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The Predator-Control 

Scene as of I974 

FREDERIC H. WAGNER 

Highlight: Mounting public pressures against predator 
control, especially with to.uican ts, plus the information 
compiled b-v the Cain Committee led to the Executive Order 
banning the use of toxicants on federal land and by federal 
control agents. Reaction of the livestock industry has been to 
ask that control be moved into the state governments and to 
seek release of M-44 cyanide guns through an experiment 
clause in the Environmental Protection Agency order 
withdrawing toxicant registration. An accelerated research 
program under the aegis of a number of agencies is providing a 
,great deal of illformation, but needed programs are falling 
between the cracks because of the lack of integrated analysis 
and attack o r1 the o Vera11 predator problem. A 
multidisciplinary, federal predator commission is proposed 
which would have responsibility for anal_vzing the problem in 
concert, providing critical advice on proposed programs and 
available information, communicating rrpith all interested 
parties, and advocating policy. 

_ 

The author is associate dean, College of Natural Resources, Utah 
State University, Logan. 

I base been asked to write a “philosophical” article on the 
predator-control situation as of 1974. I propose to do this by 
giving a brief, retrospective summary of the events leading up to 
the Executive ban against the use of toxicants in February, 
1972, some consideration o.f the sequence of events which 
followed the ban, a closer look at the scene as I interpret it 
today, and a suggestion for one course of action that might be 
helpful. Perhaps the fact that I am somewhat suspect to 
cnnserllationists and sheepmen alike attests to mv objectivity for 
doins this task. 

The Situation Prior to the Executive Order 

Prior to February, 1972, the predator-control situation in 
the West was in an uneasy equilibrium. No one was satisfied 
with it. Stockmen were sustaining losses-more than they 
thought reasonable-and were not sanguine about the job 
being done by the Division of Wildlife Services (DWS). 
Conservation groups were restive about the widespread use of 
toxicants and possible hazards to the biota. DWS was caught 
squarely in the middle, attempting to compromise between 
opposing demands, operating in areas where solid, factual 
information was wanting, and pleasing no one. 

My own opinion is that the Division was doing a better job 
than most of its critics gave it credit for. It had installed a 
professionally trained, wildlife biologist as its director in the 
1960’s, had developed a set of uniform, nationwide 
operational guidelines, and had kept a surprisingly good series 
of records on its operations. There were, of course, violations. 
It did have a control mind-set bred of the fact that its field 
men had traditionally been hired to catch and kill predators. 
But one could see changes in philosophy as new men were 
employed and in response to rising pressures from 
fast-growing, environmentally concerned facets of society. 
Violations were disciplined. With its administration located in 
Washington it was to some degree buffered from the 
grass-roots political pressures to which its field men in the 
West were subjected. And predator control was largely in the 
hands of public servants whose activities were under the 
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control of agency administrators, and whose practices, and to 
some degree, effects were recorded and accountable. 

But the balance of forces was changing. The rise of 
environmental awareness, and the public awakening to the 
wonders of, and its ownership in, our natural resources 
focused increasing pressures on predator control. The 
equilibrium was destined to shift. 

The Cain Committee was appointed in early 1971. Five 
wildlife ecologists, one plant ecologist (and former Assistant 
Secretary of the Interior), and one political scientist were 
given a few short months to evaluate a set of complex 
ecological and economic questions on which there had been 
little research, and to make recommendations for change. 

One of the most significant questions which the Committee 
deliberated was the effectiveness of toxicants. I reviewed most 
of the evidence available to us at that time on pages 36-58 of 
the report (Cain et al., 1972) and elsewhere (Wagner, 1972). 
That evidence, all originally recorded incidentally to the 
question at hand, came almost entirely from DWS records and 
the statistics of U.S. Department of Agriculture’s Statistical 
Reporting Service (SRS). There were few data from research 
carefully designed to shed light on the effectiveness of 
toxicants in reducing coyote populations and sheep losses, and 
the side effects in the environment. 

The information that we were able to compile was 
equivocal. The indications, in my view, did point rather 
strongly to coyote population reductions that were 
proportionate to the amount of 1080 used (Cain et al., 
197 2 : 42-44; Wagner, 1972:21-25). With the coyote 
population indices available, reductions seemed rather strongly 
indicated in such northern Intermountain states as Montana, 
Wyoming, and Idaho; but undetectable in such southern states 
as Texas, New Mexico, and perhaps Arizona. 

But a number of results feared by many observers have 
developed, or are in the process of developing. The stockmen 

Any justification for predator population reduction must 
lie in its reduction of sheep losses, and evidence on that point 
was conflicting in late 197 1. Available indices based on DWS 
records suggested reduction in sheep losses during the era of 
toxicant use; but indices based on the more extensive, and 
statistically designed, Statistical Reporting Service surveys 
suggested no reduction in post-docking losses during the 
toxicant era (Cain et al., 1972:47-53; Wagner, 1972:32-37). 

If there is one lesson that comes through strongly in the tortured 
history of predator control-and all resource management, for 
that matter-it is that the day of single-value management is 
gone. Predatory animals are game species to the growing clan of 
varmint hunters. To hikers, campers, back-packers, and 
numerous groups of nature lovers, they are as much a part of the 
variety and beauty of the American outdoors as pine trees, lakes, 
red squirrels, and deer. 

Evidence of side effects on nontarget species was also 
inconclusive. There is no question that individual carnivorous 
animals other than coyotes have been killed by toxicants. But 
it has not been established that the population levels of these 
species have been detrimentally affected. In fact, a number of 
the common, mammalian carnivorous species may actually 
have increased following toxicant-induced coyote reduction 
(Robinson, 1961; Linhart and Robinson, 1972; Cain et al., 
1972:55-56; Wagner, 1972:38-41). We do not know about the 
effects on raptor numbers, on the larger carnivores, and on 
smaller, rare-and-endangered species. 

understandably felt they were treated unfairly, if not 
betrayed. They have been quoted in the media as saying that 
Secretary Morton promised them that they would be shown 
the Cain Report before its release, and they were not. Whether 
or not they received such a promise, they clearly were not 
represented on the Committee, were not invited to participate 
in the deliberations leading up to the recommendations of the 
Committee (although some did testify under invitation before 
the Committee meetings in Denver and Logan). And they were 
not apprised of the Committee’s recommendations, or 
rationale for those recommendations, prior to release of the 
report. 

Public pressures were sufficient that some change in 
poisoning practices virtually had to take place. If it were true 
that coyote poisoning did not materially reduce sheep losses, 
as the SRS data suggested, there was then no reason to 
continue it. Yet these data were of unknown accuracy, and 
contradicted by the DWS records. In my view precipitate 
change was not indicated, and I advocated experimental 
reduction in trial areas to observe the effects, along with some 
form of insurance or some other compensation for losses (Cain 
et al., 1972:62; Wagner, 1972:55-56). Other members of the 
Committee saw the evidence, and assessed the public 

Hindsight vision is, of course, always 20:20. But in 
retrospect it would seem proper to have brought stockmen 
into the deliberations which affected them so profoundly. 
That they were not brought in has placed them in a 
near-martyr posture, and this in turn contributes to some of 
the current developments, two of which merit emphasis here. 

The Move to the States 

One of the early actions taken by Western stockmcn, or 
their representatives in the various state departments of 
agriculture, after the Executive Order was to press the 
Department of the Interior to turn predator control over to 
the states. The rationale was obvious. The stockmen 
recognized very well that the growing pressures against 

restiveness, differently than I and recommended immediate 
cessation of toxicant use in the Committee Report. That 
report was duly filed in fall 197 1. 

Developments since the Executive Order 

For reasons given above, and others to be outlined below, I 
felt that the February, 1972, Executive Order banning 
toxicant use was somewhat abrupt. 1 favored a phased, 
experimental withdrawal. But more than one official in the 
Executive Branch has told me that government does not move 
in such rational, orderly fashion. The system needs to be jolted 
before it responds. In effect, the political mule needs to be hit 
over the head with a 2-by-4 in order to get its attention. 

There must be something to this view, because massive 
funding has become available for predator research. To its very 
definite credit, the Department of the Interior reprogrammed 
funds internally to free support for an expanded predator 
research program. And several bills appropriated additional 
research funds for the Department of the Interior, Agricultural 
Research Service, Economic Research Service, Enviromnental 
Protection Agency, and other federal agencies. At the same 
time, a number of states made funds available. A welter of 
predator projects have sprung up during the 2 years following 
the ban. 
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predator control were substantially generated by Easterners 
who, they felt, did not understand and/or did not sympathize 
with their problems. As long as control was in the hands of the 
federal government, this large voting block could exert 
pressures against control. If toxicants were banned today, 
shooting, denning, and trapping-the only remaining control 
measures-might go tomorrow. If control were in state hands, 
it would be separated from Eastern political pressures, and 
closer to home where people were more sympathetic with the 
plight of the livestock industry and perhaps less 
environmentally concerned. 

The states have not needed to beckon very hard because 
they have been finding a more-than-willing Department of the 
Interior. Explicitly, the Department is moving to turn control 
over to the states because predators are resident wildlife. But 
implicitly, the Department is probably anxious to get the 
predator-control monkey off its back. 

In principle, the move to the states is quite proper. By 
tradition. and statute in the United States, ownership and 
responsibility for management of wildlife resident within the 
states have been vested in the people of the states and their 
state governments, even when that wildlife resides on federal 
land. That Western predator control should have been in the 
hands of a federal agency all of these years is largely a matter 
of tradition dating back to the World War I years and the 
existence of large acreages of federal land in the West. 

In practice, however, many observers fear the direction the 
stateward move is taking. The stockmen are asking that 
control be taken over by the state departments of agriculture. 
Their reasoning, quite understandably, is that these 
departments have the same value systems as they, and would 
carry out predator control with the singleness of purpose 
which they desire. 

Since the impression has spread that the industry was not 
treated with sufficient consideration and respect in the course 
of the Cain Committee study and subsequent Executive Order, 
it has incurred the sympathies of the Western-state executive 
branches. There is, accordingly, rather strong inclination 
among many of these branches to place control in the state 
agriculture departments. Such a move has already been made 
in Colorado. And a bill now in the hopper in the Utah 
legislature proposes that predator control be placed in the 
hands of a new commission, most of whose members are either 
industry representatives or employees of agriculture-related 
agencies. 

Many observers are voicing concern that these moves violate 
the spirit, if not the letter, of the traditional American 
legalities surrounding wildlife resources. By statute, wildlife is 
the property of all the people, and therefore should properly 
be managed by agencies which are responsive to a plurality of 
values of all the people. 

If there is one lesson that comes thro,ugh strongly in the 
tortured history of predator control-and all resource 
management, for that matter-it is that the day of single-value 
management is gone. Predatory animals are game species to the 
growing clan of varmint hunters. To hikers, campers, 
back-packers, and numerous groups of nature lovers, they are 
as much a part of the variety and beauty of the American 
outdoors as pine trees, lakes, red squirrels, and deer. 

Traditionally, the responsibility for wildlife management 
has been vested in the hands of the divisions or departments of 
fish and game, or wildlife resources. Livestock predatory loss is 
but one of numerous kinds of wildlife damage. There are 

innumerable precedents in which the state wildlife 
departments have assumed the responsibility for controlling 
such damage. In most states, these agencies remove the 
offending animals when deer or elk raid orchards or alfalfa 
fields; when beaver drop trees on dwellings or flood roads; 
when pheasants pull newly sprouted corn or raid tomato 
fields. 

It remains to be seen how the move to the states will settle 
out. The final result will probably vary from state to state. 

The M-44 Experiments 

Following issuance of the Executive Order, the 
Environmental Protection Agency suspended and cancelled all 
registrations of cyanide, s t rychnine, and sodium 
monofluoroacetate (1080) for predator-conirol purposes. 
However, the Pesticide Act contained a proviso which stated 
that these substances could be released under special cases for 
experimental purposes. 

As concerns grew among stockmen that the toxicant ban 
would promote coyote population increases, pressures were 
brought to bear on the Environmental Protection Agency to 
develop “experiments” in toxicant use. To date there has been 
no predisposition to release 1080, but the door has been 
opened to the experimental release of the M-44 cyanide gun, 
the newer, spring-ejected version of the old cartridge-ejected 
“coyote getter.” The first state for which such an experiment 
was designed was Texas. Montana followed suit next, and a 
number of Western states have expressed interest in 
participating. 

I am personally in favor of such experiments properly 
designed and carried out. We need to evaluate the effectiveness 
of specific control measures, including toxicants, and I see no 
way of doing so except to set up carefully controlled 
experiments, one by one, with each control measure to be 
evaluated. The M-44 is probably the most specific 
coyote-control technique available except for denning and 
shooting. Its effectiveness needs to be assessed. 

But one cannot help but be concerned about two aspects of 
the move toward M-44 “experiments” in the Western states. 
One is the evident, widespread assumption among individuals 
of the livestock industry that M-44 use will reduce their losses. 
This, like the bounty matter, is another manifestation of the 
wide communications gap which exists between stockmen, 
wildlife biologists, predator-control agents, and individuals in 
government. It is my contention that this gap underlies much 
of the chaotic situation in which the predator-control question 
now exists. 

Although the evidence is far from conclusive, and solid 
research is needed to get at the truth, the currently available 
information raises some real questions about the effectiveness 
of cyanide guns. Older predator-control agents frequently 
recount the response of coyotes to “getters” in the 1950’s 
after they appeared. At first, they appeared quite effective and 
large numbers of coyotes were killed. But after a few years, 
the response dropped off markedly, perhaps because a learning 
process set in among the animals and/or because the 
genetically getter-prone animals were culled out of the 
populations. 

Whatever the mechanism of change, there is reason to 
doubt the effectiveness of widespread M-44 use as a 
coyote-control measure. Plunging headlong into such use could 
be wasteful of funds. This message seems not to have gotten 
out to the world. 
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A second cause for concern in the move toward the M-44 
experiments is the manner in which some of the 
“experiments” to date have been designed. In one case, M-44’s 
were to be given to stockmen to set out after brief instruction 
on setting them. Evaluation was to be based on tallies by the 

We are gaining an increasingly sound picture of the magnitude of 
sheep losses, the dauses of those losses, and the circumstances 
under which they occur. The practical spin-off for reducing loss 

stockmen of the animals killed. These tallies were then to be 
reported to county agents who were to compile and report the 
results. A number of worthwhile, subsidiary objectives were 
set forth, but in most cases it was not specified who would 
pursue them, nor by what procedures. 

and applying control should be substantiaL 

It is a niatter of record that some degree of credibility gap phenomena. These surveys are already providing quantitative 

exists between livestock people and conservation groups. information on coyote distribution. One of the interesting 
Predator-control evaluations need to be made by trained pictures emerging is the north-south gradient in coyote 
researchers who are practiced in the careful, objective densities. Coyote populations in Texas, New Mexico, and 

observations used in science, and who enjoy a measure of trust Arizona may be two to four times as high as those in Montana 

among people on both sides of the question. The danger in and Wyoming. Unfortunately, the findings of these surveys, 

experiments like the one described above is that at best the which could dispel some of the misinformation which appears 

results will not be accepted by non-livestock interests. At periodically, have not been publicized or reached public 

worst the results could be inconclusive or incorrect because notice. 

the experiments were improperly designed, or the data taken Some of the best predator research now underway is that 

carelessly or unobjectively. being conducted by BSFW. Coyote ecology and behavior are 

The potential problems in the move to the states and the being studied in detail to learn the role of behavior in 

M-44 experiments are but two of a number of event chains population regu’ationT the behavior patterns used during 

which add up to near chaos on the current predator-control predatory attack, the role of the prey base in population 

scene. But before considering what I believe could be one, at mechanisms, daily and seasonal movement patterns, and 

least partial, remedy I would like to review briefly what population mechanisms in uncontrolled populations. These 

appears to me to be known about coyote control and sheep studies should soon provide a thorough understanding of the 

losses, and where the important knowledge gaps are. ecology and behavior of the species, and go far to enhance our 
knowledge of the circumstances under which sheep killing 
takes place. Much of this could be applied in control measures 

Some Knowns and Unknowns on Coyote Control and Sheep 
or modifications of sheep-rearing practices to reduce losses. 

Losses 

Coyote Populations 

We know very well that coyote populations undergo 
short-term (i.e., 7-10 years) fluctuations or cycles in numbers 
as do other animal populations. These fluctuations can be 
quite pronounced, the highs exceeding the lows by a factor of 
10 or more. They occur independent of predator-control 
operations and appear, at least on the basis of Kansas and Utah 
studies (cf. Gier, 1968; Clark, 1972), to result from rises and 
falls in the prey populations. 

The effect of generalized predator control (i.e., control 
aimed at reducing populations) apparently is to set the general 
level at which these fluctuations occur, (cf. Wagner, 1972). 
Hence the effects of control, or absence thereof, cannot be 
judged by the trends in coyote populations over 1 or 2 years. 
Densities of a number of years are needed to demonstrate 
control effects. 

This point is stressed here because stockmen were reporting 
increases in coyote populations immediately following the 
Executive ban, and assuming cause and effect. In some cases 
increases did occur, as in fall 1972 in the vicinity of my own 
study area in northwestern Utah and southern Idaho. But this 
coincided with a jackrabbit high in 1970 and 1971. The 
decline of rabbits in 1972-74 was followed by coyote declines 
in 1973 and 1974 when no toxicants were used. 

Coyote population changes are more complex than simple 
responses to the intensity of control. The excellent population 
index network established throughout western United States 
in 1972 by the Denver Research Laboratory of the Bureau of 
Sport Fisheries and Wildlife (BSFW) will go far toward 
providing sound information on coyote population 

Effects of Control on Coyote Populations 

The coyote is a prolific species, the females becoming 
capable of breeding in their first year of life and litter sizes 
averaging around six. Potentially the species could quadruple 
its numbers each year. 

That breeding occurs annually, and that coyote populations 
do not increase indefinitely must imply that mortality is high. 
In fact over the long run, it must be true that as many coyotes 
die as are born. This is the same scheme nature has built into 
all of her animal species. 

It follows that the killing of some coyotes does not 
necessarily affect their population density. The deaths so 
induced might simply replace mortality that would have 
occurred by other means. Control mortality must be raised to 
a sufficiently high level that it offsets the high breeding rate 
before a population is reduced. That level of mortality is often 
difficult to attain because, as a population starts to be 
trimmed down, the survivors become scarce and more wary. 
One of the major, unanswered research questions is the level of 
control mortality needed to reduce coyote densities. 

Timing of control operations may be important. Knowlton 
(1972) suggests that control might be more effective in late 
winter and early spring just prior to breeding than in summer 
or fall. 

These facts underlie the failure of bounties. Bounties tend 
to be paid to hunters who shoot coyotes while hunting other 
game, to trappers out for pelts, and to varmint hunters out for 
sport. All of these groups will tend to quit killing coyotes 
when numbers drop to some degree, and the survivors become 
wary. But the reduction that is achieved may be well short of 
that needed to reduce populations. At the same time, some 
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individuals would kill coyotes if there were no bounty. 
We have very little evidence that gives us any indication of 

th.e effects of different control methods. As mentioned 
heretofore, I have compiled some information which points to 
population reduction by toxicants, especially 1080. The effect 
has been most pronounced in northern states, and least 
effective, if at all, in southern states. But for the most part, 
this topic is one of the ones receiving almost no research 
attention. It is falling between the cracks because, as outlined 
below, there is no overall, coordinated analysis of the predator 
problem and systematic attention to all its facets. 

Research needs to be conducted on all methods of control. 
Toxicants need to be experimented with under carefully 
controlled conditions as well as mechanical control methods. 
A poison-impregnated collar to go around sheep necks, and 
developed by BSFW personnel prior to the ban, is perhaps the 
most promising hope for destroying the offending individuals. 
Research on this item has been slow to develop. 

Magnitude of Sheep Losses 

As Balser (1974) points out, sheep loss estimates are few, 
often stated in confusing ways, and of unknown validity. He 
and Wagner (1972) suggest that losses of sheep to all causes 
may range around lo-1270 per year. Ewe losses, according to 
Balser, may average around 7% and lamb losses around 11. 
These estimates are largely post-docking losses, with accurate 
estimates of losses between birth and docking hard to 
determine. 

Within these lo-12% total losses, there is some indication 
that predators account for an increasing fraction of the total as 
one goes from north to south, and weather losses display the 
converse pattern (Wagner and Pattison, 1973). We now have a 
number of estimates of predator losses which are consistently 
falling in the range of about 1 to 5%. These estimates come 
from intensive, on-the-spot observations by researchers (cf. 
Davenport et al., 1973, 1973a for southern Utah; R. Nass as 
quoted by Balser, 1974 for southern Idaho); personal 
interview of stockmen (Nielson and Curie, 1970, in Utah); and 
mail poll of stockmen (Reynolds and Gustad, 1971, for 
Montana, Wyoming, Colorado, and Texas). As Balser (1974) 
points out, all of these loss estimates pertain to a period during 
which predator control has been practiced. We do not know 
what they would be in the absence of control. 

Two characteristics of the losses appear to affect the 
stockmen’s perception of the losses. The first is that the 
statistical distribution of the losses appears to approximate the 
Poisson distribution, with a large fraction of the operators 
sustaining low percentage losses, and a small percentage 
sustaining a high percentage (Wagner, 1972; Balser, 1974). 

The second characteristic is that all observers, including 
stockmen, actually see a relatively small fraction of the lost 
animals. Even under the intensive observations of research 

Whatever the mechanism of change, there is rea,son to doubt the 
effectiveness of widespread M-44 use as a coyote-control 
measure. Plunging headlong into such use could be wasteful of 
funds This message seems not ot have got out to the world. 

projects, Davenport et al. (1973a) were able to find only a 
third of the lost animals in their southern Utah study. This is a 
pattern reported for other similar projects by Balser (1974). 

One interesting set of figures from the southern Utah study 
(John Davenport, unpub.) relates to the number of sheep 
killed per predatory incident. In 108 observed incidents, 309 
sheep were killed: 42 with one animal killed, 58 with two, 14 
with three, 8 with four, 5 with five, 2 with six, and 7 with 
more than six. In one of the latter, 20 were killed. If a large 
proportion of these were the actions of single coyotes, the 
implication is that the total loss could have been reduced by 
perhaps as much as a half or more if the offending animal had 
been killed or repelled after the first sheep attack. 

Loss estimates, and research into the husbandry and 
ecological conditions under which losses occur, are underway 
in a number of areas at present (Balser, 1974). This, again, is 
one of the areas in which effective BSFW research is being 
conducted. We are gaining an increasingly sound picture of the 
magnitude of sheep losses, the causes of those losses, and the 
circumstances under which they occur. The practical spin-off 
for reducing loss and applying control should be substantial. 

Effectiveness of Control in Reducing Sheep Losses 

Basically, predator control has been carried on over the past 
3 decades or more under two general objectives or purposes. 
The first is that of trouble shooting problem cases. Where a 
rancher has a lambing ground or a flock in an area where one 
or more coyotes begin systematic killing, he may call the local 
DWS agent to come in and stop the losses. The agent may set 
traps or getters, fly over and attempt to find and destroy the 
offending animals from the air, or locate and destroy a nearby 
den which is the source of the trouble. 

To my knowledge, there are no data to evaluate the number 
of sheep saved by this aspect of control. Almost certainly 
some animals are saved which would be lost if the offending 
coyote(s) were allowed to continue unchecked. DWS 
administrators have told me that they attempt, as a goal, to 
reach the great majority of these complaints: e.g., 
three-fourths or more. 

Perhaps the mean number of sheep saved per incident could 
be determined by comparing the losses in those cases where 
the offending coyote is apprehended, and in those where the 
offender is not caught. Then perhaps the number of ranchers 
asking for help could be determined and in this way some 
estimate derived of the total number of sheep saved through 
trouble-shooting control. 

The second, general approach to control has been through 
generalized, regional population reduction. Prior to the late 
1940’s, when some of the toxicants came into general use, 
large numbers of traps were set over the countryside. In the 
past 2 de’cades, and prior to the Executive ban, 1080, 
“getters,” and strychnine were disseminated over the 
landscape in an effort to effect generalized population 
reduction. Aerial hunting in winter and extensive denning in 
spring may also be practiced for this purpose. 

In some cases trouble-shooting control and 
population-reduction techniques may merge in an intermediate 
effort. For example, aerial gunning, denmng, and 
dissemination of some kinds of toxicants may be concentrated 
in an area where lambing is soon to take place, or into which a 
flock is soon to be moved. 

The basic assumption underlying population reduction is 
that some correlation exists between coyote density and sheep 
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losses. As mentioned above, I concluded in the Cain 
Committee Report and in Wagner (1972) that the existing 
evidence did not point to such a correlation. Since that time, I 
have reanalyzed some of the data available to me then, 
examined new information, and tentatively concluded that 
such a correlation does exist (Wagner, 1973; Wagner and 
Pattison, 1973). Since the evidence suggests that control 
efforts, primarily toxicants, have reduced coyote numbers in 
the northern lntermountain states, it now appears possible 
that sheep losses will rise in th.is region following the ban. 

This is no certainty, however. As stated heretofore, the size 
of the prey base is an important determinant of the coyote 
population level. The conclusion that coyote numbers were 
reduced by the introduction of texicants was based on 
evidence that the available indices of their numbers were lower 
during the 1950’s and 1960’s than prior to 1950. If, during 
this latter period, intensification of land use has reduced prey 
numbers, coyote populations might not be able to return to 
the pre-1950 levels. Only time will tell on this question. 

Meanwhile, there is some evidence of gradual increase in 
sheep losses between 1950 and the Executive ban during a 
time when coyote populations apparently were roughly stable 
(Wagner and Pattison, 1973). Causes are unknown. 

This subject is another one which is not receiving sufficient 
research attention due to a lack of concerted planning. The 
degree to which different control regimes do or do not reduce 
sheep losses needs careful analysis. 

Economic Aspect of Losses 

With the estimates of predator losses we now have available, 
we could estimate the economic value of those losses. This in 
itself would be of interest. But in terms of cost-benefit 
analyses, the more relevant estimates would probably be to 
compare predator-control costs with the value of sheep that 
would be lost without the presence of control. This latter 
figure cannot be confidently estimated with data now at hand. 
However, some speculative figures might be of interest as leads 
for future research. 

On the basis of DWS records from Utah, I conjectured 
previously (cf. Cain et al., 1973:49; Wagner, 1972:33) that 
abolishing toxicant use could conceivably result in a two-fold 
increase in predator losses. Other DWS data also suggested that 
toxicant use might have effected a 50% or more reduction in 
coyote numbers in northern Intermountain states. If the 
populations do return to their pre-toxicant levels, these figures 
also could suggest something approaching a doubling of 
predator losses in this region. 

The studies cited above largely place predator losses at 
about 2-4%. Hence, if-and this is a big if-the losses double, 
we could conceivably see them rise by this amount. 

Estimates of the industry’s profit margin depend on 
whether or not the land values, buildings, fences, and other 
semipermanent facilities are capitalized into the costs. If they 
are not, then the cost estimates are based on year-to-year 
operating expenses and the rationale for not capitalizing is that 
the facilities were perhaps inherited from prior generations. 
Under this rationale, the profit margin is, of course, higher and 
on the average substantial. If the facilities are capitalized into 
the costs, those costs rise substantially. Using the latter 
approach, Goodsell and Belfield (1973) reported a rate of 
return on investment of 4.2% for sheep ranches in Utah and 
Nevada. 

The implication now is that if predator losses do rise even 

by the minor amounts discussed above, they could conceivably 
offset the present, narrow profit margin. It should be pointed 
out that the industry’s problems are not predators alone. It is 
beset with a cost-price squeeze of multiple origin, not the least 
of which is its manpower problem. If the industry were strong, 
it could live with moderate predator losses. But with the 
economic realities it does face, it is conceivable that a slight, 
added predator loss could be the straw that breaks the camel’s 
back. 

I wish to emphasize that these remarks are highly 
speculative. They may be incorrect. And the currently 
available figures suggest these trends only for the northern 
states. But I present them here because I think we need to 
consider them as a possibility. They point up the urgent need 
for sound, economic analyses of the industry and of the 
benefits from predator control of different kinds and 
intensities. 

One Possible Contribution to the Problem 

The predator-cant rol problem is biologically, agriculturally, 
and economically complex. Developing a sufficiently thorough 
understanding of it so that knowledgeable judgments can be 
made and policy can be set requires soundly conceived 
research and experienced appraisal of the available 
information. The problem is also socially complex in that 
several facets of society are concerned about it, some of whom 
are in conflict over the matter. 

Because the problem is multifaceted, research planning and 
policy formulation should take place in an integrated manner 
wherein: (1) appropriate expert judgment is brought to bear 
on proposed programs and available information, (2) the 
values and desires of all concerned interests can be expressed 
and accommodated, and (3) available, sound information is 
communicated promptly to all interested parties. 

At present, the exact opposite of this pattern prevails. 
Rather than integration, we have the separate interests 
competing, pulling in opposite directions, and not 
communicating. The interested facets of society give limited, if 
any, consideration to each other’s values and desires. Because 
government is compartmentalized, its agencies tend to side 
with the different facets of society, plan research and 
operations internally, and in some cases compete and 
duplicate. And in many cases what sound information we do 
have is not adequately communicated while at the same time 
misinformation is widely publicized. 

In consequence, programs are being designed which do not 
get the appropriate critical input from available experts. 
Well-intentioned funds from both legislative and executive 
branches of government are made available for crash, l-year 
studies to solve problems that cannot be solved in less than 
several years. Needed programs are not being developed 
because the problem is not being handled in a systematic and 
coordinated, interdisciplinary manner-. Increases in coyote 
populations are being reported in the media when in fact the 
reliable population indices we have in the same areas indicate 
sharp declines. 

What is needed, in my opinion, to alleviate this situation, is 
to bring representatives of the interested factions together into 
some integrated approach to the problem. The vehicle for 
accomplishing this should probably be a commission 
appointed by, and responsive to, some branch of the federal 
government (probably executive) with considerable authority. 
Its responsibilities should be several: 
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(1) Study and analysis. It should have the prerogative of 
calling on the resources of appropriate agencies to provide it 
with needed information. It should analyze the overall 
problem in perspective and identify research and policy needs. 

(2) Review and advisory. It should review research and 
operational programs proposed by executive agencies and have 
the confidence that its recommendations on these would be 
accepted. It should also provide an advisory function for 
legislative proposals. It should recommend to the executive 
branch and/or Congress, as appropriate, certain programs 
which at present are falling between the cracks. 

(3) It should advocate policy 
of the information it obtains. 

and operations on the basis 

(4) It should provide a communications function, possibly 
through a newsletter or other medium, to the public media 
and to interested facets of society. Existing knowledge and the 
reasoning behind any policies and actions should be explained 
and interpreted. 

Tenure of the organization should be indefinite. What we 
do not need is another l-year committee to study the problem 
and file a report. And it need not be established if it is not 
related to government in such a way that it has sufficient 
influence to affect the course of events. 

Membership in the group should be well balanced between 
the concerned citizen groups (livestock and agricult Ural, 
environmental, sportsmen) the relevant professional experts 
(b iological, agricultural, and economic), and possibly 
legislative representatives. It should probably have a small 
permanent staff to handle correspondence and issue publicity 
material, but beyond this the budget should be modest with 
funds only to cover the expenses and perhaps modest 
honoraria for the members. 

Whether or not such an organization could still pull the fast 
disintegrating predator scene back into some degree of order is 
not certain. But if some such move is not taken, the present 
trends will likely end up in an unsatisfactory state of affairs. I 
have confidence that human beings will act with reason when 
presented with the facts and treated with respect. If order is to 
be brought to the predator-control scene, some means need to 
be provided in which rational men can be brought together to 
seek the truth, to communicate with each other, and to affect 
the course of events inxoncert. 
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Eagles and Sheep: A Viewpoint 

ERIC G. BOLEN 

Highlight: The con troversv regarding golden eugle predation 
on lambs in the Southwest was addressed using winter eagle 
population data from Texas and eastern New Mexico, cugle 
food huhits information, and lamb mortality data. The sum of 
this review indicates that too few lambs are euten as prey to 
justif? persecution of golden eagles for the presumptive 
enhuncement of livestock production. An inquiry concerning 
brush cover and carnivore food habits suggests that 
lagomorphs, a staple in golden eagle diets, decline as usuble 
food for carnivores where brush prevails on lambing ranges. 

Above the plains and remote mountains throughout much 
of the Northern Hemisphere the skies are ruled by one of the 
world’s larger avian predators, the golden eagle (Aquilia 
chrysaetos). Indeed, this awesome raptor caps the ecological 
pyramid in grassland systems and other grazing communities 
where stockmen, like eagles, live from the land and its 
richness. 

The extent and nature of livestock losses to golden eagles, 
then, fosters controversy wherever sheep are pastured and 
eagles soar. Predation, perhaps like no other ecological subject, 
perennially generates more heat than light among and within 
scientific and lay communities. I nonetheless want to present 
my point of view regarding eagle-livestock relationships, using 
a synthesis of data from various sources as applied to golden 
eagle and sheep populations in portions of Texas and New 
Mexico. 

Topics discussed include (1) golden eagle populations, (2) 
eagle foods, (3) lamb losses in the field, and (4) some 
speculation concerning the influence habitat conditions may 
exert on predation. 

Aerial Census of Wintering Eagle Populations 

Aerial censuses of eagles were made in 1963-1968 using 
light aircraft manned with a pilot and one observer flying at 
altitudes ranging from 100-300 feet. Each study area was 
covered by a randomly located transect divided into SO-mile 
segments. All eagles within 0.25 mile on either side of the 
aircraft were included in the census; 5% of the study area was 
sampled in Texas and 7% in New Mexico. The study areas in 
each state were located in major livestock-producing regions. 

Originally, a 14,500 square mile study area was flown in 
Texas; the area spanned portions of the Edwards Plateau and 
Trans-Pecos regions. However, census flights over this area in 
the winters of 1963-64 and 1964-65 detected so few eagles 
that further efforts were abandoned and, subsequently, three 
new areas were selected based on the persistent complaints of 

The author is assistant director, Rob and Ressie Welder Wildlife 
Foundation, Sinton, Texas. 

The report is Rob and Hessie Welder Wildlife Foundation 
Contribution No. 163. 
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Golden eagle nest in the Southwest. Bones and other debris in nests 
provide a useful measure of eagle food habits, but not prey from 
carrion. Adult and young birds alike are sometimes killed at nest sites 
by persons concerned with livestock losses. Regrettably, few golden 
eagles still nest in Texas and New Mexico. 
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Table 1. Golden eagle transect census, estimated total population, and density as determined from a 5% aerial sample of the 4,500-square mile 
Trans-Pecos study area, Texas, 1966-68. (After Boeker and Bolen, 1972.) 

Month 

Number of golden eagles 
1966 1967 1968 

Counted Population Density a Counted Population Density Counted Population Density 

January 3 60 1.3 8 160 3.5 Not illown - 
February 3 60 1.3 5 100 2.2 7 140 3.1 
March 5 100 2.2 1 20 0.4 5 100 2.2 
April 4 80 1.7 2 40 0.9 3 60 1.3 

aEagles per 100 square miles. 

stockmen about eagle depredations. These were (Unit 1): 
4,500 square miles in the Trans-Pecos counties of Presidio, Jeff 
Davis, Culberson, and Hudspeth; (Unit 2): 5,000 square miles 
in the lower Edwards Plateau including Kerr, Edwards, 
Bandera, Real, Kenney, Uvalde, and Medina counties; and 
(Unit 3): 2,400 square miles in the central Edwards Plateau 
counties of McCullogh, San Saba, Llano, Lampasas, and 
Mason. 

Nonetheless, even this refinement of the census effort 
showed that the golden eagle population in Texas was largely 
confined to the Trans-Pecos regioo (Table 1). Few, if any, 
birds were counted in either of the two Edwards Plateau 
census units: in Unit 2, no eagles were counted in 1966, 1967, 
or 1968; in Unit 3, three eagles were counted in 1966, none in 

Table 2. Golden eagle transect census, estimated total population, and 
density as determined from a 7% aerial sample of a lO,OOO-square 
mile study area, New Mexico, 1963-68. (After Boeker and Bolen, 
1972.) 

Year and 
month 

Number of golden eagles 

Counted Population Density” 

1963-64 
November 
December 
January 
February 
March 
April 

1964-65 
November 
December 
January 
February 
March 
April 

1965-66 
November 
December 
January 
February 
March 
April 

1966-67 
November 
December 
January 
February 
March 
April 

1967-68 
November 
Decem her 
January 
February 
March 
April 

Not flown - 
Not flown - 
Not flown - 

27 386 
25 357 

7 100 

- 

4 
4 
1 

Not flown - - 

49 700 7 
40 572 6 
45 643 6 
52 744 7 

3 43 0.5 

Not flown 
Not flown 

48 
60 
18 

Not flown 

- 
- 

686 
858 
257 

Not flown 
Not flown 

63 
55 
21 

Not flown 

- 

90;’ 
786 
300 

- 

64 
58 
62 

Not flown 
Not tlown 
Not flown 

915 9 
829 8 
887 9 

- - 
- - 
- - 

aEagles per 100 square miles. 

Month Trans-Pecos Edwards Plateaua 

October - 2 
November - 6 
December 1 6 
January 3 10 
February 8 21 
Marchb 23 34 
April 39 17 
May 23 3 
June 3 trace 
July trace trace 

Total 100 100 - 
aThis region contained so few wintering eagles that censuses were 

discontinued (see Boeker and Bolen, 1972); the docking data for 
the Edwards Plateau are shown here to illustrate that lambing occurs 
progressively later in the year as one moves westward into the Trans- 
Pecos region. 

bMonth eagle migration begins. 
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1967, and two in February of 1968. 
In summary, the census indicated-year after year -that too 

few eagles are present in either of the Edwards Plateau regions 
(Units 2 and 3) to substantiate claims of excessive eagle 
predation on lambs. Conversely, the number of birds in the 
Trans-Pecos (Unit 1) reached levels where damage to livestock 
might conceivably become an economic problem (i.e., 3.5 
eagles per 100 square miles). 

In southeastern New Mexico, an aerial census of a 10,000 
square mile study area including portions of Lincoln, Chaves, 
Lea, Roosevelt, Curry, DeBaca, Guadalupe, and Torrance 
counties revealed eagle populations significantly larger than 
those present in Texas (Table 2). The population on the New 
Mexico study area reached an estimated peak of 915 eagles, or 
9 birds per 100 square miles during the 5 years of study. 

In both Texas and New Mexico, much of the eagle 
population wintering in these states begin their spring 
departure in March. Accordingly, when the migration schedule 
dates are compared with the lamb docking data for the 
Trans-Pecos region of Texas (Table 3), it seems clear that a 
large proportion of lambs are born after the eagle population 
has departed. Docking dates for New Mexico are not available, 
yet it is well known that lambing takes place even later in New 
Mexico than in Texas, so that there is even less likelihood of 
large numbers of winter eagles being present at the time 
lambing takes place. 

Bent (1937:315) gives the egg dates for golden eagles in the 
western United States as February 9 to May 18 (272 nests) 
and February 26 to March 24 (136 nests); for birds nesting in 
the arctic, the dates were May 27 to June 29 (5 nests). Arrival 
dates for golden eagles migrating to Alaska were listed as April 
5, March 10, March 27, April 3, and April 8. 

Table 3. Regional lamb docking percentages for two livestock areas, 
Texas, 1966-67. (After U.S. Department of Agriculture, Livestock 
and Crop Reporting Service statistics.) 



Table 4. Frequency of occurrence for transect segments with varying densities of golden eagles, New Mexico, 1966. (After Boeker and Bolen, 
1972.) 

Densitya 
class 

0 
4 
8 

12 
16 
20 
24 

January February March Total 

Number of Number of Number of Number of 
segments Percent segments Percent segments Percent segments Percent 

7 25 6 21 19 68 32 38 
7 25 5 18 4 14 16 19 
8 29 3 10 3 10 14 17 
3 10 9 32 1 4 13 15 
0 - - 4 14 0 4 5 
2 7 0 - 1 4 3 4 
1 4 1 4 0 - 2 2 

Total 28 100 28 100 28 100 84 100 

aF:agles per 100 square miles (O-S- low density; 12 = moderate; 16-24 : high). 

