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ABSTRACT

Characteristics of forage resources commonly used in evaluating forage
quality are palatability, based on food habits and preferences, and
chemical compositions of forages in relation to nutrient reguirements of
animals. An additional characteristic of a forage resource is the
distribution and sizes of potential bites. This attribute influences the
efficiency with which a forage may be harvested by a herbivore. Concepts
of optimal foraging theory related to this characteristic of forapge
resources are reviewed. A method for measuring foraging efficlency of
bighorns is presented. Preliminary results, comparing efficiencles of
bighorns when browsing vs. grazing and when browsing shrub resprouts vs.
older shrub growth, are presented,

INTRODUCTION
Studies of bighorn sheep (Dvis canadensis) feeding ecology have
included habitat selectlon, g, and forage preferences (Constan

1972, Todd 1972, Stelfox 1976, Wikeem and Pitt 1979, Johnson 1980, and

others). Chemical-physical compositions of bighorn forages have also been

studied (Demarchi 1968, Hebert 1973). MNutritional requirements of

ruminants are fairly well known. Using such information, valuable bighorn

forages can be § ified as those forages in appropriate habitats,

Eﬂﬂ:f:;r:u by bighorns, and containing high levels of digestible energy and
L Has

Risenhoover (1%8l) demonstrated that habitat visibility and distance
from escape terrain influenced bighorn foraging efficlency. He measured
foraging efficiency as the percent of time spent foraging as oppaosed to
being alert or soclal. Bighorn preferred habitats wherain they foraged
most efficiently. Thus, occurrence in a habitat that does not require
ui?narns to divert time from foraging activity is a factor influencing the
value of bighorn forages.



Another characteristic of a forage resource may influence its value to
sheep. This characteristic is harvestability and is & function of the
spatial arrangement and sizes of potential bites. Therefore, valuable
forages must be available in suitable habitats, palatable, nutritious, and
distributed so they may be efficlently harvested. A desirable food which
camnot be harvested efficlently may be eaten only Incidentally during
;nrﬂglnq activities dictated by less nutritious, but more easily harvested
ooas.

Objectives of thls paper are to briefly review concepts and literature
in cptimal foraging theory applicable to large generalist herbivores and to
present a method for measuring bighorn foreaging efficiency which may

provide insight ints herbivore diet selection as it relates to the spatial
arrangement and sizes of food items.
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thank G. Schoonveld and the Colorado Division of Wildlife for support and
cooperation. A. Cooperrider made helpful suggestions on the manuscript.
We extend a special thanks to K. Risenhoover for providing stimulating
suggestions,

REVIEW
CPTIMAL FORAGING THEORY

A complete discussion of optimal foraging theory is beyond the scope of
this paper and only a cursory review 1s presented. For a more complete
réview, see Schoener (1971), Pyke et al. (1977), and Krebs (1978).

Although optimal foraging theory was originally concelved to predict
foraging behavior (search and acquisition) and diet selection (food choice)
of granivores (Emlen 1965) and insectivores (MacArthur and Planka 1985),
recent developments have provided insight to factors influencing diet
selection by large generalist herbivores (Westoby 1974, Pulliam 1975, Ellis
et al. 1976). Optimal foraging theory assumes natural selectlion has
produced animals which efficlently exploit their food resources and that
inefficient forages suffer a decrease in fitness. Animals maximize their
efficiency In obtaining energy and mutrients through decisions concerning
foraging behavior and diet selection. These decisions are made under
constraints placed on each animal by its behavior, morphology, physiology,
and environment. Thus, maximizing foraging efficlency 1s actually an
optimization process. If animals forage optimally, and if costs and
benefits of foraging are measured accurately, the observed cost-benefit

ratio represents the most efficient exploitation of available food
TeS0Uurces.

OPTIMAL FORAGING AND HERBIVORES

Most conceptual models .nl“ optimal foraging by herbivores have dealt
with diet selection as the sole process for maximizing energy Intake within
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constraints of meeting nutrlent demands (Westoby 1974, Pulliam 1975, Ellis
et al. 1976) or minimizing ingestion of toxins (Freeland and Janzen 157a).
For the most part, these models assume all potential foods are equally
harvestable.

Belovsky (1978) suggested that poor harvestabllity of aguatic plants
that were necessary for meeting sodium requirements of moose (Alces alces)
constrained the animal's sbility to maximize its energy intake, HIs model
for moose on Isle Royale assumed sodium from aquatic plants to be the
limiting nutrient and terrestrial forbs and browse to be the most
profitable sources of energy in a moose's summer diet.

