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THE MOST PRODUCTIVE NATIONS of the world 
have two characteristics in common-free enterprise and 
the application of technology, a seemingly unbeatable com- 
bination. In the first 200 years of its rather remarkable life, 
the United States of America was the leading proponent and 
fulfillment of that recipe for success. In recent years we have 
seen that leadership erode almost in direct proportion to the 
degree of departure from these two principles. 

It is incomprehensible that there is a relatively small but 
effective group of people dedicated to moving the U.S. 
toward central control of our resources and our lives, as 
opposed to the collective wisdom that results from millions 
of individual decisions. To the extent that occurs, we follow 
the example of countries which cannot produce enough 
food for themselves and which depend on free enterprise 
systems to provide it. U.S. agriculture provides its citizens 
the most high quality food for the least portion of their 
income of any time or place in world history with a great 
deal left over for export. Despite elaborate five-year govern- 
ment plans for communal agriculture, 40% of Russian food 
is produced on the 4% of land operated as free enterprise. 

We usually equate free enterprise with profit incentive, 
which certainly is a significant consideration. We must not 
overlook the equally important loss incentive of free enter- 
prise, which forces improvements in efficiency in a most 
effective, if not comfortable way. Shakespeare said truly, 
“Sweet are the uses of adversity. . . .” 

FUNDING FOR AGRICULTURAL RESEARCH has 
been an easy place to cut at both federal and state levels in 
recent years because no large and vocal opposition is 
aroused. The result is that in real dollars, investment in 
agricultural research actually has declined, the pipeline of 
research data that has allowed us to produce more efficiently 
has slowed to a trickle, and last year for the first time in 
history, productivity of U.S. agriculture declined. 

Much of the agricultural technology that has been 
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researched and applied has been based on inputs of readily 
available energy and water at low cost. It is shocking to 
contemplate how dependent the U.S. has become on surplus 
grain produced under irrigation as a base for its livestock 
industry, exports, and balance of payments at a time when 
both energy and water are increasingly less available and 
more costly. Tame pastures with high upkeep and low 
income are being converted into cropland in humid and 
subhumid areas, while marginal irrigated land is being 
returned to dryland farming or reseeded in grass. 

RANGELANDS, RANGE ANIMALS, and range peo- 
ple all become more important under these circumstances. 
Rangelands provide the breeding ground for ruminant 
animals capable of converting forage inedible by man into 
high quality protein from nonarable land. These ruminants 
have the flexibility to use more or less grain according to 
availability and cost, which provides a cushion bf stability 
for crop farmers and for swine and poultry that are depend- 
ent on grain to be productive. 

If we are who and what we say we are, range people are the 
practicing ecologists who can lead the way from input agri- 
culture to ecological agriculture based on intimate know- 
ledge and understanding of all components of the ecosys- 
tem, careful assessment of land capabilities and limitations, 
selection of enterprises that are ecologically and economi- 
cally sound, and use of the combination of practices that 
will, to the greatest extent possible, substitute knowledge for 
inputs. I have cited the U.S. as an example, but the princi- 
ples are clear for all nations. 

The range profession has more opportunities and respon- 
sibilities than ever before in wisely managing the remarkable 
range resource for all its multiple uses, in educating our- 
selves and others to those values, needs, and means of 
fulfilling them, and in zealously defending the individual 
freedom and concomitant responsibility to do so. If not us, 
who? If not now, when? 
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Foliage Mortality of Mountain Big Sage- 
brush [Artemisia tridentata subsp. 
uaseyana] in Southwestern Idaho during the 
Winter of 1976-77 
CLAYTON L. HANSON, CLIFTON W. JOHNSON, AND J. ROSS WIGHT 

Abstract 

Mountain big sagebrush (Artemisia tridentata subsp. vaseyana) 
in southwest Idaho suffered extensive overwinter foliagemortality 
during 1976-77 where the normally deep snow cover was lacking. 
Mortality was 75 to 100% in areas where snow usually covers dense 
stands of sagebrush; however, winterkill was slight in areas of 
usually shallow snow cover. Winter-induced physiologic drought 
caused by frozen soils, low soil water content, and above average 
air temperature was the apparent cause of sagebrush foliage 
mortality. 

In the spring of 1977, extensive foliage mortality of mountain big 
sagebrush (Artemisia tridentata subsp. vaseyana) was evident in 
the mountainous terrain of southwestern Idaho above the 1700 m 
elevation. The affected area is part of the Owyhee Plateau (Tisdale 
et al. 1969), which includes parts of Idaho, Oregon, and Nevada. 

Infestations of aroga moth (Aroga websteri) (Gates l964), long- 
tailed voles (Microtus longicaudus latus) (Frischknecht and Baker 
1972), and gall midges (Dipteru cecidomyiidae) (Jones 1971) have 
been documented as causes of sagebrush kills. Upon careful exami- 
nation of the affected areas, infestation by insects or rodents was 
considered unlikely. Other investigators have attributed kills of big 
sagebrush to severe droughts (Allred 1941, Ellison and Woolfolk 
1937, Ferguson 1964, Pechanec et al. 1937, and Reed and Peterson 
1961), even though studies have shown that big sagebrush can 
survive during long periods of low soil water (Branson et al. 1970, 
1976; Branson and Shown 1975). 

Winterkill of big sagebrush has seldom, if ever, been reported in 
the literature. However, winterkill has been associated with the 
mortality of other shrub species, such as fourwing saltbush (Atri- 
plex canescens) (Van Epps 1975), bitterbrush (Purshia tridentata) 
(Jensen and Urness 1979) and snowbrush (Ceanothus velutinus) 
(Stickney 1965). These species are found with big sagebrush in 
southwest Idaho, which suggests that winterkill was a possible 
cause of mountain big sagebrush mortality during 1976-77. We 
also noted extensive top kill of snowberry (Symphoricarpos oreo- 
philus) associated with areas of sagebrush mortality. This study 
was conducted to determine the extent of mountain big sagebrush 
overwinter foliage mortality and its relationship to winter drought. 

Study Area and Procedures 

The study area included 2710 ha in the southeast part of the 
Reynolds Creek Experimental Watershed in southwest Idaho (Fig. 
1). This watershed was selected for hydrologic studies in 1960 to 
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Fig. 1. Reynolds Creek Experimenial Watershed. 

represent extensive tangeland areas in Idaho and surrounding 
states (Robins et al. 1965). The study area ranges in elevation from 
about 1490 m to 2208 m. The four Soil Associations in the study 
area are Bakeoven-Reywat-Babbington, Harmehl-Gabica- 
Demast, Searla-Bullrey, and Takeuchi-Kanlee-Ola (Stephenson 
1977). 

The major plant species of the study area include: Idaho fescue 
(Festuca idahoensis), Sandberg bluegrass (Poa sandbergii), 
bearded bluebunch wheatgrass (Agropyron spicatum), needle- 
and-thread (Stipa comata), mountain brome (Bromus margina- 
tus), squirreltail (Sitanion hystrix), sedges (Carex spp.), mountain 
big sagebrush (Artemisia tridentata subsp. vaseyana), low sage- 
brush (A. arbuscula), Douglas fir (Pseudotsuga menziesii), quak- 
ing aspen (Populus tremuloides). and snowberry (Symphoricarpos 
oreophilus). 

In this study, we did not survey the low sagebrush (A. arbuscula) 
communities because this species was not killed in 1976-77. 

Line transects were established on each vegetation mapping 
unit, as described by Stephenson (1977). During July and August 
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1977, we assessed any mountain big sagebrush plants if 20% or 
more of their canopy was intercepted by the transect lines. The 
percentage of dead foliage was visually estimated, and each plant 
was classified into one of the following categories: (1) no dead 
foliage due to winterkill (normal); (2) <25% dead foliage; (3) 25 to 
50% dead foliage; (4) 50 to 75% dead foliage, and; (5)>75% dead 
foliage. Surveyed plants were further classified as being less than or 
greater than 30 cm high. Plants or plant canopy that had died 
before the 1976-77 winter season were not included in the survey. 
Total herbage production, including annual production of sage- 
brush plants, was measured on two plots at the Upper Sheep Creek 
study site and two plots at the Reynolds Mountain study site (Fig. 
I). 
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Figure 1 also shows the locations of precipitation gaging sites, 
snow courses, and climatological stations where temperature was 
recorded. Soil water content was measured approximately every 2 
weeks at the Reynolds Mountain site for the period 1967 through 
1977. Aerial photographs of Reynolds Creek Watershed have been 
taken during several winter seasons to record snow cover distribu- 
tion for hydrologic studies. 

Results and Discussion 
Climatic Conditions 
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Figure 2 shows the record low amount of precipitation during 
the 1977 water year by comparing 1977 cumulative precipitation 
values with extreme years, 1965 and 1966, and the 1Cyear average 
before 1977. Precipitation during November, December, and Jan- 
uary, during the 3 months that normally account for about 40% of 
the annual total, was the lowest on record. Precipitation during 
February and March was about average and April precipitation 
was the lowest on record. Accumulated precipitation, October I, 
1976, through April 30, 1977, was only 31% of average. May 
precipitation was about twice the average value and June precipita- 
tion was about average, which resulted in above-average forage 
production. 

MONTH 
Fig. 3. Wafer year snow water equivalent at Reynolds Mountain snow 

course for 1975, 1977, and I5-year average before 1977. 

Air temperatures during 1976-77 were 3 to 5” C above average 
from October through December, I°C above average in January, 
and 20 C above average in February. During this same period, the 
minimum temperature was - 15” C I day in November and Zdays in 
January. 

The small amount of precipitation from November through 
January resulted in the very little snow cover (Fig. 3) with essen- 
tially no snow cover until the end of February. The maximum snow 
water equivalent for 1977 at the snow course was only 38% of the 
long-term (15-yr) average. Because of this shallow snow cover, 
sagebrush, which is normally covered in the drift areas, was not 
covered during December and January, and it was not completely 
covered at any time during the winter. 

Soil water content at the Reynolds Mountain sites in October 
1976 (Fig. 4) was above average, because of above-average precipi- 
tation in September. However, soil water content within the 1.37 m 
profile was about 7 cm below average from November through 
March. 

The daily minimum temperatures dropped to - 12’C and below 
for only two periods of 3 to 5 days. The first period was during the 
last week of November and the other was during the first lOdays in 
January. Maximum temperatures were 8, 7, and 11°C for 
December, January, and February, respectively, which indicated 
that there were several freeze-thaw cycles during 1976-77 when the 
sagebrush plants were not entirely or partly covered by snow as 
they are during normal years. 

Soil frost measurements at the Reynolds Mountain weather 
station showed that the frozen soil depth was 21 cm by December 7 
and had increased to 53 cm by February 7. These records show that 
the soil was frozen during the period when the snow cover was 
shallow and temperatures were high enough for plant respiration. 

Mountain Big Sagebrush Mortality 
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Winterkill affected nearly 90% of the sagebrush foliage within 
the study area. No mortality was noticeable below 1700 m eleva- 
tion where average annual precipitation is about 380 mm. Between 
the 1700 and 1900 m elevation, however, foliage mortality 
depended on location. At these elevations, foliage was killed on 
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Fig. 2. Cumularive water year precipitation at Reynolds Mountain (elev. Fig. 4. Soil water content from a composite of several sites at the two 

2odO m) for 1965, 1966, 1977, and ll-year average before 1977. Reynolds Mountain study sites (1.37-m profik). 
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dworion zone. 0 = Upper Sheep Creek “egelaii”” JIudy files. 

north-facing slopes that are normally covered by snowdrifts, but 
were absent during the winter of 1976.77. At these elevations, 
foliage mortality was almost 100% where snowdrifts normally 
exceed I m; mortality decreased as the normal snow depth 
decreased. These differences in snow depth could he seen in the 
aerial photograph (Fig. 5), takenon March28, 1969,anearnormal 
snow year. In areas with no snow cover (Fig. 5), there was no 
foliage mortality. 

Above 1900 m elevation, almost all sagebrush plants were dam- 
aged. This damage ranged from a small percent offoliage mortality 
to total plant kill. At this elevation, the entire area normally has 

Fig. 6. h/n>’ 4, ,970 aerial phoro of Snow CDYW in rhe 1900-2200 m 
devotion zone. l = Reynolds Mounmin vegetorion srudv siles. 

some snow cover, as shown by the aerial photograph taken on May 
4, 1970, before spring snowmelt (Fig. 6). Like lower elevations, 
mortality was most severe in areas where snow normally covers the 
sagebrush, as shown by the unbroken white area in Fig. 6. In areas 
where vegetation shows through the snow (Fig. 6), the percent 
mortality depended on the depth of normal snow cover, with the 
least damage occurring along the windswept dark colored ridges. 
Snow-covered areas in aerial photographs (Figs. 5 and 6), taken 
during normal winter cover conditions, closely coincided with 
areas of winterkill in 1976-77. At elevations of 1900 to 2200 m, 
mean annual precipitation ranges from 560 to 1067 mm. 
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Fig. 7. Herbage yields at four sites for 1974 through 1979. 

Table I summarizes mountain big sagebrush foliage mortality 
by plant community. Mortality ranged from none for the bitter- 
brush and cheatgrass communities, which were located at the lower 
elevations of the study areas, to 100% mortality in the snowdrift 
areas where the quaking aspen and willow communities were 
located. Mortality rates were also very high for the Douglas fir, 
mountain mahogany, juniper, and snowberry communities. Of the 
sagebrush plants surveyed within the study area, 12,22,4, 19, and 
43% respectively, were classified in the normal, <25%, 25 to 50%, 
50 to 75%, and >75Yc foliage mortality categories (Table I). This 
represented about a 54% reduction in the foliar cover of sagebrush 
over the entire study area. 

Herbage yield data (Fig. 7) also showed the extent and locations 
of mountain big sagebrush foliage mortality from winterkill. The 
Upper Sheep Creek (south-facing) site is across the draw from the 
Upper Sheep Creek (north-facing) site. Low sagebrush is the most 
abundant species on the south-facing site and mountain big sage- 
brush is the major species on the north-facing site. As indicated in 
Figure 7, weather conditions during the 1976-77 winter did not 
affect low sagebrush, but killed most of the mountain big sage- 
brush foliage on the north-facing site. The north site is located near 
the center of an area where a snowdrift normally covers all the 
vegetation. Snow cover on the south site is normally very shallow, 
because the snow is blown off. 

Mountain big sagebrush is the most abundant brush species on 
both Reynolds Mountain sites. Sagebrush plants on the east site 
were much taller than those on the west site, because a deep 
snowdrift normally covers this area. Snow depth on the west site 
coincides with sagebrush height, because of drifting. Foliage mor- 
tality at these two sites (Fig, 7) followed the same trend as those at 
the Upper Sheep Creek site, where severe mortality was associated 
with the areas normally covered by snow. 

Probable Causes of Mountain Big Sagebrush Winterkill 
Winterkill is often associated with two factors: (1) extremely low 

temperatures that affect plant tissue, and (2) drought. Weiser 
(1970) and Burke et al. (1976) indicated that either very low 
temperatures or subfreezing temperatures, when plants are not in 
their “hardy” states, are lethal to plants. During the 1976-77 
winter: monthly temperatures were above average, but were low 
enough to induce a normal winter-hardiness state. Daily minimum 
temperatures were not excessive and the continuous temperature 
record does not show any periods of rapidly decreasing tempera- 
ture. Thus, it seems unlikely that low temperatures alone damaged 
plant tissues. 

Unavailability of soil water can be caused by low soil water 
content and frozen soil conditions. During 197677, soil water was 
below average from November through March (Fig. 3), but there 
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were other years when soil water content during the fall and early 
winter was lower, with no noticeable sagebrush loss. Thus, low soil 
waterper se does not seem to be the factorthat caused the observed 
winterkill. 

More likely, the combination of warm days, low soil water 
content, and frozen soils was responsible for the sagebrush winter- 
kill. These conditions, as discussed by Daubenmire (1959), 
Richards et al. (1952), and Vasil’yev (1956), can cause a severe 
physiologic drought, because plant roots are not able to supply 
enough water to meet the plants’ transpiration demands. 

Mountain big sagebrush plants that are not normally covered by 
snow seem to have evolved a dormancy condition that enables 
them to withstand winter-induced physiologicdroughts. However, 
mountain big sagebrush plants that have evolved in an environ- 
ment where snow cover normally prevents the soils from freezing 
and provides a protective plant cover that reduces transpiration 
demand are apparently not acclimated to long periods of winter- 
induced physiologic drought. 
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The Nutritional Basis for Food Selection by 
Ungulates 

THOMAS A. HANLEY 

Abstract 

A conceptual framework is outlined for understanding the rea- 
sons why ungulates select the kinds of foods that they do. It 
consists of four morphological parameters: (1) body size and (2) 
type of digestive system (cecal or ruminant) determine the overall 
time-energy constraints within which the ungulate may forage 
selectively; (3) rumino-reticular volume to body weight ratio deter- 
mines the type of food the ruminant is most efficient in processing; 
and (4) mouth size determines the ability of the ungulate to harvest 
selectively plant parts of individuals. Principal premises are the 
following: (1) large ungulates and cecal digestors are more limited 
by time than are small ungulates and ruminant digestors; (2) high 
rumino-reticular volume to body weight ratio is an adaptation to 
exploiting thick cell-walled, high cellulose diets (i.e., graminoids); 
and (3) low rumino-reticular volume to body weight ratio is an 
adaptation to exploiting thin but iignif’ied cell-walled diets (i.e., 
browse). 

The composition of diets selected by wild and domestic ungu- 
lates has long been of interest to range and wildlife ecologists. 
Numerous tabulations of diet composition data are available in the 
literature. However, diet composition data alone are not satisfac- 
tory for explaining the reasons for observed diet differences 
between animal species. A knowledge of the reasons why ungulates 
select the foods that they do is necessary for an understanding of 
the forage needs of range animals and the underlying basis of 
competitive interactions among them. 

The theory of optimal foraging strategies has provided a means 
of examining resource partitioning in consumer communities. It is 
a theory based on the assumption that natural selection acts on 
phenotypic variation within populations with the result that great- 
est genetic fitness is conferred to individuals which feed most 
efficiently (i.e., prefer an optimal diet). The primary objective of 
the theory is to specify the complex of behavior and morphology 
which best suits a particular animal to a particular environment 
(Schoener 1971). A prerequisite of devising tests of this hypothesis 
is that the optimal diet can be defined. The problem of determining 
an optimal diet under a given set of circumstances consists of three 
major parts: (1) choosing the most appropriate currency to be 
maximized (e.g., energy); (2) determining the most appropriate 
constraints imposed on the animal; and (3) solving for the opti- 
mum solution to the cost-benefit functions (Shoener 1971). This 
has most commonly resulted in the following algorithm for deter- 
mining the optimal diet (defined as the diet which maximizes the 
net rate of energy or mass intake in a fine-grain situation): potential 
food items are ranked by their net values, i.e., ratio of food value 
(however defined) to handling time; abundances of food types and 
total time for foraging are taken into account; and the optimal diet 
is then determined by beginning with the food type of highest net 
value and adding food types in rank order to the diet as long as the 
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net rate of food intake is increased by the inclusion of the addi- 
tional food type in the diet (Pyke et al. 1977). Optimal diets 
determined in this manner have three properties in common: (1) 
whether or not a food type is included in the optimal diet is 
independent of the abundance of that food type and depends only 
on the abundance of higher quality food types; (2) as the abun- 
dance of a preferred food type increases, less preferred food types 
drop out of the optimal diet; and (3) any food type within the 
optimal diet is either eaten whenever encountered or passed by 
whenever encountered (unless differential nutrient constraintsalso 
are considered; e.g., Pulliam 1975) (Pyke et al. 1977). This theory 
has centered on the strategic aspects of feeding and seldom has 
dealt with the tactical aspects. Although numerous papers have 
dealt with optimal foraging strategies (Emlen 1966, 1968; MacAr- 
thur and Pianka 1966; Levins 1968; Levins and MacArthur 1969; 
Schoener 1969, 1971; Tullock 1971; Rapport 1971; Cody 1974; 
Pulliam 1974, 1975; Katz 1974; Westoby 1974; Estabrook and 
Dunham 1976; Ellis et al. 1976; Pyke et al. 1977; Hughes 1979; 
Stenseth and Hansson 1979; Sih 1979), the applicability of this 
theory to ungulate food selection remains unsatisfactory (Westoby 
1978). The existing theory largely has developed around data on 
food selection by carnivores, granivores, and frugivores, all of 
which prey upon food items occurring as discrete “packages.” 
Large, generalist herbivores, on the other hand, select food items 
from a chemically heterogeneous spectrum, and what constitutes 
an individual food item is often not evident. Chemical description 
of the food item is itself a difficult task, each plant being highly 
variable, depending on plant part (Gwynne and Bell 1968, Halls 
and Epps 1969, Blair et al. 1977), plant vigor (Cook et al. 1962), 
habitat (Halls and Epps 1969), phenology (Laycock and Price 
1970), and intraspecific variation (Garten 1978). Furthermore, 
different species of plants differ greatly in their content of specific 
nutrients (Cowan et al. 1970) as well as toxins and digestion 
inhibitors (Levin 1976, Feeny 1976, Rhoades and Cates 1976, Jung 
1977, Laycock 1978), the so-called secondary plant compounds. A 
large, generalist herbivore therefore must select a diet within the 
constraints of minimal levels of specific plant nutrients (Halls 1970, 
Westoby 1974) as well as maximal levels of specific secondary plant 
compounds (Freeland and Janzen 1974). 

To apply existing optimal foraging models to ungulate food 
selection it must be assumed that large, generalist herbivores can 
rank potential food items according to their net value. Further- 
more, the animal must be able to keep track of the constantly 
changing values of the food items and adjust their ranked vahres as 
a function of differing phenologies and habitats. The foraging 
ungulate would have todetect the values of individual species while 
consuming continuous multi-species meals. The ruminant herbi- 
vore would be confronted with the additional complication of 
differing nutritional value of a food item as a consequence of other 
food items in the rumen (Church 1975). The tactical difficulties of 
such a scenario have been addressed by Westoby (1978), who 
concluded that the underlying assumptions of current optimal 
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foraging models were not met satisfactorily by the case of the large 
generalist herbivore. Even if this were not so, the difficulties of 
quantifying the necessary parameters are great. However, 
although we are not yet able to predict the “optimal diet” in 
quantitative, taxonomic terms for a given ungulate, it would 
appear feasible to predict the general type of diet that an ungulate, 
given a choice, will select. Ruminant nutritionists, and more 
recently ecologists, have developed a body of knowledge and a 
conceptual framework for understanding food selection and food 
resource partitioning in ungulate communities. The purpose of this 
paper is to review this framework and to identify some implications 
for competition theory and habitat management. 

Forage Selection Framework 

The framework consists of four morphological parameters: (I) 
body size, (2) type of digestive system (cecal or ruminant), (3) 
rumino-reticular volume to body weight ratio, and (4) mouth size. 
The hypothesis is that a knowledge of the values of these parame- 
ters is sufficient for prediction of the types of foods a given ungu- 
late is most efficient in exploiting; or conversely, knowledge about 
the types of food available in a given habitat is sufficient to predict 
values of these morphological parameters for the type of ungu- 
late(s) most efficient in exploiting them. Briefly, the idea is that 
body weight and type of digestive system determine the overall 
time-energy constraints within which the ungulate must secure its 
food. Rumino-reticular volume determines the type (characteris- 
tics of) food items the ruminant is most efficient in processing. 
Mouth size determines the degree of selectivity that is mechanically 
possible for the forager to exhibit and the time and energy costs of 
selectively foraging on specific plant parts or individuals. 

Body Size 
The food requirements of mammals increase with increasing 

body weight as a result of increasing costs of maintenance and 
production (Moen 1973). The increase is not linear, however (Cor- 
dova et al. 1978). Kleiber (1961) estimated that the basal metabolic 
rate (kcal/day) of mammals is approximately seventy times the 
three-fourth power of their body weight (in kg). Thus although 
larger mammals require more nutrients per day than smaller mam- 
mals do, their relurive requirements(per unit weight of body tissue) 
are lower. The relative value of large body weight in the food 
selection process is dependent upon the availability of nutritious 
forage (Case 1979). A larger mammal, requiring a greater absolute 
quantity of nutrients during a day, has less time per nutrient unit to 
spend selectively foraging than does a smaller mammal with a 
lower absolute requirement. The larger mammal has a lower rela- 
tive requirement, however, and therefore can meet its nutritional 
needs with relatively lower quality forage. Thus, Bell (1969, 1971) 
has generalized that where forage quanrity is limiting, small body 
size is advantageous; where forage quality is limiting, large body 
size is advantageous. The “limiting” nature of the forage quantity 
or quality is determined by the time-energy constraints upon the 
forager. A smaller forager has relatively more time to spend forag- 
ing (and therefore can be more selective in what it chooses to eat); 
but the benefits of spending more time foraging must outweigh the 
costs. Energy cost for the foraging ruminant is a direct function of 
the time spent foraging (Osuji 1974). 

Digestive System 
Although the cellular contents of plants are high digestible, the 

plant cell wall poses digestive difficulties for herbivores (Van Soest 
1965a, 1965b; Smith et al. 197 1, 1972). Two major types of diges- 
tive systems have evolved in ungulates to enable them to digest 
plant cell walls by anaerobic fermentation and to subsist on rela- 
tively high fiber diets. These are the ruminant and the cecal diges- 
tive systems (Janis 1976). The ruminant system has evolved in the 
Artiodactyla and is found in most species of this group. All species 
of the Perissodactyla are cecal digestors. The actual process of 
fermentation is very similar in the rumen and the cecum (Janis 
1976); and the rate of digestion of a cotton string in the cecum of a 
horse is comparable to that in the rumen of a cow (Alexander 
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1952). However, horses are only about 70% as efficient as cattle 
and sheep are in digesting cellulose (Heinlein et al. 1966, Vander- 
Noot and Gilbreath 1970, Janis 1976). 

The ruminant digestive system has two principal advantages. 
One is that the regurgitated “cud” can be chewed repeatedly, 
thereby grinding the food to a smaller particle size. The other is 
that food is digested by microbes before entering the true stomach 
(abomasum). Plant material is digested by bacteria and protozoa 
in the rumen and converted to microbial tissue or waste products 
which are absorbed there or ultimately digested by the ruminant in 
the abomasum. This has advantages in terms of nitrogen cycling 
and digestive efficiency (Houpt 1959, Mugerwa and Conrad 1971, 
Nolan and Leng 1972, Robbins et al. 1974). In the cecal digestive 
system, microbial fermentation takes place after the food has 
passed through the stomach, and very little,microbial protein can 
be recycled (Janis 1976). The principal disadvantage of the rumi- 
nant digestive system is that in order for food to pass from the 
rumen into the rest of the digestive tract, it must be broken down to 
a relatively small particle size (Hungate 1966). Very fibrous for- 
ages, therefore, limit the rate of food passage through the gastroin- 
testinal tract of the ruminant and restrict consumption of 
additional forage (Fontenot and Blaser 1965, Van Soest 1965a, 
Weston 1966, Ammann et al. 1973). Thececal digestor, however, is 
not limited by such a constraint (Janis 1976). It may be less efficient 
at digesting the fibrous cell walls of plants but can pass much more 
plant material through its system daily. The ruminant must be a 
more selective forager than the cecal digestor must be; but being a 
more efficient digestor, it requires a lower absolute quantity of 
forage. It therefore has been generalized that where forage quunriry 
is limiting, a ruminant digestive system is advantageous; whereas 
where forage quality is limiting, a cecal digestive system is advan- 
tageous (Bell 1969, 1971; Janis 1976). This is analogous to the 
relative value of body size and therefore is similarly important in 
determining the overall time-energy constraints on the foraging 
ungulate. 

Rumino-reticular Volume 
The most basic subdivision of plant material is between cellular 

contents and cell walls (Van Soest 1965b, 1967; Van Soest and 
Wine 1967). The cellular contents are highly digestible, generally 
about 98% digestible (Goering and Van Soest 1970), but the cell 
walls are much less so. Plant cell walls are composed primarily of 
cellulose, hemicellulose, and lignin. Cellulose is digestible by 
rumen and cecal microbes; hemicellulose may or may not be 
digestible, depending on the type of hemicellulose; and lignin is 
generally considered nondigestible (Goering and Van Soest 1970; 
Smith et al. 1971, 1972). Plant species and plant parts differ in their 
proportions of cellular contents, cellulose, hemicellulose, and lig- 
nin. Rapidly growing plant tissue and the leaves and new stem 
production of shrubs and forbs generally have relatively thin cell 
walls and a high proportion of cellular contents (Short 1971, 
Segelquist et al. 1972, Cook 1972, Albersheim 1975, Blair et al. 
1977, Milchunas et al. 1978:8, Short 1981). Mature grasses and 
woody tissue, however, generally have thick cell walls, composed 
primarily of cellulose in grasses, and relatively high in lignin in 
shrubs (Short 1971, Johnston et al. 1968, Segelquist et al. 1972, 
Cook 1972, Albersheim 1975, Blair et al. 1977, Milchunas et al. 
1978:8, Short 1981). 

Plant cellular contents, therefore, are the most valuable food 
source for herbivores, but their relative availability is seasonal 
and/ or dependent upon the degree of selectivity that the herbivore 
can exercise. Cellulose is potentially a high energy food source and 
is relatively abundant where grasses comprise a substantial propor- 
tion of the vegetation. Cellulose digestion, however, is a time 
dependent process with a sigmoidal responsecurve(Hungate 1966, 
Torgerson and Pfander 1971), presumably due to the increased 
rate of digestion as long fibers are broken into many shorter fibers 
by enzyme action. 

Cellulose digestion and the rate of food passage through the 
rumen are closely related aspects of ruminant digestion (Nagy et al. 
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1969). In order to benefit from a high cellulose diet, food must be 
retained in the rumen for a sufficient time to digest the cellulose. 
For an animal with a relatively small rumen, rumen fill is reached 
in a relatively short time during feeding (Purser and Moir 1966), 
and consequently voluntary intake would be greatly restricted on a 
high cellulose diet. An animal with a large rumen, however, would 
have a relatively slow rumen turnover rate, thereby keeping a given 
food particle in the rumen for a longer time period despite a 
relatively high rate of food consumption. Voluntary intake would 
not be as greatly restricted as for the animal with the small rumen. 
Thus, a large rumen is advantageous for subsisting on a high 
cellulose (i.e., graminoid) diet (Nagy et al. 1969). 

The proportion of lignin in a forage is an important factor 
affecting the nutritional quality of a forage. Lignin is not only 
virtually nondigestible, but also interferes with cellulose digestion 
(Head 1961; Smith et al. 1971, 1972; Robbins and Moen 1975), 
presumably by decreasing the amount of cellulose accessible for 
bacterial action. It therefore would be disadvantageous for an 
animal with a large rumen to consume a diet relatively high in 
lignin (e.g., browse). A slow rumen turnover rate in such a case 
would greatly reduce the efficiency of rumen fermentation (Hun- 
gate 1966, 1975). On the other hand, a high rumen turnover rate 
would be advantageous for an animal with a diet relatively high in 
lignin. Plant cellular contents are digested very rapidly (Van Soest 
1965a; Hungate 1966, 1975) and the rapid passage of the lignified 
cell walls would be beneficial. For a ruminant to subsist on such a 
diet, however, it must be able to obtain a diet relatively high in 
cellular contents and not waste time and energy processing lignin 
and cellulose. 

The rumino-reticular volume to body weight ratio (l/kg) of a 
ruminant therefore determines the type of food the ruminant is 
most efficient in digesting. High rumino-reticular volume to body 
weight ratio is an adaptation to a high cellulose content diet, 
typically a diet consisting primarily of grasses. Low rumino- 
reticular volume to body weight ratio is an adaptation to a high 
cellular content and/ or high lignin diet, typically a diet consisting 
primarily of young grasses; forbs, and browse (Nagy et al. 1969, 
Hofmann and Stewart 1972). Rumino-reticular volume to body 
weight ratios of North American ungulates typically range from 
about 0.10 (e.g. deer, Odocoileus spp.) to 0.25 (e.g. domestic sheep, 
Ovis aries, and cattle, Bos spp. (See Hanley and Hanley (1982), for 
an analysis of diet selection by these species). 

Hofmann (1973) studied the diet composition and stomach mor- 
phology of 26 species of African ruminants. On the basis of data 
collected from 263 animals, he classified African ruminants into 
three major groups based on stomach structure and food selection: 
(1) concentrate selectors, (2) bulk and roughage eaters, and (3) 
intermediate feeders. The concentrate selectors had very small 
rumens and diets of fruit, forb foliage, and tree and shrub foliage. 
The bulk and roughage eaters had very large rumens and diets of 
grasses. The intermediate feeders had intermediate size rumens and 
diets of grasses, forbs, and tree and shrub foliage. In studies of 
digestive efficiency, Maloiy et al. (1970) found that red deer (Cer- 
vus eluphus), with a smaller rumino-reticular volume to body 
weight ratio than sheep (Ovis aries), were less efficient cellulose 
digestors than sheep. On the other hand,white-tailed deer(Odocoi- 
leus virginianus), with a smaller rumino-reticular volume to body 
weight ratio than cattle (Bos spp.), have been reported to be more 
efficient than cattle in utilizing browse forages (Short 1963). Sim- 
ilar results for deer and sheep have been reported by Longhurst et 
al. (1968). Differences in rumen volume and turnover rate have 
been suggested as being important factors in resource partitioning 
in ungulate communities (Hungate et al. 1959, Milchunas et al. 
1978). 

Mouth Size 
The degree of selectivity that can be exercised by a large herbi- 

vore, within its time-energy constraints, is determined largely by 
mouth size. Animals with small mouths are more capable of being 
selective of plant parts than animals with large mouths are (Meyer 

et al. 1957, McClymont 1967, Jarman 1974). Mouth size and body 
size, however, seem to be highly correlated, presumably because of 
the overall time-energy constraints on forage selectivity. Data from 
fistulated animals show that sheep obtain a higher quality diet than 
cattle do by selecting higher quality plant parts when both species 
have access to the same forage (Cook et al. 1963, Church 1975:54). 
Empirical observations of differential effects of grazing antelope 
bitterbrush (Purshia tridentata) by cattle, sheep, and deer also 
demonstrate the importance of mouth size. Whereas grazing by 
cattle results in a club-shaped or mushroom-shaped, heavily 
hedged shrub, grazing by sheep or deer results in a tall, straggly 
growth form. The difference is due to the consumption of old 
woody tissue along with the current annual growth by cattle, 
compared to the selective removal of only the current annual 
growth by sheep and deer (Hormay 1943). Observations of tame 
Rocky Mountain elk (Cervus elaphus) and mule deer (Odocoileus 
hemionus) foraging in the same habitats indicated an average bite 
size (oven-dry weight) of about 0.4 to 0.6 grams for elk (Collins et 
al. 1978) compared to 0.1 grams for deer (Deschamp et al. 1979). 
Whereas deer were highly selective when browsing shrubs and 
removed only the leaves and current annual growth, elk, with their 
larger mouths, removed both old and new growth with each bite 
(W.B. Collins and J.A. Deschamp, personal correspondence). 

Relationships between Parameters 
Several relationships between parameters have been mentioned 

already. In terms of the time-energy constraints imposed on the 
foraging ungulate, large body size and cecal digestive system have 
similar effects. Mouth size probably is influenced largely by the 
time-energy constraints. 

The relationships between rumen turnover time, fermentation 
rate, and increasing relative metabolic requirements with decreas- 
ing body size have prompted the suggestion by some authors 
(Hungate et al. 1959, Nagy et al. 1969, Hoppe 1977) that small 
ruminants meet their relatively high metabolic requirements by 
having a smal1 rumen volume, short turnover time, high fermenta- 
tion rate, and highly selective diet. While this may be true in many 
cases, notable exceptions to the rule demonstrate that body size 
and rumen volume are not necessarily dependent upon one 
another. Rather, the relationship is dependent upon the nutritional 
characteristics of the forage resource that is exploited. The eland 
antelope (Tuurotrugus oryx), for example, is a very 1arge (400-800 
kg) African ruminant with a relatively small rumen (rumino- 
reticular volume to body weight ratio of about 0.110) Hofmann 
1973:267). It is “best suited for rapidly fermenting plant material” 
(Hofmann 1973:267) and is a selective forager, primarily eating 
dicotyledonous forage (Hofmann 1973). The domestic sheep on 
the other hand, is a relatively small (about 50 kg) ruminant with 
very large rumen (rumino-reticular volume to body weight ratio of 
about 0.250). It has a relatively long rumen turnover time (Maloiy 
et al. 1968), and eats a diet consisting of a substantial proportion of 
grasses (Olsen and Hansen 1977, Stuthand Winward 1977, Hanley 
and Hanley 1982). The domestic sheep is very well adapted to 
producing on poor quality rangeland-its small body size and 
ruminant digestive system minimize the time-energy constraints 
and provide a relatively large amount of time to forage selectively 
(Lofgreen et al. 1957; Arnold 1960, 1962); the large rumen volume 
enables it to exploit the relatively abundant sources of fermentable 
carbohydrates (Maloiy et al. 1970); and the small mouth size 
enables it to be highly selective of the plant parts and individuals 
taken (Arnold 1960, 1962; Cook et al. 1963; Eadie 1969; Church 
1975:54). The combination of small body size and large rumen 
volume, however, has an obvious disadvantage in terms of escape 
from predators. 

The ability to forage selectively (determined by the time-energy 
constraints and mouth size) is very important when browse is being 
eaten. Whereas leaves and current annual growth of browse species 
may be about 65% cell solubles and 10% lignin, older twigs may be 
only 30% cell solubles and 20% lignin (Blair et al. 1977). The ability 
to harvest selectively the leaves and current annual growth without 
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also harvesting the older twigs therefore is important in determin- 
ing the relative value of a browse forage to an herbivore. Such 
ability has been mentioned frequently for small-mouthed rumi- 
nants such as sheep, pronghorn, and deer (Cook and Harris 1950; 
Meyer et al. 1957; Weir and Tore11 1959; Arnold 1960, 1962a, 
1962b, 1964; McClymont 1967; Eadie 1969; Healy 1971; Short 
1977), but seldom mentioned for large-mouthed ungulates such as 
cattle or horses. Rather, cattle do not appear to be capable of such 
a fine degree of selectivity, as evidenced by their browsing effects 
on the growth form ofantelope bitterbrush(Hormay 1943). Rocky 
Mountain elk are smaller than either cattle or horses yet also 
apparently are incapable of harvesting only leaves and current 
annual growth from shrubs that are routinely browsed in this 
manner by mule deer (W.B. Collins and J.A. Deschamp, personal 
correspondence). 

The relatively high degree of intraspecific variation in forage 
quality within browse species is another important aspect of the 
relationship between forage selectivity and the desirability of 
browse forages. Large differences in palatability have commonly 
been observed within browse species (Smith 1950; Oh et al. 1967; 
Nagy and Tengerdy 1967, 1968; Longhurst et al. 1968; Nagy and 
Regelin 1977) but are seldom reported for graminoids. Existing 
evidence is that these differences are due to the presence of plant 
volatile oils (Nagy et al. 1964, Nagy and Regelin 1977), which are 
recognizable by smell or taste (Longhurst et al. 1968, Nagy and 
Regelin 1977). If a foraging ungulate must take the time to smell or 
taste each individual of a particular species to determine its volatile 
oil content, then certainly herbivores that are more restricted by 
time-energy constraints (large ruminants and cecal digestors) 
would be more negatively influenced by the presence of volatile oils 
in some plant individuals than herbivores with more relaxed time- 
energy constraints would be. The large herbivore should “view”the 
plant species more in relation to its mean nutritional value; where- 
as the small herbivore may take the time necessary to seek out and 
consume only the most nutritious individuals. 

The foregoing discussion has emphasized the forage selection, 
harvesting, and processing aspects of the ungulate herbivore. 
There are advantages and disadvantages associated with the possi- 
ble values of each of the four major parameters: body size, type of 
digestive system, rumino-reticular volume, and mouth size. The 
optimal combination of values, however, is dependent not only 
upon the nature of the forage resource, but also upon the con- 
straints of climate (Moen 1973, Western 1975) and predation 
(Geist 1974), as well as the potential for social organization to 
modify these factors (Jarman 1974, Geist 1974). The wide array of 
existing species of ungulates represents the numerous possible 
solutions to this optimization problem. 

This is not meant to imply that other forage nutritional parame- 
ters or secondary plant compounds are not important factors in 
ungulate forage selection. It is suggested that these are of secon- 
dary importance, however, and are more important at a finer grain 
of resolution beyond the framework presented here. The roles of 
these factors are probably those of minimum nutrient constraints 
(Westoby 1974) and maximum secondary plant compound con- 
straints (Freeland and Janzen 1974) in determining the species 
composition of the optimal diet. 

Competition and Habitat Management 

Although the present framework for understanding forage selec- 
tion by ungulates is not sufficient for prediction of the species 
composition of optimal diets, it does provide much more insight 
into competition and resource partitioning in ungulate communi- 
ties than has been provided by current models of optimal foraging 
strategies. It should provide a useful basis for understanding food 
selection in other herbivore communities as well, where cecal 
digestion and coprophagy are important nutritional aspects (see 
Janis 1976). Food resource partitioning, however, is only one 
dimension of niche separation (Schoener 1974). An understanding 
of the temporal and spatial components of habitat selection will 
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further refine and extend the applicability of the present 
framework. 

Dietary overlap is not sufficient evidence for exploitative com- 
petition (Colwell and Futuyuma 197 1, Pianka 1976). For example, 
the present framework suggests that systems analogous to the 
facilitative grazing systems described for the Serengeti Plains of 
East Africa (Gwynne and Bell 1968; Bell 1969,1971; McNaughton 
1976) may operate in range livestock-wildlife relationships in 
North America. Early greening spring grasses are important com- 
ponents of mule deer diets in the Rocky Mountainand intermoun- 
tain regions of North America (Willms and McLean 1978, 
Carpenter et al, 1979). While heavy livestock use at that time may 
result in exploitative competition for this forage resource, light or 
moderate use, particularly by cattle, conceivably may be beneficial 
to deer due to the compensatory growth responses by the grazed 
plants and a prolongation of the time period of active leaf growth 
(McNaughton 1979). 

Where exploitative competition for the forage resource does 
exist, the present framework may provide insight into expected 
equilibria1 outcomes. The appropriate model for competition 
between cattle and deer, for example, is most likely along the lines 
of Schoener’s (1974) model for exploitative competition where 
each species has exclusive resources. Competition between sheep 
and deer, however, may be more similar to Miller’s (1964, 1967) 
“included niche” model. The equilibria1 outcomes of these two 
models can be entirely different. Whereas competition in Schoen- 
er’s model always results in a stable node equilibrium, with the 
population levels of both species depressed, competition in Miller’s 
model can yield either a stable node or competitive exclusion, 
depending on whether or not individuals of the narrow-niched 
species (deer) are sufficiently better than those of the broad-niched 
species (sheep) at exploiting the overlapping resources and whether 
those resources are sufficiently abundant to permit coexistence. 

The present framework is also useful for predicting the conse- 
quences of management actions aimed at habitat improvement. 
The revitalization of decadent antelope bitterbrush ranges, for 
example, is a frequent objective in the management of the inter- 
mountain rangeland of North America. If bitterbrush decadence 
has resulted from excessive use by cattle, then the present frame- 
work suggests that simple reductions in the number of cattle per- 
mitted to graze the range will not solve the bitterbrush problem 
unless sufficient high quality grass forage is made available so that 
bitterbrush drops out of the optimal diet for cattle. If bitterbrush 
remains in the optimal diet, then use of bitterbrush by cattle will 
increase with any improvement in bitterbrush growth form. In 
such a situation, a rest-rotation grazing management system prob- 
ably would be more effective in yielding the desired results. 

An understanding of the forage needs of wild and domestic 
ungulates and the competitive relationships among them is impor- 
tant for wise management of these renewable resources. The brief 
review outlined here highlights only some of the research that has 
focused on this need. 

Literature Cited 

Albersheim, P. 1975. The walls ofgrowing plant cells. Sci. Amer. 232:80-95. 
Alexander, F. 1952. Some functions of the large intestine in the horse. 

Quart. J. Exp. Physiol. 37:205-214. 
Ammann, A.P., R.L. Cowan, C.L. Motkrahd, md B.R. lhmgrdt. 

19% Dry matter and energy intake in relation to digestibility in white- 
tailed deer. J. Wildl. Manage. 37: 195-201. 

Arnold, G-W. 19608. The effect of the quantity and quality of pasture 
available to sheep on their grazing behaviour. Aust. J. Agr. Res. I I: 1034- 
1043. 

Arnold, G-W. l%Ob. Selective grazing by sheep of two forage species at 
different stages of growth. Aust. J. Agr. Res. 11:1026-1033. 

Arnold, G.W. 19621. Factors within plant associationsaffectingthe behav- 
iour and performance of grazing animals. p. 133-154. In:b.J. Crisp, 
editor. Grazing in terrestrial and marine environments. Symp. Brit. Ecol. 
Sot. (Bangor). Blackwell Sci. Publ., Oxford. 

Arnold, G.W. 1%2b. Effects of pasture maturity on the diet of sheep. Aust. 
J. Agr. Res. 13:7Ol-706. 

149 



Arnold, G.W. 1964. Some principles in the investigation of selective grazing 
Proc. Aust. Sot. Anim. Prod. 5258271. 

Bell, R.H.V. 1969. The use of the herb layer by grazing ungulates in the 
Serengeti. p. I II-123 In: A. Watson, editor. Animal nonulations in 
relation to their food resources. Symp. Brit. Ecol. Sot IAberdeen). 
Blackwell Sci. Pub., Oxford and Edinbura. 

Bell, R.H.V. 1971. A grazing ecosystem ii the Serengeti. Sci. Amer. 
225(1):86-93. 

Blair, R.M., H.L. Short, and E.A. Epps, Jr. 1977. Seasonal nutrient yield 
and digestibility of deer forage from a young pine plantation. J. Wikll. 
Manage. 41:667-676. 

Carpenter, L.H., O.C. Wallmo, and R.B. Gill. 1979. Forage diversity and 
dietary selection by wintering mule deer. J. Range Manage. 32:226-229. 

Case, T.J. 1979. Optimal body size and an animal’s diet. Acta Biotheor. 
28:54-69. 

Church, D.C. 1975. Digestive physiology and nutrition of ruminants. Vol. 
I. Digestive physiology, second edition. O&B Books, Corvallis, Ore. 350 

Cc!&, M.L. 1974. Optimization in ecology. Science 183: 1156-I 164. 
Collins, W.B., P.J. Urness,and D.D. Austin. 1978. Elk diets and activities 

on different lodgepole pine habitat segments. J. Wild]. Manage. 42:799- 
810. 

Colwell, R.K., and D.J. Futuyma. 1971. On the measurement of niche 
breadth and overlap. Ecology 52:567-576. 

Cook, C.W. 1972. Comparative nutritive value of forbs, grasses, and 
shrubs. p. 303-310. In: C.M. McKell, J.P. Blaisdell, and J.R. Goodin, 
editors. Wildlife shrubs-their biology and. utilization. U.S. Dep. Agr. 
Forest Serv. Gen. Tech. Rep. INT-I. 

Cook, C.W., K. Taylor, and L.E. Harris. 1962. The effect of range condi- 
tion and intensity of grazing upon daily intake and nutritive value of the 
diet on desert ranges. J. Range Manage. 15:1-6. 

Cook, C.W., J.T. Blake, and J.W. Call. 1963. Use of esophageal-fistula 
cannulae for collecting forage samples from both sheep and cattle graz- 
ing in common. J. Anim. Sci. 22:579-581. 

Cook, C.W., and L.E. Harris. 1930. The nutritive content of the grazing 
sheep’s diet on summer and winter ranges in Utah. Bull. Utah Agr. Exp. 
Sta. No. 342. 66 p. 

Cordova, RJ., J.D. Wallace, and R.D. Pieper. 1978. Forage intake by 
grazing livestock: a review. J. Range Manage. 31:430-438. 

Cowan, R.L., J.S. Jordan, J.L. Grimes, and J.D. Gill. 1970. Comparative 
nutritive values of forage species. p. 48-56 In: Range and wildlife habitat 
evaluation, a research symposium. U.S. Dep. Agr. Forest Serv. Misc. 
Pub. 1147. 

Desehamp, J.A., P.J. Urness, and D.D. Austin. 1979. Summer diets of 
mule deer from lodgepole pine habitats. J. Wild]. Manage. 43: 154-161. 

Eadie, J. 1969. Sheep production and pastoral resources. p. 7-24 In: A. 
Watson, editor. Animal populations in relation to their food resources. 
Symp. Brit. Ecol. See. (Aberdeen). Blackwell Sci. Pub., Oxford and 
Edinburgh. 

Ellis, J.E., J.A. Wiens, C.F. Rodell, and J.C. Anway. 1976. A conceptual 
model of diet selection as an ecosystem process. J. Theor. Biol. 60:93-108. 

Emlen, J.M. 1966. The role of time and energy in food preference. Amer. 
Natur. 100:611-617. 

Emlen, J.M. 1968. Optimal choice in animals. Amer. Natur. 102:385-390. 
Estabrook, G.F., and A.E. D&m. 1976. Optimal diet as a function of 

absolute abundance, relative abundance, and relative value of available 
prey. Amer. Natur. 110:401-413. 

Feeny, P. 1976. Plant apparency and chemical defense. Recent Adv. Phyto- 
them. 10:1-40. 

Fontenot, J.P., and RE. Blaser. 1%5. Symposium on factors influencing 
the voluntary intake of herbage bv ruminants: selection and intake bv 
grazing animals. J. Anim. SC: 2&1202-1208. 

m, 

Freeland, WJ., and D.H. Janzen. 1974. Strateaies in herbivorv bv mam- 
mals: the role ofplant secondary compounds. Amer. Natur. ld8:269-289. 

Garten, C.T., Jr. 1978. Multivariate perspectives on the ecology of plant 
mineral element composition. Amer. Natur. 112:533-544. 

Geist, V. 1974. On the relationship of social evolution and ecology in 
ungulates. Amer. Zoo]. 14205-220. 

Goering, H.R., and P.J. Van Soest. 1970. Forage fiber analvsis. U.S. Den. 
Agr.: Agr. Res. Serv., Agr. Handbook No. 379. 20 p. _ 

s 

Gwynne, M.D., and R.H.V. Bell. 1%8. Selection of vegetation components 
by grazing ungulates in the Serengeti National Park. Nature, London 
220:390-393. 

Halls, L.K. 1970. Nutrient requirements of livestock and game. p. IO-18 In: 
Range and wildlife habitat evalution, a research svmnosium. U.S. Den. 
Agr.~ Forest Serv. Misc. Pub. 1147. 

_ _ r 

Halls, L.K., and E.A. Epps, Jr. 1969. Browse quality influenced by tree 
overstory in the South. J. Wildl. Manage. 33:1028-1031. 

150 

Hartley, T.A., and K.A. Hanley. 1982. Food resource partitioning by 
sympatric ungulates on Great Basin rangeland J. Range Manage. 35: 152- . 
158. 

Head, M.J. 1961. Cellulose digestibility in the rumen. p. 263-271. In: D. 
Lewis, editor. Digestive physiology and nutrition of the ruminant. But- 
tersworth, London. 

Healy, W.M. 1971. Forage preferences of tame deer in a northwest Pennsyl- 
vania clear-cutting. J. Wild]. Manage. 35:717-723. 

Heinlein, E.F.W., R.D. Holdren, and R.M. Yoon. 1966. Comparative 
responses of horses and sheep to different physical forms of alfalfa hay. J. 
Anim. Sci. 25:740-743. 

Hofmann, R.R. 1973. The ruminant stomach: stomach structure and feed- 
ing habits of East African game ruminants. East African Monographs in 
Biology, Vol. 2. East African Literature Bureau, Nairobi, Kenya. 354 p. 

Hofmann, R.R., and D.R.M. Stewart. 1972. Grazer or browser: a classifi- 
cation based on the stomach-structure and feeding habits ofeast African 
ruminants. Mammalia 36226-240. 

Hoppe, P.P. 1977. Rumen fermentation and body weight in African rumi- 
nants. Internat. Cong. Game. Biol. (Atlanta) 13:141-150. 

Hormay, A.L. 1943. Bitterbrush in California. U.S. Dee. Agr. Forest Serv., 
California Forest and Range Exp. Sta. Res. Note ‘No. 34. 13 p. 

Houpt, T.R. 1959. Utilization of blood urea in ruminants. Amer. J. Phy- 
siol. 197:115-120. 

Hughes, R.N. 1979. Optimal diets under the energy maximization premise: 
the effects of recognition time and learning. Amer. Natur. I13:209-221. 

Hungate, R.E. 1966. The rumen and its microbes. Academic Press, New 
York and London. 533 p. 

Hungte, R.E. 1975. The rumen microbial ecosystem. Annu. Rev. Ecol. 
Syst. 6:39-66. 

Hungate, R.E., G.D. Phillips, A. McGregor, D.P. Hut@e, and H.K. 
Buecbner. 1959. Microbial fermentation in certain animals. Science 
130:1192-l 194. 

Janis, C. 1976. The evolutionary strategy of the Equidae and the origins of 
rumen and cecal digestion. Evolution 30:757-774. 

Jarman, PJ. 1974. The social organization of antelope in relation to their 
ecology. Behaviour 48(34):215-267. 

Johnston, A., L.M. Bezeau, and S. Smoliak. 1%8. Chemical composition 
and in vitro digestibility of alpine tundra plants. J. Wild]. Manage. 
32:773-777. 

Jung, H.G. 1977. Responses of mammalian herbivores to secondary plant 
compounds. Biologist 59:123-136. 

Katz, P.L. 1974. A long-term approach to foraging optimization. Amer. 
Natur. 108443457. 

Kleiber, M. 1961. The fire of life. Wiley, New York. 453 p. 
Laycock, W.A. 1978. Coevolutionof poisonous plants and large herbivores 

on rangelands. J. Range Manage. 31:335-342. 
Laycoek, W.A., and D.A. Price. 1970. Factors influencing forage quality: 

environmental influences on nutritional value of forage plants. p. 3747 
In: Range and wildlife habitat evaluation, a research symposium. U.S. 
Dep. Agr. Forest Serv. Misc. Pub. 1147. 

Levitt, D.A. 1976. The chemical defenses of plants to pathogens and 
herbivores. Annu. Rev. Ecol. Syst. 7:121-159. 

Levins,R. 1968. Evolutioninchangingenvironments. Princeton University 
Press, Princeton. 120 p. 

Levins, R., and R.H. MacArthur. 1%9. An hypothesis to explain the 
incidence of monophagy. Ecology 50:910-91 I. 

Lofgreen, G.P., J.H. Meyer, and J.L. Hull. 1957. Behaviour patterns of 
sheep and cattle being fed nasture or silaae. J. Anim. Sci. 16773-780. 

Longhurst, W.M., M.K:Oh, M.B. Jones, and R.E. Kepner. 1968. A basis 
for the palatability of deer forage plants. No. Amer. Wild]. Nat. Res. 
Conf. Trans. 33:181-192. 

MacArthur, R.H., and E.R. Pianka. 1966. On the optimal use of a patchy 
habitat. Amer. Natur. 100603-609. 

Maioiy, G.M.O., R.N.B. Kay, and E.D. Goodall. 1%8. Studies on the 
physiology of digestion and metabolism of the red deer (Cervus elaphus). 
Symp. Zool. Sot. London 21:101-108. 

Maloiy, G.M.O., .N.B. Kay, E.D. Goodall,and J.H. Topps. 1970. Diges- 
tion and nitrogen metabolism in sheep and red deer given large or small 
amounts of water and protein. Brit. J. Nutr. 24843-855. 

McClymont, G.L. 1967. Selectivity and intake in the grazing ruminant. p. 
129-137. In: C.R. Code, editor. Handbook of physiology, sec. 6: alimen- 
tary canal, Vol. I. American Physiological Society, Washington, D.C. 

McNat@ton, SJ. 1976. Serengeti migratory wildebeest: facilitation of 
energy flow by grazing. Science. 191:92-94. 

McNat@tton, S.J. 1979. Grazing as an optimization process: grass- 
ungulate relationships in the Serengeti. Amer. Natur. 113:691-703. 

Meyer, J.H., G.P. Lofgeen, and J.H. Hull. 1957. Selective grazing by 

JOURNAL OF RANGE MANAGEMENT 35(z), March ,982 



sheep and cattle. J. Anim. Sci. 16766-772. 
Milchunas, D.G., M.I. Dyer, O.C. Wallmo, and D.E. Johnson. 1978. 

In-viva/ in-vitro relationships of Colorado mule deer forages. Colorado 
Div. Wikll. Spec. Rep. No. 43. 44 p. 

Miller, R.S. 1964. Ecology and distribution of pocket gophers(Geomyidae) 
in Colorado. Ecology 45256-272. 

Miller, R.S. 1967. Pattern and process in competition. Adv. Ecol. Res. 
41-74. 

Moen, A.N. 1973. Wildlife ecology, an analytical approach. Freeman, San 
Francisco. 458 p. 

Mugerwa, J.S., and HR. Conrad. 1971. Relationship of dietary non- 
protein nitrogen to urea kinetics in dairy cows. J. Nutr. lOI: 1331-1342. 

Nagy, J.G., H. Steinhoff, and G.M. Ward. 1964. Effects of essential oils of 
sagebrush on deer rumen microbial function. J. Wildl. Manage. 28:785- 
790. 

Nagy, J.G., and R.P. Tengerdy. 1%7. Antibacterial action of essential oils 
of Artemisia as anecologicalfactor. I. Antibacterial action of thevolatile 
oils of Artemisia tridenrata and Artemisia nova on aerobic bacteria. 
Appl. Microbial. 15z819-821. 

Nagy, J.G., and R.P. Tengerdy. 1968. Antibacterial action of essential oils 
of Artemisia as an ecological factor. II. Antibacterial action of the 
volatile oils of Arremisia tridentata (big sagebrush) on bacteria from the 
rumen of mule deer. Appl. Microbial. 16:4414l4. 

Nagy, J.G., T. Hakonson, and K.L. Knox. 1969. Effects of quality on food 
intake in deer. No. Amer. Wildl. Nat. Res. Conf. Trans. 34:146-154. 

Nagy, J.G., and W.L. Regelin. 1977. Influence of plant volatile oils on food 
selection by animals. Internat. Congr. Game Biol. (Atlanta) 13:225-230. 

Nolan, J.F., and R.A. Leng. 1972. Dynamic aspects of ammonia and urea 
metabolism in sheep. Brit. J. Nutr. 27:177-194. 

Oh, H.K., T. Sakai, M.B. Jones, and W.M. Longhurst. 1967. Effect of 
essential oils isolated from Douglas-fir needles upon sheep and deer 
rumen microbial activity. Appt. Microbial. 15777-784. 

Olsen, F.W.,and R.M. Hansen. 1977. Food relations of wild free-roaming 
horses to livestock and big game, Red Desert, Wyoming. J. Range 
Manage. 30: 17-20. 

Osuji, P.O. 1974. The physiology of eating and the energy expenditure of 
the ruminant at pasture. J. Range Manage. 27:437443. 

Pianka, E.R. 1976. Competition and niche theory. p. I M-141. In: R.M. 
May, editor. Theoretical ecology: principles and applications. Saunders, 
Philadelphia and Toronto. 

Pulliam, H.R. 1974. On the theory of optimal diets. Amer. Natur. 108:59- 
74. 

Pulliam, H.R. 1975. Diet optimization with nutrient constraints. Amer. 
Natur. 109-765-768. 

Purser, D.B., and R.J. Moir. 1966. Rumen volume as a factor involved in 
individual sheep differences. J. Anim. Sci. 25509-515. 

Pyke, G.H., H.R. Pulliam, and E.L. Charnov. 1977. Optimal foraging: a 
selective review of theory and tests. Quart. Rev. Biol. 52:137-154. 

Rapport, D.J. 1971. An optimization model of food selection. Amer. 
Natur. 105:575-587. 

Rhoades, D.F., and R.G. Cates. 1976. Toward a general theory of plant 
antiherbivore chemistry. Recent Adv. Phytochem. 10:168-213. 

Robbins, C.T., and A.N. Moen. 1975. Composition and digestibility of 
several deciduous browses in the Northeast. J. Wildl. Manage. 39:337- 
341. 

Robbins, C.T., R.L. Prior, A.N. Moen, and W.J. Visek. 1974. Nitrogen 
metabolism of white-tailed deer. J. Anim. Sci. 38:186-191. 

Schoener, T.W. 1969. Models of optimal size for solitary predators. Amer. 
Natur. 103:227-313. 

Schoener, T.W. 1971. Theory of feeding strategies. Annu. Rev. Ecol. Syst. 
2:369-404. 

Schoener, T.W. 1974. Competition and the form of habitat shift. Theor. 
Pop. Biol. 6265-307. 

Segelquist, CA., H.L. Short,F.D. Ward,and R.G. Leonard. 1972. Quality 
of some winter deer forages in the Arkansas Ozarks. J. Wildl. Manage. 
36:174-177. 

Short, H.L. 1963. Rumen fermentations and energy relationships in white- 
tailed deer. J. Wildl. Manage. 27: 184-195. 

Short, H.L. 1971. Forage digestibility and diet of deer on southern upland 
range. J. Wildl. Manage. 35:698-706. 

Short, H.L. 1977. Food habits of mule deer in a semidesert grass-shrub 
habitat. J. Wildl. Manage. 30:206-209. 

Short, H.L. 1981. Nutrition and metabolism. In: Wallmo, O.C. (ed.) Mule 
and black-tailed deer of North America. p. 99-127. Univ. Nebr. Press. 
Lincoln and London. 

Sih, A. 1979. Optimal diet: the relative importance of the parameters. 
Amer. Natur. I13:460463. 

Smith, A.D. 1950. Inquiries into differential consumption of juniper by 
mule deer. Utah Fish and Game Bull. No. 9. 4 p. 

Smith, L.W., H.K. Goerbtg, and C.H. Gordon. 1972 Relationships of 
forage compositions with rates of cell wall digestion and indigestibility of 
cell walls. J. Dairy Sci. 55: 1140-l 147. 

Smith, L.W., H.K. Goedng, D.R. Waldo,and C.H. Gordon. 1971. In vitro 
digestion rate of forage cell wall components. J. Dairy Sci. 5471-76. 

Stenseth, N.C., and L. Hansson. 1979. Optimal food selection: a graphic 
model. Amer. Natur. Il3:373-398. 

Stuth, J.W., and A.H. Winward. 1977. Livestock-deer relations in the 
lodgepole pine-pumice region of central Oregon. J. Range Manage. 
30: I IO-I 16. 

Torgerson, 0.. and W.H. Pfander. 1971. Cellulose digestibility and chemi- 
cal composhion of Missouri deer foods. J. WildLManage~ 35:221-231. 

Tullock. G. 1971. The coal tit asa careful shooner. Amer. Natur. 105:77-80. 
VanderNoot, G.W., and E.C. Gilbreath. 1976..Comparative digestibility of 

components of forage by geldings and steers. J. Anim. Sci. 31:351-355. 
Van Soest, P.J. 1965a. Symposium on factors influencing the voluntary 

intake of herbage by ruminants: voluntary intake in relation to chemical 
composition and digestibility. J. Anim. Sci. 24:834-843. 

Van S&t, P.J. 1965b; Non-nutritive residues: a system of analysis for the 
renlacement of crude fiber. Ass. Off. Aar. Chem. J. 49546-55 I. 

VanSo&, PJ. 1%7. Development ofcomprehensive system offeed analy- 
sis and its application to forages. J. Arum. Sci. 26:f 19-128. 

Van Soest. P.J.. and R.H. Wine. 1967. Use of deterxents in the analvsis of 
fibrous ieeds.‘lV. Determination ofplant cell-wallconstituents. Ass. Off. 
Anal. Chem. J. 5050-55. 

Weir, W.K., and D.T. ToreU. 1959. Selective grazing by sheep as shown by 
a comparison of the chemical composition of range and pasture forage 
obtained by hand clipping and that collected by esophagael fistmated 
sheep. J. Anim. Sci. 18:641-649. 

Western, D. 1975. Water availabilityandjts influence on the structure and 
dynamics of a Savannah large mammal community. E. Afr. Wildl. J. 
13:265-286. 

Wcstoby, M. 1974. An analysis of diet selection by large generalist herbi- 
vores. Amer. Natur. 108:290-304. 

Westoby, M. 1978. What are the biological bases of varied diets? Amer. 
Natur. I 12:627-63 I. 

Weston, R.H. 1%6. Factors limiting the intake of feed by sheep. I. The 
significance of palatability, the capacity of the alimentary tract to handle 
digesta, and the supply of glucogenic substrate. Aust. J. Agr. Res. 
17:939-954. 

Willms, W., and A. McLean. 1978. Spring forage selection by tame mule 
deer on big sagebrush range, British Columbia. J. Range Manage. 
31:192-199. 

JOURNAL OF RANGE MANAGEMENT 35(2). March 1982 151 



Food Resource Partitioning by Sympatric 
Ungulates on Great Basin Rangeland 
THOMAS A. HANLEY AND KATHLEEN A. HANLEY 

Abstract 

The usefulness of a conceptual framework for understanding 
food selection by ungulates, based on four morphological parame- 
ters (body size, type of digestive system, rumino-reticular volume 
to body weight ratio, and mouth size), was tested by applying 
discriminant analysis to 194 monthly diet determinations based on 
microhistological fecal analysis for five sympatric species of ungu- 
lates in northeastern California and northwestern Nevada. In each 
season, the group means were located in the hypothesized order 
along the axis described by the first discriminant function: feral 
horse, domestic cow, domestic sheep, pronghorn, mule deer. Horse 
and cow diets consisted primarily of grasses. Pronghorn and mule 
deer diets consisted primarily of browse. Sheep diets were interme- 
diate. Pour browses (Artemisia spp., Cercocatpus lediflius, Pur- 
shia tridentata, and Juniperus occidentalis) were selected as the 
most useful species for discriminating between animal species. The 
data and analyses support the hypothesized food selection 
framework. 

americana), mule deer (Odocoileus hemionus). The reasons are as 
follows. 

From Table I, it can be seen that we had two basic groups of 
animals in terms of body weight, very large animals (horse and 
cow) and relatively small animals (sheep, pronghorn, and mule 
deer). Furthermore, the horse is a cecal digestor, while the others 
are ruminants. The time-energy constraints should be much more 
restrictive for the horse and cow than for the other species, espe- 
cially so for the horse. The horse should have the least amount of 
time to forage selectively, followed by the cow and then the three 
small ruminants, which also have small mouths that enable them to 
be selective of plants parts and individuals consumed. 

Cattle and domestic sheep have very large rumens in proportion 
to their body weight (rumino-reticularvolume to body weight ratio 
of about 0.250) and therefore should be well adapted to digesting a 
high cellulose (i.e., grass) diet. Pronghorn and mule deer, on the 
other hand. have relativelv small rumens (rumino-reticular volume 

A conceptual framework for understanding the nutritional basis 
to body weight ratio of about 0.1 IO) and’ therefore should be well 

for food selection by ungulates has been outlined (Hanley 1982) adapted to digesting a high cell soluble and/ or high lignin (i.e., forb 

and is based on four ungulate morphological parameters: (I) body 
and browse) diet. For these reasons, sheep diets should be more 

size and (2) type of digestive system (cecal or ruminant) determine similar to cattle and horse diets than should pronghorn or mule 

the overall time-energy constraints within which the ungulate may deer diets. Pronghorn and mule deer diets should be very similar. 

forage selectively; (3) rumino-reticular volume to body weight 
However, due to differences in stomach structure, pronghorn were 

ratio determines the type of forage the ruminant is most efficient in 
expected to be more similar to sheep than mule deer were. 

processing; and (4) mouth size determines the ability of the ungu- 
“Pronghorn antelope have a rumen somewhat more similar to 

late to harvest selectively plant parts or individuals. Each of these 
sheep than that of deer in relative shape and size” (Church 
IlI~L.IA\ 

parameters may be considered an important factor in determining 
an ungulate’s relative position along a gradient ranging from 
highly selective browse diets to less selective graminoid diets. 

The framework was presented as a means of further understand- 
ing the diet selection process of large, generalist herbivores. An 
understanding of the reasons why ungulates select the kinds of 
foods that they do will yield predictive insight into problems 
involving competition and food resource partitioning in ungulate 
communities. On the basis of that framework, one should be able 
to predict not only the types of foods that will be selected by the 
members of a given array of ungulate species but also the rank of 
each species along a gradient reflecting the differences in degree of 
selectivity and types of foods selected. We were able to test the 
theory in this way, using diet composition data collected from five 
species of sympatric North American ungulates (Table I). The 
specific hypothesis tested was that when ordered along a mathe- 
matically defined gradient based on plant species composition of 
their diets, the five ungulate species would appear in the following 

I7,J.L-i,. 

The predicted ordering of the ruminants along a food selection 
gradient can be related to their ordering along a gradient of ratio of 
rumino-reticular volume (I) to metabolic body weight (Wkk”‘75). 
Metabolic body weight incorporates both the absolute and relative 
costs of body weight; and if mouth size is correlated with body 
weight via the time-energy constraints, then effects of mouth size 
also are taken into account with the use of this ratio. Rumino- 
reticular volume to metabolic body weight ratios for the four 
ruminants are 1.120, 0.665, 0.338, and 0.289, for cow, sheep, 
pronghorn, and mule deer, respectively. Thus, the very large cecal 
digestor (horse) and the small ruminant with the small rumino- 
reticular volume (mule deer) should be positioned at opposite ends 
of a less selective graminoid diet to highly selective browse diet 
gradient, respectively, with the cow, sheep, and pronghorn posi- 
tioned between these extremes. This hypothesis was tested with 
data from 194 determinations of plant species composition ofdiets 
selected by these 5 species of ungulates. 

order: feral horse (Equus caballus), domestic cow (BOS spp.), Methods 
domestic sheep (Ovis aries), pronghorn antelope (Antilocapra Study Area and Data Collection 

Authors were with the College of Forest Resources, University of Washington, Diet composition data were obtained by microhistological anal- 
Seattle,at the time of the research. Thomas HanleyScurrentaddressisUS. Dep. Agr. 
Forest Service, Pacific Northwest Forest and Range Experiment Station, Forestry 

ysis of fecal samples (Sparks and Malechek 1968, Ward 1970, 

Sciences Laboratory, P.O. Box909, Juneau. Alaska99802. Kathleen Hanley’scurrent 
Hansen and Dearden 1975) collected monthly from July 1976 

address is 136 Behrends Ave.. Juneau. Alaska 99801. through June 1977, in northeastern California and northwestern 
The authors wish to express their sincere appreciation to C. Rex Clearly, district 

manager, Susanville District Office! Bureau of Land Management, for his support and 
Nevada near Cedarville, California. The study area was typical of 

interest throughout this investigatmn. the intermountain Great Basin rangeland, consisting of habitat 
Manuscript received July 31, 1980. types ranging from shadscale (Atriplex confertifolia) and grease- 
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Table 1. Esthnated body weight, rumino-reticular volume to body weight ratio, and weight of rumino-reticular contents 01 the five ungulate species 
involved in the present study. Rangehof values are in parentheses. 

Species 

Horse 

Weight of fresh rumino- 
Body weight of adults R&no-reticular volume (1) reticular contents as proportion 

(kg) to body weight ratio of body weight Source 

500 - - 3 
(4 10-636) 

cow 

Sheep 

Pronghorn 

415 0.240 0.134 5,7,9,12,13,14 
(308-600) (0.160-0.264) (0.100-0.150) 

(295-06) 
0.250 0.120 145789 II . . . . . . 

(0.160-0,333) (0.069-o. 150) 

(445!8) 
0.127 0.077 6,l I 

(0.126-0.128) - 

Mule deer 
(5674) 

0.104 0.075 2,7,10 
(0.103-0.105) (0.073-0.078) 

sources: 
I Allo et al. 1973 
2 Anderson et al. 1974 
3 Jurgens 1974 
4 Leng and Brett 1966 
5 Moir 1968 
6 O’Gara 1970 and personal 

correspondence 

wood (Sarcobatus vermiculatus) dominated communities to white 
fir (Abies concolor) forest. Most of the area, however, was charac- 
terized by sagebrush species (Artemisia tridentata and A. arbus- 
cula, principally) and perennial bunchgrasses-bluebunch 
wheatgrass (Agropyron spicatum), Idaho fescue (Festuca idahoen- 
sis), and Sandberg bluegrass (Poa secunda). Western juniper 
(Juniperus occidentalis) and curl-leaf mountain mahogany (Cerco- 
carpus iedijblius) woodlands formed a transition zone between the 
white fir forests at the higher elevations and the shrub-steppe 
below. The study area encompassed about 350,000 ha. Elevation 
ranged from 1500-2700 m. Average annual precipitation ranged 
from about 30 mm at the lowest elevations to about 600 mm at the 
highest elevations, mostly occurring as winter snow and spring rain 
(Summerfield and Bagley 1974). The winter of 1976-1977 was 
unusually dry. 

Domestic stock were turned out on the range in April and were 
taken off the range in November. Pronghorn, mule deer, feral 
horses, and cattle were free-roaming. Sheep were herded. Prong- 
horn, cattle, and horses were distributed over a wide elevational 
range, whereas deer and sheep were most abundant in the juniper- 

7 Prins and Geelen 1971 
8 Purser and Moir 1966 
9 Short 1963 

10 Short et al. 1963 
1 I Sundstrom et al. 1973 
12 Thomas et al. 1961 
13 Tulloh and Hughes 1965~1 
14 Tulloh and Hughes 1965b 

mountain mahogany woodlands. All animals selected their diets 
voluntarily. No animals received supplemental rations. 

Four major fecal collection areas were designated within the 
study area. The collection areas were further subdivided into 
shrubland and woodland vegetation types. Fresh fecal pellet col- 
lections were made in each study area and each vegetation type 
monthly for all species which were present. Cattle, horse, sheep, 
and pronghorn generally occurred in groups. Therefore, fecal col- 
lections were made in areas recently used by such groups. Deer, on 
the other hand, were much more solitary, so fecal collections were 
made by clearing permanently marked transects monthly. A single 
diet sample consisted of a compositecollection of 2g(fresh weight) 
samples from at least 50 pellet groups for an animal species in such 
a localized collection area. 

A total of 194 diet samples were collected (Table 2). The plant 
species composition of each diet sample was determined by the 
Composition Analysis Laboratory, Department of Range Science, 
Colorado State University, Fort Collins. Diet composition was 
based on readings of 100 microscope fields per sample. Data were 
expressed as percent relative density of recognizable plant frag- 

Table 2. Stratification of diet samples. One sample equals a composite colle-ction from more than 50 fecal pellet groups. S = shrubland; W = woodland. 

Season/ Month 

Spring 
March 
April 
May 

Horse cow Sheep Pronghorn Mule deer 
S W S W S W S W S W 

3 2 - - - - 4 1 - 2 
2 2 I 2 - I 2 2 4 
I 2 3 I - 1 2 3 - 3 

Summer 
June 
July 
August 

Fall 
September 
October 
November 

Winter 
December 
January 
February 

I 
2 
2 

2 
2 
3 

2 
3 
2 

3 
4 
4 

3 
3 
3 

2 
I 
2 

2 4 - I 2 
3 5 - I 2 
3 5 - 2 2 

3 4 - I 2 
I 3 - 2 2 
I 1 - I 3 

- - I 
- - - 2 
- - - 2 

2 
3 
3 

3 
3 
2 

2 
- 
- 

- 4 
- I 

4 

4 
- 4 
- 4 

- - 
- 3 
- 3 
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ments. Although forages differ in their digestibility and identifia- 
bility, it was believed that these data were adequate for gross diet 
comparisons between the five ungulates under study. Highly di- 
gestible or poorly identifiable forages would be underestimated in 
all diets. 

Data Analysis 
Since ungulate diets change seasonally, the data were stratified 

by four seasons of 3 months each (Table 2). Data for cattle and 
sheep were not available for the winter period, as these animals 
were not on the range at that time. 

Diet relationships during each season were subjdcted to discrimi- 
nant analysis (Cooley and Lohnes 197 I, Klecka l975), a multivar- 
iate statistical technique useful for investigating within and 
between group variability, testing differences in the composition of 
groups, and identifying variables most useful in determining the 
most likely group membership of individual cases. All diets of each 
animal species in each season were considered a group. Groups 
therefore were composed of a number of cases, each being one diet 
determination for that particular animal species during that partic- 
ular season. Each case wasdescribed by the percent relative density 
of identifiable plant fragments. A total of 76 variables (plant 
species) were identified in the diets and were used in the discrimi- 
nant analysis. 

The test of the hypothesis involved the location of group means 
(“centroids”) along the axis defined by the first discriminant func- 
tion. The first discriminant function is that function which 
accounts for the greatest proportion of the total variance within 
and between groups. It therefore provides an objective means of 
ranking the animal species along a single gradient, each position 
being determined by the plant species composition of the diets 
comprising the group. 

A stepwise selection procedure was utilized to select the varia- 
bles (plant species) most useful in defining the discriminant func- 
tions. Variables were chosen by the criterion of minimizing Wilks’ 
lamda, a measure of group discrimination, thus maximizing the 
overall multivariate F ratio for the test of differences among group 
centroids. For each season, the stepwise selection procedure was 
stopped at IO steps. This was a subjective determination but was 
believed appropriate because it provided a high degree ofdiscrimi- 
nating power, yet remained general enough to avoid centering on 
the personality of these particular data. For each season this 
provided a canonical correlation for the first discriminant function 
that when squared was >0.95 (i.e., >95% of the variance in the 
discriminant function was explained by the groups). It also ensured 
that the relative percentage of the eigenvalue associated with the 
first function was >75.0 and that for the sum of the first two 
functions was >95.0 (i.e., that the first function accounted for 
>75% and that the first two functions accounted for >95% of the 

Table 3. Location of group centroids along the axis described by the ftrst 
discdminant function. In each season horse and cow are not eigntfkantly 
ditfemnt (p>OJo); all other pairs are highly signifkantly different QKO.01). 