The relatively large numbers of eagles wintering in New 
Mexico enable some estimates to be developed for the density 
that eagles might reach locally (as if att ratted by a ready food 
supply, for example), This was done by converting the linear 
transect data into area units in the following way: 

10,000 miles2 in study area = 357 miles2 per linear segment 
Sampled by transects of 28 
segments each 50 miles long 

If, for example, one eagle was seen in one of the segments, this 
represented an overall population estimate of 14 eagles for 
that linear segment (the transects sampled 7% of the area); 
hence, the density is: 

357 miles2 = 25 miles2 per eagle or, 4 eagles per 100 miles2 
14 eagles 

When the population data are converted in this way, a 
frequency distribution can be presented to show the 
percentage of the transect segments with various eagle 
densities (Table 4). As shown, the bulk of the transects lacked 
significant concentrations of eagles. 

In January, 1966, when the total estimated eagle 
population consisted of 686 birds, 50% of the entire New 
Mexico study area fell into density classes of four eagles or 
fewer per 100 square miles, and high densities occurred only 
on 11% of the segments. The estimated eagle population in 
February, 1966, was even larger (858 birds, Table 2). This 
increase in total numbers, however, raised the high-density 
classes to 18% of the total, an increase of only 7%. Slightly less 
than one-third (32%) of the segments contained a moderate 
population density. By March, 1966, the wintering population 
was markedly less (257 eagles), and there were no sightings of 
eagles on nearly 70% of the segtnents. It seemed that after the 
population peaked in February, the eagles still in New Mexico 
did not often remain in dense pockets. At no time in 1966 did 
more than 18% of the segments show high eagle 
concentrations. Such information suggests that significant 
eagle depredations, if occurring at all, are local phenomena. 

The census data thus bear three points. First, that wintering 
golden eagles in Texas are essentially absent from the major 
lamb producing area encompassed by the Edwards Plateau. 
Secondly, that where sizable eagle populations do exist in 
Texas and New Mexico, they have often departed before or at 
the time many lambs are born. Finally, even at maximum 
population levels, irrespective of season, eagles are seldom 
bunched in concentrations wherein predation leading to 
significant economic losses might occur. 
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Eagle Foods 

Exami;lation of eagle nests for the skeletal remains of their 
foodstuffs (prey as well as carrion) has been a traditional 
method of determining eagle food habits (cf. McGahan, 1967, 
1968; Mollhagen et al., 1972). These and other studies have 
repeatedly determined that the mainstays of the golden eagle 
diet were lagomorphs and rodents. The results of one study, 
made from 41 nests in Texas and New Mexico, are shown in 
Table 5. Here it is shown that livestock remains were present 
in 70% of the nests, but only in minimal amounts (i.e., less 
than 2 lambs or kids per nest on the average). 

It is important to emphasize that the nest collections 
undoubtedly represent the accumulation of several years’ 
materials, so that the number of items taken peryear per nest 
were even less than shown. However, there is no way to 
differentiate the data further so that an annual estimate of the 
numbers of individuals in the diet can be determined. 

Moreover, as golden eagles feed in part on carrion, the 
materials found in the nests may or may not represent outright 
destruction of otherwise healthy prey. The regrettable and 
illegal poisoning of eagles in Wyoming, discovered in 197 1, 
necessarily relied on the birds eating carrion baits. 

As suggested earlier by the population analysis, the food 
habits data again indicate that the matter of lamb predation is 
quite local in nature; 14 of the 66 sheep represented in the 
sample came from a single nest. 

Finally, note that of the 41 nests examined by Mollhagen et 
al. (1972), only one was currently active when the food 
materials were collected. Hence, with so few nesting eagles 
remaining in the Southwest, it seems rather unlikely that the 
nesting population renders meaningful damage to the livestock 
industry. 

Table 5. Golden eagle food habits based on 6,981 items collected from 
41 nests, Texas and New Mexico. (After MolLhagen et al., 1972.) 

Nests with Animals in 
Food food (%) diet (No.) 

Jackrabbit 93 487 
Cottontail 80 166 
Rock squirrel 59 101 
Sheep and goat 70 66” 
Others (17 species) - 126 

a1.6 individuals per nest average. although this undoubtedly represents 
many more than one year’s accumulation of food SO that the number 
of lambs per nest per year is far less than this figure indicates. One nest 
contained 14 individuals, which indicates again the local nature of 
lambs in the eagle diet whether as carrion or prey. 
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Lamb Mortality 

Lamb mortality rates have been studies under controlled 
conditions in a few instances. Even with supervised lambing, 
mortality may vary from 7-24%, with most losses encountered 
within 2 weeks following birth. The best supervision at birth 
will probably not reduce losses much below 7-10% because of 
stillbirths and difficult lambings. This is magnified where 
natural lambing abilities may have been altered by artificial 
selection for other traits, thus saving lambs from strains that 
might otherwise be unable to perpetuate themselves under 
field conditions. Another factor involved is the trend toward a 
small, compact type of sheep with a high rate of multiple 
births. 

Unassisted lambing on the open range, as practiced in Texas 
and New Mexico, might conceivably produce a somewhat 
higher rate of survival as the “unfit” strains are presumably 
culled year after year by the rigors of field conditions, but the 
point remains speculative. Nor are data available comparing Carcass in a lambing pasture showing no external evidence of 

supervised with unsupervised lambing in the Southwest. predation or scavenging. Note umbilical cord. When, at a later date, 

However, reports concerning range sheep of similar breeding in 
decay andfor scavenging have obliterated much of the carcass, deaths 
like this may he mistakenly blamed on predators. 

Montana do show that high mortality rates are experienced 
under systems of management, including lambing in sheds. 
Safford and Hoversland-(1960) report that 23.5% of 7,191 
range lambs died between birth and weaning, with 73% of the 
deaths occurring within the first 6 days following birth. 
Although shed-lambed, these lambs were still subject to colder 
climatic conditions than lambs produced in the Southwest. 
Vetter et al. (1960) cite 15% mortality rates for single lambs as 
compared to 23% for twins. Rambouillet sheep had a 25% 
mortality rate as compared to 23% for Hampshire and 21% for 
Southdown sheep. 

Exposure is undoubtedly a major influence on the success 
of lambing operations. The results of three tests dividing 
experimental flocks into equal groups revealed that exposure 
to weather alone -no predation was involved- rendered severe 
losses to lamb crops (Table 6). Using U.S. Department of 
Agriculture statistics, Wagner (1972) established that, overall, 
about 10-l 1% of the sheep produced in Texas and New 
Mexico are lost each year to a variety of decimating agents 
(Table 7). Moreover, the latter data suggest that there has been 
little change in these losses in the 48-year period with or 
without poisoning control of predators such as coyotes. 
Hence, it seems reasonable that either (a) predators take such , _ 
small numbers of lambs each year that these losses do not Subcutaneous hemorrhages, exposed here on a partially skinned 

influence the overall loss of lambs or, (b) that the predators hrnh carcass, indicated that the wounds were inflicted while the lamb 

are taking many lambs already weakened and dying from other 
was alive; absence of such hemorrhages suggests the animal was already 
dead when the wound occurred. Internal examinations of fresh 
carcasses help identilv the state of the lamb’s health at the &me of 
death (see text). 

causes. In the latter instance, the predatory and nonpredatory 
losses are acting in a compensatory manner so that the 
predators are actually taking many lambs that would not 
survive anyway. The result is that the losses would be much 

Table 7. Mean annual loss of sheep from all causes for Western states. 
Table 6. Effect of shelter during lambing on lamb mortality.a (After 

Rowley, 1970.) 
(After Wagner, 1972.) 

Percenta 
Test group 

Locale 1924-39 1940-49 1950-70 
Treatment 1 2 3 Texas 9.4 10.3 11.3 
Exposed New Mexico 10.9 10.5 10.8 

No. lambs born 62 52 173 Other&’ 8.5-12.2 7.9-l 1.7 7.0-10.3 
No. lambs dying 25 21 54 Mean 10.0 9.6 9.4 

Sheltered 
No. lambs born 62 53 163 

aData separated by time to indicate an early period when records are 

No. lambs dying 1 1 9 
perhaps less accurate (1924-39), a period immediateiy prior to the 
use of 1080 poison (1940-49), and a period when 1080 has been in 

‘~AII mortality associated with weather and failure to establish ewe- continuous use (1950-70). 
lamb bond. No predation. bMontana, Wyoming, Idaho, Utah, Nevada, Colorado, and Arizona. 
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the same with or without predation (Wagner, 1972). These 
ideas are rather similar to the concepts so lucidly developed by 
Errington (1967 and earlier). 

The large numbers of lambs starving on Australian ranges at 
the time of their death certainly suggests that starvation is 
prevalent in many lambing situation; in seven studies 
summarized by Rowley (1970), 30-60% of the dead lambs, 
although born alive, were starving at death. These studies 
included examinations of 157 to 4,417 carcasses. Such lambs 
become increasingly easy victims for predators, and since lamb 
starvation is usually irreversible, it is financially insignificant 
whether or not predation hastens the inevitable loss of these 
lambs (Rowley, 1970). 

Criteria for determining the state of a lamb’s condition at 
the time of death include (a) lung aeration, (b) pericardial fat 
deposition, (c) presence of hoof membranes, (d) presence of 
milk and its rate of absorption in the lacteals of the small 
intestines, and (e) the presence of distinct thrombi at the ends 
of the umbilical arteries. Such criteria, as well as the physical 
nature of talon and other wounds present on a carcass (see 
Wiley and Bolen, 1971; Alford and Bolen, 1972; White, 1973; 
and others), enable appraisals of the ecological situation at the 
time prey species succumb. Rowley (1970) thus determined 
that over 50% of the lambs actually killed by predators were in 
fact already weakened and dying when they were attacked. 

Wiley and Bolen (1971) made extensive searches of lambing 
pastures in Texas and New Mexico and concluded that 25% of 
the carcasses they found were killed by predators; the balance 
were stillbirths or other forms of mortality not associated with 
predation. 

Armed with the foregoing, one can now make some 
approximations regarding the role of eagles in the Trans-Pecos 
area (the only livestock region of Texas where eagles were 
consistently seen in significant numbers). According to the 
Livestock and Crop Reporting Service (1968), the Trans-Pecos 
area produced some 250,000 lambs in 1966-67. Of these, we 
can expect that overall loss of about IO%, or 25,000 dead 
lambs. About 25% of these deaths (i.e., 6,500 lambs) are 
caused by predators, but allowing that the majority of these 
were no doubt already in declining health when falling victim 
to a predator, the actual loss of otherwise healthy lambs is 
more nearly estimated as only 3,125 (i.e., 50% of 6,500). And 
of these, only a part-and 1 think the data will indicate that it 
is a small part indeed-can be assigned as the prey of golden 
eagles. 

Habitat Conditions 

Not withstanding our special interest in domestic animal 
populations as potential prey, it must be emphasized that 
there are probably few reliable criteria as to what constitutes 
optimal habitat (here meaning shelter, and not food, water, 
and similar factors) for lambs and kids. Moreover, the 
adaptations of domestic animals to select habitats are often 
less than clear, especially when the vicissitudes of predation 
are considered. Contrariwise, the adaptations and ecological 
requirements of native wildlife are better understood in many 
instances. It is difficult to describe similar circumstances for 
animals whose hereditary structure has been altered through 
countless generations of domestic manipulation rather than by 
rigorous natural selection. 

Certainly some of the behavioral mechanisms leading to 
survival have been effectively reduced by domestication. Many 
ranchers, nonetheless, hope to induce a high degree of 

“wildness” in their herds as protection against environmental 
stresses, presumably including predation. At the same time, 
most ranchers remain cautious when approaching a ewe and 
her lamb, because of the uncertain integrity of the ewe:lamb 
family bond. Ranchers suggest that such disturbances might 
indeed separate the lamb from its mother. 

Hence, it seems likely that many of the behavioral 
mechanisms-in addition to any physical adaptations-of 
apparent survival value to native wildlife are presumably much 
less effective or even absent in domestic sheep and goat herds. 
Furthermore, even if domestic animals have maintained the 
protective behavioral mechanisms of their wild forebears, the 
probability remains that the modified habitat in which they 
live perhaps negates the effectiveness of these traits. 

Habitat situations where the separation of a ewe from her 
lamb might be enhanced, where there is lack of adequate cover 
for native prey species, or those where cover may give undue 
advantage to a predator represent ecological compromises 
regarding the impact of predation on livestock. In other words, 
certain habitat conditions quite likely jeopardize an otherwise 
relatively secure prey population. 

My colleague, Robert W. Wiley, and I attempted to examine 
these relationships as they might apply to eagle-livestock 
problems in the Southwest. We did so by sampling brush cover 
in livestock pastures using 1 ,OOO-ft line transects run at 
random in major vegetation types in two areas of the Edwards 
Plateau (Schleicher and Menard counties; and farther 
southwest in Val Verde and Terre11 counties) and in the 
Trans-Pecos region including Texas (Culberson County) and 
New Mexico (Eddy and Otero counties). The transect data, 
converted to percentage cover, presumably reflect the amount 
of cover that a predator or prey (either domestic of wild) 
might utilize in these ranching areas. Additional data 
concerning eagle food habits and livestock losses were also 
available for our concurrent use (Mollhagen et al., 1972; Wiley 
and Bolen, 1971). We also conducted extensive roadside 
surveys for estimates of regional lagomorph populations; these 
were run at night beginning at 10 pm along ranch roads that 
traversed lambing areas. 

Results from the brush surveys showed that total cover in 
the Schleicher-Menard area was slightly in excess of 15%; 
whereas in the Val Verde-Terre11 area. brush covered about 
22% of the ground area (Table 8). In the Trans-Pecos region, 
the transect data confirmed the rather barren terrain so 
striking to the eye; we found a remarkably thin amount of 
cover (6.2%) in this area. 

Whereas a multitude of complex relationships certainly 
exist between an animal and its habitat requirements, 
especially regarding cover, four situations seem of immediate 
concern: (1) that brush cover protects lambs from eagles, 
presumably because of the birds’ reduced maneuverability; 
Ford and Alcorn (1964) thought that high brush kept an eagle 
from making full contact with a coyote the bird was attacking 
as the two predators fought over the carcass of a jackrabbit; 
(2) that brush cover enhances the separation of lambs from 
ewes, with the result that all types of mortality among lambs is 
increased, or that the brush better serves as cover for predators 
(especially terrestrial predators) tllai; it does for prey; (3) that 
open habitats, free of dense cover, provide favorable 
environments for natural prey (wildlife, especially 1agomorpl;s) 
of higher availability or food preference to eagles than 
livestock; or (4) that open habitats favor the vulnerability of 
lambs to eagle predation, perhaps independently of 
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Table 8. Canopy cover as measured by linear feet of shrub cover on 
lambing tang&, Texas and New Mexico. (Data jointly compiled by 
Robert W. Wiley and Eric G. Bolen.) 

Region 
Physiographic Sample Total canopy cover 

sites size (ft) Feet Percent 

Central 
Edwards 

Plateaua 

Southwest 
Edwards 

Pla teaub 

Trans- 
PecosC 

Upland oak; scrub 
slope; mesquite 
flat 6,000 922.5 15.3 

Mesquite flat; rocky 
hillside; upland slope; 
lowland flat 8,000 1796.0 22.4 

Cholla flat; creosote 
flat; western slopes; 
northwestern slopes; 
canyon bottom 13,000 801.5 6.2 

aSchleicher and Menatd counties, Texas. Principal species include 
Shumard red oak (Quercus shurnardii) (8.3%), honey mesquite 
(Puosopis glandulosa) (5.70/o), Lindheimer pricklypear (Opuntia lind- 
heimeri) (1.0%); all others (0.3%). 

bVal Verde and Terre11 counties, Texas. Principal species include acacia 
(Acacia spp.) (9.60/o), honey mesquite (Pfosopisg~nduZosa) (4.8%) 
(Acacia spp.) (9.6%), honey mesquite ( 
(Acacia spp.) (9.6%), honey mesquite (fiosopis glandulom) (4.80/o), 
lotewood condalia (Condaliu obtusifolk) (3.2%); all others (4.8%). 

‘Culberson County, Texas, and Eddy and Otero counties, New Mexico. 
Principal species include creosotebush (Larrea tridentata) (1.30/o), 
soapweed (Yucca spp.) (1.2%), walkingstick cholla (Opuntia imbricata) 
(l.O%), fragrant sumac (Rhusaromtica) (0.6%); all others (2.1%). 

availability. 
To tentatively examine these possibilities, study areas were 

compared where the brush cover was different and where food 
data from local eagle nests were known. Hence, we compared 
the Trans-Pecos Region with the Val Verde-Terre11 County 
area (Table 9). (No eagle nests were found in the 
Schleicher-Menard area, precluding a comparison.) We must 
minimally assume (I) that local livestock populations 
remained rather constant during the years when eagle nests 
were active, (2) that our jackrabbit census approximates the 
lagomorph population of years when the eagle nests were 
active, and (3) that a valid measure of eagle food habits is 
shown by the percentage of the total prey animals found as 
remains in eagle nests (McGahan, 1967, 1968). 

From data in Table 9, it appears that eagles preying on 
lagomorphs may have a difficult time obtaining them where, 
within the limits of our data (6-2270 brush cover), there is a 
greater amount of brush cover. Lambs, on the other hand, 
constitute a larger percentage of the eagle diet in areas with 
thicker cover, perhaps because the lagomorphs are merely 
more difficult to catch in brush habitats. 

If the roadside hgolmJrpn census indeed meets assumption 
2, above, then fewer lagomorphs were taken by eagles in the 
Val Verde-Terre11 area (with 22% brush cover) even though 

lagomorphs were about twice as plentiful there as in the 
Trans-Pecos area with only 6% brush cover. 

A second and similar comparison was made using the 
materials collected from the scats of ground carnivores. In this 
comparison, more so than with the eagle foods, the data were 
collected at a time concurrent with the lagomorph census. This 
analysis, also shown in Table 9, further suggests that the 
lagomorph population was heavily exploited by carnivores 
where the brush cover was lightest, even though the 
lagomorphs were less plentiful in the same area. Conversely, as 
the amount of brush increased, more evidence of livestock 
remains was found in the scats. 

The terrestrial predators in the Schleicher-Menard area were 
nonetheless able to secure ample prey from the extremely 
dense lagomorph population in this region. The magnitude of 
the lagomorph population in this area presumably resulted in 
rather large amounts of carrion available as food. 

The suggestion presented is that even moderate amounts of 
brush cover favor the protection of important natural food 
supplies, such as lagomorphs from both avian and terrestrial 
carnivores. Their role as a buffer against livestock losses seems 
effectively reduced in brushy habitats. 

So far as these data are representative, it appears that eagles 
feeding in open habitats utilize few livestock. In brushy 
habitats, however, the eagle-lagomorph food system seems 
jeopardized by the additional cover and, in turn, these habitats 
foster additional incidence of livestock in the eagle diet. 

Conclusion 
Controversies over the application and magnitude of 

predator control measures have brought forth new appraisals 
of land management policies in the last decade (Leopold et al., 
1964; Cain et al., 1972). The role of golden eagles in the 
predator-prey complex nonetheless continues to harbor widely 
divergent views between some stockmen and conservationists. 
Some ranchers, for example, still press for resumption of the 
currently illegal practice of hunting eagles from airplanes. 

My view of this controversy proposes that golden eagles are 
too few throughout much of the sheep-producing areas of 
Texas (Edwards Plateau) to be of possible importance to the 
livestock industry. Elsewhere in Texas (Trans-Pecos) and in 
New Mexico, aircraft surveys indicated that the eagle 
population is seldom concentrated and has in fact often 
migrated before serious depredations can occur on lambs. 

The few resident eagles, whose nests are now a fraction of 
their former numbers, primarily feed on lagomorphs and other 
wildlife foods; the remains of livestock found in eagle nests 
suggest that the problem is highly local. In fact, the yearly 
consumption of livestock (i.e., lambs per nest per year) is 

Table 9. Comparison of brush cover, golden eagles, and terrestrial carnivores, and roadside lagomorph census. (Data jointly compiled by Robert W. 
Wiley and Eric G. Bolen.) 

Eagle foods in nestsa Scat content& Lagomorph census 

Brush cover Sheep & Sheep & Animals/ 
Region perccn t Lagomorph goats Other Lagomorph goats 0 ther Miles Lagomorphs mile 

Trans-Pccos 6.2 75.6 8.3 16.1 38.5 0 61.5 230 155 0.67 
Central Fdwards Plateau 2 15.3 - - - 24.9 3.2 71.9 54 193 3.57 
Southwest Edwards Plateau 22.4 45.4 13.9 40.7 8.2 10.6 81.2 80 117 1.46 

aPercentage of total animals represented in nest litter: 10 golden eagle nests were examined in Southwest Edwards Plateau (only Terre11 County); 
for Trans-Pecos, 19 golden eagle nests were examined in Culberson County, Texas, and Eddy and Otero counties, New Mexico. 

bAnima1 remains, expressed as the percentage of the total items, found in scats of terrestrial carnivores collected at each study area; for Trans-Pecos, 
25 scats were examined; for Central Edwards Plateau 85; and for Southwestern Edwards Plateau 73 scats were examined. 
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almost certainly negligible and very likely includes carrion and 
prey already weakened by other causes. 

Extensive appraisals of mortality indicate that about 10% 
of the sheep population is lost every year, irrespective of 
predator controls. Only 25% of all livestock carcasses found in 
Texas and New Mexico were the victims of predation. 
Moreover, research elsewhere clearly suggests that most of the 
lambs found dead on rangelands were starving at the time they 
died, irrespective of the actual cause of death. 

Finally, measurements of brush cover, eagle foods, 
mammalian scat contents, and roadside lagomorph censuses 
suggest that the livestock remains in the diets of eagles and 
other carnivores increased with brush cover (at least within the 
limits of 6-22% cover). Lagomorphs are well represented in the 
eagle diet where brush cover is minimal and where open 
country prevails. Thus, in brush-laden habitats, the ubiquitous 
and well-established eagle-lagomorph food system seems 
jeopardized, and instead fosters an atypical incidence of 
livestock in the eagle diet. I take no comfort suggesting that 
abuses of the land leading to the encroachment of brushy 
vegetation has perhaps contributed to misjudgment of the 
golden eagle and its role in livestock management. Regardless 
of brush cover, however, lagomorphs-and not 
livestock-comprise the major and natural food of golden 
eagles. 

I firmly believe that too few otherwise healthy lambs fall 
prey to eagles to justify the killing of either nesting or 
wintering eagles. There are many causes for the extirpation of 
species, but for the golden eagle, poisoning, trapping, or 
shooting should not be among them. To permit such 
unwarranted exploitation is to ignore both resource 
management and full appreciation of our wildlife heritage. 
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Perspectives on Predator Management 

JOAN JOHNSON AND F. R. GARTNER 

Highlight: Too much adverse publicity has been given the 
sheep producer who struggles for existence in the face of rising 
costs, lower returns. and increasing numbers of predators. 
There seems to be adequate evidence that predator 
management is both necessary and practical on ranges used by 
either livestock or game. We cannot maintain the sheep 
industry in the United States without controlling predator 
populations. The lack of predator control in the past 2 years 
created economic crises in some sheep-producing areas of the 
West. Chemical control of coyotes under careful management 
and in selected areas appears to be biologically safe. At least 
this method should be utilized to reduce increasing coyote 
numbers until a perfected predator management system is 
devised. Man 5 influence on all ecosystems, whether private or 
public range, forest, shrub, or desert, nullifies the “balance of 
nature ” concept. Our objectives in all areas of land 
management should be management oriented and designed for 
the uses desired, i.e., recreation, aesthetic value, wildlife, 
livestock, watershed, or a combination of these. 

One of the topics least understood yet most bitterly 
condemned by a large segment of the general public is that of 
predator management. Recent predator policies have been 
influenced by emotion stemming from fears and sentimental 
desires of a few organizations and outspoken individuals who 
propose protectionist policies which unfairly favor predators. 
Public sentiment has been aroused to protect predators at any 
cost. Predator management is not popularly viewed as a game 
management tool, but rather as a mass extermination program 
initiated by and conducted for the sole benefit of special 
interest livestock groups. Public response has been highly 
emotional, and has blown the issue of predator management 
out of perspective. 

Misconceptions about predators and their control are not 
new. Reporting on the biology of Harding County in 
northwestern South Dakota, Visher (19 14) described ihe 
coyote as “abundant.” Yet, in his assessment of the economic 
importance of the coyote he noted that “fences that are 
coyote proof are not difficult to make.” 

Leopold (1948), in Game Management stated: “Predatory 
animals affect four kinds of people: (1) agriculturists, (2) game 
managers and sportsmen, (3) students of natural history, (4) 
the fur industry. Each tends to assume that its interest is 
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paramount .” It is no wonder that the predator issue is 
controversial. In addition, there has been an abundance of 
biased rhetoric which, by virtue of its sensational nature, has 
received widespread public exposure in newspapers and 
popular magazines. Writing on the issue of predator control, 
Olson (1971) said: “The programs have already brought whole 
animal species to the edge of extinction, and they threaten still 
others.” He ended his article with a prediction of a future day 
when “the last sickened coyote will lift his voice to the skies, 
and there will be no answer.” 

Statements alluding to the possible extinction of the coyote 
and most other predators are intended to capture the 
uninformed populace. Public lands occupy about one-third 
(31%) of the total land area of the 17 Western states and 
nearly one-half (48.5%) of the 1 1 Western states (Public Land 
Law Review Commission, 1970). The preservation of predator 
species is assured considering that national parks, monuments, 
and wildlife refuges, on which there is no predator control, 
occupy 17.5 million acres in the 17 Western states. Predator 
control will always be limited (if not prohibited) on other 
public lands in the West because of topographic limitations. 
Rampant predation on livestock (or game) ranges appears to 
be not only a waste of natural resources but unwise 
management and economically foolish when sufficient 
safeguards against possible extinction of coyotes are provided. 
Shelton (1973) observed that “coyotes are not an endangered 
species, and this concept should be removed from 
decision-making in predator management.” 

A favorite catch phrase of critics of animal control policies 
is “balance of nature.” Many believe that if man would simply 
bow out, a balanced environment would exist. This sounds like 
a nice, simple solution, but like so many simple solutions it is 
unreal and idealistic. The term “balance” is in itself deceptive, 
implying stability. Animal populations were controlled the 
“natural” way by recurring cycles which decimated a species, 
the check being death by disease, famine, predation, and 
drastic climatic fluctuations. Scientists are aware of the need 
to manage animal populations and have the technology to do 
so. However, public sentiment has stifled application because 
of publicity given the “balance of nature” cause. 

The Cain Committee was appointed in 1971 by Secretary 
of the Interior Rogers Morton to study the predator problem 
and make recommendations. Although a livestock 
representative was not included on the committee, Vivion 
(1972) quoted Morton as saying: “I absolutely guarantee that 
the findings of these experts will be given a full hearing and 
review by wool growers and cattlemen, as well as wildlife 
interests.” However, the Cain Committee (1972) 
recommendations were released shortly before President 
Nixon’s Executive Order No. 11643 of February 8, 1972, 
banning the use of chemical toxicants for controlling 
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predatory mammals and birds. The promised hearing never 
materialized. 

Many biologists have felt that the Executive Order far 
exceeded the Cain Committee recommendations. The Cain 
Committee recognized the need for relief from economic loss 
for stockmen and for the development of an effective 
nonlethal program before curtailing chemical toxicants. 
Adding to the confusion of the time, Wade (1974) noted the 
disparity between the two reports solicited by the federal 
government: the Cain Committee report favored steel traps 
over the use of chemical toxicants, while the Leopold Report 
(1964) concluded that the steel trap is one of the most 
damaging control methods. The Leopold Committee further 
stated that, when properly applied, 1080 meat baits were 
effective and humane in control of coyotes with very little 
damaging effect on other widlife. The Cain Committee report 
undoubtedly influenced the decision of the Environmental 
Protection Agency administrator William D. Ruckleshaus on 
March 10, 1972. His order suspended and cancelled the 
registration for use of strychnine, thallium sulphate, cyanide, 
and sodium monofluoroacetate (1080) in prairie and rangeland 
areas for the purpose of predator and rodent control. 

Predator management is not popularly viewed as a game 
management tool, but rather as a mass extermination program 
initiated by and conducted for the sole benefit of special interest 
livestock groups. Public response has been highly emotional, and 
has blown the issue of predator management out of perspective. 

The chemical compound 1080 was extensively researched 
by Atzert (1971) and is one of the most effective predator 
control tools available. He reported that it is bio-degradable in 
soil, highly soluble in water, and unstable above 110” C. Lethal 
dosages differ for different animal species, and selectivity is 
possible by varying the concentration of sodium 
monofluoroacetate in the bait material. Secondary poisoning 
was rare and tertiary poisoning unheard of. The use of sodium 
monofluoroacetate by the Bureau of Sport Fisheries and 
Wildlife resulted in but 37 known incidents of domestic animal 
poisoning from 1959 to 1969, according to Atzert. No human 
fatalities have ever resulted from bureau use to control coyote 
and field rodent damage (Atzert, 1971). 

To increase effectiveness for target predators, 1080 baits 

were placed as late in the fall as practicable by federal 
personnel and removed as early in the spring as weather 

permitted. Placement was along established crossings and 
driftways used by the target species. Baits were securely 
fastened to immovable objects and the location described in 
writing to assure recovery and maximum protection for 
nontarget species. At least two persons were to have first-hand 
knowledge of each location, and written permission of 
landowners was secured. Baits were disposed of by burning 
and burying or by deep burial. Area residents were to be 
notified and appropriate warning signs posted on roads and 
trails leading to the site, at the site, and at other locations 
deemed necessary. 

Only 10% of the 1080 manufactured in the United States 
was used for predator control. The balance is still in use today 
for urban rat control and for export, according to Vivion 
(1972). Unfortunately, this compound has been lumped into 
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the same category as the highly toxic and residually dangerous 
thallium sulphate, which, because of its undesirable qualities, 
was discontinued as part of the federal program. The U.S. 
Department of the Interior Draft Environmental Statement on 
H. R. 13152 stated: 

Since poisons will be prohibited from field use for killing 
predatory animals on Federal lands, 80 percent of the predatory 
animals now being killed annually may live to play active roles in 
range land ecosystems and other habitats which they occupy. 
(U.S. Dep. of the Interior, 1972.) 

“Predators by definition are carnivores: they eat meat,” 
stated the Cain Committee (1972). A popular myth is that 
predators kill only sick, aged, or weakened animals. Shelton 
(1973) conceded that this may be true when applied to big 
game species, but not so of domestic animals. The opposite is 
generally true. Shelton repeatedly tested this fallacy by 
exposing sich or injured animals to coyotes, but with 
practically no success. The Cain Committee (1972) noted: “As 
a matter of averages, the flesh-eaters feed upon what is most 
easily available . . . vulnerability has been greatly 
oversimplified in the public mind. . . .” 

Sheep are notoriously defenseless domestic animals, 
especially at lambing time, and therefore constitute prime 
targets for predators. The defensive reactions of sheepmen to 
the removal of the only effective method of protecting theil 
flocks from excessive losses is understandable, but only serves 
to widen the communication gap. The problem is compounded 
by the lack of an understanding press and a shortage of 
statistical evidence. Busner (1972), in an open letter to 
Wyoming sheepmen, challenged the industry to produce 
research concerning (a) verified sheep and lamb losses due to 
predators to determine actual loss ratios, (b) population 
dynamics and movement of predators, (c) behavioral 
characteristics of predators (why some are livestock killers and 
others in the same area are not), (d) the positive vAlue of 
predators in both natural and managed ecosystems, and (e) the 
development of nonlethal agents for the protection of 
livestock. Although a few states have obtained factual loss 
data, the figures may not apply on a regional scale. 
Information on livestock losses is primarily based on estimates, 
since absolute proof is difficult or sometimes impossible to 
obtain. The individual rancher generally can assess his own 
losses with a fair amount of accuracy, but predation is often a 
local problem, varying in degree with environmental factors, 
kinds and densities of predators, and local livestock 
management practices. 

To fill the breach in factual information, research has been 
initiated using radio telemetry and experienced fieldmen and 
veterinarians to verify causes of death. Some data have 
recently been made available. Coyotes killed nearly 240 lambs 
on one ranch in Montana between about April 1 and June 30, 
1974. These figures were gathered by two full-time observers 
of the U.S. Department of the Interior assigned to study 
no-control coyote kills. They made daily checks to determine 
death causes which were estimated to be 87% attributable to 
coyotes in 1974 (Lorang, 1974b). At the University of 
Nebraska Meat Research Unit, losses of mature sheep were 9% 
in 1973, and lambs had to be totally confined to avoid losses 
(Lorang, 1974a). 

Utah researchers noted that the magnitude of predator 
losses to individual owners is not adequately reflected when 
one merely views the total lamb crop and computes average 
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loss figures (Davenport et al., 1973). They stated: 

When evaluating such losses a sheepman may view his loss much 
as the average citizen would if he personally had to extract 
$25.00 (approximate market value of a 90 lb lamb at 28d per 
pound in 1972) from his purse each time a coyote killed a lamb. 
In this light, 102 lambs, 46 lambs, or even two lambs can be 
highly significant. 

Their data from 10 sheep herds in Utah indicated that the 

percentage of total lamb deaths verified as predator caused was 
16.3%. However, when examined on a herd basis, verified 
losses of 2, 15, 29,46, and 102 lambs to coyotes converted to 
1.8, 22.7, 40.3, 18.4, and 22.2%, respectively, of the total 
lambs lost by each operator. Davenport et al. (1973) 
concluded : “The reason for the sheepman’s concern about the 
percent of the total loss attributable to coyote predation is 
simply that he has little control over this loss whereas he can 
influence the magnitude of other losses through improved 
management.” 

Studies are also currently under way to develop more 
selective control methods. Prior td the 1972 action, President 
Nixon had frozen funds appropriated by Congress for this 
purpose, greatly retarding needed research. Many people may 
be surprised to learn that the National Wool Growers 
Association was the only group advocating such research at 
that time (Vivion, 1972). 

Pfohman (1970), stated in the Baker, Oregon, 
Democrat-Herakd that “the range sheep business in the West is 
edging each day closer to extinction. The increasing financial 
squeeze between operating costs and income has affected 
operators throughout the Nation . . .Lamb and wool prices 
have not increased in proportion to other commodities. 
Predators have wreaked havoc in the herds. Cougars, coyotes 
and golden eagles have all taken their deadly toll among the 
young lambs.” Sheep farmers and ranchers are saddled with a 
17 million dollar per year loss from predators in the principal 
sheep growing states, and cannot survive the projected 80% 
increase in predatory animals (Vivion, 1972). A study of sheep 
production on the Northern Great Plains by Woolfolk (1949) 
specifically mentioned predator damage as well as direct losses. 
Death losses in the experimental flock were high each year and 
additional unmeasured losses occurred in the form of reduced 
weight gains due to disrupted activities. Preservationists quick 
to claim ownership of predators and demand their exemption 
from control programs are not so quick to assume financial 
responsibility for their actions. Losses are presently being 
absorbed by stockmen. With the spiralling cost of red meat, 
predators represent another threat to our economic structure 
by competing with consumers for this vital commodity. 

The 1972 lamb crop was down 1 l%, shorn wool production 
decreased, and total sheep inventory was down 6% in the 11 
Western states (U.S. Dep. Agr., 1972). In the 17 Western states 
the 1973 lamb crop was 8.7% below that of 1972, and ewe 
numbers on January 1, 1974, were 6.8% below those of a year 
earlier (Extension Service, 1973 & 1974). National spokesmen 
for the sheep industry name predation as the number one 
threat to the future of the industry if present policies are 
continued. 

Wildlife interests argue that rodent populations would 
explode and cause severe damage to ranges if coyote numbers 
were reduced. The Cain Committee (1972), comprised of 
wildlife scientists, noted that in many grazing ranges of the 
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West, existing populations of coyotes and other predators do 
not control rodents and lagomorphs to what might be 
considered “economic” levels. 

A popular myth is that predators kill only sick, aged, or 
weakened animals. Shelton (1973) conceded that this may be 
true when applied to big game species, but not so of domestic 
animals. The opposite is generally true. Shelton (1973) 
repeatedly tested this fallacy by exposing sick or injured animals 
to coyotes, but with practically no success. 

Udy (1953) in Utah, and Arrington and Edwards (1951) in 
Arizona, reported that antelope kid survival rates were 
significantly higher in areas of coyote control compared to 
areas of no control. The phenomenal increase of antelope in 
the Trans-Pecos area of Texas since the 1920’s has been 
attributed to improved predator control methods. Interactions 
of pronghorns with coyotes and golden eagles were observed 
by Bruns (1970), who concluded that coyotes do not appear 
to prey selectively on wounded or aged animals. A golden 
eagle was observed killing a pronghorn having an estimated live 
weight of 70 pounds. Coyote and bobcat control on the vast 
King Ranch was reorganized and intensified in 1946 in 
cooperation with the Bureau of Sport Fisheries and Wildlife. 
For a period of 15 years, for which records are available, the 
King Ranch had deer, turkey, and javelina populations 
consistently higher than any other known area with 
comparable environmental conditions (Cadieux, 1960). 

Cook et al. (1971) reported a 72% mortality rate for deer 
fawns, and major causes of death were: predation 
(53%)-mostly by coyotes, and starvation and/or disease 
(16%). Bright (1971), citing a 1969 inventory of the 
Northwest Interstate mule deer ranges, noted that summer 
fawn survival was from 8 to 45% higher in areas where 
predators were controlled. Bright also noted that other 
researchers have observed that concentrations of predators 
attracted and maintained by an abundance of livestock will 
cause unusual damage to game when stock is seasonally 
shipped out to feed yards or other ranges. 

Average annual pheasant brood production was 45% higher 
on the predator reduction area than the area of no control in a 
South Dakota study (Carter and Trautman, 1969). Gabrielson 
(1941) concluded that the utilization of the game crop by man 
may necessitate some reduction in numbers of predatory 
species if a supply of game is to be maintained. Presnall (1950) 
emphasized that there is need to avoid confusion caused by 
attempted application of wilderness philosophies to developed 
areas. He further stated: “Predator control on the basis of 
facts rather than fancies has its proper place among the tools 
of environmental management.” 

The Bureau of Sport Fisheries and Wildlife coyote control 
program has not held down populations of nontarget 
predators; in fact, the population levels of most nontarget 
predators have increased in areas where the Bureau has 
conducted coyote control for 20 years (Robinson, 1961). 

Managers of both public and private lands are today faced 
with hecisions involving the proper “balance” of both plant 
and animal .species. On some ranges woody plants have 
increased at the expense of herbaceous vegetation. Elsewhere 
one animal species has increased to the detriment of another 
species with limited productivity of the range for both. 
Managerial decisions should be based on biological 
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considerations, especially on public lands. Too often, however, 
critical decisions are made after political pressure has been 
injected in the process from the “top downward” as a result of 
emotional influence by numerically important preservationist 
groups. 

Preservationists qtiick to claim ownership of predators and 
demand their exemption from control programs are not so quick 
to assume financial responsibility for their actions. Losses are 
presently being absorbed by stockmen. With the spirailing cost 
of red meat, predators represent another threat to our economic 
structure by competing with consumers for this vital 
commodity. 

Much has been written about differences in management 
objectives between “natural” and “managed” ecosystems. 
There are few, if any, natural ecosystems. Somewhere in the 
chain of “natural” events man has eliminated, weakened, or 
otherwise affected a link in the system by his very presence. 
Thus, all ecosystems are to a greater or lesser extent managed. 
To say that a balance of nature can be maintained in parks, 
wilderness areas, or elsewhere is grossly underestimating man’s 
influence. 

Most rangeland ecosystems evolved under the presence of 
native herbivores which subsequently were replaced by 
domestic animals. If grazing animals are required to maintain 
native rangelands in the semiarid West, and if the livestock 
enterprise is economically important to local, state, and 
national economies, then man must be permitted to manage 
predator species affecting those economies. 

