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ABSTRACT: Based on studies of radio-collared female moose (Alces alces) in three different winter
areas in Norway, this paper describes variations in resource utilization and diet selection, and how these
variations are associated with range use and activity. Moose on good winter ranges allocated more time
to foraging activities and used larger areas in search for browse than moose on poor ranges. Although
geographic and individual variation in foraging behaviour are caused by variation in forage quality,
quantity and accessibility, a large proportion of the individual variations within a single area was
explained by differences in body weight, probably related to variation in competitive ability. Thus,
heavier animals have access to browse of higher quality than lighter animals, which reduces the time
needed for rumination. A multidimensional concept to explain the relationship between intake, quality
and quantity of browse is suggested.
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One major concemn of wildlife biologists
and managers is to predict the population
responses to variation in food resources. Asa
partof this relationship, we have to understand
the foraging behaviour of the animals in re-
lation to the food availability. MacArthur and
Pianka (1966) sought an evolutionary expla-
nation for observed patterns in foraging be-
haviour. They assumed that an animal would
promote its fitness by maximizing the rate of
energyintake. However, energy maximization
is not the only contributor to fitness. Animals
must derive specific nutrients, react to com-
petitors, avoid predators and allocate time to
other essential functions (Hughes 1990). In
this paper we ask whether application of op-
timal foraging theory can explain patterns
recorded at the population level. We will
argue that a proper understanding of the rela-
tionship between consumption of browse and
browse availability depends on an under-
standing of the behaviour of the animal. The
study was carried out in three different winter
areas inNorway; anorthern area withmedium
availability of high quality browse, a central
area withlow availability oflow quality browse
and a southern area with high availability of
medium quality browse. We will briefly (1)

present variations in resource utilization and
diet selection, (2) discuss on the relationship
between activity patterns and resource utili-
zation, (3) present some data relating body
weight to consumption rates, and finally (4)
discuss the effects of environmental condi-
tions and how these factors affect the functional
response of moose during winter.

Resources Utilization and Diet Selection

Comparisons between the moose popula-
tion in northem and central Norway, showed
that for a single browse species birch (Betula
pubescens), the average clip diameter dif-
fered in relation to the availability of browse.
The largest clip diameters were taken in the
area with lowest food availability (Saether
and Andersen 1990). Also the amount of
browse which was removed perunit areaby a
browsing individual was highest in the area
with low resource availability (Saether and
Andersen 1990).

Comparing the diet composition of moose
in all three areas, we found strong preference
forSorbus aucuparia, Prunus padus and Salix
spp., all characterized by medium and high
digestibility. the consumption of these spe-
cies were only to alesser degree influenced by

101



BROWSE INTERACTIONS - ANDERSEN AND SAETHER

the presence of other, less preferred species
(Saether and Andersen, in prep). Geographic
variation in the selection of scots pine (Pinus
silvestris) and birch was proposed to be caused
by higher availability of high quality tree
species (Saether and Andersen, in prep.).
Consequently the diet choice of moose does
not become a fixed function of the character-
istics of the plant itself, but depend on the
relative and absolute abundance of the avail-
able browse species. The differences in diet
choice were further associated with differ-
ences in range use.

Activity Pattern and Consumption of Food

According to Holling (1965), the func-
tional response consists of two components:
(1) the amount of resources removed per unit
time while foraging and (2) the time available
for foraging. Consequently, a detailed under-
standing of the factors affecting the available
foraging time are a prerequisite for a proper
understanding of the interactions between a
herbivore and its resources.

Referring to the northern and central study
area, greatdifferences in the activity level was
found. In the northern area adult moose al-
located ca. 2 hr more per day to foraging
activities as compared with adult moose in the
central area (Saether and Andersen 1990).
Due to. the fact that dry matter intake (DMI)
did not differ between the areas, while net
digestible intake did, we suggested that moose
inthe northerm area used theirincreased forag-
ing time to increase their selectivity for high
quality forage. On the contrary, moose in the
central area utilized a greater proportion of the
available food, causing an intake of food of
low digestibility which greatly extended the
time needed for rumination. Consequently,
moose on good quality ranges allocated more
time to foraging than moose on poorer ranges.