Species Spring Summer Fall Winter 

Horse -7.96 -4.62 -4.08 20.02 
cow -8.36 -4.05 -3.45 - 
Sheep -1.01 -3.33 -2.09 - 
Pronghorn 6.27 7.59 2.23 18.76 
Mule Deer 7.57 7.79 7.08 -61.92 
Canonical Correlation 0.99 0.99 0.98 0.99 

Relative percentage of 
the eigenvalue associated 
with the tint discriminant 
function 84. I 88.3 76.7 95.0 

total variance existing in the discriminating variables). Differences 
in group centroids were tested for statistical significance by calcu- 
lating an F ratio for the Mahalonobis distance between each pair of 
groups. Variables most important in defining the discriminant 
functions were determined on the basis of the magnitude of their 
standardized discriminant function coefficient. 

Therefore, discriminant analysis provided a means of ordering 
the five animal species along a single gradient on the basis of the 
plant species composition of their diets. Discriminant analysisalso 
provided a means of identifying the plant species that were most 
useful in differentiating between animal species. 

Test of the Hypothesis 
Results 

For each season the hypothesis was not rejected, that when the 
animal species were ranked along a gradient based on diet compo- 
sition, they would appear in the following order: horse, cow, sheep, 
pronghorn, deer (Table 3). The only possible exception was 
Spring, where horse and cow appeared in reversed order. However, 
the locations of horse and cow centroids were not significantly 
different (IPO.50). The locations of all other possible pairs of 
centroids were highly significantly different (p<O.Ol) from one 
another. As hypothesized, pronghorn and deer diets were most 
similar to each other, and sheep diets were intermediate between 
the large ungulates on one side and the small rumen volume 
ruminants on the other side. The locations of the centroids of horse 
and pronghorn were surprisingly similar in Winter. This reflected 
similarities in habitat use, however, and not similarities in types of 
foods selected (see below). 

Diet Composition 
Differences in diet composition in terms of forage classes also 

were as expected. Horse and cattle primarily consumed graminoids 

Table 4. Summary of percent relative density of identitiable plant fragments occurring in fcres during each season-equally weighted by month. 

Spring (March, April, May) 
graminoids 
forbs 
browse 

Summer (June, July, August) 
graminoids 
forbs 
browse 

Fall (September, October, November) 
graminoids 
forbs 
browse 

Winter (December, January, February) 
graminoids 
forbs 
browse 

Horse cow 

86.2 94.3 
9.4 3.5 
4.3 2.2 

95.2 91.3 
3.9 2.7 
I.0 5.9 

94.9 92.8 
2.1 4.1 
3.0 3.1 

81.5 - 
6.7 - 

II.8 - 

Sheep Pronghorn 

46.6 2.0 
12.3 16.1 
41.1 81.9 

68.2 4.6 
21.8 27.0 
IO.1 68.4 

47.3 1.7 
12.0 10.8 
40.7 87.6 

- 1.0 
- 7.7 
- 91.4 

Mule deer 

9.1 

8::: 

8.4 
4.0 

87.6 

4.0 
3.5 

92.5 

3.2 
3.0 

93.8 
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in all seasons, whereas browse was much moreapparent in thediets 
of pronghorn and deer (Table 4). Sheep diets were intermediate. 
These data provide further credibility to the food selection frame- 
work, since they demonstrate the hypothesized gradient in forage 
classes as well as plant species. Despite the dissimilarity in plant 
species composition of pronghorn and deer winter diets (as indi- 
cated by relative locations of group centroids) for example, it is 
apparent that these animals nevertheless were selecting the same 
types of foods. Browse constituted >90% of pronghorn and deer 
winter diets, as compared to only 11.8% of horse diets. 

Analysis of the discriminant function coefficients revealed the 
most valuable plant species for discriminating between the diet 
composition of the various ungulate species. It therefore was possi- 
ble to name the discriminant functions on this basis. The first 
discriminant function for Spring was an Artemisia spp., Cercocar- 
pus ledifolius, Juniperus occidentalis gradient (Fig. 1), the main 
effect of which was to separate the pronghorn and deer diets, which 
were high in these species, from the horse and cattle diets, which 
were very low in these species. Although sheep diets were interme- 
diate in these species, they were relatively high in Peraphyllum 
ramosissimum, Muhlenbergia richardsoni, and Iva axillaris, this 
being demonstrated by the second discriminant function. Pera- 
phyllum ramosissimum grew in localized patches in the study area. 
Muhlenbergia richardsoni and Iva axillaris were most common in 
the periodically flooded Artemisia cana communities. The high 
occurrences of these species in the Spring sheepdiets probably was 
an artifact of the sheep being herded, and thus concentrated in 
localized areas, and a small sample size (only two diets for sheep 
were available in Spring). 

The first discriminant function for the Summer diets represented 
a Purshia tridentata, Artemisia spp., Cercocarpus ledifolius gra- 
dient, the effect of which, again, was to separate the pronghorn and 
deer diets, which were high in these species, from the horse, cattle, 
and sheep diets, which were low in these species (Fig. 2). The 
second discriminant function again was strongly influenced by 
Peraphyllum ramosissimum. and again reflected the localized dis- 
tribution of sheep. The strong Oenothera tenacetifolia component 
of the second axis reflected the herding of sheep onto large, dry 
Juncus balticus meadows during summer. Thus, the first axis again 
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Fig. 1. Plot of discriminant scores of Spring (March, April, May) diets. 
The jirst (abscissa) and second (ordinate) discriminont functions have 
been given biological interpretation as indicated. I = horse;2 = cow;3 = 
sheep; 4 = pronghorn; 5 = mule deer: * indicates a group centroid. 
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Fig. 2. Plot of discriminant scores of Summer (June. July, August) diets. 
The prst (abscissa) and second (ordinate) discriminant functions have 
been given biological interpretation as indicated. I = horse; 2 = cow;3= 
sheep; 4 = pronghorn; 5 = mule deer; * indicates a group centroid. 

was most strongly determined by forage selection, while the second 
axis again reflected the herding influence on forage available to 
sheep. 

During Fall, sheep no longer were concentrated on and around 
the dry meadows. The first discriminant function represented a 
Purshia tridentata, Cercocarpus ledijblius gradient, whereas the 
Artemisia spp. component of the diets was represented by the 
second discriminant function (Fig. 3). The second discriminant 
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Fig. 3. Plot of discriminant scores of Fall (September, October, 
November) diets. The first (abscissa) and second (ordinate) discriminant 

functions have been given biological interpretation as indicated. 1 = 
horse: 2 = cow; 3 = sheep; 4 = pronghorn; 5 = mule deer; + indicates a 
group centroid. 
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function for Fall diets was therefore less strongly influenced by 
herding and forage availability to sheep than had been the second 
function for Spring and Summer diets. The relative percentage of 
the eigenvalue associated with the first discriminant function was 
lowest for Fall diets (Table 3). However, the within and between 
group dietary relationships are easily seen in the plot of diet 
locations along the first two axes (Fig. 3), the eigenvalues of which 
together accounted for 98.1% of the trace. During Fall, deer diets 
were high in Purshia tridentata and Cercocarpus ledifolius, whe- 
reas pronghorn diets were high in Artemisia spp. Horse and cattle 
diets continued to consist primarily of grasses. Sheep diets were 
again intermediate but contained very little Purshia tridentata or 
Cercocarpus ledifolius. 

The first discriminant function for the Winter diets was strongly 
controlled by Cercocarpus ledifolius, Purshia tridentata, and 
Juniperus occidentalis (Fig. 4). It primarily reflected differences in 
habitat use during the winter of 1976- 1977. Snowfall was relatively 
light that year, and deer did not seasonally migrate. Pronghornand 
horse, however, moved to lower elevations as snow began to 
accumulate in late December. Therefore, although deer and 
pronghorn continued to select the same types of forage (primarily 
browse; Table 4), differences in forage species availability strongly 
influenced the plant species composition of their diets and, there- 
fore, the discriminant functions. The second function represented 
an Artemisia spp. gradient and separated pronghorn from horse 
diets. 

Discussion 
The diet composition data determined in this study are sup- 

ported by similar results obtained by numerous other investigators 
using a variety of techniques (McMahan 1964, Mackie 1970, Beale 
and Smith 1970, Booker et al. 1972, Wallmoet al. 1973, Sundstrom 
et al. 1973, Kufeld et al. 1973, Hansen and Reid 1975, Bishop etal. 
1975, Rosiere et al. 1975, Hansen and Dearden 1975, Harnisset al. 
1975, Dusek 1975, Hubbard and Hansen 1976, Uresk and Richard 
1976, Schwartz and Nagy 1976, Papez 1976, Olsen and Hansen 
1977, Stuth and Winward 1977, Hansen et al. 1977, Hansen and 
Clark 1977, Schwartz et al. 1977, Short et al. 1977, Salter and 
Hudson 1979, Deschamp et al. 1979). All of these studies show that 

-65 0 30 
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Fig. 4. Plot of discriminanr scores of Wtnter (December, January, Febru- 
ary) diets. The /irst (abscissa) and second (ordinate) discriminant func- 
tions have been given biological interpretation as indicated. 1 = horse; 4 
= pronghorn; 5 = mule deer: l indicates a group centroid. 
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in habitats similar to those involved in the present study, the diets 
of cattle and horse are composed primarily of graminoids, while 
those of pronghorn and mule deer are composed primarily of 
browse and forbs. Sheep diets are generally intermediate, being 
composed primarily of graminoids and forbs but also containing 
appreciable proportions of browse. Results obtained by microhis- 
tological fecal analysis and rumen analysis tend to show lower 
proportions of forbs in the diet of all these animal species, particu- 
larly so for spring and summer pronghorn and deer diets, than do 
results obtained by esophageal fistula or visual observations of 
tame animals. The difference is due to differential digestibility and 
identifiability of forages. Diet composition of highly digestible 
forages (particularly forbs) is consistently underestimated while 
that of graminoids and shrubs is generally overestimated by rumen 
and microhistological fecal analysis (Bergerud and Russell 1964, 
Dearden et al. 1975, Vavra et al. 1978, Havstad and Donart 1978). 
Therefore, it is likely that the present data underestimate the true 
proportion of the diets that was composed of forbs and other 
highly digestible forages (e.g., very young leaves of grasses and 
browse). The overall pattern evident in the analysis of these data, 
however, is supported by the literature. 

These data and the patterns produced by discriminant analysis 
of the data are consistent with the ungulate food selection frame- 
work (Hanley 1982) and therefore support its validity. Additional 
support is provided by the literature on chemical composition of 
forage types, chemical composition of diets selected by ungulates, 
and degree of selectivity exhibited by these ungulates. The chemi- 
cal composition of forage types and the advantages and disadvan- 
tages of eating them have been discussed elsewhere (Hanley 1982). 
That large rumen volume ruminants select a diet high in cell walls 
while small rumen volume ruminants select adiet low in cell walls is 
supported by data reported by Schwartz et al. (1977) and Wallmo 
et al. (1977). Schwartzet al. compared thechemical composition of 
diets selected by sympatric bison (Bison bison), cattle, sheep, and 
pronghorn. In all seasons pronghorn diets were lower in cell wails 
than cattle or bison diets were. They were also lower in cell walls 
than sheep diets were during spring through fall; but sheep diets 
were lower in cell walls during winter. Sheep diets, however, were 
obtained by esophagael fistula samples while pronghorn diets were 
obtained by hand clipping species in proportion to their use. The 
ability of sheep to select a higher quality diet than that availableon 
offer has been shown by numerous investigators (Cookand Harris 
1950; Milton 1953; Meyeret al. 1957; Weir and Tore11 1959; Arnold 
1960, 1962a, 1962b, 1964; Bland and Dent 1964; Heady 1964; 
Fontenot and Blaser 1965; Eadie 1969). The importance of the 
difference in diet collection methods may have been particularly 
great during winter when browse constitutes a greater proportion 
of the diet, Mule deer diets collected by hand by Wallmo et al. 
(1977) in a different study area were very similar in terms of 
proportion of cell walls to the pronghorn diets reported by 
Schwartz et al. (1977). The deer diets were lower in total cell walls 
and higher in lignin than the pronghorn diets were (which is 
consistent with theory), but this may have reflected differences in 
habitats. 

It is particularly interesting that browse species were so impor- 
tant in determining the discriminant functions in the present diet 
analysis. All four of the most important species controlling the 
discriminant functions, Artemisia spp., Cercocarpus ledifolius, 
Purshia tridentata, and Juniperus occidentalis, are browse species. 
Artemisia spp. and Juniperus spp. are known to be highly variable 
in volatile oil content (Smith 1950, Nagy and Regelin 1977); and 
Cercocarpus ledijolius and Purshia tridentata both take on club- 
shaped or mushroom-shaped, heavily hedged growth forms when 
grazed heavily by cattle (Hormay 1943, personal observation). The 
majority of individuals of these latter two species within the reach 
of ungulates in the study area existed in heavily hedged growth 
forms while the present data were being collected (personal obser- 
vation; U.S. Dep. of Interior, Bureau of Land Management, 
Susanville, California District, unpublished data). These four 
browse species apparently were of relatively high value to deerand 
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pronghorn. Efficient exploitation of these forage resources, how- 
ever, is dependent on a relatively small rumen capacity (for effi- 
cient digestion of browse), small body size (for relaxed time-energy 
constraints to permit intraspecific “shopping”), and a small mouth 
size (for harvesting only the current annual growth). Whereas deer 
and pronghorn diets were consistently relatively high in these four 
species, cattle and horse diets were not consistently high in any 
particular species; rather they were dominated by a variety of 
grasses and varied from location to location (hence the failure of 
any grass species to be useful as a discriminator indicative of horse 
and cattle diets). The other species for which discriminant func- 
tions were named, Peraphyllum ramosissimum. Muhlenbergia 
richardsoni, Iva axillaris, and Oenothera tenacetifolia, were of 
much less importance (controlling the second discriminant func- 
tion) and were presumed to be of local significance only. 

The investigated ungulates exhibited diets consisting of the 
expected types of forages;and the discriminant analysis indicated a 
gradient of forage selectivity associated with the differences in diet 
composition. Horses and cattle have the least time and ability to 
forage selectively but are physically able to efficiently exploit the 
relatively abundant and easily recognizable high cellulose forage 
resource (i.e., grasses). Pronghorn and deer, on the other hand, 
have both the time and ability to be highly selective foragers and 
are physically able to most efficiently exploit the high cell solubles 
forage resource (i.e., forbs and browse). Sheep have the time and 
ability to be highly selective foragers as well as being physically 
able to efficiently exploit the high cellulose forage resource. Sheep 
selectively harvest the most choice portions of the grasses while 
supplementing their diet with high cell soluble forbs and browse. 

Conclusions 
The ungulate food selection framework was useful in predicting 

diet relationships between the ungulates investigated in the present 
study. It is consistent with current knowledge of the nutrition of 
ungulates and diet selection by ungulates of other ecosystems as 
well (e.g., see Hofmann 1973). It is based on two basic premises: (1) 
that the degree of selectivity that can be exercised by foraging 
animals is restricted by time-energy constraints, and (2) that ungu- 
lates have evolved a variety of digestive systems enabling them to 
efficiently utilize fibrous forage resources, heterogeneous with 
regard to plant cell wall thickness and extent of lignification. 
Within the ruminants, large body size and large rumen volume are 
adaptations to exploitation of high cellulose diets (i.e., grassy 
environments). Small body size and small rumen volume, on the 
other hand, are adaptations to exploitation of high cell soluble and 
lignin diets (i.e., woody environments). Of native North American 
species these extremes are probably best represented by bison 
(Bison bison) and black-tailed deer (Odocoileus hemionus colum- 
bianus), bison being adapted to the Great Plains and black-tailed 
deer being adapted to the dense coniferous forests of the coastal 
Pacific Northwest. Elk (Cervus elaphus) is probably the most 
generalized North American species in these respects. Among 
African ungulates, the extremes are represented by the African 
buffalo (Syncerus caffer) and suni (Nesotragus moschatus), while 
Grant’s gaze11 (Gazella granti) is an intermediate species. 

Knowledge of the values of the four morphological parameters 
(body size, type of digestive system, rumino-reticular volume to 
body weight ratio, and mouth size) involved in the food selection 
framework is sufficient for prediction of the kind of diet that will be 
selected by an ungulate given a free choice. This provides a basis for 
assessing relative habitat quality for various species of ungulates 
and an understanding of potential competitive (or facilitative) 
relationships among them. Such an understanding is much more 
valuable than simple measures of dietary overlap or similarity. A 
few implications for competition theory and habitat management 
have been addressed by Hanley (1982); and elsewhere (Hanley 
1980) the food selection framework has been extended to include 
habitat patch selection. A deeper understanding of food resource 
partitioning by ungulates awaits to be revealed by a knowledge of 

the reasons why ungulates select the plant species that they do, a 
subject beyond the framework investigated here. 
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Nutrient Testing of Soils to Determine Fertil- 
izer Needs on Central Sierra Nevada Deer- 
Cattle Ranges 
RAYMOND A. EVANS AND DONALD L. NEAL 

Abstract 

Soil samples representing six major forest soil series and two 
meadow unclassified types were collected from 17 locations on 
critical deer migration routes in the central Sierra Nevada, Califor- 
nia. Nutrient tests were conducted in the greenhouse using soft 
chess (Bromus mollis) as an indicator species to determine deficien- 
cies of nitrogen, phosphorus, and sulfur. These tests were carried 
out to assess fertilizer needs and the probability of field response to 
increased nutrient levels in the soil for improvement of forage 
quality and quantity on deer migration routes. All soils were 
nitrogen deficient; the meadow soils were less so than the forest 
soils. In 94% of the soils samples, the addition of phosphorus (70%) 
or phosphorus and sulfur (24%) with nitrogen increased plant 
yields dramatically (as much as 26 times) compared with adding 
nitrogen alone. Addition of sulfur with nitrogen produced a yield 
response equal to that produced by phosphorus or phosphorus 
plus sulfur with nitrogen in three soils. Nitrogen was the nutrient 
most limiting for plant growth; phosphorus was next important 
and was essential for best response in most soils. Sulfur produced 
variable responses, usually increasing plant yields only after nitro- 
gen and phosphorus deficiencies were corrected. Productivity of 
forage and browse species growing on these soils is determined by 
nutrient status; characteristics delineated at the series level, such as 
depth, texture, and structure; and moisture-temperature relations 
in specific years. 

The migratory mule deer herds on the west slope of the Sierra 
Nevada, California, have declined since the 1950’s. The North 
Kings Deer Herd, selected for study because it is representative of 
this area, has declined from an estimated 17,000 animals in the 
early 1950’s (Longhurst et al. 1952) to 3,200 in 1972. The range of 
this herd occupies 205,000 hectares between 300 and 3,200 m in 
elevation in the central Sierra Nevada, primarily on the Sierra 
National Forest. The winter ranges are primarily in the oak- 
woodland, chaparral and the lower edge of the ponderosa pine 
belt. Summer ranges are in the mixed-conifer and white fir zones. 
Deer use the same migration routes each spring and fall between 
these ranges. The migrations vary from 10 to 50 km in length and 
average about 1,400 m elevation change. The upward migration in 
the spring averages about 40 days and the downward migration in 
the fall averages about 15 days. Both migrations represent a period 
of nutritional stress on the deer because of low quality and quantity 
of forage. 

The quality of the winter-range annual forbs and grasses begins 
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to decline in April or May, depending upon moisture-temperature 
relations of specific years, and the deer start their upward migra- 
tion before the summer range is ready. The deer are forced to delay 
in holding areas located at favorable sites enroute (Bertram and 
Rempel 1977), where they must subsist, primarily, on dry, low- 
quality forage from the previous season’s growth. Does are in the 
last trimester of gestation during the spring migration. The decline 
in fat reserves and variation in fetal size that occur at this time of 
year have been interpreted as adversely affecting fetal survival 
(Salwasser et al. 1978). Reduction of these fetal development prob- 
lems is likely to produce greater fawn survival. Composition 
counts indicate that the primary cause of herd decline is the 60% 
mortality of fawns during their first 90 days of life. Other factors 
probably interplay with those of nutrition to cause the drastic 
reduction in herd size that has occurred in recent years. 

Research was begun to find ways to improve quality and quan- 
tity of forage on criticalareasalongdeer migration routes. Revege- 
tation with early growing and highquality plants and fertilization 
to increase early season growth were the two main thrusts of 
cooperative research by the Forest Service and Agricultural 
Research Service, U.S. Dep. Agr. Since the entire range is grazed 
by cattle, increased quality and quantity of forage would benefit 
livestock also and reduce the possibility of inter-specific competi- 
tion for forage. 

In areas where herbaceous or browse species naturally occur, 
fertilization seemed to be a promising way to increase the quality 
and quantity of available forage for deer and cattle (Bayoumi and 
Smith 1976, Basile 1970). Fertilization has been shown to be 
valuable in producing early growth (Martin and Berry 1970, Hunt 
1973) and in increasing nutrient value of forage, especially protein 
content (Carpenter and Williams 1973, Hunt 1973, and Gibbens 
and Pieper 1962). 

Two objectives of this study were to determine the nutrient 
status of the major soils on important holding areas along the deer 
migration routes and to evaluate forage plant responses to added 
nitrogen, phosphorus and sulfur. This information can then be 
used as a basis for a fertilization program to increase quality and 
quantity of forage and browse plants for both deer and cattle in 
these areas (Smith 1966, Eckert and Bleak 1960, Wagle and Vlamis 
1961, Jenny et al. 1950). A third objective was to examine in 
relation to soil series and nutrient treatments two factors of forage 
quality, protein content and calcium:phosphorus ratio, which may 
be important to the fetal development of deer. 

Methods 

Surface soil samples (O-20 cm) were collected for nutrient testing 
from 17 soils representative of holding areas along deer migration 
routes at elevations from 1340 to 2150 m in the North Kings Deer 
Herd Range of the Central Sierra Nevada. Meanannual precipita- 
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tion of the area ranges from 65-140 cm, most of which occurs in 
winter and spring. Samples were representative of six extensive 
and important forest soil series and two unclassified meadow soil 
types of the area (Table I). Where soil series were widespread, 
samples were collected from more than one area. 

The six forest soils are a clay loam, a loam, a sandy loam, a 
coarse sandy loam, a sand, and a cobbly loamy coarse sand. All 
soils are moderately deep (120 cm) to deep (290 cm) and all are 
well-drained. They range from limited to excellent producers of 
commercial timber, but all six can support a shrub, forb, and grass 
cover as an understory or when areas are logged. 

Soils of the Holland and Musick series are fine-loamy, mixed, 
mesic Ultic Haploxeralfs. Soils of the Shaver series are in the 
coarse-loamy, mixed, mesic family of Pachic Ultic Haploxerolls. 
The Ducey series is classified as coarse-loamy, mixed, frigid Typic 
Xerumbrepts; the Dinkey series as sandy skeletal, mixed, frigid 
Typic Xerorthents; and the Corbett series as loamy coarse sand, 
mixed, frigid Typic Xeropsamments (Anon. 1958-1977). 

Nutrient testing was conducted in the greenhouse following the 
method of Jenny et al. (1950) as modified by Evans et al. (1962). 
Soil samples were thoroughly mixed, air dried, and sieved through 
a 6-mm mesh screen to remove pebbles and gravel. Waxed paper 
cups were filled with I600 gm of soil, and then water solutions of 
nutrients were added. Nitrogen was applied as ammonium nitrate, 
phosphorus as phosphoric acid, and sulfur as sodium sulfate. Soft 
chess cultivar ‘Bland0 brome’ (Bromus mollis) was used as the 
indicator plant because it is easy to grow and reflects nutrient 
responses well. A four-replicate, randomized-block factorial 
design was used, with three rates of nitrogen (0,56, and 224 kg/ ha), 
and three rates of phosphorus (0, 56, and 224 kg/ ha) alone and in 
combination. Sulfur (I 12/ kg/ ha) was used in combination with 
high nitrogen and high nitrogen-high phosphorus applications. 
With some samples of limited soil, only the high rates of nitrogen 
and phosphorus were used. Nutrient applications were calculated 
on the basis of soil weight; it was assumed that the surface I5 cm of 
soil weights 2,240,OOO kg/ ha. 

Soft chess was grown, with I2 plants per pot, for 8 weeks in all 
soils in the greenhouse with enough water supplied so that the 
plants were never under moisture stress. All top growth was harv- 
ested, oven-dried, and weighed to determine yield responses to 
nutrients. Comparisons also were made among responses of soft 
chess, alsike clover (Trifolium hybridurn) and mountain white- 

Table 1. Location description of soil samples. 

thorn (Ceunothus cordulatus) to nutrients in selected soils. 
After the pot test growth period was completed and above- 

ground biomass of soft chess was dried and weighed, proximate 
analysis to determine protein content and calcium:phosphorus 
ratio (AOAC 1955) was run on the plant material harvested from 
five nutrient treatments on four soils. The plant material was 
ground and the samples from replications I and 11 and replications 
HI and IV were combined to make two samples for chemical 
analysis. Plant material from pot tests of soils from four sites 
representative of the migration routes were selected for chemical 
analysis: Nutmeg Saddle, a lower elevation Shaver series soil; Bear 
Wallow, a high elevation Shaver series soil; Sugarpine Hill, a high 
elevation Ducey series; and Post Corral, a high elevation meadow 
soil (Table I). Nutrient treatments included in this analysis were: 
control, nitrogen at 224 kg/ ha, phosphorus at 224 kg/ ha, nitrogen 
plus phosphorus, and nitrogen plus phosphorus plus sulfur at I I2 
kg/ ha. 

Analysis of variance and Duncan’s multiple range test were used 
to determine statistical significance of nutrient responses. A nut- 
rient response factor (NRF), derived as the ratio between maxi- 
mum yield response of soft chess with the optimum nurtient 
treatment and the yield of the control, was used to determine 
fertilizer requirements. 

Results and Discussion 

Nutrient Responses of Soft Chess 
Most soils tested were extremely nutrient deficient; soft chess 

yield at the optimum nutrient level averaged about 14 times that of 
the control (NRF-Table 2). Yield response to nutrients in individ- 
ual soils ranged from two to 30 times that of the check. All soils 
were nitrogen deficient, ranging from minimum to extreme. The 
meadow soils with their high organic matter were less nitrogen 
deficient than were the forest soils with one exception-a forest soil 
from the Blue Sale location. The Blue Sale location was an 
unlogged, low elevation, ponderosa pine (Pinus ponderosu) site 
with much accumulated litter. Other forest soils were extremely to 
moderately nitrogen deficient depending on location, but the com- 
plexity of site factors makes it almost impossible to ascribe defini- 
tive characteristics to the degree of nitrogen deficiency in these 
soils. 

In 94% of the soils, phosphorus, sulfur, or phosphorus and 
sulfur were necessary in addition to nitrogen to obtain the opti- 

Locations Elevation (m) Soil series Site description 

Nutmeg Saddle 

Bear Wallow 
Grand Bluffs 

Sugarpine Hill-West 

Sugarpine Hill-East (2 sites) 2,050 
Sawmill Flat 2,050 
Sawmill Flat 2,050 
Sawmill Flat 2,050 
Blue Sale 1,340 
Weather Station-i 1,160 
Weather Station-2 I.160 

Landing Site (2 sites) 

1,460 

w@3 
1,830 

2,070 

1,340 

Shaver 

Shaver 
Shaver 

Ducey 

Ducey 
Corbett 
Dinkey (Variant) 
Dinkey 
Musick 
Holland 
Holland 

Holland (Variant) 

Ponderosa pine, burn-plantation, annual,grass 
dominated 
Mixed conifer, patch cut 
Mixed conifer, old logged and burned area, man- 
zanita, ceanothus, and ribes cut and piled 
Glacial moraine, logged and replanted, snowbrush 
dominated site 
White fir, patch cut, ponderosa pine plantation 
White fir, clear cut 
White fir, uncut 
White fir, selectively cut 
Ponderosa pine, uncut 
Ponderosa pine, logged in 
Ponderosa pine, logged in 
soil 
Ponderosa pine, logged in 
soil 

1975 
1975, landing-compacted 

1975, landing-compacted 

Post Corral Meadow 
Tule Meadow 
Snow Corral 

2,500 Unclassified meadow Wet meadow, grazed, lodgepole encroachment 

2,150 Unclassified meadow Wet meadow, grazed 
2,070 Corbett White fir, selectively cut 
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mum expression of nitrogen deficiency in maximum response to 
nutrients. Phosphorus with nitrogen gave maximum yields in 70% 
of the soils, but sulfur was required with nitrogen and phosphorus 
for highest yield in 24% of the soils. In three soils, sulfur with 
nitrogen produced a response statistically (eO.01) equal to that 
produced by nitrogen and phosphorus or all three nutrients. A 
timber soil, from Snow Corral, had adequate levels of phosphorus 
and sulfur so yield of soft chess was increased only by the addition 
of nitrogen. In contrast, a meadow soil, from Post Corral Meadow, 
was extremely deficient in phosphorus along with nitrogeh. A 
second meadow soil, from Tule Meadow, was deficient in nitrogen, 
phosphorus, and sulfur. 

Overall results of nutrient testing of the 17 soils indicated that 
these soils are primarily nitrogen deficient; secondarily, phospho- 
rus deficient; and thirdly, some are sulfur deficient. Nitrogen and 
phosphorus deficiencies can be expected, generally, in this area. 
Sulfur deficiencies are confined to specific soils but not related to 
the soil series classification and generally are not growth control- 
ling until nitrogen and phosphorus deficiencies have been cor- 
rected. Martin (1958) reached similar conclusions about the 
pattern of sulfur deficiency on California soils in his extensive 
survey of nutrient responses of soils of the state even though 
high-elevation forest and meadow soils were not included in his 
study. 

Nutrient Responses of Mountain Whitethorn and Alsike Clover 
Mountain whitethorn seedlings grown in two high-elevation 

forest soils (Bear Wallow and Sugarpine Hill-West locations) 
responded positively, in terms of height, to optimum nutrient 
treatment compared to the control. Response of soft chess indi- 
cated that a Shaver soil at Bear Wallow was extremely nutrient 
deficient (NRF of 21.8) and that maximum yields could be 
expected with nitrogen, phosphorus, and sulfur. Next highest 
yields could be expected with nitrogen plus phosphorus. Heights of 
established seedlings of mountain whitethorn 7 weeks after nut- 

rient application in Bear Wallow soils were almost double with the 
optimum nutrient combination (Nzz~Pzz.ISI~~) (21 cm) compared 
with the control (12 cm) and almost as high with nitrogen plus 
phosphorus (19 cm). In a Dinkey soil at Sugarpine Hill-West, 
which has an NRF of 14.8 (Table 2), seedling height of mountain 
whitethorn was increased from 18 cm with the control to 23 cm 
with nitrogen plus phosphorus. In a Shaver soil collected at Nut- 
meg Saddle, a site below the usual elevation of mountain white- 
thorn, nutrient application produced no statistically significant 
difference in growth. 

Alsike cover, a legume adapted to the general area, was grown in 
a meadow soil from Post Corral with a nutrient response factor of 
29.6 and in a Shaver soil from Nutmeg Saddle with an NRFof 18.5. 
This species reflected small numerical, but not statistical, differen- 
ces in response to nutrient treatment on a given soil; but yields 
differed widely between soils (Check= 1.4 and N~dP224=2.2 
gm/pot in Shaver soilandcheck=4.5and NnrPz4=5.8gm/potin 
the meadow soil). Yield of clover after 6 weeks of growth in the 
meadow soil with optimum nutrients was more than 2.5 times 
greater than comparable yield in the forest soil. 

Edaphic characteristics besides nitrogen, phosphorus, and sul- 
fur affected growth of both mountain whitethorn and alsike clover. 
Some of these differences in soil characteristics that affect produc- 
tivity of plants are evident in the comparison among the major soil 
series of the area from their delineation into different soil taxo- 
nomic classes (Soil Survey Staff 1975). 

Forage Quality Responses 
Proximate analysis of the pot-grown plants showed that all soils 

are capable of producing forage with protein levels meeting the 
needs of ruminant animals under optimum growing conditions 
(Table 3). Protein levels of plants grown on the meadow soil were 
especially high when not fertilized. In timber soils, nitrogen alone 
tended to increase protein and phosphorus alone tended to reduce 
it. 

Table 2. Yield @m/pot) of soft chess (Eromus molt%) with fertilizer treatments in soils and nutrient response factors (NRF) of soils from different 
IOC~tiOllS.’ 

Locations Fertilizer treatments* 

Check ‘56 ‘224 N56 
‘224 ‘224 

Nutrient 

N56P56 N56P224 N224 N224P56 N224P224 s~12 
response 

N22@I 12 factor3 

Nutmeg Saddle .O? 
Bear Wallow .06’ 
Grand Bluffs .34b 
Sugarpine Hill- West .I1 

Sugarpine Hill-East (I) .04” 
Sugarpine Hill-East (2) .OB 
Sawmill Flat-logged .4 lC 

Sawmill Flat-uncut .25d 
Sawmill Flat-Se]. .68= 

logged 
Blue Sale .28 

Weather Station (1) .O@ 
Weather Station (2) .lF 
Landing Site (I) .22” 
Landing Site (2) .36= 
Post Corral Meadow .Os’ 
Tule Meadow .O? 
Snow Corral .75b 

.07d 

.w 

.43b 

*Iti 
.2#” 

- 
- 

- 

- 

.83” 
- 

.I@ 
- 

.41d0 

.l7”’ 

.39”’ 
- 

.OSd 

.28 

.52b 

.23d 

.32b-d 

.24h 

.39 

.35d 

.74bc 

I .oSb* 

.lT 

.I@ 

.3T 

.5Q-” 

:Z 
.82b 

.3p 

.2f 

.41b 

.4tY 

.0* 
- 
- 

- 

- 

.25” 
- 

.28” 
- 

1 .OPd 
.18d 
.OQ 
- 

.4T 

.24= 

.76b 

.63bc 

.32” 
- 
- 
- 
- 

E 
- 

.59b’ 
- 

1.09”” 

.56d 

.72bc 
- 

.2Fd 

.II 

.84b 
.64h 
.44b’ 
- 

m 

.86& 

.6+ 
- 

.9tf 

.lT 

.52b 

.& 

.Osd’ 

.OF 

.4e 

I .46’ 

.94bc 

.34 

1.46 
.82b 

.lY” 

- 

- 

I 26’d L 
- 

.56= 

1.18’ 1 .OBb .18* 18.5ad 
.80b 1.33” .05’ 21.cd 

1.44’ m .72b 4.6d 
1.5T 1.7% .70b 14.Vd 

.57b 1.14* .osd” 25.7~’ 
I.Iy 1.32 .09’ 30.9 
1.35 .90b 1. 3.$ 
2.00b 2.4y 2.08”b 10.5bd 
m w l.32b 3.9 

I.2a”d 1.96 .43” 7.F 
.41’ .38’b.Irc 7.3* 
1.40” 1.38’ w 9.p 
2.d _ 2.97” I.32d 14.3”d 
m 1.56 1.Ig 4.4d 
m .94b .10’ 29.6ab 

.87b 1.66 .04* 26.9”’ 
1.54” 1.4c .80b 2.4d 

‘Means followed by the same letter are not significantly different at the 0.01 level of probability as determined by Duncan’s multiple range test. Comparisons ofyieldsare made 
horizontally or within specific soils. Comparisons of nutrient response factors are made vertically or among specific soils. Maximum yields and those not statistically different, 
are underlined for reader’s convenience. 
ZNuttieFt treatments are: N56=nitrogen at 56 kg/ha; N224=nitrogen at 224 kg/ ha; ‘%=phosphorus at 56 kg/ha;P224=phosphorusat 224 kg/&and81 IPsulfurat 112 kg/ha. 
All eqmvalent rates are calculated on the basis of soil weight with the first I5 cm of soil weighing 2,240,OOO kg/ha. 
aResponse factor was derwed by dividing check yield into maximum yield resultin& from added nutrients. 

JOURNAL OF RANGE MANAGEMENT 3!3(2), March 1982 161 



Table 3. Crude protein (percent) of soft chess grown in pot tests of four Table 4. Cakium:phosphorus ratios of soft chess grown in pot tests of four 
soils. soils. 

Fertilizer 
Treatments 

Control 
N224 
‘224 
N224P224 
N224P224s I I2 

Means 

Nutmeg Bear Sugarpine Post 
Saddle Wallow Hill Corral Means’ 

25.4 30.6 22.2 44.6 30.Tb 
30.8 36.9 32.4 34.2 33.6” 
29.8 21.9 21.0 21.7 23~3~ 
28.0 30.0 22.6 32.0 28. lb’ 
24.8 22.8 27.6 31.6 26.6’ 
27.7 28.4 25.2 32.8 

1 Means followed by the same letter are not significantly different at the 0.05 level of 
probability as determined by Duncan’s multiple range test. 

CaIcium:phosphorus ratios were alljudged to be acceptable with 
the possible exception of the unfertilized meadow soil and the 
nitrogen-alone fertilized soil from Bear Wallow (Table 4). Except 
in the meadow soil, nitrogen tended to increase the calcium:phos- 
phorus ratio by decreasing phosphorus. Phosphorus fertilization 
tended to decrease the ratio by increasing phosphorus. 

Results of this study and previous investigation (Evans et al. 
1962) have shown that soft chess grown in nutrient pot tests is 
extremely sensitive to deficiencies of not only nitrogen but also 
phosphorus and sulfur. Because of its sensitivity, yields of soft 
chess in relation to soil treatments of nitrogen, phosphorus, and 
sulfur indicate maximum fertilizer responses of forage and browse 
species. In the annual grasslands of California, correlation between 
responses of soft chess in pot tests and field fertilizer trials have 
been extremely good (Evans et al. 1962). 

However, the potential of other forage or browse species to 
respond to nutrient levels may not be as great as it is for soft chess. 
Wagle and Vlamis (1961) found that because bitterbrush (Purshiu 
tridentata and P. glandulosa) fixes nitrogen it did not respond to 
applications of this nutrient like their test plant, Romaine lettuce. 
Ceanothus spp. also develop root nodulesand fix nitrogen (Russell 
and Evans 1966, Vlamis et al. 1958), so application of nitrogenous 
fertilizer probably would not increase growth or would be less 
important than with a grass. However, phosphorus and sulfur 
fertilization would be important for increased quantity and quality 
of browse for deer. Gibbens and Pieper (1962) found healthy 
unfertilized Ceanothus cuneatus plants produced more growth 
than fertilized plants; however, in decadent stands, the fertilized 
plants produced significantly more growth than the unfertilized 
plants and the deer showed a preference for the fertilized plants. 

In like manner, a legume, such as alsike clover, does not depend 
on nitrogen fertilizer for maximum growth, but the phosphorus 
and sulfur available affect its growth and production. Perennial 
grasses will respond to nitrogen and if deficiencies exist, to phos- 
phorus and sulfur as well (Eckert and Evans 1963). 

Conclusions 

On all soils tested, nitrogen must be supplied for maximum 
growth, or to increase early growth to make more forage available 
during the spring migration. Phosphorus deficiency is also wide- 
spread in this area and should be considered in any range improve- 
ment planning. Sulfur may or may not be deficient, depending on 
the specific soil. 

Forage production on specific sites, depends on nutritional sta- 
tus of the soil and other edaphic characteristics, such as depth, 
texture, and structure, that are delineated on the soil series level. 

Responses of soft chess indicated that forage quality, in terms of 
crude protein content and caIcium:phosphorus ratio, was rela- 
tively unaffected by nutrient treatments and was similar among 
soils. 

A complex of grass, forb, and browse species occurs or can be 
planted along the deer migration routes. The nutritional require- 

Fertilizer 
treatments 

Nutmeg Bear Sugarpine Post 
Saddle Wallow Hill Corral Means’ 

Control 2.0 1.4 1.7 5.4 2 6Pb 
N224 3.3 5.4 3.7 2.1 3:6’ 
‘224 2.0 I.6 I.5 I.5 1.6’ 
N224P224 3.3 3.9 3.3 1.8 3.1bC 
N224P224s I I2 2.0 2.9 2.0 I.4 2.1ab 

Means 2.5 3.0 2.4 2.4 

1 Means followed by the same letter are not significantly different at the 0.05 level of 
probability as determined by Duncan’s multiple range test. 

ments of these species vary widely but with a basic knowledge and 
understanding of the nutritional deficiencies of the major soils in 
the area, land managers can make more intelligent choices in an 
improvement program. 
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Effect of Seasonal Herbage Allowance on 
Bolus Weights of Cattle 
JERRY W. STUTH AND RAYMOND F. ANGELL 

Abstract 

Technology has recently made it possible to count forage boli 
consumed daily in ruminants. This tec+ique can presently be used 
to measure grazing time and rates of nutrient intake. However, to 
determine total daily intake, the ifiuence of inherent variations in 
bolus weight and associated forage conditions must be known. An 
attempt was made to determine if degree of uniformity in forage 
boli weights were statistically nonsignificant to be counted and 
used as a measure of daily dry matter intake of an animal. Herbage 
allowances varying from 15.4 to 3.4 kg DM/lOO kg BW/day did 
not have a significant effect on bolus weights in mature cows 
grazbg bahiagrass pastures during mid-summer and early winter 
(PrO.05). Cow size and season of the year also had no significant 
effect on bolus weight. Bolus weight of the cows averaged 4.4fO.l g 
across seasons and cows. 

Much effort has been directed toward relating forage intake of 
livestock to sward characteristics by measurement of size and rate 
of biting by the grazing animal (Allden and Whittaker 1970, 
Stobbs 1975, Chacon et al. 1976, Chaconand Stobbs 1976). Allden 
and Whittaker (1970) noted that as tiller height increased, size or 
weight of bite increased and rate of biting decreased. Hence, intake 
remained static over nonlimiting range forage availabilities. It 
appears that an animal has a strong tendency to maintain a given 
level of daily intake by varying bite size and grazing time (Spedding 
et al. 1966). The end result of these prehensile measurements is the 
swallowed bolus. Since rate of intake (g/min) by the animal was 
static in the Allden and Whittaker (1970) study, it would appear 
that the animal can maintain a static intake by creating boli that 
have little variation in dry matter weight. Thus, rate of swallowing 
boli and time spent grazing would determine daily intake of an 
animal. 

This hypothesis would imply that the animal gathers forage in its 
mouth until a “critical” density or weight is attained to form the 
bolus. The shorter the vegetation the greater time spent forming 
the bolus. If grazing time does not exceed some inherent behavioral 
limitation of the animal, intake can be maintained at a stable level 
under nonlimiting forage conditions by adjusting grazing time. If 
the forage bolus is uniform across a wide array of forage condi- 
tions, then measurements of daily swallowing events of boli should 
provide a technique which measures daily intake and avoids the 
fluctuations in size and bite and rate of biting associated with 
variable forage availabilities. 

Information to date on swallowed boli is limited to confined 
animals fed known feed sources (Schalk and Amadon 1928, Bailey 
196 I, Gill et al. 1966). Boli in these studies were collected by partial 
evacuation of the rumen and collection by hand of the swallowed 
bolus at the cardia in the rumen. Access for collection was provided 
by a rumen fistula. Bolus weight varied among studies, cows, and 
feed source. In general, as initial dry matter density of a feed source 
increased, bolus weight increased. The boli in these studies were 
reasonably uniform within each feed source and cow. 

Authors are assistant professor and research technician, Department of Range 
Science, Texas Agricultural Experiment Station, Texas A&M University System, 
College Station, respectively. Published with permission of the Director, Texas Agri- 
cultural Experiment Station as TA 16095. 

Received for publication May 5, 1980. 
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Recently, Stoner et al. (1979, 1980) and Stuth et al. (1981) 
described systems capable of measuring the various swallowing 
events of cattle, goats, and whitetailed deer. They were able to 
identify and distinguish among swallowing events of green forage, 
hay, concentrate feed, water, and regurgitation. In light of these 
findings, it appears that more information is needed to characterize 
dynamics of bolus weight under actual grazing situations in order 
that this information could be used to develop a new technique for 
determination of intake of animals. 

It is the purpose of this paper to test the hypothesis that bolus 
weight is reasonably uniform throughout a nonrestrictive range of 
herbage allowance and that season has a negligible effect on weight 
of dry matter in the bolus. 

Methods 

The study was conducted on the Rangeland Research Area, 3 
km west of College Station, Texas. Study sites were dominated by 
bahiagrass (Paspalum notatum), with minor amounts of common 
bermudagrass (Cynodon dactylon) and brownseed paspalum (Pas- 
palum plicatulum). In order to determine the influence of season 
on boli weights, trials were conducted during midsummer (August 
6 to August 17, 1979) and early winter (November 30 to December 
6,1979). The area for the summer trial was mowed 3 weeks prior to 
grazing. Excellent soil moisture conditions created forage of high 
digestibility and moisture content (Table I). The winter trial site 
was deferred for 90 days and had received five nights of below 
freezing temperatures prior to sampling. Forage in the winter trial 
was of low digestibility and moisture content. 

Two esophageally fistulated cows, A and B, weighing 426 and 
466 kg, respectively, were allowed to graze at 3- to 5-minute 
intervals until at least 10 distinct boli could be retrieved through 
the fistula for each grazing day. Boli were considered “distinct” 
when all dimensions of the bolus were visibleand removal from the 
collection bag required little displacement of adjacent boli. Boli 
were collected in an esophageal collection bag with a screen-wire 
bottom. Both cows were fed known weights of forage each season 
by hand to determine if complete boli were collected through the 
fistula by checking for ingesta at the cardia following each swallow. 
Approximately 95%+ was collected via the esophageal fistula. 
Animals were fasted 12 hours prior to collection. The boli were 
then placed in small paper bags, oven dried at 60” C for 48 hours, 
weighed and ground to pass a 1 mm sieve. This procedure was 
carried out for five consecutive days on 15 X 30 m paddocks(0.045 
ha) and replicated twice for each season. In order that nutritional 
characteristics of thediet could be documented, crude protein (CP) 
(%) and digestible organic matter (DOM) (%) analysis was made of 
boli composited across replication and animal within season for 
day one and day five. The micro-Kjeldahl procedure was used to 
determine % crude protein (AOAC 1965). A modified technique 
involving the first stage of Tilley and Terry (1963) followed by 
neutral detergent extraction (Van Soest and Wine 1967) and cor- 
rection by a forage of known in vivo digestibility was used for 
determination of DOM. 

Standing crop (kg/ ha) was determined on a daily basis by ran- 

163 



Table 1. Se&al charactcristks of available forage and diets of animals et the beginning and end of each replication (day 1 to day 5). 

Grazing period Forage parameter 
Summer Winter 

Rep I Rep 2 Rep I Rep 2 

Standing crop (g/m*) W 1 10.Sb 13” 64.V 
Herbage moisture (%) 71a 66a 32b 28b 

Initial Live forage (%) 96a 94a 27b 21b 
Crude protein (%) 13.0 12.8 7.9 8.0 
Digestible organic matter (%) 60 64 48 46 

Standing crop (g/m*) 52.4a 28.4b 34.8b 25.2b 
Herbage moisture (%) 64a 58a 26b 18b 

Final Live forage (%) 90” 87a 12b 7b 
Crude protein (%) 10.9 10.8 5.9 5.4 
Digestible organic matter (%) 50 52 45 44 

‘Those values followed by the same letter in a row are not significantly different (p10.05). 

domly clipping IO, 0.25-m* plots to ground level. Samples were 
weighed in the field, dried at loo0 C for 24 hours and reweighed to 
determine moisture and dry matter content. Daily herbage allow- 
ance was then calculated based on daily standing crop and animal 
body weight and expressed as kg dry matter standing crop 
(DM)/ 100 kg body weight (BW)/day (Hodgson 1979). 

Analysis of variance was utilized to test difference in boli weight 
as influenced by season, repiication,and animal. Regression analy- 
sis was used to determine the relationship between bolus weight 
and daily herbage allowance (Steel and Torrie 1960). 

Results and Discussion 
Swrrd Characteristics 

Initial standing crops were similar between replications and 
season (Table I). Initially, replication II of the summer trial had 
significantly greater amounts of forage; however, this difference 
was not significant by the end of the trial. Replication 1 of the 
summer trial had the least change in standing crop. It was felt that 
the discrepancy was due to sampling error. Daily herbage allow- 
ance varied from 15.4 to 4.7 kg DM/ 100 kg BW/day during the 
summer trials and 9.6 to 3.4 kg DM/ 100 kg BW/day during the 
winter trials. Findings by Allison and Kothmann (1979) and Com- 
brellas and Hodgson (1979) indicate the lowerdaily herbage allow- 
ances attained in these trials approach intake restriction (5 kg 
DM/ 100 kg BW/day) due to limited forage availability. 

Herbage moisture content, as expected, was higher in the 
summer trial as compared to the winter trial. The observed drop in 
moisture content during each replication of the summer trials was 
due to declining soil moisture levels and animal selection. Relative 
humidity coupled with animal selection for green herbage caused 
the reduction in herbage moisture content during the winter trials. 
The selectivity for green herbage during the winter trials was 
evident by a 56-67% decrease in available live forage from the 
initial to final grazing day. 

Herbage: Bolos Relationship 
Bolus weight was shown not to be greatly affected by daily 

herbage allowance within the range of observed data (Table 2). 
Herbage allowance (independent variable) was squared and cubed 

to determine if improvement in r2 could be made in the relation- 
ship. Transformation of the daily herbage allowance values 
resulted in a slight improvement in r2 values, yet none of these 
equations were significant (pSO.05) for the summer or winter 
trials. Less variability could be accounted for during the winter 
trials as compared to the summer trials. However, thesedifferences 
were small. 

When bolus weights were compared between cows, no signifi- 
cant differences (p10.05) could be determined (Table 3). There 
appeared to be a slightly heavier bolus weight in the heaviercow. It 
would seem logical that bolus weight should increase as size of the 
animal increases, yet, this increase would not have to be large in 
order to meet dry matter intake requirements of a larger animal. 
The cow size/ bolus weight relationship was not consistent between 
seasons (p10.05). However, there appeared to be a trend for 
increasing bolus weight with decreasing moisture content. Again 
this increase was small. 

Table 3. Mean bolus weight (g) and associated confidence intervals a~~088 
days and repli~tions as influenced by season and COW size. All values IP- 
ported are not significantly different (J’50.05). 

cow 

A - 426 kg 
B - 466 kg 
Season mean 

Season 

Summer Winter 

4.0 f 0.3 4.8 f 0.3 
4.3 f 0.2 4.7 f 0.3 
4.2 * 0.2 4.8 f 0.2 

Cow Mean 

4.3 f 0.2 
4.5 f 0.2 
4.4 f 0.1 

Bolus weights averaged across cows and seasons were found to 
approximate 4.41tO. 1 g. This value is 2.5 to 4. I g lower than those 
reported by Bailey (1961) and Gill et al. (1966), respectively. It must 
be pointed out that these studies involved hand feeding trials of 
large Holstein cows. Their findings indicated that bolus weight 
increased as length of fed leaf material increased. NO consistent 
relationship could be derived in their studies between moisture 
content and bolus weight. It appeared that if a cow is allowed to 
accumulate material without having to bite or shear the material, 
then length of the forage will greatly influence bolus weight. In 

Table 2. Equations showing the relationship of bolus weight (g) to herbage allowance (kg/DM/lOO Kg BW/day) in mature cows. 

Transformation 

Summer Trial 
Linear 
Quadratic 
Cubic 

Winter Trial 
Linear 
Ouadratic 
cubic 

Equation r2 

y = 4.45 - 0.31x 0.01 
y = 7.80 - 0.77x + 0.04x2 0.15 
y = 5.67 + 0.51x - 0.57x* + 0.003x’ 0.16 

y = 4.31 + 0.07x 0.01 
” = 5. I4 - 0.21x + 0.02xi‘ 0.02 

S.D. 

1.18 
I .09 
I .09 

1.08 
I .08 

Significance 

n.s. 
n.s. 
n.s. 

n.s. 
n.s. 

; = -6.41 + 5.77x - 0.94x2 + 0.05x3 0.09 I .04 n.s. 
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light of these observations, it appears that prehension is a 
contributing factor in providing uniformity of bolus weights 
during grazing. 

Conclusion 

Data reported appear to support the original hypothesis stating 
that bolus weight is reasonably uniform throughout a 
nonrestrictive range of daily herbage allowance and that season 
has negligible effect on dry matter weight of the bolus. 
Surprisingly, bolus weight was not influenced by cow size in this 
study. However, the cows used in this study represent only 
moderate to large frame animals. Further investigation is required 
to test this relationship. 

These findings lend credence to the idea that measurement of 
number of swallowed forage boli can provide information on dry 
matter intake and grazing behavior of an animal. It would require 
approximately 2000 to 3000 forage boli reported in this study to 
meet the seasonal daily dry matter requirements of a 450 kg cow. 
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Level Benches for Forage Production in the 
Northern Plains 
FRANK RAUZ, AND LELAND LANDERS 

Abstract 

Level benches 4- and &m-wide were constructed at the 
Wyoming Agriculture Research and Extension Center, Gillette, 
Wyoming 1970. Replicated benches and controls were seeded with 
Lndak alfalfa, Nordan crested wheatgrass, intermediate 
wheatgrass, and mixtures of Ladak alfalfa and crested and 
intermediate wheatgrass. Phosphorus (134 kg PzOs/ba) was 
applied to all benches and to the control. Ammonium nitrate was 
applied at 90 kg N/ha in May 1972 and 1977, and at 45 kg/ha in 
April 1974 to the benches and control, except those seeded to 
alfalfa alone. Snow trapped in the benches was not uniformly 
distributed because of the benches’ northeast orientation. 
However, more soil water was available for plant use. The deep- 
rooted alfalfa was compatible with the shallow-rooted crested 
wheatgrass and seemed the best combination tested for forage 
production on level benches in northeast Wyoming. Construction 
of level benches is a practice that can ensure a dependable source of 
quality feed by trapping and holding snow for onsite use. Forage 
yields from the benches and the controls varied with years. During 
the 8 years (1970-1978) on the 4- and S-m-wide benches, alfalfa 
yields averaged 3,420 and 3,813 kg/ha, respectively, and alfalfa 
and crested wheatgrass mixture averaged 3,560 and 3,855 kg/ha, 
respectively. Crested wheatgrass alone on 4- and S-m-wide benches 
averaged 2,569 and 2,456 kg/ha, respectively, and on the 4. and 
S-m-wide control averaged 2,382 and 2,186 kg/ha, respectively. 
Intermediate wheatgrass on the 4- and S-m-wide benchesaveraged 
2,329 and 3,425 kg/ha, respectively, and on the 4-and S-m-wide 
controls averaged 2,565 and 3,262 kg/ha, respectively. Grass yields 
did not differ significantly when grasses were grown alone on the 
benches or on the control. 

In the Northern Plains, snow can fall anytime from September 
through May and, occasionally, during the summer at higher 
elevations. Generally, snow is maximum in late fall and late spring. 
Variation in water content of snow is related tothevolumeofdrier 
snow received during the winter as compared with the volume of 
wetter snow received during the spring or fall (Grebb 1975). 

Generally, snowfall over an area tends to be more uniform than 
rainfall; thus, snowmelt can be a more dependable source of 
surface water. Properly managed, snow is a resource with high 
potential for Great Plains agriculture. When snow is not managed 
as a ICS~UTCC, snowmelt runoff islostandcancontributetoerosion 
and downstream flooding. The water available for seed 
germination and seedling emergence from properly managed 
snowmelt at the beginning of a growing season could be more 
valuable than the same amount of water later in the season. 

Land-surface modifications, like contour furrows and level 
benches, are practices used for trapping and holding snow, 
reducing snowmelt runoff, and increasing soil water for plant use. 
Level benches differ from conventional terraces because their 
channels are wider. They are level in all directions and uniformly 
distribute collected and stored water for crop production from 
both snowmelt and torrential rains (Fig. I). They arediked intheir 

ends and the downslope side to give them more water-storage 
capacity. 

Black and Siddoway (1975) found that trapping and holding 
snow with tall wheatgrass (Agropyron elongatum) barriers had 
much promise for increasing soil-water supplies with the addi- 
tional bonus ofcontrolled wind erosion in eastern Montana. Haas 
and Willis (1968) reported that smooth bromegrass (Bromus iner- 
mis) on the dikes of level benches was effective in trapping snow in 
North Dakota (Fig. 2). 

In south central North Dakota, level benches increased water 
storage and doubled alfalfa (Me&ago saliva) and smooth brome- 
grass yields as compared with those on adjacent sloping lands 
(Haas et al. 1966; Haas and Willis 1967, 1968). McMartin et al. 
(1970a) stated that using level benches would be economical for 
growing alfalfa for a cash crop for livestock feed. Net return for 
alfalfa from benches on I and 2% slopes without contributing areas 
ranged from $900 to 1300/.40 ha (McMartin et al. 1970b). They 



calculated these returns, assuming the price of alfalfa was S 191 MT. 
Cost and construction of level benches will vary with soil type, 

topography, and geographic locations. Since these benches are 
essentially permanent, construction costs can be prorated over 
several years. To efficiently harvest benches, their width should be 
some multiple of the harvesting machinery used. 

If benches are to be grazed, we recommend that grazing be 
deferred 2 to 3 years so the grass can become established and the 
dikes settled to minimize damage by livestock. Growing a small 
grain crop on the benches the first year would provide organic 
matter and stubble for holding snow and a good seedbed for 
grasses and alfalfa to be seeded. 

The purpose of this study was to determine the feasibility of 
increasing forage production in northeastern Wyoming by 
managing snow with level benches with a northeastern exposure. 

Materials and Methods 
The University of Wyoming Agricultural Research and 

Extension Center is located in northeastern Wyoming about 3 km 
east of Gillette. Elevation is 3,189 m and topography is rolling to 
gently rolling plains. The experimental area had a northeastern 
exposure with the original slope (before benching) ranging from 
2% on the tail slope to nearly 15% on the head slope. The area had 
been previously seeded to crested wheatgrass (Agropyron 
desertorum) and alfalfa and used for hay production. Soils on the 
experimental area were not uniform. Fort Collins loam (fine- 
loamy, mixed, mesic Ustollic Haplargids) occupied about 20% of 
the lower portion of the tail slope. Olney fine sandy loam (fine- 
loamy mixed, mesic Ustollic Haplargids) was above the Fort 
Collins and occupied 20% of the experimental area. The upper 
portion of the area occupying the 6 to 15% slope was Cushman 
loam and Terry sandy loam (fine-loamy and coarse-loamy, mixed, 
mesic family of Ustollic Haplargids, respectively, with inclusions 

Table 1. Average monthly snow accumulation, predpitation, maximum 
and minimum temperatures, and wbwl velocity at the Research and Ex- 
tension Center, Gillette, Wyoming. 

Snow Precipita- 
depth’ tion’ Temperature Wind? 
(cm) (mm) Max OC Mine C (km/hr) 

January 25.6 14 -1.7 -13.3 10.3 
February 25.4 I5 3.3 -8.3 9.2 
March 26.7 I9 6.7 -6. I 10.2 
April 26. I 51 12.8 -1.7 9.9 
May 5.3 62 18.9 3.3 8.5 
June 0.5 88 25.0 8.9 6.3 
July - 35 30.0 II.1 5.7 
August - 29 30.0 II.1 6. I 
September 2.5 32 23.9 5.0 6.4 
October 9.4 30 14.4 0.0 6.5 
November 20.6 I8 6.1 -6. I 1.5 
December 30.7 I4 0.6 -10.6 8.8 

Total 172.8 407 14.2 -0.6 7.9 

‘Average 22 years (19564977). 
‘Average IO years (1968-1977). 

of Shingle clay loam (loamy, mixed, (calcareous) mesic, shallow 
Ustic Torriorthenths) Olney and Fort Collins. The Fort Collins 
loam, Olney fine sandy loam, Cushman loam and Terry sandy 
loam all belong to the same family. The Cushman and the Terry 
sandy loam are moderately deep, whereas, the other two are deep 
soils. Thus, they are similar agronomically except for depth. 

Northeastern Wyoming has a semiarid-temperate climate with 
wide variations in precipitation, temperature, and with abrupt 
changes in weather. Average (1950 to 1977) annual and seasonal 
(April I to September 30) precipitation, recorded at the 
Agricultural Research and Extension Center, was 384 and 27 1 mm, 

Table 2. Average monthly snow l ccumulntiuo (S), cm; precipitation (P), mm; and wind (W), km/day; dming winter (1971-1978) at the Gillette Sub- 
et&w, Wyoming. 

Year Oct. Nov. Dec. Jan. Feb. Mar. April May Total 

1971 S 
P 
W 

13.5 45.0 
77 21 IO 27 
177 204 246 225 

41.2 
30 
233 

31 
230 

16.0 2.5 251.2 
63 77 336 
216 187 1718 

1972 S 27.7 2.3 36.6 26.7 24.6 26.9 11.4 2.5 158.7 
P 30 6 I5 I5 I3 36 34 46 I95 
W 127 122 193 257 236 232 235 219 1621 

1973 S 37.1 15.7 20.6 24.1 8.1 43.9 59.7 - 
P 78 10 I9 I2 2 35 82 26 
W 174 217 201 290 177 240 245 212 

209.2 
264 
1756 

1974 S 
P 
W 

5:.O 
I40 

9.6 19.3 33.0 22.3 17.3 
I4 IO 22 II 15 
143 142 282 261 294 

16.5 - 

:5 El 

121.0 
243 
1742 

1975 S 20.6 42.2 34.0 20.8 16.8 30.7 47.7 27.4 
P 27 25 I8 I4 8 22 76 92 
W El58 I53 216 174 220 257 224 179 

240.2 
282 
1581 

1976 S 7.1 31.2 23.4 22.9 14.7 20. I 
P 22 21 8 I6 8 I5 
W I I9 167 241 228 241 209 

II.9 
53 
224 

- 
68 
I75 

131.3 
211 
1604 

1977 S 5.6 26.9 40.4 54.3 30.7 63.0 8.1 - 
P 62 I9 25 28 25 40 21 53 
W 142 198 199 224 216 273 183 182 

229.0 
273 
1617 

1978 S 
P 
W 

T 
IO 
- 

19.5 
45 

Ll48 

60.4 52.1 
37 30 
- - 

25.9 
I6 
- 

37.6 
21 
- 

8.4 12.9 
IO 58 
- - 

27.9 
281 
- 

225.2 
469 
- 

Mean S 
P 
W 

26.8 30.0 31.6 25.2 32.0 23.0 4.4 198.5 
I9 I7 I9 I5 25 58 85 283 
172 205 240 226 248 224 I99 1662 
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1977 3658 ,896 2724 2064 2657 2212 3613 2083 2656 2212 
1978 2620 3622 3017 2148 2557 ,518 3550 2173 2863 4232 
MCI” 342@ 247ab 2569* 238T 2329” 2654” 3560” 2455b 2999” 2749” 

respectively. Beginning in 1956, snow depth was measured after 
each storm. Table I lists snow depths and precipitation measure- 
ments for 1956 to 1977 and temperatures and hourly wind veloci- 
ties for 1968 to 1977. 

Winter precipitation (October I through March 31) averaged 
I IO mm or 27% of the average (1956-1977) annual precipitation. 
From 1971 to 1977, the winter snow-depth accumulationaveraged 
165.2 cm or 26.8 cm morethan the22_yearaverage(Table2). From 
1968 to 1977, January had the highest average wind velocities, 
followed by those for March, April, February, and December 
(Table I).Thefrost-freeperiod(l93I- 1977)averaged 126daysand 
mean annual temperature was PC. Temperature extremes have 
ranged from 42O to -4oOC over the 47 years of record. The 
prevailing wind direction was northwest. Average May-through- 
September (1968.1977) evaporation from a standard weather 
bureau evaporation pan was 1,194 mm. 

Level benches were constructed in April 1970 witha road patrol. 
The topsoil was stockpiled upslope and redistributed on the 
completed benches (Fig. 3). Ten benches were 8 m wide on the 
lower slopes (I to 6%) and 10 benches were 4 m wideon the steeper 
slopes (6 to 15%). The B-m-wide benchesaveraged 107 m longand 
the &m-wide benches averaged 60 m long. Control plots’lengths 
averaged 30 m, with an average width of IO m. Benches have a 
northeastern exposure and the prevailing winds are from the 
northwest. Natural topography does not always allow positioning 
the benches perpendicular to the prevailing winds. 

The contiguous control area was disk plowed inearly May 1970. 
In late May before seeding, the benches and control area were 
tandem disced and spike tooth harrowed. Replicated benchesand 
control were drill seeded with Ladak alfalfa, Nordan crested 
wheatgrass, and intermediate wheatgrass (Agropyron 
inrermedium) at 4.5, 11.2, and Il.2 kg/ ha bulk seed, respectively. 
A mixture of alfalfa and crested wheatgrass and alfalfa and 
intermediate wheatgrass was seeded at 2.2and 4.5 kg/ ha bulk seed, 
respectively, on May 30, 1970. The alfalfa seed was not inoculated. 
The dikes on the benches were hand seeded with alfalfa and 
intermediate wheatgrass and firmed with a cultipacker. 

Before seeding, phosphorus wasapplied to all benches and to the 
control area at the rate of 134 kg P&/ha. The benches and the 

iontrol area, except those seeded to alfalfa alone, were fertilized 
with ammonium nitrate at 90 kg N/ha on May 12, 1971 and 1977, 
and at 45 kg/ha on April 24, 1974. 

Alfalfa plants became established on the benchesseeded to grass 
alone from residual plants and seed blown in from the alfalfa plants 
on the dikes even though these benches were sprayed with 2.4-D 
(2,4-dichlorophenoxy) acetic acid initially on June IO, 1971, and 
again on May 15,1973,and May23.1974. Thealfalfawasvigorous 
and seemed similar in amount to that on the benches seeded to 
alfalfa, intermediate wheatgrass, and to the alfalfa-intermediate 
wheatgrass mixture. 

Overwinter gain in soil water was determined gravimetrically to 
the 1.5-m depth at 30.cm-depth increments by sampling the S-m- 
wide benches and controls before freezing (in September or 
October) and after springthaw(aboutmid-May).Thedifferencein 
soil-water content of the spring and fall sampling was considered 
the over-winter gain of soil water. We did not sample soil water on 
the 4-m control area because of the steep slope. 

Table 4. Avenge herbage yields (kg/ha) at 12% moisture obtsined from cut and atong the dike areas ofthe 4-m wide benches, cut, center, and along the 
dike areas of the &m wide benches at Gillette, Wyamin~, for 1971 through 1978. 

4.m-wide benches 8.m-wide benches 
Treatment C”, Dike Cut Center Dike 

Alfalfa 297Zb 380 3483b 3606* 43571 
Crested wbeat8rass 2393’ 2745” 193Zb 260Tb 2834” 
intermediate wheatgrass 2253b 2723” 3521’ 3745” 3920” 
Alfalfa and crested wheatgrass 3361’ 37M)’ 3808’ 3992” 3765” 
Alfalfa and intermediate wheatgrass 2729b 3241a 2072b 2360ab 2868” 

‘Means within B treatment and benell width followed by the same ,C,,erE are not slgnifieantly .uierent at the 5% level accwding 10 Duncan‘s multiple range test. 



Table 5. Herbage yields (kg/ha) at 12% moisture for 1971 through 1978 from I)-m-wkle level benches at Gillette, Wyoming. 

Year 

Alfalfa and crested Alfalfa and intermediate 
Alfalfa Crested wheatgrass Intermediate wheatgrass wheatgrass wheatgrass 

Bench Control’ Bench Control Bench Control’ Bench Control Bench Control 

1971 3820 3295 2818 4088 3108 
1972 3379 3039 2865 3463 3879 
1973 3179 1886 I515 2073 2080 
1974 4097 3544 2331 2290 2422 
1975 5336 5208 2215 2976 5234 
1976 2759 2799 1885 I945 2835 
1977 3573 2563 2427 2207 3511 
1978 4378 4253 3592 3249 433 I 
Mean 3818’ 3323b 2456” 2786” 3425’ 

kg/ ha 
3923 
3209 
1426 
3753 
3887 
2230 
2347 
5320 
3262” 

3621 3032 2424 
3980 3194 2923 
2762 1818 1443 
4290 3663 242 I 
4566 3317 2554 
2695 2449 1768 
4019 3099 2775 
4909 4108 3162 
3855” 3085b 2434” 

2849 
3080 
I594 
2480 
2965 
1856 
2627 
2879 
2541” 

‘Total herbage yields includes cheatgrass. 
*Means between bench and control for a given forage treatment followed by same letter are not statistically different at the 5% level according to Duncan’s multiple range test. 

Hay yields were determined during the last week of June from 
nine 6. l-m by 0.9-m swaths taken with a Jarir mower from each of 
the 8-m-wide benches (three swaths each along the dikes, center of 
bench, and cut area) and four swaths on the 4-m-wide benches (two 
swaths each along the dikes and cut area). Two swaths were taken 
from the central portion of each plot on the control. Herbage yields 
were determined by oven drying samples at 700 C for 24 hours and 
actual hay production was calculated on 12% moisture basis. To 
determine the amount of cheatgrass (Bromus tectorum) present in 
the alfalfa treatment on the control area, six 0.18-rnz plots were 
located in the alfalfa control plots and the vegetation was clipped 
to ground level and separated by species. 

Herbage yields were analyzed by analysis of variance. 
Overwinter gain in soil water was analyzed by analysis of variance 
and ‘7” test. Duncan’s multiple range test was to compare means 
value for significance. 

Results and Discussion 

Herbage yield 
4-m- wide benches 

A good stand of grasses and alfalfa was obtained on all the 
benches, dikes, and controls from a late May planting in 1970. 

Herbage yields from the benches and the controls varied with years 
and N application. Applying N appears to have increased the 
herbage yields during the years of application (1971, 1974, and 
1977) and the next years (Table 3 and 5). The overall average total 
herbage yields from the 4-m-wide benches seeded to alfalfa and the 
alfalfa-crested wheatgrass mixture were significantly higher than 
their controls (Table 3). There was no significant differences in the 
average total herbage yields for the grasses seeded alone on the 
benches or on the controls. Herbage yields from the crested 
wheatgrass and alfalfa mixture grown on the benches average 
1,105 kg/ ha more than the control, whereas, the alfalfa and 
intermediate wheatgrass mixture grown on the benches averaged 
1,105 kg/ha more than the control, whereas, the alfalfa and 
intermediate wheatgrass mixture grown on the benches averaged 
only 250 kg/ ha more than the control over the 8-year period ( 197 I- 
1978). 

The 4-m-wide benches seeded to alfalfa, intermediate wheat- 
grass, and to the alfalfa-intermediate wheatgrass mixture pro- 
duced significantly more total herbage along on the dikes than on 
the cut side (Table 4). There were no significant differences in yields 
of crested wheatgrass or alfalfa-crested wheatgrass mixtures along 
the dikes or the cut side of the benches. 

Table 6. Overwinter (October to May 15,1971-1977) gain of soil water (mm) in top 1.5 m of soil for the I-m-wide control and for the 4-m-wide and 8-m- 
wide level benches at Gillette, Wyoming. 

Treatment 

Alfalfa 
Crested wheatgrass 
Intermediate wheatgrass 
Alfalfa + crested wheatgrass 
Alfalfa + intermediate wheatgrass 

Avg. 

71-72 72-7: 

42.6 
43.9 
39.6 
20.8 
31.7 
35.T 

g-m-wide benches control 

73-74 74-75 75-76 76-77 Treatment mean 

mm 
62.5 105.4 117.3 80.3 81.602 
80.5 104.6 108.7 46.7 76.9” 
66.0 66.8 89.4 95.0 71.4” 
52.8 97.8 75.9 80.3 65.5” 
74.4 119.4 65.5 86.4 75.5” 
67.2b 98.8” 9 I .4”b 77.7”b 

4-m-wide benches 

Alfalfa 39.4 144.5 
Crested wheatgrass 42.7 138.4 
Intermediate wheatgrass 52.6 157.2 
Alfalfa + crested wheatgrass 25.9 129.0 
Alfalfa -I- intermediate wheatgrass 35.3 157.0 

Avg. 39. lC 145.2” 

146.0 208.8 134.78 
117.6 170.7 117.3” 
80.8 160.8 112.8” 

131.3 186.4 118.1” 
95.2 138.2 106.4” 

I 14.2b 173.0” 

I-m-wide benches 

Alfalfa 50.3 173.2 108.4 152.9 108.7 112.0 117.6” 
Crested wheatgrass 59.2 149.3 96.8 149.9 121.4 121.9 116.4” 
Intermediate wheatgrass 50.3 196.8 81.3 156.5 135.4 115.6 122.6” 
Alfalfa -I- crested wheatgrass 46.2 164.1 112.0 181.6 77.0 113.5 115.7” 
Alfalfa + intermediate wheatgrass 74.4 176.5 96.5 172.2 87.4 90.9 116.3” 

Avg. 56. I’ 172.6 99.0b 162.6’ 106.0b I 10.gb 

‘Means among treatments and years followed by the same letter are not significantly different at the 5% level, according to Duncan’s multiple range test. 
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Table 7. Comparison of overwinter (October 1 to May 15,1972 through 1977) gain (mm of soil water in 1.5 m of soil) for the &m-wide control and 8-m- 
wide benches at Gillette, Wyoming. 

Alfalfa and crested 
Alfalfa Crested wheatgrass Intermediate wheatgrass wheatgrass 

Year Bench Control Bench Control Bench Control Bench Control 

1912-73 173.2 42.6 149.3 43.9 196.8 39.6 164.5 20.8 
1973-74 108.4 62.5 96.8 80.5 81.3 66.0 112.0 52.8 
1974-75 152.9 105.4 149.9 104.6 156.5 66.8 181.6 97.8 
1975-76 108.7 117.3 121.4 108.7 135.4 89.4 77.0 75.9 
1976-77 112.0 80.3 121.9 46.7 115.6 95.0 113.5 80.3 

Mean I 17.6” 81.6b 116.4” 16.9 122.6” 71.4b I IS.78 65.5b 

1 Means within a forage treatment followed by the same letter are not statistically different at the 5% level according to the “t” test. 

Alfalfa and intermediate 
wheatgrass 

Bench Control 

176.5 31.7 
96.5 74.4 

172.2 119.4 
87.4 65.5 
90.9 86.4 

I 10x 75.5b 

g-m- wide benches Overwinter Soil Moisture 
Mean total herbage yields for the alfalfa and for the alfalfa and 

crested wheatgrass mixture on the I-m-wide benches were 
significantly greater than those for their control (Table 5). 
Intermediate wheatgrass controls contained much more cheatgrass 
than did the crested wheatgrass controls which, may account for 
the higher yields as compared with those for the crested wheatgrass 
controls. Total herbage yields differed significantly among years 
for the benches and for the controls. 

The benches seeded to alfalfa, crested wheatgrass, and to the 
alfalfa-intermediate wheatgrass mixture produced significantly 
more total herbage along the dikes than on the cut sides (Table 4). 
Except for the alfalfa treatment, there were no significant 
differences among the herbage yields between the center portion 
and the cut sides of the benches. 

Generally, snow began to accumulate on the benches in late 
October and continued through April (Table 2). Much of January 
snow was relocated by wind since it was the windiest month, 
followed by March (Table 2). Snow from spring storms from the 
southeast was generally well distributed on the benches and not 
relocated since spring snow is wetter than winter snow. Because 
benches were not oriented perpendicular to the prevailing winds 
(northwest), most of the trapped snow accumulated along thedikes 
and extended outward into the bench. This provided a large 
amount of snow for onsite use by forage. 

In summarizing the 4- and 8-m-wide benches, the data indicate 
that the average total herbage yields obtained from the 4- and 8-m- 
wide benches for alfalfa, crested wheatgrass, and for the alfalfa- 
crested wheatgrass mixtures did not differ significantly. Average 
total yields from the 8-m-wide benches seeded to intermediate 
wheatgrass were significantly greater than that from the 4-m-wide 
benches, perhaps because of the amount of alfalfa present in the 8- 
m wide benches than in the 4-m wide benches. 

Overwinter (October 1 through mid-May) snow accumulations 
from 1972 through 1977 ranged from 121.0 to 240.3 cm (Table 2). 
Average soil water within the 1.5-m soil depth for the same S-years 
(1972-77) ranged from 14.6 to 136.3 mm more on the I-m-wide 
benches than on the I-m-wide controls. 

Samples for the soil water were collected to the 1.5-m depth at 
30-cm depth increment on the 8-m-wide benches and controls in 
the fall and in mid May. No significant differences were found for 
the amounts of soil water for forage treatments on the 8-m-wide 
and the 4-m-wide benches, but we did find significant differences in 
the amounts of soil water among years (Table 6). 

Although alfalfa plants that became established on the benches 
seeded to grass alone were sprayed with 2,4-D in 1971, 1973, and 
1974. new plants soon reestablished on these benches. The grasses 
are shallow-rooted where alfalfa has a taproot adapted to 
obtaining water from greater depths. Thus, crested wheatgrass was 
also an invader on those plots where it was not seeded. Crested 
wheatgrass on the 4-m-wide dikes died out either because the roots 
were eaten by ground squirrels (Citellus tridecemlinentus), or they 
were dried. These dikes were sandier than those on the I-m-wide 
benches and the coarser texture would have allowed faster drying. 
Cheatgrass, a shallow rooted annual, invaded on the controls and 
on some of the dikes. Some of the dikes on the 4-m-wide benches 
also were affected by ground squirrels. These aerated and dried 
portions of the dikes. 
Cheatgrass 

Average overwinter snow accumulation (1971-1978) was 14% 
greater for the first three months (January, February, and March) 
than for the last 3 months (October, November, and December). 
Average April-May precipitation was nearly the same as the 
average total winter precipitation for the same 1971-78 period. 

From 1972 through 1977, all benches had significantly more soil 
water at the 1.5-m soil depth than did the control (Table 7). 
Differences in overwinter gain of soil water from the 3-years 
(1972-1975) ranged from 70 to 30% more soil water at the 1.5-m 
soil depth on the 4-m benches than on the control. 

The control area did not benefit as much from the overwinter 
snow. Snow cover was generally light and was readily evaporated, 
because revegetation was short and did not trap the snow. 
Overwinter gain in soil water on the control was mainly from wet 
snows during October and April and from May precipitation. 

Cheatgrass was abundant from 1972 through 1978 in thecontrol 
plots seeded ‘to alfalfa, intermediate wheatgrass, and the 
intermediate wheatgrass-alfalfa mixture. In 1973 and 1974, 
cheatgrass accounted for 71 and 80%, respectively, of the total 
herbage on the alfalfa control plots and the alfalfa was severely 
stunted. During the next 4-years (1975 through 1978) cheatgrass 
accounted for 30,81,39, and 50% of the total herbage on the alfalfa 
control plots. Again, in the years of dense cheatgrass infestations, 
the alfalfa was stunted and yields were depressed. When cheatgrass 
was less abundant, alfalfa yields were higher. 