Predator management necessitates cent rol of 
predators in given areas and under certain sets of conditions. 
Wade (1974) noted that: “Nonlethal control of animals is not 
necessarily good, right or humane and lethal control is not 
necessarily bad, wrong or inhumane. These are human 
definitions and require subjective judgment.” Individuals or 
groups genuinely interested in wildlife conservation must 
broaden their perspectives rather than advocate giving special 
advantage to predator species over other wild or domestic 
animals. 

If predator management programs continue to be 
unsupported by the public and federal agencies, then the 
responsibility for controlling predators that directly affect the 
livelihood of private livestock operators, and indirectly local, 
state, and national economies, lies with federal and state 
wildlife biologists and game managers. These scientists must 
devise economic and biologically safe predator management 
methods. A combination of state and federal efforts on a local 
level where the problem is most critical would seem to be the 
solution to a perplexing problem. 
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Foodniche of Coyotes in the Rolling Plains 
of Texas 

WYMAN P. MEINZER, DARRELL N. UECKERT, AND 
JERRAN T. FLINDERS 

Highlight: Coyote diets were determined from scat and 
stomach analyses over a two-year period in an area centered in 
the Rolling Plains region of Texas. Fruit from 9 species of 
native plants were the most important food for coyotes, mainly as rainfall in May-and September. There is usually a dry 
making up 46% of the annual diet. Honey mesquite pods alone summer period with extremely high temperatures and 
contributed 15.6% of the annual diet. Rodents contributed evaporation, while the winters are relatively mild. The eleva- 
24.5% of the coyote’s annual diet, while leporids made up just tion is approximately 550 m above sea level. Steep rocky hills 
10.5%. The foodniche of coyotes varied seasonally as well as occur along the South Fork of the Wichita and Brazos Rivers 
annually. The coyote’s role as an agent of seed dispersal while flat to gently rolling topography occurs away from the 
appears minimal since digestion of some seeds by coyotes rivers. Honey mesquite (Prosopis glandulosa Torr. var. 
significantly reduces percent germination. Late evening and glandulosa), tobosagrass (Hilaria mutica), and buffalograss 
pre-dawn hours seem the normal feeding period for most (Buchloe dactyloides) are dominants on the deep hardland and 
coyotes, and moon phase did not affect the timing of this heavy clay range sites, while redberry juniper (Juniperus 
activity. In this study there was no evidence of coyote pinch0 tii), sideoats grama (Bou teloua curtipendula), and 

mesquite dominate in-the rough breaks. Pricklypear (Opuntia 

cow-calf operations on large ranches. Some ranchers also run 
stocker yearlings during the fall and winter. 

The average annual precipitation is 63 cm, which comes 

predation on cattle. 

The Coyote (anis /atrunS) (Fig- 1) has been the subject Of 
engelmannii) is abundant throughout the study area while 
lotebush (Con&& obtusifolia) occurs regularly in deep 

conflicting interests between farmers, ranchers, sportsmen, and hardland and heavy clay range sites, and elbowbush (Forestiera 
government agencies for many years. Predation by coyotes is pubescens) occurs regularly in the rough breaks. 
often considered the most important factor determining profit Estimates of coyote diets were determined monthly by 
or loss on sheep, goat, poultry, and even cattle ranches in the examination of coyote stomach contents and fresh coyote 
western United States. Knowlton (1972) stated that scat. Coyotes were collected by a rifleman through calling with 
satisfactory predator management can be achieved only 
through a better understanding of the entire spectrum of 
species values, more intimate biological knowledge of the 
predator, and more precise techniques for control. Gier (1968) 
and Hawthorne (1972) have surveyed the literature on coyote 
food habit studies in the United States. This study was 
initiated to provide factual data on the yearlong food habits of 
coyotes in a cattle-producing region of Texas to ascertain 
present or potential threat to cattle ranching in this specific 
region. 

Methods and Materials 

This study was conducted over the 25-month period from 
June, 1971 through June, 1973 within a 25-mile radius of 
Benjamin, Texas, in Knox and King counties. This area lies in 
the center of the Rolling Plains of Texas and is predominately 
native rangeland with some cultivated small grains, mainly 
winter wheat. Cattle are grazed on these ranges, mostly as 
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Fig. 1. Coyote seeking food in the rough breaks of the Rolling Pktins 
of Texas. The complexity of the biota in this ecosystem permits the 
coyote to be omnivorous in its feeding habits. 
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predator calls, spotlighting at night, and by hunting from 
ranch roads. Each coyote was weighed, sexed, aged by 
tooth-wear (Taber, 1971), and time and moon phase of each 
kill were recorded. Stomachs were removed from dead 
coyotes, emptied, the contents were weighed (during the last 
year of the study), and then placed in a shallow 20 x 30 cm 
pan for examination. During the first year of the study, the 
percent volume that each food item contributed to the 
stomach sample was estimated visually. During the second 
year, percent volume was estimated and then frequency of 
food items in the samples were determined using a point 
method (Brown, 1968). One hundred points were recorded for 
each sample. Reference samples of all available foods in the 
study area were used to identify individual food items in 
stomach samples. An average of 7.1 coyotes were killed each 
month during the first year of the study while an average of 
5.5/month were killed during the second year. Chi-square tests 
(Li, 1964) were used to determine if empty coyote stomachs 
occurred more often in forenoon kills or afternoon kills, and 
to determine if moon phase affected the incidence of empty 
coyote stomachs. 

germination. Germination was recorded twice each week for 
one month. 

Confidence limits (95%) were calculated for mean values 
where appropriate. 

Results and Discussion 

Fresh coyote scats were collected monthly along ranch 
roads and known coyote trails. Scat samples were air dried, 
then analyzed by the same technique used for stomach 
samples. An average of 20.3 scat samples were analyzed each 
month of the first year of the study, while an average of 
24.3/month were analyzed during the second year. Correlation 
and regression techniques were used to compare diets of 
coyotes as determined by stomach analyses and scat analyses 
as well as to compare volume and frequency data. 

Seeds of honey mesquite, Engelmann’s pricklypear, 
lotebush and elbowbush were removed from fresh coyote scat 
and control groups of seeds from these plants were collected 
during the summer of 1972 to determine the effect of 
digestion by coyotes on seed germaintion. Seeds were 
vernalized (-4” C) for 72 hr and then air dried for 12 hr. Two 
hundred digested seeds and 200 control seeds of each species 
were placed in a Master@ germinator on moist filter paper at 
33O C. Emergence of the radicle was used as the criterion for 

We found that coyote diets varied seasonally as well as 
between years. The coyotes sampled fed on local, native plants 
and animals and did not kill livestock for food. Thirty-three 
different identifiable food items were discovered in scat 
samples while 38 were found in stomach samples. Scat and 
stomach analyses revealed slightly different diets (Table 1 and 
2). The number of coyote stomachs examined each month was 
relatively small compared to the number of scat samples 
analyzed each month, and this could account for the 
difference. Some food items may have lost considerable 
volume as well as identity in scat samples as compared to 
stomach samples. We feel that, although both techniques 
utilized are valuable indices of coyote food habits, the scat 
analysis provides a more explicit picture of the coyote diets 
since these samples represent more coyotes. 

Scat analyses revealed that rodents, honey mesquite pods, 
leporids, juniper berries, and Opuntia fruit collectively 
contributed 69% of the volume of food consumed. These five 
foods, together with lotebush berries, carrion, and insects 
accounted for 86.3% of the diets of coyotes over the 2-year 
period. Stomach analyses revealed that 71% of the volume of 
food was carrion, rodents, insects, leporids, and honey 
mesquite pods. These five foods along with Opuntia fruit, 
miscellaneous birds and bird eggs, and juniper berries made up 
83.2% of the volume. 

Table 2. Mean percent volume of food items in coyote diets from 
July, 1971, through June, 1973, as determined by examination of 
stomach contents. 

Table 1. Mean percent volume of food items in coyote diets from 
June, 1971, through May, 1973, as determined by examination of 
scat samples. 

Food items 
July, 1971- July, 1972- Mean 
Apr., 1972r June, 19732 diet Rank 

June,1971- June, 1972- Mean 
Food items May, 1972r May, 19732 diet Rank 

Plants 
Mesquite pods 18.3 12.9 15.6 2 
Juniper berries 2.3 18.1 10.2 4 
Opuntia fruit 9.4 6.9 8.2 5 
Lotebush berries 9.8 4.3 7.0 6 
Ironwood berries 6.8 0 3.4 9 
Plums 0.4 2.1 1.2 13 
Elbowbush berries 0 0.7 0.4 15 
Silverleaf night- 

shade berries 0.1 0 17 
Grass and leaves 1.7 3.2 2.: 11 

Carrion 5.4 6.6 6.0 7 
Rodents 20.9 28.0 24.5 1 
Leporids 10.6 10.4 10.5 3 
Opossum 0 17 
Skunk 0.: 0.3 0.z’ 15 
Snake 0 0.2 0.1 16 
Quail 0.4 0 0.2 15 
Other birds 0.6 0.8 0.7 14 
Bird eggs t 0.4 0.2 15 
Insects 5.6 3.0 4.3 8 
Cottonseed cake 3.0 0 1.5 12 
Unidentifiable material 4.7 2.4 3.5 10 

1 Does not include January, 1972. A total of 223 scat samples were 
analyzed. 

‘A total of 291 scat samples were analyzed. 

Plants 
Mesquite pods 11.3 
Juniper berries 0.9 
Opuntia fruit 5.5 
Lotebush berries 0 
Ironwood berries 0.6 
Plums 0 
Elbowbush berries 0 
Unknown berry 0 
Wheat 0 
Grass and leaves 1.4 

Rodents 11.4 
Leporids 11.5 
Moles 0 
Deer 0.6 
Carrion 21.0 
Insects 12.7 
Turtle 0.1 
Salamander 0.1 
Unknown bones 1.2 
Quail and quail eggs 1.1 
Dove and dove eggs 0 
Other birds and eggs 2.7 
Unidentifiable material 1.6 
Calf manure 9.9 
Cottonseed cake 5.0 
Miscellaneous 1.2 

3.2 
4.6 
6.4 
1.0 

0 
1.9 
1.5 
0.2 
0.2 
2.0 

28.9 
10.1 

0.8 
0 

21.3 
10.8 

0 
0 
0 

0.4 
0.6 
4.1 

0 
2.1 

0 
0 

7.2 
2.8 
6.0 
0.5 
0.3 
1.0 
0.8 
0.1 
0.1 
1.7 

20.2 
10.8 

0.4 
0.3 

21.1 
11.7 

0.6 
0.8 
0.3 
3.4 
0.8 
6.0 
2.5 
0.6 

5 
8 
6 

13 
15 
10 
11 
15 
15 

9 
2 
4 

14 
15 

1 
3 

16 
16 
12 
11 
15 

7 
11 

6 
9 

12 

1 No samples were taken during May or June, 1972. A total of 71 
coyotes were killed of which 32 had empty stomachs. 

2A total of 66 coyotes were killed of which 11 had empty stomachs. 
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OPUNTIA FRUIT 
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Fig. 2. Major foods of coyotes in the Rolling Plains of Texas from 
June, I9 71, through May, I9 73, as determined by scat analyses. 

Fig. 3. Contributions of various fruits to the seasonal diets of coyotes 
in the Rolling Plains of Texas from June, 1971, through May, 19 73, 
as determined by scat analyses. 

Fruits 

Fruits from nine species of native plants, including honey 
mesquite, redberry juniper, pricklypear, lotebush, ironwood 
(Bumelia lanuginosa), wild plums (Prunus angustifolia), 
elbowbush, silverleaf nightshade (Solanum elaeagnifolium), 
and tasajillo (Opuntia Zeptocaulis) collectively contributed 
46% of the mean annual diet (Table 1). Wheat seed (Triticum 
vulgar-e) and an unidentifiable berry were food items of minor 
importance (Table 2). Honey mesquite pods comprised 15.6% 
of the mean diet and ranked as the 2nd most important food 
item (Table 1). Juniper berries, Opuntziz fruit, and lotebush 
berries ranked 4th, 5th, and 6th, respectively, in importance. 

Mammals 

Rodents, mainly the hispid cotton rat (Sigmodon hispidus) 
and the southern plains wood rat (Neotoma micropus), made 
up 24.5% of the mean annual diet of coyotes (Table 1). The 
black-tailed jackrabbit (Lepus californicus) and desert 
cottontail (Sylvilagus auduboni) comprised 10.5% of the 
coyote diets over the two-year period and these leporids 
ranked as the 3rd most important food (Table 1). Skunk 
(Mephitis mephitis), white-tailed deer (Odocoileus virginianus), 
eastern mole (ScaZopus aquaticus), and Virginia opossum 
(Didelphis virginiana) occurred in the diets in trace amounts. 

Birds 

Bobwhite quail (Cohnus virginianus), mourning dove 
(Zenaidura macroura) , meadowlark (Sturnella neglecta), 
roadrunner (Geococcyx californianus), red-wing blackbird 
(Agelaius phoeniceus), unidentifiable birds, and bird eggs 

occurred in stomach and fecal samples in trace amounts. Birds 
and bird eggs comprised only 1.1% of the coyote diets by scat 
analysis (Table 1) and 4.5% of the diets by stomach analysis 
(Table 2). Coyotes probably feed mainly on dead, sick, 
wounded, or young birds. 

Arthropods 

Insects ranked 8th in importance (4.3% volume) in scats 
and 3rd (11.7% volume) in importance in stomach contents 
(Tables 1 and 2). Insects eaten included June beetles 
(Phyllophaga sp.), long horned beetles (Derobrachus sp.), 
grasshoppers (mostly Melanoplus spp.), sulfur butterflies 
(Colias eurytheme), wasps (Vespa spy.), cicadas (Cicadidae), 
and millipedes (Diplopoda). Insects made up 21.9% of scats 
and 38.6% of stomach contents during spring and summer 
months. 

Carrion 

Carrion ranked 7th in importance (6.0% volume) in scats 
and 1 st in importance (21 .l% volume) in stomach contents as 
foods of coyotes. The discrepancy between the two techniques 
is probably due to the loss of identity and volume of carrion 
during the digestion process and to difference in sample size. 
Carrion was usually easily identified in stomach samples due to 
the presence of fly larvae and pieces of dried animal skin but 
was difficult to recognize in coyote scat. 

In almost every case where carrion was identified or 
suspected in stomach or scat samples, we found carcasses of 
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dead livestock in close proximity. Close liaison with local 
ranchers during the study was maintained, and no coyote kills 
of cattle or calves were reported. Most carrion was attributed 
to coyotes feeding on carcasses of yearling stocker cattle that 
had died of shipping fever or other diseases. 

Other Animals 

Snake, turtle, salamander, and unidentifiable bones 
occurred in trace amounts in coyote scat and stomach samples 
but were relatively unimportant in coyote diets (Tables 1 and 
2). 

Grasses and leaves 
Grasses and leaves contributed 2.5% (scat analysis) and 

1.7% (stomach analysis) of the diet. Tobosagrass was the major 
grass consumed, contributing as much as 14.3% (scat analysis) 
of the diet in February, 1973, and occurred in scat samples in 
21 out of 24 months and in stomach samples in 11 of 22 
months. Other researchers have suggested that grass is ingested 
by coyotes accidentally while ca,pturing small prey 
(Hawthorne, 1972) or that it may serve a function as a tonic, 
source of vitamins, or vermicide (Gier, 1968). Leaves of wheat, 
rescuegrass (Bromus unioloides), bermudagrass (Cynodon 
dactylon), and mesquite also occurred in stomach and scat 
samples in trace amounts. 

Miscellaneous Items 

Fruits comprised over 50% of the coyote’s diet for 12 
months of this study and over 75% of the diet for 8 months 
(Fig. 2). The seasonal diets of coyotes reflected the periods of 
availability of various fruit crops (Fig. 3). Lotebush berries are 
usually an important coyote food during May and June. 
Mesquite pods are major foods in July, August, and September 
(Fig. 3). Englemann’s pricklypear and tasajillo tunas are also 
available and eaten readily by coyotes during August and 
September, while redberry juniper berries are available 
between October and January (Fig. 3). Ironwood berries 
appear to compensate for juniper berries in autumns when 
juniper berry production is low (Fig. 3). 

Foodniche Diversity 

Cottonseed cake contributed 1.5% and 2.5% of the coyote 
diets according to scat and stomach analyses, respectively 
(Tables 1 and 2). Calf manure contributed 6.0% of the diet by 
the stomach analyses (Table 2) but was not identified in scat 
samples. Some unidentifiable material in samples was in an 
advanced stage of digestion. Small quantities of straw and 
livestock mineral occurred in a few samples. 

Annual and Seasonal Variation in Diet 

Even though we have no data on population densities of 
rodents and leporids, it appears from our dietary data that 
coyotes commonly drop to the herbivore level of the trophic 
hierarchy in order to make use of available vegetational foods. 
Variations in the annual diets of coyotes (Tables 1 and 2) seem 
largely related to climatic forces and their effect on availability 
of animal prey and fruits. Honey mesquite pods appeared to 
be considerably more plentiful during the drier summer of 
1971 than during the somewhat wetter summer of 1972; 
consequently, mesquite pods contributed almost 50% more to 
the coyote diets during the summer of 1971 than in the 
summer of 1972 (Table 1). Redberry juniper seemed to 
produce considerably more berries during the fall of 1972 than 
in the drier fall of 1971, and coyotes consumed almost seven 
times more juniper berries during the fall of 1972 (Table 1, 
Fig. 3). Lotebush berries contributed 57.5% to coyote diets 
during May, 1972, but a wet winter and late spring freeze in 
April, 1973, seemed to cause a failure of the lotebush berry 
crop for the year, resulting in the absence of this food in scat 
and stomach samples in May, 1973 (Fig. 3). Coyotes may have 
adjusted to this berry crop failure by consuming more rodents. 
Rodents contributed only 0.2% of the coyote’s diet in May, 
1972, as compared to 50.9% in May, 1973 (Fig. 2). 

The opportunistic feeding behavior of coyotes is reflected 
well in the seasonal variation in foodniche diversity (number 
of different kinds of food eaten). The foodniche of coyotes 
varies seasonally as well as annually (Fig. 4) as a function of 
food availability. The variety of foods available for coyotes is 
quite low during winter months and from three to eight 
different kinds of foods were eaten during December through 
February (Fig. 4). During the period March-May, coyotes fed 
on from 7 to 14 different kinds of food, while in June and 
July the number of different foods in the diet increased to 11 
to 18 (Fig. 4). During August and September, coyotes relied 
mainly on mesquite pods and Engelmann’s pricklypear tunas 
as staple foods, and the foodnich diversity decreased to 
10 to 11. Foodnich diversity increased to 14 in midautumn 
(November) when a combination of fruits, prey, carrion, and 
other items was eaten (Fig. 4). The mean monthly foodnich 
diversity of coyotes over the 25-month period was 9.64 + 1.53 
(range 3-18). Mean foodniche diversity for fall, winter, spring, 
and summer was 11.5,4.8, 10.0, and 11.9, respectively. 

The fact that coyotes are opportunistic and select foods 
requisite to the least expenditure of energy is reflected in their 
seasonal food habits (Fig. 2). Fruits and insects are fed upon 
heavily by coyotes during seasons when they are plentiful 
(May through December), whereas the carnivorous and 

J JASONDJ FMAMJ JASONDJ FMAMJ 
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Fig. 4. Seasonal foodniche diversity (number of different foods eaten) 
of coyotes in the Rolling Plains of Texas from June, 1971, through 
June, 1973, as determined by both scat and stomach analyses. 

scavenger habit is assumed during periods of fruit and insect 
scarcity (December through April) (Fig. 2). During early fall 
(October), after the mesquite pod crop had been depleted, and 
before juniper berries had ripened, coyote predation on 
rodents increased dramatically (Fig. 2). Increased predation on 
rodents at this time may have coincided with peak fall 
population densities. 
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Seed Dispersal 

Since fruits made up such a large proportion of the coyote 
diets in the Rolling Plains of Texas, it seems reasonable to 
assume that they may play an important role in seed dispersal. 
From our estimates of the contribution of the various fruits (% 
volume) to the monthly diets of coyotes, we calculated the 
biomass of fruits dispersed by coyotes. We assumed that daily 
food requirements of the coyote would approximate that 
established for the wolf (Canis lupus) in the summer season, 
0.12 kg/kg body weight/day (Pimlott et al., 1967), 
disregarding slight differences in calculated metabolic 
requirements of the two species. We also assumed that coyote 
population density was similar to that reported for 19651968 
in the Texas Panhandle by Knowlton (1972), 1.1 
coyotes/mile.2 Our calculations showed that the mean biomass 
of fruits of honey mesquite, juniper, pricklypear, lotebush, 
and elbowbush dispersed annually during this study was 0.29, 
0.13, 0.13, 0.13, and 0.007 kg/ha/year. Biomass of actual 
seeds dispersed would be about ‘/4 to ‘/ of this amount. 

In the laboratory, we found that germination of mesquite 
seeds was drastically reduced after they had passed through a 
coyote’s digestive tract. Only 12% of the honey mesquite seeds 
from fresh coyote scat germinated compared to 85.5% in the 
control. After correcting the ratio between honey mesquite 
seed and pod biomass as well as seed viability, it appears that 
coyotes disperse only about 0.009 kg of viable honey mesquite 
seed/ha/year. Seeds of pricklypear, lotebush, and elb’owbush 
from fresh coyote scat and the control group were not 
germinable. 

Comparison of Scat and Stomach Analyses 

We found a very low correlation (r = 0.35) between percent 
frequency of food items in the coyote diets by the scat 
analysis and stomach analysis techniques for samples collected 
from July, 1972, through May, 1973. Correlation between 
data from the two methods was quite high in some months (r 
= 0.87 in February, 1973), but very low in others (r = 0.03 in 
May, 1973). Low negative correlation between the two 
methods occurred for November and December, 1972. 

Discrepancies between the two methods could probably be 
overcome to some extent by increasing samples of both scats 
and stomachs. However, some variation should be expected 
since some food items will lose volume as well as identity as 
they are digested. Gier (1968) indicated there may be a 
disproportionate amount of undigestible material in a coyote’s 
stomach 5 hours after it has fed, and the nondigestible 
material from one meal may be eliminated in 3 or 4 scats 24 to 
35 hours after feeding. 

Comparison of Volume and Frequency Data 

Frequency and percent volume estimates of food items in 
the coyote diets were highly correlated in both scat and 
stomach analyses. We found that percent frequency (Y1) of a 
food item in coyote scat could be accurately predicted by the 
more rapidly and easily obtained estimation of percent volume 
(X, ) by the equation: Y, = -0.065 + 1.001 XI (r = 0.99). 
Percent frequency (Y2) of food items in coyote stomach 
samples could be accurately predicted from percent volume 
data (X2) by the equation: Y 2 = 0.413 + 0.988 X2 (v = 0.97). 
In this study, all estimations of percent volume and 
determinations of frequency were done by a single researcher. 

Empty Coyote Stomachs 

Of 137 coyotes collected for stomach analysis, 43 had 

empty stomachs. The mean weight (wet basis) of coyote 
stomach contents for July, 1972, through June, 1973, was 263 
+ 59 g (range 10-1048) (includes only stomachs with at least 1 
g of food). We do not know how this relates to mean daily 
food intake of the coyote but think they may consume 4-5 
times this amount or more each day depending upon type of 
food and moisture content. The incidence of empty stomachs 
in coyotes killed in the morning (28.3%) was significantly 
greater (P < 0.01) than in those killed in the afternoon (5.6%). 
Gier (1968) reported substantial amounts of food materials 
were found only in stomachs of coyotes killed during the night 
or early morning hours, and it was unusual to find evidence of 
coyotes feeding during the day. This may be an adaptation to 
living in close proximity to man. Our studies indicate that 
those coyotes that did not seek food or which were 
unsuccessful in finding food in the late evening and morning 
hours continue to seek food, and by afternoon a greater 
proportion of these animals have fed. 

Chi-square tests revealed that moon phase had no effect on 
the occurrence of coyotes with empty stomachs; thus, the 
time of day that coyotes feed does not appear to be a function 
of the moon phase. 

Coyote Sex, Age, and Weight 

Of the 67 coyotes killed from June, 1972, through June, 
1973, 53.7% (36) were males and 46.3% (31) were females. 
The mean weight of male coyotes was 10.87 + 0.69 kg while 
the mean weight of females was 10.09 _+ 0.69 kg. The percent 
of coyotes killed in the age classes 1, l-2,2-3,3-4,4-5, and 8-9 
years were 25.4, 28.4, 32.8, 7.5, 4.5, and 1.5%, respectively. 
This indicates that all age groups were well represented in this 
dietary study. 

Conclusion 
Dietary habits of coyotes in the Rolling Plains of Texas are 

complex, and diets vary seasonally as well as annually. The 
complexity of the biota in this ecosystem maximizes the 
foodniche diversity of the coyote and may allow the coyote to 
obtain its necessary food requirements with a lower 
expenditure of energy than in more simple ecosystems. Fruits 
of native shrubs, as a group, were the coyote’s major dietary 
item in this ecosystem, whereas most coyote food habit 
studies in the Plains states, Intermountain region, and desert 
areas of California have shown that leporids are the major 
dietary item (Clark, 1972). The encroachment and increase in 
density of honey mesquite, redberry juniper, and other brush 
species have undoubtedly increased the food base of coyotes 
in this area. The impact of this vegetative change on other 
habitat requirements of the coyote is not known‘. 

Since coyotes in this region of Texas rely so heavily upon 
foods other than rodents and leporids, it is doubtful that 
food-based density-dependent fluctuations in coyote and 
animal prey populations are as important as in other 
ecosystems (Clark, 1972). It is conceivable that long-range 
density of coyote populations in this ecosystem may at least 
partially be a function of density and fruit production of 
mesquite, redberry juniper, and other native plants. 

Predation of coyotes on cattle or calves was not observed 
during this study but coyotes played an important role in the 
removal of carrion. It is conceivable that coyote predation on 
cattle or calves might be a problem in this area in years when 
high population density of coyotes coincided with years of 
low rodent and leporid populations and low fruit production 
of native plants. 
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Sheep-raising in the 17 Western States: 
Populations, Distribution, and Trends 

ERWIN W. PEARSON 

Highlight: To study the relationship between sheep and 
preda tars, chiefly coyotes /Canis latrans), current baseline 
information was needed on numbers and locations of domestic 
sheep in the 17 western states. Although sheep population 
estimates were available from published and unpublished 
sources for a number of areas, including all 1,059 counties in 
these 17 states, they varied in types of sheep counted and 
years covered. When the data were compiled, a few trends 
were evident. The 17 western states continue to raise about 
80% of the United States stock sheep, but there has been a 
steady downward trend in sheep populations since 1960; in 
19 72 the 17 western states had only 58.5% and the 31 eastern 
states only 44.2%, of the stock sheep present in 1960. Local 
management conditions vary greatly, and various data 
suggested a gradual shifting of sheep-raising from mountains to 
plains and a gradual conversion from sheep to cattle. 

The recent controversy between sheep ranchers and the 
environmentally aware public has shown how little factual 
information exists to document the effects of predation by 
coyotes (Canis Zatrans) on the sheep industry. Consequently, 
Congress has appropriated research funds, and groups across 
the country have begun studies on many aspects of the 
problem. For example, in June, 1973, at least 92 research 
projects on coyotes were underway or planned (Knowlton, 
1973). As a part of this program, the Denver Wildlife Research 
Center is conducting a wide range of studies at its own 
facilities and, under contract, at universities and other research 
centers in several states. 

One of the first requirements of the Denver program has 
been to determine the distribution of coyotes and sheep in the 
17 western states where they both occur. This baseline 
information is necessary to determine the extent of the 
predation problem and to choose realistic study areas for 
intensive investigations. Because little published information 
exists on coyote populations, systematic surveys were begun in 
1972 to determine coyote distribution and relative densities 

The author is with the U.S. Fish and Wildlife Service, Wildlife 
Research Center, Building 16, Federal Center, Denver, Colorado. 

Manuscript received October 31, 1974. 

JOURNAL OF RANGE MANAGEMENT 28(l), January 1975 

(Linhart and Knowlton, in preparation). However, I found 
that there were also few sources of data on sheep populations, 
and none that gave comparable data on populations in local 
units within all 17 states at any given time. I therefore 
compiled and arranged the available data to provide as much 
of this information as possible and, hopefully, to identify 
trends that may change the pattern of western sheep-raising in 
the future. This paper summarizes the results. 

Sources of Information 

E. M. Pohle of the Denver Wool and Mohair Standards 
Laboratory, Agricultural Marketing Service, U.S. Department 
of Agriculture (USDA), was of considerable assistance in 
locating the best statistical livestock bulletins for early sheep 
numbers and lent me several from his library. Recent 
nationwide summaries were available from annual bulletins of 
the USDA Statistical Reporting Service (SRS). For recent 
county sheep populations, Denver SRS personnel provided 
contacts with cooperating state offices of the Crop and 
Livestock Reporting Service (or equivalent) in the 17 western 
states. Because these offices have differed in funding, 
emphasis, and length of existence (the Nevada office did not 
open until 1972) the available records differ in completeness 
and length of coverage; in several states, county livestock 
figures are available only from the U.S. Census of Agriculture 
surveys taken every 5 years (1959,1964, 1969). 

Results 

The current pattern of sheep-raising in the 17 western states 
is shown in Figure 1, where sheep densities are mapped by 
county. The January 1 counts on which these densities are 
based represent the places of residence of the sheep owners, so 
anyone wanting to know exact locations of flocks would have 
to inquire locally; some sheep may be grazed in winter 100 
miles or more from their summer range. The figures used were 
the most recent available: 1972 stock sheep (does not include 
those on feed) in California, Montana, and North Dakota; 
1971 stock sheep in Nebraska and Wyoming; 1970 stock sheep 
in Colorado; 1969 stock sheep in Nevada and Washington; 
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Fig. 1. Density of sheep in I7 western states, by counties. 

1972 all sheep in Kansas, South Dakota, and Texas; 1971 all 
sheep in New Mexico, Oklahoma, and Oregon; and 1969 all 
sheep in Arizona, Idaho, and Utah. Although these figures do 
not represent simultaneous, comparable counts for all 
counties, the differences in the two categories of stock sheep 
and all sheep over the 4 years should be relatively small when 
the data are grouped in density ranges as in Figure 1. Of the 
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1,059 counties in the 17 states, only about one-third, or 343, 
had over five sheep per square mile; another third, or 348, had 
one to five sheep per square mile; and the remaining 368 
counties had less than one sheep per square mile. Heavy sheep 
densities (40 or more per square mile) occurred in only 40 
counties, representing only 3.1% of the land area in the 17 
states. 
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Table 1. Stock sheep populations in the 17 western states, 1960-1972. 

Stock sheep (thousands) 1972 1972 pop. 
Mean Mean density as % of 

State 1960-63 1964-67 1968 1969 1970 1971 1972 (sheep/m? )’ 1960 pop. 

Texas 5,649 4,671 3,986 3,787 3,408 3,510 3,125 11.9 54.5 
Wyoming 2,143 1,948 1,749 1,766 1,713 1,679 1,561 16.0 69.4 
South Dakota 1,494 1,234 1,096 1,052 1,010 1,030 1,031 13.6 67.8 
California 1,593 1,398 1,356 1,234 1,185 1,149 1,011 6.5 59.1 
Montana 1,595 1,342 1,165 1,130 1,085 1,042 900 6.2 50.9 
Utah 1,200 1,047 1,019 988 978 929 891 10.8 71.3 
Colorado 1,375 1,066 884 857 823 749 720 6.9 50.2 
New Mexico 1,126 950 823 799 791 762 682 5.6 60.5 
Idaho 983 771 719 687 632 632 678 8.2 63.3 
Oregon 803 601 498 483 449 422 426 4.4 49.4 
Arizona 453 466 414 428 424 430 412 3.6 90.8 
North Dakota 579 423 329 309 300 291 307 4.4 51.9 
Kansas 516 405 333 286 272 253 240 2.9 48.6 
Nebraska 349 280 241 222 215 208 204 2.7 54.4 
Nevada 302 245 220 209 201 183 176 1.9 52.5 
Washington 275 177 134 130 125 126 112 1.7 38.0 
Oklahoma 196 127 114 109 104 97 90 1.3 40.5 

All 17 western states 20,631 17,151 15,080 14,476 13,715 13,492 12,566 6.9 58.5 

Other 31 states 6,610 4,682 3,998 3,829 3,669 3,45 3 3,250 2.8 44.2 

All 48 states 27,241 21,833 19,078 18,305 17,384 16,945 15,816 5.3 54.8 

’ Thousands of stock sheep. 
’ Based on total land area of each state (Long, 1971). 

Table 1 lists total annual populations of stock sheep in the 
17 western states for 1960-1972 (Economic Research Service, 
1970, 1972; Statistical Reporting Service, 1973). The states 
are listed in order of their 1972 sheep populations, which may 
differ from their 1972 sheep densities. For example, Texas 
ranked first in population but third in density. This 
compilation shows that the 17 western states where coyote 
predation is a potential problem continue to raise about 80% 
of the nation’s stock sheep, but that the number raised is 
steadily declining nationwide. 

Figure 2 shows the pattern of this decline from 1947 
through 1973. The downward slope from 1947 to 1949 was a 
continuation of a sharp decline that began earlier; from 1942 
to 1949, the estimated total number of stock sheep in the 
United States dropped from 49-3 million to 26.9 million, a 
decrease of more than 45% (Economic Research Service, 
1970). Sheep populations leveled off in the 1950’s, and 
actually increased in the western states in 1958-1960 before 
beginning a steady decrease of 5% to 7% a year in 1961. The 
most recent national figures show that this pattern is still 
continuing; in January, 1974, United States stock sheep 
totaled only 13.9 million (Statistical Reporting Service, 1974), 
down about 12% from 15.8 million in January, 1972 
(Statistical Reporting Service, 1973). 

Discussion 

Most available data on United States sheep populations are 
merely counts made on arbitrary dates within various 
geographic units and do not indicate why populations should 
vary from place to place and from year to year. Examination 
of the data and conversations with people contacted during 
the study have suggested some possible reasons for annual 
fluctuations, the retention of higher sheep populations in some 
states than in others, and the overall pattern of decline. While 
these speculations by no means provide a complete picture of 
the economics of the United States sheep industry, they may 
give some insight toward predicting changing trends in sheep 

culture and identifying where coyote predation may continue 
to be a serious concern. 

Annual Fluctuations 

In many states with long-term records, some counties 
showed unusually large population differences from year to 
year, particularly in the “all sheep” category. These 
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Fig. 2. Recent numbers of stock sheep in western, eastern, and the 
entire United States. 
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fluctuations are apparently related to local conditions for 
winter grazing. For example, according to SRS personnel in 
Topeka, such fluctuations in Kansas result mainly from lambs 
imported to feed on winter wheat; if fall precipitation permits 
early planting and good plant growth, large numbers will be 
imported and still be there when January 1 estimates are 
made. The availability of winter forage may account for 
similar fluctuations in South Dakota. For example, following 
good fall grain crops there in 1971 (South Dakota Agriculture, 
1972), January, 1972, stock sheep numbers were down 3% 
from the previous year but sheep and lambs on feed were up 
11%. Although such differences in counties probably do little 
to change state totals and tend to average out over a few years, 
they can markedly change local sheep distribution in a given 
year. 

Retention of Sheep Populations 

The last column in Table 1 shows large differences among 
the 17 western states in their retention of sheep populations 
since 1960. The only state to retain most of its sheep was 
Arizona, where the extensive arid lands are apparently far 
more suitable for sheep than cattle. Non-Indian groups in 
Arizona own all sheep and lambs on feed, but Indians own 
over three-fourths of the stock sheep, which are closely tied to 
their traditional way of life (Arizona Agricultural Statistics, 
1972). These reasons may explain Arizona’s 90.8% retention 
of sheep, and may also partly apply to New Mexico, which has 
retained slightly higher-than-average sheep populations. 

Wyoming and Utah rank second and sixth, respectively, as 
sheep-producing states and have retained about 70% of their 
1960 populations. More than half the total acreage in both 
these states is federal and state lands, much of which can be 
leased for seasonal livestock grazing. Since most of these areas 
either are very arid or are rugged mountain forests, their forage 
can probably be more efficiently used by sheep than cattle. A 
recent Wyoming study (Stevens, 1971) showed that efficient 
management is essential in marginal sheep-producing areas but 
that grazing allotments on public lands are a help to the more 
successful ranchers. The availability of public lands for grazing 
is not the entire answer, however, since Colorado and Montana 
have retained only about 50% of their 1960 sheep populations 
despite large acreages of public lands. 

The reason why South D&ota has retained more sheep 
than most other states is unclear. Part of the answer may be its 
combination of soils, topography, and moisture that permits 
balanced crpps anld low-cost livestock grazing after crop 
harvest. South Dakota ranks high nationally in production of a 
variety of grains and hay, thereby offering large areas for 
gleaning and temporary grazing. In 1969, the average South 
Dakota farm had 118 sheep, about 1.5 to 4 times larger than 
flocks in neighboring states (Statistical Reporting Service, 
1972). 

The greatest losses in sheep populations occurred in the 
Pacific Northwest (Washington and Oregon) and in the 
south-central plains (Kansas and Oklahoma). This trend did 
not extend south, however; California and Texas, whose rocky 
central Edwards Plateau region contains the densest county 
sheep populations in the nation, were intermediate. 

Another way to look at sheep population shifts is by 
crop-reporting districts (blocks of counties with similar 
agricultural conditions) used by the joint state and federal 
Crop and Livestock Reporting Boards. Of the 113 districts in 

the 17 western states, only 3 showed increased numbers of 
sheep between 1960 and 1970; one district each in Idaho and 
Nevada gained about 3%, and the northern district in Arizona 
(largely Indian lands) gained about 16% and had over 70% of 
the state’s sheep in 1969. Although losses occurred in all the 
other districts, some were much greater than others in 
proportion to state totals and often suggested local shifts in 
sheep-raising economics. 

One of the best examples of such a shift was in Oregon, 
where more sheep have been retained in the farm flock 
operations west of the Cascade Range than on the more arid, 
generally open range of eastern Oregon (K. H. Larsen, U.S. 
Fish and Wildlife Service, 1972, personal communication). In 
1971, the three coastal crop-reporting districts west of the 
Cascades had retained more than 68% of the sheep present in 
1960, while the three eastern districts had retained only 38%. 
This shift apparently continued an earlier trend; the three 
coastal districts, which held 52.3% of Oregon’s sheep in 1960 
and 65.8% in 1971, held only 23.7% in 1940. 

A more typical pattern, however, appeared to be somewhat 
better retention of sheep in the level, often arid, plains than in 
the mountainous areas of the state. The four mountainous 
districts of northern and eastern California, for example, held 
20.1% of the state’s stock sheep in 1960 but only 14.7% in 
1972. Populations also decreased somewhat in the coastal and 
north-central districts, but the long central valley showed a 
gain from 25.3% of the state’s sheep in 1960 to 37.5% in 
1972. In Wyoming, the more level eastern and south-central 
districts showed a similar gain from 67.2% of the state’s sheep 
in 1962 to 73.3% in 1971. Montana’s five western 
mountainous districts retained fewer sheep than the two 
eastern plains districts, which held 34.7% of the sheep in 1960 
and 45.2% in 1972. In Washington, sheep populations 
decreased 8.5% in the north-central mountains and eastern 
slopes of the Cascades and increased 8.4% in the more level 
and rolling lands of the Columbia Basin and southeastern 
Washington. 