In his study of the foraging efficlency of greater kudu (Tragelaphus
strepsiceros), Owen-Smith (1979) recognized a difference between
poten and "accepted™ foods and suggested differences iIn phenology
accounted for this discrepancy. More recently, Owen-Smith and Novellie
(1982) suggested that not only nutritive gquality, a function of phenology,
but also food bite size affect herbivore foraging efficiency.

Trudell and white (198l) investigated the effect of plant structure and
availability on relndeer (Rangifer tarandus) feeding and foraglng
behavior. They found both structure and avallability influence reindeer
biting rate, and bite size.

Based on observations of bighorn foraging behavior and diet selection
in waterton Canyon, Colorado, we believe the following factors influence
foraging efficiency of the animals: (1) visibility and distance from
escape terraln; (2) group size; (3) forage nutritional guality; (4) sizes
of the available forage ltems; and (5) the spatial arrangement of forage
iltems. We are currently msu:ing bighorn foraging efficiency In a variety
of envirorments, using a method described below. We expect results will
provide insight to how the above factors affect bighorn foraging efficiency.

STUDY AREA

Bighorn sheep in Waterton Canyon provide a unlgue opportunity to study
foraging efficlency because they are habituated to humans, allowing
relatively close observations, and they seasonally exhibit 2 distinct
feeding strategies (browsing leaves of shrubs during summer-fall and
grazing grasses and forbs during winter-spring). Watertom Canyon is a
shrubland environment located approximately 40 km southwest of Denwver In
Colorado's front range (elevation - 1700-2345 m). The lower portion of the
canyon 1z dominated by Gambel ocak !rr_'us gu%&'_l on north-facing slopes
and true mountainmahogany (Cercocarpus montanus) on south-facing slopes.
Grassy openings are intersperse roughout the lower canyon and are larger
on the higher slnpes Prominent species in these openings are Indian
ricegrass ( is hymenoides), wheat grass (A ), bluegrass
(Poa spp.), egrass spp.), cheatgrass Erme Egumus tectorum),
halry goldenaster Et‘.‘hrgsgﬁ s villosa), and numerous other forbs. These
specles are also f n lesser densities in the understories of



mountainmahogany stands. Understorles of oak stands are dominated by
sedges (Carex spp.). In the upper portion of the canyon, coniferous
species including ponderasa pine (Pinus rosa) and Douglas-fir
(Pseudot menziesii) replace Gambe on north-facing slopes and oak
dominates the south-facing slopes. For a more complete description of the
Canyon, see Risenhoover (1981) and Rominger (1983).

METHODS

For this study, 4 measures of bighorn foraging efficlency are being
obtained.

1. Digestible dry matter Intake/step while foraging;
2. Digestible dry matter intake/minute foraging;
3. Crude protein intake/step while foraging:
4. Crude protein intake/minute foraging.
These necessitate measuring 3 components of bighorn foraging efficiency:

1. Fleld cbservations of foraging behavior to measure bite-intake
rates;

2. Estimation of bite sizes for each forage species eaten;
3. Mutritional analyses of bighorn forages.
QBSERYATIONS OF BEHAVIOR

Feeding higx:n ewes are observed through binoculars or a spotti
scope, Their aging behavior is described into a tape recorder during
2=10 minute cbservation periods for each sheep. Information recorded
includes the number of bites of each specles ingested, the number of st
taken while foraging (a step is defined as movement of a particular fmg?f
and any interruptions of foraging and feeding behavior.

These data provide indices of foraging efficiency in terms of
bites/step and bites/minute of foraging. A sheep is considered foraging
only when feeding or searching for food. (Searching for food is defined
here as whenever an animal is Interpreted to be looking at food or moving
toward food.) Additional information recorded with each observation
includes date, time, and habitat characteristics.

ESTIMATION OF BITES
Immediately following an observation period, the feeding site is

visited to verify the species consumed and obtain duplicate bites of each
specles by hand-plucking samples. Each sample represents 20 bites,



Samples are Tleld weighed and frozen within 24 hours. Prior to nutritiomal
analyses, samples are oven-dried at 50C for 48 hours and reweighed.

LABORATORY AMALY3ES

Samples are analyzed for in vitro digestible dry matter and crude
protein content (Kjeldanl N X 6.25). Upon completion of analyses,
coefficients of nutritional value will be applied to bitessize estimates to
obtain digestible dry matter/bite and crude proteir/bite for each major
forage. These estimates will then be applied to the observed intake rates
to calculate the above measures of foraging efficiency.