The most efficient orientation for benches is perpendicular to the 
prevailing winds, but natural topography may not always allow 
this orientation. In our study, benches and controls were on north- 
east exposure oriented parallel with prevailing winds (northwest). 
Thus, trapped snow was not uniformly distributed on the benches, 
but collected on back and in front of the dikes. Even though the 
benches were not as efficient in trapping snow, this study showed 
they were worthwhile as additional water from trapped snow was 
obtained in the benches. 

We did not determine the amounts of cheatgrass on the controls 
seeded to intermediate wheatgrassand to intermediate wheatgrass- 
alfalfa mixture. We estimated that the amount of cheatgrass 
present on the controls seeded to intermediate wheatgrass with or 
without alfalfa resembled that found on the control alfalfa plots. 
Herbage was of higher quality on the benches because there was 
less cheatgrass and other undesirable plants (Fig. 3). 

Level benches can be used as a practice to ensure a dependable 
source of alfalfa. The alfalfa and the crested wheatgrass mixture 
seem to be most compatible and the best combination for the 
northern plains, because alfalfa is deep rooted, and grasses are 
shallow rooted. 

Regrowth in the benches was sufficient most years for grazing. 
Two cuttings of alfalfa or the alfalfa-grass mixture are possible in 
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some years. Three cuttings of alfalfa were obtained from benches 
oriented perpendicular to the prevailing winds in North Dakota 
(Wayne 0. Willis, personal communication). 
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The Relative Impact ofVarious Grasshopper 
Species on Stipa-Agropyron Mixed Prairie 
and Fescue Prairie in Southern Alberta 
J.M. HARDMAN AND S. SMOLIAK 

Abstract 

Sweep-net samples of grasshoppers were taken annually in late 
August at Stavely (1970-78) on Festuca scabrella prairie and at 
Coalhurst (1971-79) on Stipa-Agropyron prairie. Mean catches of 
grasshoppers were higher (170 vs 112 per 50 sweeps) and more 
species were sampled (27 vs 13) at Coalhurst. Melanoplusdawsoni 
(Scudder) was the dominant grasshopper at Stavely whileEncOp- 
tolophus sordidus costalis (Scudder) and Melanoplus infantiris 
(Scudder) were codominants at Coalhurst. Grasshoppers were also 
sampled at two other sites in 1971 and one in 1971 and 1972 on 
Stipa-Agropyron prairie. Mean catches per 50 sweeps were 122, 
164, and 234, respectively, at these sites with 14,12, and 11 species 
of grasshoppers sampled. The dominant species were Ageneotettix 
deorum (Scudder), M. infantilis, and M. dawsoni. Of the 35 species 
collected at the study sites, 21, those forming at least 1% of the 
grasshoppers collected at one br more sites, were evaluated for 
their potential impact on rangeland. Population counts and pub- 
lished data on phenology, damage to rangeland, and feeding pref- 
erences were considered. The per capita feeding rate of 
adults-assumed to be proportional to the 0.68 power of body 
weight-was also assessed. Using these criteria, all but two 
species -Mehmoplus femurrubrum femur&rum (DeGeer) and 
M. dawsoni-were considered potentially damaging. Adult 
weights varied such that an adult M. infantilis, the smallest species, 
would feed d 28% the rate of an adult Metatorpardalinus(Saus- 
sure), tbe largest species. Published data on habitat preferences of 
the 21 species show that most of the damaging species prefer 
sparsely vegetated habitats and thus would be favored where range 
is overgrazed by cattle. 

On the great plains of western North America, grasshoppers are 
the most conspicuous and damaging insects on rangeland. They 
cause damage in three ways: by removal of forage in direct compe- 
tition with livestock, by inducing permanent damage to the plants 
due to continued feeding beyond tolerable levels, and by destruc- 
tion of seed heads, thus preventing natural reseeding (Hewitt 
1977). 

Authors are research scientists, Research Station, Agriculture Canada, Lethbridge, 
Alberta, Canada TIJ 4BI. 
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At any given site on native range, there may be more than 20 
grasshopper species, each having a different potential for damag- 
ing the range. Five major factors-population density, feeding 
rate, phenology, feeding preference, and habitat preference-will 
determine this potential. Thus, other things being equal, the more 
abundant species will compete more seriously with cattle for range- 
land vegetation. A high feeding rate also contributes to thiscompe- 
tition. For instance, Putnam (1962a) measured feeding rates in 
field cages of adults of Camnula pellucida (Scudder) and Amphi- 
tornus coloradus coloradus (Thomas). Camnulapellucida reduced 
the grass yield by 95 mg/grasshopper/day. Thus, a density of only 
12.4 adults/m* would be equivalent to a grazing rate of 1 AUM/ ha, 
assuming a cow consumes 354 kg dry feed/ mo. With A. coloradus, 
each adult destroyed 53 mg of grass/day, so a density of 22.3 
adults/ m* of this species was equivalent to I AUM/ ha. 

Grasshopper phenology is also important. Earlier developing 
species will graze at their maximum rate earlier in the season when 
forage grasses are actively growing. Grasshopper species preferring 
the same plants as cattle will be more serious competitors and have 
a greater economic impact than species that are general feeders or 
prefer weeds and shrubs. Grasshopper species that prefer open 
habitats with little cover will be favored in range overgrazed by 
cattle. 

In this study, we examine these five factors in an attempt to 
compare the damage potential of the more abundant grasshopper 
species collected in the 1970’s in southern Alberta from four sites 
on Stipa-Agropyron mixed prairie and one site on fescue prairie. 

Materials and Methods 

Study Sites 
Four of the sites studied were representative of Stipa-Agropyron 

prairie in the Dark Brown soil zone. They were located near 
Coalhurst (8 km west of Lethbridge), Pearce (32 km west of 
Lethbridge), Spondin (190 km northeast of Calgary), and Provost 
(290 km northeast of Calgary) in southern Alberta. The fifth site 
studied was representative of fescue prairie in the Black soil zone 
and was located near Stavely (80 km northwest of Lethbridge). 

The vegetation at the Coalhurst site was characterized by a 
dominance of Agropyron dasystachyum (Hook.) Scribn., A. smi- 
thii Rydb., and Stipa viridula Trin.; at Pearce and Spondin, A. 
dasystachyum, A. smithii, S. comata Trin. and Rupr., and S. 
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sparrea Trin. var. curtiseta Hitchc. were dominant; and at Provost, 
S. spartea var. curtiseta was dominant with some Festucascabrella 
Torr. on north-facing slopes. Carex spp. were found in all stands, 
as was the forb Phlox hoodii Richards. Symphoricarpos occiden- 
talis Hook. and Artemisia frigida Willd. were the most common 
shrubs. At the Stavely site, the vegetation was characterized by a 
dominance of F. scabrella and Danthonia parryi Scribn., asso- 
ciated with F. iduhoensis Elmer, A. subsecundum (Link) Hitchc., 
and S. spartea var. curtiseta. Forbs included Geum trtflorum 
Pursh, Galium boreale L., and Aster laevis L. and shrubs included 
Potentilla fruticosa, L., S. occidentalis, and Rosa spp. 

Estimates of Relative Abundance 
Grasshoppers were sampled annually in late August fromstipa- 

Agropyron prairie at Provost (197 I-72) Coalhurst (197 I-79, 
except 1977), Pearce (1977), and Spondin (1971), and from fescue 
prairie at Staveiy (1970-78). The samples were obtained by making 
50- 1,000 semi-circular sweeps with a 34-cm diam. net at the rate of 
one sweep per step. More sweeps were taken when populations 
were low, fewer when populations were high as suggested by 
Gilbert (1973). In this study, all counts are reported as the average 
number caught per 50 sweeps. The grasshoppers were preserved in 
70% ethanol and brought to the laboratory where they were 
counted and identified using Brooks’ (1958) key. 

Estimates of Adult Feeding Rates 
Reichle (1968) examined feeding rates in I1 species of forest 

floor arthropods ranging in size from 2. I mg to I .6 g live weight 
and including isopods, crickets, and millipedes. He found that 

Table 1. Menn numbers of grasshoppers per 50 sweqs collected on St@- 
Agropyron prairie at Provost (1971-72) and Coalburst (1971-79, ex- 
cluding 1977) and on fescue prairie at Stavely (1970-78). 

Species Provost Coalhurst Stavely 

Melanoolus dawsoni (Scudder) 138.50 
Camnuia pellucida (&udder) ’ 
Chorthippus curtipennis (Harris) 
Encoptolophus sordidus costalis 

(Scudder) 
Melanoplus infantilis (Scudder) 
Melanoplus sanguinipes (Fabr.) 
Ageneotettix deorum deorum (Scudder) 
Amphirornus coloradus coloradus 

(Thomas) 
Phlibostroma quadrimacularum 

(Thomas) 
Melanoplus gladstoni (Scudder) 
Aeropedellus clavatus (Thomas) 
Melanoplus bivittatus (Say) 
Phoetaliotes nebrascensis (Thomas) 
Arphia pseudonietana pseudonietana 

(Thomas) 
Metator pardalinus (Saussure) 
Eruneria brunnea (Thomas) 
Aulocara elliotri (Thomas) 
Neopodismopsis abdominalis (Thomas) 
Melanoplus packardii (Scudder) 
Trimerotropis campestris (McNeil]) 
Aulocam femoratum (Scudder) 
Psoloessa delicatula delicatula 

(Scudder) 
Melanoplus femurrubrum femurrubrum 

( DeGeer) 
Melanoplus oregonensis (Thomas) 
Xanthippus corallipes Haldeman 
Trachyrhachys kiowa kiowa (Thomas) 
Spharagemon equale (Say) 
Melanoplus bruneri (Scudder) 
Melanoplus foedus (Scudder) 
Derotmema haydenii haydenii (Thomas) 

61.50 
9.00 

IO.25 

0.13 42.50 
0.88 11.56 
0.31 38.53 

30.17 0 

8.25 28.94 I.1 I 
I .oo 18.71 7.08 
0 22.84 0 
0 19.83 0 

0 13.50 0 

0.25 7.44 2.67 
2.00 4.19 2.8 I 
I .oo 0.76 3.12 
0 4.81 0 
I .oo 3.63 0 

0 
0 
0 
0 
0 

0.75 
0 
0 

0 

0 
0 
0 
0 
0 
0 
0 

4.32 0 
4.31 0 
2.81 0 
0 I .50 
1.00 0 
0.06 0 
0.63 0 
0.63 0 

0.31 

0.13 
0 
0.19 
0.13 
0 
0 
0.06 
0.06 

170.33 

0 

0.17 
0.22 
0 
0 

0.11 
0.06 
0 
0 

112.12 
Tetrtx sp. 0 

Total 233.50 

feeding rate was proportional to the 0.68 power of body weight. In 
this study, we assumed the same relationship applies to gras- 
shoppers and that feeding rates of different species can be com- 
pared if body weights are known. 

Weights of adults were from specimens collected by sweep-net in 
August 1979 from the Coalhurst study site (most species labelled ‘a’ 
in Table 6) and from roadsides (b in Table 6) near spring wheat at 
the northeast corner of Lethbridge County. There were three 
exceptions: M. pardalinus (Saussure) was collected in 1976 at 
Coalhurst, and Melanoplus duwsoni was collected in 1979 and C. 
curtipennis in 1976 at the Stavely study site. (Full names of gras- 
shopper species and authorities are listed in Table 1.) Where too 
few insects were available for weighing, data were taken from the 
literature (c, d, and e in Table 6). 

Usually, fresh specimens were stored at -400 C, dried 72 hoursat 
700 C, and then weighed. Metator pardalinus and C. curtipennis 
were stored 3 years in 70% ethanol before beingdried and weighed. 
The ovendry weight was assumed to be 1.669 times the‘alcohol’dry 
weight as this was the appropriate mean correction factor for 
adults of several rangeland grasshoppers studied in Saskatchewan 
(Riegert and Varley 1973a). 

Results and Discussion 

Numbers Sampled 
Mean numbers of each species per 50 sweeps at Provost, Coal- 

hurst, and Stavely are listed in Table I. Species are ranked in order 
of overall abundance giving equal weight to each site. The three 
most abundant species were M. dawsoni, C. pellucida. and C. 
curtipennis. the mean catch of grasshoppers varied from I12 at 
Stavely to 233 at Provost. 

At Provost, a total of 934 grasshoppers of I I species were 
collected: M. dawsoni, C. pellucida, and E. sordidus accounted for 
90% of the total. At Coalhurst, E. sordidus. M. infantilis. and A. 
deorum comprised 48% of the 2,796 grasshoppers (27 species) 
collected. At Stavely, 83% of the 1,603 grasshoppers (I 3 species) 
collected were M. dawsoni, C. curtipennis, and C. pellucida. 

In 1971, samples were also taken at Pearce and Spondin where 
the catches were, respectively, I22 and 165 grasshoppers. Of the 14 
species sampled at Pearce, two-A. deorum and A. elliotti- com- 
prised 65% of the 260 grasshoppers collected (Table 2). At Spon- 
din, 12 species were sampled with IU. infantilis and A. clavatus 
comprising 73% of the 330 grasshoppers collected. The meancatch 
(164.5) was higher than those from Coalhurst (133.5), Provost 
(108), and the fescue prairie at Stavely (82.5). 

At Coalhurst (Fig. I), the total grasshopper catch showed a 
gradual rise (1971-1974) followed by a pronounced decline in the 
late 1970’s. This pattern also applied to the three most abundant 
speciesand the total catch for the remaining 23 species. At Stavely, 
there was a pronounced peak in 1974 for the total catch as well as 

10~~~~~‘; ,Ll”““’ ’ 1972 1974 I976 I 970 1972 1974 1976 1970 

YEAR SAMPLED 

Fig. 1. Numbers caught per 50 sweeps for the totalgrasshopper popuks- 
tion. the three most abundant species, and for the remaining species. 
Vales for 1977 at Coalhurst are interpolations between 1976 and 1978. 
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for C. curtipennis and the total catch for the 10 less-abundant 
species. There was also a decline in the late 1970’s though it was less 
pronounced than at Coalhurst. 

Phenology, Diet, and Habitat Preferences 
In the following two sections, we examine published data on the 

phenology, feeding preferences, habitat preferences, and adult 
weights of the more abundant grasshoppers, i.e., those comprising 
at least 1% of the catch from at least one of the study sites. These 2 1 
species appear in Tables 3-6. With this information, we then 
compare the relative impacts of the different species. 

Newton et al. (1954) examined the phenology of grasshoppers in 
eastern Montana and classified the species as early, intermediate, 
and late-season developers. Early species were those hatching 
before mid-May for the seasons of 1950 and 195 1. Hatching began 
after mid-May with intermediate species. With late-season species, 
dates of earliest hatch were during or after mid-June. 

Species in Table 3 are listed in phenological sequence from the 
earliest hatching to the latest hatching. Of the six early season 
species, only hf. bivittatus was not mentioned as damaging range- 
land. This species is a mixed feeder subsisting on both grasses and 
forbs. The others are either obligate grassfeeders or prefer grasses 
(C. pellucida). Among the eight intermediate developers, only 
two-M. femurrubrum and C. curtipennis-have not been noted 
for damaging rangeland. The latter does, however, prefer grasses 
and the lack of reported cases of damage may be due to low 
numbers rather than its feeding habits. Melanoplus sanguinipes 
and M. packardii, mixed feeders, have been noted as occasionally 
destructive. The other species, all of which can be damaging, are 
grass feeders. Only three of the seven late developers were noted as 
damaging but it may be suspected with the two Arphia species and 
with M. gladstoni that there is the potential for damage should 
numbers get high; all three prefer grasses. Melanoplus dawsoni has 
not been listed as damaging and is listed as a mixed feeder prefer- 
ring forbs. 

Table 2. Mean number ofgrassbopperscollected per SO sweeps in1971. 

Species 
Coal- Pro- 
hurst Stavely Pearce Spondinvost 

M. infant ilis 
M. dawsoni 
A. deorum 
C. curtipennis 
M. gladstoni 
E. sordidus 
A. clavatus 
C. pellucida 
M. bivittatus 
i? kiowa 
M. sanguinipes 
B. bnmnea 
A. coloradus 
A. elliotti 
A. pseudonietana 
P. quadrimacularum 
M. packardii 
M. femurrubrum 
P. nebrascensisl 
M. pardalinus 
T. campestris 
X. corallipes 
N. abdominalis 
M. kennicotti’ 
M. oregonensis 
A. conspersal 
H. viridis’ 
S. colthre’ 

Total 

15.5 
1.0 
1.5 
2.0 

41.5 
15.5 
0 
0 
0 
0 

10.0 
12.0 
12.5 
0 
7.5 
8.5 
0.5 
0 
4.0 
1.5 
0 
0 
0 
0 
0 
0 
0 
0 

133.5 82.5 

0 
31.5 
0 

34.5 
0 
0 
0 
3.0 
9.0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2.0 
2.0 
0 
0.5 
0 
0 
0 

0 
0 

66.5 
0 
0 
0.5 
8.0 
8.5 
9.0 
4.0 
4.5 
0 
1.5 
12.5 
0 
0 
5.0 
0 
0 
0.5 
0 
0 
0 
0 
0 
0.5 
0.5 
0.5 

122.0 

104.5 
2.5 
0 
0 
0 

12.0 
15.0 
6.5 
0 

12.0 
0.5 
2.5 
0 
0 
0 
0 
0 
5.5 
0 
1.0 
I.0 
0 
0 
1.5 
0 
0 
0 
0 

4.5 
86.0 
0 
9.0 
0 
0 
1.5 
3.5 
0.5 
0 
0 
0 

0" 
1.5 
0 
0 
0 
0 
0 
1.5 
0 

0 
0 
0 
0 
0 

164.5 108.0 

Table 3. Phenology, damage potential or damage reported,and general 
feeding preferences oftbe more abundant speciesof grasshoppers col- 
lectedattbefivestudysites.Speciesaresbowninpbenologicalsequenccs. 

Months when Damaging to Feeding preference 
eggs hatch (i) rangeland (References)1 

A. clavatus 

A. elliotti 

A. coloradus 

M. bivittatus 

C. pellucida 

A. deorum May-June g,i 

M. infant ilis 

M. sanguinipes 

B. brunnea 

M. packardii 

M. pardalinus June 

T. kiowa June-July 

M. femurrubrum June-July 

C. curtipennis June-July 

P. quudrimaculatum 

A. pseudonietana 

Early developers 
May d,e,g,i,k, 

May-June b,d,g.i,m 

May-June d,g 

May-June - 

May-June d-g 

Intermediate developers 
May-June b,g 

May-June d,g,i 

June d,k 

June g 

b 

d.g 

- 

Late developers 
June-July f,g,i 

June-July 

M. dawsoni June-July 

E. sordidus 

P. nebrascensis 

M. gladstoni July 

A. conspersa August - 

June-July g 

June-July b,g,i 

Grasses 
ta,b,e,i) 
Grasses 

(a,b,e,f,h,iJ 
Grasses 

(a,b,e,f,h,i,lJ 
Mixed 

We,f,h,i) 
Mixed, prefers 

grasses 
(a.e,fl 

Grasses 
W,e,f,h,i,kJ 

Grasses 
W,f,h.i) 

Mixed 
(a,b,e,f,h) 
Grasses 
(a,e,D 

Mixed prefers 
forbs 

W,e,f.iJ 
Grasses 
W,e,f) 
Grasses 

(a,b.e.f,h,i,l) 
Mixed 
fb,e.f,i) 
Grasses 

(e) 

Grasses 
(a,b,e,f,h,i) 

Mixed, prefers 
grasses 
(b,e,h,i) 

Mixed prefers 
forbs 

(a,b,e,f,i) 
Grasses 

(b,c,d,e,f,h,iJ 
Mixed, prefers 

grasses 
(a,b,e,f,h,iJ 

Mixed, prefers 
grasses 
(b,e,f,iJ 

Mixed, prefers 
grasses 

(e,g,h,i,l) 

‘a-Anderson (1964). b-Anderson and Wright (1952). c-Bailey and Riegert (1971). 
d-Beirne (1972). e-Brooks (1958). f-Criddlc (1933). g-Hewitt (1977). h-lsley (1944). 
i-Mulkern etal. (1969),j-Newtonet a1.(1954), k-Riegert(l968),1-UeckertetaL(l972). 
m-White and Rock (1945). 

Mulkern et al. (1969) used data from crop content analyses to 
determine the degree of preference for grasses and forbs (‘grass- 
forb’ index) and assigned forage values for cattle to the plants eaten 
by grasshoppers (Table 4). They determined the grass-forb index 
by subtracting the percent of a grasshopper species with grasses or 
sedges in its crop from the percent with forbs. This index may range 
from -100 for an exclusive grass feeder to +100 for species that 
subsists solely on forbs. If the index is the same at various sampling 
sites, one may suspect that feeding habits do not change with 
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changes in vegetation while a variable index suggests a more 
opportunistic response. 

Mulkern et al. (1969) then determined a ‘plant value’ index for 
each grasshopper species by multiplying the percentage of individ- 
uals with a particular plant in their crop by the forage value of that 
plant species for cattle. The sum of the products for all plants in the 
diet equals the plant value index, which may range from 0 to 90. 
The higher this index, the more valuable are the food plants 
ingested by the grasshopper. 

Four of the early season developers (Table 4) have strongly 
negative grass-forb indices indicating a strong preference for 
grasses while their high plant value indices show a preference for 
the more valuable forage species. Camnula pellucida also prefers 
the more valuable forage species (Putnam 1962b; references in 
Table 3). At one study site, M. bivittatus showed a preference for 
grasses and at three sites it had moderately high plant value indices. 

In the intermediate group, only M. infant& and T. kiowa had 
negative grass-forb indices and consistently high plant value indi- 
ces. At two of the four sites, M. sanguinipes showed a preference 
for grasses and at two sites, it had high plant value indices. Mulk- 
ern et al. (1969) did not report the feeding preferences of B. 
brunnea, M.parairlinus, and C. curtipennis but otherauthors(refs. 
in Table 3) note them as preferring grasses. Melanopluspackardii 
was largely a forb feeder at the two sites where it was collected, and 
at Scott’s Bluff, Nebraska, it had an intermediate plant value index 
(43). Melanoplus femurrubrum was also a forb feeder but it had a 
moderate plant value index at one study site. 

Five of the seven late season species had strong negative grass- 
forb indices and preferred the more valuable species of plants. At 
one site, M. gladstoni showed a definite preference for grasses and 
preferred the more valuable plant species. Melanoplus dawsoni 
seemed to be the only innocuous species preferringforbs to grasses 
and preferring less valuable forage plants. 

Anderson (1964) monitored plant cover by the pointquadrat 
method and estimated grasshopper densities by sweep-net sam- 
pling and bottomless cages at 105 grassland sites in eastern Mon- 

tana. Areas where densities exceeded 1 grasshopper/m2 were 
classified as occupied. The percent foliage cover of habitats 
favored by the grasshopper species is shown in the final column of 
Table 4. Low percentages and a narrow range in percent foliage 
cover indicate a strict requirement for open ground while a broader 
range of percent cover indicates tolerance for denser growth as well 
as sparsely vegetated locations. Melanoplus bivittatus tolerated a 
broad range of situations (up to 80% cover) and A. clavatus was 
found in habitats having up to 6O%cover but the otherearly season 
species preferred sites with less than 41% cover. With the interme- 
diate developers, M. sanguinipes tolerated a wide range of situa- 
tions, while M. infantilis, B. brunnea, M. packardii, and T. kiowa 
required somewhat more open ground (O-60% cover). Metator 
pardalinus did not occupy habitats having more than 20% cover. 
With the late developers, Phoetaliotes nebrascensis occupied habi- 
tats having up to 60% plant cover while Phlibostroma 
quadrimaculatum and M. dawsoni occupied more open situations. 

A strong indication of damage potential would be a demon- 
strated preference for those species of plants that provide good 
forage for cattle (Smoliak et al. 1976) and are dominant at the 
study site. Clarke et al. (1942) used the point-count method to 
estimate the percent vegetational cover for the dominant plant 
species on Stipa-Agropyron prairie at three sites in Saskatchewan 
and one in Alberta. The dominant grasses (good forage) were (% 
ground cover in brackets): S. spartea var. curtiseta (1.8), A. smithii 
(1.6), Bouteloua gracilis (H.B.K.) Lag. (I .4), Koeleria cristata (L.) 
Pers. (l.O), S. comata (0.8), A. dasystachyum (0.8), F. scabrella 
(0.7), Poa secunda Presl. (0.2), A. subsecundum (0. I), and Dantho- 
nia intermedia Vasey (0.1). Dominant sedges (good cattle forage) 
were Carex heliophila Mack. (3.1) and C._fXfolia Nutt. (0.2). The 
shrubs vary from poor forage, A, frigida (2.1) to fair, A. cana 
Pursh (0.02), to good, Eurotia lanata (Pursh) Mog. (0.02) and 
Atriplex nuttallii S. Wats. (0.1). The dominant forb, P. hoodii(0.5) 
is poor forage. Johnston et al. (1971) listed the average percent 
basal area for the dominant plants on a moderately grazed field at 
Stavely. The dominant grasses (good forage) were F. scabrella 

Table 4. Grass-forb indices, plent value indices, and percentage f&age cover of favored habitats for the more abondant grasshopper species. 

Favored 
habitat2 

Grass-forbr Plant value % total 
K NP SB ND K NP SB ND foliage cover 

Early developers 

Species 

A. chvatus -100 76 O-60 
A. elliotti -92 -100 77 73 O-40 
A. coloradus -100 -100 -100 71 72 74 O-20 
M. bivittatm 7 28 -50 24 61 16 54 43 0-803 
C. pellucida O-403 
A. deorum -100 -100 -100 -91 87 69 78 71 O-40 

intermediate developers 
M. infant ilis -95 76 O-60 
M. sanguinipes 3 18 -5 -14 77 23 39 50 O-80 
B. brunnea O-60 
M. packardii 84 13 18 43 O-60 
M. pardalinus O-20 
T. kiowa -100 -100 -100 79 77 85 O-60 
M. femurrubrum 38 86 14 32 3 43 

Late developers 
P. quadrimaculatum -100 -100 79 76 O-40 
A. pseudonietana -100 -100 80 82 
M. dawsoni 33 40 O-20 
E. sordidus -96 70 
P. nebrascensis -93 -92 -66 68 66 52 O-60 
M. glaaktoni -25 34 60 41 
A. conspersa -100 -78 61 67 

‘Samples for the grass-forb and plant value indices were collected by Mulkem et al. (1969) at study sites in Kansas(K); North Platte (NP), and Scott’s Bluff (SB), Nebraska; and 
North Dakota (ND) 
Vlased on studies by Anderson (1964). 
ISpecies collected only at abandoned field sites (Anderson 1964). 
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(4.9) D. parryi (4.0), and F. iduhoensis (1.3). Other grasses totalled 
3.6%. Prominent among these were Poa spp., A. dasystachyum, K. 
cristata, Bromus pumpellianus Scribn., S. spartea, and A. subse- 
cundum (fair to good) with S. viridula and Calamagrostis monta- 
nensis Scribn. forming minor elements of the complex. Carex spp. 
(good forage) totalled only 0.8% while forbs and shrubs (at best fair 
forage) totalled 6.6%. 

Hewitt (1977, appendix table I), drawing on several published 
works, listed the preference food plants of economic species of 
rangeland grasshoppers. Table 5, derived in part from his table, 
shows that 19 of the 21 more abundant grasshopper species pre- 
ferred plants that were important elements of the vegetation at the 
study sites and were good forage for cattle. Admittedly, with M. 
packardii, Bouteloua gracilis was not listed as a preferred food but, 
of the 88 specimens collected at Scott’s Bluff, Nebraska (Mulkern 
et al. 1969), 24% had Bouteloua gracilis in their crop. Only h4. 
femurrubrum and M. dawsoni were not listed as preferring impor- 
tant forage species from the study site where they were collected. 
Another dimension to feeding preference is inclusion of dried plant 
material and plant debris in the diet (Anderson and Wright 1952). 
Species that occasionally supplement their diet with dried material 
are denoted by a superscript 2 in Table 5. Those which feed heavily 
on dried matter both as nymphs and adults are denoted by super- 
script 3. At first glance, feeding on dried material seems to be less 
important than feeding on green vegetation, but harm does ensue 
(Hewitt 1977). The direct effect is removal of cured forage for 
cattle. Storage reserves for perennial grasses may be reduced, 
particularly if feeding reaches the crown. Removal of the standing 
dead material and litter alters microclimate to the detriment of the 
grasses and to the advantage of forbs and grasshoppers. Erosion is 
encouraged. In addition, seedfeeders, such as A. deorum, inhibit 
natural regeneration of the range. 

Feeding Rate 
Relative feeding rates were assumed to be proportional to the 

0.68 power of body weight. Those for males and females are 
expressed as percentages of the value for female M. pardalinus, the 
largest grasshopper collected at the study sites. The final column in 
Table 6 is the mean of the percentage for males and females 
(preceding two columns) divided by the mean relative feeding rate 
for M. parudlinus. The smallest of the grasshoppers were M. 
infuntilis (40.16 mg), which were estimated to feed at 28% of the 

Table 5. Dominant forage plants at the study sites that were preferred by 
the more abundant grasshoppers. 

Species Preferred plants References ’ 

A. clavatus 
A. elliotti 
A. coloradus 
M. bivittatus 
C. pellucida 
A. deorum 

M. infantilis 
M. sanguinipes 
B. brunnea 
M. packardii 
M. pardalinus 
T. kiowa 
M. femurrubrum 
C. curtipennis 

P. quadrimaculatum 
A. pseudonietana 
M. dawsoni 
E. sordidus 
P. nebrascensis 
M. gladstoni 
A. conspersa 

Early developers 
C.J. K.c., P.S. 

A., A.s., E.g., P.S.. SC. 
A.. A.s., E.g., P.S.. S.C.’ 

A.s.. E.g., SC.’ 
C., FL, K.. P.S., S. 
A.s., E.g., P.S., S.C.’ 

Intermediate developers 
A.s., E.g.. C.f’~ 
A.s.. E.g., P.s.3 

A., B., c., K.. S. 
Art., E.g.3 

A., A.s., C.. S.2 
A., A.s., E.g., P.s.2 

-2 
A., C., K. 

d 
d 
b 

a, d, e 
a, b, c 

d 

b 

Late developers 
E.g. 

A., A.s., K., K.c. 
d 

a, b, c, e 
- 

A.s., E.g., P.s.2 d 
A.s., P.s.s d 
A.s., E.g. a, e 

A.. C., C.f, K.c., S.. SC. b, e 

d 

asi 
d 

: 
d 

‘a-Anderson and Wright (195.2). b-Brooks (1958). c-Criddle (1933). d-Hewitt (1977). 
e-Mulkern et al. (1969). 
A.-Agropyron sp., Art.-Artemisia sp., A.s.-Agropyron smirhii. B.-Boureloua sp., 
B.g.-Boutelouagrocilis, C.-Carex sp., C.J-Carexfilijolia. F.i.-Festuca idahoensis, K.- 
Koeleria sp., K.c.-Koeleria cristata, P.s.-Pea secunda (Syn. Poa sandbergii), S.-Stipa 
sp., S.c.-Slip0 comata. 
*Supplements diet with plant debris and dried plant material (Anderson and Wright 
1952). 
‘Dry material forms a substantial part of the diet for nymphs and adults (Anderson 
and Wright 1952). 

rate predicted for M. pardalinus. We have already noted that adult 
C. pellucida at a density of 12.4 grasshoppers/m2 would exert a 
grazing pressure of 1 AUM/ha (Putnam 1962a). Assuming that 
Table 6 is a valid comparison of the different species, we can 

Table 6. Dry weight of adults (number weighed in brackets) and estimated feeding rates relative to femaleM. pordalinu.r (columns 8,9) and to the average 
for both sexes of M. purWinus (final column). 

Soecies Reference Adults 
Dry wt 0%) 
Males Females Males 

(%i 
Females Both 

M. pordalinus 
M. bivittatus 
M. packardii 
A. conspersa 
A. pseudonietana 
C. pellucida 
B. brunnea 
M. femur&rum 
M. aladstoni 

270.93 124.61( 7) 417.25( 7) 44.0 
257.94 168.08( 12) 347.80( 5) 53.9 
202.38 144.91( 30) 259.84( 31) 48.7 
170.32 94.12( 36) 246.52( 8) 36.3 
159.29 72.30( 2) 246.28( 6) 30.4 
I 12.84 62.62( 30) 163.05( 21) 27.5 
III.16 68.46, 153.74 29.3 
94.60 74.75 114.44 31.1 
83.08 66.87( IO) 99.29( 16) 28.8 

100.0 100.0 
88.4 98.8 
72.5 84.2 
69.9 73.8 
69.9 69.7 
52.8 55.8 
50.7 55.6 
41.5 50.4 
37.7 46.2 

M. sanguinipes a 79.91 72.36( 44j 87.46( 55) 30.4 34.6 45. I 
E. sordidus a 79.45 42.63( 16) I 16.27( 15) 21.2 41.9 43.8 
A. elliotti C 78.10 49.37( 102) 106.82( 101) 23.4 39.6 43.8 
A. coloradus C 56.42 34.88( 2) 77.95( 4) 18.5 32.0 35.1 
T. kiowa 

: 
54.45 30.70( 63) 78.19( 58) 17.0 32.0 34.0 

A. clavatus 51.42 42.30 60.20 21.1 26.8 33.3 
P. quadrimaculatum C 50.50 28.94( 26) 72.oq 22) 16.3 30.3 32.4 
C. curtioennis a 46.93 33.73( II) 60.13( 7) 18.1 26.8 31.2 
M. dawsoni a 40.72 28.23( 19) 53.21( 27) 16.0 24.6 28.2 
A. deorum C 40.30 27.66( 9) 52.94( IO) 15.8 24.6 28.1 
M. infantilis a 40.16 32.85( 94j 47.47(128) 17.8 22.8 28.2 

a-collected from rangeland: b-collected from cropland; c-Bhatnagar and Pfadt (1973); d-Riegert and Varley (1973a); e-Riegert and Varley (1973b). 
*Sample size not listed in references d and e. 
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calculate that a density of only 6.9 M. pardalinus/ m2 would graze 
at the same rate, whereas the density of M. infantilis adults would 
have to be 24.6/m? to graze at a rate of 1 AUM/ha. 

Table 6 should be interpreted with caution. The degree of scle- 
rotization varies among the species Some, such as M. pardalinus 
and the Arphia species, are heavily armoured relative to others 
such as C. pellucida. This would affect the relationship between 
weight and feeding rate. The feeding rate of individualsvaries with 
their age within an instar and this is particularly true for adults as 
they pass through different phases of their reproductive cycle 
(Parker 1930). The reproductive status of females in Table 6 was 
not known. Finally, several factors, including mode of feeding, 
e.g., at the tip of the leaf or base of the stem(Andersonand Wright 
1952), the degree of preference for a particular plant (Mitchell 
1973), the size of the jaws of the grasshopper relative to the width of 
the blade or stem, and the ratio of stem or blade height to width 
(Mitchell 1973, Mitchell and Pfadt 1974, Mukerji et al. 1976), 
determine the ratio of material that is clipped to that which is eaten. 
The destructiveness of a grasshopper depends as much on its 
clipping rate as on its feeding rate. Nonetheless, Table 6 does give 
some indication of the relative impact of different species, particu- 
larly when it is borne in mind that clipping rates would increase 
with feeding rates, other factors being equal. 

Conclusions 
Each of the factors listed in Tables 3-6 affects the relative impact 

of a species. Grasshoppers that are early season developers and 
hence feed at their maximum rate earlier in the season would have a 
more immediate and direct impact on range production than inter- 
mediate or late-season developers because active growth of many 
forage species is in spring or early summer (Clarke et al. 1947). Of 
course, the immediacy of impact is also affected by a preference for 
green vegetation versus a preference for dried material. 

A strong preference for grasses, particularly those of high forage 
value that are dominant in the plant community (Table 5), would 
have a major influence on damage potential. Using this criterion, 
all of the early developing species and all but one of the interme- 
diate (h4. femurrubrum) and late season species (M, dawsoni) 
would be damaging should they become abundant. 

Examples abound of grasshopper densities increasing when 
range is overgrazed by cattle (Riegert and Varley 1973a, Hewitt 
1977, Holmes et al. 1979). Anderson’s (1964) data on habitat 
preferences (Table 3, final column) suggest that most of the poten- 
tially harmful species at our study sites would be favored if the 
range is overgrazed by cattle. 
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Small Mammal Populations in an Unburned 
and Early Fire Successional Sagebrush 
Community 
JOHN M. MCGEE 

Abstract 

Species composition and total numbers of small mammals 
changed little in the unburned sagebrush while individual species 
capture rates varied considerably. Following spring burning, the 
number of small mammal species and abundance were slightly. 
lower than control levels and were near unburned levels after 3 
years. Species composition was greatly reduced on the fall bum in 
the first postburn year. Two years after burning four species were 
captured, although only two were caught in live-traps. Total small 
mammal density increased dramatically in the first two postburn 
years. The large increase in abundance on both bums was due 
primarily to Peromyscus maniculatus and Spermophilus armatus. 
Food use patterns on the fall burn were similar to those observed 
on the spring burn where small mammals utilized their preferred 
food types in relation to its abundance and availability. 

National Park. In unburned areas mountain big sagebrush (Arte- 
misia tridentata vaseyana) is the most abundant shrub, forming 
dense, homogeneous stands. The most common grasses are wheat- 
grasses (Agropyron spp.), Idaho fescue (Festuca idahoensis), blue- 
grasses (Poa spp.) and needlegrasses (Stipa spp.). Characteristic 
forbs include yarrow (Archillea millefolium), wild buckwheat (Eri- 
ogonum umbellatum), geranium (Geranium spp.), lupine (Lupinus 
spp.), and northwest cinquefoil (Potentilla gracilis). Grasses and 
forbs form a continuous understory with few open areas. The 
sagebrush is bordered by stands of Douglas-fir (Pseudotsuga men- 
ziesii) and aspen (Populus tremuloides). 

YEAR 

1975 1975 1975 1975 ,975 ,975 1979 

Prescribed burning of sagebrush (Artemisia tridentata) to 
increase livestock forage, type conversion, and wildlife habitat 
improvement is becoming commonplace throughout the Inter- 
mountain Region. Management of sagebrush communities with 
fire for livestock or wildlife requires information on the interrela- 
tionships between plants and animals in the postburn stages to 
better understand successional relationships. 

50 UNIUIN~D 
CONY50, 

Lawrence (1966) indicated species composition was altered but 
small mammal abundance was not decreased following fire in 
chaparral. Stout et al. (1971) reported that densities of small 
mammals were not unusually high in a burned coniferous forest in 
northern Idaho. In addition, Taylor (1969) showed the number of 
small mammal species increased during the first 25 years following 
fire in lodgepole pine (Pinus contorta) forests in Yellowstone 
National Park. There are no existing studies on the effects of fire on 
small mammal populations in sagebrush communities in the inter- 
mountain Region. 

100 
c 

f 

This study determines species composition, abundance, and 
food habits of small mammals in an unburned sagebrush commun- 
ity along with changes in these parameters following prescribed 
spring and fall burns. 

CIROMY5CU5 5C55MOCHllU5 ZACU5 

Study Areas 
Study Areas and Methods 

The study areas were on Burro Hill about 40 km northwest of 
Jackson, Wyoming, within the Buffalo District, Bridger-Teton 

Author is wildlife biologist, Targhee National Forest, P.O. Box 228, Ashton, Idaho 
83420. 
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On June 3, 1974, 15-20 ha were burned by the Forest Service 
(spring burn) on theeastern end of Burro Hill, resulting ina mosaic 
of burned patches ranging from completely burned, to partially 
burned, to unburned. Approximately 70-80 ha were completely 
burned on August 27, 1974 (fall burn). Approximately 40-50 ha of 
sagebrush were left unburned along the eastern and western ends of 
of Burro Hill. 

The spring burn was sampled during the first (1974), second 
(1975) and third (1976) postburn growing seasons. Due to timing 
of the burns, preburn sampling on the spring burn was not possi- 
ble. However, the fall burn was sampled in preburn state (1974), 
and during the first (1975) and second (1976) postburn growing 
seasons. An unburned control was sampled in all 3 years. It is 
assumed that preburn conditions on the spring burn plots were not 
significantly different from those on the fall burn’s preburn state 
and the unburned control. 

Sampling 
Plant species composition, frequency of occurrence, and percent 

cover of understory species were determined using the Daubenmire 
(1959) canopy coverage method. Forty to fifty quadrats (0. I m*) 

were distributed in a stratified random design on each study area 
based on variations in vegetative distribution. Shrubs were 
sampled using the line intercept method (Canfield 1941) on ten 
randomly located 40-m transects. 

Small mammals were assessed on five live-trapping grids (I .5 ha) 
and five snap-trap removal transects (500 m) during more than 
21,000 trap nights. Animals were live-trapped five consecutive 
nights each month during June, July, and August. Removal tran- 
sects were established in 1975 to collect data on food habits and 
reproduction. Two parallel trap lines were installed on the fall burn 
and control area, and one line in the spring burn. The relative 
abundances of small mammals were compared using catch per unit 
effort (number per 100 trap nights). 

Food habits of small mammals from the spring burn were stu- 
died in its second (1975) and third (1976) postburn years and from 
the fall burn in its first (1975) and second (1976). The unburned 
control was also sampled in 1975 and 1976. Stomach contents of 
305 kill-trapped animals were removed, separated under a dissect- 
ing microscope, divided into major food groups, (seed, green vege- 
tation, animal) dried, and weighed. The proportion and percent 

Table 1. Species composition, total captures, and catch per unit effort (in parentheses expressed as number captured per 100 trap nights) of small 
mammals on Burro Hill. 

Species 1974 
Live trap Snap trap Totals 

1975 1976 1975 1976 1974 1975 1976 

Unburned control: 
Peromyscus maniculatus (E) (0.32, 
Spermophilus armatus (I!:) (i.65, (0.66) (I!!, (I?) (E) 
Zapus princeps (I?) (& (0:) (I?, (E) (G) 
Microtus montanw cd.:, 0 0 

cd.:, 
0 cd.:) 

Sorex vugrans 2 
(0,"s) 

0 2 
(0.85) (I?) 

Eutamias minimus 2 2 0 2 2 2 
Mustela Jirenata I 2 0 I 2 1 
Thomomys talpoides 0 0 0 0 0 3 
Clethtionomys gapperi 0 1 0 0 I 0 

50 
(2.6) 

(ii?) 
(E) 
(0.66) 

(IfI) 
2 
I 
3 
0 

(0.66) 
10 

(0.89) 

(0.7) 

(0.43) 
0 

Spring burn: 
Peromyscus manict4latus 

Spermophilus armatus 

Zapus princeps 

Microtus montanus 0 0 
(2;) cd.!, (E) 

0 0 
(Z, 

Sorex vagrans 0 I 0 0 I 
(d.Y) 

Eutamias minimus 
(0.:) 

2 0 
(0.:) 

2 3 

(12:) 

(Z) 

(4) 

(1.3) 

cd.!, 
3 

(E) 

(1.97) 

(Z) 
0 

0 

0 

0 
I 

0 
0 

305 
(20.3) 
145 

(23.6) 
0 

Mustela Jirenata I 2 0 I 2 0 
Thomomys talpoides 0 I 0 0 1 1 

Fall burn: 
Peromyscus maniculatus 

(dPg) 
284 113 

(dPg, 
397 462 

( 1;;’ (10.5) (19.5) (22.7) 
Spermophilus armatus 

(lpo) (0.55) (:.!I, 
160 162 

(24.6) (7.8) (7.9) 
Zapus prineeps 

(0.:) 
0 

(0.7: (0.:) (0.:) (042) 
Microtus montanus 

(0.54, 
0 0 

(0.53) 
0 

(0.:) 
Eutamias minimus 

(Op3, 
0 0 

$3) 
0 0 

Sorex vagrans 2 0 0 2 0 0 
Microtus longicuudus 2 0 0 2 0 0 
Mustela frenata I 0 Q 1 0 0 
Sorex cinereus 1 0 0 I 0 0 

157 
(14.5) 

::6) 

(043) 

(0.77) 
0 

0 
0 
0 
0 
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Table 2. Percent coverage of major plant groups. Values are means for six sampling dates during the growing season. 

Plant group 

Shrubs 
Grass and grass-like 

plants 
Forbs 

Total cover 

Unburned control Spring burn Fall burn 

Postburn Preburn Postburn 

1974 1975 1976 1974 1975 1976 1974 1975 1976 

50 49 48 IO I5 I9 48 3 9 
27 30 28 14 I9 22 33 6 I5 

30 35 41 26 32 31 40 I5 44 

107 II4 II7 50 66 72 121 24 68 

occurrence of each group in the diet were calculated for each 
captured species. 

Results and Discussion 

Eight species of rodents, two species of insectivores, and one 
carnivore were captured during the 3-year period: deer mouse 
(Peromyscus maniculatus), Uinta ground squirrel (Spermophilus 
armatus), western jumping mouse (Zapusprinceps), montane vole 
(Microtus montanus), least chipmunk (Eutamias minimus), long- 
tailed vole (Microtus longicuudus), northern pocket gopher 
(Thomomys talpoides). masked shrew (Sorex cinereus), and long- 
tailed weasel (Mustela frenata). 

Information on species composition and abundance in the 
unburned sagebrush indicates that the small mammal community 
consists of a mixture of species whose total numbers varied little. 
Deer mouse and ground squirrel numbers varied most. There was 
little dietary overlap among species; different species were parti- 
tioned along the food dimension with Spermophilus (herbivore), 
Microtus (herbivore), Zupus (granivore), and Peromyscus (omni- 
vore), each specializing in one food type (Fig. I). 

Following spring burning, total small mammal numbers were at 
low levels, but this was short-lived (Table I). By the end of the 
second postburn year, densities were similar to unburned estimates 
with the responses being caused by one or two species. The 
unburned and partially burned islands that remained following the 
burn undoubtedly served as refuges for small mammals. Three 
years after spring burning, total cover of the understory was near 
unburned levels (Table Z), and small mammal numbers were 
approaching control values. 

grasses is sufficient to support substantial populations of seed- 
eating rodents. Many authors (Tevis 1956; Cook 1959; Gashwiler 
1959) have shown that granivores are favored in the initial stages of 
secondary succession following fire. Cook (1959) reported an 
irruption of western harvest mice (Reithrodontomys megalotis) 
during a period of maximum seed production. Both Cook (1959) 
and Lawrence (1966) have documented the shift in Peromyscus 
species abundance to favor P. maniculutus in the years following 
burning. Ahlgren (1966) and Beck and Vogal(1972) found signifi- 
cantly higher populations of P. maniculatus in other burned habi- 
tats. In addition, Ahlgren (1966) and Tester (1965) contend that 
burning improved habitat and food conditions for small rodents. 

Kirkland (1976) describes a case of opportunism by P. mnnicula- 
tus on mine wastes in New York and attributes its success to its 
ecological plasticity and the absence of congeneric competitors. 
The results from my study further illustrate the broad ecological 
tolerance of P. maniculatus and reflect the adaptability of this 
species in invading and exploiting harsh habitats. 1 attribute its 
success on the burns to increased immigration from surrounding 
areas and a maximization of reproductive potential (McGee 1976) 
in response to an increased availability of food. 

These results support the contention that total small mammal 
numbers are not depleted by fire, but that there is a differential 
effect on the species present before burning. In my opinion, ideal 
sagebrush management should create a mosaic of different aged 
successional stages. The optimum proportion of unburned, spring 
and fall burned sites should mimic historic fire frequency and size 
where feasible. Consequently, no small mammal species, or group 
of similar species, will be significantly displaced in space and time. 

The fall burn differed from the spring burn in that no patches of 
unburned sagebrush remained and revegetation was slower. One 
year after burning, total cover was still dramatically lower than 
unburned estimates although deer mouse and ground squirrel 
captures had increased dramatically. It appears that the loss of 
cover had no negative effect on their densities, and that food may 
have been the factor affecting them most. Both deer mice and 
ground squirrels changed their food habits to utilize the increased 
availability of food. The absence of potentially competitive species 
may also have enhanced their success. 
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Factors Influencing Development of Crypto- 
gamic Soil Crusts in Utah Deserts 

DAVID C. ANDERSON, KIMBALL T. HARPER, AND RALPH C. HOLMGREN 

Abstract 

The relationofsomephysiallandchemicalsoilcharncteristicsto 
cryptogamic crust development was determined from sites in 
semidesert regions of southern Utah. The effects of grazing on 
eryptogamic crust development also wasexamined. Electrical con- 
ductivity, percentage silt, and soil phosphorus were found to he 
correlated with well-developed cryptogamic crusts. Both total 
cryptognmic cover and the number of cryptogamic species 
decreased under grazing pressure. Themsnagement ofmngelands, 
especially in arid regions, would bestrengthened by understanding 
the role of cryptogamic crusts and considering them in range 
management decisions. 

The vascular plants of many semidesert areas furnish a scant 
ground cover of discrete and widely spaced units. Between the 
plants are rather extensive open spaces exposed to the elements. 
Where soils are gravelly, a pavement of pebbles provides protec- 
tion from erosive forces of wind and water. Another factor, less 
obvious but ofimportance in the controloferosionin theinterspa- 
ces, particularly where the gravel pavement is weak or absent, is a 
community of nonvascular or cryptogamic plants that grow upon 
or immediately beneath the soil surface. Where well established 
and undisturbed by trampling, the cryptogams form a recognizable 
crust (Fig. I). 

Algae are the primary components of these crusts, but in some 
environments, themorevisiblemacroscopiclichensand mossesare 
common members of the cryptogamic cover (Anderson and Rush- 
forth 1977, Kleiner and Harper 1972). Even though they are small 
and often inconspicuous, cryptogamic species play an important 
role in soil stabilization in semideserts (Fletcher and Martin 1942). 
Algal filaments, fungal mycelia, and tissues of lichensand mosses 
are present throughout the surface few millimeters of many 
semidesert soils (Anderson and Rushforth 1977, Hunt and Durrell 
1966). Where lichens and mosses grow in abundance, the stability 
of the soil surface is readily apparent, but the less obvious algae, 
especially the filamentous algae, are probably more effective in 
binding the surface soil particles (Anantani and Marathe 1974; 
Durrelland Shields 196l).Thethickgelatinoussheathsthatencase 
some of the algal species probably add strength and toughness to 
the felt-like web of filaments among the soil particles in the surface 
I or 2 millimeters of a well-established algal crust. 

Cryptogamic crusts are common in the arid regions of the west- 
&n United States. Well-developed crusts occur throughout the 

Great Basin Desert, the semideserts of the Colorado Plateau, and 
m many pinyon-juniper communities of Utah, Nevada Arizona, 
Colorado, New Mexico, and Wyoming (Fig. 2). Biological crusts 
are conspicuous on the gypsiferous soils of central and southern 
Utah, southern Nevada, and northern Arizona (Fig. 3). Research 
focusing on soil crusts and surface cryptogams has been done on 
many of the areas mentioned (Shields and Durrell 1964, Fletcher 
and Martin 1942, Loope and Gifford 1972, Rychert and Skujins 
1974). Taxonomic and nitrogen fixation studies dominate the 
literature dealing with biologically induced soil crusts. The role of 
CryptogamiC soils crusts in nitrogen fixation is well documented 
(Henriksson and Simu 1971, MacGregor and Johnson 1971, 
Reddyand Gibbons 1974, Rychert and Skujins 1974, Shields etal. 
1957, Snyder and Wullstein 1973). 

Some studies have been done on the physical role of biological 
crusts in semidesert ecosystems, but much is yet to be learned. 
Work by Loope and Gifford (1972) dealt with the effect of soil 
crusts on infiltration and sedimentation. Biologically crusted soils 
were found to increase infiltration of water and to decrease sedi- 
ment in the runoff. Kleiner and Harper (1972) in their analysis of 
two grassland communities in Canyonlands National Park sug- 
gested that in the absence of excessive grazing, lichens, and mosses 



tend to stabilize the sandy, erodable soil, adding to the long-term 
stability of desert grasslands. Ali and Sandhu (1972) proposed 
using blue-green algae as primary colonizers to stabilize highly 
saline soils. Such a process was used in reclaiming alkaline I/snr 
lands in northern India (Singh 1950). 

Studies by Looman (1964) on the ecology of lichen and bryo- 
phyte communities in Saskatchewan yielded two important points: 
cryptogams arc useful as differential species in the classification of 
grasslands; and more importantly, lichen-free grasslands could be 
maintained through continous moderate to heavy grazing, suggest- 
ing cryptogams can be used to evaluate grassland management 
practices. Little has been done to incorporate the information 
known about soil crusts into range management considerations. It 
seems likely that our ability to manage ranges, especially in arid 
regions, would be strengthened by such an inclusion. 

The purposes of this study are two-fold: first, we seek to deter- 
mine the relations of some physical and chemical soil factors to 
crust development, and second, we desire to evaluate the effect of 
grazing on cryptogamic soils crusts. 

Study Areas 

Five areas in the southern part of Utah were selected for study 
(Fig. 4). All are characterized by low precipitation, hot summers, 
and cold winters. The Desert Experimental Range (DER) of the 
USDA-Forest Service is located in western Utah and isthedriest of 
all the areas considered: precipitation averages I5 cm annually. 
Two study areas are along the Hurricane Fault in extreme south- 
western Utah near St. George and Hurricane, which receive about 
19 and 22 cm average annual precipitation, respectively. Virginia 
Park in Canyonlands National Park in southeastern Utah is the 
wettest site, receiving about 30 cm of annual precipitation, mainly 
during the warm season. The temperature extremes for all five 
areas are similar over the past IO years. Maximums are around 
4CPC and minimums -14OC or lower (Holmgren 1973). 

Quite different vascular communities prevail at the study sites. 
Species of low shrubstypical ofthecolddesertdominatethestands 
at the DER. Hilaria (galleta) and Boutelouo (blue grama) are the 
most common grasses. Ephedra (Mormon tea) and Larrea (creo- 
sotebush) are the most common vascular plants at St. George, 
while Ephedra and Petalonyx (sandpaper plant) are the dominant 
vascular species at Hurricane. Hi/aria and Sripa (needlegrass) 
grasslands characterize Virginia Park. An additional collection 
was made north of Black Rock, Utah, in Atriplex (saltbush) and 
Chrysothomnus (rabbitbrush) communities. The St. George and 
Hurricane study sites are on gypsum outcrops and have sparse 
vascular cover and heavy cryptogamic cover of algae, lichens, and 
intermingled mosses characteristic of gypsiferous soils. 

Methods 

To test for the effects of soil on development of cryptogamic 
crusts, IO pairs of transects were sampled. Six pairs were located at 
the DER, one pair north of Black Rock, one pair south of St. 
George, another pair west of Hurricane, and the final pair in 
Virginia Park of Canyonlands National Park (Fig. 4). Members of 
each pair of transects were located within a few meters of each 
other and in an area of uniform topography and grazinguse. Areas 
were selected, however, to show strong differences in degree of 
development of the cryptogamic crusts. Development of crypto- 
gamic crust was described qualitatively in the field as light, moder- 
ate, or heavy. In some areas at DER, cryptogamic cover did not 
vary greatly between pairs of transects, but species diversity did 
appear to vary strongly. In these cases, the area with the more 
diverse flora was designated as having moderatecryptogamiccrust 



development. Frequently, vascular plant cover of the transects of a 
pair differed suggesting edaphic causation. 

Within each area, a starting point and direction for each transect 
was randomly selected. Fifteen quadrats, each .5X .5 (.25m2) were 
distributed along each transect at 2-m intervals. Percentage cover 
of vascular and macroscopic nonvascular species was estimated 
ocularly using six cover classes, a method similar to that proposed 
by Daubenmire (1959, p. 43). Frequency of individual taxa was 
computed for the quadrats, and a list of vascular and cryptogamic 
species encountered along each transect was prepared. Vascular 
plant nomenclature follows Welsh and Moore (1973) throughout 
the report. 

Along all transects, a subsample of the surface 2.5 cm ofsoil was 
taken at each quadrat location; the I5 subsamples were ultimately 
combined to provide a single composite transect sample for later 
laboratory analysis, which was done by the Soil Chemistry Labor- 
atory of the Agronomy Department at Brigham Young University. 

Electrical conductivity and pH were determined for I:5 soil-to- 
water mixtures. Cation exchange capacity was determined by 
standard procedures (Chapman 1965). Soil phosphorus was 
extracted with a solution of 0.2N acetic acid. The extracted phos- 
phorus was then determined by the method of Goldenberg and 
Fernandez (1966). Soil texture was determined by the hydrometer 
method (Day 1965). 

The probability of a difference between variables occurring by 
chance for both grazing and soil effects is determined by a I-value 
based on a paired f-test (Steele and Torrie 1960). 

Algal species at each transect were identified from a 25-cm* 
sample of the upper cm of the soil chosen as representative of the 
crust at that site. The sample was placed in a sterilized petri dish, 
moistened with modified Bristol’s solution (Bischoff and Bold 
1963) and cultured under continuous light at 20°C for two weeks. 
Slides for identifying diatoms were prepared from a soil culture 
following standard techniques (St. Clair and Rushforth 1977). A 
complete list of the algae, mosses, and lichens encountered by 
study site is given in Anderson and Rushforth (1977). 

For the study of grazing effects, ten pairs of transects were 
established at the DER. Exclosures within pastures grazed in 
winter by sheep, or where fences between areas subject to different 
grazing treatments provide grazed-ungrazed or differential grazing 
contrasts. Transects were located in areas subjectively selected on 
opposite sides of fences having similar soils, vascular vegetation, 
and topography. Again, the starting point and direction of each 
transect were randomly selected. The grazing (or non-grazing) 
treatments had been in effect for over 40 years. Transects for this 
portion of the study were sampled exactly as for the soil influences 
portion. 

Results and Discussion 

Soil Influences 
We attempted to identify soil parameters that favor develop- 

ment of crusts by subjectively selecting adjacent sites within a 
common grazing area that noticeably differ in respect to the degree 
of development of the crust. We found no significant difference in 
species diversity values for the vascular component of the vegeta- 

Table -1. Summary and comparison of vegetative characteristics 
considered in the analysis of soil effects on cryptogamic crust 
development. 

Crust development 

Average light 
Average moderate- 

5% Cover No. Spp/O.25 m* 
Lichen/ Lichen/ 

Vascular Moss’ Vascular Moss’ 

9.66 6.27 1.84 1.39 

heavy 
I-value (light versus 

12.24 20.92 I .94 3.38 

moderate-heavy) -6.45**2 -2.12*3 -.26”‘4 3.14** 

ISoil inhabiting lichens and mosses only. 
‘**Difference significant at .Ol level. 
I* Difference signilicant at .05 level. 
4”*Difference not significant at .05 level. 

tion between areas supporting poorly developed and areas sup- 
porting better developed cryptogamic crusts (Table 1). It should be 
noted that the dominant vascular plant species sometimes differed 
within pairs of transects. Since transect pairs were subjectively 
chosen because of apparent differences in the development of the 
cryptogamic community, the significant differences in cover and 
species diversity of the cryptogamic communities between 
members of the transect pairs is to be expected. 

Several soil parameters differ significantly between areas of 
obviously different degrees of biological crust development (Table 
2). Surface rock and percent sand are greater on areas having the 
less well developed crusts. Silt is a significantly more common soil 
constituent on sites with better developed crusts. 

Table 3 shows the results of multiple regression analyses of the 
influence of selected edaphic characteristics on various characteris- 
tics of the cryptogamic crusts. For these analyses data were used 
from I8 transects considered for soil effects (no cover data were 
taken at the Blackrock site) and the IO ungrazed transects used for 
the grazing effect. Rather than present formal regression equa- 
tions, we report only those independent variables that make an 
important contribution to a given analysis and their partial contri- 
butions to the coefficient of multiple determination (R2) Each 
dependent variable (percent cover of cryptogamic crust, number of 
lichen and moss species per 0.25m?, and number of algal species per 
transect) is analyzed in respect to five independent variables: pH; 
electrical conductivity (salinity); extractable phosphorus; % sand; 
and Y0 silt. An F-value of 1.0 was arbitrarily selected as the min- 
imum value for entrance of independent variables into theanalysis. 
It should be noted that the partial contribution of a given inde- 
pendent variable to the total R2 is strongly conditioned by its order 
of entry into the stepwise regression routine and associated inde- 
pendent variables. 

Regression results show a high correlation between the combi- 
nation of electrical conductivity, soil phosphorus, and pH, and the 
degree of development of cryptogamic cover on soils. The coeffi- 
cient of multiple determination of .78 suggests that about three 
fourths of the variation in cryptogamic cover could be accounted 

_ for by these three independent variables in this study. Less success 

Table 2. Summary of soil characteristics considered in the analysis of soil effects on the development of cryptogamic crusts. 

Crust development 

Average light 
Average moderate- 

’ heavy 

Rock 
cover (%) 

41.8 

% sand 

59.8 

Cation 
Exchange 

Soil texture Capacity EC Extr. 
% silt % clay PH (megi I@&) (mmhos/ cm) P (ppm) 

26.0 14.2 8.4 8.4 .39 13.9 

23.8 50.2 34.8 15.0 8.4 9. I .62 18.3 
r-value-(light versus 

moderate-heavy) 2.3*’ 3.16**? -2.67+*’ _ .M”S3 .15”s’ - I 73”S’ - 1.02”” -3.86**’ 

‘**Difference significant at .Ol level. 
?* Difference significant at .OS level. 
J’“Difference not significant at .05 level. 
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Table 3. Results of stepwise multiple regression analyses of the influence of 
various soil characteristics on some characteristics of cryptogamic crusts 
in Utah deserts. 

Simple 
Multiple correlation 

Deoendent variable lndeoendent variable rearession coefficient 

Percent cover of 
cryptogamic 
crust 

Number of lichen 
and moss 
species/0.25m2 

Number of algal 
species per transect 

Electrical .719 
conductivity 

Phosphorus .048 
PH 015 L 

Total R2 .782 
R .885**2 

Silt (%) .361 

PH .049 
Sand (%) 032 b 

Total RJ .442 
R .665*** 

Sand (%I ,306 
Electrical conductivity.086 
PH .075 
Silt (%) .084 
Phosphorus 154 _ 

Total R* .705 
R .840**2 

.848*** 

-.I24 
-.63 I*** 

.601*** 

-.279 
-.418*’ 

.554**2 

.545*** 
-.050 

.333 
-.080 

I* significant at the .05 probability level. 
z**significant at the .OI probability level. 

was experienced in attempts to predict the average number of 
lichen and/or moss species per quadrat and the number of algal 
species encountered per tansect. Coefficients of multiple determi- 
nation were .44 and .7 1, respectively, for those two relationships; 
the soil characteristics shown for these analyses account for a 
highly significant amount of the variation in the dependent varia- 
ble, however. Soil texture and pH were the apparent influential 
variables controlling the number of lichen and moss species per 
quadrat. Soil texture was also strongly correlated to the number of 
alga species per transect. In both of these latter analyses, species 
diversity appears to increase as the finer particles of soil (silt and 
clay) increase; species diversity was negatively correlated with sand 
for both groups of organisms (i.e., lichens-plus-mosses and algae). 

Grazing Influence 
Observations made on both sides of fences that surround 

ungrazed exclosures or divide areas of different grazing treatments 
at the DER illustrate the effect of hooved grazers on cryptogamic 
crusts. Grazing was by sheep at some time between late fall and 
early spring each year. The results from our sampling procedure 
fail to demonstrate a significant effect for either amount of cover or 
number of species per quadrat of the vascular plant community 
that can be attributed to grazing at the ten sites (Table 4). In 

Table 4. Summary and comparison of vegetative characteristics 
considered in the analysis of grazing effects on persistence of 
cryptogrmic crusts. 

treatment 

Cover (%) No. spp./0.25m2 
Lichen/ Lichen/ 

Vascular Moss’ Vascular Mosses’ 

Grazed 12.3 .9 2.4 0.7 
Ungrazed II.4 4.1 2.1 2.8 

r-value (grazed 
versus ungrazed) .79”‘2 -4.42**’ 

‘Soil inhabiting lichens and mosses only. 
‘Difference not significant at .05 level. 
‘**Difference significant at .Ol level. 

.90”** -6.1 I**’ 

Mosses Soil Lichens Soil lichens Rock LichmrAl&n Diatoms 
(cmch.d) ~loou) Nhmmhld 

Fig. 5. The effect of grazing on six life form groups. Percent reduction of 
each group due IO grazing is based on a commonness index. 

contrast, the cryptogamic communities differ strongly in these 
characteristics between the paired areas. For the ten sample areas 
taken together, the grazed (or more heavily grazed) areas support 
only about 22% as much cover of lichen and mosses and 25% as 
many species of them per unit areas as the ungrazed exclosures. 

Table 5 summarizes the soil characteristics used for the grazed 
and ungrazed transects. The analyses support our initial assump- 
tion that the abiotic environment was not significantly different 
across the fences selected for the grazing contrast studies. None of 
the eight variables considered differ significantly between the two 
treatments. Observed differences in the cryptogamic crust com- 
munity thus seem attributable solely tp use of the areas by 
livestock. 

As shown in Table 6, the ungrazed (or lightly grazed) transects 
tend to support more total cryptogamic species per transect than 
their more heavily grazed mates (an average of 17.7 as compared to 
14.9 species), but the differences occur primarily among the at- 
tached soil lichens and mosses, for which the differences are highly 
significant. The average number of filamentous algae, diatoms, 
rock lichens, and loose soil lichens detected on soils along any 
given transect were much the same or only slightly reduced for the 
ungrazed (or lightly grazed) and the more heavily grazed transects. 

When total number of species per treatment is compared with 
number of species per transect, it is apparent that only a minor 
fraction of the desert cryptogams of the general area are present at 
a particular site. This points up the influence of factors of the site, 
primarily the soil characteistics, and in this regard, the response of 
cryptogams is essentially the same as that of the vascular plants. 

Conclusions 

The vigor of development of the cryptogamic crusts is closely 
correlated to soil chemistry and texture. Heavier textured soils 
having considerable salinity support the best developed crusts 
encountered in this study. No experimental evidence isavailable to 
indicate whether either soil texture or salinity exerts a causal 
influence on the vigor of the crust. It seems inevitable that heavy 
textured soils would retain more absorbed water in surface layers 
(and thus accessible to the cryptogams) than sandy soils because of 
the greater surface area of the soil particles. Hunt and Durrell 
(1966) have demonstrated that desert algae do show remarkable 
tolerance to salinity. 

Jaines and Harper (1977) show that vascular plant cover in the 
deserts of southeastern Utah responds positively to sand content of 
soils and negatively to salinity: as noted above, cryptogamic spe- 
cies respond in a reverse fashion. Is it possible that both observa- 
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Table 5. Average soil characteristics considered in the analysis of grazing effects on the development of cryptogamic crusts. 

Grazing treatment 

Average light 
Average moderate- 

heavy 
r-value (light versus 

moderate-heavy 

Rock 
cover (%) 

41.9 

37.8 

.52”“’ 

% sand 

55.3 

54.3 

.52”“’ 

Cation 
exchange 

$oil Te_x_t_uure capacity EC Extractable 
% silt % clay PH (megl I Wd (mmhos/cm) P(ppm) 

32.2 12.5 8.6 9.7 .I7 21.5 

32.8 12.9 8.7 10.0 .I7 20.4 

-.23”“’ -7.9”“’ -1.23”* -1.18”“’ -.73”’ I .60”“’ 

‘““Dit’ference not significant at the .05 level. 

tions can be correct? Hunt and Durrell’s (1966) results in Death 
Valley tend to support the Utah data in that vascular plant cover 
was heavier on sandy soils than adjacent clays; also, they found 
cryptogamic species to remain important constituents of saline 
soils which are devoid of vascular plants. The success of algae on 
saline sites is undoubtedly related to physiological tolerance, but it 
also may be partially attributable to the near absence of vascular 
species which by virtue of larger size intercept a portion of the 
supply of two essentials of life for the photosynthetic cryptogams: 
precipitation and light. 

There is increasing evidence that cryptogams both on and in 
desert soils exert a stabilizing influence against wind and water 
erosion. Our results indicate that the more obvious lichens and 
mosses, although primary stabilizers, are not as widespread nor as 
tolerant to grazing as are the filamentous algae. Careful examina- 
tion of surface soils in deserts throughout the West will usefully 
reveal the presence of filaments of various species of blue-green 
algae. These observations suggest that primary emphasis should be 
placed on the filamentous, blue-green algae as schemes are evolved 
to consider cryptogamic plants in rehabilitating deteriorated 
rangelands, reducing erosion and assessing range conditions in 
arid zones. 

the dry season may be damaged more by late spring or year long 
grazing than winter grazing. Crust crushed during the dry season 
may not be able to support new algal growth to restabilize the 
fragile surface. At the present time, range scientists have inade- 
quate data to answer such questions. We believe an effort should be 
made to gain such information. 

From a management standpoint, there is no reason to suppose 
that encouragement of cryptogamic crusts through timing of graz- 
ing use will result in less vascular plant production. Kleiner and 
Harper (1972) observed that vascular plant cover does not seem to 
be suppressed by a heavy cover of cryptogamic crust. Likewise, in 
this study, vascular cover shows no significant differences between 
areas having heavy and light crusts. Any improvement in soil 
stability associated with more vigorous crusts would thus seem to 
be a bonus. 
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Root Biomass on Native Range and Mine 
Spoils in Southeastern Montana 
JERRY L. HOLECHEK 

Abstract 

Research was conducted on native range and revegetated strip 
mine spoils near Colstrip, Montana, in August of 1975 to deter- 
mine the weight and distribution of root biomass at five locations. 
Study sites included native range in excellent, good, and poor 
condition; a naturally revegetated 40-year-old leveled, ungrazed 
strip mine spoils; and a 5-year seeded and fertilized mine spoils. 
Total root biomass was highest on the 5-year-old seeded and 
fertilized mine spoils. Good condition native range had a higher 
root biomass than excellent or poor condition native range. The 
root biomass of the 40-year-old mine spoil did not differ from 
excellent condition native range. Root biomass distribution in the 
four zones studied did not differ between sites. Over 55% of the 
root biomass was in the upper 15 cm of the soil profile at all five 
locations. 

Plant roots in the range ecosystem play a vital role in supporting 
the plant, providing the plant with water and nutrient, and in 
stabilizing the soil. A knowledge of the impact of herbivores on this 
component of the ecosystem is useful in understandingand manag- 
ing range ecosystems. Presently research quantifying belowground 
biomass on revegetated strip mine spoils in the Northern Great 
Plains is limited to one study reported by Wyatt et al. (1980). In this 
study it was found that old mine spoils had substantially more 
roots below 100 cm than new spoils or undisturbed soils. This was 
attributed to the fact more tap rooted species occurred on the old 
spoils. 

Quantitative measurements of roots on the various grassland 
types have been reported by Weaver and Zink (1946), Weaver 
(1958), and Bartos and Sims (1974) for the shortgrass prairie; Bray 
(1963), Lorenz and Rogler (1967), and Wyatt et al. (1980) for the 
northern mixed prairie; and Dahlman and Kucera (1965) for the 
tallgrass prairie. In Colorado shortgrass prairie (Bartos and Sims 
1974) and North Dakota mixed prairie (Lorenz and Rogler 1967) 
studies no significant differences were found in root biomass disiri- 
bution between heavily and moderately grazed pastures. Pearson 
(1965) and Smoliaket al. (1972)found root biomassdecreased with 
increased grazing pressure. Other studies have shown that herbage 

Author is assistant professor, Department of Animal and Range Sciences, New 
Mexico State University, Las Cruces. 
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removal has a negative effect on root growth (Biswell and Weaver 
1933, Hanson and Stoddart 1940, and Schuster 1964). 

The objective of this study was todetermine root biomass weight 
and distribution on native range sites in different condition and 
revegetated strip mine spoils of different ages in southeastern 
Montana. 

Study Area and Methods 

This study was conducted on mixed prairie and on revegetated 
coal mine spoils near Colstrip in southeastern Montana in August 
of 1975. Native range sites in excellent, good, and poor condition 
were selected for study. These sites were in close proximity to each 
other and had similar soils and climate. Range condition was 
quantified with the climax approach presently used by the Soil 
Conservation Service and developed by Dyksterhuis (1949). Soils 
on the study sites are of the order Entisol, with a sandy clay loam 
texture. The mean annual precipitation for Colstrip area is approx- 
imately 40 cm. The common forage species found on the study 
areas are green needlegrass (Stipa viridula), needle-and-thread 
grass (Stipa comata), western wheatgrass (Agropyron smithii), 
prairie junegrass (Koeleria cristata), blue grama (Bouteloua graci- 
lis), Sandberg bluegrass (Poa sandbergii), big sagebrush (Artemi- 
sia tridentata), silver sagebrush (Artemisia cana), western yarrow 
(Achilles millefolium) and plains prickly pear (Opuntiapolyacan- 
tha). When degradation by overgrazing occurs, increased amounts 
of blue grama, annual bromegrasses (Bromus spp.), silver sage- 
brush, and big sagebrush comprise the vegetation composition. 

A 5-year-old artificially revegetated mine spoils and a 40-year 
ungrazed naturally revegetated mine spoils at Colstrip were also 
selected for study. The 40-year mine spoils had been leveled after 
mining and was dominated by the plant species previously men- 
tioned. The 5-year-old site had been ripped, topsoiled, and seeded. 
Major plant species on the site were crested wheatgrass (Agro- 

pyron cristatum), smoothbrome (Bromus inermis). tall wheatgrass 
(Agropyron elongatum), yellow sweetclover (Melilotus officiena- 
tis), and Ladak alfalfa (Medicago sativa). Other species were pres- 
ent but comprised only a minor amount of the aboveground 
biomass. This area had been fertilized annually with about 60 kg of 
nitrogen and 60 kg of phosphorus (P&J per hectare for 5 years 
from the time it was seeded until data for this study were collected. 
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Table 1. Root biomass (kg/ha) distribution in August of 1975 for the five study sites near Colstrip, Montana. 

Native range Native range Native range Mined site 
excellent condition good condition poor condition 40 years old 

Soil zone Root biomass’* 
O-15 cm 452k 587b 358” 463bc 

16-30 cm 1 78k 175bc 121d 14@ 
31-45 cm 97b 92b 64b 81b 
46-60 cm 81” B 

9% 
58’ 67” 

Total biomass 808’ 601d 75 I’ 

Soil zone Percent biomass’* 
O-15 cm 56” 63” 59” 62” 

16-30 cm 22” 19” 20” 18” 
31-45 cm IT lo” I I” 1 I” 
46-60 cm IV 7” IO” 9” 

‘Means with one or more letters in common are not significantly different (K.05) according to Duncan’s multiple range test. 

Mined site 
5 years old 

1267” 
326” 
126” 
90” 

1809 

70” 
18” 
T 
5” 

Statistical comparisons are valid only across columns. 

A description of the physical and chemical characteristics of mine 
spoils at Colstrip is given by Sindelar et al. (1973) and Holechek 
(1976). 

The methods used in collecting root biomass were modified 
slightly from those used by Bartos and Sims (1974). Root biomass 
samples on each study site were collected by subsampling along 
five randomly placed transects with a pneumatic hammer. A total 
of five subsamples were collected along each transect. Prior to 
sampling, aboveground vegetation was clipped to ground level and 
removed. Some plant crown material was included in each subsam- 
pie. However, all the study sites were heavily dominated by grasses, 
and the effect was uniform between sites. Soil cores were divided 
into four 15-cm increments representing soil depths of O-15 cm, 
16-30 cm, 31-45 cm, and 46-60 cm. The roots were extracted 
placing the soil in screens and flushing with water. Screens of 20, 
40, and 60 mesh were used for each extraction. Root biomass 
values were reported on an ash-free basis. 

production was higher on good condition ranges than those in 
either poor or excellent condition (Klipple and Costello 1960, 
Launchbaugh 1957, Hanson et al. 1970, Valentine 1970, Reardon 
and Merrill 1976, Skovlin et al. 1976). 

All data were analyzed by analysis of variance and ranked using 
Duncan’s multiple range test. 

The high root biomass on the 5-year-old revegetated coal mine 
spoils can be attributed to the plant species composition it sup- 
ported and the fact that it received fertilization. Crested wheatgrass 
dominated this site comprising over 50% of the aboveground 
biomass. This species is highly adapted to harsh sites in the North- 
ern Great Plains (Houston 1957, Rogler 1960, Holechek 
1981, 1982). Production of crested wheatgrass seedings has been 
found to be generally higher than native range in the Northern 
Great Plains (Houston 1957, Lodge 1972). Crested wheatgrass is 
highly responsive to nitrogen and phosphorus fertilizer application 
(Rogler et al. 1962, and Rogler and Lorenz 1969, Power and Alessi 
I97 1, Holechek 1982, Holechek et al. 198 1). This further explains 
the high root biomass on the 5-year old revegetated mine spoils 
compared to other sites. 

Results and Discussion 
The 5-year revegetated mine spoils had a significantly higher 

(X.05) root biomass than the other four treatments (Table 1). 
Good condition native range was significantly higher in root bio- 
mass than excellent or poor condition native range. 

The percent root biomass in the four rootingzonesdid notdiffer 
significantly (K.05) between sites. All five study sites showed a 
reduction in root biomass with increasing soil depth. Over 55% of 
the root biomass was in the first 15 cm of soil at all five study sites. 
Data from this study on root distribution are comparable to other 
investigations in the Central and Northern Great Plains. Bartos 
and Sims (1974) found 55% of the root biomass was in the upper 10 
cm of soil on shortgrass range in Colorado, and 69% was in the 
upper 20 cm of the soil profile. On this same range type Weaver 
(1958) reported 79% of the roots were in the upper 15 cm of soil, 
and Weaver and Zink ( 1946) found.80% of the roots in the upper 35 
cm of soil. On mixed prairie near Colstrip, Wyatt et al. (1980) 
reported data suggesting that root biomass was highly concen- 
trated in the top 15 cm of the soil profile on both native soils and 
mine spoils; however, qualitative rather than quantitative data 
were given. 

The 40-year-old naturally revegetated mine spoils showed no 
difference from native range in excellent condition in either total 
root biomass or root distribution. Data reported by Wyatt et al. 
(1980) also showed that native soils and naturally revegetated 44- 
to 48-year-old mine spoils in the Colstrip are showed little differ- 
ence in root biomass distribution or total quantity. This and the 
present study indicate that leveled mine spoils at Colstrip will 
approach native soils in development within a 40-year time span if 
a seed source is available. 