The Declining Sheep Industry 

Among the various reasons given for the steady decline in 
western sheep-raising over the past decade were some that 
were significant locally-e.g., heavy predation, reduced grazing 
allotments on public lands, labor problems, increased 
production costs (Goodsell, 1971)-and one that seemed to 
apply widely. A number of people indicated that, where 
possible, sheep ranchers are gradually converting to the usually 
more profitable cattle industry. I did not collect comparable 
data for cattle, but cattle data were included with sheep data 
in a number of states. “All cattle” numbers were available 
from five of the seven states showing the largest percentages of 
sheep lost since 1960 (Table 1) and revealed the following: 
Washington had 29.6% more cattle in 1967 than in 1958, 
Oklahoma had 15.7% more in 1971 than in 1966, Kansas had 
30.9% more in 1972 than in 1966, Colorado had 45.5% more 
in 1970 than in 1960, and North Dakota had 5% more in 1968 
than in 1962. Cattle numbers in the eleven far western states 
plus Texas passed sheep numbers for the first time in 1947 
(U.S. Dep. Agr., 1950) and have continued to exceed them 
since. SRS reports from three states (Texas, South Dakota, 
and Nevada) indicated that in January, 1972, “all cattle” in 
the United States totaled 117.9 million, while “all sheep” 
totaled only 18.5 million. 
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This trend may not be irreversible, however. The world 
need for red meat production continued to increase and, at 
present at least, beef prices are dropping. As many have 
pointed out (e.g., Morrison, 1946), sheep are more efficient 
converters of forage to meat than are cattle, and sheep can be 
grazed on rough, poor land unsuitable for tillage and 
unsuitable or marginal for cattle. In addition, lambs can be 
marketed 9 months after the ewes are bred and there is the 
possibility of added income from the wool. With these 
advantages, it is possible that changes in livestock economics 
could reverse the decline in stock sheep raising. 
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Presettlement Vegetation in the 

Sagebrush-Grass Area of the 

Intermountain West 

THOMAS R. VALE 

Highlight: Twenty-nine journals and diaries were reviewed 
for their vegetation descriptions of the sagebrush-grass area in 
an attempt to assess the relative importance of herbaceous 
plants and woody brush in the northern Intermountain West. 
The early writings suggest a pristine vegetation visual& 
dominated by shrubs. Stands of grass apparently were largely 
confined to wet valley bottoms, moist canyons, and mountain 
slopes, with more e.rtensive areas in eastern Oregon near the 
Cascade Range. The major area was apparently covered by 
thick stands of brush. 

In determining pristine vegetation conditions in areas long 
devoted to range livestock grazing, researchers often use 
journals and diaries from pre-grazing years. Workers 
characterizing the sagebrush-grass vegetation of the 
Intermountain West, for example, have largely depended upon 
the journals of travelers in the early 19th century (see 
Christensen and Johnson, 1964; or Hull, 1974). These 
historical accounts have been used to describe the vegetative 
history of immediate locales, but the environmental conditions 
and human history of small areas may not be representative of 
the general range. Consequently, it is difficult to generalize 
from these studies about the entire vegetation type. 

The purpose of this paper is to review the early written 
descriptions of the sagebrush-grass vegetation areas in an 
attempt to assess the relative i,mp&-tance of herbaceous plants 
and woody brush in the.northern Intermountain West. Such an 
extensive view not ody has its own inherent interest but also 
provides a valuable framework within which local studies may 
be related. 

Procedure 

Twenty-nine journals and diaries were reviewed for their 
vegetation descriptions (Table 1); the more informative of 
these are discussed below. Selection of sources was based on 
the frequency and completeness of plant cover references, the 
routes of travel (Fig. l), and the years during which 
observations were made. Emphasis was placed on journals 
from trips in years prior to the onset of heavy immigrant 
movement because vegetation along the major trails was grazed 
by the settlers’ animals. Accounts for years after 1843 were 
considered unreliable for the Oregon Trail, as were those after 

1849 for the Humboldt River area of the California Trail. For 
such remote areas as central Nevada, pristine conditions were 
assumed to exist as late as the mid-l 850’s. In addition to these 
early sources, a few journals from the initial years of heavy 
immigrant travel were reviewed as a comparison to those from 
pre-grazing times. 

This method of evaluating human impact on vegetation has 
drawbacks that must be recognized to be overcome. The most 
important problem is one of recreating a valid image of the 
past landscape from words written by people with biases and 
backgrounds different from those of present-day researchers. 
Although this difficulty cannot be eliminated, it can be 
minimized by restricting interpretation to words and phrases 
that are relatively free of ambiguity; such terms as “barren,” 
“sterile wasteland,” or “prairie” are so vague that conclusions 
based on them may be misleading. Another problem arises 
from the failure of most early travelers to discriminate among 
the many shrub species. (This difficulty prompted Cottam to 
dismiss the value of Simpson’s early description of vegetation 
in Nevada; see Cottam, 1961). This paper will attempt to 
establish a portrayal of the landscape by focusing on the 
dichotomy of woody brush versus grasses rather than on finer 
subtleties in vegetation composition. The reliance of nearly all 
early explorers and settlers on grass for their livestock, and 
hence their frequent referrals distinguishing between the two, 
aids this analysis. 

The Plains of Wyoming 

Most travelers along the North Platte River noted the 
change in vegetation from the grasslands of western Nebraska 
to the sagebrush of eastern Wyoming; the first mention of big 
sagebrush was usually made between Fort Laramie and Casper, 
Wyoming. The comments suggest that the shrub cover became 
thicker rapidly as South Pass was approached, and that woody 
brush was even more dominant west of the continental divide. 
As the shrubs increased, grasses became more scarce: 

The country has now become more level, but the prairie is 
barren and inhospitable looking to the last degree. The 
twisted, aromatic wormwood covers and extracts with the 
strength from the burnt and arid soil. The grass is dry and 
brown, and our horses are suffering extremely for want of 
food (Townsend, 1839). 

The author is assistant professor, Department of Geography, 
IJniversity of Wisconsin, Madison. 

Manuscript received April 12, 1974. 

With the change in the geological formation on leaving Fort 
Laramie, the whole face of the country has entirely altered 
its appearance. Eastward of that meridian, the principal 
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objects which strike the eye of a traveller are the absence of 
timber, and the immense expanse of prairie, covered with 
the verdure of rich grasses, and highly adapted for 
pasturage. Whereever they are not disturbed by the vicinity 
of man, large herds of buffalo give animation to this 
country. Westward of Laramie River, the region is sandy 
and apparently sterile; and the place of the grass is usurped 
by the “artemisia” and other odoriferous plants, to whose 
growth the sandy soil and dry air of this elevated region 
seem highly favorable. 

One of the prominent characteristics in the face of the 
country is the extraordinary abundance of the “artemisias.” 
They grow everywhere-on the hills, and over the river 
bottoms, in tough, twisted, wiry clumps; and, wherever the 
beaten tract was left, they rendered the progress of the 
carts rough and slow. As the country increased in elevation 
on our advance to the west, they increased in size; and the 
whole air is strongly impregnated and saturated with the 
odor of camphor and spirits of turpentine which belongs to 
this plant. This clim.ate has been found very favorable to 
the restoration of health, particularly in cases of 
consumption; and possibly the respiration of air so highly 
impregnated by aromatic plants may have some influence 
(Fremont, 1845). 

From Laramie’s Fork to this point [i.e., South Pass] 
different species of artemisia were the prevailing and 
characteristic plants; occupying the place of the grasses, and 
filling the air with the odor of camphor and turpentine 
(Torrey, 1845). 

The wild and sterile regions immediately east of the 
mountains [i.e., east of the Wind River Mountains] are 
distinguished by one feature that must live forever in the 
traveller’s remembrance. Legions of leagues (the expression 

Table 1. Sources reviewed for the study with year of observation and 
name (in parentheses) of observer if different from the reference to 
published source. 

Published source Year of observation 

Beckwith 1855 1853-1854 
Carroll 194 1 1845 (J. W. Abert) 
Clark 1967 1849 (E. D. Perkins) 
Cross 1851 1849 
Dale 1918 1822-1829 (Ashley) 
Delano 1936 1849 
De Smet 1843 1840 
De Smet 1847 1845-1846 
Duncan 1964 1859 (H. Greeley) 
Farnham 1843 1839 
Ferris 1940 1830-1835 
Field 1957 1843 
Franchere 1854 1811-1814 
Fremont 1845 1842-1844 
Gass 1811 1804-1806 
Humphreys 18 7 1 1867 (S. Watson) 
James 1923 1819-1820 
Palmer 1847 1845 
Parkman 1892 - 
Platt and Slater 1852 - 

\ 
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Fig. 1. Routes o.f travelers used in the studmy. 

is by no means too strong) are covered with a wild growth 
of sage, that seems designed by Nature than for nothing else 
than to feed a certain variety of the feathered family 
known as “sagecocks” [i.e., sage grouse]. For days and 
weeks we travelled through this solitary species of 
vegetation, till it became wearisome to the sight, even as the 
everlasting green of a thousand miles of prairie was before. 
The night before reaching Independence Rock we were 
compelled to make our encampment by the side of a 
shallow, muddy streamlet winding among those bushes, and 
so thick was their growth that Hatchets and axes were 
brought into employment before we could pitch tents or 
find space to lodge upon (Field, 1857). 

Nothing was to be seen but the artemisia, or wild 
sage. . . . There must be something in the composition of 
the earth particularly adapted to its growth, for, whenever 
grass was scarce, we invariably found it in great quantities. I 
have travelled for days, before reaching the Columbia River, 
where nothing could be seen on the highlands or plains but 
the artemisia, which for miles looked as if the whole 
country has been cleared of all other vegetation to make 
room for it (Cross, 185 1). 

The contrast in vegetation was also striking farther south, 
near the southern end of the Laramie Range. In 1843, John C. 
Fremont remarked about the grasslands east of present-day 
Greeley, Colorado: 

With occasional exceptions, comparatively so very small as 
not to require mention, these prairies are everywhere 
covered with a close and vigorous growth of a great variety 
of grasses (Fremont, 1845). 

West of the Laramie Range, the vegetation was much 
different : 

Root 1955 1848 
Schiel 1959 1853 
Shaw 1896 1849 
Simpson 1876 1859 
Spaulding 195 3 1812-1813 (R. Stuart) 
Stansbury 1852 1849-1850 
Torrey 1845 1842 
Townsend 1839 1833 
Wislizenus 19 12 1839 

. . . although the road was not rendered bad by the nature 
of the ground, it was made extremely rough by the still 
rough bushes of “artemisia tridentata,” in this country 
commonly called sage . . . . The greater portion of our 
subsequent journey was through a region where this shrub 
constituted the tree of the country (Fremont, 1845). 

Even after passing into the area dominated by sagebrush, 
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The Snake River Plains 

Comments about the Snake River Plains of southern Idaho Farther downstream on the Columbia, near its junction 

. . . a great sandy plain which supports little vegetation, 
except the wormwood and thorn-bushes. . . the only 
vegetation along the margin is the wormwood, and other 
low, arid plants, but some of the bottoms are covered with 
heavy, rank grass (Townsend, 1839). 

[The] face of the country [is] dry, barren, swelling plains; 
not an acre capable of cultivation; some bunch grass, and a 
generous supply of wild wormwood (Farnham, 1843). 

suggest that the pristine vegetation was largely brush with with the Deschutes River, grass was dominant: 

scant grass. The range provided so little forage that travelers 
frequently complained about hungry livestock. Even the The crests of the distant swells were fringed with 

abundant water in the river failed to provide wide expanses of grass; not a shrub or tree on all the field of 

lush herbaceous growth because the stream is incised in a (Farnham, 1843). 

canyon across much of Idaho. Of all the areas in the 
Intermountain West, none generated such disparaging remarks Even the thorough observer Fremont failed to remark 

as the Snake River Plains: sagebrush in this region: 

bunch 
vision 

about 

[We passed] through a fertile, hilly country, covered as all 
the upland here appears to be with good green grass 
(Fremont, 1845). 

The whole face of the country appears level before us, a 
sight we have scarcely been indulged with, even in 
miniature. since we left the Columbia Plains, than which 
these seem far more extensive, and like them, the sage, 
wormwood, and salt wood cover a parched soil, of sand, Areas both north and south of the Columbia supported a 
dust and gravel (Spaulding, 1853). mixture of grass and shrubs: 

. . . one of the most arid plains we have seen, covered 
thickly with jagged masses of lava, and twisted wormwood 
bushes (Townsend, 1839). 

. . . Face of the country the same as that passed over on the 
8th-scarcely grass enough to feed our animals, and that 
dried to hay (Farnham, 1843). 

This is unquestionably the most barren of all the mountain 
deserts. It abounds in absynth, cactus, and all such plants 
and herbs as are chiefly found on arid lands (De Smet, 
1843). 

[The Snake River Plains] were covered as far as could be 
seen with artemisia, the dark and ugly appearance of this 
plain obtained for it the name of the “Sage Desert” 
(Fremont, 1845). 

It was fortunate for us it had been so little travelled, for we 
were soon to enter a country, on Snake River, that was 
entirely destitute of grass to the Cascade mountains, a 
distance of 700 miles (Cross, 185 1). 

It is said that the Indians of this place are snakes in the 
grass, but it is much to be regretted that the river is not a 
snake in the grass, whilst our cattle are in so starving a 
condition (Root, 1850). 

The Columbia River Area 

The early accounts from along the Columbia River suggest a 
vegetation cover that had more grass than the Snake River 
Plains. Stands of pure grass occurred in some locales, but a 
mixture of woody shrubs and herbaceous growth was 
characteristic. In the area near Walla Walla, Washington 
sagebrush was apparently abundant: 

The country through which we are now passing was a 
mingling of hills, steep rocks, and valleys covered with 
wormwood, the stems of which shrub are nearly six inches 
thick, and might serve for fuel (Franchere, 1854). 

The Nez-perce and Spokane plain is at least a thousand feet 
elevated above the bed of the river. It is dry, stony, 
undulating, covered with bunch and nutritious grass, with 
prickly pear and wormwood (De Smet, 1847). 

We are twenty days going from Willamette to Walla Walla, 
across desert and undulating lands, abounding in 
absinthium or wormwood, cactus, tufted grass, and several 
species of such plants and herbs as are chiefly found in a 
sterile and sandy soil (De Smet, 1847). 

We are now immediately on the verge of the forest land, in 
which we had been travelling so many days; and, looking to 
the east, scarce a tree was to be seen. Viewed from our 
elevation, the face of the country exhibited only rocks and 
grass, and presented a region in which the artemisia became 
the principal wood (Fremont, 1845). 

Nevada 

Travel across Nevada started in earnest after the discovery 
of gold in California, and most immigrants followed the 
Humboldt River. Moist bottomlands provided forage for 
livestock, but the uplands were poor in grass. 

Our road was across a sage desert. As far as the eye could 
reach nothing could be seen but the blue sky and a 
wilderness of wild sage. The sun was excessivly hot and 
there was not a breath of air in motion. A profound 
stillness hovered over the landscape and we seemed to travel 
in a world of sunshine, silence, and sage (Shaw, 1896). 

The Valley of the Humboldt is more or less covered with 
the several varieties of artemisia, which occupy so large a 
proportion-at least nine-tenths of the plains-of our 
territory between the Rocky and Sierra Nevada Mountains, 
and characterize its vegetation (Beckwith, 1855). 

I thought I had seen barrenness before-on the upper course 
of the Republican, on the North Platte, Green River, 
etc.-but I was green, if the regions washed by those 
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streams were not . . . . On the above-named rivers, I 
regarded cottonwood with contempt; here, a belt, even the 
narrowest fringe, of cottonwood would make a comparative 
Eden. The sagebrush and greasewood, which cover the high, 
parched plain on either side of the river’s bottom, seem 
thinly set, with broad spaces of naked, shining, glaring, clay 
between them (Duncan, 1864). 

Government expeditions in central Nevada found grass on 
high-elevation slopes, mountain canyons, and moist valley 
bottoms. Elsewhere, brush and scattered bunch grass 

The grass along our path was scattered, and we experienced 
considerable difficulty in driving over the thick masses of 
sage. . . . The ridge was rough and thickly covered with 
several varieties of artemisia-the sage so large and stiff that 
our animals were very reluctant to pass through it 
(Beckwith, 1855). 

For four days we moved up the San Luis Valley along the 
base of the Sierra Blanca in a northwesterly direction 
through fields thick with artemisia, the only thing which 
grows well in the deep sand soil (Schiel, 1859). 

characterized the vegetation: 
Elsewhere in the area west of the Colorado Rockies, the plant 

The entire country between the Humboldt Mountains and cover was similar; along the Yampa River, Farnham found 
the Sierra Nevada of California is a rugged mountain area travel was impeded by shrubs: 
with only the most miserable vegetation. 

The hills were destitute of timber and grasses; the plains 
bore nothing but prickly pear and wild wormwood. . . . It 
[sagebrush] stands so thickly over thousands of acres of the 

Only here and there on the slope of a mountain or in the 
narrow valleys and ravines can one find grass for the 
animals (Schiel, 1859). 

Grass is found in abundance upon nearly every 
range . . . (the valleys) generally support several varieties of 

mountain valleys, that it is nigh impossible to urge a horse 
through it; and the individual who is rash enough to 
attempt it will himself be likely to be deprived of his 
moccasins, and his horse of his natural covering of his legs _ 

artemisia, relieving them from the character of barrenness 
or desert (Beckwith, 1855). 

(Farnham, 1843). 

In the area around Great Salt Lake, grass was abundant in 
In some narrow mountain-gorges, where there is abundance 
of moisture, we find a quite luxuriant vegetation; but 
wherever the country opens out, it assumes the character of 
barrens and deserts. The growth of the valleys consists 
mostly of several species of Artirnisia [sic] (sage) and allied 
plants, becoming more and more dwarfish, and assuming a 
more sterile character, where the soil is more sandy and 
poor. In spots which receive moisture only periodically, and 
have a stiff, clay soil, greasewood is the prevailing 
vegetation. Places which are subject to overflows, and kept 
moist during the greater part of the year, favor the growth 
of wire-grass, and other coarse swamp-grasses; more 
mountainous localities of this kind are covered with 
meadows of a tall grass resembling somewhat rye. At still 
more swampy points, rushes and sedge-grasses occupy the 
surface. Over dry, deep sandy slopes, an exceedingly 
nutritious grass is scattered in single bunches, bearing large 
sweet seeds, which are eagerly sought for by animals and 
Indians (Simpson, 1876). 

the wet valley bottoms and on mountain slopes. Farther 
the increasingly dry soils supported mostly shrubs: 

west, 

Beyond the Jordan, on the west, the dry and otherwise 
barren plains support a hardy grass (called bunch grass), 
which is peculiar to these regions, requiring but little 
moisture, very nutritious, and in sufficient quantities to 
afford excellent pasturage to numerous herds of cattle 
(Stansbury, 18 5 2). 

Our path led all day through fine fields of grass, which 
sometimes occupied the surface unopposed by more hardy 
plants, but at others was thickly interspersed with 
artemisia, of the greasewood and rabbit bush varieties. The 
large central portion of this valley towards the lake is an 
alkaline plain (Beckwith, 1855). 

[The desert] produces only a small growth of “artemisia” 
and greasewood . . . at the springs there is an abundance of! 
grass (Simpson, 18 59). 

A. tridentata is the “everlasting sagebrush”! This is by far 

the growth never so dense as to seriously obstruct the way, 
but very uniform over large surfaces, very rarely reaching 

the most prevalent of all species, covering valleys and 

the saddle height of a mule and ordinarily but half the 

foothills in broad stretches farther than the eye can reach, 

altitude (Humphreys, 187 1). 

It is clear from the comments that these observers failed to 

* . * artemisia covering the whole face of the country. 

differentiate among shrub species and that the woody plants 

(Beckwith, 1855.) 

were collectively referred to as “artemisia” or “sage.” 

Valleys of the Southern Rockies 
Westbound travelers along the Arkansas River encountered 

plants they identified as “sage” west of Bent’s Fort, Colorado; 
it is likely that the species was sand sagebrush (Artemisia 
fiXfXa) and not big sagebrush: 

Conclusions 

In summary, the early writings describing the northern 
Intermountain West suggest a pristine vegetation visually 
dominated by shrubs. The importance of herbaceous plants 
within this brush cover is difficult to discern from the journal 
descriptions, but the frequent references to the lack of 

Beyond [i.e., west of] this the variety of artemisia known abundant forage for livestock imply that such growth was far 

as sage first begins to appear in quantity; and grass and from luxuriant. Stands of grass were usually confined to wet 
water away from the main water-courses becomes scarce valley bottoms, moist canyons, and mountain slopes, although 
(Beckwith, 1855). more extensive areas of eastern Oregon near the Cascades may 

also have been grassland. However, the major area of the 
West of the Sangre de Cristo Range, thick sagebrush Intermountain West was covered not by grass, but by thick 

dominated the vegetation: stands of brush, when the first Europeans began probing those 
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unknown regions. 
The original condition of the range has implications for 

management. As brush was abundant in times prior to 
livestock grazing, its dominance of the vegetation today 
cannot always be considered evidence of over-grazing. 
Moreover, attempts to eradicate brush and encourage pure 
stands of grass cannot be justified in terms of reestablishing 
the “natural” plant cover. Grazing has caused an increase in 
the density of brush in many areas, but woody shrubs were an 
important, perhaps a dominant, component of the pristine 
ranges of the semiarid west. 
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Waterfowl Production in Relation to 

Rest-Rotation Grazing 

FRANK M. GJERSING 

Highlight: Duck production was compared in two rest-rotation cattle grazing 
systems and normally grazed areas in Phillips County, Montana, from 1968 to 
1970. Pair populations generally increased in pastures excluded from cattle 
grazing the previous year and decreased in pastures grazed in the fall of the 
previous year. In eleven of twelve instances, complete rest or grazing on1.y during 
spring and early summer, resulted in an increase of the number of broods the 
following spring. In five of eight instances grazing during summer and fL11 
resulted in a decrease of broods the following spring. 

In an attempt to improve 
watersheds and increase forage 
production for livestock on western 
ranges, rest-rotation grazing systems 
(Hormay, 196 1) are becoming 
increasingly popular with land 
managers. Each of these systems 
requires the presence of livestock 
water, usually stockponds, which are 
valuable for waterfowl production. 

The purpose of this study was to 
determine the effects of certain 
rest-rotation systems on waterfowl 
production. 

Study Area 

Two study areas were located in 
Phillips County in northcentral 
Montana; one was 12 miles south 
(Milk River Association Pasture) and 
one was 50 miles north (Liebel-Math 
Pasture) of the town of Malta. These 
areas included 20,650 and 4,320 acres, 
respectively. Gieseker (1926) de- 
scribed the physiography of the area as 
rolling plains dissected by deeply in- 
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trenched streams and coulees. Rough, 
broken land is found along most of the 
streams and in the more feebly gla- 
ciated areas. 

The climate is semiarid and is 
characterized by low rainfall, great 
temperature extremes, and a large 
number of sunny days (Gieseker, 
1926). The mean annual precipitation 
is 1 1.84 inches. Precipitation for 1968 
and 1969 was 1.14 and 0.48 inches 
below average, respectively. In 1970, 
precipitation was 1.75 inches above 
normal. Average temperatures for the 
period April through July for 1968, 
1969, and 1970 were 59.1, 57.3, and 
58.7’F, respectively. 

Fifty-four reservoirs were located 
on the two study areas--33 on the 
south area and 21 on the north. The 
reservoirs were of two types: pit type 
or “dugouts” (a total of 8 on the 
south and 10 on the north area) and 
retention dams (25 and 11 on the 
south and north areas, respectively). 

The upland was mainly a grassland 
community. Crested wheatgrass 
(Agropyron cristatum), ’ bluestem 
(Agropyron smithii), needleleaf sedge 
(Carex eleocharis), blue grama 
(Bou teloua gracilis), J u n egrass 
(Koeleria crista ta), Sandberg bluegrass 
(Poa secunda), and needleandthread 
(Stipa comata) were the dominant 
grasses and grasslike plants. Dominant 
forbs in eluded yarrow (A chillea 
millefolium), fringed sagewort 
(Artemisia frigida), salt brush (A triplex 
nu ttalii), and plain tain (Plan fago spp. ). 
Dominant shrubs included silver 

’ Plant nomenclature follows Booth (1950) 
and Booth and Wright (1959). 
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sagebrush (Artemesia cana), saltbrush 
(A triplex nuttalii), and rose (Rosa 
spp.). Shoreline vegetation consisted 
mainly of slender s pi k e-sedge 
(Eleocharis a cicularis), longstem 
spike-sedge (Eleocharis macrostachya), 
and foxtail barley (Hordeurn 
jubatum). Emergent vegetation 
included American water plaintain 
(Alisma plan tago-aquatica) and 
arrowleaf (Sagittaria cuneata). Sag0 
pondweed (Potamogeton pectinatus), 
milfoil (Myriophyllum exalbescens), 
and aquatic buttercup (Ranunculus 
aquatilis) w cl-e the principal 
submergents. 

Methods 

The division of the south and north 
areas into five pastures each was 
completed in the fall of 1966 and 
1967, respectively. Before this each 
area was continuously grazed for at 
least 6 months as were the controls 
throughout the study period. The 
general grazing plan essentially 
followed that of Hormay (1961), with 
each system being subjected to yearly 
grazing treatments as shown in Figures 
2 and 3. 

Two pits and three retention 
reservoirs were selected outside of 
each experimental study area for 
controls to compare waterfowl 
production on reservoirs in pastures 
under normal grazing with those under 
rest-rotation grazing. 

Censuses of the breeding 
populations were made during spring 
and early summer each year except 
1968 on the south area. Observations 
of pairs, lone drakes, or combinations 
indicating pairs, were used to estimate 
the breeding population (Hammond, 
1959). 

Brood counts were made each 
summer from both areas at 

approximately 1 O-day intervals from 
early June to September 15. All 
broods were recorded as to species, age 
class, date observed, and number of 
young. Broods observed only once on 
a specific pond were considered 
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Table 1. Estimated number of breeding 
pairs of waterfowl on the two study areas, 

Number of pairs 

1968 1969 1970 
South unit - 71 93 
South controls 
North unit 39 

18 24 
47 49 

North controls - 16 21 

Totals 39 152 187 

transient (Berg, 1956). Calculation of 
brood production followed that of 
Gallop and Marshall (1954). 

Time permitted evaluation of the 
effects of rest-rotation grazing on 
vegetation only on the south study 
area. A permanent lOO-foot line 
transect (Canfield, 1941) was 
established on each of three shrub 
types. The numbers of individual 
plants of key species of shrubs and 
grasses in square-foot frames placed at 
IO-foot intervals along the line were 
counted in mid-May oE 1968 and 
1970. Canopy coverages of upland and 
shoreline vegetation were determined 
on each of the five pastures in the 
area. The method was a modification 
of Daubenmire (1959). Twenty 2- by 
5-dm plots were placed along a 
lOO-foot tape at 5-foot intervals. 
Within these plots, the percentage of 
canopy coverage of each taxon was 
visually estimated and recorded by 
c 1 a sses. The vegetation occurring 
within the plots was also recorded in 
one or more of five height classes for 
each category of canopy coverage. 

Shoreline length was obtained 
during the fall of 1970. A calibrated 
wheel was pushed around each 
reservoir at the high and low waterline 
for that year. 

No intensive nest searches were 
made, but for nests found, the 
following information was recorded: 
distance to water, species of duck, and 
fate. 

Results 

Breeding Pair Populations 

Breeding pair populations were 
composed principally of dabbling 
ducks, although redheads (Aythya 
americana), ruddy ducks (Oxyura 
jamaicensis), r ingnecks (Aythya 
collaris), canvasbacks (Aythya 
valisineria), and lesser scaups (Aythya 
affinis) were seen as spring migrants. 
Lesser scaup and canvasback pairs 
comprised the diver populations after 
June 10. 

The estimated numbers of pairs on 
the south and north study areas are 
shown in Tables 1 and 2, respectively. 
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Table 2. Comparison of pairs of waterfowl use on retention and dugout ponds, 1969-70. 

Type 

Retention 
Dugouts 

No. of 
ponds 

49 
17 

Total pairs Pairs/pond 

1969 1970 1969 1970 

141 169 2.9 3.4 
11 18 0.6 1.1 

Pairs/1000 ft 
of shoreline 

1969 1970 

2.0 2.5 
0.9 1.5 

Pair populations increased on both 
areas during the years of census. 
Blue-winged teal (Anas discors) and 
lesser scaup showed the greatest 
increase on the south, while pintail 
and lesser scaup showed the greatest 
increases on the north. 

The maximum number of breeding 
pairs per acre of water occurred in 
1970 when there were 1.2 and 1.8 
pairs for the south and north areas, 
respectively. Comparable data for the 
controls for the two study areas during 

the same period were 3.1 and 3.3 
pairs. The higher pair density 
occurring on the controls may have 
been due to selecting largely 
retention-type control ponds, whereas 
those ponds on the study areas were 
all inclusive within a unit area and thus 
included a higher percentage of 
dugouts. 

Retention-type ponds held the 
highest density of breeding pairs. The 
average nutnber of pairs for both years 
on retention-type and dugouts was 3.2 

South Area 1969/70 

Rest Spnng Early Summer 

North Area 1968/69 

18/16 

Spring Early Summer 
_- 

4/6 

Rest 

I/a 

Fall 

North Area %X9/70 

Fig. 1. Changes in breeding-pair numbers. in relation to grazing treatments. Grazing periods 
for the.first year arc listed at the top of each pasture; for the second, at the bottom. 
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and 0.9, respectively. Pairs per 1,000 
feet of shoreline on these same types 
averaged 2.3 and 1.2 (Table 3). 

The greatest increase in breeding 
pairs in relation to grazing treatments 
on the south area from 1969 to 1970 
occurred in pasture four (Fig. 1). This 
pasture was rested during 1969 and 
grazed from May 1 to July 20 during 
1970. The only decrease on this area 
occurred in pasture five, which was 
grazed in the fall of 1969 and rested 
during 1970. 

Differences in numbers of breeding 
pairs in relation to grazing on the 
north area were difficult to assess 
because the small pasture size resulted 
in overlap between pastures of 
breeding pair territories. 

Brood Populations 

Brood production on the south and 
north study areas increased over the 
3-year period, with pintails and 
blue-winged teal showing the greatest 
increase on both (Tables 4 and 5). 
Brood production for the same period 
on control areas remained fairly 
constant on the south area and 
increased on the north area. 

The greatest decrease in size of 
broods occurred within 2 weeks after 
hatching. During this period, an 
average loss of 1.8 ducklings per brood 
in 1969 and 1.4 during 1970 was 
recorded. After this time, the loss 
dropped to less than 0.2 ducklings per 
brood. Similar findings were reported 
by Low (1945), Earl (1950), Keith 
(1961), and Miller and Collins (1954). 

The maximum number of broods 
per acre of water (transient broods 
excluded) occurred in 1970, when 
there were 1.2 and 2.1 broods for the 
south and north areas, respectively. 
Comparable data for the controls of 
the two study areas during the same 
period were 1.9 and 2.3 broods. With 
an average of 6 ducks per brood, about 
9 ducks per acre of water were 
produced to flying stage. Two new 
reservoirs, built in pasture five on the 
south area during the fall of 1968, 
were excluded from these figures. 
These reservoirs totaled 13.4 acres but 
produced no broods during 1970. 

Brood use was much higher on 
retention ponds than on dugouts. Only 
three broods were observed on 
dugouts during the period of study. 

Changes between years in numbers 
of broods produced in relation to 
grazing treatments are shown in 

Table 3. Brood production on the south study area, 1968-1970. 

Number of broods Average brood sizea 

Species 1968 1969 1970 Avg 1968 1969 1970 Avg 

Pin tail 4(2)b 13(3) 17(2) 11 3.0 4.5 5.6 4.4 
Mallard 6 13(3) ll(2) 10 5.0 6.1 5.5 5.5 
Baldpate 6 9(2) 15(l) 10 5.8 6.3 5.5 5.9 
Shoveler 6(l) 6(2) 11(l) 8 5.8 9.3 9.8 8.3 
Blue-winged teal 4(2) 2 16(5) 7 5.3 3.0 7.1 5.1 
Gadwall 9(2) 4 6 6 4.8 6.8 7.3 6.3 
Lesser scaup 1 1 1 10.0 9.0 9.5 

Total 35(7) 48(10) 77(11) 53 5.1 6.1 6.7 6.2 

Controls 12 11 13 12 5.4 5.8 5.9 5.7 

aAverage brood size given is Class IIc - IIIa. 
bNumber of transient broods is shown in parentheses. 

Table 4. Brood production on the north study area, 1968-1970. 

Species 

Number of broods Average brood sizea 

1968 1969 1970 Avg 1968 1969 1970 Avg 

Pintail 
Baldpate 
Shoveler 
Mallard 
Gadwall 
Blue-winged teal 
Lesser scaup 

Total 

Controls 

4(2)b 11(5) 
6(l) 7 
4 10(l) 

i(l) 
3(3) 
1 
2 
1 

9(l) 
WI 
5 
5(l) 
4 

8 3.3 4.8 3.9 4.0 
7 5.2 7.3 6.9 6.5 
6 6.3 7.4 4.4 6.0 
4 5.7 4.0 6.0 5.2 
3 6.0 5.0 7.3 6.1 
3 6.5 9.0 7.8 
1 9.0 2.0 5.5 

22(4) 35(9) 39w 32 5.2 6.3 6.1 5.9 

4 9 11 8 3.7 5.7 5.3 5.3 

aAverage brood size given is Class IIc - IIIa. 
bNumber of transient broods is shown in parentheses. 

6/19 

Soultggy&d-ea 

2 

5 

Sprmg, Early Smmer Spmg Early Summer 

4 Fall 

7/5 

Fall Rest 

12/3 

I SlIIllNl~~ 

19/18 

I 

Fall 

Fall 

S/12 

Rest 

1969/70 

2 Sprang Carly Summer 

19/21 

summer 

4 Rest 

3/22 

Sprang Early Summer 

Sprmg Early Summer 

Fig. 2. Numbers of broods in relation to grazing treatmwts in the south area. Grazing 
periods for the first year are listed at the top o,f each pasture; for the second, at the 
bottom. 

Figures 2 and 3. In 11 of 12 instances, summer and fall resulted in a decrease 
complete rest or grazing only during of broods in five of eight instances. 
spring and early summer resulted in an Largest fluctuations in numbers of 
increase of broods the following broods between any two years con- 
spring. Conversely, grazing during sistently followed this pattern. 
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Vegetation 

The line intercept data showed an 
increase in canopy coverage of all 
three shrub types from 1968 to 1970, 
with the greatest increase (22.6%) 
occurring in the silver sage type (Table 
6). Counts of plants in square-foot 
plots in this type showed an increase 
in the number of mature plants from 
two to nine and an increase in the 
number of seedlings from 6 to 16. 
Total numbers of key grasses occurring 
in all square-foot plots increased from 
93 to 200. This increase may have 
been greater, as bluestem was present 
in all types but was counted in only 
the saltbrush type. 

Table 5. Canopy cover (%) and number of plants in squarefoot plots on each of three 
shrub types of the south study area, 1968-1970. 

Canopy cover 

Shrub type 1968 1970 

Silver sagebrush 16.4 20.1 
Saltbush 0.5 0.8 

Rose 5.1 5.6 

Bluestem 

1968 1970 

- 
58 77 

- - 

Number of plants 

Needleand- 
thread 

1968 1970 

29 78 
- - 
- - 

Green 
needlegrass 

1968 1970 

- - 
- - 
5 45 

Table 6. Mean cover (%) and frequency (%) of occurrence of vegetation on the south study 
area for 1969 and 1970 as determined by measurements on 40 stands in upland and 20 
stands in shoreline vegetation. 

Mean canopy coverage and 
frequency of occurrence of each plant 
species as shown by the 20- by 50-dm 
plots are listed in Table 7. The canopy 
coverage provided by grasses increased 
about 60% from 1969 to 1970, 
whereas bare ground decreased about 
22%. These increases in grass canopy 
occurred in bluestem, blue grama, 
needleleaf sedge, six-weeks fescue 
(Festuca octiflora), and Sandberg 
bluegrass. A slight increase in 
percentage canopy of forbs was found 
over the 2-year period, with the 
greatest increase occurring in the 
dominant forb: fringed sagewort. A 
decrease in lichens from 21% to 5% 
also occurred. 

Upland grasses and 
grass-like plants 

Bluestem 
Blue grama 
Needleleaf sedge 
Sixweeks fescue 
Sandberg bluegrass 
0 ther grasses 
Total 

Forbs 

Cover Frequency 

1969 1970 1969 1970 

4 7 35 32 
9 28 61 89 
7 11 50 59 
T 9 1 44 

13 24 77 91 
6 T 33 5 

41 66 99 99 

Large fluctuations were found in 
the height of vegetation within 
individual pastures. The largest 
increase in the height of both upland 
and shoreline vegetation occurred in 
pastures which were rested for an 
entire year. Increases also occurred in 
pastures where only spring and early 
summer grazing occurred and regrowth 
was allowed in summer and fall. 
Largest decreases occurred in pastures 
which were grazed during late summer 
and fall. 

Fringed sagewort 
Opuntia polycantha 
Plain tain 
Sphaeralcea coccinea 
Other forbs 
Total 
Others 
Bare ground 
Lichens 

Shoreline 
Bechmannia Syzigachne 
Slender spike-sedge 
Longstem spike-sedge 
Bare ground 

6 12 51 64 
2 1 15 10 
6 6 71 74 
T 1 4 11 
4 2 31 7 

16 18 99 95 

31 24 100 100 
21 5 83 87 

T 3 16 14 
44 41 58 90 
95 60 100 88 

3 29 26 63 

Table 7. Number of breeding pairs, broods, and estimated breeding success on both study 
areas, 1968-1970. 

Species composition of shoreline 
vegetation changed slightly from 1969 
to 1970 (Table 7). Percentage canopy 
coverage of spike-sedge decreased 
while arrowleaf increased. The reason 
for the decrease in spike-sedge may be 
attributed to weather. Heavy rainfall 
during the summer of 1969 filled 211 
reservoirs to capacity and stimulated a 
dense growth of longstem spike-sedge 
(E. macrostachya). As the waterlevels 
rapidly decreased through August, a 
dense growth of slender spike-sedge 
(Eleocharis acicularis) appeared on the 
exposed shoreline. These conditions 

Number of pairs Number of broods Success (%) - 

Area 1968 1969 1970 1968 1969 1970 1968 1969 1970 

South Unit - 71 93 35 48 77 - 68 83 
South Controls 18 
North Unit 39 47 

24 12 11 13 - 61 54 
49 22 35 39 56 74 80 

North Controls - 16 21 4 9 11 - 56 52 

Total - 152 187 73 103 140 - 68 74 

did not occur during 1970. 
Shoreline vegetation did not 

develop on most reservoirs until the 
fall of 1968 and then only on those 
ponds that were not grazed in late 
summer or fall. By 1970, shoreline 
vegetation was abundant on all 
retention type ponds over 3 years of 
age (Fig. 4) and had appeared in small 
amounts on some pit type reservoirs. 
By 1970, grazing of the shoreline by 
cattle seemed to result in only a slight 

reduction in total ground cover, but a 
great reduction in height of vegetation 
was still apparent. Within a period of 2 
weeks after cattle had been turned 
into a pasture, grazing and trampling 
had reduced most of the vegetation 
within 15 yards of the shore to a 
height of 3 inches or less. 

Although no detailed vegetational 
measurements were taken on control 
ponds, visual observation indicated 
that height of shoreline vegetation 
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until incubation was complete on most 
nests. Kirsh (1969) found that nest 
success on ungrazed areas was twice as 
high as on grazed areas. Anderson 
(1957) reported that 42.2% of 116 
nests on idle land in California 
hatched, whereas none of seven nests 
on grazed land hatched. Glover (1956) 
found 24.4% nesting success on idle 
land and lightly grazed areas in Iowa, 
compared with only 10.5% success on 
heavily and moderately grazed areas. 

Eight nests were found during the 
period of study, three of which had 
been trampled by cattle. When residual 
shoreline vegetation is present, certain 
species of ducks, preferring to nest 
close to water, may be subjected to 
nest loss by trampling. When such 
areas are opened to grazing in late 
spring or early summer and temporary 
waters are nonexistent, cattle use is 
concentrated around existing 
reservoirs. A flexible grazing system 
which could delay grazing on such 
areas until after the peak of hatching 
may further increase the nesting 
success. 

Waterfowl breeding habitat must 
first attract breeding pairs but must 
also be of sufficient quality to permit 
successful reproduction. Table 7 
compares the number of breeding pairs 
and resulting production in 1969 and 
1970 on both study units and their 
controls. An increase in breeding pairs 
was indicated from 1969 to 1970 on 
both study areas and their controls. 
However, productivity was decidedly 
higher on the study areas than on their 
controls in 1969. In 1970, although all 
areas had an increase in breeding pairs, 
the study areas showed a further 
increase in breeding success, while the 
controls showed a slight decrease. 

