Ann. Zool. Fennici 26:411-423. 1989

Foraging behaviour of shrews

Jarmo Saarikko

Saarikko, J. 1989: Foraging behaviour of shrews. — Ann. Zool. Fennici 26:411-423.

This paper reviews the foraging behaviour of temperate shrews, including the ecolog-
ical and physiological constraints on foraging decisions. Ecological constraints limit food
availability through resource competition and predation. The physiological constraints
include the sensory capabilities of shrews, their energy requirements and their physiologi-
cal capacity for food processing. Several kinds of foraging situations have been studied
with shrews. This paper reviews experiments on prey selection and factors affecting it,
risk-sensitive foraging, and the effects of temporal and spatial variation in prey availability

on foraging decisions.
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1. Introduction

Shrews comprise the family Soricidae of the order
Insectivora, with some 250 described species (Corbet
& Hill 1980), some of which have rather restricted
distributions (many tropical species) while others
have continent-wide distributions (especially many
temperate species). The Soricidae is divided into two
subfamilies: Soricinae and Crocidurinae. Crociduri-
nae have a more southern distribution and they are
more sociable than Soricinae. For a detailed compari-
son of the two subfamilies see Vogel (1980) and
Genoud (1988). This paper is restricted to the forag-
ing behaviour of Soricinae shrews. - ’

Shrews have an exceptionally high mass-specific
metabolic rate, and they are so small that they are
unable to store large energy reserves in their bodies
(Vogel 1976, Hanski 1984). This means that shrews
are unable to sleep for.longer than a few hours at a
time. The Soricinae shrews have a higher mass-spe-
cific metabolic rate than Crocidurinae (Vogel 1976),
and lack the ability to enter torpor (except for Notio-
sorex crawfordi; Lindstedt 1980, and possibly Sorex
sinuosus; Newman & Rudd 1978), while many spe-
cies of Crocidurinae can make use of torpor to save
energy whileasleep or during unfavourable environ-
mental circumstances (Newman & Rudd 1978).

Because of their constant need for food and wide
range of potential prey items (e.g. Pernetta 1977,
Aitchison 1984), shrews have to make hourly vitally

important decisions about foraging. Optimal foraging
theories (Stephens & Krebs 1986) have been devel-
oped to study the adaptive value of foraging de-
cisions. In the long term, an individual which maxi-
mizes its short- and medium-term foraging efficiency
may increase its rate of reproduction and thus its fit-
ness. Classical optimal foraging theory assumes that
only the mean reward rate affects foraging decisions,
while models based on the risk of starvation assume
that both the mean and the variance are important
(Barnard et al. 1985). The risk-sensitive foraging the-
ory (Caraco et al. 1980, Caraco 1981, Houston &
McNamara 1985) predicts that when an individual is
running below its estimated energy balance, and
when the average reward rate at the feeding sites is
lower than the requirement, the individual is likely to
choose the option with a high variance in reward rate,
which would give it a higher chance of survival. In
contrast, when an individual is running above its
estimated energy balance it will choose low reward
variability (Barnard & Brown 1987).

The two basic models of optimal foraging, on prey
and patch selection, assume that the foraging in-
dividual attempts to maximize the average rate of
energy intake. The prey model makes three main pre-
dictions (Stephens & Krebs 1986). First, the zero-one
rule, according to which a prey type is always taken or
is always ignored in a given foraging situation. Sec-
ond, the prey types are ranked by profitability (energy
gained per energy expended in procuring the prey),
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and the prey are added to the diet in the order of their
rank. Third, inclusion of a prey type in the diet does
not depend on its own encounter rate. The patch
model’s main result is the marginal value theorem,
according to which the rate of gain in a patch at a
point when it is left equals the long-term average rate
of gain in the environment (Stephens & Krebs 1986).

There are several limitations to the basic models,
such as the assumption about separate encounters
with prey and about complete information, the for-
ager’s state is not considered, etc. (Stephens & Krebs
1986). In spite of these limitations, optimal foraging
models are often successful in predicting decision
rules for predators in simple situations (Krebs 1978).