Conclusions 

The results from this study suggest that good condition mixed 
prairie ranges in the Northern Great Plains support a higher root 
biomass than those in excellent or poor condition. It appears that 
root distribution is similar between condition classes. The 40,year 
naturally revegetated mine spoils supported a root biomass that 
did not differ from excellent condition native range in quantity or 
soil profile distribution. This suggests that soil development on 
mine spoils at Colstrip may approach that of native range within40 
years if the spoils are merely leveled and a seed source is available. 
With inputs such as topsoiling, ripping, ?eeding and fertilization, 
this time period may be greatly reduced. 

In the present study native range in good condition had more 
root biomass than native range in excellent or poor condition. 
Grazing intensity on the good condition site was moderate. In 
contrast, the poor condition site had a past history of heavy 
grazing. The excellent condition site had not been grazed for the 
past 4 years. Prior use on the excellent condition site had been 
light. Other studies are available which have shown root biomass 
under different grazing intensities (Lorenzand Rogler 1967, Bartos 
and Sims 1974), but not under different range condition classes. 
Several studies have been reported, however, showing vegetative 
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Fluoride in Thermal Spring Water and in 
Plants of Nevada and Its Relationship to 
Fluorosis in Animals 
JOE KUBOTA, E.A. NAPHAN, AND G.H. OBERLY 

Abstract 

Fluoride concentrations in water from selected thermal springs 
and in plants were determined to evaluate their role as sources of F- 
for grazing animals in Nevada. The F- concentration in water 
varied with thermal spring sources and ranged from about 2 to 17 
ppm. Fe concentration in plants ranged from about 0.1 to over 220 
ppm, depending upon species of plants and the soil on which the 
plants were grown. The Fe concentration in plants from any given 
thermal spring location was not uniformly high, but together with 
F- concentration of the water, appears to contribute to possible 
cases of tluorosis in cattle. Although small area-wise the spring 
waters and the area they flow over are important to grazing anim- 
als, because they provide drinking water and have lush forage. 

It is well known that excess fluoride (F) causes fluorosis in 
grazing animals and reduced fruit production (NAS 1971). Most of 
the known problem areas are downwind of smelter plants and steel 
mills. The severity of symptoms in grazing animals with increasing 
F- levels in feed has been outlined (NAS 1971). A level of 50 ppm or 
more of Fe in feed plants has been recognized to cause fluorosis in 
grazing animals (NAS 1971). Fluorosis in animalsgrazed in natu- 
rally occurring areas is less well defined, although thermal springs, 
volcanic emanations, and volcanic ash are natural sources of F- 
(Goldschmidt 1954). We undertook a study in Nevada, where as 
many as 300 thermal springs occur (Garside 1974), toestablish how 
F- in the water affects F- concentration in plants grown on soils 
drained by the water, and how F^ from both sources contributes to 
F- intake of the animal eating the plants. We present the results of 
our study. 

Plan of Study 

Ten locations with thermal springs were selected (Fig. 1). 
Included among these was the Evans Creek Warm Springs (loca- 
tion VI), where fluorosis had been earlier diagnosed in cattle 
grazed in the area (Personal Communication; W. Binns, DVM; 
SEA, FN, USDA, ret.). 

At each location, our study focused on the wet vegetated site 
nearest to the hot springs. We collected samples here and from the 
wet sites downstream. We also collected samples from adjacent dry 
soil sites nearby to observe effects of limiting soil moisture on plant 
F- concentration. 

Duplicate samples of water were taken in the summer of 1977 
from hot springs and from cisterns, ditches, and canals. The water 
samples were collected in 250-ml acid-rinsed polyethylene bottles. 
They were shipped by air to Ithaca, N.Y., and kept refrigerated 
until they were analyzed. The F- concentration was determined 
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Fig. 1. Location of sites in Nevodo selected for study. 

within 3 weeks of time of sampling. Some characteristics of the 
water are summarized in Table I. 

Plant samples were collected by species at the same time to 
determine species differences in F- absorption. Grasses were 
sampled from most of the sites. Current growth of leaves and stems 
of desert shrubs such as greasewood and big sagebrush was 
sampled from a number of dry and wet sites, but rushes and sedges 
were available only on the wet soil sites. The samples were airdried 
at field locations, oven dried (SOOC) in Ithaca, and ground in a 
Wiley mill. Leaves of desert shrubs were hand separated from 
stems before grinding. 

Samples of surface soil horizons were taken at most sites after 
the soils were classified. After air-drying, the samples were coarse 
ground to pass a 2-mm sieve. Portions of these samples (about 30 
g), ground further to pass a 200-mesh nylon screen, were used for 
analyses. 

Since F- is a common constituent in phosphatic rocks (Hill 
1964) we also collected samples of plants growing on reclaimed 
phosphate mine overburden in southwestern Wyoming. Plants 
from range sites nearby and reclaimed strip mine (coal) were 
sampled for comparative purposes. 

Fluoride concentration was determined by a specific ion elec- 
trode (Levaggi et al. 1971). The Fe in water was determined after 
mixing the sample with an equal volume of a buffer (total ionic 
strength activity buffer, pH 5.2). Plant samples were burned in a 
Schoeniger flask and purged with 02, and the F- was captured in 
0.05 N KOH. Water soluble F- and KOH- extractable E were 
determined on selected soil samples using a I: 10 soil-liquid extract. 
The suspension was shaken for one-half hour and centrifuged; an 
aliquot of the supernatant liquid was taken and made to a volume 
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Table 1. Chemical characteristics of water samples in reiation to their 
SOIWX. 

Sample source pH F- Ca Mg K Na 

1. Cistern from spring 
Drainage canal’ 

Ii. Spring 
Drainage ditch 

Iii. Spring 
Pond 

iv. Spring 
Cistern 

V. Spring (a) 
Spring (b) 

VI. Spring (wamr)2 
Drainage. ditch 

Vii. Spring 
Little Humboldt R.1 

8.4 
1.4 

8.2 
8.2 

1.7 
7.5 

7.8 
7.8 

8.7 
8.7 

7.6 
1.7 

7.2 
7.6 

VIII. Spring 
Spring, water tap 

- 
- 

Spring 8.5 
IX. Spring, water tap 8.6 

Drainage ditch 7.9 

X. Spring’ 7.0 

3.42 9.4 0.15 4.2 29.1 
1.94 19.5 5.9 18.2 

2.33 136.3 0.09 4.7 34.1 
2.39 141.7 0.08 4.5 35.5 

5.70 17.0 4.59 19.3 74.8 
6.00 28.0 5.09 21.3 81.6 

7.22 7.9 0.25 12.7 38.7 
6.00 4.1 1.09 13.7 37.3 

8.55 16.1 3.4 22.0 45.1 
9.50 2.1 I.6 23.3 53.9 

3.46 18.5 4.2 4.8 13.2 
4.56 17.2 3.4 5.2 14.5 

4.56 14.6 7.7 15.5 65.9 
0.62 25.3 6.1 8.8 II.1 

3.74 21.9 8.9 36.8 42.5 
3.80 25.1 8.8 36.7 40.6 

13.08 1.3 0.12 3.6 22.5 
12.92 1.4 0.10 4.3 22.8 
17.29 9.1 1.9 5.3 27.8 

2.2 25.3 4.8 9.3 - 

IWater is from mixed sources including water from springs. 
2.4 separate well water source for domestic use had the following composition (ppm)- 
F- 0.31; Ca, 25.1; Mg, 7.7; K, 8.9; Na, 6.5. 
‘A separate well water source for domestic UK had the following composition @pm)- 
F-, 0.51; Ca, 14.9; Mg. 0.6; K, 7.7. 

of 20 ml with the pH 5.2 buffer. 
Elements other than F- were determined by established proce- 

dures of the Ithaca Laboratory. 

Factors That Affect Plant Fe Concentrations 

Plant Species 
A summary of Fe concentration by broad groups of plants is 

presented in Table 2. The range of F- concentration was widest in 
rush, a recognized F accumulator plant (NAS 1971). Fluoride 
concentration was uniformly low in stems of desert shrubs and the 
differences were small between leaves and stems (Table 3). 

Soil-water-plant Reiationships 
The median F- concentration in grasses (Table 4) from the wet 

soils (3.6 ppm) and from the dry soils (1.3 ppm) was nearly the 
same, but the concentration range was wider for plants for the wet 
soils (0.3 to 69.8 ppm). Since the species growing on the dry and the 
wet soil sites were different, our results do not exclude the possibil- 
ity that some species of grasses growing on the dry soil sites would 
not have more F- if they were grown on the wet soil sites. 

Larger differences in F- concentration were found in plants 
between two groups of wet soils: (a) those draining water from 
thermal springs, and (b) those draining nonthermal spring water. 

Table 2. F- concentration by broad piant groups of Nevada. 

F- concentration (ppm) 

Group of plants No. samples Median Range 

Grasses 
Sedge 
Rushes 
Desert shrubs- 

-leaves 
-stems 

II6 2.3 0.1 to 69.8 
I2 7.0 0.4 to 42.3 
33 4.7 0.2 to 224 

81 I.3 0.1 to II.8 
74 I.1 0.4 to 6.9 

A Hot spring a.5 19.1 6998 224.0 12.9 

B Ml&ml (aa)’ 12.9 4.0 6.9 0.2 Od 

c Toooflan 1.9’ 11.2 28 152 lid 

Fig. 2. Changes in F concentrorion in plum grown downslope from o 
rhermol spring. 

The median F‘ concentration in grasses from areas draining ther- 
mal spring water was 6.08 ppm, and in grasses from the nonthermal 
areas, 0.91 ppm. Similarly, the median concentration in rush from 
areas draining thermal spring water was 5.7 ppm, and 0.62 ppm in 
rush from areas draining nonthermal water. The range of F- con- 
centrations in grasses (0.41 to 2.2 ppm) and rush (0.41 to 3.2 ppm) 
from areas draining nonthermal water was narrow. 

A pattern of decreasing F- concentration in plants downslope 
from the spring to the toe of an alluvia1 fan is presented in Figure 2. 
The flow of water downslope here (location IX, Fig. I) follows a 
natural drainageway. Grassesand rushgrowingat the source of the 

Table 3. Summary of F‘ concentration ia leaves and stems (current season 
growth) of desert shrubs. 

Species’ and plant part 

F‘ concentration (ppm) - 
No. samples Median Range 

Leaves 
Big sagebrush 
Bitterbrush 
Black greasewood 
Rabbitbrush 
Shadscale 

Stems 
Big sagebrush 
Bitterbrush 
Blackgreasewood 
Rabbitbrush 
Shadscale 

28 
I 

27 
I5 
IO 

27 
I 

21 
I5 
IO 

I.8 O.l- 9.9 
1.0 
2.1 
I.1 
0.9 

I.8 
1.0 
0.7 
I.1 
1.2 

0.2-l I.8 
0.6- 2.4 
0.4- 3.0 

0.5- 4.2 
-- 

0.4- 6.9 
0.7 I.6 
0.4- 3.0 

‘Big sagebrush-(Arremesi widenrota); bitterbrush+Purshia rridenrora); black 
greasewood-(Sarcobarus wrmiculorur); rubber rabbitbrush-(Chysothcunnus~“seo- 
sus): shadscale-(Atriplex conteni/oia) 
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Table 4. Summary of F7 concentration in arid region grasses. 

Seecies of grasses 
No. F- concentration 

samples Median Ranee 

Grasses dominantly from dry soil sites 
Bluebunch wheatgrass-(Agropyron 
spicarum) 3 

Cheatgrass-(Bromus rectorurn) 6 
Crested wheatgrass-(Agropyron 

cristatum) 11 
Creeping wildrye-(Elymus trincoides) 3 
Indian ricegrass-(Oryzopsis 
hymenoides) 8 

Intermediate wheatgrass-(Agropyron 
intermedium) 4 

Streambank wheatgrass-(Agropyron 
riparium) 3 

Western wheatgrass-(Agropyron 
smithii) 5 

Other grasses (16 species) 20 
Overall 52 

Grasses dominantly from wet or irrigated soil sites 
Alkali cordgrass-(Sparrino gracilis) 5 
Alta fescue-(Festuca arundinacea) 6 
Basin wildrye-(Elymus cinerus) 8 
Bermudagrass-(Cynodon sp.) 4 
Inland saltgrass-(Distichlis srricta) 28 
Tall wheatgrass-(Agropyron 

elongatum) 7 
Overall 64 
All grasses 116 

1.3 0.7-1.4 
2.4 0.9- 4.2 

1.3 
1.0 

0.1-5.3 
0.4- 1.1 

1.5 0.8- 4.8 

1.4 1.1- 2.0 

2.8 0.8- 4.4 

1.4 0.7- 2.7 
2.2 0.4-26.4 
1.3 0. I-26.4 

3.3 2.1-60.8 
1.3 1.0-13.4 
4.3 1.3-41.8 
2.1 0.6-11.8 
6.6 0.3-69.8 

1.3 0.5-I 1.4 
3.6 0.3-69.8 
2.3 0.1-69.8 

spring (site A) had exceedingly large amounts of F-. Plant roots 
here are continually immersed in the flowing spring water. Soil 
effects are minimal because the water flows over travertine capped 
by thin detritus, mostly organic. On the downslope positions (sites 
Band C), plants had appreciably less F-, although the water at site 
C had more F- at site C than at site A. Such differences in plant 
concentration suggest that F- is fixed in soils and is less available to 
plants. 

The F- concentration in plants growing in an area (Location VI, 
Fig. 1) where spring water is redistributed through improved irri- 
gation is presented in Figure 3. The area affected by high F- is 
enlarged although the plants do not have uniformly high F- con- 
centration. The F‘ in the plants together with that in the water 
undoubtedly contributes to incidence of fluorosis in cattle here. 

Changes in Fe concentrations in plants were not consistently 
associated with corresponding increases or decreases in B, MO, and 
Se, (Table 5) or in Ca, K, and Na. Molybdenosis (MO-induced Cu 
deficiency) is an endemic nutritional problem in some wet mea- 
dows in Nevada (Kubota et al. 1961), but MO is not acomplicating 

I DOMINANTLY ‘i DRYLAND RANGE iIt3 

w “‘rat’ 

wat*r soil 
sours* PH F- CM- sn* pii 

PPm 

WI spring 7.6 3.5 Poorly drdmd Pl 8.8 
P2 9.9 

W2 lrriaalion ditch 7.7 4.9 P3 9.9 

P4 8.a 

w3 we,, water - 7.9 0.3 PS 9.4 
dOtll.*tic 

P6 9.9 

Wdl draIned P7’ 7.0 

Pa+ 

* lrriOaM field 

+ Sib 0” .II”“iaI fan sb0”t 9 mdks NE 0, rmch 

0 Plant and aoila 
I I 

1 Mile 

Plant . F- 
Gnu Rush 

Pm 

42.8 IS.2 
44.3 tm.9 

9.9 12.2 

2.2 12.2 

9.9 19.0 

204 27.3 

9.4 

4.9 

Fig. 3. Fluoride concentration in plants in relation to the distribution of 
thermal springwater (warm) from improved irrigation. 

factor here because the MO concentrations in plants are low. 
Molybdenum concentrations of 10 to 20 ppm or more in plants are 
associated with MO-toxic areas for grazing animals in the U.S. 
(Kubota 1977). Concentrations of Ca, Mg, Na, and K were in the 
normal range for the plant species of this general area as were Cu 
and Zn. 

Extractable soil Fe was determined in three surface soil samples 
from the Hammond Ranch (Fig. 3) and those from Yerrington, 
Nevada. Soils of the Hammond Ranch had appreciably more Fe 
than the other soils (Table 6) and the level of F- extractable with 
water was in the range of F- reported for Sodic soils of India 
(Chhabra et al. 1980). The source of the soil Fe, however, remains 
unclear. Here, irrigation water and volcanic ash both are sources of 
soil Fe. In the Yerrington area, alluvium does not have an identifia- 
ble rock source of high Fe. Exchangeable Na in the soils is reflected 
in the uniformly high soil pH. 

Table 5. Comparison of F-, B, MO and Se concentrations (ppm) in selected plants. 

Sample No. samples 

Legumes-Irrigated sites 4 

Grasses-Wet soil sites 4 
Dry soil sites 13 

Rushes 4 

F- B MO Se 

Mean SE’ 

2.5 f 1.3 66.5 f 21.6 4.5 f 2.2 0.07 f 0.02 

20.1 f 7.9 13.8 f 3.3 2.3 f 0.9 0.03 f 0.01 
6.9 f 4.5 16.0 f 3.2 2.7 f 0.9 0.85 f 0.37 

32.6 f 24.9 38.7 f II.2 2.7 f 1.3 0.04 f 0.02 

Desert shrubs 
Leaves-Big sagebrush 
Leaves-Rabbitbrush 

Stems-Big sagebrush 
Stems-Rabbitbrush 

6 I.8 f 0.41 48.3 f 2.9 1.3 f 0.4 0.36 f 0.20 
4 2.1 f 0.32 70.0 f 12.7 1.4 f 0.4 0.35 * 0.10 

6 1.8 f 0.88 23.6 * 1.7 0.7 f 0.1 0.24 * 0.1 
4 1.2 f 0.22 44.4 f 14.1 0.8 f 0.2 0.25 f 0.1 

‘Standard Error 
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Table 6. Fluoride concentration in plants and F- extractable from soils on which the plants grew. 

Plant F- 
Source of sample Legumes Grasses Rushes 

L F- area’ 
Aquic Calciorthid 0.6 0.5 - 

Fluvaquentic Haploxerolls - 1.3 

High F- area* 
Aquic Durorthids 44.2 106.6 
Aquic Xerofluvents 4.9 4.2 
Aquic Calciorthids - 8.9 19.0 

‘Soils formed in mixed alluvium sampled near Yerrington, Nevada. 
*Soils formed in mixed materials including volcanic ash and irrigated with F- rich thermal spring water. 

Extractable soil F- (ppm) 
Hz0 KOH 

1.7 2.6 
4.2 5.7 

106.4 91.2 
87.4 76.0 

129.1 102.6 

Reclaimed Mine Overburden 
In general, the Fe concentrations were nearly the same insimilar 

plants from phosphatic mine overburden, overburden from coal 
mining activities, and nearby rangeland (Table 7). The median F- 
concentration in leaves of desert shrubs (1.28 ppm) was the same as 
that given for leaves of desert shrubs of Nevada (Table 7), and 
grasses slightly lower. No consistent trends in F- concentration 
were evident with age of deposit. The older deposits were especially 
highly variable, occupying a series of ridges and mounds. 

General Discussion 

A study of selected thermal springs in Nevada indicated that 
some may be natural point sources of high F-. The pathway that F- 
takes from thermal water sources to animals may be direct in 
drinking water or indirect through feed plants. Deterimental 
effects in animals drinking high F- thermal water would be 
expected to differ with levels of F- as well as with levels of cations, 
especially Ca and Na. Fluoride activity in thermal water is reported 
to depend on CaF (Nordstrom and Jenne 1977). Differences in F- 
activity might also be reasonably expected when F- in thermal 
water is applied to soils. Calcium fluoride may form in calcareous 
soils when high Fe water is applied. The relatively low F- concen- 
tration in plants growing downslope at the Darrough site (Fig. 2) 
supports this view. 

In plants growing immediately adjacent to active thermal 
springs (Site A, Fig. 2) F- concentrations may be due partly to 
evaporation of water vapor on leaf surface. Vapor deposition 
probably is not a major source of F- in plants at the Evans Creek 

location (Fig. 3), because the flowing water is lukewarm and 
moisture vapor is minimal. 

Soils of the high F‘ area clearly had more F‘ than soils of a low 
F- area (Table 6) but it is evident from the data that a more 
intensive study is needed to relate soil F- concentrations to 
amounts found in the plants. 

Observations at the Evans Creek location suggest that determi- 
nation of F- in water may be important if thermal springs are under 
consideration for irrigation purposes. The redistribution of high F- 
water from thermal springs could result in areas affected by high F- 
water to be enlarged. 

Soil areas that receive high Fe water from thermal springs are 
relatively small but their impact on dietary F- of grazing animals 
may be substantial. The springs, where observed, are the principal 
source of water that animals drink in a generally water-deficient 
area and areas draining the springs support lush forage. Rough 
estimates of F- intake by cattle grazed near two thermal springs 
were made, assuming daily intakes of 38L (10 gallons) and feed 
intake of 9 kg (20 pounds) dry matter basis. These estimates show 
that cattle grazing in the Evans Creek area would have daily dietary 
intakes of about 400 mg of Fe while cattle grazing in the Darrough 
Hot Springs area would have about 900 mg. As with water, consid- 
eration of cations associated with F- in plants is necessary. The 
biological availability of the F- in feed plants to cattle is reported to 
be greater from F- associated with Na than CYa (summarized by 
Underwood 1971). 

Levels of 50 ppm or more of F- in feed plants have been sug- 
gested to be in the toxic range for cattle, an animal sensitive to 
excess F-. In arid regions where water’is limited, determination of 

Table 7. Fluoride concentration in plants grown on reclaimed mined land and adjacent range sites. 

State 

Wyoming 

Wyoming 

Colorado 

F- concentration (ppm) 

Source of sample Desert shrubs 

(Geologic formation) Sampling site Grass Leaves Stems 

Overburden - Phosphatic deposit 
Phosphoria Rangeland I .08 2.30 2.38 

Overburden 1.42 2.97 1.61 

Overburden - Surface coal mining 
Hannah Rangeland 4.75 3.07 1.77 

Overburden 2 I /2-yr old 0.91 0.28 1.02 
IO-yr old 0.87 I .oo 0.89 
30-yr old I .49 I .43 0.91 

Ferris Rangeland 2.28 I .93 I .45 
Overburden 2 I /2-yr old I .63 - 

30-yr old 2.96 0.91 1.06 
Rock Springs Overburden 4-yr old 2.28 1.28 2.20 

25-yr old I .25 2.13 I.41 
Mesa Verda 0.38 0.49 0.45 Rangeland 

Overburden 2 I / 2-yr old 0.60 - 
IO-yr old 0.64 0.57 0.48 
30-yr old 0.34 0.64 5.32 
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F- levels in drinking water seems equally important, especially if 
the water has a thermal spring source. 
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Concentration of Monoterpenoids in 
Rumen Ingesta of Wild Mule Deer 

the 

L.K. CLUFF, B.L. WELCH, J.C. PEDERSON, AND J.D. BROTHERSON 

Abstract 

Forage from a sagebrush-dominated winter range and rumen 
ingesta from mule deer wintering on this range were analyzed for 
monoterpenoids. The average monoterpenoid level of the rumen 
ingesta was 0.3%, compared with an average of 1.64% expected 
from the proportion of monoterpenoidsontaining plants in the 
diet. This 80% reduction between the monoterpenoid level from 
the rumen compared to the level expected from the ingested forage 
was highly significant @<.Ol). The exact method in which the 
monoterpenoids are lost from the ingesta was not determined, but 
evidence from other studies suggests that monoterpenoids may be 
lost from ingested forage as early as the mastication process. The 
amount of monoterpenoids found in the rumen ingesta at the time 
of sampling does not appear to be high enough to interfere with 
microbial activity. This loss of monoterpenoids may explain the 
conflict between in vitro evidence that big sagebrush monoterpe- 
noids inhibit rumen microorganisms and digestive trials which 
show that big sagebrush is a highly digestible winter forage. 

In the Great Basin and Rocky Mountain regions, big sagebrush 
(Artemisia tridentatu) is an important winter browse species for 
mule deer (Odocoileus hemionus) (Smith 1950, Plummer et al. 
1968, Kufeld et al. 1973, McArthur et al. 1979, Willms et al. 1979). 

Through in vitro techniques, Nagy et al. (1964) found that the 
monoterpenoids from big sagebrush suppressed the growth rate of 
the rumen microorganisms, decreased the rate of cellulose diges- 
tion, and decreased the rate of gas and volatile fatty acid produc- 
tion by the microorganisms. Others have also hypothesized that 
when big sagebrush is consumed in high enough levels (1530% of 
the total diet), the monoterpenoids interfere with digestion (Nagy 
and Tengerdy 1968, Dietz and Nagy 1976, Nagy and Regelin 1977, 
Wallmo et al. 1977, Carpenter et al. 1979). Other wildlife species 
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besides mule deer, such as pygmy rabbits(Brachylagus idahoensis) 
(Wild 1978, Green and Flinders 1980, White et al. 1982), pronghorn 
antelope (Antilocupra americana) (Smith et al. 1965, Sundstrom et 
al. 1973) and sagegrouse (Centrocercus urophasianus) (Braun et 
al. 1977) are known to consume large amounts of big sagebrush 
without any known adverse effects. 

Previous studies reviewed by Welch and McArthur (1979) con- 
cerning the digestibility of big sagebrush lack sufficient evidence to 
prove that monoterpenoids interfere with digestion (also see Ward 
1971). Through in vitro means, Welch and Pederson (1981) 
reported evidence that big sagebrush is a highly digestible winter 
browse species for mule deer. They found no significant relation- 
ship between the total monoterpenoid content of the sagebrush 
accessions and digestibility. They suggested that monoterpenoids 
may be lost from the forages through either mastication, eructa- 
tion, absorption, or a combination of these processes and, there- 
fore, may not interfere with rumen microorganisms. The purpose 
of this study is to test the hypothesis that the monoterpenoid level 
in the rumen ingesta is significantly less than expected from the 
forage ingested. 

Materials and Methods 

Study Area 
Mule deer rumen ingesta samples and vegetative samples of 

monoterpenoid producing plants were taken off a mule deer winter 
range that runs next to U.S. highway 50 from Spanish Fork, Utah, 
to IO-15 miles east of Thistle, Utah. Here about 1,200 mule deer 
winter within a few hundred meters of the highway. This is due to 
two topographical features: high, steep mountains (80-120% 
slopes) and narrow valleys. The result is that a great number of 
wintering mule deer are bunched onto small areas. During our 
study, the deer were confined to a vertical distance of 396 meters 
( 1,300 feet) - 1524 meters to 1920 meters (5,000 feet to 6,300 feet). 
It has been our observation for the past five winters that deer in a 
given area along this highway moved less than 1207 meters (3/4 of 
a mile). This condition exists elsewhere in Utah and in other states 
(Dorrance 1966). Because of this congestion of deer and motorized 
traffic, many road kills occur. We selected areas along U.S high- 
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way 50 to collect rumen ingesta from fresh road kills. A road kill 
was considered fresh if the body felt warm to the touch, was slightly 
bloated on the left side, and the surface blood was uncoagulated. A 
major consideration for choosing a given area was the homogene- 
ous appearance of the monoterpenoid prqducing plants. Five road 
kills were used along U.S. highway 50. Three other road kills were 
used along other highways of central Utah found under the same 
conditions as for U.S. highway 50. In addition, four mule deer were 
shot by personnel from the Utah Division of Wildlife Resources 
(DWR) on winter ranges dominated by sagebrush. These twelve 
deer were sampled during a period from January 10 to February 
28. 

Rumen Ingesta 
Rumen samples were collected by immediately taking a mixed 

sample of ingesta out of the rumen and placing the sample in a 
plastic bag. Next, liquid nitrogen (about 900 ml) was poured on the 
sample, thus, quickly freezing the sample and preventing the loss of 
monoterpenoids. Because the plastic bags often cracked from the 
extreme cold of the liquid nitrogen (-196’ C) (Weast 1976) the 
frozen samples were placed in a second plastic bag and secured. 
Rumen ingesta samples were stored in a freezer at -30’ C until 
needed for monoterpenoid determinations and for determining the 
amount of monoterpenoid producing plants in the ingesta. 

To determine the monoterpenoid levels in rumen ingesta, the 
samples were first thawed, mixed and 33 g placed in a 250-ml 
erlenmeyer flask. Approximately 100 ml of absolute ether was 
added to each flask to extract the monoterpenoids. The flasks were 
rotated at 200 rpmfor 8 hours. Then the ether was decanted off and 
the ether extracts concentrated by vacuum to 20-30 ml. Next, 1 ml 
of a carvone standard (31.258/250 ml in ether) was added to the 
extracts. Ether was then added to bring the volume of each sample 
to 50 ml. At the same time that samples were removed from the 
ingesta for monoterpenoids extraction, portions of the ingesta 
were also removed and analyzed to determine the dry matter 
content and the amount of monoterpenoid producing plants (sage- 
brush, juniper, and rabbitbrush). 

Amount of monoterpenoid-producing plants was determined by 
first screening the individual ingesta samples with a 2-mm screen 
using cold tap water and then separating the particles into four 
categories: sagebrush, juniper, rabbitbrush, and other. Segregated 
plant material was then placed in aluminum dishes and oven dried 
for a minimum of 30 hoursat 1000 C. From the oven-dried weights, 
the percentage of the four plant categories was determined. The 
percentages of sagebrush, juniper, and rabbitbrush in the various 
rumen ingesta samples were used to calculateexpected monoterpe- 
noid levels in the ingesta. 

Vegetative Sampling 
Vegetative samples of monoterpenoid-producing plants were 

collected a full 24 hours after taking the rumen samples from the 
road-killed deer and those shot. We took the same tissue off the 
plants as was eaten by the deer. Only browsed plants within 305 
meters (1,000 feet) of where the deer were killed were sampled. 
These samples were placed in small plastic bags and packed in 
snow to prevent monoterpenoid loss. The vegetation samples were 
stored in a freezer (-30’ C) until needed for monoterpenoid deter- 
mination. We used a method described by Welch and McArthur 
(1981) to determine the concentration of monoterpenoid in the 
vegetative samples. Data were expressed on a dry matter basis. 

The amount of monoterpenoid in sagebrush, juniper, and rab- 
bitbrush from the various collecting areas was used to calculate the 
expected monoterpenoids levels in the various ingesta. Expected 
values were compared to actual values by using a paired “t” test. 

Results 

The mean vegetative composition of the ingesta was 18.5%, 
29.7%, 8.9%, and 42.8% for sagebrush, juniper, rabbitbrush, and 
others, respectively (Table 1). The vegetative composition of the 
ingesta samples varied greatly among the deer, with the range of 

Table 1. Amount of monoterpenoid-containing plants: big sagebrush 
(Artemisio tridentoto), juniper (Juniperus osteospermo), and 
rabbitbrush (Chrysothomnus nouseosm) and total monoterpenoid 
containing plants found in the rumen ingesta of 12 wintering mule deer, 
expressed as percent of dry matter. 

Deer Sagebrush Juniper Rabbitbrush Total 
(%) (%I (%) (%) 

I 
2’ 
3 
4 
5 
6 
I’ 
8 
9 

IO 
II’ 
12’ 

Mean 

0.39 45.54 
34.0 I 6.45 

.37 83.13 
22.14 33.59 

9.27 8.55 
30.13 9.82 

.24 56.72 
18.24 10.54 
40.93 I .44 
23.55 I .05 

7.19 56.32 
35.05 

18.51 
43.67 
29.74 

4.63 
58.86 

.55 

3.19 
8.45 

29.05 
2.28 

2 
8.94 

45.93 
40.46 
83.50 
60.96 
76.68 
40.50 
56.96 
31.97 
50.82 
53.65 
65.19 

‘Deer killed by personnel from the Utah Division of Wildlife Resources. Others were 
highway or railroad kills. 

sagebrush from 0.2% to 40.9%, and juniper 1.1% to 83.1%. and 
rabbitbrush 0.0% to 58.9%. On a dry matter basis, an average 
57.2% of the ingesta was composed of plants that contain high 
levels of monoterpenoids. 

A necropsy was performed on the four deer shot by the DWR 
(numbers 2, 7, 1 I, and 12) to determine the health status of each; 
they received ratings of 70 (good), 85 (excellent), 60 (fair), and 70 
(good), respectively (Kistner et al. 1980). The percentage of plants 
containing monoterpenoids found in the rumen ingesta of these 
deer was 40.5%, 56.9%, 65.8%, and 79.0%, respectively, on a dry 
matter basis. There appeared to be no correlation between health 
condition and amount of monoterpenoid-containing plants in the 
ingesta. 

There was an average loss of 80% of the monoterpenoids from 
the rumen (Table 2) with a range of 62% to 98%. The difference 
between the observed expected levels of monoterpenoids was 
highly significant (IY.01). 

The mean monoterpenoid content for sagebrush, juniper, and 
rabbitbrush on a dry weight basis was 2.770, 4.2%, and 0.4%. 
respectively (Table 3) which compares favorably with the findings 
of other investigators (Jobman 1972, Sheehy 1975, Nagy and 
Tengerdy 1968, Welch and McArthur 1981). 

Discussion 

The results of this study support the hypothesis that the mono- 

Table 2. Expected and observed amounts of monoterpenoids in rumen in- 
gesta of 12 wintering mule deer expressed as percent of dry matter. 

Deer Observed Expected Difference Reduction 
number f%) (%I (%I (%I 

1 0.03 1.78 1.75 98.3 
2’ .I3 1.55 1.42 91.6 
3 .29 3.00 2.71 90.3 
4 .51 2.28 I .77 17.6 
5 .I8 .47 .29 61.7 
6 .36 1.95 I .59 81.5 
1’ .I9 I .08 .89 82.4 
8 .I7 .80 .63 78.8 
9 .27 1.37 I.10 80.3 

IO .39 I.1 I .72 64.9 
II’ .55 2.49 I .94 77.9 
12’ .55 I .85 1.30 70.3 

Mean .30 1.64 1.34 79.6 

‘Deer killed by personnel from the Utah Division of Wildlife Resources. Others were 
highway or railroad kills. 
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Table 3. Amount of monoterpenoids from winter range plnntscollectedin 
the immediate vicinity from which each mule deer rumen sample was ob- 
tained, expressed as percent of dry matter. 

Deer 
number 

Sagebrush 
(%) 

Juniper 
(%) 

Rabbitbrush 
(%) 

I 1.9 3.9 
2 2.4 Il.5 
3 1.7 3.6 
4 3.5 4.4 .I 
5 1.5 .4 .5 
6 4.6 5.7 .5 
7 2.2 I.9 
8 1.8 4.3 .7 
9 3.1 3.8 .5 

IO 4.4 4.1 .I 
II 3.2 4.0 .3 
I2 2.1 2.7 

Mean 2.7 4.2 .4 

Dietz, D.R., and J.G. Nagy. 1976. Mule deer nutrition and plant utiliza- 
tion. p. 71-78. In: G.W. Workman and J.B. Low (eds.) Mule Deer 
Decline in the West-A Symposium. College Natur. Resour. Utah Agr. 
Exp. Sta., Logan. I34 p. 

Dorrance, M.J. 1966. A literature review on behavior of mule deer. Sp. Rep. 
#7, Colorado Dep. of Game, Fish, and Parks-Game Research Division. 

Green, J.R., and J.T. Flinders. 1980. Habitat and dietary relationship of the 
pygmy rabbit. J. Range Manage. 33: 136-142. 

Jobman, W.G. 1972. Consumption of juniper by deer and inhibition of 
rumen microorganisms by volatile oilsofjuniper. M.S. Thesis. Colorado 
State Univ., Fort Collins. 51 p. 

terpenoid level in the rumen ingesta is significantly less than 
expected from the forage ingested. These results are supported by a 
similar study conducted with pygmy rabbits (White et al. 1982) 
which shows that about 77% of the monoterpenoids from sage- 
brush is lost from the stomach of the rabbits. The loss of monoter- 
penoids may be due to one or more of the following: mastication, 
rumination, eructation, absorption through the rumen wall into 
the cardiovascular system and excreted in the urine or metabolized 
in the liver (Annison 1965, Cook et al. 1952, Welch and Pederson 
I98 I). White et al. (1982) found evidence of the loss of monoterpe- 
noides through mastication by pygmy rabbits. 

Amino acids, volatile fatty acids, and other substances are 
absorbed through the rumen wall into the cardiovascular system 
(Annison 1965). The molecular weights of monoterpenoids 
( I36.24- 156.27) (Weast 1976) fall within the range of the molecular 
weights for amino acids (75.07-204.23) which on a size basis 
suggests that monoterpendoids could be lost through absorption 
as suggested by Cook et al. (1952). 

Kistner, T.P., C.E. Trainer, and N.A. Hartmann. 1980. A field technique 
for evaluating physical condition of deer. Wildl. Sot. Bull. 8:l l-17. 

Kufeld, R.C., O.C. Wallmo, and C. Feddema. 1973. Foods of the Rocky 
Mountain mule deer. U.S. Dep. Agr. Forest Serv. Res. Pap. RM- I I I, 3 I 
p. Rocky Mtn. Forest and Range Exp. Sta., Fort Collins, Colo. 

MeArthur, E.D., A.C. Blauer, A.P. Plummer, and R. Stevens. 1979. Char- 
acteristics and hybridization of important intermountain shrubs. III. 
Sunflower family. U.S. Dep. Agr. Forest Serv. Res. Pap. INT-220,82 p. 
Intermt. Forest and Range Exp. Sta., Ogden, Utah. 

Nagy, J.G., and R.P. Tengerdy. 1%8. Antibacterial action of essential oils 
of Arremisia as an ecological factor. II. Antibacterial action of the 
volatile oils of Arremisia tridentam (big sagebrush) on bacteria from the 
rumen of mule deer. Appl. Microbial. 16441-444. 

Nagy, J.G., and W.L. Regelin. 1977. Influence of plant volatile oils on food 
selection by animals. 13th Congress of Game Biol. 13:225-230. 

Phunmer, A.P., D.R. Christensen, and S.B. Monsen. 1968. Restoring big 
game range in Utah. Utah Div. of Wildl. Resour., Fish and Game Publ. 
68-3. I83 p. 

Sheehy, D.P. 1975. Relative palatability of seven Arremisia taxa to mule 
deer and sheep. M.S. Thesis. Oregon State Univ., Corvallis. I47 p. 

Smith, A.D. 1950. Sagebrush as winter feed for mule deer. J. Wildl. 
Manage. 14285-289. 

Some workers have concluded from in vitro studies that diges- 
tion problems could arise in mule deer when big sagebrush reaches 
I5 to 30% of the diet (Dietz and Nagy 1976, Wallmo et al. 1977, 
Carpenter et al. 1979). Of course, these workers couldn’t have 
taken into consideration in their estimates our discovery concern- 
ing the large loss of monoterpenoids from ingested forages. This 
would substantially raise the level of big sagebrush and other 
monoterpenoid-producing plants that can be safely consumed. 
Also, our data show that the rumen contents of the four healthy 
mule deer shot by the DWR were composed on a dry weight basis 
of 40.5 to 79.0% of plant material containing high levels of 
monoterpenoids. 

Smith, A.D., D.M. Beale, and D.D. Doell. 1965. Browse preference of 
pronghorn antelope in southwestern Utah. Trans. North Amer. Wildl. 
Nat. Res. Conf. 30: I36- 14 I. 

Sundstrom, C., W.G. Hepworth, and K.I. Diem. 1973. Abundance, distri- 
bution, and food habits of the pronghorn. Wyoming Game and Fish. 
Comm. Cheyenne. Bull. No. 12, 24 p. 

Wallmo, O.C., L.H. Carpenter, W.L. Regelin, R.B. Gill, and D.L. Baker. 
1977. Evaluation of deer habitat on nutritional basis. J. Range Manage. 
30: 122-127. 

Ward, A.L. 1971. In vitro digestibility of elk winter forage in southern 
Wyoming. J. Wild]. Manage. 35:681-688. 

Weast, R.C. 1976. Handbook of Chemistry and Physics. 56th Ed. CRC 
Press, Cleveland, Ohio. 

Since our results show significant loss of the“toxic”monoterpe- 
noids from big sagebrush, juniper, and rabbitbrush occurs in the 
early stages of the digestion process, the nutritional dilemma 
referred to by Wallmo et al. (1977) is probably not as great as first 
thought. Also, this loss of monoterpenoids helps to explain the 
conflict between in vitro evidence that big sagebrush monoterpe- 
noids (also juniper) inhibit rumen microorganisms and digestive 
trials which show that big sagebrush is a highly digestable winter 
forage. 
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Infiltration and Sediment Production on a 
Deep Hardland Range Site in North Central 
Texas 
J.H. BROCK, W.H. BLACKBURN, AND R.H. HAAS 

Abstract 

Greatest infiltration rate and lowest sediment production most closely associated with variations in infiltration capacity and 
occurred in the honey mesquite canopy zone. Infiltration on sediment production. 
shortgrass interspace areas was about one-half of the canopy zone 
rate. Terminal infiltration rates within the canopy zone and Study Area 
shortgrass interspace areas were affected little by brush control 
treatments. Infiltration rate improvement due to treatment 
occurred primarily in the midgrass interspace areas. Water-stable 
aggregates and the interaction of soil aggregate stability with the 
amount of bare ground were the dominant factors controlling 
infiltration. Sediment production on the shortgrass interspace was 
double that of the canopy zone or midgrass interspace areas. Low 
rate of sediment production on the midgrass interspace areas 
occurred on areas aerially sprayed or root plowed 3 years earlier. 
Sediment production was controlled primarily by an interaction of 
soil organic matter and amount of above-ground biomass or grass 
cover. 

Past land management practices have resulted in large increases 
of honey mesquite (PTosopis glandulosa Torr. var. glandulosa) 
which now occurs on 56 million acres of Texas rangeland, 
including 34 million acres which are moderately to heavily infested 
(Fisher et al. 1973). Most of the heavily and moderately infested 
rangelands currently produce much less forage than their potential 
and require control of the honey mesquite to improve forage 
production. 

Herbicides and root plowing are widely accepted tools for 
improving honey mesquite dominated rangelands. However, little 
information exists for Texas rangelands relative to the impact of 
honey mesquite control on infiltration rates and sediment 
production. In other areas, brush control practices have 
apparently increased infiltration rates and decreased erosion (Rosa 
and Tigerman 1951, Rich 1961, Rowe and Reimann 1961, 
Dragoun 1969, Blackbum and Skau 1974). Yet, in some cases, 
these practices have failed to improve watershed condition (Rowe 
and Reimann 1961, Blackburn and Skau 1974, Gifford and Busby 
1974). 

Blackburn (1975) reported sagebrush (Artemesia spp.) canopy 
zones to have exceedinalv high infiltration rates. sometimes 3 to 4 

Field research was conducted on the W.T. Waggoner Estate 
southwest of Vernon, Texas. Theestate is part of the Rolling Plains 
land resource area which comprises approximately 6.32 million ha 
of rolling to rough topography in northwest Texas (Gould 1975). 
Normal annual precipitation for Vernon, Texas, is about 65 cm, 
with May, June, and October being the months of highest 
precipitation and January being the driest month (USDC 1976). 
The average frost-free period is 232 days (Koos et al. 1962). 

Climax vegetation of the Rolling Plains include tall and mid- 
grasses, but continuous heavy utilization by cattle has reduced the 
vegetation to primarily short and midgrasses with varying densities 
of woody plants. Honey mesquite, with a mean height of 1.6 m, a 
mean density of 437 plants/ ha and a 21% canopy cover, dominated 
the study area prior to treatment. Lotebush (Ziziphus obrusifolia 
(T.G.) Gray), tasajillo (Opuntia leprocaulis D.C. var leptocaulis), 
and grassland prickly pear (Opuntia rnacrorhiza Engelm.) were 
common on the study area. Herbaceous vegetation was typified by 
Texas wintergrass (Sripa feucotricha Trin. and Rupr.), Arizona 
cottontop (Digitaria calryornica (Benth.) Henr.), little barley(Hor- 
deum pusillum (Nutt.)), rescuegrass (Bromus unioloides (Willd.) 
H.B.K.), buffalograss (Buchloe dacfyloides (Nutt.) Engelm.), sand 
dropseed (Sporobolus cryptandrus (Torr.) Gray), and purple 
threeawn (Aristida purpurea (Nutt.)). 

Soil of the study area is Tillman clay loam, a member of the fine, 
mixed, thermic family of typic Paleustolls (Rogers et al. 1976) and 
one of the major soil series of the Deep Hardland range site. 

Historically the study area was grazed yearlong, initially at a 
heavy rate, reducing to a moderate stocking rate of an animal 
unit/7.3 ha prior to study initiation. Grazing of cattle was 
permitted in the interval between treatment and measurement only 
during the winter months. 

Methods __ _ 
times greater than the interspace areas. Likewise, sediment 
produced from interspace areas may range from none to as much 

Infiltration rates, sediment production, and soil and vegetation 

as 46 times that of the corresponding canopy zones. 
characteristics were measured in August 1977 on areas treated with 

Our primary objective was to determine the influence of selected 
a selected brush control treatment: (1) no treatment; (2) an aerial 

brush control practices on infiltration rates and sediment 
spray in 1973 of 2,4,5-T ((2,4,5-trichlorophenoxy) acetic acid) + 

production from a mesquite-dominated hardland range site. A 
picloram (4-amino-3,5,6-trichloropicolinic acid) (1: I) at 0.6 kg/ ha 

second objective was to identify the vegetationand soil parameters 
in a diesel oil-water emulsion (13) at 36.4 liters/ ha total spray 
volume; and (3) an aerial spray of 2,4,5-T + picloram in 1974; or 

The authors are presently assistant professor, Division of Agriculture. Arizona rootplowing in 1974. Rootplowing of the sod-forming vegetation 
State University, Tempe, Arizona 85283; and associate professors, Range Science 
Department, Texas A&M University, College Station, Texas 77843. 

was conducted without fins to minimize herbage damage and 
This report is published with approval of the Director, Texas Agr. Exp. Sta. asTA- surface disturbance while providing control of the honey mesquite. 

16109. The authors wish to acknowledge the cooperation of the W.T. Waggoner 
Estate in providing land and financial support for this study. 

Within each brush control treatment, three vegetation strata about 

Manuscript received June 2, 1980. the honey mesquite plants were studied: (1) shrub canopy zone; (2) 
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shortgrass interspace; and (3) midgrass interspace. The area of 
mulch and soil accumulation within the plant drip line wasdefined 
as the “shrub canopy zone”and the “interspace zone”as the area 
between shrub canopies. The shrub canopy zone was often 
dominated by midgrass species following brush control. The 
canopy zone and midgrass interspace occurred as a matrix within a 
dominant shortgrass community. Six infiltration sampling plots 
were established within each vegetation strata on each brush 
control treatment. 

Infiltration 
A mobile drip-infiltrometer (Blackburn et al. 1974) was used to 

apply simulated rainfall to 0.5 m* plots at a rate of 12.7 cm-hr for 
0.5 hr on soil that was initially dry. The same water rate was applied 
on the plot 24 hr later when the soil was at or near field capacity. 
Immediately after the first simulated rainfall event, the plots were 
covered with clear polyethylene plastic to reduce evaporation and 
maintain a uniform surface soil water content. Only the results 
from soils at field capacity are reported in this paper. 

Infiltration rates were determined by subtracting the measured 
runoff from the measured precipitation at given time intervals. 
Runoff was collected at 5-minute intervals and measured by 
weight. The weight of runoff was converted to volume (cm)3. 

Sediment Production 
Upon termination of the simulated rainfall, the runoff from each 

plot was thoroughly agitated and one-liter subsample was taken. 
The sediment of each subsample was filtered, dried at 105O C for 24 
hrs, weighed, converted to sediment production (kg/ha) which 
served as an index of potential sheet erosion. Sediment production 
data were converted to common logarithm for statistical analysis. 

Vegetation Cover and Standing Crop 
Percentage foliage cover of grasses and forbs, and soil surface 

covered by mulch and bare ground, were determined by ocular 
estimate on each plot from gridded sample quadrat. Grasses, forbs, 
and standing dead material were harvested to a 1.5cm stubble 
height, and mulch was collected from each plot after infiltration 
determination was completed. The material was oven-dried at 
60” C and weighed to estimate above-ground biomass. 

Soils 
Antecedent soil moisture was determined by the gravimetric 

method and bulk density by the core method (Black 1965) for each 
runoff plot. Soil samples for these measurements were taken before 
each simulated rainfall event on areas adjacent to each runoff plot 
at depths of 0 to 3 cm. Soil was collected’from each plot to a depth 
of 10 cm after the final simulated rainfall event. Soil organic matter 
content was determined by chromic acid oxidation (Jackson 1958). 
Aggregate stability of the soils was estimated by assigning soil 
slaking percentages to soil aggregates placed in a series of water- 
alcohol solutions (Taylor and Ashcroft 1972). 

Analysis of variance was used to evaluate all vegetation and soil 
paratneters. Duncan’s multiple range test (X0.5) as described by 
Steel and Torrie (1960) was used to separate means. Stepwise 
multiple regression analyses were used to determine the influence 
of soil and vegetation variables on infiltration rates and sediment 
production. 

Results and Discussion 
Infiltration 

Regardless of treatment, terminal infiltration rates were 
significantly higher on the canopy zone than on the midgrass or 
shortgrass interspace areas (Fig. I). Infiltration on the shortgrass 
vegetation zone was lowest, and only about 50% of the infiltration 
rate of the midgrass or canopy zones. Although botanical 
composition of the midgrass vegetation and the canopy zone 
vegetation were similar, small but significant difference in the 
infiltration rates was reflected by the greater standing crop, mulch 
cover, water stable aggregates, and lower soil bulk density of the 
canopy zone. 

Fig. 1. Mean infiltration rates (cm/hr) on three vegetation zones associated 
with a Deep Hardland range site. Terminal infiltration rates followed by 
the same letter are not significantly different at PC.05 level. 

Terminal infiltration rates averaged across vegetation zones 
were significantly greater on the areas rootplowed and areas 
aerially sprayed in 1974 than on untreated areas( Fig. 2). The slight 
differences due to brush control treatments applied in 1974 were 
attributed to differences in soil bulk density on the areas treated in 
1973 as compared to those treated in 1974 (Brock et al. 1978). 

Fig. 2. Mean infiltration rates (cmlhr) as influenced‘by brush control 
treatments. Terminal injiltration ratesfollowed by thesame letterare not 
significantly different at PC.05 level. 

Terminal infiltration rates within the canopy zone or the 
shortgrass interspace were only slightly affected by brush control 
practices (Table I). There was a slight tendency for improved 
terminal infiltration rate following rootplowing within the 
shortgrass interspace. On the midgrass interspace areas, however, 
improvement of vegetation by the aerial spray treatments in 1974 

Table I. Terminal infiltration rates (cm/h) for vegetation strata as 
influenced by brush control treatments, on a Deep Hardland range site at 
field capacity.1 

Vegetation strata 

Canopy 

Shortgrass 

Midgrass 

Treatment 

Control 
1973 Spray 
1974 Spray 
Root Plow 

Control 
1973 Spray 
1974 Spray 
Root Plow 

Control 
1973 Spray 
1974 spray 
Root Plow 

Infiltration rate 
(cm/ hr) 

10.3 a 
11.2 a 
9.6 ab 

10.2 a 

4.2 c 
4.1 c 
5.9 c 
6.3 bc 

6.6 b 
6.2 bc 
9.7 ab 

10.1 a 

lkgetation strata treatment means followed by the same letter are not significantly 
different at K.05 level. 
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Canopy Shortgross Midgrass 

Fig. 3. Mean sediment production (kg/ha) on three vegetation strata 
associated with a Deep Hardkand range site. Bars with the same letter are 
not significantly different at K.05 level. 

and the disturbance caused by rootplowing increased infiltration 
rates. Wood and Blackburn (1980) studied the influence of 
livestock grazing on infiltration rates, and likewise, found that the 
midgrass interspace area was the only vegetation zone sensitive to 
grazing treatment. Multiple regression analyses indicate that the 
primary factors affecting infiltration rates in each of the vegetation 
strata were the stability of water-soluble soil aggregates, and the 
interaction of aggregate stability with the amount of bare ground. 
Simple regression analyses indicated that all cover factors were 
significantly related to the terminal infiltration rate. Although 
infiltration rate was inversely related to the amount of bare 
ground, it was directly related to grass cover, herbaceous standing 
crop, and aboveground biomass on the areas. 

Sediment Production 
Sediment production, measured from the runoff of each of the 

plots, was strongly affected by vegetation type. The canopy zone 
produced less than half the sediment of either the midgrass or the 
shortgrass interspaces (Fig. 3). Also, greater sediment production 
was recorded on untreated areas than on areas treated with the 
brush control methods (Fig. 4). Although it was hypothesized that 
sediment production would be accelerated by rootplowing, 
rootplowing and spraying significantly reduced the amount of 
sediments produced at approximately 30 months following the 
latest treatment. 

There was a significant interaction of brush control treatment 

; 200 
Z f 

Contra/ ‘73 Spmy ‘74 Spray Rootplow 

Fig. 4. Mean sediment production (kg/ha) as influenced by brush control 
treatments. Bars with the same letter are not significantly different at 
PC.05 level. 

with vegetation zone on sediment production. Within the area 
aerially sprayed in 1973, there was less sediment produced in the 
canopy zone, as compared to either the shortgrass or midgrass 
interspaces (Table 2). The reduction in sediment production in the 
canopy zone as a result of this treatment was due to the large 
amount of accumulated biomass under the dead mesquite trees. 
Less sediment was produced in the canopy zone after aerial 
spraying in 1973 than on the other areas. Low rates of sediment 
production also occurred on the midgrass interspace areas aerially 
sprayed or root plowed in 1974. 

Table 2. Mean sediment production (kg/ha) as influenced by vegetation 
strata and brush control treatments on a Deep HardlPnd range site.’ 

Treatment Canopy 

Interspace 

Shortgrass Midgrass 

Control 59 de 252 a 169ab 
1973 Spray 19 e 189a 143 ab 
1974 Spray 79 cd 100 bc 32 de 
Rootplow 80 cd 138 abc 95 bed 

‘Means followed by the same letter are not significantly different at PC.05 level. 

The amount of bare ground, standing crop, grass cover, and 
above-ground biomass were the primary factors influencing 
sediment production in the canopy zones. In the shortgrass and 
midgrass areas, sediment production was significantly related to 
bare ground, bulk density, grass cover, soil organic matter, and 
standing crop. 

Multiple regression analyses for sediment production indicate 
various interacting factors reduced sediment production. In the 
canopy zone the interactions of soil organic matter content and 
above-ground biomass plus the interaction of soil organic matter 
and bare ground accounted for 57% of the variation in sediment 
production (Table 3). Variations in bulk density and the same 
interactions accounted .for 49% of the variation in sediment 
production on the shortgrass areas. In the midgrass areas, the only 
significant factor contributing to sediment production was above- 
ground biomass, which accounted for 37% of the variation in 
sediment production. 

The data from this study indicate that different factors are 
associated with variations in infiltration rate and sediment 
production. Soil aggregate stability and the interaction of this 
parameter with the amount of bare ground apparently regulate 
infiltration rates. Therefore, on the Deep Hardland range site, 
infiltration rates will reflect inherent variations in soil aggregate 
stability and the impact of range improvement practices on 
increasing plant cover. 

Sediment production is strongly influenced by the interaction of 
soil organic matter content and the amount of aboveground 
biomass or soil cover. On soils of high bulk density, as is the case in 
the shortgrass interspace areas, any improvement in the amount of 
cover appears to greatly reduce sediment production. Therefore, 
allowing the vegetation cover to increase through deferrment of 
grazing would seem to be a logical practice for reducing soil 
erosion and for increasing the amount of soil water. 

Table 3. Multiple regression equations for sediment production (kg/ha) 
from three vegetation strata within a Deep Hardland range site.1 

Vegetation 
strata Regression equation 

Canopy Y = 3.6978 - .0009 (Xo~Xaio) + .0202 (xa&&,) 

Shortgrass Y = 2.0814 - .0009 (X~MX~, + 2.2988 (XBK) 
+ .ol33 (hG%M) 

Midgrass Y = 5.8871 - .0017 (Xo~Xaro) 

R2 

.57 

.49 

.37 

‘Habitat variables were included in the model byadefault probabilityprogram with a 
minimum of P=. IO. Variabk names are: Y=sediment production; Oh&organic mat- 
ter (%): Bio=aboveground biomass(kg/ha); BG=bareground (%); BK=bulkdensity. 
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In Vitro Digestion- Sources of Within- and 
Between-Trial Variability 
DANIEL G. MILCHUNAS AND DAN L. BAKER 

Abstract 

Procedures for, and conditions during, inoculum collection and 
preparation, digestion, and residue recovery stages of the in vitro 
digestion technique were investigated to determine sources of 
within- and between-trial variability in digestion coeffkients for 
forages of different chemical composition. Digestion coefficients 
differed significantly among inoculum preparation times of 1, 2, 
and 4 hours and for a decline in rumen Buid temperature to 290 in 
transport. These differences were not uniform across forage species 
and did not correlate with forage digestibility. Digestion coefft- 
cients differed significantly among inoculums prepared from 
fibrous deer rumen Bulds that were strained only, strained and 
layered, and blended ln a Waring blender and filtered through glass 
wool but did not differ between strained-layered and blended- 
fdtered inoculums of non-fibrous rumen fluid from a Astulated 
cow. Forage in vitro digestion in the absence of microbial activity 
(by solubility alone) indicated that forages having more soluble 
components were least affected by inoculums of different micro- 
bial activities, suggesting that between-trial differences be adjusted 
by a solubility, rather than a digestibility, factor. Inoculum nitro- 
gen concentration did not correspond to between-trial differences 
in forage digestibility. Size of test tube, but not centrifugation 
versus filtration method of residue preparation, significantly 
affected digestion coefficients. However, because the standard 
large tube size cannot be centrifuged, the two methods of residue 
recovery would not be comparable unless the products of digestion 
were transferred from large tubes to centrifuge tubes. The end 
products of digestion must be stored under refrigeration if filtering 
proceeds for extended periods of time. 

Developing sound management policy for land use requires 
methods for quantitatively evaluating the capacities of habitats to 
support domestic ruminants and wildlife populations. Habitat 
evaluation, which includes animal forage preferences and nutri- 
tional values of those forages, is a first step in development of 
carrying capacity estimates to facilitate management decisions for 
species that are forage limited. The in vitro digestible dry matter 
(IVDDM) technique has been extensively used as an inexpensive 
and rapid method for large-scale evaluation of range forage quality 
(Pearson 1970, Johnson 1966). We have encountered difficulties 
applying this technique to large scale habitat evaluations for wild 
ruminants. These difficulties arise from problems associated with 
using wild ruminants as inoculum donors, both when comparing 
digestion coefficients from one in vitro trial with those from 
another trial and when preparing an’d handling the inoculum and 
the digested residues. 

Rumen microorganisms require a strictly anerobic environment, 
controlled temperature, and energy and nutrients for their survi- 
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val. Depressed IVDDM values occur if certain time and tempera- 
ture criteria are not met in the inoculum preparation stage. 
Furthermore, nitrogen concentration (Pichard 1977) and microor- 
ganism content (P.J. Van Soestr, pers. comm.) of rumen inoculum 
from the same animal on the same diet can vary considerably, 
thereby altering IVDDM coefficients. Electron microscopy reveals 
that the degradation of bundle sheath and epidermal cell walls by 
rumen microorganisms is preceded by their attachment to the plant 
material (Akin et al. 1974, Akin and Amos 1975, Patterson et al. 
1975). Therefore, established methods of preparing rumen fluid for 
in vitro inoculum may not result in a representative sample of 
rumen microbial composition, which may vary with the amount of 
fiber present in both the rumen and the inoculum subsample. In 
vitro digestion residues of high viscosity do not consistently filter 
properly. The delays incurred, and the alternate means of recover- 
ing the digested dry matter through centrifugation, mayalsoaffect 
IVDDM coefficients. This study investigates aspects of the 
1VDDM technique that may affect within-and between-trialdiges- 
tion coefficients and factors involved in across-trial comparisons. 

Methods and Procedures 

Rumen fluids were obtained by sacrificing a deer or vacuum 
pumping a fistulated cow that had been maintained for 2 weeks on 
a native meadow hay diet. To reduce variability of rumen fluid 
caused by recent drinking or eating and to allow particles in the 
rumen to break down so that large particles would not clog vacuum 
pump lines, feed and water were removed approximately 12 hours 
before rumen fluid was collected. Rumen fluid was flushed with 
C& from a portable tank, tied off in a large plastic bag, and placed 
in a preheated thermal chest for transportation. Five control 
IVDDM trials followed the procedure of Tilly and Terry (1963) 
except that we “layer” the rumen fluid to prevent contamination of 
the test samples with rumen particulate matter and to prevent 
clogging of the autopipette one-way valves. Control rumen fluids 
were strained through 8 layers of cheese cloth, flushed with Co2, 
and allowed to stand undisturbed for 15 minutes. The clear middle 
layer of the raw fluid was then siphoned into the pH- and 
temperature-adjusted buffer-nutrient solution to be used as inocu- 
lum. Trials were terminated by the addition of 12 mls sodium 
carbonate (53 g/liter HzO). Digestion residues were vacuum fil- 
tered through Watman GFA paper. 

We investigated the effect on digestibilities of delayed prepara- 
tion or a temperature decline of rumen fluid used as inoculum. 
Before being transported, a subsample of thoroughly mixed rumen 
fluid was taken, flushed with COZ, and capped but was not placed 
in a thermos. One-half hour later, in the lab, the control fluid was 
again mixed and flushed with C&, and two additional subsamples 
were taken. These raw fluid samples were then maintained at 390 C 
with a continuous supply of COZ for an additional 1 and 3 hours 
before being prepared as inoculum. The control fluid and the fluid 
not placed in a thermos reached temperature lows of 34 and 290 C, 

‘P.J. Van Soest, Animal Science Department, Cornell Univenity, Ithaca, New York. 
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respectively. These fluids were pipetted into test tubes I hour after 
the rumen pump was started. 

Two separate in vitro trials were performed to evaluate methods 
of inoculum preparation. The first run used deer inoculum. Entire 
rumen contents were collected, mixed, and divided into three 
samples. The treatments were (1) strained through eight layers of 
cheese cloth only, (2) strained through eight layers of cheese cloth 
and allowed to layer for 15 minutes before the clear middle layer 
was used as inoculum, and (3) raw fluid blended for 3 minutes in a 
C&-supplied Waring Blender, then filtered through glass wool by 
COZ pressure. Use of three pipetting teamsallowed handling all the 
inoculum simultaneously. 

Using.inoculum from the entire deer rumen yielded a large 
quantity of fiber in the fluid, introducing problems similar to those 
we encountered with rumen fluid from free-ranging elk. Depressed 
digestion coefficients may result under these conditions (Hobbs et 
al. 1980). The deer used in this trial was a captive animal; therefore, 
time of rumen fluid transport and previous diet were identical to 
those of the second trial. 

The second in vitro trial used inoculum from a fistulated cow. 
This fluid contained very little fiber. Techniques for preparing 
layered and blended rumen fluid, as described for deer fluid treat- 
ments 2 and 3, were evaluated. 

We have often encountered problems in filtering in vitro residues 
and have had to transfer residues to smaller centrifuge tubes to spin 
down dry matter and suction off supernatant. The purpose of this 
experiment was to examine the effect both of using the centrifuge 
technique and of performing digestion in small centrifuge tubes. 
Tube sizes used were 100 ml X 30 mm X 200 mm versus 50 ml X 25 
mm X 130 mm. Sample size was 0.5000 g forage in 50 ml inoculum 
(40 ml buffer + 10 ml layered cow rumen fluid)and 0.3OOOg forage 
in 30 ml inoculum (24 ml buffer + 6 ml layered cow rumen fluid). 
Centrifuging was performed three times for 10 minutes at 1900 
rpm. The last 2 centrifugations involved resuspending the solid 
material in water-i.e., three spin-downs, two washings. 

Seasonal habitat evaluation on a large scale requires several in 
vitro trials and that comparisons be made between trials. Rumen 
inoculum, even from the same animal on the same feed, may vary 
considerably from one sample to the next. Using a single standard 
forage to adjust the results of one trail to another, as is often cited 
in the literature, is open to considerable criticism. In thisinvestiga- 
tion we evaluated digestibility in the absence of microbial fermen- 
tation to determine what proportion of the digestibility of various 
forages can be attributed to solubility. We also compared the effect 
of rumen fluid nitrogen level on digestibilities of various forage 
standards to evaluate the effects of nitrogen level on between-trial 
variability. 

A subsample from thoroughly mixed raw rumen fluid was con- 
tinuously and vigorously flushed with pure oxygen for 5 minutes to 
kill the strictly anerobic microorganisms. This fluid was then pro- 
cessed in the same manner as the control fluid. Forage cell wall, 
acid detergent fiber, and sulfuric acid lignin con+onents (Goering 
and Van Soest 1970) were compared with the solubility and fer- 
mentation digestion values to determine how forages of differing 
chemical compositions were affected by inoculums of differing 
microbial activities. 

The nitrogen level of rumen inoculum varies from sample to 
sample, even when taken from the same animal on the same feeding 
regime (Pichard 1977). This can alter the digestibility of a given 
forage and prohibit between-trial comparisons (Pichard 1977). 
Nitrogen levels of the rumen fluids in the buffer-nutrient solution 
were analyzed for correlation to between-trial deviation from the 
mean of standards common to all trials. Standard Kjeldahl nitro- 
gen analysis (A.O.A.C. 1965) was performed in duplicate on 10 ml 
of inoculum from each in vitro digestion trial. 

When residue filtering is slow because of sample viscosity, up to 
1 week may be required to filter 450 samples. Our experience has 
been that high-viscosity of in vitro residues occurs when whole- 
rumen contents from free-ranging animals are collected for inocu- 

lum. We examined the effect of end product storage on IVDDM 
coefficients by storing tubes at room temperature for 0, 4, and 
days. Another group was refrigerated for 8 days before being 
filtered. 

Test forages were chosen to represent a broad range of chemical 
compositions and digestibilities. The base set included alfalfa hay, 
meadow hay, a native grass combination, and oak stems. Addi- 
tional forage comparisons were desirable in some of the experi- 
ments. The other forages included alfalfa leaves and Potentillu 

fruticosa. Only meadow hay and alfalfa hay were used in the 
residue storage experiment. Five replications of each test forage 
were included in each experiment. However, unequal subclass 
frequencies resulted because of methane valve malfunctioning, 
filter paper breaking under suction, etc. 

Data sets with unequal and disproportionate subclass frequen- 
cies were subjected to preliminary analyses of variance of pooled 
main effects to determine whether the interactions involved in that 
experiment were significant. Analyses of variance were then per- 
formed by the weighted squares of means method or the fitting 
constants method, based on the preliminary significant or non- 
significant interaction, respectively (Bancroft 1968). Tukey’s Q 
values were used to compute least significant ranges (LSR) to 
identify significant differences between means (Sokal and Rohf 
1969). 

Results 
A significant inoculum preparation time delay (Z-YO.05) and 

temperature decline (p<O.OI) by forage interaction occurred. A 
time delay of one hour significantly reduced digestion coefficients 
of all forages except alfalfa hay (Fig. I). An additional 2-hour time 
delay further reduced the digestion coefficients of the grass combi- 
nation and meadow hay forages. Declines in digestibility averaged 
6.0 and 11.2 percentage units for I-hour and 3-hour delays, respec- 
tively. The decline in the digestibility of individual forages ranged 
from 5.9.to 28.4% and did not correlate with their levels of diges- 
tion. Compared with the 34’C control inoculum, inoculum that 
had reached 29” C significantly lowered the digestibility of only one 
of the three forages tested. 

The strain-layer, strain-only, and blend-filter through glass wool 
methods of preparing deer rumen fluid for in vitro inoculum 
produced significantly different (p<O.OOl) digestion coefficients, 
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Fig. 1. The effects of delays in inoculum preparation on the in vitro 
digestibility of different forages. Use LSRet to test for significant 
(P=O.O5)diflerences between treatment means withinforage speciesond 
Lsfip to compare species within treatments. 
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Fig. 2. In vitro digestibilitiesfor three methods ofpreparing highlyfibrous 
deer rumen fluid for inocuhnn. 

and the response was not uniform across forages (Fig. 2). Blending 
and filtering deer rumen fluid significantly increased in vitro diges- 
tibilities of all five forages compared with either of the other two 
methods of inoculum preparation. Compared with the strain-layer 
method, the strain only method of preparing inoculum increased 
the digestibility of the grass combination, decreased the digestibil- 
ity of the alfalfa hay, and did not significantly affect the digestibil- 
ity of the other three forages. In this experiment we collected the 
entire deer rumen, which, as we found for rumens of free-ranging 
wild elk, contained a large amount of undigested fiber in the rumen 
fluid. 

Strain-layer versus the blend-filter method of inoculum prepara- 
tion was repeated with rumen fluid obtained from a fistulated cow, 
which contained very 1i:tle fiber. Digestibilities for the five forages 
did not significantly differ between treatments. 

A significant (KO.01) forage-by-treatment interaction was 
observed for the small tubes centrifuged, small tubes filtered, and 
large tubes filtered. LSR values indicate that the significance 
resulted primarily from the lower digestion coefficients obtained 
with the larger tube size rather than from differences associated 
with the centrifuge versus filtering method of dry matter recovery 
(Fig. 3). However, because the standard large tube size cannot be 
centrifuged, the two methods of residue recovery would not be 
comparable unless the products of digestion were transferred from 
large tubes to centrifuge tubes. Significant differences between 
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Fig. 3. lhe effect of tube size and the filter and centr$ige methods of dry 
matter recovery on in vitro digestion coejfients. 

digestion coefficients obtained with small tubes centrifuged and 
large tubes filtered were indicated for all six forages tested. 

The proportion of in vitro digestion attributable to solubility 
versus microbial activity was significantly (KO.001) affected by 
forage species (Table 1). Microbial digestion accounted for only 
8.7% of the digestibility of alfalfa hay but for 52.3% of the digesti- 
bility of the grass combination. The decline in forage digestibility 
after the 3-hour inoculum preparation time delay (Fig. 1) followed 
a pattern similar to that of the proportion of forage digested by 
microbial activity-i.e., forages with high in vitro solubility were 
affected less by inoculum of different microbial activity. However, 
the wide range in in vitro bound solubles indicates poor correspon- 
dence between total cell solubles and in vitro solubility and appears 
to be related to forage lignin content (Table 1). In vitro bound 
solubles are considered the difference between total cell solubles, as 
determined by the Goering and Van Soest (1970) cell wall extrac- 
tion procedure, and the soluble fraction, determined by in vitro 
digestion in the absence of microbial activity. 

The within-trial deviation from a forages-across-trial mean 
digestibility was compared with the same calculations for inocu- 
lum protein level. No relationship was apparent between inoculum 
protein concentration and between-trial differences in digestion 
coefficients of the four cow-inoculum trials (Table 2). The layered 

Table 1. Forage structural composition compared with various solubility parameters. 

Cell Acid detergent 
Forage wall fiber Lignin Solubles 

Grass Combination 70.9 38.4 5.2 29. I 
Alfalfa Hay 43.8 30.9 6.5 56.2 
Oak Stems 62.2 42.5 19.6 37.8 
Meadow Hay 68.9 34.7 3.3 31.1 
Alfalfa Leaves 31.0 20.6 8.1 69.0 

IIn vitro digestion without microbial activity. 
LSR = 3.5 for within species comparisons of this column 10 the IVDDM (%) column. 

*100-value = % digested by microorganisms. 
3[(lOlXCWC) - in vitro solubility]. 

lVDDM 
(%I 

50.0 
63. I 
29. I 
67.8 

In vitro3 

In vitro’ % of digestion* Bound 
solubility by solubility solubles 

20.7 41.7 8.4 
49.8 91.3 6.4 
17.5 68.2 20.3 
30.4 47.2 0.7 
53.1 15.9 
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Table 2. Inoculum crude protein level compared with between in vitro trial 
deviation in forage digestibility. 

Deviation from’ lnoculum Deviation from 
IVDDM protein* protein 

Trial mean (%) mean 

I (cow) +I.8 0.029 -0.001 
II (cow) -1.0 0.047 +0.016 

III (cow) +1.5 0.021 -0.010 
IV (cow) -2.0 0.026 -0.005 
V (Deer layered’) -7.1 0.030 -0.001 
V (Deer blended)’ 12.3 0.055 $0.024 

‘Average deviation of 5 forages. 
‘Inoculum protein determined on rumen fluid in the buffer nutrient solution. 
‘Digestion and inoculum protein means were calculated from the fourcow inoculated 
trials only. Deviations from the means for the deer trials were calculated asdeviations 
from the cow trial means. 

deer inoculum had a protein concentration similar to the mean for 
the four cow inoculums but produced depressed digestion coeffi- 
cients. The same deer inoculum prepared by blending had a high 
protein concentration and produced elevated digestion 
coefficients. 

A filtering delay of 4 days for samples stored at room tempera- 
ture did not significantly alter digestion coefficients (Fig. 4). How- 
ever, the storage of samples at room temperature for 8 days 
significantly reduced digestion coefficients. The digestion coeffi- 
cients of refrigerated samples were not affected by storage for 8 
days. 

Discussion 
The inoculum preparation stage of in vitro digestion trials may 

influence digestion coefficients because of the difficulty both of 
meeting time and temperature criteria in rumen fluid transporta- 
tion and of the technique of handling the rumen fluid before 
mixing it with the buffer solution. Schwartz and Nagy (1972) 
reported a significant decrease in digestibility with inoculum stored 
for 2 hours or more, whereas Prins and Geelen (197 1) found storing 
rumen fluid up to 2 hours did not significantly change cellulolytic 
or amylolytic activity. Ourdata indicate that a temperaturedrop to 
29oC or a time delay of 2-hours significantly reduces digestion 
coefficients. This decline is not uniform across forage species and 
does not correlate with foragedigestibility. Forexample, thediges- 
tibilities of alfalfa hay and meadow hay were 63.1% and 67.8%, 
respectively; whereas the declines in digestion after a 4-hour 
inoculum-preparation delay were 5.85% and 28.9%, respectively. 
Forage solubility correlated better than total digestibility with the 
reductions in digestibility. The proportion of digestion that could 
be accounted for by solubility alone was 91.3,68.2,47.7, and 47.2 
percent, compared with a decline in digestion of 5.9,25.4,28.5, and 
28.9 percent after a Chour inoculum-preparation delay. Plants 
having the more soluble components are least affected by inocu- 
lums of different microbial activity, which may occur either 
through temperature decline or time delays in transporting inocu- 
lum, the method of preparing inoculum, or the microbial composi- 
tion of rumen fluid at the time of sampling. 

The results of one in vitro trial must often be compared with 
those of another. This is often accomplished by adjusting test 
forage values based on digestioncoefficients of standards that have 
been included in both trials. Our results indicate that this proce- 
dure would bias relative digestibilities because two forages of equal 
digestibility can be affected differently by the fermentive capacities 
of inoculums because of different proportions of available digesti- 
ble fiber. Solubility of forage appears to correlate better with 

.differences in the fermentive capacities of inoculums because one 
paramenter takes into account the complex interaction among cell 
solubles, digestible fiber, and lignin-bound fractions of a forage in 
the digestion process. Determining in vitro solubility requires addi- 
tional effort, but fiber analysis of forages under evaluation is 
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Fig. 4. The effect offitering delays and method of endproduct storage on 
in vitro digestion coefficients. 

routinely performed. Cell solubles (the inverse of cell wall constitu- 
ents) are the readily digestible portion of a forage, whereas lignin 
limits the extent of digestion. Therefore, it is plausible to assume 
that cell solubles and lignin may be two variables that could be used 
effectively to adjust for between-trial variation in digestibility. 

Pichard (1977) found surprisingly high variability in various 
nitrogen fractions of inoculum samples taken under exactly the 
same conditions. The nitrogen level of inoculums in this study 
ranged from only 0.021% to 0.047% and did not correspond with 
between-trial variability in digestion coefficients. Protein level of 
blended deer inoculum was only 0.024 percentage units above the 
mean protein level for cow inoculums but produced much higher 
digestion coefficients because of the high microbial activity of 
blended fibrous rumen fluid. Nitrogen in rumen fluid may be in 
many forms and either of plant or microbial origin. The microbial 
activity of inoculum is thus more important than total nitrogen as a 
factor in in vitro between-trial variability. 

Van Soest* (pers. comm.) observed that blending rumen fluid in 
a Waring blender and straining it through glass wool reduces the 
variability among in vitro trials. The purpose of this procedure is to 
dislodge microorganisms that attach to the forage fiber and would 
otherwise be discarded when the fluid is strained. Electron micros- 
copy indicates that the degradation of bundle sheath and epider- 
mal cell walls is preceded by attachment of bacteria to the plant cell 
(Akin et al. 1974, Akin and Amos 1975, Patterson et al. 1975). The 
much higher digestion coefficients obtained with the highly fibrous 
deer fluid that was blended, compared with the same fluid prepared 
by the strain-only or layered technique, suggest that significant 
numbers of microorganisms were discarded in the filtrate of the 
last two techniques. Blending rumen fluid to dislodge microorgan- 
isms from the fiber can be used to obtain a more active and 
representative sample of rumen condition at the time of sampling. 

Because we have obtained depressed digestion coefficients with 
inoculum from wild elk rumens containing large amount of fiber, 
the use of the blending technique at first appeared especially appli- 
cable to wildlife species. Discrepancies occur, however, when com- 
parisons of the layer and the blend methods of inoculum 
preparation are made between in vitro trials inoculated with deer 
rumen fluid and cow rumen fluid. Digestibilities with blended deer 
fluid were considerably higher than those from either of the cow- 
2P.J. Van Soest. Animal Science Department, Cornell University, Ithaca, ~~~ york. 
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inoculated trials. Digestibilities with layered deer fluid were both 
higher and lower than the cow-inoculated trials. The grass combi- 
nation, oak stems, and meadow hay digestibilities were consist- 
ently lower, but alfalfa hay and alfalfa leaf digestibilities were equal 
or higher. The change in digestibilities corresponded with the solubil- 
ity of these forages. Forages having more available digestible fiber 
and less soluble components gave depressed values when inocu- 
lated with fibrous fluid that had not been blended. However, 
blending fibrous rumen fluid produced inflated digestion coeffi- 
cients. Although blended rumen fluid is more representative of 
rumen condition at the time of sampling, it does not represent the 
mean in vivo digestibility of a forage over time. In vivo digestion 
trials proceed for 7 to 10 days. 