These data suggest that the 
increased vegetation being provided by 
the rotational grazing system is 

providing additional nesting and/or 
brood-rearing security. In contrast, the 
controls with no visual increase in 
vegetation may be showing a negative 
response to an increase in breeding 
pairs. Bellrose et al. (196 1) discussed 
the relationship between ponds and 
breeding pair productivity and sug- 
gested that an inverse relationship 
existed between population density 
and production of young ducks 
(Errington’s inversity principle). 

Management Suggestions 

In the establishment and 
management of rest-rotation systems, 
the range manager can increase 
benefits to waterfowl if the following 
guidelines are applied: 

1) Construct retention type ponds 
instead of dugouts whenever possible. 

2) After the end of the earliest 
treatment (spring and early summer 
grazing) move cattle out of the pasture 
and close the gates behind them. This 
will allow for regrowth of the 
vegetation and provide residual cover 
for nesting the following spring. 

3) Delay grazing of pastures with 
residual cover (those rested or those 
grazed only during spring and early 
summer the previous year) until 
incubation is completed on most 
nests-approximately July 1 in this 
area. 
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Diet Overlap of Deer, Elk, and Cattle 

in Southern Colorado 

R. M. HANSEN AND L. D. REID 

Highlight: The monthly diets of mule deer and elk were 
estimated by microscopic analyses of fecal samples from 
December, 1970, through November, 19 71, and from June, 
1971, through Sep tern ber, 19 71, for cattle. Seasonal 
preferences for plants were observed for mule deer and elk. 
Deer diets consisted primarily of browse except in summer and 
early winter when grasses were taken in significant amounts. 
Forbs were eaten by deer in small amounts only in the spring 
and summer. Elk diets were mostly grasses, but a significant 
percentage of browse was consumed in all seasons except the 
summer. Cattle diets from June through September were 
almost entirely grasses or grass-like plants. Dietary overlap 
between deer and elk ranged from three percent in winter to 
48% in summer; of deer and cattle in summer from 12% to 
38%; of elk and cattle in summer from 30% to 51%. The 
diversity of plants in the diets was similar for deer, elk, and 
cattle. 

Published reports on herbivore diets differ widely in 
methodology and analyses of results (Kufeld, 1973; Kufeld et 
al., 1973). Numerous studies have been conducted on mule 
deer (Odocoileus hemionus), elk (Cervus canadensis) and cattle 
(Bos taurus) relating food habits to range plants, animal body 
condition, and interspecific competition for food (Cliff, 1939; 
Schwan, 1945; Julander, 1955; Morris and Schwartz, 1957; 
Mackie, 1970; McKean and Bartmann, 1971; Constan, 1973). 
These studies show large variation by year of study, location, 
specific herbivore, and research techniques. Therefore, dietary 
overlap calculated from different reports may or may not be 
comparable. Hansen et al. (1973) reported that the 
microscopic analyses of fecal and esophageal samples yield 
comparable results in terms of degree of dietary overlap 
between cattle, bison, and sheep. 

The purpose of the study reported herein was to estimate 
seasonal dietary overlaps for mule deer, elk, and cattle which 
have a free choice of available range plants on the same range 
for the same dates, using the microscopic analysis of fecal 
sample technique. 

Study Areas 
This study was made on a private ranch encompassing an 

area of 728 km2. The ranch headquarters is located 8.3 km 
east of Fort Garland, Colorado, on the west slope of the 
Sangre De Cristo Mountains (Fig. 1). Aerial surveys in 1970 
revealed that the ranch annually supports approximately 2,500 
elk and 4,000 deer. At the time of the study, the ranch did not 
own range livestock, but sold permits for grazing only in the 
summers. About 2,000 cattle were grazed during the summer 
when the study was conducted. The western edge of the ranch 
is flat, semidesert typical of the San Luis Valley. The foothills 
vary in altitude from 2,500 to 2,900 m and receive an 
estimated 18 to 51 cm of precipitation annually. Streams fed 
from the higher mountains flow through the foothill meadows 
and provide water for irrigation of crop land. The higher 
altitudes of the ranch range from 2,750 to 4,115 m and receive 
in excess of 75 cm of precipitation annually. 

There are five relatively distinct range types in the study 
area, The sagebrush-grass type occurred at elevations of 2,440 
to 2,750 m. Terrain varied from flat to rolling hills and to 
relatively steep slopes at some locations. Big sagebrush 
(Artemisia tridentata) is the dominant plant but other shrubby 
species of importance are: Douglas rabbitbrush 
(Chrysothamnus viscidiflores), Parry rabbitbrush 
(Chrysothamnus parryi), fringed sagewort (Artemisia frigida), 
broom snakeweed (Xanthocephalum sarothrae), and threadleaf 
snakeweed (Xanthocephalum microcephala). Growing in asso- 
ciation with these shrubs are a variety of grasses such as: 
western wheatgrass (Agropyron smithii), blue grama 
(Bouteloua gracilis), smooth brome (Bromus inermis), prairie 
Junegrass (Koeleria cristata), Indian ricegrass (Or_vzopsis 
hymenoides), mountain muhly (Muhlenbergia montana), and 
fescues (Festuca). Forbs are not abundant in the sagebrush- 
grass type. Important forbs are pingue actinea (Hymenoxys 
richarsoni), rough goldenaster (Chrysopsis hispida), wild buck- 
wheat (Eriogonum), fleabane (Erigeron), lupine (Lupinus), and 
mustards. The sagebrush-grass type borders on the pinyon- 
juniper and mountain meadow types. 

The pinyon-juniper type is found at elevations of from 
2,500 to 2,900 m. The topography is similar to the sagebrush- 
grass type varying from flat to hilly. The dominant 
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the middle of each month. The subsamples of dung were 
cornposited for each species of herbivore to make a monthly 
sample. 

Microscope slides were prepared of identified reference 
plants, and fecal samples as described by Sparks and Malechek 
(1968), Ward (1969), and Flinders and Hansen (1972). Fields 
on each microscope slide were viewed at 100 X for identifiable 
fragments. Twenty fields were examined on each of 20 
microscope slides per fecal sample. The average number of 
identifiable fragments per field averaged approximately three, 

The microscope technician was trained to identify the 
fragments of the species of plants occurring in each study area. 
The technician learned to identify and quantify plant frag- 
ments with the use of practice slides prepared from samples of 
known dry weight composition. Each fragment encountered in 
a field of the microscope was identified if its observed 
characteristics matched the leaf, stem, flower, seed, or other 
plant parts of the same material on a reference slide. Analyses 
were based on comparisons with about 150 species of vascular 
plants from the study area. 

The relative percent density (RD) of recognized plant 
fragments in each of the fecal samples was estimated by 
observing fields located systematically on each of the slides. 
The occurrence of each recognized plant species in each field 
was recorded. Average percent frequency was computed for all 
plant species present in the samples. The relationship of 
percent frequency per field density of discerned fragments per 
field can be determined by the formula: 

F= lOO(1 - esD). 

For a given percent frequency (F), the mean density (D) of 
discerned particles of a species per microscope field can be 
determined. The density of particles per field was converted to 
relative percent density (RD). RD = (X / Y) a 100, where X = 
density of discerned fragments for a species and Y = sum of 
densities of discerned fragments for all species. It was assumed 
that the percentage relative density of identified plant frag- 
ments is a good approximation for the relative amount of each 
plant eaten (Todd and Hansen, 1973). 

Similarity indices (Gauch, 1973) were used to compare 
botanical composition between diets of herbivores by the 
expression: 

I 
2 Z min (Pij, Pik) PSO’k)=lOO l I 

Z(Pij + Pik) 

where Pij and Pik are percentages in the diets for foods i in the 
two samples j and k being compared. PS is the percentage 
similarity of two diets for the plant species which are shared (= 
identical). 

A trophic diversity index is assumed to indicate variety and 
evenness components in diets (Hurtubia, 1973). High trophic 
diversity indices express high potential adapatability for a 
herbivore to select foods. Trophic diversity was calculated on 
the basis of Shannon’s (1948) formula: 

S 

I$‘=- ill (N i INI ln (N i /N), 

where N is the total number of identified plant fragments in a 
diet and Ni is the number of individual fragments in the ith 
genus of plant in a fecal sample. Average trophic diversity was 
estimated by: 

H=H~+H~+H’,......H’L 

N 

where H is a mean monthly trophic diversity for a herbivore. 
The plant names used follow the common and scientific 

name combinations recommended by Beetle ( 1970). 

Results and Discussion 

The major foods of mule deer in the winter were big 
sagebrush, pinyon pine, fringed sagewort, true mountain- 
mahogany, and brome; in spring, big sagebrush, fringed 
sagewort, true mountainmahogany, bladderpod (Lesquerella), 
and pinyon pine; in summer, true mountainmahogany, sedge, 
fescue, bluegrass, fleabane, Gambel oak and juniper; and in the 
autumn, big sagebrush, true mountainmahogany, pinyon pine, 
juniper, and rabbitbrush (Table 2). 

In winter elk diets mainly consisted of western wheatgrass, 
brome, needlegrass, bluegrass, winterfat (Erotia), true moun- 
t ainmahogany, and falset arragon sagewort (Artemisia 
dracuncoloides); in spring, brome, sedge, fescue, bluegrass, 
needlegrass, creeping barberry (Berberis repens), juniper, and 
true mountainmahogany; in summer, sedge, fescue, bluegrass, 
needlegrass, and Gambel oak; in autumn, western wheatgrass, 
falsetarragon sagewort, bluegrass, fescue, sedge, juniper and 
brome (Table 3). 

The cattle ate mainly danthonia, fescue, bluegrass, sedge, 
and blue grama (Table 4). 

Winter monthly diet similarity between mule deer and elk 
ranged from 2.6 to 20.1% (Fig. 2). For the winter period mule 

Table 2. Foods (% in diet) of mule deer near Fort Garland, Colo., in 
Winter (Dec.-Jan.-Feb.), spring (Mar.-Apr.-May), summer (June-July- 
Aug.), and autumn (Sept.-Ott.-Nov.), 1970-7 1. 

Plant name* Winter 

Seasonal diets 

Stxing Summer Autumn 

Western wheatgrass 
Blue grama 
Brome 
Sedge 
Fescue 
Muhly 
Bluegrass 
Dropseed 
Needlegrass 
Fringed sagewort 
Big sagebrush 
Milkvetch 
Sahbush 
Pussytoes 
Creeping barberry 
True mountainmahogany 
Rabbitbrush 
Tansymustard 
Fleabane 
Winterfat 
Rockspirea 
Juniper 
Fireweed summercypress 
Peavine 
Pepperweed 
Bladderpod 
Common starlily 
Alfalfa 
Prickly pear 
Loco 
Pinyon pine 
Gambel oak 
Seed of dicot 
Buffaloberry 
Globemallow 
Snakeweed 

4 

1 
<l 
<l 
18 
44 

1 

1 
6 

<l 

<l 

1 
<l 

2 

<l 

1 

22 

1 

1 

4 

<l 
9 

46 
2 

<l 
10 
4 
1 

3 
2 

<l 

<l 
4 

<l 
1 

12 

<l 

1 
2 

7 
20 

1 
10 

1 

1 

<l 
2 

26 

9 

1 
7 

<l 

<l 
1 

<l 
1 

5 

4 
1 

3 

<l 

4 

2 

23 

2 

45 
5 

2 

8 
<l 

6 

Cl 

*Plant names follow Beetle (1970). 
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Table 3. Foods (% in diet) of elk near Fort Garland, Colo., in winter 
(Dec.-Jan.-Feb.), spring (Mar.-Apr.-May), summer (June-July-Aug.), 
and autumn (Sept.&t.-Nov.), 1970-71. 

Plant name* Winter Spring Summer Autumn 

Western wheatgrass 
Blue grama 
Brome 
Sedge 
Danthonia 
Fescue 
Muhly 
Indian ricegrass 
Bluegrass 
Dropseed 
Needlegrass 
Falsetarragon sagewort 
Big sagebrush 
Alder 
Saltbush 
Creeping barberry 
True mountainmahogany 
Rabbitbrush 
Springparsley 
Fleabane 
Winterfat 
Rockspirea 
Juniper 
Bladderpod 
Lupine 
Alfalfa 
Lanceleaf bluebells 
Pricklypear 
Pinyon pine 
Gambel oak 
Sumac 
Seed of dicot 
Buffaloberry 
Globemallow 
Small soapweed 
Snakeweed 

26 
Cl 
27 
<I 

2 

7 

10 

1 
7 
1 

5 

4 
<l 

1 

<l 

2 
3 

11 
11 

13 
2 

13 

16 
3 
3 

6 
4 
1 

<l 
8 

<l 

1 

2 

1 

21 

37 
1 

15 

8 

1 
4 

1 
1 

<l 
<l 

1 

<l 

1 
6 

<l 

<l 
1 

25 
1 
5 
3 
1 

12 

<l 
14 
<l 

1 
1 

<l 
4 
3 

<l 
3 

4 

1 

<l 

<l 
3 

1 
1 

*Plant names follow Beetle (1970). 
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Fig. 2. Mean percentage diet overlap for deer, elk, and cattle grazing 
rangeland near Fort Garland, Colorado (I 9 70- 71). 
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Table 4. Foods (% in diet) of cattle near Fort Garland, Colo., from 
June through September, 1971. 

Plant name* June July Aug. Sept. 

Danthonia 36 28 31 
Fescue 21 32 16 22 
Sedge 8 9 7 58 
Bluegrass 18 18 25 11 
Blue grama 11 1 8 1 
Muhly 1 1 9 1 
True mountainmahogany 2 5 3 
Needlegrass 2 1 3 2 
Bladderpod 2 
Wheatgrass 2 
Rabbitbrush 1 
Threeawn 1 
Pinyon pine 1 
Fleabane 1 
Buffaloberry <l 
Seed of dicot <l 

*Plant names follow Beetle (1970). 

deer and elk concentrated in areas 2 and 3 (Table 5) and both 
ate significant amounts of true mountainmahogany and 
brome. Spring diet similarity between mule deer and elk 
ranged from 10.1 to 23.3% and diet overlap occurred primarily 
for true mountainmahogany, big sagebrush, fringed sagewort, 
and bluegrass. Mule deer and elk concentrated in area 4 during 
March, but most deer and elk fed in different areas in spring. 
Dietary overlap in March occurred mostly for true mountain- 
mahogany and big sagebrush. The summer diet similarity 
ranged from 23.3 to 48.0% and was primarily for sedge, 
fescue, bluegrass, and true mountainmahogany. Mule deer and 
elk Were concentrated in different areas during the summer. 
The overall diet similarity for the summer period was higher 
than that for any other season for mule deer and elk. 

The autumn diet similarity indices of mule deer and elk 
ranged from 5.6 to 39.8%. September and October diets 
overlapped the least and November diets the highest. For two 
autumn months mule deer and elk occupied area 1 and in 
November both ate significant amounts of true mountain- 
mahogany, western wheatgrass, fescue, rabbitbrush, winterfat, 
and juniper. 

Diet similarity between mule deer and cattle ranged from 
12.1 to 37.8% for the 4 months of cattle grazing. Mule deer 
and cattle were mostly concentrated in different areas but 
there was a high overlap in the diets for sedge, bluegrass, 
fescue, and true mountainmahogany. 

Elk and cattle diet similarities ranged from 30.4 to 50.9% 
and elk and cattle fed in the same areas (areas 1 and 7). Diets 
overlapped strongly for sedge, fescue, and bluegrass. The 
average monthly diet similarity index between elk and cattle 
(42 + 8%) was higher than that of elk versus deer (22 + 14% or 
deer versus cattle (28 + 12%). 

Mule deer and elk tended to graze the same areas when 
(October through March) the range plants were primarily 
dormant. The dietary overlap averaged (PS = 17 f 13%) lower 
between deer and elk on fall and winter ranges than it did in 
the spring and summer (April through September, PS 27 + 
14%). Mackie (1970) reported similar findings on the dis- 
similarity of food habits of deer and elk in Montana, In the 
Montana study, the feeding areas used by deer and elk 
overlapped most between April and September and less at 
other times. Therefore, deer and elk food habits appear to be 
more similar in the plant growing season and less similar at 
other times whether or not they primarily use the same 



Table 5. Species of herbivore and area primarily used for feeding near 
Fort Garland, Colo., from December, 1970, through November, 1971. 

Area Herbivore Months used 

1 Cattle Sept. ‘71 
Elk Sept., Oct., Nov. ‘71 
Mule deer Oct. and Nov. ‘71 

2 Elk Dec. ‘70 and Jan. ‘7 1 
Mule deer Dec. ‘70 and Jan. ‘71 

3 Elk Feb. ‘71 
Mule deer Feb. ‘71 

4 Elk March ‘71 
Mule deer March ‘71 

5 Mule deer April ‘7 1 
6 Elk April ‘7 1 
7 Cattle June, July, and Aug. ‘71 

Elk May, June, July, and Aug. ‘7 1 
8 Mule deer May, June, July, Aug., and Sept. ‘71 

feeding areas or adjacent feeding areas. 
In this study cattle grazing was restricted to the areas 

selected by the ranch manager within the rest-rotation 
livestock management plan for the ranch. At the time of this 
study the ranch manager was vitally interested in stocking the 
ranges on the basis that would assure sustained forage and 
livestock production at a high level during the plant growing 
season and to “save” as much forage as possible on the lower 
ranges used in winter by deer and elk. Thus, the interspecific 
food relations of deer, elk, and cattle were only from June 
through September on the summer ranges of deer and elk. On 
summer ranges elk and cattle diets overlap deer diets about 
the same percentage (elk vs deer, PS = 32 + 13%; cattle vs. 
deer, PS = 28 + 12%). Cattle and elk diets overlapped 
the most (PS = 42 + 8%). 

The diversity of plant species eaten by each herbivore may 
constitute a useful parameter in ecological comparisons of 
sympatric species since it expresses the food niche breadth and 
it complements the studies on overlap and competition 
(Schoener, 1971; Hurtubia, 1973). Trophic diversity averaged 
1.52 + .40 for deer and 1.73 + .3 1 for elk over the 12 months 
(Table 6). Although it is generally believed that elk are more 
versatile than deer in food habits, their mean trophic diversity 
(fi) values in this study were not significantly different. On 
summer ranges (June through September) the average fi values 
were similar for deer (fi = 1.59 * .63), elk @I = 1.59 It .46) and 
cattle (n = 1.60 + .23). Though all herbivores share the plants 
in an ecosystem, all feed in a different way. Most large 
herbivores are adapted to eat a variety of plants and changes in 
the botanical composition caused by a prolonged drought do 
not strongly affect their survival as a species population even if 
their numbers dwindle. 

Stocking ranges so that they will assure sustained forage for 
livestock and wildlife production at a high level is a desirable 
goal. The frequent selection of planning criteria is by intuition 
(Gross, 1972) and faulty planning occurs if the wrong criteria 
are used. Without intensive experimentation a performance 
measure of the ranch manager’s goals cannot be estimated. 
However, we believe the observed relations may be similar on 
many “common-use” ranges. 
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Steer Diets in Southeastern Colorado 

RELDON F. BECK 

Highlight: Hereford steers having continuous access to 
seeded, native, and old field pastures selected over 96% of 
their diet from six species of grasses and forbs. Changes in 
species preferences due to availability and maturation of plants 
caused shifts in summer grazing use made on the different 
pastures. A grazing proposal based on diets and the periods 
when steers preferred different forage species is to use old field 
pastures from mid-spring to early summer, seeded pastures in 
mid-summer, and native pastures in late summer through fall. 

Cattle production in southeastern Colorado is an 
economically important industry. Gross income from the sale 
of cattle grown on pastures and rangelands has increased 
annually for the past decades (Guellow and Jones, 1961). 
Lands on which the grazing industry depends support three 
vegetation types: native, seeded, and old fields. Much of the 
land that was cultivated from the 1880’s to the 1930’s was 
abandoned after the drouth and economic depression of the 
latter decade. Thousands of hectares of this formerly 
cultivated land have been used for grazing since abandonment 
(Underwood, 1944; U.S. Bureau of the Census, 1972). Part of 
this former cropland is in various successional stages (old field 
pastures) while the remainder has been reseeded with native 
grasses. Other lands not cultivated have been used 
continuously for grazing since the area was first settled. 

The purpose of this study was: (1) to determine dietary 
habits of grazing steers having access to either seeded, native or 
old field pastures during the growing season; and (2) to 
propose a grazing scheme from the dietary information which 
will allow more efficient use of available forage. 

Study Area and Procedures 

Research was conducted on three 16-ha pastures on the 
Southeastern Colorado Branch Experiment Station, located 16 
km southwest of Springfield, Baca County, Colorado. Data 
were collected from May 1 to October 15, 1967, and from 
July 1 to October 15, 1968. Each pasture represented one of 
the three vegetation types commonly found in the area: 
seeded, native, and old field. The seeded pasture in this study 
had been reseeded to sideoats grama (Bouteloua curtipendula) 
and blue grama (B. gracilis) in 196 1. The three pastures were 
adjacent with no intervening fences. Eight yearling Hereford 
steers used for observations were free to graze in all pastures. 
Stocking rate was 2.5 acres per steer month, which allowed 
light to moderate use of the pastures. I 

The general area is characterized by climatic and biological 
factors typical of the Central and Southern Great Plains 

The author is assistant professor, Department of Animal, Range and 
Wildlife Sciences, New Mexico State University, Las Cruces. Gratitude 
is expressed to the staff of the Department of Range Science, Colorado 
State University,. and to personnel of the Southeastern Branch 
Experiment Station, Springfield, Colorado, for help during this 
research. 

Manuscript received June 17, 1974. 

regions. The climate is a semiarid, temperate, continental type; 
irregular rainfall patterns characterize the seasons and the year. 
The average annual precipitation for the past 12 years from 
the U.S. Weather Station located 5 km northeast of the study 
pastures (station headquarters) is 37 cm. About 80% of the 
annual precipitation falls during the growing season. Winter 
snows are infrequent rilld contribute little to soil moisture. 
Evaporation from a freewater surface averages 170 cm from 
April 1 to October 31 (Table 1). The average temperature 
since 1957 is 11.6”C with an annual maximum near 38’C and 
the minimum near -22’C. The period between frosts is 
approximately April 15 to September 30. However, the length 
of the growing season is dependent upon moisture availability 
rather than temperature. 

During the 1967 and 1968 growing season, the plant 
composition in each pasture was determined by a variation of 
the step-point method proposed by Evans and Love (1967). 
Sampling was in mid-growing season and nearly all plant 
species growing on the pastures were detected. Most plants 
growing on the pastures were perennials, and little difference 
in composition was noted between years. Therefore, 
composition data for each pasture were averaged for both 
years. 

Steer diets were determined by counting the number of 
bites a steer ate of each plant species. Steers were observed 
almost every morning and evening on 5 continuous days every 
other week throughout the two summers. Generally, only one 
steer was observed for any observation period, and all steers 
were observed at least once in a sampling week. Observation 
periods usually lasted 75 minutes. The morning period started 
a few minutes after sunrise, and the evening period was 
completed while a few minutes of sunlight remained. 

Steers were observed from a pickup truck which did not 
visibly influence the movements of the steers as they grazed. 
Identification of plant species being eaten was aided by using 7 
X 35 mm binoculars. To aid identification of plants being 
grazed, the pastures were mowed to a 4-inch stubble each 

Table 1. Precipitation (cm) and evaporation (cm) data for South- 
eastern Colorado Branch Experiment Station, Springfield, for the 
growing seasons of 1967 and 1968. 

1967’ 1968’ 

Months Precip. Evap. Precip. Evap. 

April 2.3 28.0 1.0 20.9 
May 2.3 24.1 5.8 22.6 
June 12.2 24.2 2.3 35.3 
July 4.7 25.0 10.1 32.2 
August 5.2 24.0 2.8 27.1 
September 2.8 19.5 0.5 24.2 
October 0.4 18.9 0.2 19.3 

Total 29.9 163.7 22.7 175.1 

1 Precipitation = O 1 8 . 
Evaporation 

2 Precipitation = O 1 3 
Evaporation 
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spring to remove old growth. Removal of old growth also Table 2. Average botanical composition (%) by step-point frequency 
allowed steers to graze more selectively. on three pastures in 1967 and 1968. 

The bites selected from each plant species were recorded as 
some fraction of a bite (air-dry basis) of sand dropseed 
(Sporobolus cryptandrus). This comparison was made for each 
observation week by handplucking samples of plant species 
most abundant in steer diets. The mean dry weight for a 
handpluck of each plant species was calculated as a fraction of 
the mean dry weight for a handpluck of sand dropseed. This 
produced constants which were multiplied times the number 
of bites eaten of each respective plant species. This 
computation allowed a comparison of bites eaten from various 
sized plant species. The percent that each plant species 
contributed to diets was averaged for all three pastures for 
each month of observations. Diets for both summers, being 
very similar on a month-to-month basis, were averaged. 

Pastures 

Species 

Grasses 
Blue grama 
Buffalograss 
Sand dropseed 
Sideoats grama 

Forbs 
Kochia 
Lambsquarter 

All others 

Seeded Native Old field Average 

13.2 37.6 3.4 18.1 
5.2 41.0 27.4 24.5 
4.4 8.4 38.2 17.0 

65.3 1.2 2.2 22.9 

4.3 3.9 5.4 4.5 
0.4 1.8 1.4 1.2 
7.2 6.1 22.0 11.8 

Grazing time on each pasture was recorded during 
observation periods. The percent of time steers spent grazing 
on each pasture was similar for both years, and was averaged 
for both years into 2-month segments. 

Results and Discussion 

Plant Composition of Pastures 

Each pasture had two perennial grasses which comprised at 
least 65% of available herbage (Table 2). The two most 
common grasses on the seeded pasture were sideoats grama 
and blue grama. The most frequent grasses on the native 
pasture were blue grama and buffalograss (Buchloe 
dactyloides); on the old field pasture sand dropseed and 
buffalograss were most abundant. Other grasses besides blue 
and sideoats grama found on the old field pasture comprising 
2% to 12% of the vegetation were three-awns (Aristida spp.), 
western wheatgrass (Agropyron smithii), and tumblegrass 
(Schedonnardus paniculatus). Kochia (Kochia scoparia) and 
lambsquarter (Chenopodium album) were the most common 
forbs present on all three pastures. Other forbs were present in 
trace amounts and were occasionally eaten by the steers. 
Common forbs included within this group were slimflower 
scurfpea (Psoralea tenui_fZora), scarlet glovemallow 
(Sphueralcea coccinea), fetid marigold (Dyssodia papposa), 
common sunflower (Helianthus annua), and Russian thistle 
(Salsola kali). 

pastures. This agrees with findings of others, including 
Springfield and Reynolds (195 l), who found cattle selected a 
wide variety of plants when given free choice. Steers ate the 
more co tnmon plants in both summers: blue grama, 
buffalograss, sand dropseed, sideoats grama, kochia, and 
lambsquarter (Table 3). Dominant grasses on each pasture 
made large contribution to steer diets although seasonal 
changes in preference were evident. Sand dropseed was 
important in May and June and then declined during the 
remainder of the season, although still dominant in July and 
August (Table 3). Blue grama made up 20% to 25% of the 
diets until late season when it became dominant. Sideoats 
grama and sand dropseed are similar in appearance and growth 
form, and both initiate growth earlier than either blue grama 
or buffalograss. Since steers appeared to seek green forage 
after eating dry winter feed, sand dropseed and sideoats grama 
contributed considerably to spring diets. Sand dropseed was 
preferred over sideoats grama by the steers, even though more 
of the latter was available on all 3 pastures. After blue gratna 
and buffalograss started growing, the steers ate more of these 
two species, possibly because the steers preferred new green 
growth, or because sand dropseed and sideoats grama were 
becoming less palatable due to maturation. 

Aerial plant cover on all pastures averaged over 80% with 
the seeded pasture having slightly less than the other two. 
Most plant species were perennial in nature, thus, only slight 
variations were found in species composition between years. 

Diets 

Steer diets in southeastern Colorado were comprised of 
nearly all plants present on seeded, native, and old field 

Buffalograss consumption was not related to availability 
(Fig. 1). Dwyer (1961) observed that cattle ate very little 
buffalograss on “shallow sites” in northern Oklahoma even 
though it comprised over 57% of the vegetation on this site. In 
the present study, buffalograss contributed little to diets 
throughout 1967 and in early 1968, but in October, 1968, 
over 45% of forage selected from native pasture was 
buffalograss. The reason for the difference between the 2 years 
was that luxuriant forage of many species was available to the 
steers in 1967, whereas in 1968 the vegetation was drier and, 
during the latter part of the season, the lower half of 
buffalograss plants was essentially the only green forage 

Table 3. Average botanical composition (%I) of diets of steers having free access to seeded, native, and old field pastures in 1967 and 1968. 

Month 

Species May 1 June ’ July August September October Average 

Grasses 
Blue grama 
Buffalograss 
Sand dropseed 
Sideoats grama 

Forbs 
Kochia 
Lambsquarter 

All others 

26.0 19.9 26.3 17.3 36.0 46.6 
8.8 5.1 3.2 1.1 6.0 18.2 

37.3 48.2 29.1 34.1 22.7 11.7 
23.0 17.7 18.9 17.2 4.5 6.5 

1.4 7.4 19.7 28.3 15.5 10.6 
- 1.0 1.5 0.5 14.2 4.9 

3.5 0.7 1.3 1.6 1.1 1.6 

29.1 
8.1 

31.2 
16.4 

10.2 
2.9 

2.1 

1 1967 data only. 

JOURNAL OF RANGE MANAGEMENT 28(l), January 1975 49 



u 
CL 

50 

40 

30 

20 

10 

60 

50 

40 

30 

20 

BLUE GRAMA I BUFFALOGRASS 

SAND DROPSEED SIDEDATS GRAM4 

LAMBSQUARTER 

Fig. 1. Frequency of six key forage species in steers’ diets (crosshatch 
bar) and that available on seeded (S), native (N), and old .ficld (OF) 
pastures (open bar). 

available. Buffalograss does not appear to be an important 
forage plant during the growing season in this area. However, 
ranchers who live in the area report that it is readily eaten by 
cattle during the fall and winter. 

Forbs were important in steer diets on all three pastures. 
Kochia and lambsquarter were the most abundant forbs and 
were eaten readily when available. Kochia became important 
in the diet when it attained 8 to 10 cm in height, which 
usually occurred about 1 month after sufficient soil moisture 
was available for growth. Thereafter, plants of kochia were 
sought and eaten with relish during all stages of growth on all 
three pastures. 

In 1967 lambsquarter was eaten while immature, and again 
after seed maturity. Steers would wrap their tongues around 
the lambsquarter plants and pull upward, taking in seed and 
any leaves present. In 1968 lambsquarter was scarce and never 
comprised over 2% of the diets. According to Hoehne et al. 
(1968), luxuriant growth of lambsquarter depends on average 
or above-average rainfall during the growing season in western 
Nebraska. During this study, precipitation in 1967 was near 
the long-time average, and in 1968 it was 13 cm below the 
long-time average. The shortage of moisture available in June, 
1968, may have been partially responsible for the scarcity of 
lambsquarter, and may explain why it was not abundant in 
steer diets that year. The steers ate many other forbs, 
including Russian thistle, fetid marigold, common sunflower, 
scarlet globemallow, and slimflower scurfpea, but not in a 
regular pattern nor in any large quantities. 

Steer preference for plant species was affected by 
phenological stage. Nearly all species of plants were eaten 
while young and growing. When flowering started, some 
species were no longer eaten while others became preferred. 
Steers ate the culms and inflorescences of blue grama, 

buffalograss, sand dropseed, and sideoats grama when these 
were encountered, but generally grazed on regrowth from 
plants of grass grazed previously. After grasses matured, steers 
tried to find plants that were partially green. In contrast, when 
forage was lush, steers appeared to purposely select dry, 
mature plants after eating a considerable quantity of lush 
forage. When dry plants were wet from either dew or rain, the 
steers did not exhibit any preferences among the plants they 
selected to eat. Similar observations have been reported by 
Springfield and Reynolds (I 95 1) and Dwyer (1961). 

Time spent grazing on each pasture was quite similar for 
both years. Time spent on the old field declined from 50% in 
May and June to 24% in September and October (Fig. 2). 
Grazing time on the native pasture increased as the season 
progressed, which correlates directly with seasonal changes in 
steers diets. Animals never grazed seeded pasture as long as the 
other pastures. The seeded pasture was farthest from water, 
being 400 m away, but distance from water was not regarded 
as the reason for the lesser amount of grazing on this area. 
Steers may have slighted this pasture because of the 
predominance of sideoats grama and the lack of other 
preferred plants. Most sideoats grama present was yellow-green 
in color, and steers appeared to prefer dark-green plants. All 
the sideoats grama plants on the native and old field pastures 
were dark green and were highly preferred by the steers. Steers 
utilized yellow-green plants on the seeded pasture only during 
the last few weeks of both summer grazing seasons. Dwyer et 
al. (1964) reported that cattle did not utilize yellow plants of 
sideoats grama and attributed color difference between plants 
to the differing amounts of soil nitrogen. 

Grazing Program 

Results of this study indicate that successful grazing 
programs for this area should be based only on perennial 
plants; any apnual plants are a luxury to cattle diets. This is 
exemplified by the amount of lambsquarter available as forage 
between the two summers. Based on the steer’s selection of 
predominant perennial grasses (Table 3) and time spent grazing 
on a particular pasture (Fig. 2), the following proposal should 
benefit cattle and pastures: 

Old field pastures-late April to early July 
Seeded pastures-early July to mid-late August 
Native pastures-late August to late fall. 

q  SEEDED 
NATIVE 

MAY - JUNE * JULY - AUGUST SEPTEYBER - OCTOBER 

* 1967 DATA ONLY 

Fig. 2. Mean percent grazing time steers spent 
native, or old field pastures in 1967 and I968. 

on either 
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This proposal indicates when’ cattle would most likely 
utilize forage growing on particular pastures. For ranchers 
having varying amounts of the three pasture types, the 
proposed scheme can only serve as a guide, and adjustments 
would be necessary for each rancher’s particular situation. 

Where all three types are in a large unit and in fairly equal 
proportions, fencing may not be necessary. No particular 
species should be over utilized when the unit is stocked 
properly, and seasonal preferences would naturally shift cattle 
from one area to another. However, if proportions of the three 
types are unequal, the smallest type may be over utilized when 
its most abundant species is highly preferred. This situation 
was observed on Branch Station pastures other than those used 
in this study. 

Vegetation composition on old field and native pastures are 
fairly similar in this general area. However, some seeded 
pastures have been planted to grasses other than sideoats 
grama, and for these pastures the above grazing scheme and 
many related statements may not hold true. 

Conclusions 

1. Steers given free-choice to many plant species are 
selective, and their diets change during a summer grazing 
season. 

2. Sand dropseed, an early plant in secondary succession in 
southeastern Colorado, is preferred by steers. Land owners in 
this area should consider managing part of their grazing lands 
for sand dropseed for use in late spring and early summer. 

3. Sideoats grama should be used sparingly as a species 
with which to reseed pastures in southeastern Colorado. It 

tends to exhibit nitrogen deficiency more readily than other 
native species, which may partly explain its lack of 
palatability. More research is needed to improve established 
sideoats grama stands and to find other species with which to 
reseed in this area. 

4. Forbs are important in livestock diets and should be 
fully utilized when available; however, because many are 
annuals and their presence fluxuates with erratic rainfall, no 
grazing system should be dependent upon them. 
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ELECTION RESULTS 

The 1,799 ballots cast in the 1974 election were 
counted on December 11. Selected by the membership 
to serve the Society during the next three years were: 

President Elect . . . . . . . . . . . . . Bob J. Ragsdale 
Directors . . . . . . . . . . . . . . . Lyman C. Linger 

E. H. McIlvain 

The new officers will be installed at the forthcoming 
Annual Meeting in Mexico City, at which time Dr. 
Dillard H. Gates, the current president elect, will succeed 
to the presidency. Dr. Ragsdale will serve as president in 
1976 and the two newly elected directors will serve for 
the three-year term 19751977. 

Retiring next month from the Board of Directors are 
Past President Martin H, Gonzalez and Directors John H. 
Ehrenreich and F. Robert Gartner. The very significant 
service rendered to the Society by these men is greatly 
appreciated. 

Bob Ragsdale is a native Texan and currently is 

project leader in range science and range specialist at the 
Texas Agricultural Extension Service. 

Lyman Linger is a rancher in Loveland, Colorado. 
“Pat” McIlvain is engaged in agricultural research on 
range forage-beef cattle management systems. 

Lee Carr, Carl Fonte, Phil Sims, Al Denham, John 
Clark, and Jeff Burwell made up the committee 
responsible for counting the ballots. Ballots and tally 
sheets are kept on file in the Society office for a period 
of one year. 

A proposed amendment to the SRM Bylaws passed 
by 1,629 votes to 112. The revision is as follows: 

Article II. Officers and Directors (changes in italics) 
Section 4. Vacancies in any unexpired term, or any 

elective office declared vacant by the Board of Directors, 
shall be filled from among the Society membership by a 

majority vote of the Board of Directors, except that in 
the event of a vacancy in the office of president, the 
president elect shall fill the same. Any elected or 
appointed officer or director who fails to fulfill the 
responsibilities of the position may be removed from 
office with a two-third (2/3) majority vote of the Board 
of Directors meeting in regular or special session. 
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Diet and Performance of Sheep 

on Rangeland in Semiarid Argentina 

J. P. BISHOP, J. A. FROSETH, H. N. VERETTONI, AND C. H. NOLLER 

Highlight: During 1 Y68 a study was conducted with sheep grazing sandhill In the present investigation, 
pasture in the semiarid area of Argentina. Measurements made included objectives were to determine 
botanical analyses of forage available, forages selected, intake, body weight, and forage species available, 
wool growth. Botanical analyses showed that sheep selected their diet from _ ^__^ ___ _ contribution of these forages to 

the 
the 
the 
the 

species comprising less than one-jourth oj all forage available. Two coarse 
perennials, Sporobolus rigens and Hyalis argentea, representing between 64.0 

diet of grazing sheep, and the nutiient 

and 84.8% by weight of all forages available, were not consumed by the sheep. 
intake and performance of sheep 

The animals preferentially grazed certain species even when these species were 
u nd er grazing conditions in the 

available in very low amounts. Digestible organic matter intake, body weight, sandhill area of semiarid Argentina. 

and wool production followed a similar pattern. An inadequate intake of energy 
would appear to be the most serious nutritional deficiency identified by this Materials and Methods 
study. 

The cattle and sheep industry in 
semiarid Argentina is based primarily 
on n a t ural unimproved pastures. 
Extensive grazing combined with low 
and erratic rainfall has seriously 
affected the naturally occurring plant 
species and modified the botanical 
composition and ecological structure 
of the original plant communities. 

Economics preclude the use of 
concentrates to improve animal 
performance in this region. Therefore, 
more attention must be given to 
preventing further deterioration of 

pastures and to improvement of 
livestock production through better 
forage management. However, before 
improved systems of pasture 
management can be developed, more 
information is needed on the botanical 
composition of pastures and the 
botanical and nutritive composition of 
the diet selected by sheep grazing the 
pastures. Any management system 
developed should be one which is 
mutually beneficial to both the plant 
and the animal. 

The experiment was conducted on 
the experimental farm of the National 
University of the South at Argerich, 
35 km southwest of Bahia Blanca, 
Argentina. The 3 2-ha experimental 
area was representative of the 
surrounding area and had been 
subjected to grazing practices similar 
to those in the surrounding area. 

The sandhill grassland area typical 
of that used in the present study 
covers an area of approximately 4 
million ha and extends both south and 
southwest of Bahia Blanca. The plant 
communities of this area have been 
described by Verettoni (1964, 1965). 