I will now firstly examine the environmental con-
straints, comprising mainly other animals of the same
and other species, which as competitors, predators or
prey of shrews affect their foraging decisions. I shall
next look at the internal factors, such as the energetic
requirements, sensory capabilities and the physiology
of food processing, that may limit or affect the
shrews’ foraging decisions. The fourth section of this
paper will review experiments testing various forag-
ing problems with shrews.

2. Ecological constraints on foraging
2.1. Assemblages of coexisting shrews

Several species of shrew are usually found to-
gether in the same habitat (Moraleva 1987, Sheftel
1989). Assemblages of coexisting shrews usually
consist of species of different sizes (Hanski 1990).
Size differences are often considered to represent
ecological niche differentiation, for example differ-
ent-sized species specialize in different-sized prey.
Similar assemblages of shrews are found both in the
palearctic and the nearctic regions (Hanski 1990). In
the palearctic region, the numerically dominant spe-
cies is the common shrew Sorex araneus, which is
much larger than the dominant species in the nearctic
region, the masked shrew Sorex cinereus (Kirkland &
Kirkland 1989, Virtanen 1989, Hanski 1990).

Apart from size divergence, coexisting shrew
species may show other ecological specializations.
Most Soricinae species seem to be active around the
clock, while many Crocidurinae are nocturnal ac-
cording to both laboratory (Crowcroft 1954, Martin-
sen 1969, Buchalczyk 1972, Golden & Meester 1976,
Vogel et al. 1981) and field data (Genoud & Vogel
1980, Khlyap 1983, Genoud 1984). Croin Michielsen

(1966) and Grainger & Fairley (1978) have shown
that the common shrew lives and forages more com-
monly underground than the pygmy shrew Sorex min-
utus, which forages in the litter-zone, and generally
the large species of shrew tend to forage underground
to a greater extent than the smaller species (Hanski
1990). Ellenbroek (1980) expected a shift towards
more underground activity as proof of a habitat
switch in the pygmy shrew in the absence of the
common shrew in Ireland, but he did not observe such
a shift, suggesting that the difference in the foraging
habitat is not caused by present competition, but that
the species are genetically adapted to living in a
particular microhabitat. However, Dickman (1988)
found that when common shrews were removed from
an experimental plot, pygmy shrews tended to move
into microhabitats previously occupied by the com-
mon shrews, and the mean prey size eaten by the
pygmy shrew increased from 6.2 to 7.9 mm (27%),
while that of control individuals increased by only
2%. Similarly, when Malmquist (1985) selectively
removed all the common shrews from an experimen-
tal area and found that the density of the pygmy shrew
doubled. The larger species of shrew are often more
abundant than the smaller species in the most produc-
tive habitats, sometimes inhabiting them exclusively,
while the smaller species are relatively more abun-
dant in the poorer habitats, probably being negatively
affected by the larger species in the best habitats
(Malmquist 1985, Hanski 1990).

2.2. Social structure of shrew populations

Territoriality

Shrews are very aggressive in defending their
solitary way of life. Young immature shrews start de-
fending territories in late summer; if they do not find a
territory of their own they are usually doomed to
death (Hawes 1977). The main reason for strict terri-
toriality in immature shrews is probably the need to
secure sufficient food resources for winter (Randolph
1973, Hawes 1977). Possessing a territory which the
shrew knows thoroughly may be essential also for
short-term survival.

The size of the territory is expected to depend on
the energy demands of the shrew, on the availability
and quality of food, and on the foraging efficiency of
the shrew (McNab 1963, Hawes 1977). Croin Mic-
hielsen (1966) found that, unexpectedly, the ter-
ritories of the small pygmy shrews were twice as large
as those of the much larger common shrews. This was
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explained by the better accessibility of the common
shrew to underground food sources, e.g. earthworms,
which the pygmy shrews do not make use of.