Repeatability and correlation to in vivo digestion are the impor- 
tant factors in in vitro digestions. Consider the following: (1) 
differences in the digestive capacity of inoculums are the result of 
sampling time after feeding and diet composition (Troelson and 
Hanel 1966, Bryant and Robinson 1968, Pichard 1977). We have 
observed large differences in digestion coefficients for wild elk 
inoculated in vitro trials where the fiber content of the rumens 
varied; (2) it does not matter what animal species is used as a source 
of in vitro inoculum as long as it correlates well with the in vivo 
digestion of the particular ruminant species being studied. There- 
fore, if the in vitro to in vivo regression is developed using cow- 
inoculated in vitro trials and elk-in vivo digestion trials, cow 
inoculum can be used in later in vitro trials for correlation to the 
regression that has been established. The advantage is that one can 
control more closely feeding regime, time of inoculum collection 
after feeding and drinking, and time oftransportation of inoculum 
to the lab. Although blended rumen fluid is a better representation 
of the microbial population in the rumenat a particular time, these 
values are inflated compared with in vivo digestion coefficients 
that represent a mean digestion over a 7- to IO-day trial. Repeata- 
bility and correlation with in vivo digestion improves with the use 
of cow rumen fluid obtained through a ,tistula. We allow raw 
rumen fluid to layer to reduce the variability among replications 
and to eliminate contamination by particulate matter. This pro- 
vides a more homogenous, clean inoculum and prevents clogging 
and/or improper closing of autopipette one-way valves. 

The differences in digestion coefficients for different tube size, 
and therefore the filter versus centrifuge technique of residue prep- 

arations, indicates the need for strict adherence to one procedure. 
In vitro digestion comparisons between laboratories cannot be 
made until standard procedures are adopted for all stages of the in 
vitro digestion technique. 
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Cow-Calf Response to Stocking Rates, Graz- 
ing Systems, and Winter Supplementation at 
the Texas Experimental Ranch 
R.K. HEITSCHMIDT, M.M. KOTHMANN, AND W.J. RAWLINS 

Abstract 

Cow-calf performance from 1960 through 1978 was contrasted 
between three grazing treatments at the Texas Experimental 
Ranch. Grazing treatments were yearlong continuous stocked at 
annual rates averaging 5.1 and 7.6 ha/ cow and a 4-pasture, 3-herd 
deferred rotation system stocked at an annual rate averaging 7.2 
ha/cow. Averaged across three weighing periods, cows in the 
deferred rotation treatment averaged 447 kg while weight of cows 
in the heavily and moderately stocked continuous treatmentsaver- 
aged 427 and 438 kg, respectively. Calf weaning weights averaged 
204,212, and 217 kg for the heavy continuous, moderate continu- 
ous, and Merrill rotation treatments, respectively. Production- 
/cow averaged 182,189, and 202 kg while production/ha averaged 
35.9, 25.2, and 27.8 kg, respectively, for the heavy continuous, 
moderate continuous, and deferred rotation treatments. Cows fed 
winter supplement were significantly heavier in early spring and 
summer than nonsupplemented cows with no sign&ant differen- 
ces in weights by late summer. Supplemented cows weaned calves 
averaging 214 kg as compared to 208 kg for calves weaned from 
nonsupplemented cows. Winter supplementation significantly 
increased production in the heavily stocked treatment but not in 
either of the moderately stocked treatments. Numerous statisti- 
cally significant interactions accompanied the significant main 
effects, and the biological significance of each was examined. 

The Texas Experimental Ranch was created in 19S9 to provide 
researchers with the necessary facilities to evaluate the longterm 
responses of both livestock and vegetation to various grazing 
systems and rates of stocking. Kothmann et al. (1970, 1971) con- 
cluded from a thorough analysis of the cow-calf performance data 
collected at the ranch from 1961 through 1968 that no economic 
advantages were apparent from either yearlong continuous graz- 
ing at a light rate of stocking (I 1.5 ha/ AU) or from a 2-pasture, 
l-herd deferred rotation system (Joubert 1958) stocked at a moder- 
ate rate (8.4 ha/ AU) when contrasted to continuous grazing and a 
4-pasture, 3-herd deferred rotation system (Merrill 1954) stocked 
at a moderate rate (8.0 ha/AU). In addition, it was concluded that 
feeding cottonseed meal (41% CP) as a winter supplement at a rate 
exceeding 0.68 kg/day was not economically justifiable in any of 
the grazing treatments. Thus, in 1969 only three grazing treatments 
that had been initiated in 1960 were continued. These treatments 
were yearlong continuous grazing at moderate and heavy rates of 
stocking and the 4-pasture, 3-herd deferred rotation system. 

Authors are associate professor, Department of Range Science, Texas A&M Uni- 
versity Research and Extension Center, Box 1658. Vernon 76384; professor, Depart- 
ment of Range Sciences, Texas A&M University, College Station 77843; and former 
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R.J. Freund, associate director, Institute of Statistics, Texas A&M University, for his 
assistance in the statistical anlyses included in this paper. 
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Two additional systems were evaluated at the ranch from 1969 
through 1973. These were a modified 2-pasture, l-herd system and 
a 3-pasture, 2-herd system, neither of which proved as productive 
as the 4-pasture, 3-herd system (Kothmann and Mathis 1974). 
Both of these systems were terminated in the fall of 1973 and a 
8-pasture, l-herd short duration grazing system was initiated. 
Evaluation of this system was continued through 1978 (Heitsch- 
midt and Rawlins 1980). Thus, only the yearlong continuous graz- 
ing treatments stocked at the moderate and heavy rates of stocking 
and the 4-pasture, 3-herd deferred rotation treatment have been 
continued without interruption. The objective of this manuscript is 
to summarize the cow and calf performance data from these three 
treatments from 1960 through 1978. 

Study Area and Methods 
Location and Climate 

The Texas Experimental Ranch consists of approximately 2900 
ha of native range located (99“ l4’W, 33’2O’N) in the northern 
portion of the Rollings Plains of Texas. Weather data collected 
since 1961 (unpublished) indicates a highly variable, semiarid, 
continental climate of mild, dry winters; warm, wet springs and 
falls; and hot summers. Maximum daily temperatures range from 
an average of 13°C in January to 36’C in July with mean min- 
imums ranging from -3’ to 2 lo C in January and July, respectively. 
Mean annual precipitation is 690 mm with approximately 70% 
received from April through September. The frost-free growing 
season, averaging 233 days, extends from March to November. 

Grazing Treatment 
Grazing treatments studied were: yearlong continuous grazing 

stocked at an average rate of 5. I ha/cow/year (heavycontinuous); 
yearlong continous grazing stocked at an average rate of 7.6 
ha/cow/year (moderate continuous); and a 4-pasture, 3-herd 
deferred rotation system stocked at an average rate of 7.2 ha/co- 
w/year (Merrill rotation). Herd movement in the Merrill rotation 
sequentially provided each pasture with a 4-month rest period 
following a l-year grazing period (Merrill 1954). 

Average annual stocking rates were gradually increased from 
I960 to 1978 within each treatment (Fig. I). This was necessary to 
maintain relatively constant grazing pressures as the range condi- 
tion of each pasture improved, particularly in those pastures 
stocked at the moderate rate. Minor adjustments in rates of stock- 
ing within a year were occasionally required in all treatment pas- 
tures during periods of extended drought. A major adjustment was 
required in the heavy continuous treatment from October 1974 to 
June 1975 (Fig. I) because of severe drought. By 1978 the two 
heavy continuous herds consisted of 50 cows each, the moderate 
continuous herds consisted of 37 cows each, and the three herds in 
the Merrill rotation treatment consisted of 24 cows each. 

Type of supplement, feeding rate, dates fed, and treatment herds 
fed varied between years but never between treatments within a 
year (Table I). To eliminate the effect of differences between 
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Fig. 1. Annual stocking rate for the grazing treatments at the Texas 
Experimental Ranch from I961 through 1978. 

pastures, the two herds in each of the yearlong continuous treat- 
ments were switched in October of each year. Thus, the same herd 
was supplemented each year but it was only fed in the same pasture 
every other year. 

Because of the feeding regime in 1975 and 1976, the 1976 data 
were not included in the analyses. The data from M herd in 1977 
and 1978 were also excluded from the analyses because the lack of 
supplement in I976 seriously impaired the breeding performance 
of that herd in subsequent years. 

Livestock Management 
During the 18 years, three herds of Hereford cows were utilized 

in the study (Table 1). The breeding season was from March 15 to 
June IS for Herd I (1960 through 1968); from March 1 to June I for 
Herd II (I969 through 1974); and, from January 1 to March 1 for 
Herd HI (1975 through 1978). Fertility-tested Hereford bulls were 
randomly allotted each year at a ratio not exceeding 20 cows to one 
bull. Both cows and calves were weighed when calves were approx- 
imately 90, 160, and 230 days old. Calves were weaned at 8 to 10 
months of age. 

Within 2 months following weaning of calves, cows in each 
treatment were culled if unhealthy and/ or if they had not weaned a 
calf for two consecutive years. Few cows were culled for the latter 
reason, regardless of treatment. Neither replacement cows nor 
their calves were considered valid test animals until they had been 
in their respective treatment for I year. This restriction eliminated 
the use OI the 1960, I969 and 1975 data in these analyses. 

Fig. 2. Range site composition (o/c) ofpastures included in heavy continu- 
ous (HC). moderate continuous (MC), and Merrill rotation (MR)grar- 
ing treatments at Texas Experimental Ranch. 

Vegetation 
The two principal range sites in the treatment pastures were the 

Clay Loam and Rocky Hills (Fig. 2). Other common range sites 
were Shallow, Shallow Clay, Clay Flat, Redland, Deep Redland, 
and Loamy Bottomland. 

The Clay Loam site is generally located on gentle slopes of O-3%. 
The clay and clay loam soils are moderately permeable with high 
water holding capacity. Dominant soil series are Valera clay, Lee- 
my clay and Throck silty clay. Principal climax species are sideoats 
grama [Boureloua curtipendulu (Michx.) Torr.], vine mesquite 
(Panicum obtusum H.B.K.), Arizona cottontop [Digitaria califbr- 
nica (Benth.) Henr.] and silver bluestem [Bothriochloa saccha- 
roides (Swartz) Rydb.]. Estimated annual forage production for 
this site when in excellent condition ranges from 1700 to 3400 
kg/ha (SCS 1979). 

The Rocky Hills site is located on steeper slopes ranging from 3 
to 12%. The clay soils are often shallow but moderately permeable 
with high water-holding capacities. Valera stoney clay and Owens 
stoney clay are the dominant soil series of this site. Climax vegeta- 
tion is dominanted by sideoats grama, little bluestem [Schizachy- 
rium scoparium, (Michx.) Nash.], big bluestem (Andropogon 
gerardi Vitman), Indiangrass [Sorghastrum nutans (L.) Nash], and 
switchgrass (Panicurn virgatum L.). Estimated forage production 
for this site when in excellent condition ranges from 1300 to 2700 
kg/ha (SCS 1979). 

Standing crop data were collected in the treatment pastures 

Table 1. Supplemental feeding regime in three grazing treatments at Texas Experimental Ranch from 1960 through 1978. 

Supplemental Feed 

Herd Year Type Rate’ Feeding period 

I 1960-1968 cottonseed cake (41%)) 0.68 Dec. IS-Mar. 15 
II 1969-1974 cottonseed cake (41%) 0.68 Dec. I5-Mar. 15 

Ill 1975 range cubes (20%) 0.91 Dec. 1 -Mar. 31 
range cubes (20%) 1.81 Dec. 1 -Mar. 31 

Ill 1976 range cubes (20%) 0.91 Dec.I5-Mar.15 
cottonweed cake (41%) 0.45 Dec. I5-Mar. I5 

Ill 1977-1978 range cubes (12%) 1.36 Dec. I -Feb. 28 

‘kg/day fed three days/week. 
*Grazing treatment herds are: A&F = heavy continuous. B&D = moderate continuous; K,L,&M = Merrill rotation. 
‘Percent crude protein. 

Treatment herds fed* 

A,R,K,L,M 
A,R,K 
A,R,K 
F,D,J-,M 
A&K 
F,D,f- 
A,B,K,M 
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Table 2. Total and error degress of freedom (d.f.) and F-values for various least squares analysis of variance models utilized in statistical analyses. 

Source of variation 
cow 
weights’ 

Calf weaning Calf 
weights weights 

Dependent variable 

Calf weight Conception Calf crop Calf death Production 
gains rates weaned losses kg/cow kg/ha 

Year 
Treatment 

(Y) 
(T) 

YXT 
Supplement (S) 
YXS 
TXS 
Weighing period (WP) 
Y x WP 
TXWP 
SXWP 
Calf sex (CS) 

Mode1 
Total d.f. freedom 
Error d.f. freedom 

40.0** 
28.5** 

2.7** 
28.2** 

1.6 
I.0 

223.3** 
4.8** 
3.6** 
6.2** 
- 

58.0** 
22.t+*+ 

2.4** 
14.7** 

l.8* 
0.5 
- 

- 
- 

73.9** 

137.0** 
80.6** 

5.2** 
65.9** 

4.8** 

130*:*:** 
24:7** 

0.9 
0.8 

135.1** 

63.9** 
I.5 
2.3** 
0.8 
1.8* 
0.1 

426.2** 
60.6** 

0.1 
7.6** 

48.8** 

17.2* 272.8** 28.0** 
206 618 412 
126 500 313 

4.8** 
2.3 
I .9* 
0.3 
2.8** 
2.5 

3.5** 
3.0 
2.4** 
0.2 
3.3** 
3.6* 

1.4 
I.0 
I.1 
1.2 
1.1 
1.2 
- 

12.2** 
7.6*+ 
1.8* 
1.2 
I.6 
2.3 

7.9** 
I 15.0** 

2.3** 
3.1 
2.4* 
3.55 

- - - 
- - - - - 
- - - - 

- - - 
- - - - - 

17.4** 
273 
I87 

2.6** 2.6** 
103 103 
41 41 

1.2 
103 
41 

5.2** 7.6+* 
103 103 
41 41 

‘1961-1974 data only *p<o.os 

during the summers of 1970 and 1972 on the Deep Upland and 
Rolling Hill range sites (Kothmann et al. 1978) both of which have 
since been reclassified as Clay’Loam. Total standing crop averaged 
1484 kg/ ha in the heavy continuous treatment pastures, 2178 
kg/ha in the moderate continuous treatment pastures, and 1977 
kg/ha in the Merrill rotation pastures. Total standing crop aver- 
aged 3145 kg/ ha inside exclosures that were established in 1959. 
Differences in total standing crop were primarily the result of 
differences in both livestock utilization and species composition. 
The dominant specie in the heavy continuous pastures was buffalo- 
grass (Buchloe duc?yloides (Nutt.) Engelm.) as opposed to mid- 
grass dominants of sideoats grama and Texas wintergrass (Stipa 
leucotrichu Trin. and Rupr.) in the moderately stocked pastures 
and the exclosures. 

Data Set and Statistical Analyses 
The data set consisted of annual herd means. Parameters ana- 

lyzed were: cow and calf weights for three weigh dates; calf weaning 
weights; production/cow; production/ha; percentage of cows 
pregnant; percent calf crop weaned; and percent calf death loss. 
Production/cow was calculated by multiplying calf weaning 
weight adjusted for sex of calf by number of tester cows weaning a 
calf and then dividing by total number of tester cows. Producti- 
on/ ha was then determined by dividing production/ cow by rate of 
stocking (ha/cow). Percent of cows pregnant was determined by 
palpation. Percent calf death loss was calculated by subtracting 
percent calves weaned from percent cows pregnant. 

Data were analyzed utilizing least squares analysis of variance, 
analysis of covariance and linear regression procedures. The fixed 
variable analysis of variance models was applied as a factorial 
design without treatment replications. Tukey Q values were util- 
ized for mean separation where appropriate (Snedecor and Coch- 
ran 1967). All mean values reported are least square estimates 
which generally deviated less than 2% from the raw data means. 

Since weigh dates for both cows and calves were dependent upon 
age of calf, the 1977 and 1978 cow weights were analysed separately 
from the 1961 through 1974 weights. This was necessary since the 
calving season in 1977 and 1978 began approximately 60 calendar 
days earlier than during the period from 1961 to 1974. 

Results 

Cow Weights 
Cow weight analyses for 1961 through 1974 indicated all main 

effects were significant with several significant interactions (Table 
2). Averaged across all treatments and years, cow weights averaged 
410 kg in early April, 454 kg in mid-June, and 447 kg in early 
September. The treatment by weighing period interaction revealed 
that cows in the heavy continuous treatment were significantly 
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lighter in both April and June than cows in the moderate continu- 
ous and Merrill rotation treatments (Table 3). By September, no 
significant difference in cow weights was noted between the two 
continuous treatments but cows in the Merrill rotation treatment 
were significantly heavier than cows in either continuous treat- 
ment. Examination of weight changes over time within a treatment 
(Table 3) indicated all cows gained a significant amount of weight 
during the spring. No gains were apparent during the summer, with 
the cows in the moderate continuous treatment losing a significant 
amount of weight. 

Table 3. Mean weight of cows (kg) on three weigh dates for three grazing 
treatments at Tezas Experimental Ranch from 1961 through 1974. Treat- 
ments were heavy continuous (HC), moderate continuous (MC), and 
Merrill rotation (MR). 

Treatment 
Weighing period HC MC MR 

I 394’ 4l2b 425, 
2 445c 458d 46od 
3 440, 444, 457d 

‘Means within same row or column followed by same letter ire not significantly dif- 
ferent at KO.05. 

The supplement by weighing period interaction indicated that 
supplemented cows were significantly heavier in early April and 
June than nonsupplemented cows with no differences noted by 
September (Table 4). The lack of significant weight differences in 
September was because supplemented cows lost weight during the 
summer while the weight of the nonsupplemented cows did not 
change, The lack of significant year by supplement and treatment 
by supplement interactions (Table 2) suggested response to supple- 
ment was similar across years and treatments. 

The year by weighing period interaction emphasized annual 
variation in weights across seasons. Averaged across the three 

Table 4. Mean weigbht of winter supplemented and nonsupplemented cows 
(kg) from three grazing treatments on three weigh dates at Texas 
Experimental Ranch from 1961 through 1974. 

Supplemented 
Weighing period Yes No 

I 421.’ 404 

: 
‘%lb 447, 
449, 445, 

‘Means within same row or column followed by same letter are not significantly dif- 
ferent at KO.05. 
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Table 5. AMU~ means for three grazing treatments for various production parameters at Texas Experimental Ranch from 1961 through 1978. Row 
means are significantly different at KO.05 if differences exceed Q-value. 

Parameter 

Cow weight 
Calf weaning weight (kg)* 
Calf weaning weight (kg)3 
Conception rates 
Production/cow (kg) 
Production/ha (kg) 

Year Q 
1961 1962 1963 1964 1965 1966 1967 1968 1970 1971 1972 1973 1974 1977 1978 value 

427 432 438 421 480 455 469 440 414 403 454 429 417 435’ 405’ 18 
231 219 230 211 230 217 237 216 190 204 223 218 196 183 I61 12 

2;; 2;; 
200 206 227 217 235 212 211 203 222 215 202 202 182 10 
99 96 92 98 98 94 84 97 96 95 94 90 97 10 

219 196 221 194 204 201 233 203 151 190 201 191 168 158 143 33 
27.7 24.7 30.2 27.6 29.4 28.1 34.7 33.4 25.6 32.0 33.2 32.4 28.3 28.1 25.5 5.5 

‘Not included in mean separation. 
‘Actual weight. 
‘Weight adjusted to average age of 236 days. 

treatments, cows gained a significant amount of weight from early 
April to June in all years except 1971. The response in 1971 was 
attributed to a lack of forage resulting from a very dry spring. Total 
precipitation from January to June in 1971 was 92 mm as com- 
pared to a 20 year average of 251 mm. Likewise, significant weight 
losses occurred in 8 years from June to September while significant 
gains occurred in 3 years. Basically, gains were recorded in those 
years when spring precipitation was either below normal or 
summer precipitation was above normal. 

The year by treatment interaction (Table 2) resulted primarily 
from annual variations in the magnitude of difference between 
treatments. Cows in the Merrill rotation treatment were either 
significantly heavier every year than cows in the moderate and 
heavy continuous treatments or their weights were not significantly 
different from the heaviest cows. Similarly, cows in the heavy 
continuous treatment were either significantly lighter than the 
cows in the moderate continuous and Merrill rotation treatments 
every year or their weights were not significantly different from the 
lightest. 

heavy continuous pastures were dominated by shortgrasses with 
minimal amounts of Texas wintergrass present while the moderate 
continuous and Merrill rotation pastures were dominated by mid- 
grasses with considerable amounts of Texas wintergrass present 
(Kothmann et al. 1978). Because of the shortgrasses, actual as well 
as potential forage production in the heavily stocked pastures was 
always less than in the moderately stocked pastures. This reduced 
forage production, along with the greater utilization of forage 
resulting from the greater number of livestock present, reduced the 
quantity of reserve forage present in the heavily stocked pastures 
relative to the moderately stocked pastures. Thus, when adverse 
vegetative growing conditions were encountered, quantity of for- 
age became limiting sooner in the heavily stocked pastures than in 
the moderately stocked pastures. 

Analyses of the cow weights for 1977 and 1978 reflected basically 
the same weight responses as established from the 1961 through 
1974 analyses. Cows averaged 436 kg in 1977 while in 1978 they 
averaged 405 kg. Heaviest cows were in the Merrill rotation (429 
kg) and lightest in the heavy continuous (4 16 kg). Supplementation 
increased average weights 10 kg. The weighing period effect was 
quite similar in that cows were lightest in April (402 kg), heaviest in 
June (445 kg) with a nonsignificant loss of weight in August to 440 
kg. February weights averaged 395 kg. 

The cow weight analyses emphasized the close relationship 
between cow weights and quantity and/or quality of available 
forage. Year (Table 5) and weighing period effects were directly 
related to annual and seasonal variations in quantity and quality of 
available forage, which are closely related to amount and seasonal 
distribution of precipitation (Heitschmidt et al. 1982a, 1982b). 
Treatment effects (Table 6) were related primarily to differences 
between treatment pastures in vegetative composition as it affects 
quantity and quality of available forage. Characteristically, the 

Quantity of Texas wintergrass present was assumed to be an 
important factor affecting winter cow weights. Texas wintergrass is 
a cool-season midgrass capable of making substantial vegetative 
growth during the fall and winter if adequate precipitation has 
been received. Thus, the availability of Texas wintergrass can 
dramatically alter the quality of the winter diet of livestock in this 
region. Its absence in the heavily stocked pastures presumably 
reduced overall quality of diet selected. 

Calf Weights 

Table 6. Treatment means for various production parameters at Texas 
Experimental Ranch from 1961 through 1978. Grazing treatments were 
heavy continuous (HC), moderate continuous (MC) and Merrill rotation 
(MR). 

Treatment 
Parameter HC MC MR 

Cow weight (kg)’ 427.2 438b ,447, 
Calf weaning weight (kg)’ 204n 212b 217e 
Calf weaning weight (kgr 207. 212b 215b 
Conception rates (%) 94 96 96. 
Production/cow (kg) 182 189.b 202b 
Production/ ha (kg) 35.9. 25.2b 27.8, 

‘Does not include 1977 and 1978 data. 
2Row means followed by same letter are not significantly different at IyO.05. 
‘Actual weight. 
‘Weight adjusted to average age of 236 days. 

Significant year (Table 5), treatment (Table 6), supplement, and 
sex of calf effects were revealed from thecalf weaning weight (third 
weight) analyses (Table 2). Two interactions were significant: year 
by treatment and year by supplement. The year by treatment 
interaction resulted primarily from changes between years in the 
magnitude of treatment differences in calf weaning weights. Wean- 
ing weights of calves in the heavy continuous treatment inallyears 
were either the lightest or were not significantly different from the 
lightest. In contrast, weaning weights of calves in the Merrill 
rotation treatment wereeither the heaviest or were not significantly 
different from the heaviest in 14 out of the 15 years. Calves weaned 
in the moderate continuous treatment were heaviest in 3 years but 
only significantly heavier than calves in the Merrill rotation in 
1968. In 12 years, calves in the moderate continuous treatment 
were not significantly heavier than calves in the heavy continuous 
treatment. 

The year by supplement interaction was primarily the result of 
annual variations in magnitude of differences between weaning 
weights. In seven of the 15 years, supplemented cows weaned calves 
significantly heavier than nonsupplemented while in only I year 
were calves from nonsupplemented cows significantly heavier than 
those from supplemented cows. That year was 1961, when the 
average age of calves weaned from the nonsupplemented cows was 
260 days as compared to 243 days for calves weaned from the 
supplemented cows. 

Averaged across years and supplement and corrected for sex of 
calf, weaning weight of calves in the ‘Merrill rotation treatment 
averaged 13 kg more than for calves in the heavy continuous 
treatment and 5 kg more than for calves in the moderate continu- 
ous treatment (Table 6). Calves weaned from cows fed winter 
supplement averaged 214 kg while calves weaned from nonsupple- 
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mented cows averaged 208 kg. Average weaning weight of steers 
was 217 kg as compared to 206 kg for heifers. 

To contrast differences in weaning weights between years, 
weights were adjusted for age of calf. The analysis of covariance 
indicated that age of calf was a significant covariate and that the 
main and interaction effects that were significant in the analysis of 
variance (Table 2) were also significant in the analysis of covar- 
iance. But differences between years and treatments in calf weaning 
weights diminished when adjusted for age of calves (Tables 5 and 
6). Annual differences were related to differences in amount and 
distribution of precipitation as discussed in the cow weight. The 
highly significant correlation (r = 0.77, X0.01) that was estab- 
lished between average cow weights and adjusted calf weaning 
weights emphasized this relationship. Treatment differences di- 
minished with adjustments for age of calf (Table 4) since calves in 
the heavy continuous treatment averaged 233.8 days old on the 
final weigh date while calves in the moderate continuous and 
Merrill rotation treatments averaged 235.6 and 238.2 days, respec- 
tively. Since the difference between the weaning weights of calves 
in the Merrill rotation and moderate continuous treatments 
became nonsignificant after weights were adjusted for age of calf 
(Table 6), a slight delay in breeding was probably the principal 
reason for differences in calf weaning weights between the two 
moderately stocked treatments. 

Although a delay in breeding and subsequently in calving was 
apparently a major treatment effect in the heavy continuous treat- 
ment, it was not the only factor altering calf weaning weights. 
Circumstantial evidence of treatment differences in calf birth 
weights was revealed from the analysis of variance of the calf 
weights across the three weigh dates. These analyses revealed that 
all main effects were significant as well as numerous interaction 
effects (Table 2). But only the weighing period effects were consi- 
dered biologically important since all other effects were based on 
the weight of calves averaged across the three weighing periods. 
The lack of a significant treatment by weighing period effect was 
most important in that it indicated that the calves in the heavy 
continuous treatment were significantly lighter on all weigh dates 
than calves in the two moderately stocked treatments (Table 7). 
Also it indicated that calves in the moderate continuous treatment 
were significantly lighter than those in the Merrill rotation treat- 
ment on all weigh dates. But when calf weights were adjusted for 
age, no significant differences were noted between the weight of 
calves in the moderate continuous and Merrill rotation treatments 
although weights in the heavy continuous treatment remained 
significantly lighter. Thus, it is assumed that birth weights of calves 
in the heavy continuous treatment were significantly lighter than in 
the moderately stocked treatments since weights were significantly 
lighter on the first weigh date even after adjusting for differences in 
birth dates. 

Weight gains from the first weigh date to weaning did not differ 
significantly between treatments (Table 2), although a slight differ- 
ence was apparent. Unadjusted gains were 120, 121, and 124 kg, 
respectively, for calves in the heavy continuous, moderate continu- 
ous, and Merrill rotation treatments (Table 7). The significant year 
by treatment, year by supplement, and year by weighing period 
interaction effects were all related to minor differences in gains 
between years. The supplement by weighing period interaction 

Table 7. Mean weight of calves (kg) on three weigh dates for three grazing 
treatments at Texas Experimental Ranch from 1961 through 1978. Treat- 
ments were heavy continuous (HC), moderate continuous (MC) and 
Merrill rotation (MR). 

Weighing period HC 
Treatment 

MC MR 

1 84’ 91 93 
2 150 157 161 
3 204 212 217 

‘All means are significantly different at KO.05. 

resulted from a significant difference in gains between the first and 
second weigh dates. Average weight gain of calves from supple- 
mented cows was 2.2 kg more than that of calves from nonsupple- 
mented cows. Differences in gains between the second and third 
weigh dates were nonsignificant. 

In summary, the calf weight analyses suggested that the heaviest 
calves were weaned from the Merrill rotation treatment for the 
three basic reasons: they were older, they were apparently slightly 
heavier at birth, and they made slightly faster gains. Although 
individually these effects were not significant, when contrasted 
among grazing treatments, the accumulative effects were 
significant. 

Conception Rates 
Analysis of variance of conception rates revealed significant year 

effects, year by treatment interaction effects, and year by supple- 
ment interaction effects (Table 2). The year by treatment interac- 
tion resulted from the grazing treatment effects that occurred in 
1969 when the cows were being bred for the 1970 calf crop. Concep- 
tion rate in the heavy continuous treatment averaged 66%. This 
was significantly less than the 87% conception rate in the moderate 
continuous treatment and the 92% in the Merrill rotation. The 
reason for the reduced rate of conception in the heavy continuous 
treatment was related to a heavy infestation of annual broomweed 
(Xunrhocephalum spp.) during the summer of 1968. Presumably, 
this effect was two-fold. First, the broomweed canopy reduced 
forage production during the growing season. Then the canopy of 
standing dead broomweed impeded livestock grazing during the 
fall, winter and spring following the heavy infestation (Kothmann 
and Rittenhouse 1980). 

The year by supplement interaction was also in part related to 
the 1970 results. Conception rates during the spring of 1969 in the 
nonsupplemented herds were SO%, 82%, and 88% in the heavy 
continuous, moderate continuous, and Merrill rotation treat- 
ments, respectively. Winter supplementation increased conception 
rates to 83Ye, 95%, and 100% for these same treatments. Thus, an 
obvious interaction existed between the effects of grazing treat- 
ment and winter supplementation during the heavy infestation of 
broomweed. 

In addition to 1970, significant differences did occur between 
rates of conception in supplemented and nonsupplemented herd in 
1965 and 1968. In 1965, rate of conception in the supplemented 
herds averaged 95% as compared to 84% in the nonsupplemented 
herds. In 1968, the supplemented herds averaged 92% and the 
nonsupplemented 100%. No biological significance could be 
attributed to the effect of winter supplementation on rate of con- 
ception in either of these 2 years. 

Weaned Calf Crop 
Percentage of cows weaning calves varied significantly between 

years (Table 5) but not between treatments regardless of supple- 
ment (Table 6) or between supplemented and nonsupplemented 
herds regardless of treatment (Table 2). Because of the relationship 
between conception rates and calf crop, the interaction effects were 
closely related to the effects observed in the rate of conception 
analyses. However, a major difference between the conception rate 
and calf crop weaned analyses did occur in that the treatment by 
supplement interaction effect was significant in the calf crop 
weaned analyses (Table 2). Although there were no significant 
differences between supplemented or nonsupplemented herds 
when averaged across treatments, supplementation in the heavy 
continuous treatment did significantly increase percentage of cows 
weaning a calf (Table 8). 

To evaluate possible differences in calf losses resulting from 
abortion, death, or possibly an incorrect pregnancy test, an analy- 
sis of variance was run on differences between percentage of cows 
bred and percentage of cows weaning calves. All main effects and 
interactions were nonsignificant (Table 2), indicating that grazing 
treatment had no statistically significant effect on calf survival. 
Thus, it was apparent that the significant treatment by supplement 
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Table 8. Average percent of supplemented and nonsupplemented cows Table 9. Mean production/ha (kg) for winter supplemented and nonsup- 
weaning calves from three grazing treatments at Texas Experimental plemented grazing treatments at Texas Experimental Ranch from 1961 
Ranch from 1961 through 1978. Crazing treatments were heavy con- through 1978. Crazing treatments were heavy continuous (HC), mod- 
tinuous (HC), moderate continuous (MC), and Merrill rotation (MR). erate continuous (MC), and Merrill rotation (MR). 

Supplemented 

NO 
YES 

HC 

86.0&I’ 
90.8b 

Treatment 

MC 

87.4 
90.5.b 

MR 

88.8a 
92.7.b 

Supplemented HC 

Treatment 

MC MR 

NO 
YES 

34. I.’ 
37.Q 

25.3b 
25.h, 

27.k 
28.0, 

1 Means within same row or column followed by same letter are not significantly di- 
ferent a1 p<o.os. 

interaction effect on calf crop weaned was a cumulative effect of 
conception rate and calf survival. 

Production 
Production/cow varied significantly between years and treat- 

ments with a significant year by treatment interaction (Table 2). A 
large portion of the year effect was attributed to differences in calf 
weaning weights which resulted from differences in age of calf at 
weaning (Table 5). Treatment means reflected basic effects (Table 
6) but the year by treatment interaction indicated some variation 
among years in treatment response. In only 4 years were the 
differences between treatment means significant. In each of these 
years, greatest production/cow was recorded in the Merrill rota- 
tion treatment while in 3 of these years, lowest production/cow 
was in the heavy continuous treatment. Over the entire IS years, 
greatest production/cow occurred in the Merrill rotation treat- 
ment in IO years, while in 4 years greatest production/cow 
occurred in the moderate continuous treatment. 

Production/ ha varied significantly among years (Table 5) and 
treatments (Table 6) with a significant year by treatment interac- 
tion (Table 2). The year by treatment interaction was primarily the 
result of variations in the magnitude of difference between treat- 
ment means within any given year. For example, production/ ha in 
the heavy continuous treatment was significantly greater than in 
the moderate continuous treatment I3 out of the 15 years with a 
nonsignificant difference in 1970 and 1978. The nonsignificant 
difference in 1970 was directly related to the annual broomweed 
infestation of 1968, which significantly reduced the calf crop 
weaned in the heavy continuous treatment. Differences in 1978 
were not significant because calves were lighter in all treatments 
than in previous years (Table 5). Thus, differences between treat- 
ments in production/ ha were necessarily smaller than in previous 
years. 

The significant year by supplement interaction resulted primar- 
ily from annual variations in the magnitude of differences in pro- 
duction/ ha between supplemented and nonsupplemented herds. 
Mean separation indicated no significant differences between sup- 
plemented and nonsupplemented herds in any yearexcept 1970. In 
1970, production/ha in the supplemented herds averaged 30.5 kg 
while averaging 21.9 kg in the nonsupplemented herds. These 
differences were primarily related to differences in calf crop 
weaned. 

The treatment by supplement interaction indicated that supple- 
mentation significantly increased production/ ha in the heavy con- 
tinuous treatment (Table 9) while no effect was noted in the 
moderate continuous and Merrill rotation treatments. These data 
are related to the interaction effect of treatment and supplement on 
weaned calf crop (Table 8). 

Discussion and Conclusion 
The quantitative effects of increasing rates of stocking on live- 

stock production have been well documented (Vallentine 1978). As 
rate of stocking is increased, production/animal unit slowly 
declines and production/unit area of land increases until rate of 
stocking exceeds carrying capacity. At that point, production- 
/animal unit rapidly declines with a subsequent decline in 
production/unit area. Basically, the data from the heavily and 

‘Means within same row or column followed by same letter are not significanlly dif- 
ferent a1 KO.05. 

moderately stocked continuous treatments in this study support 
this generalization with regards to the effect of stocking rate on 
livestock production. Since 1961, the heavier rate of stocking has 
evidently been near that required to maximize livestock producti- 
on/ ha and net economic returns/ ha (Whitson et al. 1982). But this 
basic conclusion is based entirely upon longterm averages. Close 
examination of annual variation in net incomes suggests that 
income stability in the heavy continuous treatment has declined 
since 1961 and that the need for winter supplementation has 
become increasingly important to reduce income variability and 
economic risk (Whitson et al. 1982). 

The primary reason for the reduced stability of livestock produc- 
tion and thus income can be related to the changes that have 
occurred in species composition on the vegetation at the heavier 
rate of stocking. The classic ecological shift is composition from 
midgrass dominants to shortgrasses has occurred in these pastures 
(Kothmann et al. 1978). This shift in species composition has 
reduced forage production and prevented the accumulation of 
sufficient forage reserves to sustain the cattle during adverse peri- 
ods of growth such as 1975. The probability of an economic 
disaster will continue to increase as these longterm effects of heavy 
stocking rates become more apparent on the forage resource. 

Similarly, the interaction effects of treatment and supplement 
can also be related to changes in species composition. The shift in 
composition from midgrasses to shortgrasses has reduced the 
abundance of Texas wintergrass in the heavy continuous pastures 
(Kothmann et al. 1978). Because of the high nutritional value of 
Texas wintergrass during winters, livestock response to winter 
supplement was directly related to the abundance of Texas winter- 
grass in any given treatment pasture. The presence of Texas winter- 
grass reduced the need for winter supplement in the moderately 
stocked pastures except during extended periods of winter 
drought, abundant snow fall or heavy infestations of annual 
broomweed. 

The effects of the Merrill rotation system on livestock produc- 
tion are not as easily identified as the effects of rate of stocking 
because of differences between treatment pastures in potential 
forage production resulting from differences in range site composi- 
tion. It is impossible to emphatically conclude that the heavier calf 
weaning weights and greater production/cow were strictly grazing 
treatment effects. However, we personally believe that a major 
portion of these treatment differences were directly attributable to 
the Merrill rotation grazing system and not to differences in poten- 
tial forage production among pastures. Since 1960 a gradual 
improvement in range condition in these four pastures has been 
apparent with a shift in species composition on the Clay Loam 
range site towards the midgrass dominants of sideoats grama and 
Texas wintergrass (Kothmann et al. 1978). The ultimate effect of 
this range improvement has been to stabilize annual income and 
decrease economic risk (Whitson et al. 1982). We expect the aver- 
age differences in livestock production observed between grazing 
treatments from 1961 through 1978 ,to remain relatively constant 
over the next 20 years, assuming no severedrought isencountered. 
However, we expect the variation in production among years to 
increase in the heavy continuous treatment and to decrease in the 
moderately stocked treatments, particularly in the Merrill rotation 
treatment. We forward this basic hypothesis because we believe 
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that the duration of these trials has been of sufficient length of time 
that an equilibrium has been established between the forage 
resource and each grazing treatment. 

Considerable controversy exists as to the utility of various graz- 
ing systems as management tools for improving livestock produc- 
tion (Driscoll 1967, Heady 1969, Launchbaugh et al. 1978, 
Gammon 1978, Pieper et al. 1978). Gammon (1978) concluded 
from a thorough review of past research that “there is sufficient 
evidence from experiments of long duration to indicate that pas- 
ture deteriortion can usually be expected under continuous graz- 
ing, even at moderate stocking rates, and that stability can be 
facilitated by a variety of rotational systems.” We suggest that the 
livestock performance data from this study, coupled with the 
economic analyses (Whitson et al. 1982) and the trends in vegeta- 
tion response (Kothmann et al. 1978) support this generalization. 
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Potassium Content of Three Grass Species 
during Winter 

R.T. HINNANT AND M.M. KOTHMANN 

Abstract 

The potassium content of little bluestem (.Sc/rizuc~iuut scopa- 
rium (Michx.) Nash), kleingrass (Panhun coloratum L.), and 
brownseed paspalum (Paspalum plicatulum Michx.) declined fol- 
lowing plant senescence and frost. The potassium content of her- 
bage of little bluestem and brownseed paspalum reached levels 
below the requirements of cattle by February during two winters. 
Kleingrass leaves retained green tissue the first winter yielding 
higher potassium levels. Little bluestem had reached senescence 
and had low levels of potassium by November. Herbage of the 
three species was also subjected to soaking treatments to simulate 
frost damage and quantify losses due to leaching. Potassium levels 
declined with soaking in freeze damaged herbage as time of expo- 
sure increased. Soaking treatments did not significantly affect the 
potassium content of fresh live herbage. 

Potassium (K) is abundant in most rangeland soils (Woodhouse 
1962), and during periods of active growth plants normally contain 
amounts exceeding the dietary levels of 0.6 to 0.8% recommended 
for cattle (Burroughs 1976). Ward (1966) stated that any diet 
selected by grazing ruminants would probably never be deficient in 
potassium. Deficiencies have been reported on low forage high 
concentrate diets (Davis et al. 1964, Emery et al. 1965). However, 
even high concentrate rations are not believed to pose a deficiency 
problem since the K content of most grains is greater than 0.5% 
(Church 1971). Dormant grasses may yield K levels below the 
requirement for cattle causing stress and reduced performance 
(Kothmann and Hinnant 1976). 

Potassium ions within plants do not enter into permanent 
organic combinations, but exist as highly mobile soluble organic 
and inorganic salts (Lawton and Cook 1954). Potassium is 
required by plants for nitrogen and carbohydrate metabolism, 
activation of various enzymes, control of essential mineral ele- 
ments, promotion of growth of meristematic tissue, and adjust- 
ment of stomata1 movement and water relations (Tisdale and 
Nelson 1968). Free K ions are absorbed by the roots and move to 
new foliage. Potassium ions move from older dormant tissue in the 
phloem to the roots and diffuse into the soil (Lawton and Cook 
1954). Potassium ions are readily leached from leaves of dormant 
foliage by rain or dew and are subject to some leaching from living 
foliage (Tukey and Amlug 1958, Clement et al. 1972). 

Potassium functions in animals to maintain osmotic balance, 
acid-base equilibrium, ionic balance, water balance, and as a co- 
factor of several enzyme systems, and is an important component 
of milk. Potassium must be included in the daily ration since it is a 
very mobile element and there are no appreciable reserves other 
than in the muscle and nerve cells. Potassium is removed from 
plasma in the kidneys, which have little capacity for conservation. 
Renal excretion of K continues even when body levels are danger- 
ously low (Thompson 1972). 

Authors are research associate and professor, Department of Range Science, Texas 
A&M University, College Station 77843. 

This report is published as Technical article No. 16093 from theTexas Agricultural 
Experiment Station. 
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Mature range forages (predominantly grasses) may be deficient 
in K, and K supplements have been shown to increase COW and calf 
weights and conception rates (Kothman and Hinnant 1976, Karn 
and Clanton 1977, Waggoner et al. 1979). Potassium deficient diets 
have been reported for cows grazing dormant vegetation on the 
Coastal Prairie of Texas (Kothmann and Hinnant 1976). This 
study was conducted to determine the K content of root, crown, 
leaf, and stem in three warm-season grasses from fall dormancy to 
initiation of growth in the spring. Potassium content of intact and 
frost damaged grasses was also investigated to determine the sus- 
ceptibility of K to leaching by rainfall. 

Materials and Methods 

Two experiments were designed to monitor K content from 
plant senescence in the fall until growth initiation in the spring,and 
to determine the leaching potential of intact and frost damaged 
plants. Little bluestem, kleingrass and brownseed paspalum were 
collected as representative warm-season perennial grasses which 
are commonly grazed during the winter. Little bluestem was col- 
lected from a roadside area in a little bluestem/splitbeard bluestem 
(Andropogon ternarius Michx.) dominated community in the 
post-oak Savannah near College Station, Texas. Brownseed paspa- 
lum and kleingrass were collected from a plant nursery. Potassium 
content of the soils of the areas ranged from 104 to 188 ppm. 

Experiment I 
The first experiment was initiated prior to frost in November 

to monitor K content of leaf, stem, crown, and root during two 
successive winters. Whole plant samples were collected at approxi- 
mate monthly intervals. Soil was removed from crown and roots 
by a rapid wash in tapwater. The plants were separated into three 
parts; herbage, crown, and root. Plants were frozen at -50 C and 
subsequently freeze-dried prior to analysis. The herbage was separ- 
ated into leaf and stem and all four plant parts were ground to pass 
through a I-mm screen. Samples of each plant part were analyzed 
for K with a modification of an acid extraction method (Horwitz 
1975). Ground sample (0.5 g) was placed into a IOO-ml volumetric 
flask, shaken for approximately 15 min with 75 ml of a 10% v/v 
solution of HsS04, and then brought to volume. The sample was 
then filtered and analyzed by flame emission at 404 rnp 
wavelength. 

Experiment II 

A second experiment was designed to determine the effect of 
leaching on K removal from fresh and frost simulated (frozen) 
grasses. Herbage of the three grasses was collected prior to frost in 
November 1975 for two treatments. In treatment one, fresh her- 
bage was soaked in tapwater in stainless steel buckets for five time 
intervals (control or no-soak, IO, 30,. 6(r, and 90 min). In the second 
treatment, fresh herbage was placed in a freezer at -200 C overnight 
and then subjected to the same soaking treatments. Following each 
soaking treatment, the herbage was frozen, freeze-dried, and separ- 
ated into leaf and stem. Potassium was analyzed as in experiment 
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Table 1. Potassium content ($) of leaf material of three plant species across six sampling dates during two winters. 

Species 
Year Nov. Dec. Jan. Feb. Mar. Apr. 

Little bluestem 
1975-76 
1976-77 

.34’” 
- 

.26m 

.28” 
.29” 
.30” 

.33’” 

.35”” .5>l 
1.4lfdl 
.88Sh 

Kleingrass 
1975-76 1.44’ 1.75b 1.27d” 1.13e’ - 2.06’ 
1976-77 - .21rn .30” .22” I.228 1.50” 

Brownseed paspalum 
1975-76 .99’” .7ghi .73hi .52’ 1.44’ 
1976-77 .5Pk .33’” .28” .4Yk1 .69’ 

‘Means followed by the same letter do not differ significantly (K.05). 

one. 
Data from both experiments were analyzed by least squares 

analysis of variance techniques (Barr et al. 1976). Duncan’s new 
multiple range test was used for mean separation (Duncan 1955). 

Results and Discussion 

Experiment I 
Weather differed considerably during the two winters, causing 

variations in the K content of herbage from two of the three 
species. The second winter had approximately two times more 
precipitation (41.6 cm) than the first winter (20.7 cm). Tempera- 
tures the second winter were more severe with 37 days of 00 C or 
below; whereas, the first winter had only 27 days of 00 C or below. 
The first killing frost (below -4’ C at 1.2 m) occurred on November 
23, 1975, and November 29, 1976. 

Leaf tissue of kleingrass and brownseed paspalum contained 
significantly higher levels of K than the herbage of little bluestem 
during the winter of 1975-76 until April (Table 1). Little bluestem 
had reached senescence by November and the K content of leaf and 
stem did not vary significantly either winter until March and April 
(Tables 1 and 2). The K content of little bluestem leaves remained 
at or below 0.55% K until April. Levels of K in herbage remained 
below the requirement of cattle until initiation of spring growth. 

Potassium content did not differ significantly between leaf and 
stem tissue, or between crown and root tissue when averaged 
across species, winters, and dates. The K content of leaf and stem 
tissue (herbage) (.77%) was significantly higher than crown and 
root tissue (.60%). 

The mean K contents of leaf and stem were strongly affected by 
sampling date. Potassium contents of leaf and stem tissue were 
significantly higher in April than November (Table 1 and 2). Both 
April and November were significantly higher than December 
through March for stem tissue and December through February 
for leaf tissue. Potassium decreased from November through Feb- 
ruary and then increased significantly by April with initiation of 
spring growth. The interaction of plant parts by sampling dates 
was significant. 

Kleingrass leaves had the highest amount of K in November, but 
decreased approximately 50% by February before increasing in 
March and April (Table 2). Kleingrass was the species most 
affected by winter weather. Kleingrass retained some green foliage 
the first winter with actively growing basal leaves. Potassium 
content of leaves declined 35% from December to February, but 
remained above 1.0% The K content of stems declined approxi- 
mately 37% dropping to 0.53% by February (Table 2). Green 
herbage was less evident during the second winter as compared to 
the first winter. Potassium values remained below 0.30% in leaf 
and stem from December through February. Kleingrass has the 
potential to retain green leaves throughout mild winters, thus 
retaining adequate levels of potassium. During severe winters 
which produce dormant vegetation, the K content of kleingrass 
may be below levels required by cattle. 

There were no significant differences among sampling dates in 
the K content of crown and root tissue averaged across the three 
species. Potassium content of root and crown material did not 
increase during fall or as growth was initiated in the spring. Potas- 
sium in the roots appeared to be in equilibrium with the soil and 
thus translocation downward in the fall and upward in spring was 
not reflected by increased concentration. 

Brownseed paspalum herbage lost approximately 50% of its K 
from November to February both winters (Tables 1 and 2). K 
values were 0.99 and 1.80% for leaf and stem, respectively, prior to 
frost in 1975, but decreased to below 0.60% by February. The 
second winter, leaf tissue remained at or below 0.50% until April 
and stem tissue declined from 0.70% in December to 0.58% in 
March. The K content of herbage increased to above 0.60% by 
April both winters. Brownseed paspalum, like kleingrass, con- 
tained higher levels of K the first winter. 

Herbage of all three species, with the exception of kleingrass 
leaves during the 1975-1976 winter, reached low levels of K which 
could be deficient or marginally deficient for cattle. Leaves and 
stems followed approximately the same trends with minor varia- 

Table 2. Potassium content (%) of stem material of three plant species acrow six sampling dates during two winters. 

Species 
Year 

Little bluestem 
1975-76 
1976-77 

Nov. 

.55Wm 

DCC. 

.33’“” 
.3gk’““’ 

Jan. 

.3gkLm” 
.&jkknn 

Feb. 

:22 
.3gk’“” 

Mar. 

- 

.4dH- 

Apr. 

l.6? 
.67ti 

Kleingrass 
1975-76 l.36d .94”P .57tW .53iik’” - 2.81” 
1976-77 - .291mn .20” .22” .27”‘” .9T’ 

Brownseed paspalum 
1975-76 1.80” 1. 13d’ .7 Phi .58u” 2.39b 
1976-77 - .yfsh’ &“k .5PkL” .46’ik”” .83’ph 

‘Means followed by the same letter do not differ significantly (K.05). 
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tions in rates, dates, and severity of decline. During early spring of 
1977, only kleingrass herbage had K levels significantly above the 
requirements of cattle. Little bluestem and brownseed paspalum 
leaves were slower to initiate growth during the second spring. 

Experiment II 
Leaf and stem material responded similarly to soaking treat- 

ments and discussion will be limited to herbage of the three species. 
Freshly clipped herbage (averaged across species) was not signifi- 
cantly affected by different soaking intervals (Table 3). Fresh 
samples contained approximately the same amount of K after the 
90-min soak as the no-soak. In the frost simulated (frozen) her- 
bage, K losses were significant (Table 3). After 10 min of soaking, 
K content was significantly lower than in the control of fresh foliar 
material. Frozen plants with damaged cells lost K readily. 

Conclusions 

Potassium content of grasses can fall to levels significantly less 
than 0.6 to 0.8% during the winter, potentially lending to K deli- 
cient diets for cattle. Little bluestem typically reaches senescence 
with very little new growth, and k is translocated and readily 
leached early in the fall. Kleingrass and brownseed paspalum 
produce some new foliage during mild winters and adequate K 
levels are maintained until the plants are damaged by frost. These 
grasses are highly susceptible to leaching after frost, and K is lost at 
a rapid rate. Potassium deficiencies would be more likely in cold 
wet winters than mild dry winters. Potassium supplement is needed 
in areas where cattle graze dormant predominantly warm-season 
grasses. Potassium content of these grasses increased rapidly as 
plants began spring growth. 

Table 3. Potassium content (I) of fresh and frozen herbage following five 
soaking treatments to evaluate leaching potential. Literature Cited 
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Table 4. Potassium content (%) of fresh and frozen herbage of three species 
on five soaking treatments to evaluate potential leaching. 
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Vegetative Response to Clearcutting and 
Chopping in a North Florida Flatwoods 
Forest 
WILLIAM H. MOORE, BENEE F. SWINDEL, AND W. STEPHEN TERRY 

Abstract 

Selected naturally regenerated flatwoods forests were clearcut 
and chopped in preparing a large, long-term study of the effects of 
several multiple-use management practices on forest vegetation 
and wildlife. Early effects of clearcutting and chopping on under- 
story vegetation are reported here. Clearcutting and chopping 
reduced woody understory coverage from 66 to 18% of surface 
area. Common gallberry and saw-palmetto were reduced by 75 and 
8!9& respectively. Herbaceous species frequency was htcreased: 
Panicurns by over 3,000%; bluestems by 173%; grasslies by over 
2,000%; and forbs by 308%. Graphical analyses show an increase in 
herbaceous species diversity as a result of mechanical site distur- 
bance. Comparing these graphs with those reported on the effects 
of prescribed burning suggests that the collective vegetative 
response to mechanical site disturbance is qualitatively similar to 
the response to fire. Quantitatively the response to mechanical 
disturbance is more pronounced. 

Successful production of wood, cattle, and wildlife in the south- 
ern pinelands depends on methods of managing both overstory 
and understory simultaneously to increase multiple product yields 
while avoiding environmental and ecological degradation. In 1976 
we began a large study to examine various effects of an array of 
forest management practices on wildlife and wildlife habitat, and 
on herbage production. Portions of the study area were only 
burned. An early assessment of the effects fire produced on the 
understory vegetation was reported by Moore, et al. (1982). Other 
portions of the study area were clearcut, chopped, and replanted to 
pines. Reported here is an early assessment of the effects of 
mechanical site disturbance on understory vegetation, and a com- 
parison of these effects with the earlier reported effects of pres- 
cribed fire. The comparison is made to show that mechanical 
disturbance in natural flatwoods forests has effects similar to 
prescribed fire-which is widely regarded as a useful tool of range 
and wildlife managers. 

Study Area and Methods 
The 73ha experimental area is on the University of Florida’s 

Austin Cary Memorial Forest near Gainesville, Alachua County, 
Florida. When this study began the experimental area was occu- 
pied by a naturally regenerated 50-year old flatwoods forest aver- 
aging 20.7 m2 of basal area per ha and 70.8% crown cover. The 
overwhelming majority of overstory trees were either slash or 
longleaf pine. There were a few water oaks and occasionally some 
other hardwood species, especially in wetter spaces. A brief history 
of the experimental area and a description of the soils on the site 
are given by Moore et al. (1982). The entire experimental area was 
prescribed burned during the winter of 1975-76 with no perceptible 
effect on the overstory. 

Authors are research wildlife biologist (retired) and research forester, Southeastern 
Forest Experiment Station, U.S. Forest Service, and range research biologist, School 
of Forest Resoprces and Conservation, University of Florida, Gainesville 32611. 
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In September and October of 1976, 22 l-ha plots randomly 
dispersed over the experimental area were selected for subsequent 
harvest, site preparation, and planting, and the understory vegeta- 
tion on these plots was surveyed. Survey methods were identical to 
those described by Moore et al. (1982). Coverage of all woody 
vegetation less than 1.5 m high was determined on three 30-m line 
transects in each plot. Where woody vegetation did not exist, 
measurements of surface litter coverage were recorded. Herbace- 
ous speciesfrequencies (Brown 1954) were recorded for each 30-cm 
segment along the same transects, i.e., a species was recorded as 
present when plant parts intercepted a vertical projection of the 
transect segment, and absent otherwise. Herbaceous standing bio- 
mass was determined by clipping, sorting by species, drying, and 
weighing all herbaceous biomass on two l-m2 subplots adjacent to 
each of the 66 transects. 

All plots were then clearcut during the fall and winter of 
1976-77. All merchantable pine wood was removed. In August and 
September of 1977, all plots were double chopped with a Marden 
drum chopper pulled by a skidder. In the winter of 1977-78, some 
of the plots were hand planted with 1,100 slash pine seedlings per 
ha. These seedlings are assumed to have had no detectable effect on 
the vegetative responses reported here. 

In September and October of 1978, vegetation was resurveyed 
exactly as in 1976 except that biomass plots were moved to avoid 
any residual biases due to previous clipping. The resulting observa- 
tions were treated as 22 replications of a single treatment (1978 
data) versus a control (1976 data), and subjected to paired f tests 
(Ostle 1963) to determine which species responded significantly to 
clearcutting and chopping. All changes mentioned in the text were 
significant at the 1% level (KO.01). 

Results 

Changes in Woody Plant Coverage 
Of course clearcutting and chopping removed or destroyed all 

overstory trees in the study plots receiving this treatment. Clearcut- 
ting and chopping also reduced woody understory coverage dram- 
atically (Table 1). On the average, tree species were reduced by 
65%, shrubs by 75$& and vines by 29%. Litter coverage was 
reduced by 72% Coverage of saw-palmetto was reduced from 28% 
to 3% of the surface area; that of common gallberry from 12 to 3%. 
of the woody species in the understory, only the blackberries were 
increased by clearcutting and chopping. 

Changes in Herbaceous Species Frequencies 
Clearcutting and chopping greatly increased the frequencies of 

herbaceous vegetation (Table 2). On the average, frequencies of 
grasses (see Table 2) increased by 420%. The most notable increase 
was by the genus Panicurn, which occurred on 1.9% of the transect 
segments before cutting, and on 63.1% of them 1 year after chop- 
ping. Pineland threeawn was reduced while chalky bluestem 
increased. Significant trends were noted for several less 
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Table 1. Canopy coverage below 1.5 m oj woody phnts on line transects 
before (1976) and after (1978) clearcutting and chopping. 

Soecies 

70 cover 

1976 1978 

Trees 
Red maple (Acer rubrum) 0.6 
Common persimmon (Diospyros virginiana) 0. I 
Loblollybay (Gordonia lasianthus) 
Sweetgum (Liquidambar styraciflua) <IF 
Sweetbay (Magnolia virginiana) 0:1 
Blackgum (Nyssa sylvatica) 0.3 
Redbay (Persea borbonia) 0.0 
Pine (Pinus spp.) <o.os 
Southern red oak (Quercus falcata) 0.0 
Bluejack oak (Q. incana) 0.1 
Sand post oak (Q. margetta) <0.05 
Water oak (Q. nigra) 1.3 
Live oak (Q. virginiana) <0.05 
Black locust (Robinia pseudo-acacia) 0.0 

Shrubs 
Dwarf pawpaw (Asimina parvifolia) 0.3 
American beautyberry (Callicarpa 

americana) <0.05’ 
Gopherapple (Chrysobalanus oblongifolius) 0.2 
Dwarf huckleberry (Gaylussacia dumosa) 3.7 
St. Johnswort (Hypericum spp.) 0.1 
Large gallberry (Ilex coriacea) 0.4 
Common gallberry (I. glabra) 12.3 
Wicky (Kalmia hirsuta) 0.4 
Lyonia (Lyonia spp.) 3.0 
Southern waxmrytle (Myrica cerifera) 0.6 
Running oak (Quercus pumila) 3.2 
Piedmont azalea (Rhododendron canescens) 0.2 
Shining sumac (Rhus copallina) 
Smooth sumac (R. glabra) <::A5 
Poison sumac (R. vernix) 0.1 
Saw-palmetto (Serenoa repens) 27.6 
Red chokeberry (Sorbus arbutifolia) 0.7 
Queensdelight (Stillingia sylvatica) <0.05 
Blueberry (Vaccinium spp.) 1.0 
Farkleberry (V. arboreum) 0.0 
Ground blueberry (V. myrsinites) 1.8 
Possumhaw viburnum (Viburnum nudum) co.05 

Vines 
Yellow jessamine (Gelsemium sempervirens) I .4 
Japanese honeysuckle (Lonicera japonica) 0.0 
Virginia creeper (Parthenocissus 

quinquefolia) 0.0 
Poisonivy (Rhus rodicons) <0.05 ; 
Blackberry (Rubus spp.) 0.2 
Earleaf greenbrier (Smilax auriculara) 0.8 
Catleaf greenbrier (S. glauca) 0.0 
Laurel greenbrier (S. laurifolia) 0.0 
Muscadine grape (Vitis rotundifolia) 2.4 

0.1**2 
<0.05 
<0.05 

0.1** 
<0.05 

0.1 
<0.05 

0.0 
<0.05 
<0.05 

0.0 
0.7** 
0.2f’ 

<0.05 

<0.05** 

<0.05 
o.o** 
1.1** 
0.1 

<0.05** 
2.9** 

<0.05** 
o.s** 
0.3** 
1.2** 

<0.05** 
0.3’ 

<0.05 
<0.05 

3.2** 
0.9 

<0.05 
0.3** 

<0.05 
0.8** 

<0.05 

0.4** 
<0.05* 

<0.05 
<0.05 

I .7++ 
0.8 

<0.05 
<0.05 

0.5** 

‘*implies change is significant at 5% level. 
z**implies change is significant at 1% level. 

abundant-but important-grasses. Barestem paspalum, a species 
of major importance to bobwhite (Murray and Frye 1957) 
increased from less than 0.05% frequency to 3.3% (Table 2). Tooth- 
achegrass and lopside indiangrass, both desirable cattle forages, 
were never abundant and were nearly eliminated. 

Grasslikes (see Table 2) increased by 2,250s and as a result 
constitute an important part (nearly 20%) of the herbaceous flora. 
Greatest gains occurred with the flatsedges, spikesedge, beak- 
rushes, and razorsedges. The importance of these species to cattle 
and wildlife is generally unknown. 

Ferns occurred on about one-third of the transect segments and 
were not affected by site preparation. About 95% of the ferns were 
bracken, a species poisonous to cattle when ingested in large 
quantities. 

JOURNAL OF RANGE MANAGEMENT X42), March 1982 215 

After chopping, forbs made up about 25% of the herbaceous 
flora (Table 2) after increasing more than 300%. Legumes (impor- 
tant to wildlife and cattle) increased from 2.1% frequency to 4.5%. 
Eupotorium also increased, but grassleaf goldaster remained about 
the same and aster diminished. 

Cbanges in Herbage Biomass 
Trends in herbage biomass were similar to those observed for 

herbage frequency (Table 2). Total standing biomass was 245 
kg/ ha before site treatment and 1,867 kg/ ha I year afterwards, a 
662% increase. Grasses increased from 40 to 1,017 kg/ha. They 
accounted for 16% of the total herbage biomass before treatment 
and 54% afterwards. The bulk of this increase was due to the 
response of the genera Panicum and Andropogon. Pineland 
threeawn decreased. Forbs were the next most important herbace- 
ous group and increased from 27 to 371 kg/ha (20% of the total 
herbage biomass) as a result of site treatment. Legumes (mainly 
partridgepea) increased from 3 to 79 kg/ha. Ferns (over 80% 
bracken) increased from I73 to 305 kg/ ha. Ferns comprised 70% of 
the total herbage biomass before treatment; 16% afterwards. 
Grasslikes (see Table 2) increased from 5 to 174 kg/ ha, nearly 10% 
of the post treatment biomass. Flatsedges, spikesedge, beakrushes, 
and razorsedges were more represented. 

Discussion 
Managerial Considerations 

In the flatwoods, pine site preparation and range chopping 
similar to that applied here generally produce a forage response 
ranging from 2,000 to 6,000 kg/ha (Moore 1974, White 1975, 
White 1977). Grasses typically make up about two-thirds or more 
of the production. Bluestems, many of them highly regarded as 
cattle forage, typically respond dramatically and frequently make 
up the bulk of the grass biomass in early years. White (1977) found 
bluestem still accounted for nearly half of the grass biomass 5 years 
after treatment. In the study reported here, total herbage biomass 
was less than 2,000 kg/ ha I year after double chopping and grasses 
accounted for only a little over half of that. Bluestems (see-Table 2) 
made up only about one-third, while panicums-a less desirable 
forage group-accounted for over 50% of grass biomass. 

Site history and delay in chopping may explain the smaller 
response of desirable forage species observed here. The site had not 
been burned or otherwise disturbed for many years. It was domi- 
nated by a thick, woody understory with sparse herbaceous vegeta- 
tion. The preliminary burn was incgmplete, did not consume the 
heavy surface litter, and few herbs invaded the site. As a result, seed 
sources at the time of chopping were undoubtedly scarce. 
Moreover, due to contractual difficulties, chopping actually was 
done in late summer--the time when seedsand fruits are maturing. 
Many desirable plants and their seeds were thus destroyed. Also, 
late summer is a period of high soil moisture so summer chopping 
does not typically result in good shrub control. 

When cattle forage and wildlife habitat improvement is a man- 
agement objective, better shrub control should be obtained if 
mechanical site preparation is done during the drier part of the 
dormant season (Lewis 1972, Moore 1974). And herbaceous seeds 
will have matured and will be incorporated into the soil for better 
spring germination. 

Ecological Considerations 
It is important to consider the total floral response to various 

forest and range management practices. Forest management (espe- 
cially in the slash pine ecosystem) has been subjected to the criti- 
cism that it too often tends to produce a pine monoculture which 
excludes other plant species on lands planted to pines. Mechanical 
site preparation is sometimes identified as a pine cultural practice 
that SO discriminates against competing species that it jeopardizes 
the species diversity deemed healthy for the ecosystem. It is instruc- 
tive to examine the responses to clearcutting and chopping detailed 
in previous sections with these considerations in mind. 



Table 2. Frequency of occurrence of herbuceous plunts on line transects before (1976) and after (1978) clearcutting and chopping, and corresponding 
standing biomass on clipped subplots. 

Species 1976 
Frequency (%) Biomass (kg/ ha) 

1978 1976 1978 

Grasses 
Perennial goobergrass (Amphicarpum muhlenbergianum) 
Chalky bluestem (Andropogon capilltpes) 
Bushybeard bluestem (A. glomeratus) 
Creeping bluestem (A. stolonifer) 
Splitbeard bluestem (A. ternorius) 
Broomsedge bluestem (A. virginicus) 
Green silkyscale (Anthaenantiu villosa) 
Arrowfeather threeawn (Aristida purpurascens) 
Bottlebrush threeawn (A. spiciformis) 
Pineland threeawn (A. strictu) 
Common carpetgrass (Axonopus affinis) 
Longleaf spikegrass (Chasmanthium sessiltjlorum) 
Toothachegrass (Ctenium aromoticum) 
Crabgrass (Digitaria spp.) 
Lovegrass (Eragrostis spp.) 
Sugarcane plumegrass (Erianthus giganteus) 
Panicum (Punicum spp.) 
Needleleaf panicum (P. aciculare) 
Hairy panicum (P. anceps) 
Creeping panicum (P. dichotomum) 
Maidencane (P. hemitomon) 
Warty panicum (P. verrucosum) 
Paspalum (Paspulum spp.) 
Barestem paspalum (P. longepedunculatum) 
Knotroot bristlegrass (Setaria geniculata) 
Lopside indiangrass (Sorghasrrum secundum) 
Curtiss dropseed (Sporobolus curtissii) 
Pineywoods dropseed (S. junceus) 

Grasslikes 
Sedge (Carex spp.) 
Flatsedge (Cyperus spp.) 
Flatsedge (C. retrorsus) 
Maidenhair spikesedge (Eleocharis vivipara) 
Common umbrellagrass (Puirena scirpoidea) 
Common rush (Juncus effisus) 
Beakrush (Rhynchosporu spp.) 
Ciliate beakrush (Rhynchospora cih’aris) 
Razorsedge (Scleria spp.) 

Ferns 
Cinnamon fern (Osmunda cinnamomea) 
Bracken fern (Pteridium aquilinum) 

Forbs 
Gerardia (Agulinis spp.) 
Stargrass (At’etris spp.) 
Common ragweed (Ambrosia artemisityolia) 
Aster (Aster spp.) 
Azure aster (A. azureus) 
Recticulate aster (A. reticulatus) 
Yellow balduina (Balduina untflora) 
Spanishneedles (Ridens bipinnato) 
Yellowhead (Rigelovia nuduta) 
Woody blazingstar (Carphephorus corymbosus) 
‘Showy partridgepea (Gassia fisciculata) 
Pennywort (Centella osiatica) 
‘Coastal butterflypea (Centrosema virginianum) 
Sunbonnet (Chaptalia tomentosa) 
‘Atlantic pigeonwings (Clitorio mariana) 
‘Showy crotalaria (Crotalaria spectabilis) 
Beggarweed (Desmodium spp.) 
Virginia buttonweed (Diodia virginiana) 
Elephantfoot (Elephantopus tomentosus) 
Fireweed (Erechtites hieracifolia) 
Pipewort (Eriocuulon spp.) 
Spurge (Euphorbia spp.) 
Eryngo (Eryngium aromaticum) 
Eupatorium (Eupaforium spp.) 
White eupatorium (E. album) 

<0.05 1.0** <0.5 3 
0.2 3.8.. 1 228*** 
0.0 0.1 0 I 
0.6 0.7 1 19*1 
0.0 0.2* 0 0 
1.7 2.3 2 69’ 

<o.os 0.0 <0.5 0 
0.1 0.2 0 0 
0.2 1 .o** <0.5 10** 
8.1 3.4** 26 9* 

<0.05 0.0 0 0 
0.1 0.2 0 0 
0.9 0.1** I O*’ 
0.0 0.1 0 0 
0.0 0.2** 0 0 
0.0 0.1 0 0 
I.5 53.9** 3 552** 
0.0 0.2* co.5 0 
0.2 0.5 <0.5 3 
0.0 <0.05 0 0 
0.2 0.2 co.5 8 
0.0 8.3** 0 110** 
0.4 0.18 <0.5 1 

<0.05 3.3+* co.5 3 
0.1 0.5” <0.5 1 
0.4 <0.05** I 0 
0.4 0.2 2 I 
0.2 0.0 0 0 

0.0 0.2 0 5 
0.3 8.1** I 40** 
0.0 1.8** 0 6 
0.0 6.2*+ 0 15** 
0.0 0.1 0 0 
0.0 1.1** 0 5 
0.0 9.1** 0 54** 
0.0 1.2’8 0 3 
0.8 12.2** 3 46** 

1.9 
30.0 

0.0 
0.0 
0.0 
3.9 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.5 
0.0 

<0.05 
0.0 
0.1 

<0.05 
<0.05 

0.1 
0.0 
0.0 
0.0 
0.2 
0.0 
0.0 
0.0 

1.4 28 55; 
35.4 145 250** 

0.6** 0 
0.1. 0 

<0.05 1 
1.2** 12 

co.05 0 
0.1 0 
0.1 0 

<0.05 0 
<0.05 0 
<0.05 0 

2.4** I 
0.8** co.5 
0.0 0 
0.1* 0 
0.2 0 
0.5** 0 
0.1 0 

18. I** 0 
0.3** 0 
1.7** 0 

<0.05 0 
0.2 0 
0.4** 0 
0.2** 0 
1.1; 0 

<:.5 
0 
4 
0 
0 
0 
0 
0 
0 

68* 
1 
0 
0.5 
0 
3* 
0 

105** 
<0.5 
29+* 

<0.5 
0 
1 
0 
6 
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Table 2. Continued. 

Species 

Dogfennel eupatorium (E. capillifoh’um) 
3Downy milkpea (Galactia volubilis) 
Turnsole (Heliotropium indicum) 
Grassleaf goldaster (Heterotheca graminifolia) 
St. Johnswort (Hypericum spp.) 

St. Johnswort (H. cistifolium) 
Pineweed (H. gentianoides) 
St. Peterswort (H. stuns) 
Redroot (Lachnanthes caroliniana) 
Bogbuttons (Luchnocaulon spp.) 
Pineweed (Lechea spp.) 

‘Hairy lespedeza (Lespedeza hirtha) 
Mint (Lamiaceae spp.) 
Gayfeather (Liatris garberi) 
Lobelia (Lobelia spp.) 
Seedbox (Ludwigia spp.) 
Seedbox (Ludwigia virgata) 
Orange candyweed (Polygala /urea) 
Blackroot (Pterocaulon pycnostachyum) 
Mudder (Rubiaceae spp.) 
Meadowbeauty (Rhexia spp.) 
Meadowbeauty (R. alifanus) 
Maryland meadowbeauty (R. mar&ma) 
Meadowbeauty (R. petiolata) 

3Rhynchosia (Rhynchosia spp.) 
Mexicanclover (Richardia scabra) 
Rosegentian (Sabatia spp.) 
Hooded pitcherplant (Sarracenia minor) 
Figwort (Scrophuiariaceae) 
Goldenrod (Solidago spp.) 
Sowthistle (Sonchus spp.) 

3Pencilflower (Stylosanthes btjlora) 
Shoe-buttons (Sygonanthusflavidulus) 
3Brownhair tephrosia (Tephrosia spicata) 
Spiderwort (Tradescatia spp.) 
Deertongue (Trilisa ordoratissima) 
Stinging needle (Urtica chamaedryoides) 
Wood violet (Viola triloba) 
Yelloweyedgrass (Xyris ambigua) 

Frequency (%I Biomass (kg/ ha) 

1976 1978 1976 1978 

0.0 1.3** 0 57* 
1.1 0.7 I 2 
0.0 <0.05 0 0 
2.6 2.2 5 20 
0.1 1.6** 1 3 
0.0 0.1* 0 2 
0.0 <0.05 0 0 
0.0 0.1 0 <0.5 
0.0 <o.os 0 0 
0.0 <0.05 0 0 
0.0 0.2** 0 1 
0.0 <0.05 0 0 
0.0 <0.05 0 0 
0.0 1.7** 1 3 
0.0 0.1* 0 1 
0.0 2.2** 0 9* 

<0.05 0.1 0 0 
0.0 0.5** 0 2** 
0.0 1.7** 0 13* 
0.0 0.3** 0 2 
0.2 1.3** <0.5 10** 
0.0 <0.05 0 < 
0.0 0.1* 0 0 
0.0 <0.05 0 <0.5 
0.0 <o.os <OS 3 
0.0 <0.05 0 0 
0.0 <0.05 0 <0.5 

<0.05 <0.05 0 0 
0.0 <0.05 0 0 
0.0 0.6** 0 <0.5 
0.0 0.1 0 0 

<0.05 0.0 0 0 
0.0 0.9** 0 2** 
0.2 0.52 <0.5 3* 
0.0 co.05 0 0 

<o.os <0.05 1 <0.5 
<0.05 <0.05 0 0 

0.0 0.1* 0 0; 
0.5 3.0** 2 10* 

8*implies change is significant at 5% level. 
***implies change is significant at 1% level. 
~Legumes(all FABACEAE) 

Coverage of woody species in the understory before and after 
site treatment is depicted in Figure I. Coverage before treatment is 
plotted (on a logarithmic scale) along the abscissa, coverage after 
treatment in a similar way along the ordinate. The straight line at 
45” depicts exactly no change. Species that diminish after treat- 
ment plot below the line; those that increase plot above it. Only 
those species that changed significantly (X0.01) are labeled. The 
label is an acronym consisting of the first two letters of the Latin 
genus and species names. Thus, saw-palmetto (Serenoa repens) is 
labeled SERE, common gallberry (Rex glubra) is ILGL, black- 
berry (Rubus spp.) is RUSP, etc. Examining the entire graph for 
the collective response of the community, the obvious effect of 
clearcutting and chopping is a dramatic (recall the scales are loga- 
rithmic) reduction in woody understory coverage. It is interesting 
from an ecological viewpoint that the reduction is relatively no 
more severe in relatively rare species than in relatively common 
ones, and that the total number of species was not reduced by the 
disturbance. Indeed, 44 woody species were found on the transects 
both before and after treatment (c$ Table 1). 

Frequency responses of the herbaceous understory are plotted in 
an analogous way in Figure 2. From this graph the response of the 
herbaceous understory is seen to be quite different from that of the 
woody understory. The overwhelming tendency is that herbaceous 
plants increase in frequency, especially if they are rare or absent 
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prior to site disturbance. Substantial numbers of herbaceous spe- 
cies appear only after treatment. Thus, 22 species of grasses were 
recorded before treatment, 27 afterwards. Only 20 species of forbs 
occurred on the transects before cutting, while 64 species were 
recorded after chopping. In all, 47 species of herbs were recorded 
on transects before pastures were cut and chopped; 102 species 
were recorded after treatment. Only pineland threeawn, tooth- 
achegrass, lopside indiangrass, and aster were significantly 
(KO.01) reduced. 

Finally, herbaceous biomass is plotted in an analogous way in 
Figure 3. Recall that the destructive sampling employed required 
that biomass harvesting be performed on distinct subplots during 
resurvey. The resulting greater variation in the two observations is 
expressed in greater scatter in Figure 3 than in Figure 2, and in 
fewer changes judged statistically significant. Still, the overwhelm- 
ing tendency for herbaceous species, especially for those previously 
rare, is to increase after site disturbance. 

It is especially interesting to compare the responses to clearcut- 
ting and chopping reported here to the responses reported earlier 
(Moore et al. 1982) to prescribed fire, The responses depicted in 
figures 1, 2, and 3 in this paper are identical to those in the 
corresponding figures in the earlier paper-except for the treat- 
ments imposed. The surveys were conducted simultaneously and 
used identical survey and analytical methods. Comparing the 
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Fig. 1. Coverage of woody species below 1.5 meters before and after 
clear-curling and chopping. 

results figure-by-figure shows that the collective vegetative 
response to clearcutting and chopping is qualitatively strikingly 
similar to the response to prescribed fire. Quantitatively the 
response to mechanical site preparation is much more pronounced. 

Conclusions 

Evidence in this study of the effects of clearcutting and chop- 
ping, and in a previously reported study of the effects of prescribed 
fire, indicates that mechanical site disturbance in flatwoods forests 
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Fig. 3. Herbaceous sranding biomass before and after clear-cutting and 
chopping. 

of north Florida diminishes overabundant woody understory 
cover more than fire. The diminution is relatively uniform over the 
spectrum from rare to common species. There is no evidence in our 
data that clearcutting and chopping actually reduces the total 
number of woody species in the understory. 

Burning and mechanical disturbance tends to increase both the 
frequency and weights of herbaceous species, including those that 
were previously rare or not present. The response to mechanical 
disturbance is more pronounced that than to fire. Apparently total 
number of understory species and understory species diversity are 
increased by either disturbance, but more so by mechanical distur- 
bance than by fire. 
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Grass Response Following Thinning of 
Broom Snakeweed 
KIRK C. MCDANIEL, REX D. PIEPER, AND GARY B. DONART 

Abstract 

Complete removal of broom snakeweed resulted in perennial 
grass production 833% of that on untreated rangeland after one 
growing season, and 712% and 300% the second and third year, on 
a pasture heavily grazed and in poor range condition. On a moder- 
ately grazed pasture in good range condition, grass standing crop 
increased 42% the first year, 81% the second, and 25% the third 
compared to untreated rangeland. Perennial grass production on 
the heavily grazed pasture was far below that on the moderately 
grazed pasture at the start of the study (40 vs 454 kg/ha). After 3 
years, with complete broom snakeweed removal and no grazing, 
perennial grass production was comparable on the pastures once 
heavily and moderately grazed (1014 vs 939 kg/ha, respectively). 