The climate at Argerich is 

Table 1. Monthly rainfall (mm) in Argerich, Argentina. 
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January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

1908-1938 1951-1968 

Average Range Average 

48 O-168 51 
46 O-187 49 
70 8-191 76 
40 O-148 49 
31 o-115 28 
11 o- 45 49 
18 O-102 34 
19 O-110 18 
34 O-150 42 
67 6-169 57 
49 6-l 65 57 
48 O-178 69 

Range 1967 1968 

3-107 
2-113 
2-248 
o-147 
0- 96 
6-163 
o-135 
0- 69 
O-128 

12-178 
8-188 

lo-162 

Totals 482 243-860 579 308-85 3 

29 3 
113 28 

:; 
67 

2 
51 0 

9 34 
23 20 

0 20 
60 36 

178 28 
42 64 
76 162 

635 464 
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temperate with a yearly average 
temperature of 14OC. The average 
summer temperature is 2 1.8 ‘C, and 
the average winter temperature is 
6.5”C. Temperatures below 0°C can 
occur on the average during 7 months 
each year. The average rainfall 
between 1951-68 was 579 mm with a 
monthly distribution as presented in 
Table 1. 

The experiment was initiated 
January 1, 1968, and terminated 
December 3 1, 1968. Monthly 
observations were made of the amount 
of forage available within plots using 
the weight estimate method (Pechanec 
and Pickford, 1937). Samples were 
taken each month, within a few days 
before or after the collection of 
esophageal fistula samples, by clipping 
40 random square -meter quadrats in 
the field, hand separating the species 
in the field, drying the samples for 24 
hours at 75’C, and weighing the 
clippings. 

Four esophageal fistulated (Bishop 
and Froseth, 1970) and five intact 
fecal bagged 2-year-old Corriedale 
wethers were used to determine in 
vitro organic matter digestibility 
(IVOMD), digestible organic matter 
intake (DOMI), the percent protein of 
consumed forage, and total protein 
intakes. 

Esophageal fistula samples were 
collected four consecutive days each 
month from the four esophageal 
fistulated sheep. The sheep were not 
permitted to graze for about 3 hours 
before sampling. This period coincided 
with their observed normal rest period. 
Samples were collected in the evening 
for periods of 30 to 45 minutes. The 
extrusa was thoroughly mixed and 
divided into two equal sub-samples, 
one for botanical analysis and one for 
laboratory analysis. The saliva was 
retained as part of the sample. The 
sub-samples for botanical analysis were 
frozen and stored. The samples for 
laboratory analyses were dried at 75°C 
for 24 to 36 hours and ground through 
a l-mm screen. 

Forage intake was estimated from 
the IVOMD of samples collected from 
the esophageal fistulated sheep and 
total fecal collection data from the 
five intact fecal bagged sheep the 
second, third, and fourth day of each 
esophageal collection period. 

Weight gains were determined with 
1 7 2-year-old Corriedale wethers 
grazed on the 32-ha field using a 
put-and-take system (Mott and Lucas, 
1 9 5 2). All sheep were weighed 
monthly at the same time of day after 
being withheld from water for 12 
hours. The average initial weight of the 
17 tester animals was 42.6 kg. An 

SDoro4olus rrqms 

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

MONTHS 

Fig. 1. Monthly variation in forage species available to qazinl: sheep. 

initial grazing pressure of 1.25 
sheep/ha was reduced to 0.75 sheep/ha 
during the winter months of May, 
June, and July. 

The wool dye-banding technique of 
Williams and Chapman (1966) was 
used to measure the monthly wool 
growth of 8 of the Corriedale wethers. 
Grams of wool produced each month 
were determined from staple length 
delineated with dye-banding and total 
fleece weights determined by shearing 
at the conclusion of the experiment. 

All sheep had free access to water, 
salt, and 1: 1 mixture of salt and 
bonemeal. All sheep were drenched 
with thiabendazole every 3 months 
and dipped for external parasites at 
the beginning of the experiment. after 
the collection of esophageal fistula 
samples, by clipping 40 random 
square-meter quadrats in the field, 
hand separating the species in the daily 
botanical sub-samples were pooled 

each month by animal and divided 
into four equal parts, one for 
examination by each of four botanical 
assistants. Each assistant identified 
200 points on one pooled sample for a 
total of 800 points on each botanical 
sample. 

Total nitrogen was determined by 
the Kjeldahl method (AOAC, 1965), 
using copper sulfate as the catalyst, 
and in vitro digestibility by the 
method of Tilley and Terry (1963) as 
modified by Barnes (1966) utilizing a 
48-hour i n cuba tion with buffer 
solution and rumen fluid followed by 
an additional 24 hours incubation with 
pepsin. 

The data were subjected to analyses 
of variance. Duncan’s Multiple Range 
Test was used to determine differences 
among means (Steel and Torrie, 1960). 

Results and Discussion 
The two dominant forage species 

Erodium aculorium 

MONTHS 

Fig. 2. Monthl,y variation in contribution of various forage species to the diet. 
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identified in the present study were 
two coarse perennials, Sporobolus 
rigens and Hyalis argentea (Fig. 1). 
These two species together represented 
between 64.0 and 84.8% by weight of 
all forage available throughout the 
year. Other species making a sizable 
contribution to the forage available 
were Bromus unioloides in October 
with 17.1%, Erodium cicutarium 
15.1% in August, Cenchrus pauciflorus 
11.8% in April, and Stipa spp. 7.2% in 
March. 

Although Sporobolus rigens and 
Hyalis argen tea were the 
predominating forage species available 
in the field, there was no evidence of 
their being consumed by the sheep 
(Fig. 2). During the summer months of 
December, January, and February, the 
main forage species appearing in the 
diet of the sheep was Cenchrus 
pauciflorus representing 68.1, 64.3, 
and 89.8%, respectively, of the total 
forage consumed. During these same 
months, the amount of this forage 
available for consumption was 0.8, 
6.9, and 3.6% of the total, 
respectively. In March, April, and May 
the amount available was 4.1, 11.8, 
and 8.8% of the total, but the 
percentages in the diet were 77.3,7.7, 
and 1.4%, respectively. As 
consumption decreased, the amount 
available in the field increased. The 
decreased intake of this forage may be 
related to the formation of a spiny 
spikelet during this period and the 
consequent rejection of this forage by 

the sheep. 
As the consumption of Cenchrus 

pauciflorus declined, other species 
appearing in substantial quantities in 
the diet were Erodium cicutarium, 
Stipa spp., Hordeum leporinum, 
Bromus u n ioloides, A triplex 
semibaccata, Poa spp. and Lactuca 
serriolas (Fig. 2). The data indicate 
that the animals preferentially grazed 
certain species even when these species 
were present in very low amounts. The 
data in Table 2 illustrate the relatively 
small amount of forage available which 
is acceptable to the sheep compared to 
the total forage available. This may 
reflect grazing conditions not 
conducive for maintenance and growth 
of acceptable species. 

The percent protein in forage 
consumed by the animals ranged from 
13.6 to 26.3% with an average of 
18.8% for the year. Intakes of protein 
under the conditions of this study 
(Table 2) would not appear to be a 
limiting factor for production based 
on requirements (National Research 
Council, 1968). 

An inadequate intake of energy, 
particularly during the winter months, 
would appear to be the most serious 
nutritional deficiency identified in this 
study. This resulted from a decrease in 
energy value of the forage consumed 
and a decreased intake (Table 2). The 
DOMI varied from 6.71+0.2g in July to 
13.2+0.8g/kg W/day in March. Intake 
of digestible dry matter (DOM) body 
weights, and wool production 

followed similar trends during the 
year. Losses in weight and a reduction 
in wool growth were noted during 
June, July, and August when intakes 
averaged 8.Og DOM/kg W/day (Table 2 
and Fig. 3). The maintenance 
requirement of grazing sheep has been 
estimated to be 10.2g DOM/kg W/day 
(Langland et al. 1963). The data 
obtained in the present investigation 
indicate that over a 12-month period 
the sheep consumed sufficient 
nutrients from pasture for wool 
production and a gain of 14.3 kg. 

Botanical analyses of the diets show 
that sheep selected their diet from 
species comprisng less than one-fourth 
of all forage available. The sheep 
preferred certain forages, although 
those selected varied with season of 
the year. Any system of pasture 
management must therefore consider 
not only the species available but also 
their physiological growth patterns 
and acceptability of the species to 
animals. 

Under the semiarid conditions in 
Argentina, it appears that 
improvement of the plant community 
and livestock production from pasture 
should consider a management system 
which allows the annual spring 
herbages, such as Cenchrus 
pauciflorus, Erodium cicu tarium and 
Bromus unioloides to be grazed in the 
spring before they mature. The 
important, but less palatable, 
perennials, such as Stipa spp., A triplex 
semibaccata, and Poa spp., should be 

Table 2. Monthly variation in forage available (kg/ha), and organic matter and protein intake of sheep grazing natural pasture. 

Total Acceptable Protein 
forage forage content Protein 

available’ available’ IVOMD3 DOM14 in diet3 in take 
Month (kg/ha) (kg/ha) (%) (glkgwlday) (% in O.M.) (g/kgW/day) 

January 1576 413 55.4Cd(1.0)5 9 7bqo 9) 
February 1243 222 58 gef (0 9) 

60:gf (0:8) 
12:7d (0:6) 

13.6b (0.2) 2.5a 

13.2; (0.8) 
14.2b (0.3) 
20. ld (0.5) 

3.1bc ::::i 
March 1013 166 4.4e 
April 1588 399 51.lb (0.9) 
May 1682 340 5 1.9b (0.9) ,;*;bc;;‘;; 

18.7d (0.8) 
14. lb (0.3) 

3.1bc (‘“0.;; 
2.8ab (0:2) 

June 1276 171 47.2a (1.0) 8:6b (0:4) 19.5d (1.2) 3.6Cd (0.2) 
July 1300 162 48.2a (0.9) 22.5e (0.6) 3.2bC (0.1) 
August 1208 285 52.gb (0.8) 

6.7a (0.2) 

5 l.gb (0.6) 
8.7b (0.4) 
9 5bC(O 2) 

26.3a (0.6) 4.3e 
20.4d (0.2) 

(0.2) 
September 1336 270 3.6Cd (0.1) 
October 1098 338 53 3bc(0 8) 9’0bC(0’5) 23.0e (0.6) 3.9de (0.2) 
November 839 233 5 3’0bC(0’9) 9’8bC(0’4) 
December 1245 174 57’3de(1’2) . . 10:6’ (0:4) 

16.5’ (0.6) 3.0bc (0.1) 
16.3’ (0.6) 3.0bc (0.1) 

Year Mean 53.5 9.8 18.8 3.4 

SX - - 0.90 0.55 0.61 0.18 

’ Total forage available based on field measurements. 
2Total forage available minus the four species apparently not consumed. These include Distichlis scoparia (l.l-4.7%), Solanum eleagnifolium 

(O.l-4.9%), Sporobolus rigens (41.6-56.90/o), and Hyalis argentea. 
3 In vitro organic matter digestibility determined on samples collected from four esophageal fistulated sheep 4 consecutive days each month. 
4Digestible organic matter intake estimated from IVOMD and total fecal collections of five fecal bagged sheep 3 consecutive days each 

month. 
‘Numbers in parentheses are standard errors. Means in the same column bearing different superscripts differ significantly (p 5 .05). 
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Fig. 3. Monthly variation in digestible organic matter intake, wool production, and body 
weight. 

conserved for use in the fall and winter 
months. The interaction between 
animals and pastures should be studied 
to discover practices which more fully 
exploit the production potential of 
both plants and animals. 

The possibility of reducing the 
amount of unacceptable forage 
available in the field needs 
investigation. A reduction in amount 
of unacceptable forage in the field 
should have favorable effects on the 
yield of other species by reducing 
competition for moisture, nutrients, 
and light. 

Summary and Conclusions 

A 1 Z-month experiment was 
conducted in 1968 with grazing sheep 
in the sandhill area of semiarid 
Argentina. Field samples indicated 
that the two dominant species 

available in the field were two coarse 
perennials, Sporobolus rigens and 
Hyalis argen tea, which together 
comprised between 64.0 and 84.8% of 
the forage available to the sheep. 
These species were not consumed by 
sheep. 

Many of the species contributing 
substantially to the diet were often 
present in very low amounts in the 
field. The main species selected were: 
Cenchrus pauciflorus, Stipa spp., 
Erodium cicu tarium, Hordeum 
leporinum, Bromus unioloides, and 
Poa spp. 

Over the 1 Z-month experimental 
period the sheep were able to consume 
sufficient nutrients from pasture for 
wool growth and a gain of 14.3 kg. A 
lack of energy, particularly during the 
winter months, appeared to be the 
most serious nutritional deficiency 

identified in this study. Protein intake 
did not appear to be a limiting factor 
for production in these sheep. 
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Ecological Effects and Fate of N 

Following Massive N Fertilization 

of Mixed-Grass Plains 

W. R. HOUSTON AND D. N. HYDER 

Highlight: The response of range herbage and soils on 
mixed-grass range in southeastern Wyoming to single massive 
applications of N fertilizer was studied from 1969 to 1973. 
Herbage yields and N content of herbage were increased by 
fertilizer in all years of study. Peak responses occurred in 1.970 
and 19 71. Most of the applied N was accounted for in 19 70 in 
top growth and in mineral form. However, a substantial 
portion could not be accounted for in 1972-73. In early April, 
19 73, a significant part of the applied N was concentrated 
below* the zone of main root activity in the soil and may be 
unavailable .for future plant use. Several undesirable plants 
were increased by massive applications of N, and some 
desirable plants decreased. Massive applications of N on this 
rangeland produced both desirable and undesirable responses. 

Forage production on rangelands is limited by both 
available soil moisture and soil nitrogen (N). Only the soil-N 
supply can be readily increased. Rarely have N fertilizers been 
applied on rangelands at rates exceeding 112 kg/ha. However, 
recent investigations have shown substantial and long-term 
increases in forage production and nutrient quality from single 
massive applications of N at rates as high as 1,095 kg/ha 
(Choriki et al., 1968; Johnston et al., 1967). 

Massive applications of N on rangelands at long intervals 
may cost less than annual, smaller applications. Fertilizer N 
applied in excess of the N-immobilizing capacity of the soil 
may remain in the soil as mineral N until used (Power, 1972). 
It appears that saturation of the soil profile with N fertilizer 
may provide residual soil N for a period of years, or require 
only small additional amounts of fertilizer periodically to 
replace that used by plants (Power and Alessi, 1971). This 
would result in maximum productivity from the available 
precipitation. 

High rates of N fertilizer cause rapid and long-term changes 
in botanical composition. On the shortgrass plains of 
north-central Colorado, N fertilization substantially increased 
the annual forbs, slimleaf goosefoot (Chenopodium 

Authors are range scientists, U.S. Department of Agriculture, 
Agricultural Research Service, Fort Collins, Colorado. 

The study was conducted in cooperation with the Colorado State 
University Experiment Station. Scientific Series Paper No. 1915. 

Manuscript received March 20, 1974. 
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leptophyllum Nut t. ex Moq.), prairie sunflower (Helianthus 
petiolaris Nutt.), and Russian thistle (Salsola kali tenuifolia 
Tausch); and reduced the pioneer perennial grasses, sand 
dropseed (Sporobolus cryptandrus (Torr.) A. Gray) and red 
threeawn (Aristida longiseta Steud.) on both abandoned 
cropland (Hyder and Bement, 1972) and native range 
(Houston and van der Sluijs, 1973b). On mixed-grass range, 
substantial increases in annual species and perennial 
wheatgrasses were shown by Choriki et al. (1968) and 
Johnston et al. (1967). 

The study of range herbage, soil-N, and compositional 
responses of mixed-grass range to massive rates of N 
fertilization was conducted from 1969 to 1973. This paper 
reports the responses of herbage yields, plant N, soil mineral 
N, and botanical composition. The nitrate-N responses of 
major and potentially toxic species were previously reported 
(Houston et al., 1973). 

Methods and Materials 

Experimental plots 4.6 X 15.2 m were established on 
mixed-grass range about 8 km south of Cheyenne, Wyoming. 
The plots were replicated in three randomized blocks. Single 
applications of ammonium nitrate, at three rates of N (224, 
448, and 672 kg/ha), were made in April, 1969. 

The dominant species were blue grama (Bouteloua gracilis 
(H.B.K.) Lag. ex Steud.) and western wheatgrass (Agropyron 
smithii Rydb.). The soil was noncalcareous and alkaline (pH 
8.0) in the surface 15 cm. It was classified as a Sligo clay loam, 
with intermittent gravel below 80 cm. 

Herbage was harvested at ground level in mid-July of 1969 
through 1972. Herbage samples were oven-dried at 70°C, 
weighed, and ground through a l-mm screen. Total plant N 
was determined by the micro-Kjeldahl technique. 

Duplicate soil cores were obtained to IOO-cm depths in 
September, 1970, and in April, 1973, on each plot. The cores 
were separated into 1 O-cm segments, immediately oven-dried 
at 70°C, and crushed. Soil samples were analyzed for nitrate-N 
by the 2,6-xylenol method, slightly modified (Sabatka et al., 
1972). Ammonium-N concentrations were determined by soil 
extraction with acidified NaCl as described by Jackson (1958). 

Botanical composition was determined from frequency of 
occurrence in 100 quadrats on each plot each year. A 40- X 
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41-cm quadrat frame was used for all species (Hyder et al., Table 1. Herbage yields (kg/ha, oven-dry) harvested for 4 years 
1965). ing fertilization with ammonium nitrate in April, 1969. 

Precipitation was below average during the cropyear 
(preceeding September through following August) of 1969, 
particularly during the critical fall and spring months (Fig. 1). 
Precipitation was above average in the fall and spring months 
of the 1970 and 197 1 cropyears, but late spring and summer 
precipitation was below average. Precipitation was about 
average for 1972, except that the winter months were dry. 
Total cropyear precipitation was below the long-term average 
of 36.9 cm in all years of study. 

Year of Rate of N applied (kg/ha) 

harvest 0 224 448 672 Avg 

1969 
1970 
1971 
1972 

Yield 
1,080b’ 1,490a 1,190ab 1,510a 1,320b 

610~ 1,060b 1,120ab 1,380a 1,050c 
1,040c 1,610b 1,910a 2,040a 1,630a 

840~ 1,270b 1,390b 1,690a 1,300b 

Avg 890b 1,360a 1,400a 1,660a 

Results 

Herbage Yields 

Average herbage yields for the 4 years 1969-72 were 
increased by ammonium nitrate treatments (Table 1). The 
448-kg N rate increased yield only slightly the first growing 
season after application, but increased yield substantially in 
remaining years. Greatest increase in yield over all years was 
on the 672-kg N treatment. However, the 224-kg rate 
produced nearly the same total yield as the 672-kg N in 1969, 
the first growing season after treatment. Average yields were 
highest in 1971, the third growing season, and lowest in 1970. 
Percentage increases in yield from the N treatments were 
greatest in 1970, ranging from 72% for the 224-kg N treatment 
to 125% for the 672-kg N. 

N Concentration and N Yield of Herbage 

Ammonium-nitrate fertilizer increased total N 
concentration of herbage each year of study (Table 2). The 
672-kg N rate produced higher concentrations of plant N than 
other treatments in all years except the first. Over the 4 years 
of study, single applications of 224 and 448 kg N/ha more 
than doubled total yield of N (herbage yield multiplied by 
percent N). The 672-kg N more than tripled average yield of 
N. Peak yields of N were found in 197 1, the third growing 
season. 

N Concentration in Soil 

By September, 1970, the nitrate-N and ammonium-N in the 
soil were concentrated at different depths. Nitrate-N had 

*f- 1969 

*r 1971 *r 1972 

0- 
SONDJFMAMJJA 

T(TTAL3l.OCM 

In early April, 1973, only 57%, 550/o, and 77% of the N 
applied at 224-, 448-, and 672-kg N rates were accounted for. 
Four-year accumulation of N in the herbage was 
approximately double that found after 2 years. However, 
amounts of mineral N found in the soil in early 1973 were 
much less than in 1970. One hundred to 200 kg N/ha could 
not be accounted for. 

SONDJFMAMJJA Frequency of Species Occurrence 

TOTAL32.0 CM A 
8 

0 
SONDJFMAMJJA 

Fig. 1. Monthly precipitation during the cropyears (preceeding 
September through current August) of 19 69, I9 70, I9 71, and I9 72 
(dotted lines), IOI-year average (solid lines), and cropyear totals at 
Cheyenne, Wyoming. 

1 Treatment means within each year or column or row of averages that 
are followed by the same letter are not significantly different at the 
5% level. 

moved down from the surface and was concentrated between 
the 20- and 90-cm depths, with a distinct accumulation 
between 50 and 70 cm (Fig. 2). The less mobile ammonium-N 
was concentrated in the top 20 cm of soil. Concentrations of 
both nitrate-N and ammonium-N were in direct proportion to 
the rates of N fertilizer applied. 

Between September, 1970, and April, 1973, nitrate-N 
moved still lower in the soil profile, with a substantial 
accumulation between the 60- and 90-cm soil depths. 
Nitrate-N concentration at these depths was substantially 
greater in 1973 than in 1970 for the two highest rates of N 
applications. In 1973, 224-kg N produced only a slight 
accumulation below 80-cm. The accumulation of nitrate-N 
found on this treatment was substantially lower in 1973 than 
in 1970. In 1973, the accumulation of ammonium-N in the 
soil profile was about the same for all N rates, with 
accumulation between lo- and 30-cm. 

a slight 

Fate of Fertilizer N 

The amounts of N found in the herbage and the soil were 
summed to account for fertilizer N. In the fall of 1970, nearly 
all applied N was accounted for, except where 448 kg N was 
applied (Table 3). One hundred-six percent, 58%, and 89% of 
the N applied at the 224-, 448-, and 672-kg N rates, 
respectively, were accounted for. Soil sampling may have been 
inadequate to account for the N remaining from the 448-kg 
rate. 

Thirty-six species were present on the experimental site in 
sufficient abundance for recording. Frequency of occurrence 
of 18 species was not affected by massive rates of N 
fertilization, but was 
sampling (Table 4). 
influenced by either 
sampling. Frequency 

significantly different between years of 
Frequency of five species was not 

massive rates of applied N or year of 
of 13 other species was significantiy 

influenced by massive N treatments. These species are 
discussed individually. 

Blue grama was the most common species on the site. Mean 
frequency percentage was 100% for all N treatments from 
1969 through 1971. In 1972, frequency was reduced from 
100% to 40% by the 672-kg N, reduced to 80% by both 224 
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Fig. 2. Nitrate-N and ammonium-N concentrations in the soil profile 
in September, 1970, and April, I973, after single applications of 
ammonium nitrate fertilizer in April, 1969. 

and 448 kg N, and was unchanged at 100% on the untreated 
cant rol. 

Western wheatgrass was the second most abundant and 
highest yielding species. Mean frequency percentages by year 
of sampling and N rates were as follows: 

Year 0 224 448 672 

1969 49 75 85 73 
1970 a3 88 92 88 
1971 74 77 84 77 
1972 79 91 86 92 

In this study, western wheatgrass responded more in herbage 

Table 2. Percentage N (%) in herbage and yield (kg N/ha) of total N 
harvested for 4 years following fertilization with ammonium nitrate 
in April, 1969. 

Year of Rate of N applied (kg/ha) 

harvest 0 224 448 672 AVB 

Percent N 
1969 
1970 
1971 
1972 

Avg 

Yield of N 
1969 
1970 
1971 
1972 

Sum 

1.2c’ 2.lb 2.3a 2.lb 1.9b 
1.5c 2.4b 2.4b 2.6a 2.3a 
1.2c 1.7b 1.7b 2.la 1.7c 
1.4c 1.5bc 1.6b 1.8a 1.6d 

1.3c 1.9b 2.Ob 2.2a 

13.0 31.4 27.3 31.7 
9.2 25.3 26.8 35.8 

12.5 27.4 32.6 42.9 
11.5 19.3 21.6 30.2 

46.2 103.4 108.3 140.6 

Difference - 57.2 62.1 94.4 

‘Treatment means within each year or column or row of averages that 
are followed by the same letter are not significantly different at the 
5% level. 
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Table 3. Location and amounts (kg/ha) of fertilizer N accounted for 
in 1970 and 1973 following fertilization with ammonium nitrate in 
April, 1969. 

Year and N in soil 
rate of N 1 m deep N in 
fertilizer (NO 3 + NH, herbage Total 

1970 
0 152 22’ 174 

224 355 57 412 
448 382 54 436 
672 702 67 769 

1973 
0 2172 463 262 

224 287 103 390 
448 402 108 510 
672 638 141 779 

‘Total yield of N in herbage for 1969 and 1970. 
2 Soil N determined in early April, 1973. 
3Total yield of N in herbage for 1969-72. 

Amount of 
fertilizer N 

accounted for 

238 (loo%+) 
262 (58%) 
595 (89%) 

127 (57%) 
247 (55%) 
516 (77%) 

production than in frequency of occurrence. All N treatments 

increased frequency of western wheatgrass above that of the 
control treatment at the first sampling in 1969. In 1970 and 
1971, frequency of western wheatgrass was not different 
among treatments. In 1972, only 224 and 672 kg N increased 

frequency above that on the control treatment. 
Moderate drought in 1969 and in 4 previous years had 

reduced the stands of western wheatgrass. Thus, near-normal 
precipitation in 1970 and 1971 increased stands even on 
unfertilized plots. 

Frequency of needleandthread (Stipa comata Trin. & 
Rupr.) was slowly reduced during the study by all rates of 
applied N. Mean frequency percentages by year of sampling 
and N rates were as follows: 

Table 4. Mean frequency of plant species that were not affected by N 
fertilization. 

Mean 
frequency 

Species’ percentage 

Sum sedge (CIzrex heliophylla Mackenz.) 82 
Sixweeks fescue (Vulpta octoflora (Walt.) Rydb.) 62 
Scarlet globemallow (Sphaeralcea coccinea (Pursh) Rydb.1 58 
Thickspike wheatgrass (Agropyron dasystachym (Hook.) 

Scribn.) 
Woody buckwheat (Eriogonum effusum Nutt.) 
Erect knotweed (Polygonum erectum L.) 
Bluebell (Mertensia lanceolata (Pursh) A. DC.) 
Redowski sticktight (Lappula redowski Hornem.) Greene 
White biscuitroot (Cymopterus acaulis (Pursh) Raf.) 

Textile onion (Mium textile Nels & Macbr.) 
Whitlowwort (Draba nemorosa L.) 
Common starlily (Leucocriunum montanum Nutt.) 
Tansymustard (Descurainia pinnata (Walt.) Britt.) 
Scarlet gaura (Gaura coccinea Nutt. ex Pursh) 
Smallflower cryptantha (Cryptantha minima Rydb.) 
Wooly plantain (Plantago purshii Roem. & Schult.) 
Bladderpod (Lesquerella macroozrpa A. Nels.) 
White penstemon (Penstemon albidus Nutt.) 
Hairy goldaster (Heterothem villosa (Pursh) Skinners) 
Ironplant goldenweed (Haplopappus spinulosus 

24 
23 
21 
20 
17 
14 

11 
11 

5 
5 
4 
3 
3 
1 
1 
4 

(Pursh) DC.) 4 
Threadleaf sedge (Gzrex filifolta Nutt.) 2 
Eveningprimrose (Oenothera coronopifolia Torr. & Gray) 2 
Yellow biscuitroot (Musineon divaricatum (Pursh) Nutt.) 1 

1 The first 18 species were not affected by the N fertilization but did 
change between years. The last five species were not affected by 
either fertilizer or years. 
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Year 0 224 448 672 

1969 6.1 74 82 71 
1970 53 34 47 55 
1971 65 27 42 42 
1972 54 18 24 15 

In 1969 and 1970, frequency of needleandthread was not 
different among treatments. In 1971 and 1972, all N 
treatments reduced frequency. In 1972, N treatments reduced 
frequency of needleandthread an average of 34 percentage 
points below that of the control. This represented an average 
decrease in apparent plant density of about 73% where density 
= - log, (q/100) and q = 100 - frequency percentage (Greig- 
Smith, 1957). 

Frequency of Sandberg bluegrass (Poa secunda Presl) 
decreased rapidly in response to the massive applications of N. 
In 1969, the first year after application, none of the rates of 
applied N affected the frequency of Sandberg bluegrass. 
However, in the 3 subsequent years, all rates of applied N 
reduced the frequency of Sandberg bluegrass an average of 40 
percentage points below the 47% frequency found on the 
untreated control. This represented an average decrease in 
plant density of about 88%. 

Junegrass (Koekria cristata (L.) Pers.) was nearly 
eliminated by all rates of N. In 1969, all treatments average 
about 35% frequency. In 1970 through 1972, all N treatments 
reduced frequency of Junegrass to 1 to 2% as compared with 
the average frequency of 40% on the untreated control. 

Geyer larkspur (Delphinium geyeri Greene), a poisonous 
perennial plant, was abundant on the experimental site. Mean 
frequency percentages by year of sampling and N rates were as 
follows : 

Year 0 224 448 672 

1969 51 70 80 80 
1970 67 82 90 79 
1971 69 80 95 81 
1972 67 78 90 72 

Significant increases in frequency were found for all N 
treatments each year during the study. 

Three other perennial forb species were common on the 
experimental area. None are important forage species. 
Milkvetch, a legume tentatively identified as either Astragalus 
shortianus Nutt. or A. missouriensis Nutt., was reduced to 
trace amounts in 1972 by all N treatments. Another legume, 
showy peavine (Lathyrus polymorphus Nutt.), was essentially 
eliminated by the N treatments. Generally, we would not 
expect legumes to respond favorably to massive N fertilization. 
The third species, Hood’s phlox (Phlox hoodii Richn.), also 
was reduced to trace amounts by the N treatments. 

treatments. This species was very abundant on all plots in 
1971. Because of its accumulation of nitrate-N and potential 
toxicity to livestock (Houston et al., 1973), this species is 
undesirable. 

Another potential problem species is slimleaf goosefoot, an 
annual forb that also concentrates nitrate-N (Houston et al., 
1973). Mean frequency percentages were as follows: 

YlXiI 0 224 448 672 

1969 3 24 16 28 
1970 18 90 95 93 
1971 7 23 27 34 
1972 T 2 

Slimleaf goosefoot increased greatly on all fertilized plots. It 
was far more frequent in the first 3 years than in 1972. The N 
treatments increased density of slimleaf goosefoot 9-fold in 
1969, 14-fold in 1970, and S-fold in 1971. This species is 
easily controlled with herbicide (Houston and van der Sluijs, 
1973a). 

Annual cheatgrass (Bromus tectorum L.) was significantly 
increased by applied N only during the last year of study. 
Frequency of cheatgrass brome was one percent or less on all 
plots during the first three years after massive N fertilization. 
Frequency increased up to 6 to 17% frequency on fertilized 
plots in 19’72, while several of the dominant perennial species 
such as blue grama decreased. 

In Montana, fringed sagewort (Artemisia frigida Willd.) 
initially increased in yield and then decreased after 
applications of 112 to 1,008 kg N/ha (Wight and Black, 1972). 
We also found that this species was susceptible to massive rates 
of N. Starting in 1970, all rates of N substantially reduced 
frequency of fringed sagewort. All rates of N reduced fringed 
sagewort to about the same level each year. Average reduction 
in frequency was 14 percentage points below the average 
frequency of 17% found on the untreated control. This was 
equivalent to about an 85% reduction in plant density. 

Discussion and Conclusions 

Massive applications of N fertilizer affect several different 
components of the rangeland ecosystem. The primary purpose 
of this study was to determine whether massive N applications 
were feasible for increasing forage yields and improving 
botanical composition on mixed-grass rangeland. 

Application of N increased total herbage yields 53 to 87% 
over 4 years. Increases were greatest in 1970 or 197 1, 
depending on rate of N applied. The 224 kg N increased yields 
an average of 8.4 kg for each kg of N. Substantial residual 
increases in yield might be expected as long as the increased 
density of western wheatgrass continues, or for a probable 
minimum period of 6 to 10 years after the single applications 
clfN 
-- - .- The annual forb prairie pepper-weed (Lepidium densiflorum 

Shrad.) greatly increased with all rates of applied N. Mean 
Applications of N substantially increased both the N 

frequency percentages by years and N treatments were as 
content of herbage and yield of N. These represent valuable 

follows: 
increases in nutritive value of herbage. Increased N content of 
herbage and increased yield of N both reached peaks in 1970 

Year 0 224 448 672 
to 1971 and then decreased. Substantial residual increases in 

1969 2 7 5 6 
forage nutritive value might be expected for several years. 

1970 5 54 55 57 
Amount of N accounted for in herbage and in soil 

1971 75 99 99 96 mineralN decreased substantially in early 1973, after four 
1972 11 50 38 44 growing seasons, as compared with that accounted for in 1970, 

after two growing seasons. For all N applications, 55-7770 of 

Plant density of prairie pepper-weed increased about 16-fold 
the applied N was accounted for in 1973, leaving 100 to 200 

in 1970, 3-fold in 1971, and 5-fold in 1972 as a result of the N 
kg of N not accounted for and presumably immobilized in soil 
organic matter, grass roots, and fixed ammonium or lost by 
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volatilization and leaching. This compares closely with the 
60% of N accounted for by Power (1972) in North Dakota 4 
years after applications of N up to 540 kg N per ha. The large 
concentration of soil mineral-N found between 60- and 90-cm 
depths in 1973 may be below the level of main root use. This 
suggests that this store of soil N will be little used in the 
future. 

Desirable changes in species composition from the massive 
applications of N were the increase in western wheatgrass and 
the decrease in fringed sagewort. Reduced densities of blue 
grama and needleandthread were undesirable. Both species 
have high forage value. However, their loss may be 
compensated by the increase in western wheatgrass. 

The increase in poisonous geyer larkspur from application 
of N was definitely undesirable. Livestock losses from this 
species can be catastrophic. This species can be controlled by 
herbicide (Alley and Lee, 1971; Hyder, 1972). 

The increases in prairie pepperweed and slimleaf goosefoot 
were undesirable. Both species can concentrate nitrate-N to 
potentially toxic levels (Houston et al., 1973). These species 
also may be controlled with herbicide (Houston and van der 
Sluijs, 1973a). 

The 100 to 200 kg of N/acre that apparently disappeared in 
the soil may not be lost. If immobilized in plant roots, the N 
will remain available for plant growth in future years. 
However, if the immobilized N was lost largely by leaching or 
by volatilization from the soil, then it is gone from the system. 

The downward movement and concentration of mineral-N 
below the active root zone; increases in geyer larkspur, prairie 
pepperweed, and slimleaf goosefoot; and decreases in blue 
grama, needleandthread, Sandberg bluegrass, and Junegrass 
were all undesirable responses. 

On this rangeland, massive applications of N are probably 
not practical. 
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Salt and Specific Ion Effects 

on Germination of Four Grass 

J. RYAN, S. MIYAMOTO, AND J. L. STROEHLEIN 

Highlight: The effects of NaCi, CaClz, MgCls, NaS04, CaS04 l 2Hz0, and 
MgS04* 7E1,O at concentrations of SO, 100, 1.50, and 200 meq/l were studied 
on germination of the following range grasses: blue panicgrass (Panicum 
antidotale Retz.), I,ehmann lovegrass (Eragrostis lehmanniana Nees.), Wilman 
lovegrass (E. superba Peyr.), and weeping lovegrass (E. curvula (Schrad.) Nees.). 
Increasing salt concentrations decreased germination. The extent of the decrease 
varied with the species and the type of salt. Inhibition was greatest with Mg and 
least with Ca salts. When MgS04* 7H,O was used, the effect was less than the 
equivalent concentration of MgCIZ . A t equal osmotic pressures the effect of 
specific ions varied. Wilman and weeping lovegrasses were found to be relatively 
salt tolerant. 

Economic viability of ranching 
depends largely upon increasing 
pasture output of extensive grazing 
areas. The introduction of 
nonindigenous grass species has been 
heralded as a major advance. 
Lovegrasses introduced from South 
Africa are good forage producers and 
suitable for the climatic conditions of 
the Southwest at lower elevations 
(Humphrey, 1960). With good 
management, these grasses can be used 
for revegetation of depleted ranges as 
well as for prevention of soil erosion 
from embankments such as road and 
railways. Mine tailings have been 
revegetated successfully with some of 
these grasses (Ludeke, 1973). Blue 
panicgrass (Panicurn antidotale Retz.) 
has been seeded extensively in Arizona 
(Anderson et al., 1957) and produces 
good forage yields under irrigation and 
exhibits drought tolerance under 
limited moisture conditions of desert 
grasslands (Wright, 1966). However, 
there are several factors associated 
with calcareous and alkaline soils of 
arid regions which impede widespread 
use of such species. 

Salt accumulates during the natural 
soil forming processes, following waste 
disposal, and with poor irrigation 

The authors are research associates and 
associate professor, respectively, 
Department of Soils, Water and Engineering, 
The University of Arizona, Tucson. Arizona 
Agr. Exp. Station Journal No. 2263. This 
research was supported in part by the 
Arizona Mining Association. 

Manuscript received February 2 1, 1974. 

management. Seed germination in 
salt-affected soils is influenced by the 
total concentration of dissolved salt 
(or the osmotic pressure) as well as by 
the type of salts involved. Hyder and 
Yasmin (1972) found that germination 
of alkali sacaton (Sporobolus airoides 
Torr.) was decreased by MgC12, KCl, 
CaCl*, NaCl and mannitol in order of 
decreasing magnitude, respectively. 
They concluded that the specific ion 
effect, especially the inhibitory effect 
of Mg was more important than the 
total salt effect for this species. The 
effects of salt and specific ions have 
been investigated for several 
agricultural crops (e.g., Allison, 1964; 
Gauch and Wadleigh, 1945: Wadleigh 
and Gauch, 1944), but little 
information is available regarding these 
effects for range grasses. An 
understanding of these relationships 
would promote the general use of such 
grasses for revegetation. This paper 
presents the effects of NaCl, CaC12, 
N$%, b SG, MgS04, and CaS04 
on germination of four range grasses. 

Materials and Methods 

The following species of range 
grasses which are used for revegetation 
in Arizona were studied: blue 
panicgrass, Lehmann lovegrass 
(Eragrostis lehmannia Nees.), Wilman 
lovegrass (I!?. superba Peyr.), and 
weeping lovegrass (E. Curvula 
(Schrad.) Nees.). Seed was supplied by 
the Plant Materials Center of the Soil 
Conservation Service, Tucson, 

Arizona. One hundred seeds of a 
species were placed on Whatman No. 
42 filter paper in a sterile 9-cm petri 
dish. For each species four replications 
were prepared for each salt solution. 
Ten milliliters of the proper salt 
solution were added by pipette to each 
dish. The salts used were NaCl, CaCl*, 
MgC12, Na *SOa, MgS04 l 7H2 0 and 
CaS04 l 2H20. Solution concentra- 
tions in each salt were 50, 100, 150, 
and 200 meq/liter with the exception 
of CaS04 l 2H20, which had a con- 
centration of approximately 30 
meq/liter due to its limited solubility. 
Distilled water was used as a control 
solution for germination of each 
species. The experiment was 
conducted at a constant temperature 
of 27OC with fluorescent lighting 
provided for 10 hours daily. The seeds 
were incubated for 12 days when 
approximately 80% or more of the 
controls for each species had 
germinated. Seeds were considered to 
be germinated if the plumule was 
larger than the seed and visible to the 
naked eye. During the incubation 
period evaporation occurred from the 
petri dishes resulting in an increase in 
salt concentra lion, excepting 
CaSO, l 2H *O. 

Results 

The germination percentages (P) of 
the four grass species are plotted 
against the initial concentration (C) in 
Figure 1. Germination generally 
decreased with increasing salt 
concentration and the degree of 
reduction varied with the salt and grass 
species. When chloride was used as an 
anion (Fig. 1, solid lines) Mg and Na 
restricted germination much more 
severely than equivalent 
concentrations of Ca. The inhibitory 
effect of Mg and Na was particularly 
pronounced in blue panicgrass and 
Lehmann lovegrass. No adverse effect 
was found on germination of weeping 
lovegrass even at the highest 
concentrations of CaCl, . The effect of 
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Fig. 1. Effect of salt concentration (C) on germination percentage (P) of four rangegrass species. 

increasing concentration of this salt on 
Wilman lovegrass was slight. When 
sulfate was used as an anion (Fig. 1, 
dotted line) the inhibitory effect of 
Mg, but not Na, was ameliorated for 
all species with the exception of 
weeping lovegrass. The saturated 
solution of CaSO, l 2H, 0 had a 
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stimulating effect on germination in 
three of the four species. 

