation of several chenopod shrubs (Smith 1974). Pendleton and 
Meyer (1990) reported laboratory germination of spineless hop- 
sage was improved by 2 years of dry afterripening at room temper- 
ature. King (1947) found 6-year old spiny hopsage seeds from 
eastern Washington required a shorter moist-prechill than 4-year 
old seeds. 

Results of this study show that late-fall or early-winter planting 
is necessary to expose seeds to cool, moist seedbeds and maximize 
early-spring germination and emergence during years when ade- 
quate soil water is available. Germination and emergence during 
this period would allow young seedlings to avoid variable, often 
stressful environmental conditions, that occur with cyclic wetting 
and drying of the soil in late spring and early summer. 
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Book Reviews 
Natural Grasslands. Eastern Hemisphere and R&urn&. Eco- 

systems of the World, Volume 8B. Edited by R.T. Coup- 
land, with 24 text contributors. 1993. Elsevier Science 
Publishers Amsterdam. 556 p. US$259.50 cloth. ISBN 
O-444-89557-4 (Vol. 8B). 
This volume is the recently published companion to Volume 8A, 

which covered the natural grasslands of the Western Hemisphere. 
It presents well-referenced syntheses of current knowledge of grass- 
lands of Europe and Asia, Africa, and Oceania written by well- 
known authors, most of whom are from those regions. Like its 
companion Volume 8A, Volume 8B has long been in preparation, 
with individual chapters having been submit_ted as long ago as 
1979. Revisions of most chapters were submitted in the middle to 
late 1980’s. 

The volume consists of three major sections with four major 
chapters on grasslands of Europe and Asia, five chapters related to 
Africa, and five on grasslands of Oceania. The chapters in these 
sections are uniformly technical in presentation. Emphases vary; 
for example, the chapter Temperate Semi-natural Grasslands of 
Eurasia by M. Rychnovska examines the grasslands largely 
through ecological processes and ecophysiological relationships 
such as energy flow, nutrient cycling, canopy structure, water 
relations, primary production, consumption, and decomposition. 
Other chapters, such as Grasslands of Australia by R.M. Moore 
strongly emphasize grassland community ecology, and the rela- 
tively lesser amount of process-oriented ecology is treated largely 
within the context of plant communities. Some chapters, such as 
Indigenous Grasslands of New Zealand by A.F. Mark are longer, 
while others, e.g., Grasslands of Madagascar by J. Koechlin are 

one-third as long, or less. These variations notwithstanding, the 
volume is well edited for technical depth, and the writing is uni- 
formly concise. 

Natural grasslands, Eastern Hemisphere and resume will be- of 
great value as a reading or reference because chapters in the book 
are essentially either cohesive syntheses of research papers and 
review articles written over many scientist-years, or high-grade 
extracts of books written, in some cases, by the authors themselves. 
R.M. Moore’s lengthy book Australian Grasslands, published in 
1970, has been condensed and updated into a 40-page chapter of 
the same title. Grasslands of Southern Africa by N.M. Tainton and 
B.H. Walker draws heavily on Tainton’s previous book Veld and 
Pasture Management in South Africa. The book Grazing Lund 
Ecosystems of the African Sahel by H.N. Le Houtrou (Reviewed, 
JRM, 44:630) is here condensed into Grasslands of the Sahel. 
Clearly this volume is an efficient source of information in a 
skillfully edited, high-density, highly readable format. 

Brief introduction and resume chapters by the editor frame the 
14 major chapters. Included are a systematic list of genera, an 
author index, a systematic index, and a thorough general index. 
Some attractive, interesting black and white photographs add 
significantly to the book. An adequate number of maps, including 
one fold-out map of Australian vegetation provide needed per- 
spective. 

The time, skill and effort in producing the volumes in the Ecosys- 
tems of the World series is apparent in all of them I have seen, 
nowhere more so than in Vol. 8B. The book impresses from cover 
to cover.-David L. Scarnecchiu, Washington State University, 
Pullman, Washington. 
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