Broom snakeweed (Xanthocephalum sarothrae) is a serious per- 
ennial weed problem on rangeland in New Mexico. The problem is 
two-pronged in that, under some conditions, broom snakeweed is 
poisonous, causing abortion in cattle (Sperry and Robinson 1963), 
and the weed competes with more valuable forage plants (Ueckert 
1979). Platt (1959) estimated that spe’cies of the genus Gutierreria 
(since treated as Xanthocephalum, Correll and Johnson 1970) 
occurred on more than 350 million ha of rangeland in the United 
States. Broom snakeweed is native on about 60% of New Mexico 
rangelands. 

Broom snakeweed populations have increased and subsequently 
decreased in a cyclic pattern at the Fort Stanton Experimental 
Ranch in New Mexico following droughts in 1970-71, 1974, and 
1976 (Pieper and Donart 1973). Above-average fall, winter, and 
spring precipitation following drought years appears to be related 
to the establishment of broom snakeweed on the blue grama 
(Bouteloua gracilis) range. 

Since some studies (Jameson 1970, Vallentine 1971) and obser- 
vations indicate that broom snakeweed populations are cyclic, it 
seems logical to assume that these plants are fairly short lived. 
Dittberner (197 1) analyzed permanent quadrat records from the 
Jornada Experimental Range in southern New Mexico collected 
over a 53-year period and found the average life span of all age 
classes of snakeweed to be about 2.5 years. Dittberner determined 
that nearly 70% of the broom snakeweed seedlings die in the first 
year. Plants living beyond the first year were found to have an 
average life span of about 4 years. Longevity of the oldest plants 
ranged up to 15 years. 

Mature broom snakeweed begins its seasonal growth in late 
winter to early spring in the Southwest (Ragsdale 1969). Dormant 
buds, developed in a band above and below the root crown, initiate 
growth earlier than associated grasses. Because of the competitive 
advantage from this early growth, there is evidence that production 
of perennial grasses is decreased where broom snakeweed densities 
are high. Ueckert (1979) reported herbage production on short 
grass range to be severely reduced under a dense stand of broom 
snakeweed. When Ueckert reduced broom snakeweed by 25 and 
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SO%, there was no effect on grass production. However, when all 
broom snakeweed plants were removed, grass production 
increased 107%. 

Broom snakeweed apparently undergoes intraspecific competi- 
tion as well as interspecific competition with other species (Ueckert 
1979). The degree of competition appears dependent upon the 
population density and the competitive ability of associated spe- 
cies. The objective of this study was to investigate the response of 
associated species to the removal of broom snakeweed 
competition. 

Study Area and Procedures 
The study was conducted on the Fort Stanton Experimental 

Ranch 6 km east of Capitan, New Mexico. Average annual precipi- 
tation is about 39 cm, with over 60% falling from June through 
September. Open grasslands on mesas and plateaus are dominated 
by blue grama. Woodlands occupy steep slopes and rugged hills 
and are dominated by pinyon and juniper (Pinus edulis and 
Juniperus monosperma) and wavy-leaf oak (Quercus undulata). 
Elevation on the ranch varies between 1950 and 2250 m. 

Two locations selected in 1977 on the Fort Stanton Station 
represented areas under different grazing intensities and range 
condition. One area was located in a pasture continuously grazed 
year-long since 1969 at a heavy stocking rate (18.9 ha/ AU). This 
pasture was considered to be in poor range condition. The second 
location was in a moderately grazed pasture (23 ha/AU) in good 
range condition that had also been grazed since 1969. The soil at 
both locations is from the Dioxice loam series, which is classified as 
a fine loamy mixed mesic aridic calciustoll. 

In May 1977 fences were constructed to exclude grazing from a 
0. l-ha area in each of the two pastures. The fenced areas encom- 
passed a relatively homogeneous stand of l-year-old broom snake- 
weed plants. Broom snakeweed density was determined by 
counting all plants within 9 m2 plots, calculating a mean for the 
exclosure, then uniformly thinning the plants to a desired level by 
clipping at ground level. Broom snakeweed was reduced by 0.25, 
50,75, or 100% of the mean density in the heavily grazed pasture, 
and by 0, 33, 50,67, and 100% in the moderately grazed pasture. 
Treatments were replicated four times in a randomized complete 
block design at each location. 

Basal cover and standing crop of grasses and forbs were deter- 
mined annually in the fall at each location. Basal cover was deter- 
mined by randomly placing a IO-point frame along 15 line transects 
in each plot and recording basal hits for broom snakeweed, forbs 
and perennial grasses. Herbage standing crop was determined for 
each species by clipping four 0.25 m2 quadrats in each plot at the 
end of the growing season. New areas were clipped each season 
during the 3-year study. All clipped vegetation was separated by 
species in the field and later oven-dried at 60“ C for 72 hrs before 
weighing. Basal cover and standing crop data were analyzed by 
analysis of variance. Duncan’s multiple range tests were used to 
separate differences among means where appropriate. 
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Table 1. Mean density (plants/m’) of broom snakeweed after thinning pbmts in May 1977. Natural mortality further reduced the density of plants in 1978 
and 1979. 

Mean density on IO/77 

Heavily grazed pasture 
0 

6.2 
12.6 
18.8 
25.0 

Moderately grazed pasture 
0 

6.2 
9.3 

12.6 
18.8 

% 
Reduction 

100 
75 
50 
25 
0 

100 
67 
50 
33 
0 

% % 
Mean density on IO/78 Change Mean density on IO/79 Change 

0.2 1.0 0.4 2.0 
4.3 -30.4 0.2 -96.4 
7.9 -37.2 1.8 -85.8 
8.6 -54.4 0.8 -95.9 
9.0 -64.0 1.2 -95 1 L 

j;= -46.5 -93.3 

0 0.0 0.2 1.0 
3.6 -42.9 2.1 -66.1 
5.7 -39.0 2.7 -71.4 
7.9 -37.4 4.3 -65.5 
9.0 ;= -482 L 4.8 L -75 6 

-46.5 -69.7 

Results and Discussion 
Density and Mortality of Broom Snakeweed 

The original mean density of broom snakeweed was 25 
plants/m* in the heavily grazed pasture, and 18.0 plants/m* in the 
moderately grazed pasture (Table 1). Natural mortality with little 
emergence of new broom snakeweed seedlings occurred in all 
treatments from 1977 to 1979. There was no change in the number 
of broom snakeweed plants at the two locations from spring to fall 
1977; however, by fall 1978 about 46.5% of the plants died at both 
locations. Mortality continued to increase into the fall 1979 where 
only 7% of the original plants were still alive in the heavily grazed 
pasture, and only 30% of the original plants remained in the 
moderately grazed pasture. 

where all broom snakeweed was removed compared to the other 
treatments (Fig. 1). In the second year, basal cover for these species 
was about equal among treatments thinned by 50% or more and all 
exceeded the basal area on untreated rangeland. By the third 
growing season after thinning the broom snakeweed. there was no 
difference in basal cover among treatments 
grazed pasture. 

in thk moderately 

24 

22 

Wolhail cl 
Bluo9rama 

20 

Mortality of broom snakeweed on the heavily grazed pasture 
from fall 1977 to 1978 ranged from 64% on plots not previously 
thinned to 54.4, 37.2, and 30.4% on plots thinned by 25,50, and 
75% of the original density, respectively (Table 1). Density counts 
taken from the moderately grazed pasture in 1977 and 1978 also 
showed mortality to be 5 to 10% higher on unthinned plots com- 
pared to areas where broom snakeweed was originally reduced by 
33,50, and 67%. The lower mortality of broom snakeweed in plots 
that were thinned agree with Ueckert’s (1979) observation that 
intraspecific competition within dense stands of broom snakeweed 
is severe but can be reduced by decreasing population density. 

10 

t 
16 

6 14 
1 
“0 12 
1D 
* 10 

Few broom snakeweed seedlings emerged during the 3 year 
study. From spring 1977 to fall 1979 less than one new broom 
snakeweed seedling/m* was noted at both locations. There was no 
difference in emergence between the treatments. Precipitation dur- 
ing this period was near or above the 8fyearannual average for the 
Fort Stanton Station (Table 2), and it is unknown why more 
seedling did not emerge. 

Basal Cover and Herbage Production 

Plant /m2 
1978 1979 

Complete removal of broom snakeweed increased basal cover of 
perennial grasses 32 and 62%compared to untreated rangeland the 
first growing season after thinning in the moderate and heavily 
grazed pastures, respectively (Figs. 1 and 2). Grass cover was not 
affected where 75% or less of the broom snakeweed was removed 
the first year. Basal cover of grasses increased on most treatments 
the second and third years after treatment, probably due to further 
thinning of broom snakeweed by natural mortality, rest from 
grazing, and above-average precipitation. 

Fig. 1. Basal cover for blue grama and wolfiail in a moderately grazed 
pasture in fall 1977 to 1979 following thinning of broom snakeweed in 
May 1977. 

Blut grama was a dominant grass at both study locations. Side- 
oats gmma (Bouteloua curtipendula) was an important codomi- 
nant on the heavily grazed pasture, whereas wolftail (Lycurus 
phleoides) was more important on the moderately grazed pasture. 
In the moderately grazed pasture, blue grama and wolftail had 
significantly (-0.05) greater basal cover the first growing season 

On the heavily grazed pasture, blue grama basal cover was equal 
on all treatments the first year but increased after the second and 
third years only on rangeland where broom snakeweed was 
thinned by more than 50% (Fig. 2). Blue grama basal cover did not 
differ among treatments thinned less than 50% throughout the 
study. Basal cover of sideoats grama in areas where broom snake- 
weed was completely removed exceeded that on all other treat- 
ments during each year of the study. Basal cover of sideoats grama 
in areas thinned by 75 or 50% was generally intermediate to those 
plots not thinned or reduced to 25% of the original broom snake- 
weed density. The release of blue grama and sideoats grama follow- 
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Table 3. Standing crop (kg/ha) of perennial grasses and forbs at two study 
locations from October 1977 to 1979following tbinnbg of broom snake- 
weed in May 1977. Natural mortality of broom snakeweed further re- 
duced the density of plants in 1978 and 1979. 

16 1 Forbs and other grosses 

14 

lo 
Sidooats groma 

__ 

Broom snakeweed 
density 

(plants/m2) 
Grass production Forb production 

(kg/ ha) (kg/ ha) 

Heavily grazed pasture 
October 1977 

25.0’ 
18.8 
12.6 
6.2 
0 

October 1978 
9.0 
8.6 
7.9 
4.3 
0.2 

October 1979 
1.2 
0.8 
1.8 
0.2 
0.4 

Moderately grazed pasture 
October 1977 

18.03 
12.6 
9.3 
6.2 
0 

October 1978 
9.0 
7.9 
5.7 
3.6 
0 

October 1979 
4.0 
4.3 
2.7 
2.1 
0.2 

40 a2 27 a 
31 a 13 a 
45 a 12 a 

209 b 51 a 
418 c 542 b 

0 6.2 12.4 lag 25 0.2 4.3 7.9 0.6 9.0 
Plont /mg 

1977 1970 
437 a 665 a 
416 a 512 a 
808 b 523 a 
530 a 638 a 

1363 c 558 a 
Fig. 2. Basal cover for blue grama. sideoars grama, andforbs in a heavily 

grazed pasture in fall 1977 IO 1979 following thinning of broom snake- 
weed in May 1977. 

254 a 668 a 
722 b 864 a 
699 b 525 a 
737 b 683 a 

1014 c 889 a 

ing the complete removal of broom snakeweed was moredramatic 
on the heavily grazed pasture than the moderately grazed pasture. 
This may be the result of the initial range condition in the pastures. 
The complete elimination of broom snakeweed resulted in an 
average 50% increase in basal cover of perennial grasses in the 
moderately grazed pasture, and a 89% increase in the heavily 
grazed pasture compared to untreated rangeland after 3 years. 

Differences in standing crop of perennial glasses where broom 
snakeweed was completely or partially removed were generally 
analogous to basal cover responses. Standing crop of perennial 
grasses in both pastures was significantly greater (ItO.05) during 
each year of the 3-year study where broom snakeweed was com- 
pletely removed compared to untreated rangeland (Table 3). 

In the heavily grazed pasture complete removal of broom snake- 
weed increased standing crop of perennial grasses 378 kg/ha 
(833%) and forbs 5 I5 kg/ ha (1907%) compared to untreated range- 
land after one growing season (Table 3). Reducing broom snake- 
weed to 75% of its original density also resulted in a significant 
increase in the standing crop of perennial grasses as compared to 
the untreated areas (169 kg/ ha or423% increase). Reducing broom 
snakeweed density by 25 or 50% did not affect grass or forb 
production the first year. By the third growing season, with less 
than 7% of the original broom snakeweed remaining in the heavily 
grazed pasture, because of natural mortality, grass production on 
the partially thinned areas (25,50 or 75%) was significantly above 
that on untreated rangeland but below that on areas where broom 
snakeweed was completely removed. 

In the moderately grazed pasture, complete removal of broom 
snakeweed also increased standing crop of grasses and forbs the 

Table 2. Monthly precipitation (cm) at Fort Stanton for 1977,1978,1979, 
and the 83 -year average. 

454 a 13 a 
486 a 3a 
403 a 2a 
562 ab 25 a 
646 b 59 a 

750 a 6a 
1362 b I4 a 
941 ab Oa 

1266 b 4a 
1357 b IO a 

749 b 280 a 
892 bc 653 b 
416 a, 345 a 
806 b 170 a 
939 c 67 a 

‘Original mean density in the heavily grazed pasture was 25 plants mz. 

*Means within a evaluation date and pasture followed by the same letter are not sig- 
nificantly different at P = 0.05. 

3Original mean density in the moderately grazed pasture was 19 plants/m*. 

first year, whereas partially thinned treatments did not differ from 
untreated rangeland. During the second and third years all treat- 
ments originally thinned by more than 33% had greater grass 
production than the untreated rangeland. 

Standing crop of perennial grasses generally increased at both 
locations during each year of the study. As noted previously, this 
can be attributed to rest from grazing and above-normal precipita- 
tion as well as to the thinning treatments. However, the thinning 
treatments, especially complete removal of broom snakeweed, , 
provided a significant competitive advantage to perennial grasses. 
This was especially true in the heavily grazed pasture, where grass 
production in broom snakeweed-free plots far exceeded that in 
untreated areas after 3 years (1014 kg/ havs. 254). The rapid 
increase in perennial grass production on the treated compared to 
untreated areas suggests that rangeland can improve dramatically, 
even if in poor condition, once broom snakeweed is eliminated. 
The standing crop of perennial grass in the heavily grazed pasture, 
which was considered to be in poor condition, was far less than the 
moderately grazed pasture, which was in good condition at the 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 
Annual total 

1977 

1.3 
1.2 

1978 

3.0 

1979 83-yr avg. 

0.5 
3.6 

3.2 
1.9 
0.3 
0.3 
4.8 
6.7 
9.3 
9.4 
3.5 
0.6 
0.6 
2.3 

41.9 

1.43 
1.2 
I.5 

I.1 
3.9 
12.8 
4.5 
3.4 
0.6 
0.5 
0 
33.6 

0.9 
0.5 
0 
3.3 
4.7 
5.4 
9.6 
6.4 
6.4 
6.1 
1.3 

55.9 

1.4 

2.2 

3.1 
7.9 
6.8 
4.8 
1.9 
0.7 
1.7 

34.8 

JOURNAL OF RANGE MANAGEMENT 35(2). March 1982 221 



start of the study (40 vs 454 kg/ ha, respectively). However, when 
broom snakeweed was removed at both locations, standing crop of 
perennial grasses was about equal after 2 years (1363 vs 1357 
kg/ha) and was greater in the heavily grazed pasture than the 
moderately grazed pasture after 3 years (1014 vs 939 kg/ha, 
respectively). 

Ueckert (1979) reported perennial grasses on shortgrass prairie 
were slowed a year in responding to removal or thinning of broom 
snakeweed if plants are initially low in vigorand broom snakeweed 
is thinned in the middle of the growing season (late July). The rapid 
increase in basal cover and standing crop of perennial grasses 
observed in this study suggest an advantage for removing broom 
snakeweed at the beginning rather than the middle of the growing 
season (early May). Ueckert also reported that reducing broom 
snakeweed by 25% or 50% did not affect production of perennial 
grasses. Our study agrees with this observation and suggests that at 
least 75% of the broom snakeweed plants in dense stands must be 
removed to obtain significant increases in grass production the first 
year. 

Summary and Conclusions 

Complete removal of broom snakeweed in spring 1977 resulted 
in a 42ycincrease in perennial grass production, compared to 
untreated rangeland, in the first growing season and 8 1% and 25% 
in the second and third years, on a pasture moderately grazed and 
in good range condition. On a heavily grazed pasture in poor 
condition, removal of broom snakeweed resulted in a more dra- 
matic increase in perennial grass production with sideoats grama 

accounting for most of the increase. After the first growing season, 
perennial grass production on the heavily grazed pasture increased 
833% where broom snakeweed was completely removed compared 
to untreated rangeland, and in the second and third years 7 12% and 
3009& respectively. These data suggest the benefit of complete 
early-season removal of dense stands of broom snakeweed because 
of the resulting sustained yield in perennial grasses, even if broom 
snakeweed populations decline naturally in subsequent years. 
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Response of Needle-and-thread and Western 
Wheatgrass to Defoliation by Grasshoppers 
WAYNE f-f. BURLESON AND GEORGE B. HEWITT 

Abstract 

Field and greenhouse studies were conducted to. measure 
changes in plant growth resulting from grasshopper defoliation. 
All data indicated that as grasshopper grazing intensity on needle- 
and-thread grass increased, total root weight decreased. A green- 
house study with western wheatgrass showed that heavy grazing 
(80% removal of top growth) for a 16-day period reduced top 
growth 82%, root growth 85%, crown growth 81%, rhizome 
growth 180%, and depth of root penetration 4%. Field obserra- 
tions indicated that most grasshopper defoliation of needle-and- 
thread grass and western wheatgrass occurs after seasonal growth 
has been completed. 

Most plants that benefit mankind also provide food and shelter 
for many species of insects. Grasshoppers have long been consi- 
dered the major pests inhabiting rangeland throughout the western 
United States and Canada, and since they feed on most forage 
plants, especially grasses, they have the potential to increase to 
outbreak numbers in any year and at many locations (Hewitt 
1977). Species distribution, biology, food and habitat preferences, 
and economic importance have been determined for most grass- 
hopper species inhabiting western rangeland. However, very little 
is known about the effects of insect defoliation. The effects of 
clipping or grazing plants with livestock have been studied for 
several plant species, but the effects of grasshopper grazing have 
never been adequately documented. 

Grasshoppers lower the production of rangeland forage bydefo- 
hating plants, part of which is consumed and part falls to the 
ground as litter. The effect of this grazing or defoliation upon plant 
development depends upon the intensity, frequency, selectivity, 
and season of use. In this study, we measured changes in plant 
growth resulting from grasshopper defoliation. The development, 
vigor, and survival of needle-and-thread grass (Stipa comata Trin. 
& Rupr.) and western wheatgrass (Agropyron smithii Rydb.) were 
measured under different grasshopper density infestations in both 
the greenhouse and the field. 

Methods and Materials 

Study Area 
The study area was located 12.8 km northeast of Three Forks, 

MT., in Broadwater County. A 16-ha experimental site was 
excluded from livestock grazing in 1973. This site had been plowed 
approximately 30 years earlier and later abandoned. The area is 
located on an upland bench with a 2% slope and a southeast 
exposure. The climate is cool and semiarid with an annual average 
precipitation of 30.5 cm, most of which occurs during the spring 
months. 

The soil type is classified as a Brocko series in the mixed family 
Borollic Calciorthid. The, texture throughout the profile ranges 

Authors are with the Rangeland Insect Laboratory, Agr. Res., U.S. Dep. Agr., 
Agr., Res. Serv., Bozeman, Montana S9717. Burleson’s present adress is U.S. Dep. 
Agr., Wallowa Whitman National Forest, Hells Canyon National Recreation Area, 
P.O. Box 832, Riggins, ldaho 83S49. 
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from very fine sandy loam to silt loam with 8 to 18% noncarbonate 
clay and 1 to 14% fine sand to coarser particles. Brocko soils are 
formed from eolian material that has been deposited over older 
river terraces. 

Needle-and-thread Grass-Greenhouse Study 
Plants about 5 cm in basal diameter were removed from the 

study area in November, 1973; the tops were trimmed to 2.5 cm and 
the roots to 8 cm. The plants were then stored outdoors in Boze- 
man, MT., until January 16, 1974, when 12 plants were placed one 
each in root boxes (60 X 29 X 23 cm) filled with a soil mixture 
consisting of 75 parts washed sand and 25 parts peat. The root 
boxes had sloping, removable glass fronts. 

The greenhouse air temperature ranged from 25’ to 30“ C, soil 
temperature at a depth of 10 cm ranged from 18O to 26’ C. The 
photoperiod consisted of natural day length, with the light diffused 
through transparent, corrugated, fiberglass paneling. 

At the initiation of the tests (72 days of plant growth) 3rd-instar 
migratory grasshoppers, Melanopfus sanguinipes (F.), were ran- 
domly placed in four replicated cages at densities of 12 (heavy 
grazing), three (light grazing), and zero (control) grasshoppers per 
cage. The grasshopper density was periodically adjusted by re- 
moval or addition of grasshoppers of equal age to maintain equal 
defoliation levels within each treatment. 

To determine the effects of grasshopper grazing on new growth, 
12 additional plants were started in root boxes 1 week before 
grasshopper introduction onto the 72day-old plants. These 12 
plants were randomly divided into three similar treatments and 
infested at densities of 3, 1, and 0 grasshoppers per plant in order to 
duplicate the previously mentioned grazing intensities. Root 
growth was not measured in this phase of the study. 

On May 16, 1974, the test was ended and the plants were washed 
from the root boxes; divided into root, crowns, and top growth; 
oven-dried at 600 C; and weighed. In this phase of the study, crown 
consisted of the basal area of the culm through 8 cm of roots. 

Needle-and-thread Grass-Field Study 
Needle-and-thread grass plants grazed by grasshoppers were 

compared to ungrazed plants at the Three Forks site. Ten some- 
what isolated plants of approximately the same size (basal di- 
ameter approximately 5 cm) were selected and excavated on June 
20, 1974. The root system was cut 8 cm below the surface level, and 
the flag leaf and sheath containing the inflorescence were removed. 
These plants were then replanted in their original spots and 
enclosed in metal cages (Mazuranich 1975). Five randomly 
selected caged plants were then each infested with six 3rd- to 
rlth-instar bigheaded grasshoppers, (Aulocara elliotti Thomas). 
The five remaining caged plants were used as controls. During this 
test, the grasshoppers were maintained at a density of at least two 
grasshoppers per cage. 

Another group of ten needle-and-thread grass plants were sim- 
ilarly selected although not excavated. Five of these plants were 
caged and infested with A. elliotti at the same density as the 
excavated plants. 

The test ended after 48 days, at which time all grasshoppers were 
dead. The plants were then excavated in approximately equal size 
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blocks (IS X 15 X 30 cm) and brought into the laboratory. The 
plants were then presoaked, washed, and separated into tops, 
crowns, and roots, oven-dried for 24 hours, and weighed. 

Table 1. Mean dry weights (g) of needle-and-thread grass as r&ted to 
growth under indicated treatments, Bozeman, MT. 1974. 

Western Wheatgrass-Greenhouse Study Greenhouse tests 
Western wheatgrass (A. smithii var. rosana) seeds were germi- 

nated on March I, 1975. Five-day old seedlings were labeled “day 
one” in the experiment. On day two, 100 seedlings of uniform size 
and vigor were transferred into 25 of the glass-faced root boxes. 
The four seedlings per box were placed 1 cm from the slanting 
glass. 

The soil used in this experiment, I/ 2 washed sand and I/ 2 
Bozeman silt loam, was mixed by hand. The loam was sterilized by 
steam for 24 hours. The root boxes were laid on their sides and 
filled with the mixed soil. Sifted soil, placed next to the glass, 
formed the top layer of each root box. All root boxes were then 
heavily watered and left until the soil settled on the glass. 

On day 31, the 25 root boxes were randomly divided into five 
treatments, each having five replications in a randomized complete 
block design. The five treatments were: 

Plant part 

Top’ 
Roots2 
Crown2 

Plant part 

Top’ 
Roots” 
Crown 

Treatment 
Moderately Heavily 

Ungrazed grazed grazed 

1.72 a 0.88 b 0.51 c 
1.62 .89 .82 
6.26 5.83 10.40 

Field tests 
Plant pre-excavated 

Ungrazed Grazed 

1.40 0.24 
2.92 I .08 

10.72 9.42 

Plants not excavated 
I. 

2. 

3. 
4. 
5. 

A one- time clipping 2.5 cm above the surface to remove 90% 
of the top growth; 
Heavy grazing by grasshoppers (80% removal by weight of 
top growth); 
Moderate grazing by grasshoppers (5% removal); 
Light grazing by grasshoppers (20% removal); 
Ungrazed. 

The grazing levels were maintained for a period of 16 days by the 
two-striped grasshopper Melanoplus bivittatus (Say). Grass- 
hopper densities were periodically adjusted to establish equal levels 
of defoliation within a treatment. The grazing treatment ended on 
day 48, after which the plants continued to grow until day 93. 

Daily root growth measurements were made at the start of the 
test and during the treatment period. The number of tillers and 
shoots from rhizomes was recorded for each root box. On day 93 
the plants were separated into tops, crowns, roots, and rhizomes, 
oven-dried at 600 C, and then weighed. The crown consisted of the 
immediate basal portion of the culm and small (5 mm) portions of 
the roots. 

Plant and Grasshopper Growth Curves 
Grasshopper development was related to plant development 

under field conditions. Four glass panes were buried at 45 degree 
angles in the field on May 2,1975. Soil was removed fromone side 
of the glass so plant growth on the opposite side could be observed. 
Sifted soil was placed next to the glass on two of the panes and a 
seedling of western wheatgrass was planted behind one pane and a 
needleand-thread seedling behind the other. The other two panes 
were buried near and partially under natural occurring plants the 
soil partially removed from one side to allow for observations. 

Root growth and plant phenology was recorded bi-weekly from 
May to September. Grasshoppers were collected with a sweep net 
each week, stored in a freezer, and later identified by species and 
developmental stage. 

Results 

Needle-and-thread Grass Defoliation 
The two defoliation treatments of the older group of plants 

tested in the greenhouse were grazed for 48 days by grasshoppers. 
Approximately 50 and 70% of the top growth by weight was 
removed by moderate and heavy grazing, respectively, and root 
growth was reduced about 50% at both intensities as compared to 
the ungrazed plants (Table 1). It appears that the crown weights 
nearly doubled under heavy grazing; however, this could be due to 
an error in selection of plants for the various treatments. It is 
possible that plants with large crowns were placed in the heavily 
grazed treatment. The crown weights reported in the field tests are 
probably more accurate since the crowns of the grazed plants 
weighed less than the ungrazed plants in both excavated and 
nonexcavated plants. The moderately grazed crown weights did 
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Top’ 2.43 0.28 
Roots4 2.59 1.60 
Crown2 14.78 7.47 

‘Means followed by the same letter are not significantly different at the .OS level. 
2No significant difference between means at the .05 level. 
‘Means differed significantly at the .OI level. 
Weans differed significantly at the .05 level. 

not differ significantly from the ungrazed crown weights. 
Defoliation by grasshopper grazing on the seedlings (green-up 

phase) produced 10% plant mortality. New plant material could 
not be produced fast enough to compensate for grasshopper feed- 
ing. Results indicated that more than 1 week of plant growth is 
needed to withstand the stress of grasshopper grazing at the grass- 
hopper densities tested. 

The field test with needle-and-thread grass ended August 6, 
1974, 48 days after the initial infestation, at which time all grass- 
hoppers in the cages were dead. Grasshoppers fed on the plants 
between the time of inflorescence and seed shatter, by which time 
the grasshoppers had removed 83 and 88% (by weight) of the top 
growth of pre-excavated and nonexcavated plants, respectively 
(Table 1). 

Roots of the grazed pre-excavated plants weighed 63% less than 
roots of ungrazed pre-excavated plants. The weight of roots of the 
nonexcavated plants was reduced 38% by grazing (Table I). 

The difference in weight between percentage root reduction of 
the preexcavated and nonexcavated plants is probably a result of 
excavation of the plants before the grazing period. The root system 
under the nonexcavated plants included both old and new active 
roots. Crown weights were not significantly affected by grass- 
hopper defoliation. 

Western Wheatgrass Defoliition 
In the greenhouse test, the grasshoppers removed 20, 50, and 

80% (ocular estimate) of the top growth of seedlings as compared 
to that of ungrazed plants in light, moderate, and heavy grazing, 
respectively. The plants were harvested and weighed 46 days after 
grazing had ended. This particular time period was necessary to 
allow plants to recover from the effects of defoliation. 

Top, root, crown, and rhizome regrowth and depth of root 
penetration response of western wheatgrass to defoliation is shown 
in Table 2. The one time clipping (90% removal) was essentially 
equal to the moderately grazed treatment (50% continuous remo- 
val) in relation to the dry weights of all plant parts except rhizomes. 
For all criteria, dry weight was inversely proportional to grazing 
pessure. The heavily grazed treatment reduced top growth 82%, 
root growth 8570, crown growth 81%, rhizome growth lOO%, and 
depth of root penetration 49%. 

Root penetration for all five treatmentsfromdays 28 through 55 
is shown in Figure I. The grazing period lasted from day 31 



Table 2. Mean dry weight (g) and root penetration (cm) of western 
wheatgrass as related to regrowth under tbe indicated treatments, 
Bozeman, Mon., 1974. 

Treatment 

Plant Lightly Moderately Heavily 

part Ungrazed grazed Clipping grazed grazed 

Top’ 0.749 a 0.609 ab 0.440 bc 0.367 c 0.133 d 
Roots’ 1.382 a 1.116a ,551 bc 594 b .210 c 
Crown’ ,072 a .059 a .037 b ,037 b .014 c 
Rhizomes ,026 ,014 .015 .003 BOO 

Maximum depth of root penetration 

53.80 54.76 39.90 42.06 27.70 

‘Means followed by the same letter are not significantly different at the .05 level. 

through day 47. The clipping treatment stopped all root growth for 
a period of 5 days, during which time the rate of top growth of the 
clipped plants increased compared to that of the ungrazed plants. 
By the end of the testing period on day 93, average heights of 
clipped and ungrazed plants were equal. 

The grazing treatments did not have the immediate effect as in 
the clipping treatment, but as the defoliation intensity increased 
with time and the grasshoppers increased in size, daily root elonga- 
tion gradually decreased. Root elongation nearly stopped on day 
42 under the heavy grazing treatment. It is possible that if heavy 
grazing had continued, the western wheatgrass plants would have 
died. Plants in the lightly grazed treatment showed a root growth 
rate similar to those in the ungrazed treatment. The moderate 
grazing and clipping treatments were similar in that root elonga- 
tion increased only slightly after day 44 (Fig. I). Results indicate 
that heavy grazing by grasshoppers can be most detrimental to the 
roots. 

The mean number of new shoots produced by western wheat- 
grass in response to the five treatments was a follows: light grazing 
I 1.0, ungrazed 10.4, clipping 6.8, moderate grazing 4.4, and heavy 
grazing 0.0. Differences were not significant between the ungrazed, 
lightly grazed, and clipping treatments. However, the moderately 
grazed plants had significantly 35% fewer new shoots than the 
ungrazed plants. 

Plants and Grasshopper Development in the Field 
Average weekly culm heights for western wheatgrass and needle- 

and-thread grass in relation to grasshopper development are 
shown in Figure 2. The later instars and the adult stage of the 
grasshoppers developed after the active growth period of the cool- 

3610 
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2280 -- m =LIGHT 
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Fig. 1. Maximum akprh of root penerrorion of western wheatgross before, 
during, and after grazing and clipping treatments. 
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Fig. 2. Average culm height of western wheatgross (A GSM) and needle- 
and-thread grass (STCO) in relation to grasshopper development. 

season grasses. Most of the adult portion of the grasshopper life 
span occurred from the latter part of July through September. An 
exception was Psoloessa delicatula &udder), which overwinters 
in the nymphal stage. This grasshopper and a few other species that 
overwinter as nymphs could possibly be detrimental to early cool- 
season grasses. However, such species usually do not occur in high 
numbers. 

The year under consideration was atypically cool with high 
precipitation. In general, cool-moist spring weather prolongs the 
time spent by grasshoppers in the nymphal stage. 

Measurements of root elongation in the field were highly varia- 
ble for both western wheatgrass and needle-and-thread grass. The 
roots would grow against the glass for a short period of time and 
then die back or turn away from the glass. Weekly measurements 
showed an average daily root growth of 10 mm per day. 

During mid-July, the roots of both grass species nearly stopped 
growing against the glass panes at the time of anthesis. Only 
occasional elongation was observed after this date. No estimation 
of early spring (May) root growth was made; however, some 
rhizome activity was noted during September. 

Discussion 

It is apparent that defoliation of plants by grasshoppers does 
have an adverse affect on plant growth and development under the 
conditions of the tests. Previous studies where plants were clipped 
at different frequencies and at different heights showed that yield 
was reduced (Holscher 1945, White 1973, Buwai and Trlica 1977b), 
and the rate of root growth decreased (Bokhari and Singh 1974). 
Generally, the more frequent and severe the removal of herbage, 
the greater the depression in yield. However, some studies show 
that defoliation does not drastically affect affect plant growth. For 
example, Trlica et al. (1977) evaluated western wheatgrass plants 
14 to 26 months after the plants were heavily defoliated (90% of 
foilage removed) during each of four different phenological stages 
and found all plants had herbage yields similar to the control 
plants. Buwai and Trlica (1977a) also reported that root weights of 
clipped western wheatgrass plants were only slightly less than those 
of the undefoliated plants. 

Grasshoppers and rangeland plants have evolved together in the 
rangeland ecosystem, thus it seems that light or moderate grazing 
by grasshoppers would probably not be detrimental to most plant 
species. However, high grasshoper numbers reduce available for- 
age and may destroy entire plants, especially during periods of 
drought (Nerney and Hamilton 1969). Grasshopper grazing is 
unique and different than livestock grazing in that forage is 
removed at random heights on each plant, grazing pressure occurs 
daily from hatching till death, there is no trampling affect as with 
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livestock, and selective grazing on preferred plants may lead to 
plant mortality in one grazing season (Newton and Esselbaugh 
lq52, Mitchell and Pfadt 1974, White 1974). Many factors are 
certainly involved in determining the affect ofgrasshoppergrazing 
on rangeland plants and additional studies are indeed justified to 
further explain this process. 

Summary 

Both greenhouse and field data of needle-and-thread grass indi- 
cated that as grasshgpper grazing intensity increased, total root 
weight decreased. Heavy grazing (80% removal of top growth of 
western wheatgrass) for a 16day period was the most detrimental 
of all treatments studied. Observation and data showed that mod- 
erate rates of grazing (50% removal of top growth) and a one-time 
clipping (to a 2.5-cm level, 90%) reduced root growth 70 and 60%, 
respectively. As grasshopper grazing intensity increased on west- 
ern wheatgrass there was: (I) a reduction in total root, crown, and 
rhizome weight, (2)a reduction in maximum depth of root penetra- 
tion, and (3) a reduction in the number of new shoots produced. 
Field observations indicated that most grasshopper defoliation 
occurred after the active growth period of needle-and-thread and 
western wheatgrass, thus the influence of this grazing is probably 
less drastic than if it occurred during the period of active growth. 

Most range managers seek to obtain maximum livestock pro- 
duction without overgrazing critical rangeland plants but often 
neglect the effect of other grazing herbivores, such as grasshoppers 
which may increase unexpectedly in any year. Results of this study 
indicate that grasshoppers should also be managed, or severe 
overgrazing may occur and plant reserves seriously depleted. In 
general, rangeland grasshopper control is carried out to reduce 
forage losses and prevent movement of grasshoppers into crops. 

An additional objective might be to increase plant vigor and reduce 
range deterioration. 
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New Editor for JRM 
Replacing Dr. Rex D. Pieper as editor of the Journal of Range Management is Patricia G. Smith. Dr. Smith is 

currently Production Editor of the Journal and has worked with SRM publications since 1972. 
Other organizational changes are taking place. Editorial Board members will now serve as associate editors, who 

will direct the review process and select manuscripts for publication in their area of special expertise. The associate 
editors will serve for a 3-year term. Current associate editors are: Gary Frasier, Henry Mayland, John Menke, 
Kieth Severson, Stephen Sharrow, Marvin Shoop, Dan Uresk, Phillip Urness, Steve Waller, Bruce Welch, Earl 
Willard, and Karl Wood. To ensure continuity, terms overlap as before. 

Under the new process, manuscripts will be channeled through the Denver JRM office (see Instructions for 
Authors on the inside back cover) to the appropriate associate editor. During the review process, the associate 
editor will correspond with authors concerning the manuscript. The associate editors will return accepted 
manuscripts to the editor, who will make up the issues, direct production, and take up correspondence with authors 
at this point. 

The new structure is designed to share the increasing burden of the editorship while providing a suitable review 
process. 

Contributing to the professiondl quality of the Journalof Range Management isa significant service to both the 
Society for Range Management and the profession. individuals interested in serving as reviewers and/ or eventu- 
ally as associate editors are invited to submit their names and a briefdescription of their areas ofcompetence to the 
Editor, Society for Range Management, 2760 West Fifth Avenue, Denver, Colorado 80204. 

The Society and the profession are grateful to Dr. Pieper, who served as editor since May, 1977-no small 
achievement for a range scientist also carrying on full-time work responsibilities. 
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Responses of Crested 
sian Wildrye to Water 
NOOR MOHAMMAD, DON D. DWYER, AND F.E. BUSBY 

Abstract 

Crested wheatgrass (Agropyron desertorum, Fisch Schult) and 
Russian wildrye (Elymus junceus, Fisch) plants were subjected to 
three levels of water stress (13, 2.6, 6nd 1.8% soil moisture), in 
interaction with 4 defoliation levels (0, 40,60, and 80% defolia- 
tion). Plants were clipped biweekly using the height-weight ratio 
method to determine the assigned defoliation level and leaf water 
potential (95) was measured by pressure bomb. Following the fmal 
clipping at ground level a 40-day recovery period was allowed 
while maintaining plants at field capacity (13% soil moisture). Leaf 
water potential measurements showed significant differences 
between species, among three water stress levels, and within four 
defoliation levels. Water stress and defoliation levels significantly 
affected foliage yield, root biomass, and plant recovery. Heavy 
defoliation (80$&) resulted in a 100% death loss for both species at 
wilting point (1.8% soil moisture). Light defoliated (40% at field 
capacity) produced more total dry matter than undefoliated plants 
maintained at field capacity or wilting point. Maximum root bio- 
mass was found in undefoliated plants of crested wheatgrass grown 
at field capacity. Significant differences in root production were 
also found among water stress and defoliation treatments. No 
plant recovery occurred among plants maintained at wilting point 
and defoliated at 80%. However, plants defoliated at 40 and 60% 
under 13 and 2.6% soil moisture exhibited considerable regrowth. 
In general crested wheatgrass out-yielded Russian wildrye in every 
treatment and was more resistant to defoliation and water stress. 

Studies have been conducted to determine the effects of different 
levels of defoliation on chemical composition and dry matter yield 
of forage crops (Cook 1966, Buwai and Trlica 1977). Research has 
also characterized the effects of water stress on the growth and 
survival of certain plants showing that herbage yields, vigor, and 
total nonstructural carbohydrate levels were drastically reduced by 
intensive defoliations (Slatyer 1967, Kramer 1969, Stout 1976). 
Cook and Child (1971) determined that more than 7 years of 
non-defoliation were required for several salt desert species to 
regain normal vigor after cessation of various defoliation treat- 
ments. In foothill ranges in Utah, Russian wildrye produced signif- 
icantly more herbage than crested wheatgrass when clipped at 
intensities of 25, 50, 75% (Drawe et al. 1972). 

Dwyer (1969) in a greenhouse study reported that clipping at 
either the 3 or 5 cm level aboveground each 10 days for 102 days 
was too severe for maximum growth of blue grama (Bouteloua 
gracilis). However, in an earlier study Gay and Dwyer (1965) found 
that nitrogen fertilized tall grass prairie in excellent range condi- 
tion clipped once at ground level during the growing season pro- 
duced more dry matter than that not clipped and fertilized. 
McGinnies (1973) found that seedlings of crested wheatgrass from 
spring plantings clipped to a 1.3 cm stubble reduced survival by 
13% but clipping to ground level reduced survival by 61%. Dwyer 
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Wheatgrass and Rus- 
Stress and Defoliation 

et al. (1963) suggested that both tops and roots were replaced in 
numbers proportional to the severity of shoot removal. They also 
reported that frequent defoliations greatly reduced herbage yields 
of several Oklahoma range grasses. 

In addition to the physiological factors, environmental factors 
such as season, climate, and temperature have direct influence on 
the plant’s resistance to water stress. Ellern (1976) found that 
efficiency of water use by ricegrass (Oryropsis hymenoides) gener- 
ally increased with increasing moisture tension, density, and seed- 
ling age. Mott and McComb (1975) grew Helichtysum cassinianum, 
Helipterum craspedioides, and Aristida contorta in a soil with IS, 
10, and 7% moisture levels. High moisture stress reduced plant dry 
weight, number of flowers, and seeds. Field progressions of leaf 
water potential (YI) measured with a pressure chamber decreased 
rapidly from -7, -4, and -6 bars at sunrise to minimal values of - 18, 
-22, and -15 bars near midday in maize, sorghum, and tobacco, 
respectively (Turner 1974). The increase in water stress was attrib- 
uted to the rise of temperature at midday as compared to tempera- 
ture at sunrise. Sanchez-Diaz and Kramer (1973) grew corn and 
sorghum for 40 days in controlled chambers and then withheld 
water until wilting. The stressed plants were then rewatered. The 
average % of well-watered corn was -4.5 bars and that of sorghum 
was -6.4 bars. The lowest Y1 in stressed sorghum and corn at a 
water saturation deficit of 29 and 45% was -15.7 and -12.8 bars, 
respectively. 

Studies have not generally evaluated the combined effects of 
water stress and defoliation on the foliage yield, especially for 
range plants. Burzlaff and Harris (1969) suggested that changes in 
botanical composition and forage production were affected more 
by yearly climatic differences than differences in stocking rates. 
Often there is a positive correlation between soil water stress and 
plant growth. Baker and Hunt (1961) studied the influence of 
clipping on the growth of intermediate wheatgrass and pubescent 
wheatgrass under drought stress. They found significant differen- 
ces in dry matter yield between the plants maintained at field 
capacity and those maintained just above wilting point. There was 
a significant interaction between clipping levels and water use on 
dry matter yield. With the increase in clipping height the number of 
tillers, total herbage yield, and water used per gram of forage 
produced were increased. Crested wheatgrass and Russian wildrye 
are noted’ for their resistance to heavy grazing, heat, drought stress 
and disease (Pepper et al. 1953, Drawe 1970). They are also well 
known for their long life, productivity, and palatability (Cook and 
Harris 1952). However, data are not available that quantitatively 
evaluate the response of these grasses to various levels of defolia- 
tion under water stress. 

In this study an attempt has been made to find the combined 
effects of water stress, and intensity and frequency of defoliation 
on forage yield, plant recovery, and root biomass of crested wheat- 
grass and Russian wildrye. 

Methods and Procedures 
Seeds of crested wheatgrass and Russian wildrye were sown in 

plastic pots with soil mixed at three parts sand:one part loam and 
the pots kept at field capacity until transplanting the seedlings. 
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Fertilizer (NPK, 18:18:24) was applied at 5 grams/pot at lo-day 
intervals to stimulate growth. After a 4-month establishment 
period, three water stress levels (13, 2.6 1.8% soil moisture) and 
four defoliation levels (control, 40, 60, and 80% defoliation) were 
applied. 

A soil water potential curve for the soil was found using standard 
laboratory procedures. The soil moisture percentages 13,2.6, and 
1.8 corresponded with -0.3, -5, and -15 bars soil water potential 
for field capacity, intermediate stress, and wilting point, respec- 
tively. These moisture levels were maintained throughout the 
experiment by weighing the pots each 24-hour period and adding 
the amount of water lost through evapotranspiration during that 
period. 

A height-weight ratio technique (Pieper 1973) was used to obtain 
80 (heavy), 60 (moderate), and 40% (light) defoliation levels. This 
corresponded to 2, 4, and 6 cm stubble height for crested wheat- 
grass and 2,4, and 7 cm for Russian wildrye. Plants were harvested 
every 2 weeks and the material oven-dried and weighed. On final 
sampling all plants were clipped at ground level. Following this last 
clipping, all plants were given a 4Oday recovery period with all 
pots being maintained at field capacity. After40 days, the regrowth 
produced was clipped and weighed and root biomass for each 
treatment was determined by washing the roots, oven drying, and 
weighing at the termination of the experiment. 

A pressure chamber instrument was used to determine the leaf 
water potential (VI) of both species under each treatment. The first 
determination was at the beginning of the study when water stress 
and defoliation treatments were first applied. The second determi- 
nation was taken at the midpoint of the study and the final Ilrl was 
taken just before the final clipping. 

A factorial analysis of variance computer program was used to 
analyze the data. Statistical significance (x0.05) was determined 
for each treatment by means of a standard F test. Fisher’s Least 
Significance Difference Test (LSD) of multiple comparison (Ott 
1977) was applied to determine differences among treatment 
means. 

Results 

Leaf Water Potential Responses 
No significant decrease in Yr occurred among defoliations over 

time. The effects of water stress and Ys were significant in both 
species (Table 1). Among interactions, only species X water stress 
was significant (KO.05). Differences in VI treatment means were 
significant within water stress levels but there was no difference 
between the undefoliated and 40% defoliated plants or between 60 
and 80% defoliated plants. 

There were significant differences between species when field 
capacity was compared with wilting point, but no difference was 
found between the two species in PI at wilting point, suggesting 

Table 1. Treatment mean comparisons of leaf water potential (VI) for 
crested wheatgrass (CWG) and Russian wildrye (RWR) under water 
stress, defoliation, and combination of species X water streca (-bars). 

Treatment 
Mean’ 
(Tl) Treatment 

Mean’ 
(Tl) 

Water stress 
-15 bars 
-5 bars 
-0.3 bars 

Defoliations 
0% 
40% 
60% 
80% 

27.7a 
10.8b 
4.6c 

25.3a 
19.0a 
14.2b 
13.5b 

Species X water stress 
CWG -15 bars 
RWR -I5 bars 
CWG -5 bars 

RWR -5 bars 
CWG -0.3 bars 
RWR -0.3 bars 

28.3a 
27.Ia 
12.4b 

9.lb 
5.2b 
4.2b 

Treatment means followed by different letters are significant at 0.05 level of 
probability. 

that crested wheatgrass and Russian wildrye have similar wilting 
points (Table 1). 

Plant Defoliation Responses 
Generally under all treatments, crested wheatgrass produced 

more dry matter than Russian wildrye. Total foliage yield asso- 
ciated with increasing levels of defoliation showed a sharp decline 
under intermediate water stress (Table 2). Though there was 500% 
less soil moisture at the intermediate level of soil water potential 
(2.6%) and 722% less soil moisture at wilting point (1.8%) than at 
field capacity (13%), the foliage yield as a result of this water stress 
was decreased only about 100% when all three soil moisture treat- 
ments were defoliated at the same level. 

Table 2. Treatment mean comparison of total foliage yield by species, 
water stress levels, defoliation levels, and combinations of species X 
water stress, species X defoliations and water stress X defoliations for 

crested wheatgrass (CWG) and Russian wildrye (RWR). 

Treatment 
Mean’ 

(grams) Treatment 
Mean’ 

(grams) 
Species 

CWG 
RWR 

32.8a 
28.61, 

Water Stress 
Field capacity (-0.3 41.4a 

bars) 
Intermediate (-5 bars) 29.1 b 
Wilting point (-15 21.6c 

bars) 

Defoliations 
40% 41 .Oa 
0% 3l.bb 
60% 28.Oc 
80% 23.ld 

Species X water stress 
CWG -0.3 bars 
RWR -0.3 bars 
CWG -5 bars 
RWR -5 bars 
CWG -15 bars 
RWR -15 bars 

39.3a 
3b.bb 
29.3~ 
2b.ld 
21.7e 
21.2e 

Species X defoliations 
CWG 40% 42.3a 
RWR 40% 38.0b 
CWG 0% 34.7c 
CWG 60% 29.0d 
RWR 0% 28.4d 
RWR 60% 27.Oe 
CWG 80% 25.21 
RWR 80% 21.og 

Water stress X defoliation 
-0.3 bars 40% 51.8a 
-0.3 bars 0% 42.lb 
-0.3 bars 60% 42.lb 
-5 bars 40% 37.3c 
-15 bars 40% 31.0d 
-0.3 bars 80% 29.6~ 
-5 bars 0% 29.5e 
-5 bars 60% 29.8f 
-5 bars 80% 23.2% 
-15 bars 0% 23.og 
-15 bars 80% 16.3h 
-15 bars 60% lb.lh 

lhkans followed by different letters are significant at 0.05 level of probability 

The effect of intensity of defoliation levels on foliage production 
was highly significant (Table 2). Defoliation of both species at 40% 
on the bi-weekly schedule resulted in the greatest production fol- 
lowed by unclipped, 60, and 80% foliage removal. The amount of 
foliage produced by 40% defoliation was 43% more than for 
unclipped plants of both species. Sixty and 80% defoliation 
reduced yield by 13 and 38Yc, respectively, compared to the 
unclipped plants of both species. 

The interactions of species X water stress and species X defolia- 
tions were significant at 0.05 level (Table 2). The treatment mean 
comparisons showed significant differences (JYO.05) between spe- 
cies, among water stresses, and among defoliations. Interaction of 
species X water stress was significant at field capacity and interme- 
diate water stress but no species difference was found at wilting 
point. All the interactions of species X defoliation were signifi- 
cantly different except in unclipped plants of crested wheatgmss 
and 60% defoliated Russian wildrye plants. 

The interaction of water stress X defoliation showed that yield 
obtained from 40% defoliated plants maintained at field capacity 
was 75 and 125% greater than the yield from unclipped plants 
maintained at intermediate and wilting point, respectively (Table 
2). Production under 40% defoliation and intermediate and wilting 
point was 63 and 36% more than unclipped plants maintained at 
wilting point. There was no production difference between 60% 
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defoliation and undefoliated plants maintained at field capacity. 
Plants defoliated at 80% and maintained at field capacity produced 
as much as undefoliated plants at the intermediate water stress 
level. Forty percent defoliation under intermediate and wilting 
point stress levels gave significantly more yield than unclipped 
plants at intermediate or wilting point levels. 

Plant Recovery 
Following the 40-day recovery period, measurements used indi- 

cated that the influence of past water stress was prominent in 
resultant growth response to both species. Theamount of regrowth 
was inversely related to the increased water stress to which the 
plants had been previously subjected as well as to the increase in 
levels of defoliation. Prior water stress and defoliation treatments 
significantly affected growth during recovery. Undefoliated and 
40% defoliated plants at field capacity and intermediate water 
stress produced more foliage during recovery than 60 and 80% 
defoliated plants maintained at field capacity (Table 3). All other 
combinations were nonsignificant. It can be concluded that plants 
continuously defoliated at 40 and 60% will regrow if soil moisture 
stress does not exceed -5 bars. 

Table 3. Treatment means comparison of growth recovery yield (grams) of 
crested wheatgrass (CWG) and Russian wildrye (RWR) obtained at the 
end of the 40-day recovery period with all plants maintained at field 
capacity. 

Treatment Mean’ Treatment Mean’ 

Species 
CWG 
RWR 

Water Stress 
-0.3 bars 
-5 bars 
-15 bars 

2.2a 
1.9a 

3.3a 
2.4b 
0.5c 

Defoliations 
0% 

40% 
60% 
80% 

3.4a 
2.5b 
I .4c 
I.lC 

‘Means followed by different letters are significant at the 0.05 level of probability, 

Plant Root Biomass Responses 
Crested wheatgrass produced significantly more root biomass 

than Russian wildrye under the same water stress levels (Table 4). 
Generally there was a sharp decline in root yield from plants 
maintained at the intermediate water stress level compared to those 
maintained at field capacity. However, reduction in root biomass 
was less sharp between intermediate water stress and wilting point 
at both grass species. Highly significant (KO.01) differences in 
root biomass were found among all levels of defoliation. The 

Table 4. Treatment mean comparisons of root biomass for species, water 
stress levels, defoliation levels, and combinations of water X defoli- 
ation of crested wheatgrass (CWC) and Russian wildrye (RWR). 

Treatment 
Mean’ 

(grams) Treatment 
Mean’ 

(grams) 

Species 
CWG 
RWR 

11.4a 
IO.lb 

Water stress X defoliation 
-0.3 bars 0% 18.la 
-0.3 bars 40% 14.6b 

Water stress 
-0.3 bars 
-5 bars 
-15 bars 

13.5a 
10.2b 
8.5~ 

- bars 
-5 bars 
-0.3 bars 
-15 bars 
-0.3 bars 

0% 
40% 
60% 
0% 

80% 

14.0b 
12.lc 
12.Oc 
11.2c 
9.4d 

Defoliations -15 bars 40% 8.7de 

0% 14.4a -15 bars 60% 7.8ef 

40% 11.8b -5 bars 60% 7.7efg 

60% 9.2~ -5 bars 80% 7.lfg 

80% 7.6d -15 bars 80% 6.3g 

‘Means followed by different letters arc significant at the 0.05 level of probability. 

highest production of root biomass occurred in undefoliated plants 
followed by 40, 60, and 80% defoliated plants. 

The influence of water stress on root production was more 
prominent than the intensity of defoliation. Crested wheatgrass 
showed more resistance to water stress than Russian wildrye per- 
haps due to higher rates of root extension, root density, and fine 
root hairs as observed during root washing. The root biomass of 
undefoliated plants at field capacity was nearly three times the root 
yield from plants at wilting point and 80% defoliation. 

The analysis shows that all levels of defoliation tested have a 
detrimental effect on the root growth (Table 4). However, defolia- 
tion becomes more critical under water stress conditions. Sixty and 
80% defoliation of plants maintained under intermediate and wilt- 
ing point water stress levels decreases root growth more than 80% 
defoliation of plants and maintained at field capacity. Forty per- 
cent defoliation at field capacity and no defoliation at the interme- 
diate water stress level were not significantly different in root 
production. However, both of these combinations produced signif- 
icantly more root biomass than plants defoliated at 40% and 
maintained at intermediate water stress. 

Conclusions 
The following conclusions have been drawn as a result of this 

research. 
1. Crested wheatgrass produced more foliage than Russian 

wildrye under all treatment combinations of water stress and defo- 
liation. 

2. With an increase in soil water potential, leaf water potential 
also increases. However, the variation in leaf water potential of 
both species diminished at the wilting point. 

3. Light defoliation (40%) under field capacity (-0.3 bars soil 
water potential) resulted in greater plant production than in unde- 
foliated plants maintained at either field capacity intermediate 
Water Stress or wilting point. Crested wheatgrass and Russian 

wildrye were more productive, even under severe water stress, 
when defoliated at 40% than undefoliated plants under the same 
severe stress. 

4. Undefoliated and 40% defoliated plants at field capacity and 
intermediate water stress were able to recover when soil moisture 
was raised to field capacity. All other combinations were 
nonsignificant. 

5. Generally there was a sharp decline in root yield from plants 
maintained at the intermediate water stress level when averaged 
across defoliation treatments compaied to those at field capacity. 
Reduction in root volume became less sharp from intermediate 
water stress to wilting point (-15 bars) in both species. 

6. The influence of water stress has more effect on reducing root 
production than the intensity of defoliation. Forty percent defolia- 
tion under intermediate water stress and 60% defoliation at field 

‘. 

capacity produced equal amounts of root biomass. 
In attempting to relate the results of this study to actual grazing 

it is speculated that production and survival of both crested wheat- 
grass and Russian wildrye are enhanced, even during periods of 
water stress, if grazed at levels which are near4070 defoliation. This 
is in conflict with reasoning that grasses would do best during 
drought if left ungrazed. Perhaps light to moderate defoliation by 
decreasing the amount of transpiring surface reduces the negative 
impact of water stress on plant growth and survival. The data also 
support the contention that 40% defoliation is not detrimental to 
root growth under moderate moisture stress even though thegreat- 
est root biomass was produced by undefoliated plants. These 
conclusions are based on the water stress and defoliation data only. 
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RANGELAND 
HYDROLOGY 
by Farrel A. Branson, Gerald F. Gifford, Kenneth 0. Renard, and 
Richard F. Hadley 

Unique in its emphasis on the hydrology of rangelands, primarily arid and semiarid 
lands, RANGELAND HYDROLOGY provides a text for one aspect of range manage- 
ment where none has existed before. This expanded Second Edition presents in-depth 
information for those who must manage rangeland or respond to questions about the 
impacts of land use practices on hydrology. 

Included in the new Second Edition are a chapter on modeling with approaches to 
predicting the effects of land use, and a chapter on the rapidly developing field of snow 
pack management. 

The 352-pages include 197 illustrations, providing rapid access to an assembly of 
data found nowhere else and useful in the preparation of environmental impact state- 
ments. Extensive bibliographic material with each chapter and a subject matter index 
add to the useableness of the book. 

Range scientists and managers, soil conservationists, hydrologists, agricultural 
engineers, land reclamation specialists, wildlife managers, graduate and undergradu- 
ate students and their professors, as well as all interested in the hydrology of arid lands 
will find RANGELAND HYDROLOGY a valuable addition to their libraries. (352 pages 
paper laminated cover $15.00 US) 
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The Effects of Burning on Mineral Contents 
of Flint Hill Range Forages 
JIMMY E. UMOH, LENIEL H. HARBERS, AND ED F. SMITH 

Abstract 

The mineral status of Flint Hills bluestem forage was assessed 
monthly between 1975 and 1976. Results Indicated that magne- 
sium, potassium, and manganese were adequate for optimum per- 
formance of range cattle during spring and summer, but that 
magnesium and potassium were low in late fall and winter. Con- 
centmtions of calcium, iron, and zinc, highest in spring, were 
higher throughout the year than established nutrient requirements. 
Burning significantly. decreased phosphorus and iron and 
increased magnesium. The low levels of phosphorus and potassium 
during fall and winter do not affect animal performance. 

Most of the many minerals essential for animal life normally are 
present and metabolically available in adequate amounts in pas- 
ture so only those likely to be deficient are important to range 
managers. Pasture, the main source of feed for ruminants, varies 
widely in mineral content because many factors influence minerals 
including seasons, soil, cultural or management practices, and 
stage of plant growth. 

Higher phosphorus (P) in winter and spring grasses than in 
summer and fall grasses have been reported (Melville and Sears 
1953, Reith et al. 1964), while calcium (Ca), magnesium (Mg), 
potassium (K), and sodium (Na) peak about September then 
decline to their lowest in winter (Walker et al. 1953, Hemingway 
1962, Karn and Clanton 1976). Blincoe and Lambert (1972) 
reported that advancing season did not influence copper (Cu) or 
zinc (Zn) contents of crested wheatgrass from April to July in 
northern Nevada. Cu deficiency was reported in the Netherlands at 
the end of the grazing season (Hartmans 1969), while Fleming 
(1970) found Zn content of perennial ryegrass(Loliumperenne L.) 
increased until late September and then declined. 

Management practices, such as range burning, also greatly affect 
mineral status of forages. Range burning has been used to increase 
protein in forages (Campbell and Cassady I95 1, Smith and Young 
1959) and apparent digestibility coefficients of dry matter and 
crude fiber (Smith et al. 1960, Grelen and Whitaker 1973). 

Burning also is believed to benefit plant growth by increasing 
organic matter, mineral elements, and nitrogen in the soil (Metz et 
al. 1961, Ahlgren and Ahlgren 1960). The widespread practice of 
burning in late winter increases protein and P in new growth, but 
the benefit lasts only until May when the young-leaf stage ends 
(Campbell and Cassady 1951, Duvall and Whitaker 1964). 

Glendening et al. (1952) reported mineral contents of prairie 
grass, mostly bluestem of Kansas. Their work, covering April, 
July, and winter months of 3 years, showed some minerals de& 
cient. A wide variety of plants grow under range conditions, and 
management, stage of maturity, precipitation, and location all 
affect the nutrient composition of range plants. It seemed to us that 
a monthly assessment of mineral composition of Flint Hills range 
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forages was essential to establish possible deficiencies or excesses 
of minerals for grazing stock, so we investigated effects of grazing 
season and pasture burning on the mineral contents of Flint Hills 
range forage hand clipped monthly for 12 months. 

Experimental Area and Methods 

The study area was the Flint Hills, tallgrass prairie 5 miles 
northwest of Manhattan, Kansas. Nutritive value of the range 
plants is high from May I to October 1. Warm-season grasses start 
to mature in July and develop seed heads by August. 

Main grass species, big and little bluestem (Andropogon gerardii 
Vitman and A. scoparius Michx.) (Herbel and Anderson 1959), 
form from 50 to 60% of the vegetation. Three other warm-season 
grasses, lndiangrass (Sorghastrum nutans (L.) Nash), switchgmss 
(Panicum virgatum L), and sideoats grama (Bouteloua curtipen- 
dula) (Michx.) Torr.), comprise another 10 to 20%. The range area 
elevation is 400 m. Annual precipitation varies from 63.5 to 92 cm 
with most of it coming as summer rain (Rao et al. 1973). 

Nine pastures totalling 199 ha were selected for burned and 
nonburned treatments in 1975. Five of the nine were burned in late 
spring (April 22, 1975). In the spring of 1976, the same areas were 
burned April 23. Burning in 1976 was sporadic because most of the 
pasture had turned green by late April. 

Some of the pastures were grazed during the summer season 
each year by Hereford and Hereford X Angus steers distributed 
evenly among the pastures. The steers remained on the pastures 
between May and October, when they were removed for finishing 
in the feedlot. Polled Hereford beef cows with calves grazed the 
remaining pastures year-round at a stocking rate of 0.35-0.44 
cows/ ha. 

Hand-clipped forage samples were collected at 10 random loca- 
tions every month, between October 1975 and September 1976, 
from one burned and one nonburned pasture. The sample areas 
measured 1800 cm* each and samples were cut to 2.5 cm above 
ground level. Each set of ten samples was bulked, subsampled, and 
dried immediately after harvest at 55” C in a forced-air oven for 2 
days, then ground through a 0.5-mm mesh screen in a Wiley mill. 
Calcium, phosphorus, sodium, potassium, magnesium, copper, 
manganese, and zinc were determined from the samples by stand- 
ard A.O.A.C. (1970) methods and atomic absorption spectropho- 
tometry. The data were subjected to analysis of variance, with 
treatments (burned and nonburned) and monthly effects as the 
main inputs. 

Results and Discussion 
Mineral contents of forages are given in Table 1 and Figures 1 

and 2. Each element is considered separately below. 

Calcium (Ca) 
Calcium contents of winter and spring pastures were signifi- 

cantly (x0.05) higher than contents of fall and summer pastures, 
although the monthly variations were small (CV= 14.6%)(Fig. I). 
Burning had no significant effect on the Ca content, although Ca 
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Fig. 1. Macro element contents of burned and nonburned pastures. 
Monthly voriotion (SD)ond levelof significance ore shownas NS= Not 
significant, * = P CO.05 l * = P CO.01 ond **+ = P <O.oOl. 

content of the nonburned pasture trended higher (Table I). 
A mean of 0.52% Ca (ranging from 0.342 to 0.8 19% Ca) is higher 

than the NRC (1976) Ca requirement of 0.30 to 0.44 (% DM) for 
growing and finishing beef cattle, and our data confirm those of 
Glendening et al. (1952), who reported 0.57 and 0.41% Ca content 
for bluestem prairie of Kansas during April and July, respectively. 
So grazing stock should not require any Ca supplementation even 
during winter when Ca content is low. 

Phosphorus (P) 
The mean P content of pasture was 0.082% with a range of 0.058 

to 0.171% P (Fig. l), which is below the NRC (1976) 0.18 to 0.22% 
requirement for growing and finishing cattle. Phosphorus supple- 
mentation of pastures was needed throughout the year, with a 
possible exception in May. Earlier work had shown P content of 
bluestem prairie grass variable with results similar to ours (Glen- 
dening et al. 1952). 

Although significantly higher (KO.05) values were recorded 
during winter and spring than in other seasons, the month-to- 
month variation did not indicate a consistent pattern (CV = 
20.4%). Melville and Sears (1953) observed similar trends in New 
Zealand when they separated grasses from clover swards and 
found higher P contents in both grass and clover swards in winter 

Table 1. Mean mineral content of burned and unburned bluestem pasture 
forage and level of significance between the two treatments. 

Nonburned Burned F-value 

Calcium (%) .h4 
Phosphorus (%) .09l 
Magnesium (%) .097 
Sodium (9%) .OI2 
Potassium (%) .608 
Iron (8mi kg) .327 
Copper (gml kg) .005 
Manganese (gm/kg) .04l 
Zinc (gm/ kg) .033 

INS = Not significant 
** = (KO.05) 

.494 3.73 NSI 
0.74 5.99.2 
.I20 L7.55*2 
.009 0.40 NS 
601 0.05 NS 
.285 5.54’2 
.005 0.28 NS 
.045 0.70 NS 
.032 0.57 NS 

and spring growth than in summer and autumn. Burning in our 
studies significantly (X0.05) decreased P content of the pasture 
(Table 1). 

The P content of esophageal tistula forages from the pastures 
averaged 0.255% (ranging from 0.160-0.420), showing that range 
animals recycle P (Umoh 1977). Bath et al. (1956) and Lesperance 
et al. (1960) have shown that salivary contamination significantly 
modifies the composition of feed samples and may explain the lack 
of response to P by cattle grazing Flint Hills pastures (Drake 1964). 

Magnesium (Mg) 
The range of 0.052 to 0.178% Mg, with a mean of 0.108% meets 

the NRC (1976) requirement of 0.06 to 0.15% Mg for growing and 
finishing cattle. Burning significantly (X0.05) increased Mg con- 
tent over the nonburned pasture (Table l), with differencesamong 
Seasons highly significant (KO.05) (Fig. 1). Magnesium was high- 
est during the spring and summer growing period and lowest 
during winter dormancy. Thus the decline in Mg at maturity agrees 
with earlier work of Rauzi et al. (1969) for blue grama (Bouteloua 
gracilis (H.B.K.) Lag. ex Steud.), although they noticed no similar 
effect in wheatgrass (Agropyron spp.). 

Potassium (K) 
No specific minimum K requirement has been established, but 

NRC (1976) suggests 0.6 to 0.8% of ration DM for growing and 
finishing cattle. As the K content of forages varied from 0.087 to 
1.79% during different months, the NRC suggestion would be met 
only during certain months. K declined steadily and consistently 
throughout summer from its high (1.8%) in spring to its lowest 
(0.08%) in winter (Fig. I). Earlier reports quoted K content of 
bluestem at 0.51% in mature plants and I .35% in immature plants 
(NRC 1976) and 0.50 to 1.02% in bluestem prairie hay and 0.09 to 
0.30% in winter grass (Glendening et al. 1952). So, cattle would 
have adequate K from the forage diets except on grass of winter 
ranges (Karn and Clanton 1976). Native grasses contain low K, 
which decreases as the grasses mature. Burning pasture did not 
affect K content significantly (Table 1). 

Sodium (Na) 
Neither burning nor seasonal variation significantly effected Na 

content of forages (Table 1 and Fig. l), but the monthly trend was 
highly irregular (CV = 100.4%). 
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A mean of 0.01% Na (ranging from 0.005 to 0.18%) was far 
below the Na requirement of 0.13% in the total DM ration for SD N5 UWURNED 
lactating cows (ARC 1965), or 0.25% and 0.5% salt for growing -NoNBVltYo 

and finishing cattle and for lactating cows, respectively (NRC 
1976). The pasture contained adequate Na only in spring when -.O’ 
0.18% was recorded, and similar low values have been reported for 
other grass species. Long et al. (1970) recorded 0.03% Na for 

s 

Brachiaria sp. and O.O7%Na for Chlorisgayana, although Fleming 
and Murphy (1968) reported higher Na values (0.2 to 0.3%) in tall 
fescue (Festuca arundinacea) and timothy (Phleum pratense) and 
I .2% in perennial ryegrass in Ireland. Applied fertilizer may have 
contributed immensely to Fleming and Murphy’s high values. 
Mineral contents, particularly of Na, of different grass species and 
varieties of the same species vary widely (Lehr 1960), which may 
partially explain our Na. Still, year round salt supplementation of 
Flint Hills range, as practiced, seems appropriate for grazing OCT NW DEC JIN FEB MAR APR MAY JUN NL AUG SEP 

livestock. 

Iron (Fe) 

Our mean Fe content of forages was 0.306 g/kg (ranging from 

.05 

0.13 g to 0.616 g/kg), with the highest in spring and lowest in 
$ 

summer after plants matured (Fig. 2). Similar declining Fe with 
,&04 

plant maturity had been reported earlier for bromegrass (Bromus 
spp.) (Loper and Smith 1961), although Stewart and Holmes 6 
(1953), studying the effect of N on micronutrient contents of mixed 

“:. 

sward, reported that Fe increased ,as the season advanced. Rauziet 

*sG 

al. (1969) reported that Fe content of western wheatgrass (Agro- f . - . . n . . a . . . 
OCT NW OEC JAN FE8 MAR PPR MAY JUN JUL AUG SEP 

pyron spp.) remained fairly constant during the growing season. 
Although beef cattle require Fe, the minimum has not been 

established (NRC 1976). Fe present in most U.S. cattle feeds (0.08 
to 0.8 g/kg) is considered adequate for beef cattle. Van Campen 
(1970) gave Fe requirements as 0.03 g/day for calves and 0.05 to 
0.06 g/day for mature cattle, values far below those we found. 
Kirchgessner (1965) reported that meadow grass’s lowest Fe con- 
tent was higher than the optimum for cattle. Other workers also 
have shown Fe in grasses and clovers far higher than the require- 
ments for grazing stock. 

.60- 

50. 

.40 - 

Burning of the pasture significantly (X0.05) reduced the Fe .so - 
concentration in the forages (Table 1). 3 
Manganese (Mn) * 

The Mn of forages was adequate for cattle. The mean of 0.043 
> .*O- 

^NcWuRM 
g/kg (ranging from 0.021 to 0.081 g/kg) is higher than the 0.001 to & .ro- 
0.01 g/kg Mn recommended for beef cattle(NRC 1976). However, - 
increases in dietary Ca and P raise Mn requirements, so one must 01 . . 
know Ca and P levels in the diet. 

Ocl W DLC ,W FED MAR LPR MAY JUN JUL AUG SEP 

Neither burning nor season significantly affected the Mn content 
of forages, although the highest value was recorded late in summer, 
probably because Mn concentrates more in plant stems than in 
other plant parts (Fig. 2). Fleming (1963) showed that Mnconcen- 
trates in stems more than in other parts of perennial ryegrass, 
alfalfa (Medicago spp.), red clover (Trlyolium pratense), Ladino 
clover (Trifolium repens L.), and bromegrass (Bromus spp.), and 
more at senescence when the ratio of stem to leaf is greater than 
earlier in the plant’s life. 

.OlO- ~WRNEO 

$008. rr+c+wRNB) 

.& 
5 .006 - 

:: 
0 x)04. 

w 

Zinc (Zn) ,002 - 

Pasture burning had no significant effect on Zn content (Table 
I), but the seasonal variation was significant (X0.05) (Fig. 2). Zn 
was higher in spring than at other times (Fig. 2). Its mean value of 
0.032 g/kg Zn (ranging from 0.019 to 0.045 g/kg) was higher than 
the recommended Zn requirement of 0.0 1 to 0.03 g/kg for cattle 
(NRC 1976) and about the same as the 0.02 to 0.03 g/kg given for 
best cattle performance by Van Campen (1970). Thus, the forages 
examined contained Zn adequate for cattle performance except 
when diets contain high Ca that may depress Zn availability. 

I. ’ ” ’ ” * t 8 ” 
0.3 NO” DEC JAN TFB MAR APR HA-, JW ,U AUG SEP 

Fig. 2. Micro element contents of burned and nonburned pastures. 
Monthly variation (SD) and sign@ance are shown as NS = Nor 
significant, * = P CO.05, and *** =P <O.aOl. 

Copper (Cu) 
1970; NRC (1976) gives a Cu requirement for growing and finish- 
ing cattle of 4 mg/ kg. 

The Cu content of forages seemed adequate for grazing stock. Burning had little effect on Cu, but seasonal variation was highly 
The mean of 5 mg/kg (ranging for 2 to 10 mg/kg) equalled the significant (p<O.OOl) (Fig. 2). Cu rose from March to a peak in 
minimum (5 mg/ kg) given for most domestic species (Van Campen May, then declined from June to its lowest in winter. 
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Summary and Conclusions 
Data from our study indicate that mineral imbalances and/or 

deficiencies for grazing animals are related to season of year and 
pasture burning. However, big and littie bluestem, the dominant 
species of the prairie we studied, having unfavorable ratios of one 
element to another does not mean that other prairie species will be 
the same. If we had analyzed separately the different grass species 
occurring in the range, our results likely would have differed. 

During winter and spring months, Pand Mg levels weresimilar, 
averaging about 0.08% each, but in summer, the Mg (0.15%) was 
significantly higher than P (0.062%). Similar differences were 
recorded for Mn and Zn, both having about the same concentra- 
tion and trend throughout spring, but Mn then almost doubling Zn 
(Fig. 2). This raises the question about the botanical composition 
of sward, mineral concentration in different plant parts, and possi- 
ble species selection by grazing stock attempting to correct mineral 
imbalances. 

The Ca:P ratio is important in animal nutrition and the recom- 
mended ratio lies within the limits of 2.0 to 0.5 (Ensminger 1955). 
The ratio we found (about 6.0: I) is below the 7: 1 cattle tolerate 
(NRC 1976). The only season when the Ca: P ratio was as low as 4: 1 
was in spring. 

NRC (1976) recommendations are for high-energy rations to 
contain at least 0.22% P and growing rations, 0.18% P. The forages 
we examined did not contain enough P except in spring. Low Pin 
pasture and other roughage feeds is widespread, particularly in 
semiarid regions where P content of plants generally decreases 
markedly with maturity and is deficient in cattle subsisting for long 
periods on mature dried forages without supplements. 

The mineral analyses suggest that animals grazing Flint Hills 
pastures may suffer deficiencies in P, Na, and Cu when they depend 
on pastures for their mineral needs. However, selective grazing, 
well known in cattle, may at least partially correct the deficiency. 
Recycling minerals also may be important because supplementing 
cows on pasture with P, K and Cu did not improve cow or calf 
performance for Pruitt et al. (1979, 1980). 
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Destructive and Potentially Destructive 
Insects of Snakeweed in Western Texas and 
Eastern New Mexico and a Dioristic Model of 
their Biotic Interactions 
JAMES K. WANGBERG 

Abstract 

The relationships of the principal destructive and potentially 
destructive insects associated with Xanthocephalum microcepha- 
lum (DC) Shinners (threadleaf snakeweed) and Xanthocephalum 
sarothrae (Pursh) Shinners (broom snakeweed) have been identi- 
fied and depicted with a dioristic model. Every region of the host 
plant is utilized by insects in one or more of the following feeding 
categories: defoliators, fluid feeders, borers, and gall-formers. 
Roots, stems, leaves, flowers, and fruit each have their own com- 
plement of insect associates. A system analysis reveals a complex 
picture of insect-host plant interactions as well as potential insect- 
insect interactions. The roles that these insects play in the natural 
biological control of threadleaf and broom snakeweed are poorly 
understood but the general information portrayed in the model of 
their interactions will help future workers to determine the most 
productive avenues of research. 

control efforts has been to introduce natural exotic enemies to 
control alien weed species. Special considerations are necessary 
when introducing foreign species to control native weeds 
(DeLoach 1978). Alternative approaches to the control of native 
weeds are augmentation and conservation of naturally occurring 
enemies and the manipulation of the environment to enhance the 
effects of the controlling agent(s) (DeLoach 1978). An initial effort 
to identify the naturally occurring insects on threadleaf and broom 
snakeweed revealed 300-t species associated with them (Foster et 
al. 1981). The next phase in our understanding of the potential of 
any one or more of these species to suppress the plant is to more 
clearly define the roles of the most numerous and conspicuous 
insects associated with the shrub. The purpose ofthis paper is to (1) 
identify the destructive and potentially destructive insects of snake- 
weed, (2) clarify their relationships to the host plant and to the 

Snakeweed species, Xanthocephalum microcephalum (DC) other insect associates, and (3) formulate a model to depict the 

Shinners (threadleaf snakeweed) and XanthoceDhalum sarothrae insect-insect and insect-host plant interactions. 

(Pursh) Skinners (broom snake&d), although’native to much of 
western North America (Correll and Johnston 1970) are consi- 
dered noxious weeds in many areas. After the drought in the 
United States during the 1950’s, large areas of rangeland in the 
western half of Texas became heavily infested by these two species 
(Ragsdale 1969). Pressures of overgrazing have also promoted 
their spread (Stoddart et al. 1975) but the cyclic nature of their 
populations prevent their use as reliable indicators of overgrazing 
(Jameson 1970, Vallentine 1971). In heavily populated areas 
broom snakeweed is highly competitive with perennial grasses on 
short grass prairie rangelands (Ueckert 1979). An additional nega- 
tive attribute is the toxic effect the snakeweeds have on livestock. 
Both are toxic to cattle, sheep, and goats, as well as other animal 
species (Sperry et al. 1964). 

Study Area and Procedures 

This study was conducted from the spring 1978 to the spring 
1980 in areas of western Texas and eastern New Mexico with heavy 
infestations of threadleaf snakeweed and broom snakeweed. A 
total of 195 collections were made within a 13 count area. In Texas, 
collections were made in the western counties extending from 
Dumas, Moore County, in the north to areas of Pecos County in 
the south. In New Mexico, collections were confined to areas of 
Lea County. 