The Effect of Environmental Conditionson
DMI
Earlier we have argued that rate of forage
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intake inlarge herbivores is determined by the
interaction of three components: quantity,
quality and accessibility of the food (Saether
et al. 1989). In contrast to snow depth and
temperature, variation in the quantity of the
browse was able to explain a significant pro-
portion of the variance in the forage intake of
both calves and cows. There was a positive
correlation both in calves and cows between
the mean digestibility of the twigs selected
and available biomass (Andersen and Saether,
1992). This indicates that the moose included
a higher proportion of twigs in the diet of
species of high digestibility when the food
supply was rich. The twigs of those species is
generally larger than the twigs of species of
lessdigestibility (Bergstrom and Danell 1987,
Saether 1990). Thus, a correlation will then
appear between bite size and available
biomass, as demonstrated by Spalinger et al.
(1988).

Functional Response of Moose

The linear relationship between dry mat-
ter intake and food availability leads to the
suggestion that the intake rate while foraging
is the principal component determining the
functional response curve of moose in winter.
A similar argument has been made by Astrém
etal.(1990). We were not able to demonstrate
a relationship between quality of the browse
and total foraging time, although an inverse
relationship between diet quality and rumi-
nation time is generally known for large her-
bivores (Robbins 1983). In fact, we have
already shown that a larger proportion of the
day was used for foraging at winter ranges
with a rich supply of high quality browse
(Saether and Andersen 1990).

Body weight is another factor which may
influence the total foraging time. In the
northern area a close negative relationship
between body size and total foraging time
exists (Andersen et al., in prep.). Thus, the
lightest cows were found to allocate a greater
proportion of the day to foraging activities
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than heavier cows in the same area. We also
found an inverse relationship between the
amount of selected browse species within the
habitat and total foraging time. In fact, the
amount of preferred species were able to
explain 86% of the variation in total foraging
time. This strengthens our suggestions that
the lightest cows are excluded from the high
quality patches by heavier competing animals.
Consequently, we will suggest that the higher
activity level associated with the lightest cows
was caused by an increased searching time.
Although a correlation between DMI and
body size for adult cows was missing (P >
0.1), cows with large body size will not be
exposed to an increased energy cost related to
searching for food, as would lighter cows in
the same area, which can be allocated to other
fitness-enhancing activities (Abrams 1982).
Thus, “the time available for foraging” -
component of the functional rate may depend
on body weight.

We suggest on the basis of this reasoning
on the relative importance of the different
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components of the functional response, a
multidimensional approach to the relation-
ship between intake, quality and quantity of
food in large herbivores (Fig. 1). This study
has demonstrated a positive relationship be-
tween intake and browse availability. Whether
this is a Holling curve of Type 1 or Type 2
(Holling 1959) does not matter for the sake of
argument. For a given abundance of browse,
we assume that the intake will also depend on
the quality of the browse, because a larger
proportion of the time can be used foraging
when the browse is of high quality. Conse-
quently, the intake may be described by a
three-dimensional function of those two
variables. An essential similar argument has
previously been made by Abrams (1982).
The figure shows a hypothetical relationship
between dry matter intake per 24-h (DMI) of
alarge generalistherbivore, quality (expressed
as digestibility) and quantity of browse.
Simulations of plant-herbivore interac-
tions have shown that the dynamics is sensi-
tive to the variation in the functional response

Fig.1. A hypothetical relationship between dry matter intake per 24-h (DMI), quality (expressed as
digestibility) and available biomass (Availbio), of a large generalist herbivore.

103




BROWSE INTERACTIONS - ANDERSEN AND SAETHER ALCES SUPPLEMENT 1 (1992)

(Crawley 1983). The present study may pro-
vide a link between behaviour of individuals
and population dynamics. The impact of this
type of functional response on the dynamics
betweenherbivores and their resources should
therefore be examined (cf. Lundberg and
Astrom 1990).
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