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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. 
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