Sampling of insects occurred at ca. 2-4 week intervals through- 
out the summer period and monthly or twice monthly in the fall, 
late winter, and early spring when the host plant was notdormant. 
The entire plant was visually examined in the field for the presence 
of destructive insects or insects suspected of being harmful. The 
foliage was inspected for defoliators or signs of defoliators such as 
tied leaves, plant fluid feeders, and gall-formers and their galls. 
Representatives of conspicuous or numerous insect species were 
collected and preserved in 75% ethanol. Mature galls, leaf tier 
pupae, and other insects nearing adult emergence were collected 
and returned live to an insectary for rearing and ultimate species 
determination. Following examination of the above-ground part 
of the plant, it was uprooted and inspected for insects on and 

Control attempts with herbicides against broom snakeweed 
have been erratic and mostly unsuccessful (Sosebee et al. 1979). 
The use of fire has also been explored but with mixed results 
(Dwyer 1967). A third control strategy, biological control using 
insects, has been proposed as having some potential (Foster et al. 
1981). Insects have been successfully manipulated for the control 
of other noxious plant species in North America (Goeden and 
Louda 1976, Zwolfer and Harris 1971, Wilson 1964, Huffaker 
1959). The traditional or “classical”‘approach in these biological 

The author is associate professor, Department of Entomology, Texas Tech Univer- 
within the roots. Their collection, preservation, and rearing were 

sity. Lubbock, Texas 79409. handled as for the other insects. The numbers of insects collected 
This article is Texas Tech University College of Agricultural Sciences Manuscript 

No. T-10-130. 
from each plant were recorded and their relative frequencies deter- 

Manuscript received June 20. 1980. mined. For the purpose of this paper the following categories are 
Insect species were determined by the following persons: H.R. Burke, Department of 

Entomology, Texas A&M University; D.C. Ferguson, L. Knutson. D.R. Miller, 
defined for the occurrence of each species: 220% plants infested= 

Insect Identificationand Beneficial Insect Introduction Institute, U.S. Dep. Agr., Agr. 
frequent; 1 l-19% plants infested = occasional; l-10% plants 

Res. Serv., Belrsville, Md.; J.A. Powell, Department of Entomology, University of infested = infrequent. 
California, Berkeley; D.B. Richman, Department of Entomology. New MexicoState 
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At each collection site data were gathered on biotic and abiotic 
State University, Long Beach. factors deemed pertinent to the long-range goals of the study. 
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teristics such as topography, soil texture, exposure, etc. Principal 
biotic features noted were plant species present, condition of host 
plant, stage of host plant development, % canopy cover, and 
biological observations of insects associated with the plant. 

Host Plants 
To aid in understanding the insect relationships of both species, 

the host plant can be divided into four major regions (Fig. I). Each 
region is supportive of a variety of insect species that fall within 
different feeding categories (Table I). Although there may be some 
overlap among some species in certain regions, an analysis of the 
principal insect species’ occupying each region helps clarify the 
important relationships between insect and host plant as well as the 
potential insect-insect interactions. 

Destructive and Potentially Destructive Insects 

Defoliators 
These species are often the most conspicuous insects on snake- 

weed, particularly those that tie stems and leaves together with silk. 
Within infested areas 24% (95/ 395) of the snakeweed had one or 
more leaf tiers present. Four species of Lepiodoptera in the families 
Pyralidae and Tortricidae are common leaf tiers in western Texas. 
Synnoma &rosyrana Walsh. (Tortricidae) is the only one that has 
received any attention in the literature (Powell 1976, Foster et al. 
1981). The others include two probable new species of Tortricidae 
and Phyralidae (and perhaps a new genus) and Sarafa incanella 
(H&t) (Pyralidae). The larvae of one or more of these species can 
be found feeding on leaves from the onset of plant growth in the 
early spring to the flowering stage in late summer and early fall. 
The combined effect of defoliation and tied folige results in an 
unsightly appearance of the host plant. The impact that these 

Fig. 1. Snakeweed with regions defined according to insect utilization. 
Planr height may range from 15 cm to 10 dm. 
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insects, either alone or in combination, have on the host plant has 
not been established. 

Other conspicuous defoliators on snakeweed include grass- 
hoppers (Acrididae) and weevils (Curculionidae). Both groups 
may be abundant at times but the occurrence of grasshoppers is 
typically cyclic and the weevils are phytophagous on the host plant 
foliage only briefly as adults in late summer. 

Plant Fluid Feeders 
A wide range of plant fluid feeding insects attack all regions of 

the host plant. Above-ground parts of the plants are infested by 
two conspicuous families of scale insects. The giant scale, Stcaro- 
COCCUS townsendi Cockerell (Margarodidae), and the red s&e, 
Tachardiella glomerella Cockerell (Kermidae), are found feeding 
on branches and stems. Although they occur infrequently (l-9%), 
the presence of at least the red scale may be significant. At each 
location where it was encountered, 100% of the plants infested were 
dead or partially killed. The effect which this insect may have on 
snakeweed is in need of further investigation. 

Of additional interest, due to their frequent occurrence (60/ 190) 
and usual large numbers, are the mealybugs Eriococcus cryptus 
(Eriococcidae) and Pseudococcus sp. (Pseudococcidae). Both spe- 
cies feed on the roots of snakeweed. It is common to collect plants 
with roots literally covered with these insects. In spots of severe 
infestations, there are no apparent harmful effects on the host 
plant. The long-tertII impact of large populations of mealybugs 
feeding upon roots is unknown. 
Borers 

Within the stems and/or roots are three families of beetles 
(Buprestidae, Cerambycidae, Curculionidae) and one moth family 
(Olethreutidae) that cause noticeable structural damage to the 
plant. Each of these has also been recorded for Arizona (Hetz and 
Werner 1979). Foster et al. (1981) make special note of two of the 
beetle families among others for their potential impact on the 
plant. The mode of attack by each of the root borers is not alike. 
Myrmex sp., a new and yet undescribed weevil species, bores 
within the lower branches as an early instar but is most destructive 
during later instars as it tunnels extensively throughout the root 
crown and upper tap root. The damage is increased by the frequent 
occurrence of more than one larva per plant. As many as eight 
larvae have been found in a single plant, although three to five are 
more common. In contrast to Myrmex, there are borers that tunnel 
the length of the tap root. Crossidiuspulchellus Le Conte (Ceram- 
bycidae) and Eucosma ridingsana (Olethreutidae) are solitary bor- 
ers and may hollow out a considerable portion of the root by the 
time they reach maturity. The occurrence of Crossidius on broom- 
weed has been mentioned by several investigators (Hetz and 
Werner 1979, Penrose 1967, Lensley and Chemsak 1961) and it is 
currently the subject of research in New Mexico (pers. comm., 
Richman). Eucosma ridingsana, on the other hand, has only been 
referred to once in regard to its association with snakeweed (Hetz 
and Werner 1979). To the best of my knowledge, it has not been 
previously recorded on snakeweed in Texas. Another root borer, 
Agrilus sp. (Buprestidae), is found as a solitary feeder throughout 
the tap root but the extent of its damage is lessened due to its 
smaller size and confinement to outer root tissues. 

Gall-formers 
Only one family of insects (Dipt: Cecidomyiidae) has been 

observed forming galls on snakeweed; however, their occurrence is 
common and widespread. Galls were noted on 26 percent of the 
plants (29/ 110). Galled stems or leaves were found on at least some 
plants at every collection site. Felt (1940) lists 2 species of gall- 
formers on snakeweed; however, 1 have found other galls that do 
not fit the descriptions of galls formed by these known gall- 
farmers. The damage by gall-formers to the host plant may be 
confined to local injury but the effect of heavy infestations on the 
host plants’ vigor is unknown. 

Others 
Occasionally the larvae of some undetermined species of Elateri- 
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Plant Regions’ 

Ill 

Fluid feeder 

Fluid feeder 

Borer 

Borer 

Borer 

IV 

Fluid feeder 

Fluid feeder 

Borer 

Borer 

Borer 

I 

General defoliator 

Fluid feeder 

Fluid feeder 

General defoliator 

Leaf tier 
Leaf tier 

Leaf tier 

Leaf tier 

Gall-former 

II 

Fluid feeder 

Borer 

Leaf tier 
Leaf tier 

Leaf tier 

Leaf tier 

Gall-former 

Table 1. Spatial distribution, feeding categories, and principal species of destructive insects associated with snakeweed in western Texas and eastern New 

Mexico. 1977-79.. 

Principal insect species 

Orthoptera 
Acrididae 

Misc. species 
Homoptera 

Margarodidae 
Sreatococcus rownsendi 

Pseudococcidae 
Pseudococcus sp. 

Eriococcidae 
Eriococcus cryptus 

Kermidae 
Tachardiella glomerella 

Coleoptera 
Buprestidae 

Agrilus sp. 
Cerambycidae 

Crossidius pulchellus 
Curculionidae 

Myrmex sp. 
misc. species 

Lepidoptera 
Pyralidae 

Sarara incanella 
undetermined species 

Tortricidae 
Synnoma lynosyrana 
Probable new genus 

nr. Synnoma 
Olethreutidae 

Eucosma ridingsana 
Diptera 

Cecidomyiidae 
undetermined species 

‘Regions defined and illustrated in Figure I 

dae and Tenebrionidae are found in soil in close proximity to the 
fibrous roots. They have not been observed feeding on the plants 
nor has damage been found that would indicate such feeding; 
however, members of both families are known to commonly 
inhabit soil and attack plant roots. 

Systems Analysis of Insect-Host Plant Interactions 

Due to the large numbers of insect species associated with Xun- 
~hocephalurn spp. (Foster et al. 198 1) and the complexity in under- 
standing their relationship to the host plant, it is helpful to take a 
systems approach in analyzing the interactions among insects and 
host plants. The associations of principal insect species to various 
regions of the host plant is an initial step in this systems approach. 

I 1 

lnkm -~---~--___-_ 
” 

FRUITS 

and 

FLOWERS 

-_------- 

Fig. 2. Frequencies of principal insect species utilizing snakeweed fruits 
andflowers (large arrows = frequent; small arrow = infrequent). 

Relationships are more clearly defined within each region by 
modeling the interactions among insects and specific plant struc- 
tures. Thus, it becomes clear that flowers, fruit, stems, leaves, and 
roots each have their own complement of insect associates (Fig. 
2-S). The complexity of each sub=model is not only a function of 
the number of species attacking the particular plant structure but 
also a function of their physical position, either on the exterior or 
in the interior of the plant and their relative frequencies. 

An added level in the systems’complexity is achieved when the 
sub-models are combined into an overall dioristic model (South- 

T 4 
-Sk &I_ 

Fig. 3. Frequencies of principal insect species utilizing snakeweed stems 
(large arrow =, frequent; small arrows = infrequent). 
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Fig. 4. Frequencies of principal insect species uriliring snakeweed leaves 
(large arrows =frequenr; medium arrows = occasional;smallarrows = 
infrequent). 

wood 1978) that represents the total insect-host plant interactions 
(Fig. 6). It becomes clear from the model that a variety of insect 
groups (as defined earlier by feeding categories) rely on the same 
part of the host plant. For instance, stems are utilized by weevil 
borers, cecidomyiid gall-formers and scale insects sucking on plant 
fluids. Similar overlap among these and other insect groups is 
apparent at the roots, leaves, flowers, and fruit. Consequently, 
certain potential insect-insect interactions become apparent as 
well. In the absence of some mode(s) of resource partitioning 
among insects utilizing the same plant parts, there would naturally 
result varying degrees of interspecific competition. It is likely that 
many such mechanisms exist and hence we are presented with a 
very complex picture of a plant species being attacked by several 
insects over a continuous period of time. There is currently a need 
to examine the specific interactions between those insect species 
with the greatest potential to inflict damage upon the host plant. 

The model presented herein clarifies the roles of some of the 
principal insects that attack threadleaf and broom snakeweed. To 
date, biological information on each species is fragmentary and it is 
premature to assess the degree of natural biological control exerted 
by them. Before such an assessment can be made, it is critical that 
we understand the broader picture of the total insect-host plant 
interaction. As pointed out by Stark and Smith (1971), “such a 
model will at first be crude, but it will reveal gross features of the 
pest system under study. It will aid in determining what are the 
most valuable data which should be collected, which phenomena 
should be investigated more thoroughly and even dictate or suggest 
what experiments should be conducted to bring realism to the 
model.” 
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Cattle Diets in the Blue Mountains of Oregon 
II. Forests 
JERRY L. HOLECHEK, MARTIN VAVRA, JON SKOVLIN, AND WILLIAM C. KRUEGER 

Abstract 

Esophagerlly flstulated cows were used on forested range in 
northeastern Oregon to collect diet samples which were then ana- 
lyzed by the microhlstological technique. Grasses, forbs, and 
shrubs averaged 61,16,and 23% of the diet, respectively. Composi- 
tion of diets differed among years and with seasonal advance. 
Idaho fescue and elk sedge were the most important forage species 
consumed. Forbs were used heavily in the early part of the grazing 
season before maturation. Browse comprised as much as 47% of 
the diet when green grass was unavailable. Cattle were opportunis- 
tic grazers and did not limit their selection to grass species. On 
forested ranges cattle diets varied among grazing periods within 
each year as well as among years. 

Knowledge of dietary habits of livestock and game animals is 
valuable to the range manager in determining if competition exists 
among different range animals and in balancing livestock and 
game numbers with available forage. Also, a knowledge of species 
consumed tells a manager what the key species are and helps 
explain changes in diet quality and animal performance (Holechek 
et al. 1981). At present information concerning cattle diets on 
forested range in eastern Oregon is limited to utilization studies 
reported by Pickford and Reid (1948), Harris (1954), Miller and 
Krueger (1976), and Skovlin et al. (1976). 

Pickford and Harris (1948), Harris (1954), and Skovlin et al. 
(1976) conducted their research at the Starkey Experimental 
Range and Forest in northeastern Oregon. Results from all three 
studies showed that bluebunch wheatgrass (Agropyron spicufum), 
Idaho fescue (Festuca iduhoensis). prairie junegrass (Koeleriu cris- 
tata), elk sedge (Carex geyeri), Sandberg bluegrass (Pea sandber- 
gii). and pinegrass (Calumugrostis rubescens) were the primary 
forage species considering availability and utilization. 

Pickford and Reid (1948) reported that grass was the primary 
forage class consumed by cattle but forbs were readily utilized in 
June and early July. Shrubs, particularly common snowberry 
(Symphoricarpos albus), also received heavy use during some 
periods although shrubs comprised a small amount of the available 
forage. Harris ( 1954) observed that over a 9-year period bluebunch 
wheatgrass was the forage species most heavily used by cattle 
followed by prairie junegrass, Idaho fescue, elk sedge, and pine- 

. grass. Skovlin et al. (1976) also found that bluebunch wheatgrass 
was an important forage species. Elk sedge and pinegrass, how- 
ever, contributed the most forage. In all three of the previously 
discussed investigations, Sandberg bluegrass (Poa sandbergii) was 
one of the most common forage species present but utilization 
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levels were much below those for bluebunch wheatgrass, prairie 
junegrass, Idaho fescue, and elk sedge. 

Pickford and Reid (1948) observed cattle during the grazing 
season and reported a preference for grasslands. Forest areas were 
generally utilized by mid-summer. However, Harris (1954) stated 
that cattle used forest areas all summer when heat and/or flies 
became intense, although a preference for grassland areas were 
shown. In these studies cattle grazed an 8500-ha range area divided 
into two pastures and grazed under deferred rotation. 

The objectives of this study were to restrict cattle to forest ranges 
and determine important dietary constituents, estimate changes in 
diet with season progression and to observe annual differences in 
dietary constituents. 

Experimental Site and Procedure 
The study was conducted on a portion of the Starkey Range 

described by Holechek et al. (1981). In 1976, two 230-ha pastures 
were established on a range having a common grazing history. The 
vegetation and terrain of the two pastures was similar. Vegetation 
is representative of the ponderosa pine-Idaho fescue (pinus 
ponderosa-Festuca idahoensis), ponderosa pine-common 
snowberryelk sedge (Pinus ponderosa-Symphoricurpos albus- 
Curex geyeri), Douglas fir-ninebark (Pseudotsuga menziesii- 
Physocarpus malvuceus), and Douglas fir-common snowberryelk 
sedge (Pseudotsuga menziesii-Symphoricarpos albus-Curex 
geyeri) associations originally described by Daubenmire and 
Daubenmire (1968). Percent cover of important forage species on 
the pasture was determined and presented in Table I. Because the 
vegetation composition on the two pastures was identical,, cover 
data were pooled across pastures. Scientific and common names in 
Table 1 and the text follow Garrison and Skovlin (1976). 

Cattle grazing was conducted on the pastures in 1976, 1977, and 
1978 under a two pasture-one herd rest rotation grazing system. 
This involved grazing one pasture all season long in 1976 and 
resting the other pasture. In 1977 grazing was initiated on the 
pasture rested in 1976. At mid-season cattle were moved to the 
other pasture. In 1978, the pasture rested in 1976 was grazed while 
the other pasture was rested the entire season. Grazing was 
initiated on June 20and concluded on October JOinall three years 
of study. 

Diet samples were collected with four esophageally fistulated 
cows in all three years of study. Eighteen head of yearling heifers 
and four fecal collector steers were also grazed on the pastures. 
Data on diet quality, forage intake, and livestock performance are 
given in Holechek et al. (198 1). Two collections were made every 
other week with thet ftstulated animals. The grazing season was 
divided into four 28-day periods to show trends in dietary botani- 
cal composition. These were June 20 to July 18 (late spring), July 
19 to August 15 (early summer), August 16 to September 12 (late 
summer), and September 13 to October 10 (fall). Sixteen esopha- 
geal fistula samples were collected during each period. 

Diet samples were analyzed for botanical composition by the 
Sparks and Malechek (1968) method. Where applicable, regres- 
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Table 1. Percent cover of the primary forage species and their percent by 
weight contribution to cattle diets. 

Snecies 
Percent Percent 
cover’ in diet* 

Bluebunch wheatgrass (Agropyron spicatum) 
Elk sedge (Carex geyeri) 
Pinegrass (Calamogrostis rubescens) 
One-spike danthonia (Danthonio 

unispicota) 
Idaho fescue (Festuca idahoensis) 
Western fescue (Festuco occidentalis) 
Kentucky bluegrass (Poa prorensis) 
Sandberg bluegrass (Poa sandbergii) 

Total grasses 

Western yarrow (Achilles millefolium 
lanuloso) 

Heartleaf arnica (Arnica cordlyolio) 
Wyeth eriogonum (Eriogonum heracleoides) 
Lupine (Lupinus spp.) 
Cluster tarweed (Modia glomeroto) 

Total forbs 

Bearberry (Arctostaphylos uvo-ursi) 
Ninebark (Physocarpus molvoceus) 
Wax currant (Ribes cereum) 
Spiraea (Spiroeo betulifolia lucida) 

Common snowberry (Symphoricarpos 
albus) 
Total shrubs 

3 5 
6 12 

3 49 

3 I 
17 23 
3 6 
2 4 
3 1 

47 61 

2 2 
2 4 
2 T 
3 I 
3 - 

28 16 

I T 
8 5 
1 I 
2 5 

10 11 
25 23 

‘Cover data (Ganskopp 1978) were pooled across pastures. 
*Diet samples were pooled across years and periods. 
T = Trace 

sion equations (Vavra and Holechek 1980) were applied to correct 
for sample preparation breakdown of epidermal material. 

Differences in consumption of individual species among periods 
within each of three years of study were determined by analysis of 
variance using a completely randomized design (Steel and Torrie 
1960). Duncan’s new multiple range test was used to rank the 
consumption of each species among periods. Similarity indices 
(Oosting 1956) as applied to dietary analysis (Olsen and Hansen 
1977) were used to observe variation in diets among grazing peri- 
ods within each year and between years. 

Results and Discussion 
Idaho fescue, elk sedge, and common snowberry constituted 

almost half of the diet when samples were pooled across periods 
and years (Table 1). The most important species found in diet 
samples in the three years of study was Idaho fescue, which was 
also the most common species based on cover on the pastures. The 
consumption of both Idaho fescue and snowberry was relative to 
availability. However, elk sedge appeared to be a preferred species 
based on consumption and cover. 

A total of 29 graminoids were identified in diet samples but only 
six occurred in greater than trace amounts. Important graminoids 
other than Idaho fescue and elk sedge included bluebunch wheat- 
grass, pinegrass, western fescue, and Kentucky bluegrass. Each of 
these contributed 5% or more to the overall diet and were heavily 
utilized during given sampling periods. 

Thirty-one forb species were found in cattle diets but only west- 
ern yarrow, heartleaf arnica, and lupine comprised 1% or more of 
the overall diet. Several species were important in particular collec- 
tions or for short periods of time during the early part of the 
grazing season. Forb consumption by cattle was limited by short 
periods of forb palatability and/ or limited production or distribu- 
tion on the pastures. 

Important shrubs found in diet samples in addition to snowberry 
included spiraea, ninebark, and wax currant. Five other shrubs 
were consumed in trace amounts. 

Several researchers have reported that cattle graze primarily 
grass (Cook et al. 1963, Van Dyne and Heady 1965, Cook et al. 
1967, Beck 1975), but in this study quantities of grass consumed 
depended upon period and the palatability of all forage available. 
Grass content of diets varied from as low as 36% in late spring 1977 
to as high as 83% in late summer 1977. 

During the late spring most graminoids found on the pastures 
were consumed; but in the latter half of the grazing season, ldaho 
fescue and elk sedge comprised 59% of the graminoid portion of 
the diet when data were pooled across years. These two species 
were less advanced in phenological development than other grami- 
noids and forbs. Pickford and Reid (1948) reported elk sedge was 
highly preferred in the late summer and fall because it remained 
green and succulent after other graminoids had matured. 

Forb consumption declined as the grazing season advanced in all 
three years of study. Most forbs were green and succulent when 
cattle grazing was initiated but had matured by the end of early 
summer. Pickford and Reid (1948) reported a downward trend in 

Table 2. The percent by weight of important species found in cattle diets in 1976,1977, and 1978. 

1976 1977 1978 

Early Late Early Late Early Late 
Late sum- sum- Late sum- sum- Late sum- sum- 
spring mer mer Fall spring mer mer Fall spring mer mer Fall 

Bluebunch wheatgrass 
Elk sedge 
Pinegrass 
Idaho fescue 
Western fescue 4 4 4 3 2 3 1 T 3 3 3 3 
Kentucky bluegrass 4 6 4 1 3 3 5 4 4b T 2b 8’ 

Total grasses 49b 73” 76” 5Sb 36’ 5? 83” 76” 52b 67” 3f 74’ 

Western yarrow 3 1 3 I T 2 2 2 1 I 2 2 
Heartleaf arnica 14” Sb 3b T 5 1 T T 4 2 2 2 
Lupine 3 T 4 T T 

Total forbs 36” 14b IF 12b 26” 13b 7- 6” 2:” 11 lib l?- 

Ninebark - - - 3 sb 12” T 8” 7b Sb 12” 3b 
Wax current - - 2 I 6 3 
Spiraea 
Common snowberry Ab 2; 2: 1;’ 

T 
; 

3b Sb 18” 3b 
9” 8 8 9 6 

Total shrubs ISb 13b 13b 30” 3gb 34 lob Iti 23b 21b 47” 16b 

a,b,cMeans with different superscripts within the same row and year are significantly different at the .05 level. 
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forb consumption by cattle because of advanced phenological 
development. 

A large number of unknown forbs were present in cattle diets. 
Because more than 200 forbs are found on the Starkey Range, 
identification of all forbs species in the diet would be difficult. 
Another problem encountered was that certain forb epidermal 
fragments were similar. An attempt was made to identify those 
species comprising more than 2% of the diet during a given period. 
Western yarrow and heartleaf arnica were utilized throughout the 
grazing season during the three years of study. Both species 
remained green and succulent until October in most years. 

Shrub consumption was erratic among years and periods and 
depended on the availability of green grass and forbs. Other 
researchers have reported cattle increased shrub consumption 
when green grass was unavailable (Cook and Harris 1968, Lesper- 
ante et al. 1970, Rosiere et al. 1975). Many forbs and grasses were 
mature when grazing was initiated in 1977 because of a very dry 
winter and spring. Cattle grazed certain shrubs, particularly com- 
mon snowberry, probably because the leaves were still green and 
succulent. Heavy rainfall occurred during summer (Table I, Hole- 
chek et al. 1982) and grass regrowth became available in forest 
openings in fall causing a reduction in shrub consumption during 
the latter part of the grazing season. Late summer of 1978 was dry 
and little green grass was available compared to other periods. 
Browse comprised 47% of diets in this period. By fall, however, 
most of the green leaves on browse had dried and cattle switched 
back to grass. 

Pickford and Reid (1948) also reported that shrubs received use 
during certain periods at Starkey; but only amounted to 8% of the 
total forage removed per acre. Harris (1954) and Skovlin et al. 
(1976) did not measure shrub and forb utilization by cattle. 

In 1977 cattle were moved at mid-season and diets changed after 
movement. Because heavy rainfall occurred after movement no 
conclusions can be reached concerning the effect of movement on 
forage selection. 

When diet similarities were compared between specific grazing 
periods within each study year little consistency was observed 
(Table 3). Diets on grasslands (Holechek et al. 1982) exhibited 

Table 3. The percent similarity of cattle diets comparing grazing periods 
within years. 

YL%Lr 

Period comparison 1976 1977 1978 

LS - ESu’ 47 52 55 
LS - LSU 42 37 52 
LS - F 41 40 44 
ESu - LSu 66 54 54 
ESu - F 52 61 42 
LSu - F 46 67 45 

ILS = late spring, ESu = early summer, LSu = late summer. F = fall. 

lower similarity values when the late spring period was compared 
to the others than when early and late summer and fall periods were 
compared. Annual variation in similarity indexes was also greater 
on the forest (Table 4) than on the grassland (Holechek et al. 
1982). The increased variability noted on the forest compared to 
the grassland was due to the increased diversity in plant communi- 
ties ‘present,’ and therefore a larger variety of plant species was 
available for diet selection. Maturation and drying of forbs on the 
grassland induced cattle into grazing more grass later in the season. 
On the forest in the latter half of the grazing season, however, cattle 
responsed to weather conditions by shifting their diets away from 
grasses to browse when green regrowth due to summer precipita- 
tion was not available. This difference in response on the forest 
compared to the grassland was because considerable browse was 
available on the forest but relatively little browse was available on 
the grassland (Table 2, Holechek et al. 1982) and Table 1). 

Table 4. The percent similarity of cattle diets comparing years within each 
grazing period. 

Year 
comparison 

Late 
spring 

Early Late 
summer summer Fall 

1976 - 1977 42 56 56 53 
1976 - 1978 43 51 42 48 
1977 - 1978 51 53 41 54 

Conclusions 

Idaho fescue and elk sedge were the two most important species 
consumed by cattle grazing forested range in northeastern Oregon. 
Rocky Mountain elk and mule deer also make considerable use of 
Idaho fescue in winter (Skovlin and Vavra 1979) and elk use 
bluebunch wheatgrass in spring and early summer (Korfhage 
1974). These graminoids should be regarded as key species for this 
range type, and management principles such as intensity of grazing 
should be based on their maintenance. Forbs and shrubs were also 
critical components of cattle diets and should be considered espe- 
cially when forage allocations are being formulated for both live- 
stock and wildlife. Pooled data indicated cattle made up 23% of 
their diet of shrubs, much more than is generally recognized. 
Korfhage (1974) indicated forbs and shrubs were important 
summer dietary constituents of elk. These data indicate a need for 
continued research on food habits and distribution of cattle, mule 
deer, and elk to carry out the multiple use concepts mandated on 
public lands and insure proper management of the forage resource. 

Low diet similarity indexes recorded indicate that cattle readily 
shift their diets during the grazing season and also from one year to 
the next during the same season. On forested ranges cattle are 
opportunistic grazers and may consume diets that frequently vary 
from the more common predominantly grass diet. A knowledge of 
dietary shifts in response to seasonal advance and precipitation 
induced forage regrowth should help managers optimize use of 
specific range types for improved grazing management and live- 
stock production. 
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Factors Influencing Bitterweed Seed 
Germination 
S.G. WHISENANT AND D.N. UECKERT 

Abstract 

Bitterweed seed germination exceeded 90% at constant tempera- 
tures between 20° and 2S’C and more than 65% between 15’ and 
30°C in a controlled environment chamber. Seeds germinated 
equally well in light and dark conditions. Germination percentages 
of seeds in aqueous media with a pH range of 5 to 9 were signifi- 
cantly different, but the range of germination (91 to 97%) probably 
is not sufficient to affect distribution. However, a decrease in water 
availability significantly decreased bitterweed seed germination. 
Viability of bitterweed seed did not change significantly after 39 
months dry storage at room temperature, but was significantly 
reduced at 47 months. 

Bitterweed (Hymenoxys odorura DC.) is the major poisonous 
plant problem on the western Edwards Plateau of Texas. Annual 
death losses of sheep average 1 to 6% (Sultemeier 1961), with rare 
losses in cattle and goats. Cases of poisoning usually occur between 
December and May in years with sufficient moisture for rapid 
vegetative development of bitterweed. Bitterweed is not normally 
palatable to sheep, but they will consume it when other forage is 
limited (Kingsbury 1964). Bitterweed poisoning may be acute, 
subacute, or chronic. Chronically poisoned sheep become very 
weak and probably die from starvation and dehydration resulting 
from insufficient strength to obtain food and water. Many sub- 
acute and chronically poisoned animals will recover if removed 
from bitterweed infested rangeland and fed in confinement. A 
single lethal dose of bitterweed commonly causes death in 14 to 36 
hr (Rowe et al. 1973). 

The genus Hymenoxys Cass. (Compositae) contains 27 species 
and is confined to limestone soil or derivatives of limestone or of 
basic igneous rocks. Bitterweed is a native weed of overgrazed 
rangelands, roadsides, and disturbed areas (Correll and Johnston 
1970). The distribution of bitterweed is from Kansas and Colorado 
south through Texas, Oklahoma, New Mexico, Arizona, and into 
Mexico (Tamaulipas, Nuevo Leon, Cohuila, Chihuahua, and Son- 
ora) with the greatest concentration in the western Edwards Pla- 
teau region of Texas (Correll and Johnston 1970). The plant is a 
bushy, much branched annual which varies from 7 to 60 cm in 
height depending on environmental conditions (Sperry et al. 1964). 
The leaves are pinnatisect into 3 to 15 filiform lobes, with each 
ascending branch terminating in a small solitary head (Correlland 
Johnston 1970). The head has 6 to 13 yellow rays around a yellow 
disk. Unlike most composites, the achenes (seeds) are not released 
at maturity but are sealed into compact heads by the involucral 
bracts. When in contact with sufficient moisture the bracts open 
widely and free the achenes (Cory 1951). 

The invasion and spread of bitterweed is an important economic 
problem in the western Edwards Plateau. Bitterweed is a prolific 
seed producer with 50 to 75 seeds per head (Rowe et al. 1973) and 
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reports of 100 (Sperry 1949) to 3000 (Cory 195 I) heads per plant. 
Cory (195 I) reported bitterweed densities from 8.6 million to 18.5 
million plants per hectare in an Edwards County study. The objec- 
tive of this study was to determine some basic germination require- 
ments of bitterweed seeds, with special reference to temperature, 
moisture stress, pH, light, and duration of viability. This informa- 
tion on germination responses to simulated environmental 
parameters should help to explain the geographical distribution of 
bitterweed and aid in predicting severity of bitterweed infestations 
in different range sites and seasons. 

Materials and Methods 

Bitterweed seeds were collected in Glasscock County, Texas, in 
May, 1978. The seeds were left enclosed in the heads and stored at 
room temperature until the germination trials began. Each germi- 
nation experiment was conducted using six replications of 50 seeds 
each in IO-cm diameter petri dishes. Fully developed and undam- 
aged seeds were selected for all germination trials. Two Whatman 
No. 3 filter papers saturated with 6 ml of test solution were used as 
the germination substrate. The petri dishes were randomly placed 
on moist paper toweling in sealed clear plastic boxes which were 
placed within an environmental chamber for testing. Cumulative 
germination was recorded at 24-hr intervals over the 14day expo- 
sure period, Seeds were considered to have germinated when the 
radicle was at least 2-mm long. Each experiment was repeated 1 to 
3 times and the data pooled for presentation. 

The effect of constant temperature on germination was tested at 
5°C f l°C increments between .5O and 45” C. An alternating 
temperature regime of 200 to 300 C (16 hr low, 8 hr high) was also 
studied. All other experiments were conducted at 25’C. 

The effect of moisture stress on germination was conducted at 
25°C using aqueous solutions of polyethelene glycol (PEG) 6000 
(Carbowax 6000, Union Carbide Corporation). The solutions were 
mixed by the method described by Michel and Kaufmann (1973) to 
exert osmotic potentials of -2, -4, -8, -12 and -16 bars. Distilled 
water was used for the 0 bars treatment. The pH of these PEG 
solutions was 7.2. The effects of concentration and temperature on 
the osmotic potential of PEG-6000 solutions differ from those for 
most salts and sugars and are apparently related to structural 
changes in the polymer (Michel and Kaufmann 1973). 

Light requirements were investigated at 25“C by comparing 
germination of bitterweed seeds in petri dishes covered with alumi- 
num foil with that of seeds in transparent dishes. Aluminum foil 
was not removed from the petri dishes during the 1Cday trial. All 
other experiments were conducted under constant light. Fluores- 
cent and incandescent lights were used for all experiments using 
light. 

The effect of pH on germination was investigated at 25OC by 
adjusting the hydrogen ion conceptl’ation of distilled water with 
HCl or KOH. This approach avoided the potential osmotic effects 
exerted by buffered solutions (Scifres and McCarty 1969). The 
changes in pH of these unbuffered solutions was minimal (from 0. I 
to 0.2). A range of pH values from 5 to 9 in whole unit increments 
was tested. 
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The effects of age on seed viability was evaluated by testing 
germination of seeds collected in Sutton County, Texas, in May 
1976 at bimonthly intervals from collection to 47 months after 
collection. This test was made on seeds collected in Sutton County 
in 1976. 

Germination data were subject to arcsin fi (P = proportion 
germinated) transformation prior to conducting analyses of var- 
iance. Differences among means were compared with Duncan’s 
multiple range tests where appropriate. 

Results and Discussion 

Description of Achene 

at 2oOC but initial germination was more rapid at 25OC. Total 
germination exceeded 90% at these temperatures. Cumulative ger- 
mination exceeded 65% at constant temperatures of 30” C or 35O C 
but less than 40% at 15’C and less than 20% at 100 C or 400 C (Fig. 
1). Germination at 40°C was rapid but never exceeded 10%. The 
alternating temperatures regime of 200 to 30” C (16-hr and 8-hr, 
respectively) did not significantly (KO.05) increase the germina- 
tion percentage over that obtained at constant temperatures of 20” 
or 25°C (data not shown). These data support field observations 
that bitterweed seeds germinate at any time of the year but most 
often germinate and establish during late fall, winter, and spring. 

Moisture Availability 
Bitterweed achenes are 2 to 3 mm long and densely hairy with 

acuminate scales. The hairs on the achenes tend to expand outward 
The germination response of bitterweed to moisture stress is 

with the absorption of water thus orientating the achene with one 
shown in Figure 2. Germination at day 14 was significantly 

end touching the substrate. This agrees with the observation of 
(KO.05) reduced by any increase in moisture stress. These data are 

Mayer and Poljakoff-Mayber (1975) that the orientation of 
in agreement with field observations which show that bitterweed is 

achenes toward the soil is frequently determined by morphological 
most abundant during cool weather when soil-water contents are 

features of the achene, particularly in the Compositae. Sheldon 
adequate for vegetative growth. The ability of seeds to absorb 

(1974) stated that the position of an achene on a soil surface has a 
water from the soil as compared to water uptake from the prepared 

significant effect upon germination. He also stated that in the case 
solutions is determined not only by the osmotic potential of the soil 

of the achenes of Compositae, a high level of germination occurs if 
solution, but also by the matrix potential of the soil. Contact of the 

the scar of attachment region is buried. The dry achenes used in this 
seed surface with soil particles is very important in this respect 

study. weighed 0.228 g per 1000. 
(Mayer and Poljakoff-Mayber 1975). A lack of tolerance to mois- 
ture stress under these laboratory conditions might be even more 

Temperature critical under field conditions. 
Temperature is one of the most important of the specific condi- 

tions that must be met during the period of seed germination 
(Toole et al. 1956). In the range of temperatures within which any 
seed germinates, there is usually an optimal temperature. Above 
and below this optimum temperature germination is delayed but 
not prevented. This optimum may be considered that temperature 
at which the highest number of seeds germinate or at which the 
highest percentage of germination is attained in the shortest time 
(Mayer and Poljakoff-Mayber 1975). A rise in temperature does 
not necessarily result in an increase in either the rate of germination 
or in ultimate germination percentage. 

Hydrogen Ion Concentration 

The constant temperature germination data areshown in Figure 
1. Limits of germination were approximately 5” and 45’C with no 
germination occurring at either temperature. The optimum 
temperature appeared to be between 200 and 25” C with no signifi- 
cant (KO.05) differences in germination between these tempera- 
tures on day 14. The highest germination percentage was achieved 

The response of bitterweed seed germination to hydrogen ion 
concentration is shown in Figure 3. Within the range of pH tested 
(5 to 9), bitterweed germination demonstrated a significant 
(~0.05) positive linear response to increasing pH. The highest 
germination percentage occurred at pH 9. Since the germination 
percentage ranged from 91% to 97%, the geographical distribution 
of bitterweed cannot realistically be attributed to a germination 
response to pH. This is surprising because bitterweed reaches its 
greatest concentrations on the highly calcareous limestone derived 
soils of the western Edwards Plateau. Thus, more research is 
needed concerning seedling establishment requirements to eluci- 
date the mechanisms responsible for the affinity of bitterweed to 
calcareous soils. 

Light 
Light requirement is frequently associated with small seeds 

because they presumably have small quantities of food reserves 
and therefore must germinate under conditions where photsynthe- 
sis occurs soon after germination. However, seed size is not an 
adequate measure of the amount of food reserves present relative 
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Fig. 1. Bitterweed germinalion response to constant temperatures. Mean 
germinationpercentagesfor &y I4 withsimilarlowercase lettersarenot 
significantly different at KO.05. 

Fig. 2. Bitterweed germination response to vclrious mobture tensions at 
25’ C. Mean germination percentages for day I4 with similar lower case 
letters are not signi/cantiy dijferent at KO.05. 

244 JOURNAL OF RANGE MANAGEMENT 35(2), March 1982 



r I I 1 

6 7 0 9 

PH 

Fig. 3. Bitterweedgermination response to various hydrogen ion concen- 
trations at 25’ C.. Mean germinationpercentages with similar lower case 
letters are nor signifcanrly differem at tYO.05. 

to the requirements of the seedling (Mayer and Poljakoff-Mayber 
1975). Moreover, the light exposure required to stimulate germina- 
tion is so brief that it is received under most normal circumstances 
(Mayer and Poljakoff-Mayber 1975). In this experiment the pres- 
ence of light had no significant (KO.05) influence on the germina- 
tion of bitterweed seeds (data not shown). 

Length of Viability 
Germination of bitterweed seeds was not significantly reduced at 

39 months after collection (X0.05), compared to 1 month after 
collection (61% germination). However, germination decreased by 
almost half (to 33%) at 47 months after collection which was a 
significant (KO.05) reduction. 

Conclusions 
Bitterweed has tremendous reproductive potential and the 

capacity to rapidly infest new areas. Bitterweed seed germination 

occurs over a wide range of temperatures and pH, but adequate soil 
water content is critical to germination. These studies demonstrate 
the wide range of environmental parameters tolerated by bitter- 
weed seeds. If environmental conditions for seedling establishment 
parallel those for germination, bitterweed could potentially occupy 
a much larger distribution than its present range suggests. Since the 
geographical distributionapparentlycannot beexplained solely on 
the basis of germination requirements, at least those parameters 
tested in this study, they may be determined by factors affecting 
seedling establishment or other aspects of its life cycle. However, 
knowledge of germination requirements will aid range managers in 
predicting the severity of annual bitterweed infestations within its 
distribution. 
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Changes in the Yield of Forage Following the 
Use of Herbicides to Control Aspen Poplar 

GARRY G. BOWES 

Abstract 

Yields of forage were measured 3 to 5 years after the use of 2,4-D, 
2,4-D -I 2,4,5-T, and picloram + 2,4-D applied at brush control 
rates. The yield of bromegrass and alfalfa on the herbicide treated 
areas was either reduced or remained unchanged. This occurred 
because alfalfa can not tolerate the high herbicide rates required 
for brush control. On an area which never received a herbicide 
treatment, alfalfa was unable to compete with invading aspen 
poplar and prickly rose. Ranchers should use herbicides to prevent 
secondary succession from grasslands to the aspen poplar vegeta- 
tion type which has a low amount of forage available for cattle. 
Arguments are presented for including alfalfa in a seeding program 
when a mixture of 2,4-D -I- picloram is used for brush control but 
not when a mixture of 2,4-D + 2,4,5-T is used. 

In the aspen parkland vegetation zone of Saskatchewan, range- 
land is improved when mature aspen poplar1 (Popuh tremuloides 
Michx.) trees are bulldozed so the land can be seeded to tame 
forage species (Rowe 1972). Good stands of bromegrass (Bromus 
inermis Leyss.) and alfalfa (Medicago sutivu L.) are easy to obtain 
but they often contain regrowth of aspen poplar and the shrub, 
prickly rose (Rosa aciculuris L.). Picloram (4amino-3,5,6- 
trichloropicolinic acid) and a mixture of 2,4-D (2,4- 
dichlorophenoxy acetic acid) and 2,4,5-T (2,4,5trichlorophenoxy 
acetic acid) have proven effective against the woody species (Bowes 
1975, 1976). However, alfalfa did not tolerate the rates required to 
control aspen poplar and prickly rose. Alfalfa is a very desirable 
component in a pasture because it increases forage production as 
much as 50%. Ranchers are faced with the problem of controlling 
woody regrowth with herbicides that will kill their alfalfa. Depend- 
ing on the amount of alfalfa in a stand, this may result in lower 
forage yields. 

The objectives of the research project were to measure: (1) the 
yield of forage following the application of herbicides for the 
control of aspen poplar and prickly rose and (2) the competitive 
effect the two woody species have on the yield of forage. 

Methods and Materials 

The site (SO0 22’N and 103’ 16’W) of the three experiments was 
located 193 km northeast of Regina, Saskatchewan, in an area 
which once supported a solid stand of mature aspen poplar and 
was converted to an excellent stand of bromegrass and alfalfa. The 
trees were bulldozed and piled during the winter of 1964-65. The 
area was disced twice during 1965 and seeded to tame forage 
species. The amount of woody regrowth was previously reported 
(Bowes 1975, 1976). 

In the first experiment, the herbicides were applied on June 7, 
1967, June 9, 1968, and June 19, 1969. Herbicides and rates used 
were the butyl esters of 2,4-D at 2.2 kg/ha, the iso-octyl ester of 
2,4,5-T at 0.7 kg/ ha and a mixture of the iso-octyl ester of 2,4-D+ 
2,4,5-T (2: I) at 2.2 kg/ ha. In the second experiment the herbicides 

Author is research scientist, Weed Ecology Section, Regina Research Station. P.O. 
Box 440, Regina, Saskatchewan. 

Manuscript received August 7, 1980. 
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were applied on June 15, 1967. Herbicides used were the dimethyl- 
amine salts of 2,4-D + picloram. All herbicides were applied with a 
four nozzle back-pack sprayer using compressed air to propel the 
liquid solution. Both experiments were randomized complete 
blocks replicated four times. Individual plot size was 6.4 X 9.1 m. 
The degree of control was previously reported (Bowes 1975,1976). 

In experiments one and two, the standing crop of forage was 
clipped at ground level from four 1 .O-mZ quadrats per plot on July 
18, 1972, and July 20, 1972, respectively. All samples were placed in 
plastic bags for transport to the laboratory, stored ina freezeruntil 
processed, sorted into three vegetation types (grasses, alfalfa, and 
forbs) and placed in an oven at 100°C for 48 hours. Results are 
expressed as g/m* of oven-dry weight tissue. 

The area selected for experiment three was isolated from the 
herbicide treated plots and was never treated with herbicides. In 
the third experiment, the standing crop of forage was clipped at 
ground level from under individual trees of aspen poplar, clumps 
of prickly rose, and in the openings between the woody plants. In 
each of the three locations, -80 samples each 25 X 25 cm were 
obtained on July 9, 1973, and 120 samples of the same size were 
obtained on July 10, 1974. During 1973 the height of woody plants 
was recorded to the nearest cm. Canopy cover was estimated by 
recording the average width of the canopy of the woody plants. 
Forage samples were processed ina fashion similar to that reported 
for experiments one and two. Sample sites for aspen poplar, 
prickly rose, and the openings between the woody species were 
obtained from a I-m belt transect randomly placed across the 
selected area. 

Yield data collected from experiments 1 and 2 were analyzed 
with an F test (ANOV) and orthogonal comparisons were used to 
detect significant differences among treatment means (Steel and 
Torrie 1960). In experiment one, a single orthogonal comparison 
explained statistically significant differences (Table 1). In experi- 
ment two, three orthogonal comparisons were found to be impor- 
tant (Table 2). In experiment three, the means are presented with 
their standard errors. 

Results 

In experiment one, the amount of alfalfa was statistically lower 
on plots treated with herbicides for the control of aspen poplar, 
balsam poplar, and prickly rose than on the untreated plots (Table 
1). Also, the combined alfalfa and grass yield and the total yield 
was statistically lower on the treated than the untreated plots. The 
grass and forb components were similar on all plots. 

In experiment two, the yield of grass was statistically greater on 
areas (1) which received picloram rather than 2,4-D treatments and 
(2) which received a combination of the two herbicides rather than 
only picloram or 2,4-D (Table 2). Alfalfa was almost eliminated 
and forbs were greatly reduced on any plots which received piclo- 
ram treatments. The combined yield of grass and alfalfa and the 
total yield’was statistically similar following any of the treatments. 

Alfalfa growing in the openings between aspen poplar and 
prickly rose was four to fourteen-fold greater than directly under 
the woody plants (Table 3). There was a similar amount of grass 
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Table 1. Yield of forage in 19772 following the multiple application of herbicides from 1967 to I%9 for the control of aspen poplar and prickly rose. 

Treatment 

I) Check 
2) 2.4-D’ followed by 

2.4-D + 2.4.5-T (2:lP 

Application rate Yield of forage (g/ mr) 

(kg/ha) Year sprayed Grasses Alfalfa Forbs Grass & alfalfa Total 

172 66 17 238 255 
2.2 1967 
2.2 1968 163 4 I4 167 I81 

24-D follovved 3) by 2.2 1967 
2.4.5-T 0.6 1968 173 I2 I3 I85 I98 -, ,- 

4) 2,4-D followed by 2.2 1967 
2.4-D + 2,4,5-T (2: I) 2.2 1969 177 3 9 I81 I90 

5) 2,4-D followed by 2.2 1967 
2,&5-T 0.6 1969 I95 5 I6 200 216 
Sx (N = 20) II 4 3 I3 I3 
F test’ ns4 **4 ns .4 ** 

‘Butyl esters 
Go-octyl esters 
JOrthogonal comparisons used were as follows: 
a. Check vs. treated plots (Treatments I vs. 2.3.4 and 5). 

‘ns = non-significant, **= statistically significant, P = .Ol, and * = statistically significant, P = .05. 

and forbs growing directly under small aspen poplar shoots, under treatments which included picloram (Table 2). Therefore, the valid 
clumps of prickly rose, and in the openings between the woody reason for using herbicides is to obtain long-term rather than 
species. short-term benefits. 

An important reason for controlling woody regrowth is to pre- 
Discussion vent the occurrence of secondary succession which is known to 

When producers use bromegrass and alfalfa as their forage, they 
climax in the aspen poplar vegetation type. Under a mature aspen 

should not expect increased yields (Table 1 and 2) following the poplar canopy, forage yields ranged from 34 to 52 g/ m2 compared 

control of aspen poplar, balsam poplar, and prickly rose with 
to 135 to 336 g/m2 in areas seeded to a grass-legume mixture 

herbicides (Bowes 1975, 1976). Grasses did not change(Table I) or 
(Anonymous 1974, Barley and Wroe 1974, Smoliak et al. 1976, 

increase (Table 2) following the use of herbicides, whereas alfalfa 
Wiens and Lodge 1972). By using herbicides to control woody 

was severely reduced. However, when compared to the untreated 
regrowth, the forage yields were maintained within the expected 

area, the total yield was reduced following variouscombinations of 
range for areas seeded to tame forage species (Table 1 and 2). 

phenoxy herbicides (Table 1) and was similar following herbicide 
The common practice of establishing alfalfa with bromegrass, 

where prickly rose and aspen poplar regrowth is a problem, must 

Table 2. Yield of forage in 1972 following the application of herbicides in 1968 for the control of aspen poplar and prickly rose. 

Application rate Yield of forage (g/ms) 
Treatment (kg/ ha) Grasses Alfalfa Forbs Grass & alfalfa 

I) Check 139 28 26 167 
2) Picloram 0.6 174 0 4 174 
3) Picloram I.1 I53 I I -154 
4) 2.4-D amine I.1 I25 26 24 I51 
5) 2.4-D amine 2.2 I35 4 21 139 
6) Picloram + 2,4-D 0.3 + I.1 I54 I 8 I55 
7) Picloram + 2,4-D 0.6 + 2.2 I50 I 4 I51 
8) Picloram + 24-D 0.6+ I.1 I80 I 3 I81 
9) Pi_cloram + 24-D I.1 + 2.2 174 0 I 174 

Sx (N= 36) 8 4 2 8 
F test’ *2 * l *2 ns2 

IOrthogonal comparisons used were as follows: 
a. Check vs. herbicide treated plots (Treatment I vs. 2.3.4.5.6.7.8 and 9). 
b. Picloram treatments vs. 2.4-D treatments (Treatments 2 and 3 vs. 4 and 5). 
c. Single 2.4-D or picloram treatments vs. treatments with combinations of 2.4-D and picloram (Treatments 2,3,4 and 5 vs. 6.7.8 and 9. 

z* = statistically significant, P = .05, and l * = statistically significant, P = .Ol, and ns = non-significant. 

Total 

193 
178 
I55 
I75 
I61 
162 
I55 
I84 
I75 

Y 
ns 

Table 3. The amount of forage growing directly under aspen poplar and prickly rose and in the openings between woody plants, 

Height (cm) 
Cover (cmr) 
Density (no./625 cmr) 
Grass weight (g/ 625 cmr) 
Alfalfa weight (g/625 cm2) 
Forb weight (g/ 625 cmr) 

IValues are means f ST 

Aspen poplar Prickly rose Open spaces 
1973 1974 1973 1974 1973 1974 

l60f IO’ 47 * 3 
5649 & 6.5 582 f 74 

I 3.4 f .2 
4.9 f 3 3.2f .3 6.1 f .5 3.9 f .4 5.8 f .5 4.4 f .6 
0.9 f .5 .2f .I 0.7 f .5 3.9 f 2.8 2.8 f I.0 
3.0 f .4 2.3 f .2 3.5 f .5 2.3 f .2 3.0 f .4 2.2f .I 
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be questioned. Herbicides used to control the two woody species 
almost eliminated alfalfa (Table 1 and 2) and the legume was a poor 
competitor under clumps of prickly rose and small aspen poplar 
(Table 3). Also, it is reasonable to assume that alfalfa losses 
increase as the amount of woody regrowth increases. The decision 
on using alfalfa depends on which herbicides are used for regrowth 
control. If cattle producers plan on controlling prickly rose and 
aspen poplar regrowth with phenoxy herbicides, then alfalfa 
should not be seeded in pastures because successful control 
depends on spraying during the first 2 years of regrowth when the 
new root system is not well developed (Bowes 1975). If a picloram 
+ 2,4-D mixture is used to control regrowth, 5 to 10 years after 
tame forage species are seeded, then alfalfa can be included in the 
forage mixture. In this case, the contribution of alfalfa to the total 
yield decreases as woody regrowth increases and terminates when 
herbicides are applied (Bowes 1976). A mixture of picloram -I- 
2,4-D applied at 0.5 i- 2.2 kg/ha effectively controlled aspen 
poplar 9 years after the area was seeded to a mixture of alfalfa and 
bromegrass (Bowes, unpublished data). 

Several conclusions were derived from the research project. 
Controlling woody regrowth helps to maintain a high yielding 
grass stand. This prevents succession ending in the aspen poplar 
vegetation type, which has a lower amount of forage available to 
cattle. Most producers realize that alfalfa is lost following the 
application of picloram and/or phenoxy herbicides, but they must 
also realize that alfalfa was unable to compete with invading aspen 

poplar and prickly rose. There appeared to be little value in includ- 
ing alfalfa in forage stands, when foliage applications of 2,4-D 
and/ or 2,4-D i- 2,4,5-T are used to control I- and 2-year-old aspen 
poplar regrowth. It may be advantageous to include alfalfa in a 
forage stand when a mixture of 2,4-D and picloram is used for 
regrowth control and is applied 5 to 10 years after the forage 
species were seeded. 
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Increasing the Rate of Cattle Dung Decom- 
position by Nitrogen Fertilization 
JOHN LUSSENHOP, D.T. WICKLOW, RABINDER KUMAR, AND J.E. LLOYD 

Abstract 
Cattle dung on a Colorado range was subjected to 6 years of 

irrigation and nitrogen fertilization. Disappearance of the dung 
was determined by sampling particles >0.8 cm*. No particles 
remained in irrigated plots. Seventy-two percent less dung weight 
remained in nitrogen fertilized than in control plots. Nitrogen 
fertilization increased dung nitrogen concentration by 13%. We 
argue that fertilization increased weight loss by stimulating 
microbial growth. 

Can the rate of dung disappearance from arid rangeland be 
increased? Such increases would probably be beneficial, speeding 
nutrient cycling and releasing more space to plants (Marshall 1974, 
Marsh and Campling 1970). Disappearance of dung is ultimately 
the result of metabolic activities of microorganismsand associated 
microfauna. But decomposition is much slower than fragmenta- 
tion of dung by rainfall or frost cracking (White 1960), or by such 
animal activity as trampling (Boswell and Smith 1976), foraging in 
dung (Anderson and Merritt 1977), or by burial by dung beetles 
and earthworms (White 1960). It is fragmentation rather than 
decomposition that results in rapid loss of dung in moist grass- 
lands. This study focuses attention on decomposition in arid range- 
land where fragmentation is slow, and where any factor which 
stimulates metabolic activity of decomposer microorganisms is 
likely to speed disappearance of dung. In the present study we 
demonstrate that nitrogen fertilization increases the rate of dung 
disappearance by increasing decomposer activity. 

Materials and Methods 

The research was performed on the Pawnee Site, the field 
research facility of the Natural Resource Ecology Laboratory, 
Colorado State University, located on the U.S. Dep. Agr. Agricul- 
tural Research Service Central Plains Experimental Range. 
Annual precipitation varies from 254 to 381 mm, about 80% 
occurring from May to September (Dodd and Lauenroth 1979). 
During the growing season actual evapotranspiration nearly 
equals precipitation (Sims and Coupland 1979). 

In 1970, a pasture which had been grazed for IO years was fenced 
into eight l-ha plots from which cattle were then excluded. The 
homogeneous population of dung particles remaining from 10 
years of grazing was subjected to these singly replicated treatments: 
(I) irrigation sprinkling between 1 May and I September to main- 
tain soil moisture tension <0.8 bars; (2) nitrogen fertilization 
(ammonium nitrate applied to maintain a 50 kg/ ha difference 
between fertilized and unfertilized soil; (3) irrigation plus nitrogen 
fertilization; and, (4) an untreated control. The nitrogen fertilized 
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plots are most important in the present discussion; in these plots 
I50 kg/ ha of nitrogen was applied in 1970, and 100 kg/ ha in 1973 
and 1974. The purpose of the treatments was to determine effects 
on plant species composition (Dodd and Lauenroth 1979). This 
objective did not interfere with our study of the 6 years of treat- 
ments on decomposition of cow dung remaining from the IO-year 
period of grazing. 

We collected dung in November, 1976, by walking systemati- 
cally over half of each plot, collecting all visible particles, the lower 
size limit being ca. 0.8 cm*, There was no indication of aggregation 
of dung in any of the plots. The particles were weighed after drying 
at 9oOC for 48 hours. The CG absorption method of Lieth and 
Ouellette (1962) was used to determine microbial activity during 
the first 24 hours after wetting dry field-collected dung (2% mois- 
ture) to 150%. Composited samples were prepared for determina- 
tion of total Kjeldahl nitrogen. 

Results and Discussion 
When irrigation and fertilization treatments were applied, dung 

had lain in the field at least 6 years. During this time pats lost 
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Fig. 1. i%e cumulative proportion of dung particles remoining in each 10 
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Table 1. Density, abundance, and nitrogen content of cattle dung pats 
subjected to irrigation and nitrogen fertilization. Standard errors are 
given in parentheses; single and double asterisks indicate significant 
difference from the control at 5% and 1% levels respectively. 

Total weight Dung parti- % nitrogen 
Treatment (gm/m*) cles/ ha Dung Soil 

Irrigation 0 0 - 0. I i(O.04) 
Irrigation -I- 

Nitrogen 0 0 - 0. I6(0.04) 
Nitrogen 0.19(3.49)** 23(3.7)** 1.83(0&q* 0.1 I(O.03) 
Control 0.68(1.72) 74(2.9) I .62(0.05) 0.12(0.04) 

weight by respiration of decomposer organisms and both physical 
and biological forces caused their fragmentation. lmportant physi- 
cal causes of fragmentation are drops of water and abrasion by 
windblown detritus. Plots were not sprinkled in spring or fall when 
freezing temperatures would cause frost cracking. Biological frag- 
mentation may have been caused by plant growth in dung and by 
brief invertebrate tunneling. When collected, pats contained few 
individual insects and no termite or ant colonies. 

Irrigation and irrigation plus nitrogen fertilization treatments 
result in rapid dung loss by the combination of physical and 
biological fragmentation. Compared with controls, irrigation 
increased weight loss by more than the 72% increases observed for 
nitrogen fertilization alone because no dung particles larger than 
0.8 cm* remained in irrigated plots. 

The role of microbial growth in increasing fragmentation and 
weight loss is illustrated by the contrast between nitrogen fertilized 
and control plots. Nitrogen fertilized plots contained 72% less 
dung weight and 62% fewer dung particles than unfertilized plots 
(Table 1). Most dung particles were of intermediate weight so that 
a graph of the cumulative proportion of dung particle weights is 
convex (Fig. I). White (1960, Table 4) obtained a similar distribu- 
tion after fragmentation of sheep dung during a winter in England. 
Fertilization decreased the relative abundance of intermediate- 
weight particles (p<O.Ol; Kolmogorov-Smimov 2-sample test). 
The loss of intermediate-sized dung particles plus the lower 
number and weight of all particles implies faster fragmentation of 
nitrogen-fertilized relative to unfertilized dung. 

We argue that the reason faster fragmentation rates occur in 
fertilized plots is because additional nitrogen allows more metabol- 
ically active microbial populations. Dung remaining in fertilized 
plots retains some fertilizer nitrogen (Table I)-probably immo- 
bilized by microorganisms. This conclusion is supported by differ- 

ences in rates of COZ evolution. During the first 24 hours after 
wetting to 150% moisture, random samples of dung particles from 
the fertilized plots released Co1 seven times faster than equal-sized 
particles in samples from the control plots (14 vs 2 pg/g/hr; I-way 
ANOVA, 60.05). 

In a similar nitrogen fertilization experiment, Castle and Mac- 
Daid (1972) recorded time to crumbling and time to total disinte- 
gration of 228 marked dung pats in an English pasture. They 
applied nitrogen (22 or 90 kg/ ha) in 6 monthly applications during 
the grazing season for 2 years. The statistically insignificant trends 
they observed are consistent with the present study and might have 
been significant if weight loss had been recorded. The arid site of 
the present study contrasts with the relatively humid study sites of 
White (1960) and Castle and MacDaid (1972). 

We conclude that in mesic grasslands dung disappears so rapidly 
by physical and biological fragmentation that the effect of fertiliza- 
tion is not observed. However, in arid ranges where thefragmenta- 
tion rate is lower, nitrogen fertilization increases the 
decomposition rate by stimulating microbial activity. 
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Brownseed Paspalum Response to Season of 
Burning 
C J. SCIFRES AND K.W. DUNCAN 

Abstract 

Season of burning as related to plant phenology, maximum 
temperatures achieved, and soil water content rather than duration 
of heat exposure (5,15 or 30 seconds) apparently regulated fire- 
induced mortality of brownseed paspalum. Burning or top remo- 
val by clipping to ground line during the summer caused greatest 
mortality of brownseed paspalum and reduced herbage volume of 
surviving plants, whereas burning in early or mid-spring resulted in 
favorable growth responses. Fall burning was less damaging than 
summer burning but caused greater mortality of brownseed paspa- 
lum than did burning in the spring. Regrowth of brownseed paspa- 
lum after spring burning was equivalent to that following top 
removal by clipping during the same season. However, responses 
to summer or fall burning indicated that heat-induced damage 
(and/or perhaps subsequent winter hill following fall bums) 
occurred in addition to the effects of simple top removal. 

Brownseed paspalum (Paspalum plicatulum Michx.) is a native, 
warm-season perennial bunchgrass which occurs throughout the 
eastern and central regions of Texas (Gould 1978) on soils ranging 
from sands to heavy clays. It is usually most abundant on sandy 
soils of prairies (Gould and Box 1965) and frequently occurs in 
partial shade in open oak woodlands in the Texas Post Oak 
(Quercus stellata) Savannah. 

Brownseed paspalum produces stems 50 to IOOcm tall with firm, 
stout bases (Gould 1978). It is considered of fair grazing value for 
livestock (Gould and Box 1965). Since it initiates growth earlier 
than most warm-season species, brownseed paspalum is grazed 
most heavily in the spring (Durham and Kothmann 1977). 

In much of the southeastern True Prairie (Stipa-Sporobolus) 
and Coastal Prairie (Stipa-Andropogon), brownseed paspalum 
often increases on sites where climax decreaser grasses are heavily 
grazed (Gould and Box 1965). In such situations, brownseed pas- 
palum appears to replace characteristic dominants of good-to- 
excellent grazing value such as little bluestem (Schizachyrium 
scoparium), big bluestem (Andropogon gerardii), dropseeds (Spo- 
robolus spp.), longspike silver bluestem (Rothriochloa saccha- 
roides var. longipanicufata) and other mid- and tallgrasses. 
Continued heavy grazing in the Post Oak Savannah usually results 
in replacement of brownseed paspalum stands with species such as 
red lovegrass (Eragrostis oxylepis), broomsedge bluestem (Andro- 
pogon virginicus). and other grasses of low grazing value. 

Although increasing abundance of brownseed paspalum can 
often be linked to a history of overgrazing of more desirable 
species, the species is also common on protected areas in the Post 
Oak Savannah where absence of grazing and fire has allowed 
excessive accumulation of mulch and the vegetation has become 
“stagnant.” Brownseed paspalum is also common in abandoned 
fields and along roadsides in the area. 

. 
Prescribed burning is an effective means of improving the pro- 

duction and utilization of range forages (Wright 1974), and is 
presently being used by some producers in east-central and south- 
east Texas to improve the botanical composition of native grass- 
lands. However, season of burning is an important consideration 
when assessing the impact of burning on species composition of 
rangeland, especially as it relates to differential tolerances between 
warm-season and cool-season grasses (Wright 1978). Knowledge 
of interactions between season of burning and plant susceptibility 
is necessary to predict subsequent botanical shifts within plant 
communities. The objective of this study was to evaluate season of 
burning, duration of heat exposure, and their interaction on sus- 
ceptibility of brownseed paspalum to fire. 

Materials and Methods 

The research was conducted on the Texas A&M University 
Range Research Area near College Station on typical Post Oak 
Savannah rangeland. The soil is a fine sandy loam of the Tabor 
series, a member of the fine, montmorillonitic, thermic family of 
Udertic Paleustalfs. The site has not been grazed or was grazed 
only lightly during the summers for 18 years. The study site was not 
grazed for the duration of the experiment. Vegetation was domi- 
nated by brownseed paspalum and willow baccharis (Raccharis 
sahcina), with scattered plants of little bluestem, southern dew- 
berry (Rubus trivalis), and various forbs such as southern thistle 
(Cirsium texanum var. texanum), western ragweed (Ambrosia 
psilostachya), and Baldwin ironweed (Vernonia baldwinii). 

During the spring (April 27, 1978), summer (August 8, 1978), fall 
(October 4, 1978) and early spring (March 14, 1979), from 250 to 
400 brownseed paspalum plants were marked with numbered 
metal tags and grouped into sets of 30 to 50 each. Two sets of plants 
were established in April 1978 for untreated comparisons. Two 
randomly selected sets of plants were burned on each date for 5,15, 
or 30 seconds with a portable burner (Britton and Wright 1979) 
operated at 1.4 kg/cm* gas pressure. Temperature-sensitive pellets 
with melting points ranging from 28 to 648” C in 38O C increments 
were fixed on an asbestos sheet and placed in the burner at about 3 
cm from ground line for at least three randomly selected burning 
durations on each date of burning. 

Prior to burning in May and October 1978, and in April 1980, 
the basal circumference and height of each plant were recorded. 
Plant height and basal circumference measurements were used to 
calculate herbage volume (ar*h) to facilitate nondestructive sam- 
pling. Also, topgrowth of two randomly selected sets of plants was 
harvested to ground line on each treatment date. The clipped 
plants served for comparison of the effects of simple top removal 
versus heat-induced damage (Wright ,1970), and for estimates of 
the proportions of live and dead tissues (oven-drv weight) and 
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Table 1. Mortality (I) of brownseed paspalum plants in October, 1979, 
after burning at various times for three durations near College Station, 

Table 3. Environmental variables associated with application of various 
burning treatments to brownseed paspalum near College Station, Texas. 

Texas. 

Months after burning at various seasons’ 

Early- Environmental variable 
Duration of Spring Summer Fall -- Duration spring 
burn (set) 19 14 12 7 avg 

None (clip) 5a 43 c 13 a 13 a 19 r 
5 4a 83 e 52 cd 12 a 38 s 
15 11 a 93 e 55 d 14 ab 43 s 
30 8a 93 e 50 cd 24 b 44 s 

Season avg 7x 78 z 43 Y 16 x 

L%ason X duration-of-burning means, average of season effects or average of 
duration effects followed by the same letter are not significantly different at EO.05. 
Unburned plant mean = 0 a. 

Air temperature (C) 

Season of burn 
Early- 

Spring Summer Fall spring _ - 
27 34 31 17 

and 7 cm deep; relative humidity; and instaneous wind speed at 2 
m. Also, triplicate soil samples were taken from 0 to 3,3 to 8, and 8 
to 15 cm deep for gravimetric determination of soil-water content 
at each date of burning. 

Results and Discussion 
Season-of-burning X duration-of-exposure interactions were 

not significant (E.OS), regardless of attribute (% mortality, her- 
bage volume) used to evaluate the response of brownseed paspa- 
lum to burning. Duration of exposure to fire with the time periods 
evaluated was less important than season of burning. Fewest 
brownseed paspalum plants were killed by burning in early or 
mid-spring and the highest percentage apparent mortality (no 
regeneration from the plant bases) occurred after burning in the 
summer (Table I). Percentage mortality estimates in April 1980,13 
months after the burns in early spring, were not significantly 
different from those in October 1979 (data not shown). 

No more brownseed paspalum plants were killed by burning 
than by simple top removal in the spring, except where burning 
duration was 30 seconds and applied in early spring (Table I). 
Burns in the spring were applied to plants averaging 21 g top- 
growth, 25% of which was green tissue (Table 2). Average top- 
growth water content was 27%, and soil-water contents ranged 
from 18 to 26% in the surface 15 cm at the time spring burns were 
conducted (Table 3). About 22 cm of rain were received during the 
60 days immediately prior to burning in the spring. The first 
significant rain after burning, almost 3 cm, occurred 3 days after 
treatment application. 

Maximum fire temperatures in the spring ranged from 216O C 
for the S- and l5-second burns to 538” C for the 30-second burns. 
The brownseed paspalum topgrowth usually continued burning 
for 10 to 15 seconds after installation of the 5-second burns. 
However, burning for 15 or 30 seconds completely consumed the 
topgrowth by the time the burns were terminated. 

Average plant herbage volume was at least twice that of 
untreated plants, regardless of treatment, at 14 months after burn- 
ing or clipping individual plant treatments in the spring (Table 4). 
Herbage volumes at 25 months after burning brownseed paspalum 

Table 2. Fuel attributes of individual brow-cd paspalum phmts at the 
time of application of various burning treatments near College Station, 
Texas. 

Topgrowth attribute Season of burn’ 

(oven-dry) Spring Summer Fall Early-spring 

Total wt (g) 21 ab 28 b 28 b 15 a 
Green tissue (%) 25 b 51 c 51 c 13 a 
Water content (%) 21 b 12a 14 a 20 ab 

‘Means within row are not significantly different (E.05) according to Student- 
Newman-Keul’s test. 

Soil te&erature‘(d), surface 35 39 32 23 
2cm 21 37 30 14 
8 cm 33 28 10 

Relative humidity (%) 41 37 55 36 
Wind, speed (km/ hr) O-8 o-11 O-13 8-16 

direction (origin) NE SE SE N 
Soil water content (%) 

O-3cm 23 2 _I 23 
3-8cm 18 3 - 21 

8-15cm 26 4 - 20 
Precipitation 

60 days preburn (cm) 22 2 16 26 
60 days postbum (cm) 18, I6 18 29 
First rain postburn (days) 3 12 21 6 
First significant rain 
postburn’ (days) 3 32 32 I2 

‘Samples destroyed in building fire. 
ZArbitrarily defined at first storm to deliver at least I .3 cm of rainfall in 8411 period. 

in the spring (data not shown) were not different from those after 
I9 months. Herbage volume of untreated plants was 107 to 115 cm3 
during the 1978, 1979, and 1980 growing seasons. 

Clipping or burning in the summer was detrimental to brown- 
seed paspalum. An average of 43% of the plants did not survive 
after mechanical top removal to ground line, whereas burning 
killed 83% to 93% of the plants (Table 1). 

Wright (1971) attributed differences in fire resistance between 
squirreltail (Sitanion hystrix) and needle-and-thread (Stipa 
comata) to density of dead plant material in the bunches. The 
relative fire tolerance of squirreltail was attributed to the low 
density of dead material in the bunches, whereas needle-and- 
thread bunches contained enough dead material to promote signif- 
icant heat penetration to the growing points. However, the average 
amount of dead material in brownseed paspalum plants varied 
little from (13 to 16 g) among the seasons of burning (Table 2). 
Therefore, the higher mortality after burns in the summer, com- 
pared to that in the spring, was attributed to environmentalcondi- 
tions during and following the burns. 

Air and soil temperatures were relatively high at the time of burn 
installation in the summer, compared to the spring, and soil-water 
content averaged only 2 to 4% in the surface 15 cm (Table 3). 
Maximum temperatures at a height of 3 cm during the burns were 
3 15, 426, and 593OC for the 5, 15, and 30-second exposures, 
respectively. Only 2 cm of rainfall was received 60 days prior to the 
burns in the summer but normal fall rains (16 cm) for the area 
based on long-term precipitation records occurred during the 60- 
day post-burn period. However, lack of significant rainfall for 32 
days after burning the brownseed paspalum in the summer res- 
tricted vegetative growth until nearly mid-September. 

Topgrowth volume of surviving plants, whether burned or sub- 
jected to mechanical top removal, was reduced at 9 and 14 months 
after application of the summer treatments (Table 4). However, by 
2 1 months after burning in the summer, herbage volume of the few 
surviving brownseed paspalum exceeded that of untreated plants. 

At 21 months after application of burns in the summer, little 
bluestem (Schizuchyrium scoparium) seedlings had become estab- 
lished in 53% of the areas previously occupied by brownseed 
paspalum. The remainder of the open areas were occupied by 
seedlings of broomsedge (Andropogon virginicus), Dicanthelium 
spp., Sporobolus spp., and various forbs. This suggests that 
summer burns might reduce the abundance of brownseed paspa- 
lum and increase the relative abundance of little bluestem in the 
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TaMa 4. Average herbap volume as a percentage of untreated plants after burning or clipping brownseed paspalum at various seasons near College 
Station, Texas. 

Duration Months after burning at various seasons’ 

of burn 
(Set21 14 

Spring 
19 9 

Summer Fall Early-spring 
14 21 7 12 19 2.4 7 14 \---, 

None (clip) 203 ijk 256 l-o 46 cde 46 cde 221 kl 6 abc 32 a-e 251 l-o 51 de 167 hi 228 klm 
5 224 kl 267 mno 14 ad 34 a-e 234 k-n 4 ab 10 abc 213 jk 127 gh 132 hi 202 ijk 

15 213 jk 266 mno < I a Cl a 269 no 4 ab 8 abc 268 mno 63 ef 178 ij 233 k-n 
m 224 kl 232 k-n <I a <I a 223 kl 8 abc 14 ad 258 I-o 43 b-e I16 g 288 o 

‘Means followed by the same letter are not significantly different (S.05) according to Student-Newman-Ku& test. Unburned plant herbage volumes = 100 fg 

botanical composition, if selective grazing postburn was not a 
factor. 

Clipping in fall or early spring killed 13% of the brownseed 
paspalum plants (Table 1). However, brownseed paspalum mortal- 
ity from burning in the fall was at least 50% after 12 months, 
regardless of the duration of exposure to fire. Topgrowth fuel 
weight, percentage green tissue, and fuel-water content during the 
burns in the fall were the same as during the burns in the summer 
(Table 2). Air and soil temperatures were lower during the fall 
burns than during the summer treatments (Table 3). Precipitation 
was adequate following fall burns for development of 1 to 1.5 cm of 
new growth before first frost. The subsequent winter was abnor- 
mally harsh with air temperatures of less than -6O C on several days 
accompanied by ice storms in December and January. These con- 
ditions may have contributed to mortality of fall-burned brown- 
seed paspalum plants. 

By the year after treatment, topgrowth volume of brownseed 
paspalum plants surviving fall burns was significantly reduced 
compared to that of untreated plants (Table 4). Since brownseed 
paspalum usually maintains some green tissues throughout the 
winter in this region, burning in the fall apparently reduced the 
chances of winter survival of new tillers. However, at 19 months 
after burning in the fall, average topgrowth volume of plants 
surviving the burns was more than double that of untreated plants. 

The burn in the early spring was originally scheduled as a 
dormant-season burn. However, the abnormally wet winter, main- 
tenance of some green tissues by brownseed paspalum during the 
winter, and early greenup prevented burning of truly dormant 
plants. With the exception of responses to burning for 30-seconds, 
brownseed paspalum mortality following burning in the early 
spring 1979 was similar to that from the burns in spring 1978 (Table 
1). Because of the harsh winter, much of the standing dead plant 
material had dropped to the soil surface so that the standing fine 
fuel per plant averaged only 15 g, of which 13% was live tissue 
(Table 2). Air temperatures were mild, and soil-water contents 
were 20 to 23% to a depth of 15 cm at the time of installation of the 
burns (Table 3). Because of reduced topgrowth weights and mild 
weather conditions, maximum temperatures (243,300, and 298O C 

during 5, 15 and 30-second burns, respectively) were lower than 
those achieved during the fall or summer. 

By 2.4 months after treatment in the early spring, brownseed 
paspalum topgrowth volume of clipped plants was about 50% of 
that of untreated plants but topgrowthvolume of plants burned for 
5 seconds was not significantly different from that ofthe untreated 
plants (Table 4). Topgrowth volume of plants burned for 15 
seconds tended to be lower than that of untreated plants after 2.4 
months, and was significantly reduced by the 30-second exposure. 
However, herbage volume equalled or exceeded that of untreated 
plants after 7 months, regardless of treatment. At 14 months after 
burning in early spring, topgrowth volumes more than doubled 
those of untreated brownseed paspalum plants. 

Burning brownseed paspalum during the summer or fall 
increases the chances of plant mortality, compared to burning in 
the spring. Brownseed paspalum responds most favorably to burn- 
ing in early- to mid-spring under relatively mild, wet conditions. 
Effects of burning during spring are equivalent to the effects of 
mechanical top removal. Burning under dry conditions in the 
summer may reduce brownseed paspalum and increase little blue- 
stem in the botanical composition of Post Oak Savannah 
rangelands. 
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Disturbance and Revegetation of Sonoran 
Desert Vegetation in an Arizona Powerline 
Corridor 
M.B. HESSING, AND C.D. JOHNSON 

Abstract 

Rates and patterns of revegetation werestudied during and after several inches of soil were removed on a hillside. At Site 2 large 
construction of the 500 kV Navajo Project Southern Transmission trees, cacti, and shrubs were removed, but removal of small shrubs 
Line at two sites in the Arizona Sonoran Desert from 1972 through such as bur-sage (Ambrosia deltoidea (Torr.)) and prickly pear 
1977. Herbs were reduced temporarily during the construction cactus (Opuntia probably phaeacantha Engelm.) was not 
phase of the study. Perennial herbs did not return in the 5-year complete. 
post-construction period. Annual herbs invaded immediately after We utilized the disturbance caused by the construction of the 
disturbance. In one case annual herb density and diversity was powerline to assess the rate and pattern of naturally occurring 
higher after disturbance due to removal of larger woody plants. 
The tree and shrub community exhibited dynamic changes in 

revegetation and to find evidence of a sere of colonizing plants in 
the first 5 years following disturbance. 

cover, diversity, and richness, presumably in response to the cli- 
mate. However, colonization by new species was not observed Description of the Study Areas 
during the 5 years of study. Colonization by previously existing 
species seemed to be limited to Ambrosia deltoidea, probably due Site 1 was located in a Sonoran Desert scrub-Arizona Upland 

to its ability to reproduce vegetatively and to annual herbs. Annu- Subdivision (Lowe and Brown 1973) along Table Mesa Road 

als which were also on two control plots were probably a coloniz- about 45 km north of Phoenix, Maricopa County, Arizona, at an 

ing sere of plants. elevation of 670 m. The National Weather Service recording sta- 
tion at Cave Creek (646 m in elevation and approximately 20 km to 
the southeast) averages 28.2 cm of rainfall annually. The terrain is 

Patterns of revegetation and plant succession in arid areas have hilly and ib dominated by a diverse shrub community. The domi- 

been documented by only a few researchers. Wells (1961) described nant species is bur-sage, although other larger shrubs and small 

a specialized community, with more species than the climax, that trees are frequently interspersed. The larger individuals, especially 

established itself on the deserted streets of a Nevada ghost town. Palo-Verde (Cercidium microphyllum (Torr.) Rose & Johnston), 

The specialized community persisted in marginal areas such as create a microclimate favoring the establishment of grasses, other 

arroyo bottoms where the neighboring climax was prevented from shrubs, and cacti (Hastings and Turner 1965; Brum 1973). 

becoming established, probably because of natural disturbances Site 2 was located on a flat alluvial plain, at an elevation of 457 m 

there. Its presence on the streets was thought to be due to the also in the Sonoran Desert scrub-Arizona Upland Subdivision, 2 

removal of the more competitive climax shrubs. The results km south of the Lake Pleasant, Maricopa County, Arizona, 

obtained by Vasek, et al. (1975) were similar, especially that washes National Weather Service station, where 25.9 cm of rain are 

served as refugia for pioneering species. However, they also reported annually. Vegetation is more sparse than at Site 1. Bur- 

emphasized that the early successional species composed a signifi- sage is the most dominant shrub, although small aggregations of 

cant proportion of the undisturbed vegetation. other shrubs abound, especially string-of-beads cholla (probably 

The ability of the original plants to regrow, either from seeds or Opuntia jiulgida Engelm.), teddy-bear cholla (Opuntia bigelovii 

rhizomes may also be a crucial factor in patterns of revegetation. Engelm.), and creosote-bush (Lurrea tridentata (DC) Coville). 