Tolerance of grass species to salt 
stress showed marked differences. As a 
measure of the tolerance, the salt 
concentration that reduced 
germination by 20 and 50% of the salt 
free condition is listed in Table 1. The 

larger concentration of salts indicate 
higher tolerance by grass species. 
Hyder and Yasmins’ (1972) data for 
alkali sacaton are also included. Their 
experimental condition was somewhat 
different from ours but the value 
relative to the salt free condition can 
be used for comparative purposes. 



60 

o\o 
a: 

40 

I I I I I I I 

BLUE PANICGRASS 

60 

4 6 8 

OP, atm. 

100 I I 1 I I I I 
WEEPING LOVEGRASS 

4 6 8 

OP, atm. 

LEHMANN LOVEGRASS 

4 6 8 

OP, atm. 

80 

60 

0 2 4 6 8 

OP, atm. 

Fig. 2. Percent germination (P) of four range grass species as a function of osmotic pressure (OP). 

Blue panic and Lehmann lovegrass It is convenient for most practical thus replotted against the conventional 
were sensitive to MgCl, and NaCl at purposes to express the germination osmotic pressure (OP) in Figure 2. 
both 20 and 50% germination percentage as a function of salt There was a large difference in 
reduction levels. Weeping lovegrass was concentration. It is, however, not germination percentage between ion 
sensitive to MgCl, and MgSO, while suited for expressing what commonly species especially in weeping lovegrass 
Wilman lovegrass was sensitive to is referred to as “specific ion effect.” at equal osmotic pressures. The least 
MgC12 and NaZS04. The germination percentage (P) was effect was usually caused by CaCl*, 
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Table 1. Salt concentrations (meq/liter) needed to reduce germination by 20 and 50% of 
salt free condition. 

Species and 
reduction 

20% Reduction 

NaCl MgCl, CaCl, Na, SO, MgSO, 

Alkali Sacaton* 
Blue Panicgrass 
Lehmann Lovegrass 
Weeping Lovegrass 
Wilman Lovegrass 

50% Reduction 
Alkali Sacaton* 
Blue Panicgrass 
Lehmann Lovegrass 
Weeping Lovegrass 
Wilman Lovegrass 

41 
62 
53 

165 
150 

113 
116 

81 
200 
187 

- - - 
54 105 106 150 
54 100 64 200 

100 >200 153 90 
127 190 115 200 

- - - - 
114 161 132 192 

97 184 83 >200 
122 >200 171 133 
182 >200 164 > 200 

*Data of Hyder and Yasmin (1972). 

while M&l2 and Na2S04 had 
inhibitory effects at equal pressures. 
The effect of sulfate became obscure 
using this scale. 

Discussion 

and more tolerant than alkali sacaton 
for NaCl. The results indicate that 
weeping and Wilman lovegrasses could 
be successfully germinated on soils 
having high levels of Na, which may 
inhibit germination of other species. 

The present experiment clearly 
demonstrates that germination of 
range grass species is influenced not 
only by the salt concentrations (or the 
osmotic pressure) but also by the 
nature of the ions in the salt solutions. 
The marked differences in germination 
as influenced by ion species at the 
same osmotic pressures points to 
shortcomings in the hypothesis that 
the rate of germination is solely 
controlled by the osmotic pressure of 
solutes or by the gradient by which 
water moves into seeds. Specific ion 
effects are interpreted in terms of an 
influence on t he physiological 
processes that regulate germination. 
For instance, the role of Ca in relation 
to protoplasm and selective ion 
transport through cell membranes of 
plant roots has been shown by Epstein 
(1961). Hyder and Yasmin (1972) also 
offer some discussion on specific ion 
effect of MgClz on seed germination. 
The detailed mechanism of specific ion 
effects at the germination stage is, 
however, still poorly understood. 

In saline soils, the composition of 
the ions in solution is mixed. Although 
Na or Ca is usually the dominant 
cation in saline soils, some soils are 

derived from parent material 
containing high levels of Mg which 
may be unfavorable for most grasses. 
In order to evaluate specific ion effects 
consideration must be given to 
coexisting anions and cations 
occurring as mixed salts. Hyder and 
Yasmin (1972) found a somewhat less 
detrimental effect of Mg when Na or 
Ca coexist with Cl as an anion. 
Similarly, La Ha ye and Epstein (1969) 
found an ameliorating effect of Ca in 
the presence of toxic levels of Na. This 
could conceivably occur for the grass 
species tested here. Furthermore, the 
inhibitory effect of Mg salts varies 
with associated anion species. 

Germination of range grass is 
influenced by several interrelated 
factors. Though working with a 
somewhat different species of grass 
others have shown that response varies 
with moisture conditions in the soil 
(M cGinnies, 1960) and with 
temperature of germination (Knipe, 
1967; McGinnies, 1960). Successful 
field adaptation of range grasses 
requires a consideration of these 
variables. The conclusion to be drawn 
from this experiment is that both salt 
and specific ion effects are important 
and vary with the species of grass used. 
This information provides some basis 
for selection of plant species for native 
soil conditions or where the salt 
composition is altered by management 
practices. 
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but could enhance it in alkali soils. It 
could have an impact in altering 
relative growth among grass species in 
the native condition. 



An Evaluation of the Calibrated Weight- 
Estimate Method for Measuring 

Production in Annual Vegetation 

NAPHTALI H. TADMOR, ADEL BRIEGHET, IMANUEL NOY-MEIR, ROGER W. BENJAMIN, AND EZRA EYAL 

Highlight: A double sampling technique, of visual weight 
estimates calibrated by harvesting, was applied to the 
measurement of biomass and production curves in grazed and 
ungrazed semiarid annual grassland. Good levels of accuracy 
can be achieved in such vegetation with a time expenditure 
significantly lower than by harvesting only. Some 
methodological problems were encountered and solved by 
modifications of the method. In some conditions the method 
can be used for estimating animal intake. 

In a study of plant and animal production on semiarid 
annual grasslands at Migda in Israel (Tadmor et al., 1974), 
frequent, extensive, and accurate measurements of plant 
biomass were needed. To determine the seasonal growth curve 
and the differences in it between plots with different grazing 
and fertilization treatments, plot means had to be estimated 
with an accuracy of lo-15% every 2 weeks. The annual 
vegetation sampled showed great local variability in yield and 
composition, particularly in early growth stages, when the 
coefficient of variation of biomass in 25 X 25-cm squares 
within a field may be 100-l 50%. Thus sampling by harvesting 
alone to the required accuracy would have imposed a 
prohibitive work load. Therefore, an attempt was made to 
apply the double sampling technique of visual weight estimates 
calibrated by harvesting of a subsample to the annual 
vegetation concerned. This method is based on the observation 
that a trained estimator can achieve consistent estimates of 
biomass (Pechanec and Pickford, 1937), which can be 
converted to true values by using a calibration curve obtained 
on the same day (Wilm et al., 1949; Brown, 1959; Morley et 
al., 1969). The statistical aspects of the method have been 
discussed in Range Research, Basic Problems and Techniques 
(National Research Council, 1962). 

The extensive application of this method to grazed and 
ungrazed annual vegetation allows a thorough evaluation of its 
performance in this vegetation type, in terms of accuracy and 
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speed. It also led to the examination of some methodological 
problems which have not been discussed before: in particular, 
estimation of dry or fresh weight, nonlinearity in calibration, 
the effect of heterogeneity in composition, and the possibility 
of using the method for measuring animal intake. This paper 
deals with these problems and with a general evaluation in 
view of the experience at Migda. 

Description of Methods 

Estimating Fresh Weight 
In green herbaceous vegetation, and with inexperienced 

estimators, there is some advantage in expressing estimates as 
fresh weight (FW), even if the final aim is to measure dry 
weight. This enables a period of “training” estimations before 
the actual estimations every day, in which the estimators can 
immediately check and correct their accuracy and consistency. 
The work thus proceeds in three stages. 

T?aining 
At the beginning of each day’s work, or upon moving into a 

new vegetation type, the estimator puts the sampling quadrat 

0 50 100 

ESTIMATED FRESH WEIGHT (gr) 

Fig. 1. 
weight. 

Linear regression of measured dry weight on estimated fresh 
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Fig. 2. Measured dry weight against estimated fresh weight. a. Linear plot showing nonlinear relation. b. Logarithmic plot and regression. 

(a wire frame of 25 X 25 cm) on places with different plant 
density, height, and composition in the field. He writes down a 
visual estimate of the fresh weight of plant material within 
each frame. This material is then clipped at ground level and 
weighed immediately in the field on a spring-scale (protected 
from wind). After each plot the estimator checks himself and 
adjusts subsequent estimations accordingly. This is repeated 
until reasonably consistent estimates are attained. About 
20-30 training plots may be needed for an unexperienced 
estimator in a variable field, and as few as 10 for an 
experienced one. Training may take ‘/z to 1-s hours. 

Estimation and subsample harvesting 
Sampling plots are distributed in the field according to 

some unbiased design. Normally, the portable sampling frame 
is placed at constant paced intervals along linear transects. 
Usually two estimators work as a team; to assure independence 
of their estimates, the one who is also the recorder writes 
down his estimate silently before the second one announces 
his. The quadrat number, the two estimates of fresh weight, 
and, if required, data on composition are written directly in a 
computer coding sheet. 

A predetermined proportion of the estimated quadrats 
(every fifth, or every tenth, etc.) is clipped immediately after 
its estimation. The material is stored in a paper bag (or plastic 
bag if fresh weight is also of interest) with quadrat number 
(and/or estimated weight) marked on it. 

The number of quadrats estimated and the proportion 
harvested depend on the accuracy required. Usually in each 
field or treatment, 30 to100 quadrats were estimated and 10 
to 25 of them harvested. 

Calibration 
The harvested samples were weighed after oven-drying at 

75-80°C (or both before and after drying if fresh weight was 
required). The actual dry weights of calibration samples (y,) 
were plotted against their visual estimates of fresh weight (x,) 
(Fig. l), and a calibration equation fitted by regression. In 
many cases a linear regression 
(1) y, =a+bx, 
turned out to be adequate (Fig. 1). In some cases, nonlinearity 
was apparent in the plot (Fig. 2a); then a logarithmic equation 
(2) log yc = a + b log x, 
usually gave better results (Fig. 2b). 
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The calibration equation is then used to adjust or convert 
the mean visual estimate of fresh weight in all quadrats 
(harvested and nonharvested), into the best estimate of mean 
actual dry weight, ye. In the linear case, this is simply 
(3) Ye =a+bx, 
or, since a = ye- bx, : 
(4) ye =yc +b(x, -xc) 
If the logarithmic regression has to be used: 

N 

(5) 
ea 

Ye =N c (xei) b 
i=l 

where xei is each individual visual estimate and N the number 
of such estimates. 

In cases when fresh weight itself is of interest, and the same 
procedure is used, except that yc and ye are then fresh weight 
(Fig. 3). If the mean dry matter content of the fresh material 
is estimated separately by harvesting, the final result can then 
be converted into dry weight. 

Table 1. Accuracy of some regressions of dry weight on estimated 
fresh weight in an annual pasture: the effects of growth stage, 
estimator, and type of equation. 

Logarithmic 

Date and 
Linear equation2 equation2 

growth stage Estimator r* (%I) c._ (%) r2 (%) sX.Y 

Jan. 30,1972 A(3) 94 28 88 .16 
(green, low) B(2) 92 30 89 .17 
Feb. 13, 1972 C(2) 80 26 86 .13 
(green, growing) D(1) 75 30 85 .13 
March 7, 1972 A(3) 38 22 64 .lO 
(+ green, tall) B(2) 26 25 58 .ll 

March 29, 1972 A(3) 73 21 85 .08 
(tall, 10% dry) B(3) 62 25 80 .09 

April 14, 1972 A(3) 53 26 44 .13 
(peak yield, F(1) 18 34 20 .16 

30% dry) 

1 Estimator training levels: l-first time, 2-has estimated l-3 times 
hefore. and 3-has estimated 4 or more times before. 

2r2 = proportion of variance accounted for by regression (%); 
sx.y = standard deviation from regression; cx.y = sx.y - relative 
deviation from regression, in percent of mean. 
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Fig. 3. Regression of measured against estimated fresh weight: barley 
crop. 

Estimating Dryweight 
In some conditions, when water content of the plants was 

fairly constant, the method of estimating yield through fresh 
weight gave reasonably accurate results (Table 1). However, 
when water content varied greatly during the day or within a 
field, the method became very inaccurate for estimating dry 
weight (DW). On a warm day after a dewy night, the ratio 
dry/fresh weight may vary from 8-l 0% in the morning (when 
training is done) to 1520% in the afternoon. At the end of the 

ESTIMATION OF NATIVE PASTURE YIELDS 

0 4 8 12 I6 20 24 28 

ESTIMATED DRY WEIGHT ( qr. ) 

Fig. 4. Regression of measured against estimated dry weight: pasture. 

growing season, the rate of drying out is often very variable 
within a field, and the dry/fresh weight ratio may vary 
between 20% and 50% (or 40% and 90%) in one field at a 
given time. In these conditions, even the most skilled 
estimators have been found to achieve only very low 
correlations (0.5-0.7) between their FW estimate and the true 
DW, simply because the correlation between true FW and DW 
is also low. The correlation between measured fresh and 
measured dry weight in April was only 0.75 (but 0.98 in 
January). 

Direct visual estimation of the dry weight of both green 
and dry material was found to overcome the problems in these 
conditions. In all other conditions it was as good as or slightly 
better than estimation through FW (Table 2), once the 
observers learned to “see” a green vegetation in terms of its 
dry matter and once they learned to estimate consistently 
without the training and checking period in the morning (Fig. 
4 and 5). 

The daily training stage is of course inapplicable when green 
or partly green vegetation is estimated directly in DW, and the 
estimators know the results only some days later, after drying. 
The procedure in direct estimation of dry weight starts 
immediately with actual estimation and subsample harvesting 
and is otherwise exactly as in the previous section. Calibration 
and adjustment calculations are as before, except that xc and 
x, are now visual estimates of dry weight. 

At calibration, any inconsistencies in the estimates of an 
untrained estimator are evaluated and the relations between 
them and other properties of the sample (cover, height, 
composition, and phenology) are examined. If any consistent 
relations are found, this information can be used by the 
estimator to correct his estimates the next time. After a few 
sampling dates, he either achieves a reasonable degree of 
consistency or is declared unfit for dryweight estimation. 

Performances and Problems 

Accuracy 

The success of the calibration method may be measured in 
terms of the correlation coefficient, Y, the proportion of 
variance accounted for, r2, or the variance or standard error 
associated with the regression, s2 Y_x or sy.x* 

0 2 4 6 8 IO 12 I4 16 I8 

ESTIMATED DRY WEIGHT (gr) 

Fig. 5. Regression of measured against estimated dry weight: grazed 
pasture. 
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Table 2. 
weight. 

Accuracy of some regressions of dry weight on estimated dry 

Date and 
Linear equation2 

growth stage Estimator’ r* (%) cxey (%) 

Dec. 27, 1972 D(3) 91 21 
(green, low) G(l) 88 24 
Feb. 6, 1973 D(3) 75 22 
( green, growing) H(2) 47 33 
March 7, 1973 D(3) 72 17 
(green, tall) G(2) 63 20 

March 27, 1973 D(3) 90 17 
(near peak yield, G(3) 83 22 

20% drv) 

Logarithmic 
equation2 

r* (‘&) Sx.y 

90 .ll 
90 .ll 

82 .08 
67 .ll 

72 .07 
62 .08 
88 .07 
73 .lO 

1 Estimator training levels: l-first time, 2-has estimated l-3 times 
before, and 3-has estimated 4 or more times before. 

2r2 = proportion of variance accounted for by regression (%); 
sx.y = standard deviation from regression; cx y = s x.y - relative 

* deviation from regression, in percent of mean. 

In the 1971/72 season, estimation through FW was used. 
The correlation coefficient between estimated FW and actual 
DW (in samples of n = 25) varied from r = 0.96 in February 
(all vegetation green) to r = 0.61 in March-April (highly 
variable moisture content). Thus the proportion of variance 
accounted for by the regression varied from 94% to 38% 
(Table 1). In 1972/73 direct estimation of DW was used (Table 
2) and the results were more consistent: r = 0.85 and y2 = 72% 
to 91% (in samples of n = 20). 

The total sampling variance associated with a field mean 
estimated by the double sampling technique is (National 
Research Council, 1962): 

s2 = b2 S2xe + S2 Y-X t S2 Y-X (x, - xc)2 
S2 xc 

where: 

s2T = total variance of estimate, 

‘ie = variance of visual estimates in total sample, 

GC = variance of visual estimates in calibration sample, 
b = slope of regression of yc on xc, 

S”y.X = variance in yc not accounted for by regression on xc, 

: 
= number of calibration plots, and 
= total number of estimated plots. 

The total sampling variance is thus a sum of three terms, 
the first of which expresses the inherent variability of the field 
and may be decreased by increasing N. The last term expresses 
the error due to the fact that the mean of the harvested 
subsample may be different from the total estimated sample; 
with 100 estimates and 20 calibrations per field it was usually 
found to be negligible. The second term, “Y.x, is the error 

n 
introduced by the calibration regression. The standard 
deviation from regression. syex, was between 15% and 30% of 
the mean (Table 2) thus with n = 20 the standard error 
associated with the calibration was only 3% to 7%. The total 
standard error s T was between 5% and 13% of the mean, with 
n = 20, N = 100. The ratio of 5 estimates to 1 harvested plot 
was thus appropriate, as it distributed sampling variance (and 
also time requirements) roughly equally between visual 
estimates and harvesting. 

The method is highly successful when the sampled field is 
fairly homogeneous in species composition and phenological 
stage, even though it may be highly variable in biomass, cover, 
and height. It seems that in these conditions the estimator can 
use his visual impression of cover, height, or a combination of 
the two as good correlates of yield. The consistency of 
estimates within a field on a given day decreases markedly 
when differences in cover and height are confounded by 
marked local differences in the proportions of species with 
different forms or habits (prostrate/erect, leafy/stemmy, 
broad/narrow leaves); by local differences in the phenological 
stage, if these stages differ markedly in appearance and 
distribution of dry matter within the plant (vegetative 
only/flowering/fruiting). A skilled, experienced, and alert 
estimator can usually make the necessary mental adjustments 
and still attain quite good results, even in these conditions; 
otherwise, regressions may be so bad that only additional 
clippings can increase accuracy. A possible solution to this 
problem is stratifying both estimates and calibrations by 
composition or phenological stage. 

This level of accuracy enables the method to be used for Herbaceous vegetation which is very tall and dense (cover 

fairly accurate estimates not only of actual biomass but also of 
differences between treatments or sampling times. For 
instance dry matter intake by sheep in a S-day period could be 
estimated by the difference in biomass before and after 
grazing, with a standard error of 15-20%; the result agreed 
well with an independent measurement of intake by tritiated 
water turnover (Benjamin et al., 1973). 

Time Requirements 

A team of two trained workers can estimate 300 to 400 
plots and harvest 60 to 80 of them in one working day of 8 
hours. Thus 3 to 4 fields or treatments can be estimated in a 
day. This is about 25-30% of the field time required to 
achieve similarly accurate measurements by harvesting alone. 
There is a similar reduction in laboratory work. 

Estimator Training and Skill 
The achievement of the levels of accuracy reported above 

requires a team of estimators who have been practising 
frequently and who have some minimal level of natural skill or 
“eye” for consistent estimations. 

A person with such natural skill can do useful work on his 
first day in the field, but several days of work in a given 
vegetation type usually improves the consistency of his 
estimates. After a year of experience in different vegetation 
types and seasons, a skilled estimator can give reliably 
consistent and accurate estimates under almost any conditions. 

Plot Size 

The choice of plot size depends to some extent on the 
patchiness and structure of the vegetation. The smaller the 
plot, the less work required in clipping. In low herbaceous 
vegetation, 25X25-cm or 30X30-cm frames have been found 
appropriate. In tall dense vegetation, considerable “edge 
effect” is involved in pushing the frame down, with plants 
bending and breaking in various directions. To reduce the 
relative importance of this effect, 50 X50-cm frames are 
usually used in such vegetation; this results of course in rather 
bulky clipped samples. 

Some General Problems 
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near loo%, height over 30 cm, biomass above 400 g/m2) is 
difficult to estimate, as the observer loses his correlation 
between cover, height, and biomass. In dry, heavily grazed or 
trampled vegetation, a large proportion of aboveground 
biomass may be on the ground or just above it, and in a 
condition which is hovering between “standing biomass” and 
“litter.” This litter or quasi-litter seems more difficult to 
estimate accurately; it is certainly more difficult to collect. 
Therefore it may be advisable to estimate it separately from 
the standing biomass proper and also use separate calibrations 
for the two components. 

Special Problems in Estimating Grazed Areas and Animal 
Intake 

As mentioned above, the method is also potentially useful 
for estimating of biomass in heavily grazed stands and for 
short-term estimations of animal intake by differences 
between grazed and ungrazed plots (or the same plot before 
and after grazing). However, some special problems arise with 
this application of the method. 

Firstly, unless the grazing period is very short and the 
grazing intensity very high, pasture growth during the period 
may be considerable compared to the amount grazed. Then 
the results have to be corrected for growth. 

Secondly, even within small areas, grazing by animals is 
usually very uneven, some patches being grazed heavily, others 
lightly or not at all. This not only increases the variability 
between quadrats but may also affect the consistency of 
estimates, since the observer may have a different relation of 
estimated to actual yield for the grazed patches. Both effects 
mean that a larger sample of estimation and calibration 
quadrats has to be used in grazed areas to cover all variations 
in biomass and degree of utilization and to achieve the desired 
accuracy. 

Another problem is caused by the plant material which is 
disturbed and bent in various directions or broken and moved 
around by the grazing animal, but not consumed. When a 
sampling frame is placed on trampled vegetation, it is 
somewhat difficult to decide just what is inside it. For 
instance, if a plant is rooted within the quadrat but has been 
bent so that most of its foliage is outside it, should it be 
“straightened” back into the quadrat or not? This problem can 
be minimized by deciding on a consistent procedure (whatever 
it is) and using it in all quadrats. 

Our experience is that at least in some conditions it is 
possible to overcome these problems and get rather accurate 
estimates of intake from differences in estimated biomass 
(Benjamin et al., 1973). 
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Legume Response Unrelated to Fuel Moisture 

at Time of Burning 

T. J. HARSHBARGER, C. J. PERKINS, 
AND R. E. MARTIN 

Highlight: The response of sensitive par- 
tridgepea and other legumes was unrelated 
to moisture content of fuels at the time a 
slash pine stand was burned. 

Controlled burning in the Southeast 
causes certain herbaceous species to 
increase in number. Some of these 
“fire followers,” particularly legumes, 
are beneficial to wildlife, and periodic 
burning is commonly used to perpetu- 
ate them. 

It has been suggested that moisture 
and heat generated during a fire are 
scarifying forces capable of increasing 
the germination of wild sensitive 
partridgepea (Cassia nictitans L.) 
(Stoddard, 1931; Martin and Cushwa, 
1966), and possibly other important 
legumes. Under laboratory conditions, 
Martin and Cushwa (1966) 
demonstrated that moist heat 
increased the germination of sensitive 
partridgepea by softening the 
mucilaginous layer on the seed coat. 
They speculated that since water is 
one of the main products of thermal 
de gradation and combustion and 
because burning is normally done in 
pine stands when the lower litter layer 
is quite damp, moist heat from either 
of these sources would be available to 
soften the coats of seeds which were 
incorporated within the litter and 
upper soil layer. 

If the fuel moisture content of the 
litter at time of burning is an 
important factor in the regeneration of 
legumes, this factor might explain 
some of the variability associated with 
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Station, Forest Service., U. S. Department of 
Agriculture; wildlife biologist, International 
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Bainhridge, Georgh; nnd professor, 1;orest 
Fire Science, <‘allege of I:orest Resources, 
l_Jnivcrsity of Washington, Seattle. 
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the occurrence of mature plants 
following field burning. This study 
sought to find whether the moisture 
content of the fuel at time of burning 
would affect the subsequent density of 
legumes in a stand of pine. 

Study Area and Methods 

The study was conducted in a 
50-year-old stand of slash pine (Pinus 
elliottii Engelm) at International Paper 
Company’s Southlands Experimental 
Forest in south Georgia. Tree spacing 
was relatively wide; basal area averaged 
50 ft 2 per acre. A 2-year-old 
accumulation of litter and vegetative 
fuels ranged in weight from 4.1 to 5.1 
tons per acre (Fig. 1). 

A randomized split-plot design with 
three replications was used to test the 
effects of three fuel moisture 
conditions: “wet’‘-dry surface fuels 
and wet subfuels; “dry’‘-dry surface 
and dry subfuels; and 

“intermediate’‘-dry surface fuels and 
moist subfuels. Treatment plots were 
100 X 200 ft; each contained two 50 
X 50 foot subplots, 50 ft apart, 
centrally located along the long axis of 
the main plot. All plots were protected 
by disced firelines. 

Prior to burning, legume seeds and 
litter were sampled on all plots. 
Estimates of pretreatment seeds were 
made according to procedures 
described by Ripley and Perkins 
(1965). Analysis indicated that there 
was no significant difference in 
numbers of pretreatment seed among 
blocks or treatment plots. One 
randomly selected subplot in each 
treatment plot was then broadcast 
seeded to sensitive partridgepea at the 
rate of 4.4 pounds of unscarified seed 
per acre. Litter samples collected from 
ten l-ft2 quadrats per plot were 
weighed, ovendried for 24 hours at 
9o” c, reweighed, and the fuel 

Fig. 1. Inrcrmediate burn in south Georgia pinelands. 
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Table 1. Rate of fire spread and temperatures generated at the soil surface under three burning conditions. 

Burning conditions 

Fuel Ambient Wind Relative National fire Rate of Temperature 
moisture temp. speed humidity danger rating fire spread generated at the 

Burns (%) (“F) (MPH) (%) Spread Buildup (ft/sec.) soil surface (OF) 

Wet 31.9 70 13-18 73 17 25 0.7 200-300 
Intermediate 15.8 60 8-12 41 19 30 0.9 275-375 
Dry 7.2 73 8-12 25 19 35 1.1 350-450 

moisture computed. Rate of fire 
spread was estimated by placing 
firecrackers 10 ft apart in the direc- 
tion of anticipated fire movement 
and timing the interval between 
explosions. Soil temperatures during 
burning were recorded with a 
complete range of temperature- 
indicating pyrometric material 
(Tempil) placed on the soil surface in 
the center of each quarter of each 
treatment plot. Ambient temperature 
and relative humidity were measured 
as each plot was ignited. 

Initial burns, under “wet” 
conditions, were conducted 8 hours 
after the passage of a cold front which 
deposited 0.16 inch of rain. Fuel 
moisture conditions for the 
“intermediate” and “dry” burns 
occurred 2 days later, in the morning 
and afternoon, respectively. Headrires 
were used, and all plots receiving the 
same treatment were ignited 
simultaneously. 

Legumes were counted the 
following summer on 10 randomly 
located 9.6-ft 2 samples on each 
subplot. Data were subjected to 
analysis of variance and significance 
tests at the 90% probability level. 

Results and Discussion 

Rate of fire spread was directly 
related to wind speed and inversely 
related to fuel moisture content. 
Temperatures generated at the soil 
surface by fires were also inversely 
related to fuel moisture content and 
relative humidity (Table 1). Fuel 
consumption was greatest when the 
moisture content of the fuels was less 
than 16%. When fuel moisture 
contents exceeded 30%, coarse fuels 
such as pine cones and branches were 
only scorched and pine straw beneath 
these fuels was left unburned. 

Although distinctly different burns 
were obtained, legume responses were 
not correspondingly different. The 
number of sensitive partridgepea 
plants and other leguminous species 
did not differ significantly between 
treatments (Table 2). Plant numbers 
were not increased by the broadcast 
seeding of unscarified partridgepea 
seed. 

Table 2. Average number of leguminous plants (per 9.6 ft2) after burning with three 
different conditions of fuel moisture. 

Burns 

Species Wet Intermediate Dry 
chssia nictitans L. 2.4 1.6 2.6 
Lespedeza spp. 2.5 1.5 2.0 
Desmodium spp. 1.1 0.5 0.5 
Shrankia uncinata WiIId. 0.4 0.3 0.1 
Rhynchosia spp. 0.8 0.6 0.7 
Other 0.2 1.0 0.0 

Total 7.4 5.5 5.9 

Fuel moisture contents under a which limits overall population size. 
range of field burning conditions The study did not define the nature of 
directly influenced the this factor or interaction, but it did 
time-temperature exposure of seed at show the need for more detailed 
the soil surface. Calculations indicate observations following fire to isolate 
that field burning produced conditions those components which determine 
which were similar to those which the population size of mature legumes. 
increased the germination of 
partridgepea seed in previous Literature Cited 
laboratory work. While we did not Martin, R. E., and C. T. Cushwa. 1966. 
measure germination, our treatments Effects of heat and moisture on 
did not affect the number of mature leguminous seed. Proc. 5th TaII Timbers 
legumes 6 months after treatment. Fire Ecol. Conf., Tallahassee, Florida. 

The lack of plant response, even Ripley, T. H., and C. 3. Perkins. 1965. 

when partridgepea seeds were sown in Estimating ground supplies of seed 

c 0 n j unction with our treatment, 
available to bobwhites. J. WiIdl. Manage. 

suggests some limiting factor within 
29:117-121. 

the environment or some competitive 
Stoddard, H. L. 1931. The bobwhite quail. 

Charles Scribner’s Sons, New York. 559 
interaction among or between plants P* 

Herbage Disappearance and Grazing 
Capacity Determinations of Southern 
Pine Bluestem Range 
H. A. PEARSON 

Highlight: Herhagc disappearance per 
animal unii daJ) in year-long grazing on 
southern pine range averaged 38, 47, and 38 
pounds on light@, moderatcl,v, and hcavilv 
grazed range. Cattle intake accounted .for 
on& 36 to 47% o.f the disappearance; 
.factors such as trampling, \~eathcr, and 
wildljfc accounted .for more than 50%. To 
sustain light, modcratc, and heav.v grazing 
intensities .vcarlonx, ahout 115, 100, and 70 
txwnds oj’ herbage uwe required per animal 
day. Seasonal grazing only required 75 and 
40 pounds.fbr moderate and heaver stocking. 

The author is principal range scientist, 
Southern Forest Experiment Station, U.S. 
Department of Agriculture Forest Service, 
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On most cattle ranges forage 
disappearance from trampling, 
weathering, and other such factors is 
generally attributed to cattle 
utilization or consumption. Although 
total hcrbage disappearance must be 
considered when evaluating range 
vegetation changes, only the forage 
consumed by the animals relates 
directly to their productivity. 

This paper discusses herbage 
disappearance under three grazing 
intensities, calculates herhage losses 
attributed to cattle intake and other 
factors, a n d determines grazing 
capacity on the basis of herbage 
production requirements per animal 
day on southern pine-bluestem range. 
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Table 1. Rate of fire spread and temperatures generated at the soil surface under three burning conditions. 

Burning conditions 

Fuel Ambient Wind Relative National fire Rate of Temperature 
moisture temp. speed humidity danger rating fire spread generated at the 

Burns (%) (” F) (MPH) (%) Spread Buildup (ft/sec.) soil surface (OF) 

Wet 31.9 70 13-18 73 17 25 0.7 200-300 
Intermediate 15.8 60 8-12 41 19 30 0.9 275-375 
Dry 7.2 73 8-12 25 19 35 1.1 350-450 

moisture computed. Rate of fire 
spread was estimated by placing 
firecrackers 10 ft apart in the direc- 
tion of anticipated fire movement 
and timing the interval between 
explosions. Soil temperatures during 
burning were recorded with a 
complete range of temperature- 
indicating pyrometric material 
(Tempil) placed on the soil surface in 
the center of each quarter of each 
treatment plot. Ambient temperature 
and relative humidity were measured 
as each plot was ignited. 

Legumes were counted the 
following summer on 10 randomly 
located 9.6-ft * samples on each 
subplot. Data were subjected to 
analysis of variance and significance 
tests at the 90% probability level. 

Initial burns, under “wet” 
conditions, were conducted 8 hours 
after the passage of a cold front which 
deposited 0.16 inch of rain. Fuel 
moisture conditions for the 
“intermediate” and “dry” burns 
occurred 2 days later, in the morning 
and afternoon, respectively. Headlires 
were used, and all plots receiving the 
same treatment were ignited 
simultaneously. 

Results and Discussion 

Rate of fire spread was directly 
related to wind speed and inversely 
related to fuel moisture content. 
Temperatures generated at the soil 
surface by fires were also inversely 
related to fuel moisture content and 
relative humidity (Table 1). Fuel 
consumption was greatest when the 
moisture content of the fuels was less 
than 16%. When fuel moisture 
contents exceeded 30%, coarse fuels 
such as pine cones and branches were 
only scorched and pine straw beneath 
these fuels was left unburned. 

Although distinctly different burns 
were obtained, legume responses were 
not correspondingly different. The 
number of sensitive partridgepea 
plants and other leguminous species 
did not differ significantly between 
treatments (Table 2). Plant numbers 
were not increased by the broadcast 
seeding of unscarified partridgepea 
seed. 

Table 2. Average number of leguminous plants (per 9.6 ft’) after burning with three 
different conditions of fuel moisture. 

Burns 

Species Wet Intermediate Dry 

Gixslir nictitans L. 2.4 1.6 2.6 
Lespedeza spp. 2.5 1.5 2.0 
Desmodium spp. 1.1 0.5 0.5 
Shrankb uncinata Willd. 0.4 0.3 0.1 
Rhynchosia spp. 0.8 0.6 0.7 
Other 0.2 1.0 0.0 

Total 7.4 5.5 5.9 

Fuel moisture contents under a 
range 

The lack of plant response, even 

of field burning conditions 
directly 

when partridgepea seeds were sown in 

influenced 

conjunction 

the 
time-temperature exposure of seed at 

with our treatment, 

the soil surface. Calculations indicate 
that field burning produced conditions 
which were similar to those which 

suggests some limiting factor within 

increased the germination of 
partridgepea seed in previous 
laboratory work. While we did not 

the environment or some competitive 

measure germination, our treatmefits 

interaction among or between plants 

did not affect the number of mature 
legumes 6 months after treatment. 

which limits overall population size. 
The study did not define the nature of 
this factor or interaction, but it did 
show the need for more detailed 
observations following fire to isolate 
those components which determine 
the population size of mature legumes. 
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Herbage Disappearance and Grazing 
Capacity Determinations of Southern 
Pine Bluestem Range 
H. A. PEARSON 

Highlight: Herbage disappearance per 
animal unit da.), in yearlong grazing on 
southern pine range averaged 38, 47, and 38 
,tx)unds on Ikht!v, moderatcl,v, and heavily 
grazed range. Cattle intake accounted .for 
only 36 to 47% o.f the disappearance: 
.fbctors such as trampling, Iveather, and 
wildiifc accounted for more than 50%. To 
sustain light, moderate, and heall.v grazing 
intensities yearlong, ahout I 15, 100, and 70 
pxmds o~j’ hcrbage were required per animal 
day. Seasonal grazing: only required 75 and 
40 pounds .for moderate and hea,;v stocking 
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On most cattle ranges forage 
disappearance from trampling, 
weathering, and other such factors is 
generally attributed to cattle 
utilization or consumption. Although 
total hcrbage disappearance must be 
considered when evaluating range 
vegetation changes, only the forage 
consumed by the animals relates 
directly to their productivity. 

This pa per discusses herbage 
disappearance under three grazing 
intensities, calculates herhage losses 
attributed to cattle intake and other 
factors, and determines grazing 
capacity on the basis of herbhge 
production requirements per animal 
day on southern pine-bluestem range. 
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Procedure 

Cattle were grazed yearlong on 
three range units of the Palustris 
Experimental Forest in central 
Louisiana (Pearson et al., 197 1). These 
units-totaling 1,600 acres-were 
stocked for light, moderate, and heavy 
grazing or 26, 20, and 13 acres per 
cow. Oven-dry herbage yields averaged 
between 1,750 and 2,150 lb/acre. 
Pinehill bluestem (A ndropogon 
scoparius var. divergens Anderss. ex 
Hack.) and slender bluestem (A. tener 
(Nees) Kunth) were the chief forage 
grasses. Cows were mainly Brahman 
crossbred native cattle. Management 
included supplemental feeding of the 
cows, prescribed rotational burning of 
the range, and regulated breeding with 
beef bulls of good quality (Duvall and 
Whitaker, 1964; Pearson, 1971; 
Pearson and Whitaker, 1972). Calf 
crops averaged 82% for light, 73% for 
moderate, and 70% for heavy. 

Table 1. Ten-year average 
grazing intensities. 

measurements (lb, oven-dry/cow day) 

Herbage yield 
Total herbage disappearance 
Cow intake 
Calf intake 
Disappearance due to other factors 

to gr a zing. Therefore, trampling 
probably had the major influence on 
disappearance. Laycock et al. (1972) 
found trampling accounted for 
one-half to two-thirds of the herbage 
loss on the western range; other 
investigators, however, report lower 
amounts (Quinn and Hervey, 1970). 

Forage production and utilization 
were measured annually in each range 
unit from 1961 to 197 1 on 35 to 40 
clusters of four 9.6 ft* plots, one 
caged and three grazed. Plots were 
clipped in February, and the 
caged-plot yield represented forage 
production. The mean yield of the 
three grazed plots was subtracted from 
the caged-plot yield to calculate 
utilization (Campbell and Cassady, 
1955). Following clipping each year, 
clusters were moved 15 feet in 
randomly chosen cardinal directions to 
avoid reclipping. On Southern pine 
range Grelen ( 1967) found no 
utilization differences between 
stationary and transient cages. 

Weather and trampling accounted 
for about 10% greater disappearance in 
the moderately grazed unit than in the 
other two units. Soils of that unit were 
generally saturated for lengthy periods 
following rains, and trampling and 
grazing apparently hastened plant 
deterioration. 

Other work has indicated that 
greatest disappearance occurs after 
plant maturity (Pearson, 1974). Those 
data show little disparity between cow 
intake and forage disappearance during 
spring when the lzerbages were young 
and, growing fast; greatest differences 
occurred from July to October. 

The difference between the caged 
and grazed plots represented total 
herbage disappearance. Cattle intake 
was calculated from animal weights 
and nutritional requirements (National 
Research Council, 1970). Other 
factors of herbage disappearance, such 
as trampling, weather, and wildlife 
effects, were determined by the 
difference between the total 
disappearance and calculated cattle 
intakes. 

Disappearance from calf intake was 
determined from requirements pro- 
rated for weaning weight, age, and calf 
crop (National Research Council, 
1970). One-half the intake require- 
ments determined from the calf wean- 
ing weight was assumed for the calves 
from birth through weaning. To put 
the calf value in terms of cow days, 
the intake was multiplied by calf crop 
and weighted for age and time on the 
range during the year. Calf intake thus 
varied from 2.1 to 2.8 pounds per COW 
day (Table 1). 

Results and Discussion 

Disappearance 

Total herbage disappearance per 
animal grazing day averaged 38, 47, 
and 38 pounds on the light, moderate, 
and heavy grazing intensities (Table 1). 
Calculated cattle forage intake 
averaged 15 lb/day for cows and 2 to 3 
for calves. Consequently, the loss of 
herbage from other factors was 
between 50 and 65%. 

Although disappearance from 
wildlife could not be computed, deer 
consumption was estimated to be less 
than 5%. The deer population was 
probably less than 20 per section; even 
at that density with deer consuming 
2.5 pounds of dry matter per day, 
intake would only be 1.8, 1.4, and 0.9 
pounds per cow day on light, 
moderate, and heavy grazing 
intensities. 