Wide overlap often exists in the observed food
selection of sympatric shrew species, possibly lead-
ing to resource competition (e.g. Hamilton 1930,
Dickman 1988). In this situation, defending a terri-
tory against members of other species may be worth
the costs of defence (Hawes 1977). Coexistence is
allowed because each species may have one or sev-
eral microhabitat types where it is a superior com-
petitor (Hawes 1977). Interspecific territoriality be-
tween shrew species has been reported by Croin
Michielsen (1966), Hawes (1977), Malmquist (1985)
and Moraleva (1989).

Mating system

Practically all shrews delay maturation until the
spring following their birth (Dokuchaev 1989, Sheftel
1989 and references therein). In spring, females re-
main territorial while males expand their home ranges
(Hawes 1977). The mating system is promiscuity.
During lactation the energy requirements of females
greatly increase (Glazier 1985, Genoud pers. comm.),
explaining why the females expand their territory in
spring, though not as much as males (Hawes 1977).
Later in summer the old shrews seem to be non-ter-
ritorial, at least towards juveniles (Croin Michielsen
1966, Moraleva 1989). Females have a post-partum
oestrus, and are able to produce two to four litters in
rapid succession right up until their death (Crowcroft
1957).

2.3. Predators of shrews

Predation risk may affect foraging in several
ways, for example the patch residence time (Stephens
& Krebs 1986). Shrews may cache extra food items
under cover in safe places or in the nest to avoid
predation risk while ingesting food (Dehnel 1961,
Maser & Hooven 1974, Skarén 1978, Robinson &
Brodie 1982, Martin 1984). The main predators of
shrews in Europe are some predatory birds such as
owls, harriers and the kestrel (Falco tinnunculus),
while mustelids do not seem to be important, not at
leastin Central Finland (Korpimiki & Norrdahl 1987,
1989a). Small mammalian predators dislike the
strong smell and taste of shrews (Erlinge 1981).
Avian predation on shrews is independent of the den-
sity of shrews, which are the second choice for preda-
tors strongly preferring voles (Erlinge 1981, Kor-

pimiki & Norrdahl 1989a). This result supports one
of the main predictions of the prey models: prey
selection should depend only on the density of the
prey with higher profitability than that of the target
species (Stephens & Krebs 1986). Korpimiki &
Norrdahl (1989b) review the predators of shrews in
detail.

Most shrew species share the same intestinal par-
asites over their entire geographical ranges (Hauki-
salmi 1989). This observation lends further support to
the idea that different shrews share the same prey
species (next section). The main intermediate hosts of
the parasites are Mollusca, Collembola and Lumbri-
cidae. In Poland, the Catopidae (Coleoptera), com-
mon insects in small mammal nests, are important
intermediate hosts of the parasites of the common
shrew (Kisielevska 1963).

2.4. Type and availability of prey

There are no distinct differences in the prey selec-
tion of different shrew species. The smaller species
usually eat larger quantities of smaller arachnids or
opilionids, while the larger species eat, in addition to
the smaller prey, earthworms, frogs and even other
mammals (Ackefors 1974, Pernetta 1976, Aitchison
1987). The carcasses of dead voles and mice may be
an important prey type during winter (Schliiter 1980),
and some shrews actively hunt young vole sucklings
in their nest (Ruzié 1972). Shrews are obviously able
to discriminate between different prey types but what
is encountered and rejected is not really known
(Crowcroft 1957). Shrews will probably eat any ani-
mal which they can catch and handle (Pernetta 1976,
Aitchison 1984).

The availability of suitable prey is often limited
and several investigators have concluded that food
availability may limit shrew populations (Holling
1959, Judin 1962, Hawes 1977, Butterfield et al.
1981).

3. Physiological constraints on foraging
3.1. Energetic requirements

Because of their very high mass-specific meta-
bolic rate (Vogel 1976, 1980, Hanski 1984) and small
body reserves, shrews need a constant supply of food.
A common shrew will survive in the laboratory for
less than eight hours without food and water (Crow-
croft 1954), and the smaller species starve in even
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shorter periods of time (Gebczynski 1971). In the
wild survival times may be even shorter. However,
the lack of body reserves may be compensated for by
short-term food caches (Section 4.6).