Egler (1954) and Connell and Slatyer (1977) have discussed this Annuals did not grow at these sites during the early summer 

concept and Niering and Goodwin (1974) have shown its impor- because of the lack of rainfall. 

tance under a powerline in Connecticut. 
We studied revegetation and colonization of plants before, dur- Methods and Materials 

ing, and after construction of the 500 kV Navajo Project Southern Soil-Soil samples were collected from cleared and control plots 
Transmission Line (NPSTL), which connects the Navajo Power in 1972 (the year of survey strip construction) and in 1974, one year 
Plant in Page, Arizona, with Phoenix, Arizona. Construction &as after pylon construction. The soils were analyzed for texture, 
initiated in 1972 when a survey strip varying from 7 m to over 20 m organic matter, concentration of soil salts, electric conductance, 
wide was cleared by bulldozers. The middle of the survey strip and pH by the Soils, Water, and Engineering Department of the 
received additional use as an access road while pylons and power- University of Arizona, Tucson. 
lines were erected in 1973. Climate-At Site 2, two United States Weather Bureau Stand- 

We chose two areas along the powerline which had received ard rain gauges were placed on each plot and measured and emp- 
different degrees of disturbance. At Site 1, vegetation and the top tied periodically thereafter until spring 1977. Temperature and 

Authors are with the Department of Biological Sciences. Northern Arizona Univer- 
relative humidity were measured at both sites with Honeywell 

sity, Flagstaff 8601 I. constantly recording hygrothermographs, two per plot, each 
Authors thank Arizona Public Service Company, Tucson Gas and Electric Com- housed separately in white weather boxes located at either end of 

pany, and Salt River Project for funds to conduct this research. 
Manuscript received September 18, 1980. 

the plot. Rainfall, temperature, and relative humidity created a 
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noncontinuous data source suited primarily to comparing data 
from under the line to data from control areas. 

Vegetation-At both sites, two subplots measuring 15.2 m by 
45.7 m were staked and flagged so they formed a large rectangle 
15.2 m by 91.4 m situated lengthwise underneath the powerline. 
Control subplots of the same size were staked out in similar vegeta- 
tion directly parallel and 45.7 m to the east of all disturbed plots. At 
Site 2 an additional plot was added to increase the sample size for 
tree and shrub data. After construction, the access road at Site 2 
was not effectively closed and received continued use. Because of 
this use, in 1973 two of the three disturbed tree and shrub subplots 
and one of the two disturbed herb subplots were relocated imme- 
diately adjacent to the access road, yet still within the survey strip. 
At Site 1 small portions of undisturbed habitat and survey strip 
edge were included in the disturbed plot because the width of the 
survey strip varied. 

At Site 1, in spring 1973, the corridor was cleared during con- 
struction as much as 35 m west of the original survey stakes and the 
original study plots. We moved the disturbed plot so that it encom- 
passed the access road and corridor. Because of this, our 1972 data 
are not directly comparable to the other data. For the remainder of 
the study, the disturbed plot was on a small hillside with slight 
vegetation differences from the control plot. Censuses were begun 
in summer 1972 and ended in spring 1977. Herbs were censused in 
January or in the spring when they were judged to be at their peak 
growth. Trees and shrubs were censused in the summer and in the 
spring of 1976 and 1977 to check for seasonal variation. 

Census and analysis techniques have been described (Hessing 
1978, Hessing et al. 1981a). We reiterate a few of the important 
points. In each of two subplots, eleven 7.6-m fixed-location line 
transects were used to measure herb cover. All large, woody plants 
in the total plot area were measured individually. Occasionally, 
small woody plants were measured with herbs to increase ease and 
accuracy of censuses. 

We used relative cover to obtain a similarity index, Ch (Morisita 
1959), and,a diversity index, E(H’) (Poole 1974). Standard refer- 
ence texts were used for plant names and identification (Kearney 
and Peebles 1960, Benson 1969). 

Cover from parallel plots was compared using a series of one- 
way analyses of variance on data from each census period and 
two-way analyses of variance on different combinations of yearly 
data. E(H’), a corrected form of the Shannon-Wiener index of 
diversity, was subjected to t-tests as described in Poole (1974). We 
include data on species richness as an alternative to this index. 

Results and Discussion 

Weather-At Site 1 no consistent differences in temperature or 
relative humidity were recorded between the disturbed and control 
plots. 

At Site 2 we measured similar amounts of rain on the disturbed 
plot and on the control plot. Hygrothermograph data showed a 
seasonal component. Disturbed plot temperature (mean, mean 
low, and mean high) was lower than on the control plot in the 
spring, similar in the summer, and higher in the fall and winter. 
Disturbed plot relative humidity (mean, mean low, and mean high) 
was similar to the control plot in the spring, and tended to be more 
extreme in the summer and fall (high was higher, low was lower), 
and lower in the winter, although these differences were not always 
statistically significant. Patten (1978) reports that air temperature 
and soil moisture in the Sonoran Desert were moderated by shrub 
or tree canopies, which seems a reasonable explanation for the 
differences measured. 

Results were so variable both within and between other areas 
underneath the powerline (Hessing 1978) that we concluded that 
differences were not due to the constant physical presence of the 
powerline or the electrostatic forces it generated. 

Soil-These loam to sandy clay loam and sandy loam soils 
exhibited considerable variation in constituents. Some trends or 
differences between disturbed and undisturbed soils are evident 
but none are statistically defendable. The occasional variations in 
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soil salts that we found can be attributed to sampling variation and 
natural conditions in the environment. This was surprising because 
at Site 1 top soil had been removed when the access road was cut 
into the hillside. 

Site 1. Trees and Shrubs-Table I indicates considerable change 
in the number of species. The disturbed plot harbored 14 species of 
woody plants in 1974 and 18 in 1976. The control plot harbored 13 
species in 1975 and I7 in 1976. Species number increased greatly in 
the spring censuses. In both 1976 and 1977, the disturbed plot had 
24 species and the control plot had 21 species. 

Control plot cover has increased steadily since 1973 whereas 
disturbed plot cover has not increased and the one-way analysis of 
variance (Table 1) shows significant differences between plots only 
in the last three censuses. In 1975 there was 16.3% more cover on 
the control plot, yet statistical significance could not be demon- 
strated due to high sample variability. Control plot samples in 1975 
ranged from 14.3% cover to 159.3% cover, and disturbed plot 
samples ranged from 3.8% cover to 61.6% cover. In a two-way 
analysis of variance cover on the control plot did exceed the cover 
of the disturbed plot. 

Cover values of 159.3% occurred where large trees and shrubs so 
enhanced microclimatic conditions that smaller shrubs and herbs 
proliferated in their shade. These conditions also seem to befavor- 
able for large cacti such as Cereus and Echinocactus. There 
appears to be competition for shade and protection. 

The largest differences between the amount of cover on the two 
plots was expected immediately following disturbance with subse- 
quent, gradual lessening of differences. Just the opposite pattern 
occurred (Table I). Differences were smallest immediately after 
disturbance and have steadily increased since that time. The reason 
for this is not entirely clear, although two factors are known to 
influence this condition. First, the edge effect (Johnson et al. 1975) 
would have been greatest immediately following disturbance when 
the access road was still hard-packed and would have decreased 
steadily. Second, the control plot, having more cover to begin with, 
is greatly enhanced by favorable climatic regimes. We hypothesize 
that in 1973 and 1974 cover should have decreased on both plots, 
but the decrease should be masked on the disturbed plot where the 
edge effect would increase cover. In later years, the control plot 
should have responded to favorable climatic conditions to a far 
greater extent than the disturbed plot which would no longer be 
augmented by the edge effect. 

Community similarity (Table I) was high and fluctuated little. 
The high values of CI. were a result of one species, bur-sage, being 
found in high proportions on both plots. 

As rainfall increased, more rare plants became active and were 
recorded in the census. Increased rainfall augmented growth of 
bur-sage and other dominants. This is why the number of species 
(Table I) frequently increased as cover increased while the diversity 
index E( H’) (Table I), which incorporates the evenness of species 
distribution, frequently declined as cover increased. 

Differences in E(H’) were significant in all years except 1973. 
The reason that the disturbed plot was more diverse was partially 
due to its position on a hillside. However, in two other semiarid 
communities (Hessing et al. 1981a,b) we found that disturbance 
raised diversity by interfering with the dominant species. 

Beginning in 1973, any species which had not been recorded in a 
previous census on that plot was classified as an invader species. 
The control plot was the more likely place to observe invader 
species. It recruited 2.25 new species per year whereas the disturbed 
plot added 1.50 new species per year. Relatively little invasion or 
reestablishment was observed on the survey strip. The high values 
of CA (Table 1) indicate that, if invasion has taken place, it is by 
species already common on the control plot and road edges. 
Heightened diversity on the disturbed plot is due to the location of 
the plot on a hillside and to a lack of dominance by bur-sage. The 
fluctuations in cover and diversity are due to changes in the domi- 
nant vegetation which was already established; they do not repres- 
ent succession. 

Vasek et al. (1975) stressed the extreme perenniality of Mojave 



Table 1. Summary data for the plant community at Site 1. D = disturbed; C = control. Standard error in prrentbeses. 

Attribute and treatment 1972 1973 1974 1975 1976A 1976B 1977A 
Percent cover 

Trees and Shrubs 
D 

C 

Herbs 
D 

C 

Number of Species 
Trees and Shrubs 

D 
C 

Herbs 
D 
C 

Frees and Shrubs 0.98 0.96 0.96 0.9 0.96 0.95 0.93 
Herbs 0.87 0.35 0.4 0.54 0.75 - 0.05 

Percent of Herbs 
that are Perennial 
Species 

D 8.7 11.8 12.7 2.9 5.3 
19.5 21.3 59.5 36.8 39.6 

- 2.3 
82.9 

ANOVA (cover) 
Trees and Shrubs 

Herbs 

Diversity (H’) 
Trees and Shrubs 

D 
C 
t-value 

Herbs 
D 
C 
t-value 

33.2 

12dp: 
(2.9) 

(o’.;‘) 

(:bq 

23.0 
(4.5) 
26.9 
(3.5) 

(0’:) 

(:;: 

31.1 

:3;? 
(4.3) 

(p.,: 

(:k4 

23.9 
(4.2) 
38.9 
(11.1) 

(i:i 

(1.3) 

27.7 28.1 
(3.3) (4.4) 
51.4 47.7 
(4.6) (7.6) 

- 
- 
- 
- 

29.4 
(5.4) 
47.3 
(4.9) 

(OY) 

,I?:, 

21 
16 

18 
16 

16 14 
14 14 

15 
15 

6 
II 

24 18 
21 18 

15 
13 

15 
13 

20 
15 

- 
- 

24 
21 

11 
13 

- 

.29 
(NS)’ 
.009 

.61 .32 .I8 
(NS) (NS) (NS) 
.38 .48 .08 
(NS) (NS) (NS) 

.0359 .023 

.36 
(NS) 

- .35 
gvS) 

1.59 1.37 1.4 1.7 1.5 1.6 1.5 
1.1 1.3 1.2 1.7 1.2 1.1 0.8 

I 1.6’2 0.9 2.9’ 12.0* 5.9* 11.1* 15.12 

2.2 2.0 2.0 1.2 1.6 
2.0 1.6 1.6 1.8 1.5 
2.3 3.7* 3.3* -6.6* 1.9 

- 
- 
- 

1.6 
1.3 
2.3 

IN.5 = not significant 
2* significant at P = 0.005 level. 

Desert shrubs. They suggest that perenniality may be inversely 
correlated with replacement rate. Their evidence supports the view 
that colonization involves a sere of short-lived shrubs. Wells (1961) 
and Vasek et al., (1975) recognized a guild of colonizing shrubs 
usually occurring in slightly disturbed areas such as dry washes. 
The only shrub observed to have become established on the max- 
imally disturbed access road was bur-sage, even though a dry wash 
was close. This shrub is rhizomatous (Harper 1977) and some of 
the new shrubs may be the product of asexual propagation. Rees- 
tablishment from seeds is more the exception than the rule for 
desert shrubs; germination occurs after the first spring rains 
(Shreve 1917) and it is unlikely that large-scale success ever results 
(Barbour 1968). 

composed of a larger proportion of perennials than the disturbed 
plot. Neither plot was consistently more amenable to invader 
species. 

Disturbance has not increased the amount of herb cover (Table 
I), but it has increased the diversity slightly and caused differences 
from the control plot flora. Although perennial herbs are not 
common at this arid site, the control plot herb community harbors 
more perennials than the disturbed plot. 

Herb cover is gradually increasing on the disturbed plot (Table 
1). Because the original seed bank was probably disturbed during 
construction, it is expected that herb growth will increase as seeds 
continue to colonize the roadway. 

Site I, Herbs-The herb community of the two plots was not 
similar and was subject to extreme variation in species similarity 
from year to year. CL (Table I) declined from CA = .748 in spring 
1976, to CA = .052 in spring 1977. 

Generally, the disturbed plot diversity was greater than that of 
the control plot. The exception was 1975 when both E( H’) and the 
number of species was greater on the control plot (Table 1). 

A category which included all perennial herbs is presented in 
Table 1. It is clear that the control plot herb community was 

Site 2, Trees and Shrubs-In 1972 and 1973, before and during 
construction, respectively, there was little difference in cover 
between plots (Table 2). After 1973 there was more cover on the 
control plot, although the difference was not significant in the 
spring of 1976. A two-way analysis of variance showed that yearly 
conditions did not interact with the proportion of cover found on 
either plot and that in any grouping of years the control plot had 
greater cover than the disturbed plot. 

The two plots remained highly similar in species composition 
throughout the study (Table 2). If construction caused any imme- 
diate change, it was to increase similarity with a slight trend toward 
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Table 2. Summary date for the plant community at Site 2. D = distorbcd; C = control. Standard error in parenthew% 

Attribute and treatment 1972 1973 1974 1975 1976A 1976B 1977A 

Percent cover 

Trees and Shrubs 
D 

C 

Herbs 
D 

C 

Number of Species 
Trees and Shrubs 

D 
C 

Herbs 
D 
C 

CA - 
Trees and Shrubs 
Herbs 

ANOVA (cover) 

Trees and Shrubs 

Herbs 

Diversity (H’) 

Trees and Shrubs 
D 
C 
t-value 

Herbs 
D 
L 

t-value 

9.1 10.5 10.5 5.3 

(1.2) (1.7) (2.6) (1.3) 
10.0 11.8 21.4 15.8 

(1.5) (1.8) (3.1) (2.6) 

4.8 5.0 
(1.4) (1.4) 
10.3 10.3 
(0.9) (2.0) 

18.5 

5’;“o 
(2.‘1) 

15.3 
(2.3) 

4.2 
(0.9) 

$1:) 
7.9 

(1.1) 

36.2 
(2.3) 
31.2 
(1.1) 

;;) 

(0.5) 

30.3 
(2.8) 
23.8 
(1.4) 

10 
13 

- 
- 

4 
IO 

4 
II 

3 
2 

4 6 4 
12 14 13 

15 
15 

3 
3 

15 
13 

7 
7 

4 
13 

II 
13 

0.9 0.86 0.97 0.93 0.9 0.9 0.8 
- 0.4 0.99 0.9 0.99 0.98 0.96 

.0001 

.33 .58 
(NS) (NS)’ 

.oOOo 

.01 

.295 
(NS) 
.oo I 

,085 
(NS) 
.I3 
(NS) 

.598 
(NS) 

.025 

.04 

,034 

I .08 0.96 I.08 1.01 0.9 I.0 0.9 
1.6 1.6 1.6 1.6 1.6 1.7 1.7 
-9.o** -16.3* -10.7* -13.2* -I 1.97* -12.9* -14.8* 

- 
- 

1.97 0.4 0.8 0.95 0.69 0.88 
1.9 0.26 0.9 0.8 0.7 1.05 
2.04 2.01 4.2* 4.72 -0.3 -6.9. 

INS = not significant 
** significant at P = O.QOS level. 

decreasing similarity in later years. 
The diversity index E(H’) (Table 2) shows both plots retaining 

the same diversity throughout the seven censuses. Before distur- 
bance, the disturbed plot harbored ten species, three less than the 
control plot at that time. Since disturbance, only four species have 
been recorded, whereas the control plot averaged 13 species in the 
last four censuses. 

neric, Opuntia jiilgidu). The best explanation for the decline in 
similarity is a gradual loss of the rare species on thedisturbed plot. 
During disturbance (but after the corridor had been cleared) there 
were four prickly pear cacti which have subsequently died. CA is 
lower still in spring censuses when it is possible to differentiate two 
species of cholla (probably 0. fulgida and 0. ucanthocarpa) on the 
disturbed plot. 0. filgida was not found on the control plot. 

The data provide no evidence for colonization or successional 
change of woody plants. The amount of cover and number of 
species were reduced by construction and they have not recovered. 
Bur-sage dominates both plots so that species similarity remained 
high before and after disturbance. 

Yeaton et al. (1977) give good evidence that, despite generous 
spacing between woody plants in the upland association, competi- 
tion exists intra- and inter-specifically and restricts plant size. 
Although they suggest simple root competition as the cause for 
reduced size, both creosote-bush and bur-sage hae been shown to 
give off allelochemic substances (Adams et al. 1970, Muller and 
Muller l956), although the use of these in competitive interaction 
has not been verified. The data were plotted to see if there was a 
porportional increase in bur-sage as it responded to the reduction 
in competitors caused by the disturbance. No such response was 
seen although it would have explained the gradually decreasing 
trend in similarity indices. Neither did buckhorn cholla (probably 
Opuntia acunthocurpa Engelm Jr Bigel.) show a pattern of 
response to disturbance. Yeaton et al. (1977) feel there is a little 
competition between these species (although they studied a conge- 

Site 2, Herbs-The access road was in use during our first census 
in spring 1973, and these data indicate the effect of disturbance. At 
that time, the control plot had significantly more herb cover than 
the disturbed plot (Table 2). One year later, in 1974, herb cover was 
significantly greater on the disturbed plot (Table 2). It was signifi- 
cantly greater again in 1977, although confidence in making this 
decision is low @ = .04). 

Herbs germinate in November, grow throughout the winter and 
their peak growth is in the spring. In spring 1976 and 1977, special 
attempts were made to census herb growth at the period of peak 
growth. At each census, vegetation was just starting to die due to 
lack of moisture, but shortly after the first two censuses additional 
rain fell, stimulating growth. When spring 1976 and 1977 censuses 
were pooled in the two-way analysis of variance, the disturbed plot 
had significantly more cover. Even the continued vehicular use of 
one subplot of the disturbed plot had not lessened its herb cover. 

A significant interaction effect in the two-way analysis of var- 
iance supports the impression given by Table 2 that the disturbed 
plot exceeds the control plot when herb growth is maximal, such as 
the spring of 1976 and 1977. 
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Similarity was greatly lowered in 1973 during construction when 
CA dropped to .426. Species composition did not differ, but the 
absolute cover of existing species did. Since the Ch has remained 
extremely high (Table 2) indicating that similar species exist on the 
two plots. 

Little difference in diversity exists between plots (Table 2). 
Although significant differences in E(H’) do exist (1975, 1976, 
1977) the plot with the highest diversity changes from census to 
census. Cover increases as a function of increasing the number of 
species (Table 2). 

Patten (1978) has shown that ephemerals in the Sonoran Desert 
generally attained greatest productivity under light canopy cover 
(Cercidium), less productivity in tree and shrub interspaces, and 
the least productivity under dense canopy (Ambrosia). Hence, 
greater herb cover on areas cleared of Ambrosia is to be expected. 

We conclude that removal of woody plants on the disturbed plot 
has contributed to significantly greater herb growth. Construction 
artificats such as depressions in the access road which collect water 
and seeds (Reichman and Oberstein 1977) also contribute to herb 
growth. In this study, vehicular use of the access road, most of 
which occurred after spring growth, did not greatly inhibit herb 
growth. 

Conclusions 
There was no evidence of succession or more than a trace of 

revegetation by woody plants at Site I. Yearly and seasonal condi- 
tions created a complex quantitative response of shrubs. Herb 
cover was reduced on the disturbed area, but only temporarily. 
Apparently, the removal of the shrubs and herbs allowed the 
establishment of annual herbs which were not always similar to 
herbs on the control plot. The control plot had several perennial 
herb species; the disturbed plot had none. 

Woody plants at Site 2 did not reestablish themselves. Death of 
cacti and other shrubs often did not occur until several years after 
disturbance and caused a gradual decline in similarity. Distur- 
bance at Site 2 increased the numbers of herbs there. Annual herbs 
(the only ones present) invaded immediately after disturbance and 
created a community highly similar to the control community. 

At both sites, the disturbed plot herb community probably 
represented a seral stage. 

What little shrub reestablishment we observed seemed to be the 
result of asexual reproduction. Consequently, we anticipate a dif- 
ferent pattern of revegetation in areas where the original vegetation 
was destroyed (Site I) than in areas where at least part of it was left 
intact (e.g., Site 2). 
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Using Blue Grama Sod for Range 
Revegetation 
WILLIAM J. MCGINNIES AND ALMA M. WILSON 

Abstract 

Blue gramn (Bouteloua gracilis) is often difficult to establish by 
direct seeding, but in many cases it can be established on some 
critical areas by sodding. Best results were obtained by: (1) trans- 
planting the sod early in the season (May or June), (2) cutting the 
sod about 5 cm thick and keeping it flat in transit, (3) pre-wetting 
the sod before cutting if the soil was not already wet, and (4) 
irrigating the sod immediately after laying and preferably an addi- 
tional two times during the following week. Establishment 
depended mainly on development of new adventitious roots which 
were produced only on recently developed tillers. Sod transplanted 
in May and June produced the most new adventitious roots; sod 
transplanted in June and July had the greatest rate of adventitious 
root elongation; and sod transplanted in June produced the great- 
est total length of new adventitious roots per sample. 

Blue grama (Boutelouu grucilis) is often difficult to establish 
from seed (Bement et al. 1965, Hyder et al. 1971). Seedlings fre- 
quently fail to produce adventitious roots and thus are unable to 
survive (Wilson and Briske 1979). Establishing blue grama from 
sod holds considerable promise and has a definite place when 
prompt revegetation of relatively small die-off or blow-out areas is 
needed. Sod can be used on sites too raw or steep for conventional 
seeding and on sites where quick cover is needed to prevent ero- 
sion. Sod can also be used for rehabilitation of small disturbed 
areas, for establishing vegetation on special-use areas such as 
recreation areas, or for native species landscaping. If sufficient 
need arises, equipment suitable for harvesting and spreading blue 
grama sod on a larger scale will undoubtedly be developed. 

Results from sodding blue grama have been erratic. Therefore, 
we established a series of small-plot experiments to determine how 
to best establish blue grama with sod. One of the experiments is 
reported here. 

Methods 
The experiment was conducted at Central Plains Experimental 

Range, 19 km (12 miles) north of Nunn, Colorado. Elevation is 
1650 m (5400 ft). Mean annual precipitation is 31 cm, with 22 cm 
falling May through September. Precipitation amounts during the 
growing season (May through September) for this study were 2 1, 
16,20, and 39 cm in 1976, 1977, 1978, and 1979, respectively. Soil 
on the experimental site is a member of the Ustollic Haplargid 
subgroup. Native vegetation of the experimental area was short- 
grass, with blue grama being the dominant species. 

The experimental plots were prepared by thoroughly discing the 
soil on abandoned dry-farm land. The soil was smoothed by hand 
raking just prior to placing the sod. 
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Sod was cut from a native stand of nearly pure blue grama with 
an oscillating-blade sod cutter of the type commonly used in 
commercial turf production. Sod was cut in strips approximately 5 
cm deep and 30 cm wide, and the strips were then cut into lengths of 
30 to 37 cm. In earlier trials, it was found that when sod was cut 2 to 
3 cm deep, the sod would break apart when it was lifted; sod cut 5 
cm deep would usually stay together. Our sod cutter would not 
readily cut deeper than 5 cm. Because blue grama is a bunchgrass, it 
does not form a sod that can be rolled and handled in the same 
manner as Kentucky bluegrass (Poapratensis) sod. The pieces of 
sod were lifted with a flat-blade shovel and loaded on a flat-bed 
trailer for transport. The layers of sod were inter-leaved with sheets 
of hardboard to facilitate handling. If sod layers were not inter- 
leaved, the layers were difficult to separateand the sod broke apart 
when separation was attempted. 

The sod was placed in plots 122 X 122 cm(4X 4ft) within 1 hour 
after it had been cut and was firmed with a water-filled lawn roller 
for good soil contact. Fifteen plots were planted on each planting 
date; the 15 plots were divided into five replications of three plots 
each. One plot in each replication received no irrigation or further 
treatment. The second plot was irrigated with 2 cm of water 
immediately after transplanting. The third plot was irrigated with 2 
cm of water immediately after transplanting and two additional 
waterings of 1.3 cm each during the following 5 or 6 days. These 
treatments are designated as 0, 1, and 3 irrigations in this paper. 
Sod was transplanted on various dates May through August of 
1976 and 1977. 

Because the sod was difficult to handle and broke apart when the 
soil was dry, on each of two dates in both 1976 and 1977, part of the 
area from which the sod was cut was watered with about 2.5 cm of 
water the day before cutting. This treatment is called “pre-wet.” 
Success of sod cut from the pre-wet area was compared to similar 
sod that had been cut from the dry area on approximately the same 
date. 

Soil cores, 12 cm in diameter and 60 cm deep, were taken 15 to 17 
days after transplanting for four planting dates during 1977. These 
cores were placed in water and the soil was washed from the roots. 
Numbers of live tillers and new adventitious roots were deter- 
mined, and the length of all new adventitious root material was 
measured. Total length of adventitious roots per core was the sum 
of main axis lengths of all newly formed adventitious roots. Rate of 
adventitious root elongation was the length of the longest newly 
formed adventitious root per core divided by the interval between 
transplanting and sampling. 

Soil moisture was measured gravimetrically on the date of trans- 
planting for the surface 2 cm in the sod before cutting, and in the 
top 2 cm and top 15 cm of the soil onto which the sod was 
transplanted. Soil moisture cores were obtained before the sod was 
laid. 

Stand establishment was rated August 3 1, 1978, and September 
6, 1979. Establishment was rated on the basis of the area of the 
sodded plot that was occupied by living blue grama plants 
expressed as a percent of the total plot area. 
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Results and Discussion 

The date of transplantingand theamount ofirrigationfollowing 
transplanting are the factors exerting the greatest influence on sod 
establishment (Table I). In general, the earlier in the season that 
the sod was transplanted, the better the results; the correlation 
coefficient between Julian date and percent stand establishment 
was -0.74. During both years, transplanting in May produced 
excellent stands if the sod was irrigated at least once following 
transplanting. The date-of-sodding effects appear to be a result of 
several date-related phenomena such as tiller survival and number 
of and rate-of-elongation of adventitious roots. 

The number of living tillers per 12_cm-diameter core obtained I5 
to I7 days after transplanting in 1977 decreased with each succeed- 
ing transplanting date (Table 2). In the O-irrigation treatment, 
there were so few surviving tillers at the June, July, and August 
sampling dates that no sample data were recorded; it was felt that 
the sample would have been too small to be meaningful. 

When the roots were washed out, it was found that newadventi- 
tious roots formed only on recently developed tillers (Fig. I). Thus, 
if there were no new tillers, no adventitious roots developed. The 
number of adventitious roots per core decreased as the season 
progressed and the decrease seemed to be at least partly related to 
the reduction in tiller numbers (Table 2). The rate of adventitious 
root elongation reached a maximum in the June-July period. The 
combined effect of number of rootsand rate ofelongationwas such 
that the greatest total length per core was produced by the sod 
transplanted on June 21. 

In a very few cases, branch roots developed on cut-off adventi- 
tious roots (Fig. 2). These branches occurred on roots from recent 
tillers. Branch roots were less than half the diameter of other 
adventitious roots and they did not grow as deeply or as rapidly. 
Branch roofs were more numercus on the June 21 transplanting 

74 
86 
20 
10 
66 
50 

8 
2 

68 
72 
28 

4 
16 
IO 
0 

28 

4 

82 
90 
24 
30 
72 
60 
26 
10 

84 
76 
70 

8 
26 
18 
4 

46 

13 

I4 
88 
4 
4 

32 
12 
4 
2 

75 
22 
4 
0 
6 
II 
2 

10 

2 

82 
96 
26 

8 
70 
80 
16 
4 

88 
88 
58 

6 
36 
14 
2 

40 

5 

84 
92 
38 
40 
76 
88 
60 
10 

90 
90 
90 
12 
68 
40 

4 

66 

16 



Table 2. Number of live tillers/core, number of new adventitious 
roots/core, rate of adventitious root elongation, and total length of 
adventitious roots per core for four 1977 dates-of-transplanting and two 
levels of post-transplanting irrigation. 

Factor measured and Number of irrigations after planting 
date transplanted 0 I 3 

Number of tillers 
May 3 52.8 41.2’ 50.4 
June 21 - 38.8 44.2 
July 27 - 34.4 41.6 
August 23 - 17.4 26.0 

Number of adventitious roots 
May 3 5.8 8.0 15.6 
June 21 - 9.4 13.4 
July 27 - 2.6 3.4 
August 23 - 1.2 8.2 

Rate of adventitious root 
elongation (cm/day) 

May 3 
June 21 
July 27 
August 23 

Total length adventitious 
roots per core (cm) 

May 3 
June 21 
July 27 
Aueust 23 

0.7 I .o 
- 1.2 

1.3 
- 1.2 

46 63 I40 
120 257 

- 48 69 
- 21 134 

1.2 
1.8 
1.9 
1.3 

‘Planting date significantly affected number of surviving tillers, number of adventi- 
tious roots, and total length of adventitious roots; number of irrigations significantly 
affected number of adventitious roots, rate of adventitious root elongation, and total 
length of adventitious roots (KO.05). These observations were made I5 to 17 days 
after planting of sod. 

date than on other dates. 
Percent stand rating was correlated with the amount of moisture 

in the soil on which the sod was laid (r=O.76). Both percent stand 
and percent soil moisture declined as the season progressed. Thus, 
it was not possible to determine from the available data if soil 
moisture was the soil factor affecting stand establishment. 

The amount of moisture in the sod was also related to sod 
establishment (~0.67). The importance of moisture in the sod 
appeared to be primarily related to keeping the soil in contact with 
the roots while lifting, transporting, and laying the sod. Pre- 

wetting the sod at those times when it was dry increased percent 
stand rating greatly; in fact, for some dates of transplanting, pre- 
wetting made the difference between success and failure (Table 1). 
Sod that had been pre-wet was also much easier to cut and handle. 
If the sod contained adequate moisture, as it did on August 3, 1976, 
and July 27, 1977, there would probably be no benefit derived from 
pre-wetting. 

Irrigation of the sod after transplanting was usually necessary 
for successful establishment. For all dates of transplanting, there 
were only two successes (a stand rating of 50% or higher) for the 
nonirrigated treatment, but with three irrigations, nine soddings 
were successful (Table 1). A single irrigation produced seven suc- 
cesses, but average stand rating for all dates with the single irriga- 
tion was 45%, whereas it was 59% for three irrigations. Thus, sod 
generally should not be transplanted unless it can be irrigated at 
least once after sodding. However, even pre-wetting and three 
irrigations will not guarantee success, particularly late in the 
summer; this can be seen in the case of the August 23, 1977, 
transplanting (Table 1). 

Conclusions 
Blue grama can be successfully established through sodding if 

certain procedures are followed. Sodding should be done early in 
the growing season, preferably before July. If the sod is not fairly 
wet, it should be pre-wet by watering thoroughly the day before 
cutting. Blue grama sod should be 5 cm thick so that the pieces of 
sod will hold together. The sod should be kept flat to prevent the 
soil from falling away from the roots and the pieces of sod from 
breaking apart. Sod layers should be inter-leaved with hardboard 
when they are stacked for transport so that the layers of sod can be 
readily separated for laying without damaging the sod. After being 
laid on a prepared area, the sod should be firmed into place with a 
roller to ensure adequate soil contact. As soon as possible after 
laying, the sod should be irrigated and, if possible, irrigated two or 
more times during the following 5 to 7 days. 
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A Dynamic Approach to Grazing 
Management Terminology 
DAVID L. SCARNECCHIA AND M.M. KOTHMANN 

Abstract 
Expressions such as stocking density, stocking rate, grazing 

pressure, herbage allowance, grazing intensity and stocking 
pressure have long been used to describe animal-pasture systems. 
These expressions describe relationships among the basic variables 
of animal demand, forage quantity, pasture area, and grazing 
duration. Our objective was to develop a dynamic, mathematical 
framework of expressions summarizing all of the meaningful 
relationships among these variables. The resulting expressions 
have dimensional validity, and are useful in describing dynamic 
animal-pasture systems. The expressions should also prove useful 
in future efforts to model these systems. 

Efforts to describe basic quantitative relationships between 
grazing animals and pasture have produced numerous expressions, 
including stocking density, stocking rate, grazing pressure, 
herbage allowance, grazing intensity, stocking intensity, stocking 
pressure, and others (Booysen 1967, Society for Range 
Management 1974, Hodgson 1979). 

/ . In general, four variables are involved in describing animal- 
pasture relationships. These variables are pasture area (A), usually 
expressed in ha; forage dry matter (DM) usually expressed in kg; 
duration of grazing (t), usually expressed in days or months; and 
the animals’ forage demand rate (D), here expressed in animal- 
units (au). The variable which is functionally important in 
describing the potential effect of the animal component on a 
pasture is neither animal live-weight (LW) nor animal numbers 
alone, but rather the animals’ rate of demand for forage, which 
might be termed the potential rate of forage intake. The potential 
rate of intake is a function of animal numbers, weight, 
physiological state, and other animal-related factors. 

The Animal-Unit and the Animal-Unit Equivalent 

If we are to use the animals’demand rateforforage indescribing 
animal-pasture systems, we must have an appropriate unit. The 
Society for Range Management (1974) has defined one animal- 
unit as “one mature 454 kg cow or its equivalent based on an 
average forage consumption of I2 kg of dry matter per day.“Here, 
we define an animal-unit to be a unit of animal demand rate, and to 
repesent an animal with a rate of demand for forage equal to I2 kg 
DM/day. Any animal may be represented as a certain fraction or 
multiple of the animal-unit, based solely on its quantitative 
demand rate for forage. An animal which has a demand rate more 
or less than I2 kg DM/day will have an animal-unit-equivalent 
(aue) which is a proportionate fraction or multiple of I animal- 
unit. 

In the past, the assigning of animal-unit-equivalents to animals 
has usually been approximate, and was often based on liveweight 
(LW) or LW”“. If the approach discussed in this paper is to be of 
maximum usefulness, accurate estimates of animal-unit- 
equivalents are important. Standardization of estimation 
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procedures is also important. Animal-unit-equivalents might be 
estimated using published dry matter requirements for each 
particular kind, class and weight of livestock like those published 
by the United States National Research Council (NRC) (1976). 
Such published data might serve as a starting point from which 
further refinement, based on other specific animal characteristics, 
could be attempted. Detailed tables and mathematical functions 
could be developed to quickly obtain animal-unit-equivalents 
based on reasonable correlates in animal characteristics. In any 
case, the researcher should describe in detail how animal-unit- 
equivalents are obtained. 

Within any infinitely small time interval, an animal at pasture 
represents a rate of forage demand on the pasture. The integration 
of this demand rate over a time interval t represents an amount of 
forage demanded, i.e., 

Amount of Forage Demand =/ k Demand Rate l dt. (1) 

In practice, the summation form of Equation I would be used; 

Amount of Forage DemandTil(Mean Demand RatekeG, (2) 

where each (Mean Demand Rate) is the demand rate assigned to 
subperiod tt. If a mean demand rate is assumed over the period t, 

Amount of Forage Demand = Mean Demand Rate l t (3) 
The most common units of the quantity of animal demand are the 
animal-unit-day (aud), the animal-unit-month (aum), and the 
animal-unit-year (auy). Each unit represents an amount of forage, 
i.e., I aud= I2 kg DM, I aum= 360 kg DM, and I auy= 4380 kg 
DM. 

Stocking Density and Stocking Rate 

The Society for Range Management (1974) defined stocking 
density as the relationship between the number of animal-units and 
the land area at any instant in time. The typical unit is au/ha. 

Bdoysen (1976) and the Society for Range Management (1974) 
defined stocking rate as the number of animal-units per unit of land 
over a period of time. Mathematically, for a grazing period (t-b), 

Stocking Rate = / 6 Stocking Density l dt. 

(4) 

In summation form, 

Stocking Rate = iil (Mean Stocking Density) l tr, (5) 

where each (Mean Stocking Density) is the mean stocking density 
of each particular subperiod ti making up the grazing period t. If a 
mean stock density is assumed over the grazing period t = I2 ti, 

Stocking Rate = Mean Stocking Density l t. (6) 
Units of stocking rate must be in terms of an amount of forage 

demand per unit area, typically aud/ ha, aum/ ha or auy/ ha. The 
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annual stocking rate within a pasture is the sum of the stocking 
rates of individual grazing periods within a year, i.e, 

Annual Pasture Stocking Rate = $ (Stocking Ratek, (7) 
f=i 

where m is the number of grazing periods within a year. An annual 
pasture stocking rate can have units of aud/ ha, aum/ ha or auy/ ha. 

Since complex grazing systems are becoming increasingly 
common, it is often useful to express the stocking rate of a number 
of pastures managed under a grazing system. The stocking rate for 
an entire grazing system can be expressed as 

System Stocking Rate = / t&Animal Demand Rate) l dt,(8) 

Total System Area 
or in summation form as n 
System Stocking Rate = 5 (Mean Animal Demand Rate)i . ti, 

+I Total System Area (9) 

where p is the number of pastures in the system, and each (Mean 
Animal Demand Rate) is the mean number of animal-units within 
each calculation period i. The system stocking rate is usually of 
interest on an annual basis, and for clarity, the term annual system 
stocking rate should be used when the annual rate is being 
described. When system stocking rates are calculated, for example, 
monthly then 

Annual System Stocking Rate =,? Monthly System Stocking 
i=l Rates (10) 

Typical units for both system stocking rate and annual system 
stocking rate are also aud/ ha, aum/ ha, auy/ ha. 

Grazing Pressure and Grazing Pressure Index 

The Society for Range Management (1974) defines grazing 
pressure as the animal-to-forage ratio at a given instant. Grazing 
pressure, like stocking density, is defined at any instant, and thus 
its units have no time dimension. Typical units are au/ kg and 
au/ ton. 

The integration over time of grazing pressure yields a 
meaningful, though previously undescribed expression, the 
grazing pressure index. Thus, mathematically, 

Grazing Pressure Index =/ L Grazing Pressure l dt. (I I) 

In summation form, n 
Grazing Pressure Index =ifl (MeanGrazing Pressureko ti.. (12) 

If a mean grazing pressure is assumed over the grazing period t = 
Pti, 

Grazing Pressure Index = Mean Grazing Pressure l t. (13) 

That the grazing pressure index is in fact an index can be seen by 
recalling that the product of a demand rate and a time period is 
equivalent to an amount of forage. Values of the grazing pressure 
index can range from zero to infinity, but most actual grazing 
situations will have grazing pressure indices between zero and one. 
This index is the integrated animal demand/forage supply ratio 
over a time period. 

The Herbage Allowance and Cumulative Herbage 
Allowance 

While grazing pressure expresses the ratio of animal demand to 
forage weight at any instant, the inverse of this ratio, the herbage 
allowance, expresses the ratio of the weight of forage available to 

Table 1. Summary of relationships among the variable of anim8l demand, forage quality, pasture ana,and time. 1 au= 1 animal unit = 12 kg forage/day 
in animal demsnd. 

Animal/Area Animal/ Forage Forage/Animal 
Stocking Rate 

=/b stocking density . dt 

Units: aud/ ha 
aum/ ha 

Stocking Density 
= Animal demand per unit area at any 

instant 
Units: au/ ha 

Rate of Change in Stocking Density 

= d(stocking density) 
dt 

Units: au/ ha/day 
au/ha/hr 

Grazing Pressure Index 

= _/ Lgraz. pressure l dt 
Units: Ratio of animal demand 
to forage over a period of time 

Grazing Pressure 
=animal demand per unit weight 
of forage at any instant 
Units: au/ kg 

au/ton 

Rate of Change in Grazing Rate of Change in Herbage 
Pressure Allowance 

= d(grazing pressure) = d(herbage allowance) 
dt dt 

Units: au/ kg/day 
au/ kg/hr 
etc. 

Units: kg/au/day 
kg/au/hr 
etc. 

Cumulative Herbage Allowance 

=/ Lherb. allowance l dt 
Units: kg - days/au 

tons - months/au 

Herbage Allowance 
= weight of forage per unit 

animal demand at any instant 
Units: kg/au 

ton/au 

Forage/ Area 

Standing Crop 
= weight of forage standing per unit 
area at any instant 
Units: kg/ha 

g/m2 

Net Forage Accumulation 
Rate 

= d(standing crop) 
dt 

Units: kg/ha/day 
kg/ha/hr 
etc. 

Rate of Change in Net Forage 
Accumulation Rate 
= d(net forage act. rate) 

dt 
Units: kg/ ha/-hrz 

kg/ ha-day2 
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the amount of animal demand. Thus, the animal demand-to-forage 
relationship in a pasture at any time can be expressed either as a 
grazing pressure or as an herbage allowance. A typical unit of 
herbage allowance is tons/au. 

Just as the integration over time of grazing pressure yields a 
grazing pressure index, the integration of herbage allowance yields 
an analogous expression, the cumulative herbage allowance. 
Mathematically, 

Cumulattve Hcrbage = j t Herbage Allowance l dt. 
Allowance b (14) 

In summation form, 

Cumt$~~a~rbage ,=ijl(Mean Herbage Allowancek. tt. (15) 

If a mean herbage allowance.is assumed over the time period t = 
X ti, 

Cumulative Herbage = Mean Herbage Allowance l t. (16) 
Allowance 

The cumulative herbage allowance expresses the relationship 
between forage supply and animal demand over a time period, and 
has typical units of kg - days/au or ton - months/au. 

Other Useful Relationships 
If stocking density is differentiated with respect to time, the 

result is an expression describing the rate of change in stocking 
density. The change can be expressed as 

Rate of Change in Stocking Density = 
d (Stocking Density), 

(RCSD) dt (17) 
or in discrete form as, 

RCSD =A Stocking Density. 
At (18) 

The RCSD has units of au/ ha/ hr, or au/ ha/day. Within a pasture 
of fixed area, a change in the stocking density could be the result of 
(1) the addition or removal of livestock by the grazing manager, or 
(2) a change in the animal-unit-equivalents of the animals already 
present, corresponding to a change in the potential dry-matter 
intake per animal. 

An expression analogous to the RCSD is obtained if grazing 
pressure is differentiated with respect to time. Mathematically, 

Rate of Change in Grazing Pressure = 4Grazing Pressure). 
(RCGP) 

dt (19) 
In discrete form, 

RCGP = A Grazing Pressure, 
At (20) 

and typical units for RCGP are au/kg/day or au/ton/day. A 
change in the grazing pressure can result either from changes in the 
number of animal-units in a pasture or from a change in the 
amount of forage available. Two analogous expressions exist 
describing the rate of change in herbage allowance (RCHA) with 
respect to time. 

Forage-Area Relationships 
Describing the behavior of animal-pasture systems accurately 

requires expressions which describe the dynamic nature of ‘the 

forage component. At any instant, an amount of standing plant 
material is present in a pasture. This standing forage is termed the 
standing crop, and is usually described on a per unit area basis with 
typical units of kg DM/ ha or g DM/mz. 

Standing crop is usually constantly changing. If standingcrop is 
differentiated with respect to time, an expression of the rate of 
change in the standing crop is obtained,i.e., 

Net Forage Accumulation Rate = d(Standing Crop). (21) 
(NFAR) dt 

In discrete form, 

NFAR = A Standing Crop. 

At 

(22) 

The NFAR has units of kg DM/ha/hr, or kg DM/ha/day, and 
describes the net addition to or subtraction from the standing crop 
due to the combined effects of forage production, animal intake, 
weathering losses, etc. 

Differentiation of NFAR results in an expression of the rate of 
change in the net forage accumulation rate, i.e., 

Rate of Change in NFAR = d(NFAR). (23) 

In descrete form, dt 

RCNFAR = A NFAR. (24) 

At 
The RCNFAR with typical units of kg DM/ ha-min*, kg DM/ ha- 
hr*, or kg DM/ haday* describes changes in the net rate of forage 
accumulation. These changes can result from changes in plant 
growth rates, changes in animal demand rates, changes in the rate 
of weathering losses, etc. 

Summary of the Expressions Describing Animal-Pasture 
Systems 

The expressions of relationships between animal demand, 
forage, area, and time are summarized in Table I. 

Expressing Animal Production 
It is possible to express animal production as animal liveweight 

gain per amount of animal demand, i.e., as kg LW/aud, kg 
LW/aum, or kg LW/auy. However, since the number of animal- 
units in a pasture is usually changing, animal production generally 
should not be expressed in units of kg LW/au or g LW/au. 

Conclusions 

Describing animal-pasture systems requires the use of dynamic 
variables and expressions. The animal demand variable, with units 
of animal-units, is useful in describing these systems. The dynamic 
framework of expressions offered here describes the relationships 
among the variables of animal demand, forage quantity, area, and 
duration of grazing. This approach should prove useful in the 
refinement of future grazing research and management, and in 
future attempts to model animal-pasture systems. 
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TECHNICAL NOTES 

Effects of Precipitation Variance on Annual Growth of 14 
Species of Browse Shrubs in Southeastern Oregon 
ROBERT R. KINDSCHY 

Abstract 

Growth response of 14 species of shrubs to precipitation occurring 
between September and June was measured during a U-year period. 
Vegetative production was found to he signi6cantly corrolPted @ = 0.01) to 
precipitation. Regression analysis of 3,750 measurements of annual growth 
enabled the development of linear equations which may be used by habitat 
managers to forecast shrub browse production expressed as a percentage of 
normal production. 

Precipitation is normally the most influential variable governing 
the production of vegetation on the semiarid rangelands of the 
Intermountain western United States (Blaisdell 1958). Increasing 
precipitation usually provides an overall increase in vegetative 
growth and overall productivity (Segura-Bustamante 1970). Stev- 
ens et al. (1974) determined the response of big sagebrush (Arfemi- 
siu tridentutu) to annual precipitation was basically linear rather 
than sigmoidal due, apparently, to the deep rooting characteristic 
of this shrub. Garrison (1953) analyzed the annual fluctuation in 
production of five shrub species during a Cyear period in eastern 
Oregon and Washington. He concluded that variations in precipi- 
tation or damage by rodents and insects reduced the browse in 
some years to as little as one-third or one-fifth of the production of 
other years. Sneva (1962) developed a method of forecasting the 
crop year production potential of a given year as expressed as a 
percent of the median crop year utilizing data from establishment 
weather stations. The crop year avoids the two summer months of 
July and August when typically scant precipitation has little effect 
on vegetative growth within the Intermountain region. 

This paper deals with the growth response to crop year precipita- 
tion of 250 tagged plants representing 14 species of shrubs impor- 
tant for ungulate forage production during a 15year period 
(1963-1977). 

Study Area and Methods 
Twenty-two sites were selected within important mule deer 

(Odocoileus hemionus) use areas in Malheur County, Oregon (Fig. 
1). Vegetation is typical of the shrub-steppe of central and south- 
eastern Oregon within the Owyhee Upland and southern Blue 
Mountain physiographic provinces (Franklin and Dyrness 1973). 

Measurements of annual leader production were made during 
late autumn at each of 22 sites. The average production for each 
plant was recorded in tenths of an inch (2.5 mm). Both terminal 
and bteral leaders were measured and averaged. Of the 250 plants 
studied, 144 were antelope bitterbrush (Purshia tridentata); 13 

Author is senior wildlife biologist, U.S. Dep. Int. Bu. of Land Manage., P.O. Box 
700, Vale, Oregon 97918. 

Fig. 1. Study area, Malheur County in southeastern Oregon. 

additional browse species were similarly studied (Table I). Selec- 
tion of species for study was influenced by the frequency of occur- 
rence of species at each site. Not all species occurred at each site 
with the exception of bitterbrush. During the course of the 15year 
study 3,750 measurements were taken, predominantly on the same 
individual plants. 

Precipitation data were abstracted from climatological data 
published by the National Oceanic and Atmospheric Administra- 
tion for weather stations within the study area. 

Regression analysis was made of the effect upon leader length 
production of varying amounts of crop year precipitation, viz. the 
precipitation occurring between I September and 30 June. Expo- 
nential, linear, and logrithmic regression equations were developed 
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Table 1. Browse species studied. 

Scientific name Common name 

Amelanchier florida Lindl. 
Artemisia rigida (Nutt.) Grey 
A. tridentata tridentata Nutt. 
Atriplex canescens (Pursh.) Nutt. 
Cercocarpus ledfolius Nutt. 

Erigonum spp. 
Graria spinosa (Hook.) Moq. 
Juniperus occidentalis Hook. 
Peraphyllum ramosissimum Nutt. 
Philadelphus lewisii Pursh. 
Prunus virginiana L. 
Purshia tridentata (Pursh.) DC. 
Ribes cereum Dougl. 
Symphoricarpos oreophilus Gray 

Serviceberry 
Stiff sagebrush 
Basin big sagebrush 
Fourwinged saltbush 
Curlleaf mountain 

mahogany 
Wild buckwheat 
Spiny hopsag& 
Western juniper 
Squawapple 
Lewis mockorange 
Chokecherry 
Antelope bitterbrush 
Wax currant 
Mountain snowberry 

for bitterbrush taken separately and, secondly, for all 14 species 
taken together. Results were subsequently plotted to express the 
percentage of normal browse leader production to be expected 
when the percentage of normal crop year precipitation is known. 

Fig. 2. Relationship of annual leader production to Crop Year precipita- 

Results 
Regression analysis proved the relationship of leader production 

to precipitation to be linear. This was true of bitterbrush when 
analyzed separately as well as the analysis of all 14 species taken 
collectively. 

Stiff sagebrush, big sagebrush, fourwinged saltbush, and spiny 
hopsage appear to produce wellduring minor drought, in contrast 
to the more mesic species studied. The long-term average crop year 
precipitation for the entire study area is 25 cm (9.85 in.), which is 
thought to be more than adequate for average growth of these xeric 
habitat species. 

Bitterbrush leader production (inches) = 0.593 X - 1.67 (r = 
0.622, t = 2.87, significant at the 0.01 level). Where X = crop year 
precipitation at the site. Mean leader production of all 14 browse 
species = 4.138 + 6.394 (r = 0.65 1, t = 2.99, significant at the 0.0 I 
level). Where X = crop year precipitation at the site. 

Application of these equations to crop year precipitation var- 
iance from the long-term mean (?J X) = (current crop year precipi- 
tation i average crop year precipitation) provides the big game 
habitat manager with the following equations which may be used 
to estimate the percentage of normal browse forage production to 
be expected during the forthcoming growing season (Fig. 2): 

Percent bitterbrush production = I .394 (% X) - 0.40 1. 
Percent for 14 species production = 0.982 (% X).-i- 0.155. 

For example, the average crop year precipitation for a local NOAA 
station is 9.80 inches. The present crop year produced 8.00 inches. 
By dividing the present CY precipitation (8.00-in.) by the average 
CY precipitation, it is determined that this year’s precipitation is 
0.816 of average. 

Application of the equation for bitterbrush determines the antic- 
ipated production of browse leader growth: 

1.394 (0.816) - 0.401 = 0.737 or roughly 74% of average 
production. 

Similarly, for all studied browse species: 
0.982 (0.816) -I- 0.155 = 0.956 or roughly 96% of average 
production. 
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Sample Preparation Techniques for Microhistological 
Analysis 

JERRY L. HOLECHEK Methods 

Abstract 

A study was conducted to determine the influence of sample 
preparation procedures on the ratio of identifiable to nonidentifia- 
ble fragments in diet samples analyzed by microhistological analy- 
sis. The number of identifiable fragments on slides was 
significantly higher when samples were soakqd in either bleach or 
sodium hydroxide in conjunction with use of Hertwig’s clearing 
solution compared to the control, which involved the use of only 
Hertwig’s clearing solution. The percentages by weight of grasses, 
forbs, and shrubs in two prepared diet samples were more accu- 
rately estimated when either sodium hydroxide or bleach was 
applied in comparison with the control. However, some plant 
species or plant parts may be destroyed by bleach or sodium 
hydroxide. Therefore, diet materials should also be examined 
through standard procedures before the decision is made to apply 
one of these treatments. 

Microhistological analysis has become the most commonly used 
method for determining herbivore diets in recent years. A basic 
problem with this technique, particularly in fecal analyses, is plant 
pigments that make identification of epidermal material difficult. 
Sample preparation techniques to reduce this problem have been 
developed and discussed by Baumgartner and Martin (1939), Dusi 
(1949), Martin (1954), Croker (1959), Metcalf (1960), Storr (196 I), 
Steward (1965, 1967), Griffiths and Barker (1966), Sparks and 
Malechek (1968), Williams (1969), Ward (1970), and Vavra and 
Holechek (1980). Hertwig’s clearing solution was used to remove 
plant pigments by Baumgartner and Martin (I 939), who developed 
the microhistological technique, and later by Sparks and Malechek 
(1968), who refined the technique. Because use of this solution is 
simple and involves little additional effort, it has been routinely 
used by many laboratories performing microhistological analysis. 
The objectives of this research were to compare different sample 
preparation techniques for removing plant pigments and increas- 
ing the proportion of identifiable plant fragments in diet samples. 
Hertwig’s clearing solution was used in conjunction with all treat- 
ments so it could be determined if the treatments provided any 
additional benefits in improving plant fragment identification 
beyond those provided by the standard solution. 

Author is assistant professor of range ecology, Department of Animal and Range 
Sciences, New Mexico State University, Las Cruces, New Mexico 88003. 
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Fecal samples from cows (summer), horses, and deer (winter) 
were collected from desert range in south central New Mexico. In 
addition, two sample mixtures were prepared from desert species 
collected in the fall. Prepared diet sample I contained 11. I I% by 
weight of each of three species of grasses, forbs and shrubs. Sample 
2 contained current year’s growth of eight shrub species and two 
desert grass species. Shrubs comprised 95% of this diet by weight; 
grasses 5%. Shrub material in both prepared diet samples was 
primarily twigs and buds that did not exceed 2 cm in length. 

All material was dried, then ground through a micro-Wiley mill 
with a l-mm sieve prior to treatment. The samples were then 
subjected to five treatments: (1) soaking overnight in water, (2) 
soaking overnight in formalinaceticalcohol(85 parts 70%alcohol, 
10 parts 40% formaldehyde, 5 parts glacial acetic acid), (3) soaking 
overnight in chloral benzene alcohol (40% chloroform, 50% 
ethanol, 10% benzene), (4) soaking in 0.05 m NaOH for 30 minutes, 
or (5) soaking in sodium hypochlorite (domestic bleach) for 30 
minutes. All sample material was boiled in distilled water for 2 min. 
following treatment application. Slides were prepared using the 
procedure of Sparks and Malechek (1968). Hertwig’s clearing and 
Hoyer’s mounting solutions were used in preparation of all slides. 

Five slides were prepared for each sample/ treatment combina- 
tion, and 20 microscope fields per slide were observed. Two trained 
observers read each set of five slides for each sample/treatment 
combination. The number of identifiable and nonidentifiable frag- 
ments were recorded in each microscope field. Only fragments 
permitting positive identification were considered identifiable. 
When only a portion of a particle was observed in a field and that 
particle could not be identified, the slide was moved so the entire 
particle could be observed. Cow, horse, and deer diet sample 
fragments were placed into two categories: (1)grassesand (2) forbs 
and shrubs. Prepared diet sample fragments were placed into three 
categories: (1) grasses, (2) forbs, and (3) shrubs. The percent by 
weight of these categories in the diet was determined by dividing 
the number of identifiable fragments for each category by the total 
number of identifiable fragments of all plant species and then 
multiplying this number by 100 (Sparks and Malechek 1968). A 
factorial, randomized complete block analysis of variance with 
observers as blocks and diets and treatments as factors was used to 
analyze all data (Steel and Torrie 1960). Duncan’s multiple range 
test was used to rank treatment means. 

Results and Discussion 

Bleach and 0.05-m NaOH treatments resulted in a significantly 
higher (K.05) ratio of identifiable to nonidentifiable fragments 
than the other three treatments (Table 1). The ratio of identifiable 

Table 1. Ratio of the number of identifiable to nonidentifiable fragments in the diet samples for the five treatments. 

Animal’* 

Cow (Summer) 
Horse (Winter) 
Deer (Winter) 
Prepared Diet 1 
Prepared Diet 2 

x 

Control 

0.6 
0.5 
0. I 
0.2 

<o. 1 

0.3b 

Formalin acetic Chloral benzene 
acid alcohol 0.05 m NaOH Bleach x 

0.8 0.7 1.0 1.5 0.9” 
0.6 0.7 1.3 1.5 0.9” 
0.1 0.1 0.2 0.3 0.2 
0.2 0.3 0.9 1.0 0.5b 

<o. I 0.1 0.2 0.2 0.1’ 

0.4b o.4b 0.7” 0.9” 

Treatments with different letters are significantly different (K.05) using Duncan’s multiple range test. 
*Hertwig’s clearing solution was used in all treatments. 
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to nonidentifiable fragments was significantly different (K.0 I) 
among diet samples. Data in Table 2 show that the proportion of 
grass was significantly (K.05) decreased by application of sodium 
hydroxide or bleach. When data for the two prepared diet samples 
were pooled, the browse component was significantly increased 
(X.05) by application of either sodium hydroxide or bleach. 
However the forb component of diet 1 was unaffected. The lower 
percentage grass in diet samples as a result of either sodium 
hydroxide or bleach application is attributed to a higher propor- 
tion of identifiable shrub fragments as the result of pigment remov- 
al. Application of these two treatments greatly improved the 
estimation of grass, forb, and shrub components of the two pre- 
pared diets. However, grass was overestimated in prepared diet 
sample 2 by a factor 2.2 to 2.6 even when either sodium hydroxide 
or bleach were applied. 

The data from this study show that sample preparation for 
microhistological analysis by either soaking in 0.05 m sodium 
hydroxide or bleach in conjunction with use of Hertwig’s clearing 
solution can improve the number of identifiable fragments com- 
pared to use of only Hertwig’s clearing solution. Application of 
either of these two treatments may also improve the accuracy of 
diet estimation. Williams (1969) reported that bleach greatly 
improved the number of fragments identifiable in fecal samples. 
The use of sodium hydroxide has been found to improve the 
accuracy of diet estimation when microhistological analysis is used 
(Vavra and Holechek 1980). However, these two treatments may 
result in destruction of some plant materials. The author has found 

Table 2. The percent by weight of grames,forbs, and shrubsin diet samples 
for the five treatments. 

Formalin Choral 
acetic benzene 0.05m 

Animal’* Control acid alcohol NaOH Bleach 

Grasses (Mean) 70 69 70 67 67 
Cow (Summer)- 85 82 83 82 80 
Horse (Winter) 21 18 19 14 6 
Deer (Winter) 54 50 48 35 32 
Prepared Diet I 28 24 26 13 II 
Prepared Diet 2 5Y 49” 49” 43b 39b 

Forbs (Mean) 
Prepared Diet I 
Prepared Diet 2 

29 28 29 32 32 

29 28 29 Z 32 

Shrubs (Mean) 17 22 23 33 36 
Prepared (Diet 1) 72 76 74 87 89 
Prepared (Diet 2) 45” 49 49 6ob 68” .,... ““.. ,... .,-.., 

lTreatme.nts with different letters are significantly different (K.05) using Duncan’s 
Multiple Range test. 
*Hertwig’s clearing solution was used in all treatments. 

that bleach destroys lichen fragments. Therefore it appears advisa- 
ble to analyze diet samples both with and without sodium hydrox- 
ide or bleach application prior to making a decision regarding use. 

The ratio between identifiable and nonidentifiable fragments 
varied with the botanical composition of the diet sample, and was 
influenced by the method of sample preparation. Havstad and 
Donart (1978) reported that ratios of identifiable to nonidentifia- 
ble fragments were not equal between grasses and forbs. Data from 
these two studies suggest that results from microhistological analy- 
sis must be interpreted with caution, particularly when diet sam- 
ples are high in woody plant material. Accuracy may be further 
reduced for fecal samples because of differential digestion between 
plant species (Vavra and Holechek 1980, Dearden et al. 1975). 
These two problems can be solved with the use of prepared diet 
samples and microdigestion techniques as discussed by Vavra and 
Holechek (1980) and Dearden et al. (1975). 
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Rapid Extraction of Sesquiterpene Lactones from Sage- 
brush for Use as Taxonomic Markers 
RICK G. KELSEY 

Abstract 

The sesquiterpene lsctones of sagebrush occur in glandular trichomes on 
the leaf surface and can be extracted in 1 to 2 minutes with chloroform. 
Analysis of this extract by thin-layer chromatography can be used as a 
taxonomic characteristic. 

The analysis of sesquiterpene lactones by thin-layer chromato- 
graphy (Kelsey et al. 1976) can be used as a taxonomic character 
along with morphology and ecology to help identify or separate 
species and subspecies of sagebrush (Artemisia, section Tridenta- 
tae). Recently it was discovered that these compounds are located 
in glandular trichomes on the leaf surfaces and can be easily and 
rapidly isolated with a chloroform wash (Kelsey and Shafizadeh 
1980) eliminating the need for the extensive extraction procedures 
reported previously (Kelsey et al. 1976). 

Methods 

Ten to twenty sagebrush leaves from a fresh or air-dried sample 
were placed into a test tube, covered with one milliliter of chloro- 
form, and shaken for I to 2 minutes. The leaves were removed, 
discarded, and the chloroform evaporated from the extract. Evap- 
oration was accelerated by blowing a stream of air over thechloro- 

The author is a reseach associate professor, Wood Chemistry Laboratory, Depart- 
ment of Chemistry, University of Montana, Missoula, Montana, 59812. 

This work was supported by the National Science Foundation PFR78-826314. 
Manuscript received February 17. 1981. 

form, or placing the test tube into a warm water bath. The 
concentrated extract was redissolved in a few drops of chloroform 
before being analyzed by thin-layer chromatography as described 
earlier (Kelsey et al. 1976). 

Discussion 

This new method of isolation has numerous advantages. It 
requires very little plant material which can be extracted fresh or 
air-dried. The glassware and quantities of solvent needed is min- 
imal, inexpensive, and easy to obtain. Lastly, the procedure is very 
rapid so that multiple samples can be prepared in a short period of 
time. Eighteen to twenty extracts can be chromatographed simul- 
taneously on a single 20 X 20 cm chromatography plate in less than 
two hours, and 20 to 40 specimens can be extracted and chromato- 
graphed in one day. This makes the sesquiterpene lactones a much 
more convenient characteristic to assess for species identification 
or separation. 
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Use our resources 
to manage yours 

STUDY AND MANAGEMENT OF 
LARGE MAMMALS 
Thane Riney, Australian National Park and Wildlife Service 
A comprehensive, authoritative guide to techniques and 
strategies for the study and management of large mammals. 
Internationally respected ecologist Thane Riney presents an 
integrated approach to field investigation and wildlife man- 
agement developed and tested over his more than twenty 
years’ experience working with complex, multi-species large 
mammal populations in North America, India, the Middle 
East, Europe, and throughout Africa. His approach organizes 
techniques according to the kind of information they pro- 
duce-occurrence, utilization, response-helping field re- 
searchers clarify the ecological basis of specific animal 
problems and develop appropriate options for resolving them. 

The book covers range-tested survey methods, techniques 
for identification and analysis, collection and treatment of 
material, the determination of habitat requirements, har- 
vesting large mammals, the management of special areas 
. . . plus guidance on when and how to use a particular meth- 
od, how to form questions and plan an investigation, and how 
to modify existing techniques or develop new ones for specific 
problems. 
(0 471-10062-5) approx. 544 pp. June1982 In Press 

FIRE ECOLOGY 
United States and Southern Canada 
Henry A. Wright, Texas Tech Unioersity, 
& Arthur W. Bailey, Unioersity of Alberta 
“A prodigious work. . . a valuable guide to using fire over 
an extremely complex geographic area and for a wide variety 
of plant communities. It should prove valuable to fire 
researchers, wildland planners, and land and resource man- 
agers. . . . will be a standard reference for years to come.” 
-James E. Lotan, Intermountain Forest and Range Ex- 
periment Station, Montana (in the Foreword) 
(0 471-09033-6) approx. 544 pp. 
March 1982 $44.95 

MODELLING FLUCTUATING POPULATIONS 
R.M. Nisbet & W.S.C. Gurney, both of the 
Unioersity of Strathclyde 
This practical manual shows how to formulate, analyze, and 
interpret population models. It emphasizes formulation and 
testing of models as well as the mathematics used in their 
analysis. Detailed case studies demonstrate techniques used 
in the solution of actual scientific problems. 
(0 471-28058-5) 379 pp. 1981 $53.50 

STRESS EFFECTS ON NATURAL 
ECOSYSTEMS 
Edited by Gary W. Barrett, Miami Unioersity, Ohio, 
& Rutger Rosenberg, Institute of Marine Research, 
Lysekil, Sweden 
The first extensive review of stress ecology, a new field of 
research directed at studying the effects of stress on the 
structure and function of natural ecosystems. Distinguished 
international researchers assess the goals and methods of this 
developing field and evaluate the results of representative 
large-scale investigations. Features many new ideas for im- 
proved impact-assessment, resource management, and eco- 
system analysis. 
(0 471-27834-3) 305 pp. 1982 $47.95 

DECISION-MAKING IN FOREST MANAGEMENT 
R.W. Williams, Cumbria College of 
Agriculture and Forestry 
A complete guide to financial decision-making tools for 
effective forest management such as price/size gradient, 
money yield, discounted revenue and expenditure, net present 
value. 
(0 471-10097-8) 143 pp. 1981 $39.95 

Order through your bookstore or write JOHN WILEY & SONS, Inc. 
Margaret Irwin, Dept. 2-1791. Books ordered direct 

*@j1gB2 ln Canada: 
605 Third Avenue, New York, N.Y. 10158 

from the publisher are available for 30-day 
free examination. %,& 22 Worcester Road, Rexdale, Ontario M9W 1Ll 

313-2-1791 
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BOOK REVIEWS 

NEW PUBLICATIONS 

U.S.-Canadian Range Management, 1978-1980: A Selected 
Bibliography on Ranges, Pasture, Wildlife, Livestock, 
and Ranching. Edited by John F. Vallentine. 1981. The 
Oryx Press, 2214 North Central at Encanto, Phoenix, 
Arizona 85004. 166 p. $45.00. 
This is a supplement to U.S.-Canadian Range Management, 

29351977:. . .(JRM 34(2): 167, 1981). Overall, thepreviousformat 
is maintained and includes literature through about mid-1980. 
Changes in the supplement format include a citation number for 
each article which is referenced in the 1 l-page author index and the 
90-page subject index rather than the coded subject classification 
used in the original volume. Also, a key-word subject index has 
been added which follows the format used in the Bibliography of 
Agriculture. The original volume contained 51 major journals as 
literature sources; the current supplement adds 15 more journals. 
The four-level classification system using ten primary topical sub- 
ject areas has been maintained.-EX 

New Deal Planning: The National Resources Planning 
Board. By Marion Clawson. 1981. Resources for the 
Future, Inc., 1755 Massachusetts Ave., N.W. Washing- 
ton, D.C. 20036. 356 p. $32.50. 
Marion Clawson states, “The purposes of this book are to 

analyze and describe the National Resources Planning Board 
(NRPB) and its direct predecessor agencies in the setting of their 
times, and to draw from that description and analysis any lessons 
their experience offers us today.” Within this premise, Clawson 
approaches the NRPB from three standpoints . . . its political and 
administrative history, the content of the NRPB’s work, and the 
relevance of the NRPB’s experience for the problems of the United 
States in the 1980’s. 

The National Planning Board was established on July 20, 1933 
by order of the Administrator of Public Works and subsequently 
evolved into the National Resources Planning Board (NRPB) on 
April 3, 1939 by Presidential Reorganization Plan No. 1. The 
NRPB was officially terminated August 31, 1943 and abolished by 
the Independent Offices Appropriation Act of 1944. The President 
of Resources for the Future (Emery N. Castle ) states, “Although 
REF’s [Resources for the Future] primary mission is to study those 
natural resource issues that relate directly to current problems, 1 
believe that publishing a book like this one about an expired 
agency is exceedingly relevant to current needs”. . . . “The expe- 
rience of this agency-its successes and failures-are most ger- 
mane as we try to grapple with similar problems in the 
contemporary scene.” 

The content of this book is organized into five parts consisting of 
twenty-two chapters and two appendices. The five parts are: Origin 
and Setting (I); History, Organization, Operation (II); Substantive 
Fields and Activities (III); The NRPB in the Structure of American 
Government (IV); and Demise and Legacy (V). The two appendi- 
ces document the official actions and major reports of the NRPB. 
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The author intends “. . . the audience for this book to be all 
persons who are interested in government, in natural resources, in 
economic and social studies, and in planning generally.“--Ed. 

Seed to Civilization: The Story of Food (Second Edition). 
By Charles B. Heiser, Jr. 1981. W.H. Freeman and Com- 
pany, 660 Market St., San Francisco, California 94104. 
254 p. $19.95, paper-$9.95. 
The subject of this book is ethnobiology, the study of plantsand 

animals in relation to man. Heiser begins with some consideration 
of the origin of agriculture and why plants and animals were 
domesticated. The majority of this 13chapter book is concerned 
with basic food plants and animals, why and how they are used, 
and where and when they were first domesticated. The plants 
treated include ail of the basic food crops. The coverage of plants 
has been expanded in the second edition, in addition to chapters on 
sugar, oil crops, the sunflower, and cotton. The discussion of 
animals is restricted to one chapter which focuses on those animals 
most important as food. Current and future food problems are 
discussed in the last chapter, which has been revised in the second 
edition to reflect the author’s view of the energy crisis as having a 
serious impact on agriculture. Also revised in the second edition, is 
the reference section; new titles have been included, older titles 
have been deleted. Additional chapters concentrate on legumes, 
the coconut, and plant evolution and breeding. 

The book is written for the general reader with no particular 
biology background--Ed. 

Discovering the Desert: Legacy of the Carnegie Desert 
Botanical Laboratory. By William G. McGinnies. 198 1. 
The University of Arizona Press, Box 3398, Tucson, Ariz- 
ona 85722. 276 p. $21.95, paper-$9.50. 
The Carnegie Desert Botanical Laboratory, west of Tucson, 

Arizona, in the Sonora Desert, is the subject of this book. The 
Laboratory was established in 1902 by the Carnegie Institute and 
transferred to the U.S. Forest Service in 1940. The investigations of 
the Laboratory included nearly all phases of the biotic and abiotic 
factors of the Sonoran Desert. The work of all of the scientists at 
the Lab is recognized, but highlighted are the contributions of 
Forrest Shreve including excerpts from his diary. 

McGinnies states that his “purpose in writing this book was to 
credit the high level of scientific accomplishment by Laboratory 
personnel and to bring together in readable form the results of their 
work for the increasing number of people who are interested in 
deserts and their unique vegetation.” 

Seven chapters make up the book’s contents: “The Establish- 
ment of the Desert Laboratory,” “The Nature of Deserts,” “The 
Sonoran Desert, ““Desert Mountains,*“Desert Climate,““Desert 
Soils and Physiographic Conditions,” and “Desert Plants and 
Their Relationship to the Environment.” Also, included is a list of 
scientific and common names, and a twenty-five page bibliography 
which includes all major publications of individuals associated 
with the Desert Laboratory. 
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The discoveries of these pioneer desert investigators are pres- 
ented for anyone seeking a greater knowledge and appreciation of 
the Sonoran Desert-Ed. 

Soil Science Simplified. By Milo 1. Harpstead and Francis 
D. Hole. 1980. Iowa State University Press, South State 
Ave., Ames, Iowa 50010. 121 p. Paper-$8.25. 
Harpstead and Hole have written a book aimed at a simplified 

and illustrated summary of basic information about soil science. 
The book is directed toward those who have an interest in soil 
science, but are not concerned with the technical aspects of the 
subject. 

Twelve chapters form the contents dealing with soil formation 
and use, physical properties, clays, humus, cation exchange, water 
and temperature, erosion, plant nutrition, engineering, organisms, 
classification, and landscapes. Each chapter is well illustrated with 
line drawings and tables. An eight-page glossary and an index 
conclude the book. 

This book is appropriate for secondary school earth science 
curricula and natural science lower division undergraduate univer- 
sity courses. It may also be used as a quick reference for practicing 
non-soils professionals and graduate students.-Ed 

The Ecology of Natural Resources (Second Edition). By Ian 
G. Simmons. 1981. Halsted Press, 605 Third Ave., New 
York, New 10016. 430 p. paper-$22.95. 
This book was first published in 1974 and was written because 

the author “. . . found that many of the books 1 read and recom- 
mended to students were either too limited in scope or spatial 
coverage or too strident in their viewpoint for my taste.“To account 
for this, Simmons has divided his book into three parts consisting 
of 13 chapters. Part I is an introductory chapter which discusses 
nature and resources. Part 11 discusses the resource processes 
including unused lands, protected systems, recreation, water, for- 
estry, food, minerals, energy, and pollution. Part III deals with the 
perception of limits including the future prospects for man’s 
numbers and reactions to environmental and social problems with 
alternative models of the future. The book is illustrated with 
numerous figures and tables, each chapter ends with a further 
reading list, and the text concludes with a 39-page bibliography. 

The major changes in this edition are that it has been revised 
statistically, an increased emphasis on energy in relation to other 
resource process, and a new section on tourism. 

The author hopes this text will be primarily useful for upper- 
division courses and stresses it is intended as an introduction and 
no more.-Ed. 

Biogeography: an Ecological and Evolutionary Approach 
(Third edition). By C. Barry Cox and Peter D. Moore. 
1980. Halsted Press, 605 Third Ave., New York, New 
York 10016. 235 p. paper-$21.95. 
Biogeography is “the study of the patterns of distribution of 

organisms in space and time.” Cox and Moore state, “This book 
attempts to integrate the three main threads of biogeography, 
which have hitherto remained largely separate. These threads are 
ecological biogeography. . ., the analytical biogeography of distri- 
bution patterns today . . ., and historical biogeography. . .” 

To accomplish this integration process, this book is divided into 
nine chapters each with several sub-chapters covering such topics 
as habitats and microhabitats, endemic organisms, biomes and 
life-forms, competition, isolating forces, plate tectonics, dispersal 
and distribution, glacials, and man’s impacts. This text is well 
illustrated with figures and tables, and each chapter concludes with 
a list of references. 

Changes in the third edition include examples taken from recent 
ecological research, a more thorough analysis of the relationship 
between animal and plant biogeography with continental draft and 
climatic change, a rewritten chapter on island biogeography and 
how the mathematical approach to island biogeography can be 
applied to conservation problems, and a broader treatment of the 
Ice Ages to encompass the entire world instead of just northern 
Europe.-Ed. 

The Encyclopedia of Soil Science, Part 1: Physics, Chemis- 
try, Biology, Fertility, and Technology. Edited by Rhodes 
W. Fairbridge and Charles W. Finki, Jr. 1979. Dowden, 
Hutchinson and Ross, Inc., 523 Sarah St., Stroudsburg, 
PA 18360. 646 p. $59.50. 
This book provides information on the nature and properties of 

soils and represents volume 12 in the Encyclopediu ofhrfh Scien- 
ces series. The emphasis is on soil physics, chemistry, biology, 
fertility, and technology. The articles include such topics as acidity, 
capillary pressure, inorganic soil components, phosphorus cycle, 
radiocarbon dating, soil structure, and thermal regimes. The 
author and a list of references is provided at theend of each article; 
112 authors contributed to the nearly 150 major entries. The basis 
for the five topics of Part 1 of this two-part encyclopedia are the 
seven subfields of soil science used by the International Society of 
Soil Science: physics; chemistry; biology; fertility and nutrition; 
genesis, classification, and cartography; technology; and mineral- 
ogy. Part 2 of this encyclopedia will emphasize morphology, gene- 
sis, classification, and geography. Included in the Preface is a list of 
reference books and journals which complement this volume and 
nine tables which list the majority of units and symbols used in the 
text. A cross-referenced subject index and author citation index 
conclude this volume. 

The editors of this encyclopedia state, “Professional soil scien- 
tists, agronomists, geologists, and others will no doubt find this 
book a useful reference volume that summarizes basic facts and 
concepts. Graduate students, reference librarians, and others who 
deal with the nature, properties, and attributes of soil will have 
access to essential information and be directed to pertinent special- 
ized literature.“-Ed 
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