Grazing Capacity 

Weather is likely to have similar 
effects on caged herbage and that open 

In prior studies, utilization 
(herbage disappearance) averaging 45 
to 50% of yearly herbage yield was 
judged near optimum for maintaining 
forage on southern pine range (Duvall 
and Whitaker, 1964; Pearson et al., 
1971; Pearson and Whitaker, 1974). 
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Light Moderate Heavy 

111.3 95.7 66.3 
38.4 47.1 37.8 
15.2 14.7 14.8 
2.8 2.2 2.1 

20.4 30.2 20.9 

For briefer periods, however, 
utilization substantially exceeding 50% 
sometimes improves forage value and 
botanical composition (Duvall and 
Whitaker, 1964). To sustain light, 
moderate, and heavy grazing 
intensities yearlong in this study, 
herbage required was (after rounding 
to the next higher 5 lb) 115, 100, and 
70 lb /cow day (Table 1). On 
seasonally grazed range, Duvall and 
Linnartz (1967) found that herbage 
disappearance averaged 34 lb/cow day 
with moderate (46%) and 26 lb with 
heavy (67%) use. Consequently, cattle 
required only 75 and 40 lb herbage 
production per cow day with seasonal 
moderate and heavy grazing. 

If moderate grazing is the 
management goal, then initial stocking 
rates could, for practical purposes, be 
determined by dividing herbage 
production per acre by requirements 
per cow day. For instance, each acre 
of range producing 2,000 lb herbage 
annually would provide 20 cow days 
of yearlong grazing but 27 cow days of 
seasonal grazing. With these stocking 
rat es, forage production would be 
adequate to supply the requirements 
for the cattle, deer, and other factors 
causing disappearance and still provide 
ample amounts for soil protection and 
continued plant vigor. Forage yields 
would have to be assessed for yearly 
fluctuations and stocking rates 
adjusted. 
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Approximate Annual Water Budgets of Two Chained 
Pinyon-Juniper Sites 

GERALD F. GIFFORD 

Highlight: Approximate annual water budgets for various 
pinyon-juniper treatments (chaining-with-windrowing, 
chaining-with-debris-in-place, and natural woodland) have been 
compiled for a 3-vear period near Milford, Utah, and for a 
Z-year period near Blanding, [Jtah. Results of the analysis 
indicate that most of the annual precipitation falling on each 
treatment is lost through evapotranspiration, with much of the 
balance being lost through interception. When runoff did 
occur, it was greatest from windrowed treatments and least 
from debris-in-place treatments. 

Information regarding the water balance of semiarid plant 
communities is scarce. This paper brings together information 
from several individual studies on two chained pinyon-juniper 
(Pinus edulis-Juniperus osteosperma) sites in Utah to construct 
an approximate water balance for each of three treatments at 
each site: natural woodland, chaining-with-debris-in-place, and 
chaining-with-windrowing. 

Site Descriptions and Methods 

The water balance study was undertaken at two locations in 
southern Utah, one about 72 kilometers southwest of Milford 
and the other about 70 kilometers west of Blanding. The 
chaining treatmer,:s (1 2 to 16 hectares each) were performed 
during the fall of 1967 at both sites, and the areas fenced to 
exclude livestock. Chaining involves pulling a large anchor 
chain between two tractors to fell the pinyon and juniper 
trees. The windrowed areas (all debris pushed into windrows) 
were drill seeded with crested wheatgrass at 9.1 kilograms per 
hectare and the debris-in-place areas (debris left where it fell) 
were broadcast seeded at the same rate. A more detailed 
description of the sites and treatments has already been 
published (Gifford, 1973). Data are available for a 3-year 
period at Milford and for a 2-year period at Blandingj 
Methodology used in water balance calculations is described in 
the following subsections. 

Precipitation 

Precipitation was measured at each site using 20-cm 
(g-inch) raingages. During the period of about June 6 to 
October 1 of each year, rainfall was measured using both 
recording and nonrecording gages. Nonrecording storage gages 

Author is associate professor, range watershed science, Watershed 
Science Unit, Utah State IJniversity. 

This study was conducted in cooperation with the Bureau of Land 
Management under contract 14-l l-0008-2837. Journal Paper 1840, 
Utah Agricultural Experiment Station, Utah State University, Logan. 

Manuscript received April 6, 1974. 

were used during the balance of each year. It is assumed that 
each treatment at either Milford or Blanding received the same 
annual precipitation (though slight variations did occur, 
especially in summer rainfall). 

Interception 

Interception was not measured directly on any treatment. 
For the woodland interception was calculated from equations 
presented by Collings (1966); on windrowed areas it was 
assumed that maximum interception amounted to .lO cm (.04 
inch) for any given storm plus 4% of the total rainfall received 
during those times that recording gages were not in operation 
(Branson, Gifford, and Owen, 1972); and on the 
debris-in-place treatments it was assumed that interception was 
proportional to that intercepted on the windrowed treatments, 
depending on percent cover (tree, shrub, grass, and litter cover 
combined, maximum cover being 100%). 

CD 
I,=I, - 

CW 

where ID represents interception in the debris-in-place 
treatment, Iw interception in the windrowed treatment, C 1) is 
percent cover in the debris-in-place treatment, and Cw percent 
cover in the windrow treatment. 

Within the woodland, Collings (1966) indicates that total 
water (TW) received at the ground surface may be expressed 
as: 

TW = 0.87P’. ’ 6 + 0.09P1~25, 
where P is precipitation. This equation accounts for 
throughfall and stemflow, but it does not account for losses 
due to interception by litter on the soil surface, so the 
equation was modified slightly as follows: 

TW = 0.87P l* 1 6 + 0.09P’. 2 5 - .03, 
where the .03 inch (.08 cm) was estimated interception loss 
due to pinyon-juniper litter. Interception was simply total 
precipitation (P) received minus total water (TW) received at 
the mineral soil surface. Interception values in the woodland 
were calculated for each individual storm during the period 
June 6 to October 1 at each site. During the remaining period, 
when only storage gages were operating, interception was 
approximated at 17% of the precipitation received during a 
given measurement period (Skau, 1964). 

Runoff 

Runoff at both Milford and Blanding was measured using 
techniques described by Gifford ( 1973). These techniques 
involved use of .04 hectare (0.1 1 acre) runoff plots. On the 
sites studied, runoff occurs only from high intensity summer 
thunderstorms during the summer months. 
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Table 1. Approximate annual water budgets (cm) for various pinyon- 
juniper treatments at MiIford and Blanding, Utah. 

Location Measurements’ 
and treatments Year P I R ET AS’ 

Milford 
Windrow 1969-70 27.74 1.96 0 24.54 +1.24 

1970-71 28.96 2.97 0.30 24.64 +1.04 
1971-72 22.81 3.12 0 22.17 -2.48 

Debris-in- 
place 

Woodland 

Blanding 
Windrow 

Debris-in- 
place 

Woodland 

1969-70 27.74 3.17 0 22.25 
1970-71 28.96 3.30 0.05 27.5 3 
1971-72 22.81 4.17 0 20.60 

1969-70 27.74 7.49 0 20.25 
1970-71 28.96 7.09 0.18 21.69 
1971-72 22.81 6.55 0 16.26 

1970-7 1 23.62 2.21 3.07 16.69 +1.65 
1971-72 20.19 3.02 0 15.67 +1.50 

1970-71 23.62 2.87 0.10 20.65 
197 l-72 20.19 4.43 0 12.73 

1970-71 23.62 5,31 0.79 16.13 
1971-72 20.19 4.90 0 14.5 3 

+2.32 
-1.92 
-1.96 

0 
0 
0 

0 
+3.05 

+1.40 
+0.75 

’ P is precipitation; I is interception; R is runoff; ET is evapotranspira- 
tion; AS is change in soil moisture storage. Deep seepage component 
is equal to zero. Measurements are for the period July 1 to June 30 of 
each two-year period. 

2Change in soil moisture storage within 120 cm (4 feet) soil profile at 
Milford and within 150 cm (5 feet) soil profile at Blanding. 

Deep Seepage and Change in Soil Moisture Storage 

These variables were determined at each site by techniques 
described by Gifford and Shaw (1973). Deep seepage was nil 
during the study period. 

Evapotranspiration 

Evapotranspiration (ET) was calculated as the last unknown 
in the water budget equation: 

ET=P-I-R-DS?AS 
where P is precipitation, I is interception, R is runoff, DS is 
deep seepage, and & is change in soil moisture storage. 

Discussion nnd Conclusions 

Table 1 shows approximate annual water budgets for 
pinyon-juniper treatments at Milford and Blanding. The period 
of study at both y.ites was reasonably short, and extremes in 
annual rainfall were not encountered. The range was from a 
low of 20.19 cm (7.95 inches) at the Blanding site during 

1971-72 to a high of 28.96 cm (11.40 inches) at the Milford 
site in 1970-71. Runoff occurred at both sites only during the 
1970-71 period, and these amounts were small, especially at 
the Milford site. Assuming the data represent a period during 
which a wide range of climatic extremes (drought, severe 
runoff-producing thunderstorms, excessive rainfall amounts, 
etc.) were absent, then precipitation may be utilized 
approximately as follows within the various pinyon-juniper 
treatments. 

Milford Site 
Debris- 

Windrow in-place Woodland 
Interception 7-14% 1 l-18% 24-29% 
Runoff l%< 0.2%< 0.5%< 
Evapotranspiration 85-97% 80-95% 71-75% 
Change in soil 

moisture storage *4-211% +7-29% 0% 
Deep seepage 0% 0% 0% 

BIanding Site 
Interception 12-22% 12-22% 22-24% 
Runoff O-13% 0.4%< O-3% 
Evapotranspiration 63-87% 63-87% 68-72% 
Change in soil 

moisture storage +7% O-+15% +4-+6% 
Deep seepage 0% 0% 0% 

Deep Seepage Equal to Zero in All Instances 

The magnitude of each process involved in the annual water 
budget of treatment would be expected to vary depending on 
the total number, seasonal distribution, size, duration, and 
intensity of storms received during any given year; 
environmental conditions during any given storm; and various 
soil and cover factors. Most annual precipitation on each 
treatment is lost through evapotranspiration, with much of the 
balance being lost through interception. However, exact 
amounts involved in each process are variable among 
treatments for any given year and within a treatment for 
different years. 
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Some Economic Aspects of Western Rangeland 
Management and Conservation 
MONTH.SAUNDERSON 

As one who has, over the past 50 
years, worked professionally on both 
the enterprise economics and the land 
economics of Western rangelands usage 
and management, I wish to offer some 
comments from both viewpoints 
regarding the management and 
conservation of this resource. 

There are types of rangeland 
resources where the economics of 
conservation practically enforces 
management and good usage. This is 
particularly true for the mixed prairie 
grasslands of the northern plains 
because such lands show the disastrous 
results of misuse soon enough to 
permit the rangeland resource to 
recover with at least reasonable usage. 
At the other end of the scale are those 
rangeland types where the resource 
will not inflict an economic penalty on 
the enterprise for misusage evident 
enough or soon enough to avoid 
eventual disaster for the resource. 
illustration of this is the ecologic 
disaster of the displacement of native 
bunchgrasses by cheatgrass throughout 
most of the sagebrush-grass type of the 
intermountain West. 

If all of the Western rangeland 
types had the same response to 
overuse and mismanagement (and 
drouth) as the mixed prairie grasslands 
of the Western plains, there probably 
would not be any great need for either 
range management or land economics. 
However, that isn’t the situation; 
because of early lack of management 
information and because in many 
situations our enterprise economics 
has been conducive to the “mining” of 
the resource, we now have a great need 
for all that management science and 
education can offer us. And, J believe, 
the applications of both ranching 

The author has served as a Western lands 
economist and a consultant in Western stock 
ranch management. His present address is 
Sun City Center, l+Iorida. 

enterprise economics and land 
economics can play an important role 
in this. 

One of the impediments to the 
applications of modern range science 
through the planning of the ranching 
enterprise is the uncertainty as to both 
the time span and the returns for a 
program in rangeland rehabilitation 
and improvement. This is why it is 
important that the experimental work 
of range science give as much 
economic information as possible. 
Beyond that is the need for public 
programs, the programs of agencies, 
for example, to carry some of the cost 
and the risk of the implementation of 
change for rehabilitation, and further, 
to act as educational resources in the 
application of developments in range 
science. 

The application of work in land 
economics to range management 
involves social goals, such as long-range 
watershed conservation or recreational 
uses of the resource. Such goals relate 
largely, though not entirely, to the 
management of the lands in public 
ownership. There are also lands in 
private ownership where rangeland 
management may have important 
watershed or recreational values, and 
such values may not be realizable 
through the economics of the 
enterprise. To the fullest extent 
possible, research in land economics 
should provide quantitative measures 
of such values. The expression of 
social values in monetary terms has, of 
course, definite limitations. One 
cannot “put the dollar sign” on the 
future health, energy, and spiritual 
welfare of a people. 

As a result of my work in the fields 
of Western stock ranch enterprise 
economics and Western land 
economics, I feel that we can be only 
moderately optimistic concerning the 
future good use and conservation of 
the Western rangeland resources. J 
believe that certain national economic 
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and social trends are inimical to good 
use and conservation. I further believe 
that these national trends have a 
special impact upon the rangeland 
resources of the arid West, not only 
because of some inherent 
characteristics of the resource, but 
because of certain aspects of the 
Western stock ranching enterprise. 

Here, as I see them, are some of the 
important basics of the economics of 
the future development, management, 
and conservation of the Western 
rangeland and livestock ranching 
resources: 

1) Throughout our history, our 
national agricultural economy has 
been essentially exploitive. This has 
been the situation because through 
most of our history we have had a 
frontier and new lands to develop. 
This has caused our agricultural 
economy to work at an extensive level, 
with little if any concern for resource 
maintenance. During the past 50 years 
or more, we have had, additionally, 
national policies and programs for the 
stimulation of agricultural production 
for the assurance of plentiful food 
supplies. As a consequence of those 
influences, except for wartime, we 
have not until very recently had a level 
of agricultural prices and incomes 
conducive to the maintenance and 
renewal of the land resources. 

2) Our national land settlement 
policies gave Western stock ranches a 
tenure situation which was not 
conducive to the good stewardship of 
the lands. 

3) Those land policies also gave us 
a long period of transitional and 
inadequate-sized units which inclined 
users to put heavy pressures upon the 
resource. 

4) The low grazing fees and rental 
rates on the public lands have resulted 
in heavy use pressures for those lands. 

5) During the years of the easily 
available land credits, in the 1950’s 
and the 1960’s, land speculation, the 

75 



buying of ranch properties for 
development as a tax shelter (prior to 
the Revenue Act of 1969), and other 
influences caused Western stock 
ranches to become over-valued 
(perhaps very much so, in terms of 
productivity); the inevitable tendency 
of this is to put additional use 
pressures on what has often been an 
overused or mismanaged resource. 

6) The recent flurry of the buying 
of ranches for subdivision and 
speculative sale of land tracts appears 
to be very much on the minus side of 
the ledger, as far as resource 
management is concerned. 

On the plus side of the ledger, here, 
as I see them, are the principal 
economic influences toward improved 
use and management of the Western 
rangeland resources: 

I) We now have much better 
equipment for development and 
management “know how,” and the 
economic implications of these are 
better understood. 

2) The unit size of the ranches has 
become more economically possible, 
and stronger. 

3) We shall now probably have a 
price and earnings situation which 
should result in much better 
maintenance and renewal of the land 
resources. 

4) “Gentleman ranching” and 
other “outside” ranching investments 
usually have the favorable aspect of 
being able to accept lower rates of 
return, when necessary, on the land 
investments. 

5) Mechanization of certain 
ranching operations has contributed to 
resource development and 
improvement. 

In assessing these plus and minus 
factors in the economics of Western 
rangeland use and management, we 
must remember that most if not all of 
the Western rangeland have some 
watershed values and other long-range 
public interest values. Water is the 
lifeblood of the arid West, and the 
development and management of the 
range and forest lands of the arid West 
will do much to determine whether 
surface waters come from the 
watersheds unseasonally and in the 
silt-laden floods that are choking the 
large-river reservoirs, or whether these 
waters will recharge the ground water 
basins and yield their normal potential 
of quality waters into the streams for 
storage or for diversion. 

This watershed value of the Western 
range and forest lands often is so 
overwhelming as to dwarf the value of 
the rangelands for forage yield or for 
maximum short-run livestock 
production. We do not as yet have 
very good information about where 
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and to what extent the watershed 
values and the rangeland production 
values coincide or are compatible. We 
must learn this soon, and when we 
obtain this all-important information 
we must act accordingly in the 
management of the public lands, in the 
public cooperative assistance programs 
for the privately-owned rangeland, and 
in the educational programs and 
efforts in good rangeland usage. In 
such programs we cannot, however, 
assume that ranch enterprise 
economics will give the needed results, 
either in the protection of the 
watershed values, or even in the 
maximization of the forage yields of 
the rangelands for the production of 
livestock. There is too much evidence 
to the contrary in this, and we need to 
know where, how, and to what extent 
we must plan for needed controls, 
public acquisition, or changes in the 
size and direction of the cooperative 
assistance programs for the private 
lands. We may find that the alternative 
to expanding deserts and loss of 
reservoir storage is much more 
“socialization” than we now have, and 
that the longer this is delayed the 
higher the cost. 

We were facing a test of wisdom 
and resourcefulness 40 years ago, and 
we still do face such a test, now more 
than ever. Time is about to run out on 
us, not just on the conserving of a 
considerable percentage of the Western 
range resource (the loss of some of 
which might not in itself be a crucial 
matter in our total national 
economics), but for the saving of the 
watershed functions and values upon 
which rest the total economy and 
values of the arid West. 

We need a coordinated national 
plan for the economic development 
management and conservation of the 
Western rangeland resource. 

The last chapter of the “green 
book” (The Western Range, Senate 
Document No. 199, 74th Congress, 
2d. Session), is entitled “Program.” 
This chapter reviews the ongoing 
programs and policies deemed 
pertinent to progress in the use and 
management of the Western range 
resource. Recommendations are then 
made for changes in those programs 
and for the development of the new 
programs believed to be helpful in 
attaining the objectives set forth in the 
previous chapters. 

Since the publication of this book, 
in 1936, there have been both progress 
and retrogression in the condition and 
trends of the Western range resource. 
The national programs for the 
development and management of this 
resource have undergone changes in 
direction and emphasis, and perhaps it 

can be said that in some situations the 
programs have lost direction and 
momentum. 

As a consequence there is now the 
need for a completely new look at the 
situation by a consortium of the 
interested agencies and institutions, 
federal, state, and private. The 
objectives in this should include 
needed policy guides, revisions of the 
ongoing programs, and, most 
importantly, the procedures for 
achieving the coordination of all of the 
policies and programs: research, 
administration of the public lands, 
education, and the public cooperative 
assistance programs to ranch 
enterprise. 

It is my view that the economic 
aspects of rangeland resource 
conservation and management have 
been pretty much overlooked in the 
past programs. If this be true, it is now 
doubly important that considerable 
attention be given to this. During the 
past three decades a whole new set of 
economic forces and trends have 
developed in Western stock ranching 
and range resource usage. Much of 
what can be done to make the 
programs more effective will have to 
be based upon a much better 
understanding of the economic and 
social forces and trends. 

Probably the work that is needed 
should be done by a select committee 
commissioned by the Congress. The 
makeup of the committee should be 
clearly specified by the enabling 
congressional resolution, and the 
resolution should state clearly the 
purposes and objectives of the 
commission. 

The principal objectives of such a 
commission should, as I see them, be: 

1) A re-inventorying of the 
Western rangeland resource condition 
and trends for each of the major 
natural regions and principal rangeland 
types and an analysis of the major 
factors involved in the problem trends. 

2) A review and evaluation of the 
principal ongoing programs in 
rangeland resource conservation and 
management: (a) public lands 
administration and management; (b) 
research-management and 
developmental, economic and social; 
(c) education; and (d) cooperative 
public assistance for private lands. 

3) The formulation of 
recommendations-concerning policies 
and policy guidelines, for modification 
of the ongoing programs, for new 
enabling legislation, and concerning 
needs and methods in program 
coordination. 

The Western rangelands, with their 
arid climates and usually undeveloped 
soils, have of necessity had an 
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extensive type of usage. Because of the have given us in the economic The challenge is there-a great 
nature of the lands and their uses, we development of tilled-crop agriculture. challenge-for range science and range 
cannot expect that range management However that may be, the Western management to make some great 
science can accomplish for Western range resource is extremely important contributions in the future wise use of 
stock ranching the far-reaching results in the fabric of Western economy, and this immense resource. 
that agronomic science and soil science therefore in the national economy. 



Land Use, Ethics, and Property Rights-a Western View 
from the East 
WILLIAM R. BURCH, JR. 

Highlight: Changes in the nature of 
property rights regulate the survival 
potential of social systems. In our era the 
traditional market system no longer 
manages the property realities where former 
scarcities become abundant and former 
abundance becomes scarce. The experience 
of land-use in the arid West and John Wesley 
Powell’s vision of the future provide 
essential lessons for both the dry and humid 
zones of modern America. 

My message is deceptively simple. 
Agricultural productivity is likely to 
be limited by trends in both 
fragmentation and concentration of 
land ownership. These trends largely 
reflect our response to signals from 
real estate markets rather than from 
the ecosystem. However, social 
institutions are evolving such that land 
allocation is shifting from the whimsy 
of economic markets to the 
practicality of life sciences and the 
integrity of people close to the land. 
In this evolution the experience of the 
West with scarcity of water offers a 
realistic guide to the national future; 
whether we are ready for reality is 
another matter. First let us look at 
some people and some trends. 

In spite of all the fashionable talk 
a bout stockmen and farmers as 
economic maximizers, and the 
computerized agribusiness revolution, 
there are still thousands for whom 
ranching is more a way of life than a 
simple economic proposition. Still, in 
spite of their numbers and their 
stubbornness, they are an endangered 
species. 

They are endangered, for along 
with all the usual fingerpointing at 
government and big business, they are 
victimized by their own egalitarian 
property-inheritance rules and the 
vagaries of real estate markets. For 

Author is associate professor of Forest 
Sociology, School of Forestry and 
Environmental Studies, Yale University, 
New Haven, Connecticut. 

This article is a revised version of a paper 
presented at the 27th Annual Meeting of the 
Society for Range Management, Tucson, 
Arizona, February, 1974. 

example, the Eastern Washington 
valley where my Uncle Howard’s ranch 
is located was once divided between 
only two families. Today many 
families live in the valley, and with an 
increasingly confused patchwork of 
ownership. If the present trends of 
childbearing and inheritance continue 
in the valley, within three generations 
land-ownership is likely to resemble 
the contorted and inefficient patterns 
found in many Asian and European 
societies. 

At the other end of the world is a 
western stockman’s dream-New 
Zealand-an eternal spring of rich, 
year-round grass. Yet the Department 
of Maori Affairs complains that 
because the Maoris-the native 
Polynesian people-believe in certain 
familial and communal ownership 
pat terns, the land is hopelessly 
fragmented into minuscle sections. 
Thus, the land is wasting away for 
cultural, not ecological, reasons. 
Curiously, such government 
departments do not concern 
themselves with the more extensive 
a.n d rapid fractionalization by 
Europeans of the rich, Hutt 
Valley-agricultural lands into 
thousands of tiny % acre sections, 
complete with tin-roofed, suburban 
bungalows and rotary clotheslines. 

In the irrigated lands of the 
American Southwest, the trends have 
long been towards concentration 
rather than fragmentation-with 
family dynasties and later corporate 
structures dominating a region. The 
pattern is also becoming a common 
one in the Midwest. A valley in 
southwest Wisconsin, where my family 
and I lived during the summer of 
1970, had once provided a substantial 
living for 12 families. Now, except for 
one stubborn holdout, it is the 
wholly-owned property of a feed lot 
and fertilizer corporation. The 
corporation also owns the next valley 
and through blockbusting tactics is in 
the process of acquiring another. 

Thus, at a time when worldwide 
needs for food are increasing, 
land-ownership patterns are either 
fractionating or concentrating in such 
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a way that ultimate productivity is 
likely to decrease. Fragmentation 
usually affects prime cultivation land 
by either removing it from production 
through suburban sprawl or reducing 
the land-size to such a scale that 
human energy is the only efficient 
source of operation. Concentrated 
ownership has been most characteristic 
of grazing and irrigation lands. Yet, 
because corporations tend toward 
managed markets and ownership 
diffusion, their organization is such 
that rights to profits are often 
divorced from obligations to the 
resource. Corporate directors of such 
enterprises, like managers of American 
railroads, find that when conditions 
become difficult they can still improve 
their personal incomes and look like 
profit geniuses by eliminating the costs 
necessary to maintain the system. 
When the schemes of the profit 
geniuses collapse due to attempting to 
get something for nothing, we can be 
sure that they will take their stock 
options and bonuses and let the 
government pick up the pieces, while 
they sit on the sideline and tell us that 
the government can’t manage 
anything. “After all,” they will tell us, 
“look at the mess the railroads have 
become since Amtrak took over 
management.” 

Though patterns of fragmentation 
and concentration of land-ownership 
occur in different ecological regimes, 
they share the same cause-an almost 
complete reliance upon the real estate 
market to determine the highest and 
best use of land. Such a system may 
have been a rational basis when the 
lands in the Western Hemisphere and 
Australasia were frontiers of the Old 
World. Today all biomes are claimed. 
There are no frontiers. Though the 
land speculator crouching within us all 
might like markets to continue their 
exuberant play and hopefully 
fatten-up our dreams of unearned 
wealth, we should know that we toy 
with the future of our nation and, 
perhaps, our species. 

Indeed we might note that during 
the nearly 100 years since the 
American frontier was officially 
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closed, there has been a slow 
adaptation to the limits of reality 
(Burch, 1971). The late nineteenth 
century and early twentieth brought 
federal and state forest preserves, 
changes in the size of homestead 
claims for the arid Western states, 
establishment of national and state 
parks, zoning laws, grazing laws, 
creation of the Forest Service, the 
Bureau of Land Management, the Soil 
Conservation Service, and many other 
actions which represent withdrawals of 
Ian d from the vagaries of the 
marketplace and the creation of 
systems where decisions are made on 
the basis of land capability rather than 
price. Thus, the first stage of 
adjustment was public ownership of 
large tracts of land and the creation of 
professional specialists who could 
identify the capability of the land and 
could regulate use accordingly. 

Today we are entering the second 
evolutionary phase, where controls are 
being directed to private land-owners, 
often without purchase of such rights, 
and to managing the professional 
managers. Many states now have 
seashore, wetland, and streambelt laws 
which inhibit rights of use on 
privately-owned lands. New York 
State, for example, has created 
agricultural preservation zones which 
limit uses other than agriculture, and it 
has enacted strong restrictions upon 
privately-owned lands in the 
Adirondack Forest Preserve. Several 
other states are exploring similar 
options. Along the seashore we are 
moving toward the realization that the 
sea as a resource and a dumping 
ground cannot remain a vestige of 
laissez-faire economics; the Wilderness 
Act and the National Environmental 
Policy Act represent attempts to more 
clearly specify the rights, actions, and 
obligations of the professionals who 
were created in the first stage of 
“de-marketing” resources. 

Slowly and stumblingly we are 
officially recognizing that airsheds, 
watersheds, the oceans, natural 
beauty, and agricultural lands have 
reasons that real estate markets cannot 
understand. But perhaps the most 
significant change is that life scientists 
are beginning to have some voice in 
land decisions. 

Though this voice is far from the 
grand eloquence of the Council of 
Economic Advisors, some persons in 
public life are beginning to believe that 
life scientists may know more about 
relations between habitat, economy, 
and community than the C.E.A. Let 
me briefly define these three concepts 
and thereby indicate something of the 
difference in land-use approaches by 
life scientists and economists. 
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Habitat usually refers to a 
particular configuration of geology, 
climate, biomass, and topography 
which permits certain energy and 
nutrient flows to characterize a given 
locale. A community is an assemblage 
of animals (including man) and/or 
plants with a given regularity, 
structure, and frequency of interaction 
such that it can be distinguished from 
other such assemblages., Economy is a 
term which has had unintended 
confusions because it defines both a 
discipline of study and a process to be 
studied. Thus, life scientists focus 
upon interspecific trophic exchanges; 
whereas most economists focus upon 
exchanges within a particular species, 
and indeed a particular culture and 
time frame-Western Europe within 
the past 200 years. 

Because their central metaphor-the 
market-is seen as the regulator of all 
necessary exchanges, economists often 
have a more benign view of 
environmental issues than do life 
scientists. Further, in other economies 
such as nomadic pastoralism or 
hunting-gathering, signals of 
adjustment come from a relevant 
trophic level (Rappaport, 1967, 1971); 
thus shifts to new grazing areas or 
w a terholes are directly perceived 
meanings which maintain a certain 
ecologic balance. In market economies 
such signals are indirect and seldom 
heard and thus the “good news” of a 
rising GNP attempts to ignore the 
“bad news” of a deteriorating 
ecosystem. 

This distinction is important when 
we consider the “development” of 
communities because such a notion is 
most often identified in terms which 
fit the measurements of modern 
economists. A ‘ ‘ d e veloping 
community” is one which has 
consistent growth in the production 
and consumption of those goods 
which command a monetary price and 
which can be summed in some 
arbitrary index such as the per capita 
income, trade balance, or gross 
product. Community development, in 
this sense, means the destruction of an 
existing community’s values and the 
substitution of another set of values. A 
hunter-gatherer group in the Khalahari 
desert, a nomadic pastoral group in the 
Sahara, a pueblo group in Arizona, a 
Spanish-American group in New 
Mexico, or a Norwegian dairy 
community in Wisconsin must convert 
its web of natural and social relations 
into “commodities” which command a 
price . . . or remain “underdeveloped.” 

However, our Western arid lands 
should remind us that economic 
development in one setting is most 
often offset by the “de-development” 

of communities in other settings. 
Cottrell’s (1972) study of the modern 
American desert community, 
“Caliente,” presents typical findings. 
Caliente was a convenient stop for 
steam engines crossing the desert from 
Salt Lake City to Los Angeles, and 
experienced all the bloom and boom 
such transporation exchanges mean. 
However, with the introduction of 
diesel engines, the railway company no 
longer had a use for the community 
and left it to slowly stagnate. In his 
study Cottrell found that the business 
and professional people who paid the 
greatest costs in terms of economic 
change retained all the myths of the 
market system-such as “the price of 
one’s labor is the appropriate measure 
of his worth;” “hard work and de- 
ferred gratification bring rewards;” 
“welfare and cooperation are morally 
wrong.” Ironically, given the eco- 
logical and resource base of the town, 
the only means for its persistence has 
been a form of long-distance wel- 
farism. As Cottrell ( 1972: 84) describes 
it: 

The income of most Caliente people 
comes from outside sources who pay 
Caliente people for doing things mostly 
for each other. They care for the sick. 
They educate their own children. They 
work to rehabilitate juvenile girls. They 
house and provide amenities for older 
people. They provide parks and other 
free services for the traveler. They 
maintain law and order. They keep 
dependent people from falling below a 
standard which is set, not in Caliente, 
but in the state capital or in Washington. 
So it is only as people elsewhere 
maintain their own values and the social 
structure that this requires that Caliente 
is provided with an income. But with 
that income it can continue to teach and 
maintain a set of values that are in many 
respects contradictory to the values that 
make the community viable. 

Such contradictions between myths 
and realities seem to abound in human 
societies. Thus, our individualistic 
Southwestern states have grown to 
expect the rest of the states to 
subsidize the shrinking of a limited 
water table, the exporting of a saline 
solution downstream, and then to 
subsidize the surplus cotton resulting 
from the previous subsidization. 
Apparently indirect “community 
development” in the Western Calientes 
becomes “welfarism” only when 
applied to urban minority 
communities. 

Certainly, “community 
development” in the Western arid 
lands has seldom considered the 
realities presented in John Wesley 
Powell’s 1878 Report on the Arid 
Lands of the United States. But then 
Powell was determined to prevail over 
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the myths of early Western optimists 
such as William Gilpin, who promised 
that . . . “rain follows the plow.” 
Powell argued that water, not land was 
the resource in the arid west, and laid 
out a blueprint for a new kind of 
social democracy to be formed if 
societies in the western states were to 
survive. It is interesting that he 
developed his model from the 
pra’ctices of the then-existing Mormon 
and Amerindian communities. Water 
was a communal resource to be 
owned, organized, distributed, and 
husbanded in a communal- fashion. 

Powell ( 196 2 : 5 0) argued : 
It is best to permit the people to divide 
their lands for themselves-not in a way 
by which each man may take what he 
pleases for himself, but by providing 
methods by which these settlers may 
organize and mutually protect each 
other from the rapacity of individuals. 
The lands, as lands, are of but slight 
value, as they cannot be used for 
ordinary agricultural purposes, i.e. the 
cultivation of crops; but their value 
consists in the scant grasses which they 
spontaneously produce, and these values 
can be made available only by the use of 
the waters necessary for the subsistence 
of stock, and that necessary for the small 
amount of irrigable land which should be 
attached to the several parturage farms. 
Thus, practically, all values inhere in the 
water, and an equitable division of the 
waters can be made only by a wise 
system of parceling the lands, and the 
people in organized bodies can well be 
trusted with these rights, while 
individuals could not thus be trusted. 

Powell’s plan never gained 
acceptance. Indeed, a recent study of 
the Bear Lake Region of Utah and 
Idaho by Andrews and Geersten 
(197 1) indicates a continuing rejection 
of the Powell vision by residents of the 
arid lands. Large proportions of 
Andrews and Geersten’s sample seem 
to have images of boundless quantities 
of water in the region; they insist upon 
p r oviding these resources at 
considerably less than cost for the 
private gain of agriculturists, 
emphasize the priority of mining and 
commodity uses over other uses, assign 
to the general public the costs of 
environmental restoration after the 
private gain has been extracted, and 
almost unanimously favor obtaining 
more industry even if this puts more 
pressure on the supply of water in the 
area. As a modern Gilpin might say, 
“Water follows the factory stack.” 

Ironically, the Western experience 
with the scarcity and essential 
significance of water quality and 
quantity has seldom served to warn 
itself or the well-watered Eastern 
regions. Long Island, New York, is one 
huge, natural aquifer which has long 

had one of the nation’s best freshwater 
supplies. But it is beginning to dry out 
on the western end (Bird, 1972). By 
1990 Nassau County’s population will 
contain 700,000 more people than 
lived in Utah in 1970, and they will be 
dealing with a water deficit of 92 
million gallons per day. Nassau 
County’s hope of importing water 
from the systems of New York City or 
adjoining Suffold County, like the old 
and new battles over Western water 
rights, are being strongly denied. 

The depletion of Nassau County’s 
water reflects its rapid “community 
development” or suburbanization. 
Such suburbanization means larger 
numbers of consumers and higher per 
capita demand for water. It, also, 
means a strong demand to maintain 
tolerable health levels; and this means 
the installation of sewage treatment 
plants and other pollution controls. 
However, sewage treatment is a 
throughput system which removes 
water from the groundtable, passes it 
through consumers, re-collects it at the 
central plant, mixes and treats it, and 
then puts it out to sea. This effectively 
fails to recharge the acquifer such that 
quality sewage is bought with 
diminished water quantity. 

So justice is less than poetic. As 
Bernard deVoto long and everlastingly 
reminded us, the East has held the 
West hostage to its romantic dreams, 
has regularly drained the primary 
resources of the West to finance 
Eastern industry, has been quick to 
play “trickle-down” rather than 
“re-distribution” on matters of the 
national wealth, and has everlastingly 
seen the Western vastness as a great 
place to fill-up with Eastern problems. 
Yet, like a thirsty cowboy heading for 
a waterhole, the East may discover 
that there are limits, even in its own 
backyard. 

Though we Westerners have often 
eagerly danced to the romantic 
Eastern vision of unlimited resources, 
reality has everlastingly and inevitably 
taught us better. When the balance 
between green grass or brown drought 
is knife-edge thin, it is difficult to 
escape the realistic limits to human 
aspiration. Some Western states, such 
as Oregon and Colorado, are slowly 
recognizing that growth in human 
satisfaction, happiness, and quality of 
life means limiting growth rates of 
industry, population, and pollution. 
Like the referendum and fair 
employment acts, voting rights for 
women, and numerous other 
progressive ideas, the West might again 
remind the nation of certain realities. 

In the past we knew of hope and 
opportunity but we also knew of 

scarcity and limits. In recent decades 
we have been cajoled into believing the 
secular witchdoctor’s promise of 
unending “friendly skies” and eternal 
hedonistic bliss. But we have 
discovered there are no tranquil isles, 
no vinlands; indeed nowhere to go 
because everywhere is already there. 
We have learned that only a transient 
and flabby patriotism can be based 
upon a pride in having more electric 
toothbrushes and frozen dinners than 
anyone else. Our world has become 
finite. Slowly we will discover that 
only here and only together is there a 
possible future. More slowly we will 
learn that land is more than a 
commodity. 
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Psychrometry in Water Relations 
Research. Ed. by Ray W. Brown 
and Bruce P. Van Haveren. 
Proceedings of the Symposium on 
Thermocouple Psychrometers. Utah 
Agricultural Exp. Sta., Utah State 
Univ., Logan, Utah 84322. 342 p., 
1972, $ IO paperback. 

This book is a compilation of the 
Proceedings of the Symposium on 
Thermocouple Psychrometers which 
met at Utah State University March 
17-19, 1971. The book is well 
organized into sections including an 
Introduction, Theory of 
Thermocouple Psychrometers, 
Construction and Design Criteria, and 
Applications to Measurement of Soil 
Water Potential, Plant Water Potential, 
and Micrometeorology. 

The material represents most of the 
significant research in the field from 
the most basic theory to the finest 
detail of making miniature 
thermocouples. Sufficient information 
is given to enable a person to procure 
all of the necessary equipment to 
make water potential measurements, 
determine what type of system would 
be best for his needs, understand how 
to take the measurements, and 
interpret the results. The book 
contains a list of symbols and 
appendices which include conversions, 
definitions, and tables of many of the 
commonly used relations involving 
water vapor. The inclusion of the 
above items makes the book a very 

useful, almost self-contained course, in 
the art and science of thermocouple 
psychrometry. Also included is a list 
of all those who attended the 
symposium. 

This is a worthwhile volume for 
anyone interested in the use of 
thermocouple psychrometers for 
measurement of water potential in 
soil, plants, or other media. However, 
it is unfortunate that this volume was 
3 years in publication, which means it 
was out-of-date in many respects by 

the time it reached the reader.-H. R. 
Gardner, Fort Collins, Colorado. 

Range Resources of the Southeastern 
United States. Ed. by Robert S. 
Campbell and Wesley Keller, ASA 
Special Pub. No. 2 1, Amer. Sot. of 
Agron., Inc., 677 South Segoe 
Road, Madison, Wisconsin 537 11. 

78 P., 1973, Members $3.00. 
nonmembers $4.00. 

This publication represents one of 
the first attempts to compile current 
literature and knowledge on the range 
resources of the southeastern United 
States. The book is the result of 8 
assigned papers describing the range 
resources and their relationship to 
climatic and soil factors (Chapters 1, 
3 & 3); management of range 
&ources (Chapters 4 & 6); integrating 
improved pastures with range and 
forest (Chapter 5); environmental 
problems and range resource use 
(Chapter 7); and a capstone paper on 

integrating forest and range resources 
(Chapter 8). These papers were 
presented at a 1972 joint symposium 
sponsored by the Crop Science Society 
of America, the Soil Science Society 
of America, the American Society of 
Agronomy, and the Society for Range 
Management. The objectives of the 
symposium were : 1) to update the 
information on southeastern range _ 
resources; 2) to document the new or 
modified demands on land; 3) to 
present new ecological and economic 
research findings; and 4) to suggest 
new opportunities for integrating 
management of range, pasture, farm 
crops, and forests for optimum 
multiple use and human welfare. 

The objectives of the symposium 
are generally met within the limited 
space and general lack of detailed local 
research to adequately cover each of 
the topics. The selection of authors 
provided a good coverage of the 
expertise and general knowledge on 
southeastern range resources. 
Noticeably lacking is information 
dealing s p ecifically with animal 
husbandry problems, although several 
papers mention nutritional needs. This 
omission was necessary due to the 
limit on number of papers allowed at 
the symposium. 

The book should provide students, 
educators, and land managers a good 
general review of the southeastern 
range resources and their managetnent. 
The book is timely in light of the 
expanding interest in range resources 
management and the recent trends in 
cow-calf production occurring 
throughout the south.-Larry D. 
White, Gainesville, Florida. 
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