EXAMPLE RESULTS

Since nutritional analyses of forages are pending, results presented
here are preliminary and intended only to illustrate potential applications
of the technigue. Foraging efficiency is expressed at a cursory level in
bites/step and bites/minute.

For this study, blghorns were consldered "browsing" when 75X or more of
their bites during an observation period were on shrubs, and "grazing" when
75% or more of their bites during an observatlon period were on forbs
and/or grasses. Comparison of bighorn ewes browsing versus grazing was
based on 251 observation periods for a total of 1400 minutes (mean obs. =
5.4 minutes, Table 1). Sheep browsed most during June through October 1981
and grazed most during Movember 1981 through February 1982. when foraging
efficiency was measured as bites/step and as bites/minute, sheep were more
efficient while browsing (F<0.001l). However, these results do not address
differences in bite sizes between Fforage classes., Blomass Intake/bite was
lower when sheep were browsing trues mountainmahogany than when grazing
mature grasses and forbs. Ultimately, conclusions will be based on
digestible dry matter and protein intake per step and per minute.

A comparison of bighorns browsing year-old regrowth on clearcut true
mountainmahogany stands versus browsing on uncut stands of the same species
is not confounded by variation in bite sizes (Table 2). This comparison
was based on 92 observation periods for a total of 520 minutes (means obs.
= 5.8 minutes). Sheep foraged more efficlently while browsing on clearcut
shrubs, however, the difference may well have been due to sampling
variation (P<0.12 for bites/minute, Table 2). Resprouting on clearcut
shrubs concentrated many harvestable leaves into a small volume. ABlso
harvest of leaves on the resprouting shrubs was not impeded by large stems
which occurred on uncut shrubs.

Bites/minute appears to be about 3 times as precise a measure of
foraging efflclency as its bltes/step. When foraging efficlency was
measyred as bites/step, coefficlents of variatlon (St. Dev./mean) for
browsing and for grazing were 0.94 and 0.93, respectively (Table 1). In
contrast, when foraging efficiency was measured as bites/minute,
coafficients of variation were 0.26 and 0.32, respectively. A similar



trend occurs in Table 2. Although measurements of bites/minute sopear to
be more sensitive to changes in foraging efficiency, measurements for
bites/step may provide a better indication of eneroy or nutrient intake per

energy expended for harvesting fopd.

Tanle 1. Foraging efficlencles of ewes browsing leaves of shrubs versus
grazing grasses and forbs in waterton Canyon, Coloradoe.

Foraging EfTicl
5 EnEE% EIE&EEEM
Feeding Observations Coef. Coef.

Strategy {No.) Mean  5t.Dev. Var, Mean St.Dev. Var.
Browsingl/ 58 0.4 9.8 0.9 18.0 4.7 0.25
Grazing 163 g0 5.6 097 14,9 4.8 0.32

1/ sheep were considered browsing when 75% or more of their bites were
of browse species during an observation period. Sheep browsed most
during June-October 1581.

2/ sheep were considered grazing when 75% or more of their bites were of
grasses and forbs during an observation period. Sheep grazed most
during Movember 1981 - February 1982.

+ pifference between browsing and grazing significant at P 0.001.

Table 2. Foraging efficiencies of ewes browsing clearcut versus unmcut true

mountainmahogany {E&mma%s montanus) in Waterton Canyon,
r .

Colorado, June-Move

Foraging Efficiency
B85 gs/Minutes

Forage Ooservations oef. Coef.
Type (Mo.) Mean St.Dev. Var. Mean  St.Dev. Var.
Clearcut 12 14.1 15.3 1.08 20.2% 4.8 0.24
Uncut B0 9.9 8.8 0.88 17.7% 4.5 0.25

#i fference significant at P 0.12
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COMCLUSION

The value of a forage resource to bighorns is determined by its
nutritional compesition, palatabllity, the habitats in which it occurs, and
its availability for efficient harvest by bighorns. This 4th
characterlstic, harvestability, is dependent upon the sizes and spatial
arrangement of potential bites. Harvestability of forages is often
overlocked in range evaluations.

Optimal foraging theory assumes animals have evolved foraging behaviors
and diets which maximize their efflclencles In exploiting their food
resouces. Most applications of the theory to ungulates have dealt with
prenicl:in? optimal diets from an array of potential forages. The potential
effects of differing forage harvestabilities on diet selection have been
largely neglected.

A method for measuring foraging efficlency of blghorns has been
described. The method has promise for providing insight Into the effects
of the sizes and spatial arrangements of potential bites on bighomn
foraging efficiencies. Such knowledge should help identify valuable
bighorn forage resources and increase our understanding of highorn habitat
requirements.
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