In autumn and winter, at below freezing point, the
energy cost of maintaining homeostasis at rest is
much greater than in summer. The weight of Sorex
shrews usually drops during winter and their skull and
body measurements decrease (Pucek 1970, Hyviri-
nen 1969). The reduction of body length is induced by
histolysis of cartilage and bone tissues on the edges of
intervertebral discs. The height of the skull is reduced
by actively dissolving the skull bones at the joints,
which is carried out from September until January
(Hyvérinen 1969). The decrease in body size in win-
ter seems to be an adaptation in Soricinae shrews to
save energy, since the energy expenditure is closely
related to body size (Genoud 1985, 1988). It is note-
worthy that the shrew species inhabiting the coldest
regions are, on average, smaller and lighter than the
southern species (Mezhzherin 1964).

Shrews have the highest measured quantities of
brown fat among mammals (Brown Adipose Tissue,
the heat generating tissue which is dispersed all over
the body). High concentrations of BAT can be found
around the oesophagus and in the thighs around large
veins. A large amount of BAT is thought to be another
adaptation increasing survival over the winter.

Foraging takes up most of the active time of
shrews, especially in winter. Genoud & Vogel (1980)
were able by artificial feeding to decrease the daily
activity of free-living shrews in winter (Crocidura
russula) from 495 min (34%) to 208 min (14%),
which is close to the activity level of captive shrews.
In captivity, the activity level of shrews depends
mainly on their energy requirements (Crowcroft
1954, Girons 1959, Genoud 1988).

Refection, or coprophagy, has been observed in
many species of shrew (Crowcroft 1952, 1957, Maser
& Hooven 1974). In refection the rectum is everted by
rapid abdominal contractions to a distance of about 5
mm and then licked and gently nibbled. It has been
suggested that refection is a method of increasing the
assimilation of essential substances otherwise lost in
the faeces (Crowcroft 1952, Goulden & Meester
1978, Skarén 1978).

3.2. The senses
Vision
The poor eyesight of shrews has been confirmed

by moving prey items quietly near a shrew, which
usually does not notice anything (e.g. Crowcroft

1957). The eyes of shrews lack the fovea, the spot of
maximal visual acuity (Branis 1985). Shrews do not
use vision in finding prey but vision may be used in
close contact, for example when deciding whether a
prey will be pursued or not depending on its size
(Barnard & Brown 1982). The rearing up on two feet
in aggressive disputes, thus exposing the white belly,
is a visual signal to a competitor, which demonstrates
that shrews do use visual information (Crowcroft
1957, Saarikko 1988).

Smell

Like most mammals, shrews have a good sense of
smel]l, enabling them, for example, to follow the scent
tracts of beetles and pursue the prey even un-
derground (Maser & Hooven 1974). Yoshino & Abe
(1984) found in their experiments with Sorex un-
guiculatus and S. cinereus that in the detection of in-
active prey, such as fly pupae, scent was important in
shallow soils less than 2 cm in depth, but in deep soil
(5 to 30 cm) the finding of pupae appeared to depend
on chance, though S. unguiculatus did actively dig in
deep soil. Holling (1958), working with S. cinereus
and Blarina brevicauda, found that shrews used ol-
faction for locating sawfly cocoons or any new object
placed under 2 cm of sand. The locating behaviour
seemed to be innate while prey selection in the eating
phase was learned. Thus the shrews learned to rec-
ognize the odour of inedible, parasitized cocoons and
stopped digging them up (Holling 1958).

In Crowcroft’s (1957) experiments shrews pre-
ferred mealworms to earthworms, and woodlice to
mealworms. Crowcroft (1957) offered four species of
woodlice to his experimental subjects. The shrews
usually sniffed at the animals offered and then
selected Philoscia, while Armadillium was always
eaten last. The order of preference seemed to be
primarily due to taste, for Armadillium was often re-
jected after being crushed in the jaws.

Sound

Rudge (1968) found that in most cases the com-
mon shrew located its prey by nasal contact, but oc-
casionally shrews oriented to the slight sounds of
moving Isopoda and Chilopoda in the dish where they
were offered.

Shrews are able to emit and hear ultrasonic sounds
and probably use these for locating prey in under-
ground tunnels and at short distances (Forsman &
Malmquist 1989). Maser & Hooven (1974) found that
the Pacific shrew Sorex pacificus occasionally man-
aged to catch flying insects by orienting to their
sounds; more often the shrews would jump over
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alighted insects or grab them from the sides of the
cage. Shrews jumping on top of prey have also been
observed by Pernetta (1977), especially after an un-
successful first approach. A warning sound emitted
by some insects keeps the shrews from attacking, but
when some individuals failed to create the sound they
were immediately attacked by the shrews (Maser &
Hooven 1974).

Touch

Shrews mainly find their prey by touch
(Crowcroft 1957, Rudge 1968, Yoshino & Abe 1984,
Burda & Bauerovd 1985, Pierce 1987). After contact,
prey may be followed, perhaps by the sound or odour,
and the decision whether to take the prey is mainly
based on the sense of smell or taste.

3.3. Morphological constraints

The digestive tract

The Soricinae shrews have a relatively larger
stomach than other insectivores. The pyloric gland
section of the stomach, where protein rich meat is di-
gested, is particularly elongated and large in Sorex
(Myrcha 1968). Stomach size and the ratio of the sur-
face area of the stomach to the body weight are largest
in the smallest species of shrew.

According to Myrcha (1968) the main reason for
the differences in the relative stomach sizes is differ-
ences in the amount of food eaten. Shrews that weigh
less than 5 g eat proportionately much more than the
larger species (Sorex minutissimus up to 200% of its
body weight in 24 hours; Hanski 1984). The smallest
shrews may also need a proportionately larger stom-
ach than large species to store food in order to sutvive
over the sleep periods (Hanski 1984).

The relative length of the intestine decreases with
decreasing body size in shrews (Okhotina 1974). The
smaller species have a higher assimilation efficiency
than the larger ones, excepting the very smallest spe-
cies (Hanski 1984). A short digestive tract, rapid
throughput and high assimilation efficiency in the
smaller species may be related to the kind of food
consumed by them. The very smallest shrews have a
lower assimilation efficiency than medium-sized spe-
cies. The smallest species may have to maximize net
energy gain rather than to minimize foraging time,
because of their exceptionally high mass-specific
metabolic rate. A decrease in throughput time may
decrease assimilation efficiency but increase net en-
ergy gain. This assumes that ingestion rate is not a
limiting factor (Hanski 1984).

Digestive or absorptive ‘bottlenecks’ and other
such constraints may mean that the optimal ingestion
rate is below the maximum possible (Barnard et al.
1983). Saarikko & Hanski (1989) found that the
length of short rest periods during foraging bouts,
observed for several species of shrew (Crowcroft
1954, Barnard et al. 1983), is positively correlated
with the amount of food eaten immediately before the
short rest period. This observation implies that a
shrew enters a short rest period when its digestive
tract is so full that no more food can be profitably
ingested.

One way around digestive constraints and a way
of ensuring sufficient short-term food supplies is to
cache the food items that cannot be ingested immedi-
ately (Section 4.6).

Tooth wear

The teeth of shrews wear down rapidly and they
do not grow as in e.g. microtine rodents. Age groups
of shrews can be easily separated by tooth wear (Pear-
son 1945, Dapson 1968, Pankakoski 1989). Dapson
(1968) found that in Blarina brevicauda the sharp
points of teeth wear off rapidly in early age, after
which the rate of wear slows down, while Pankakoski
(1989) found that the wear is accelerated in old age, as
the hard surface of the teeth wears off. Others (Cona-
way 1952, Rudd 1955) have found that tooth wear is
constant throughout life.

Most investigators agree that the quality of habitat
and diet strongly affect the rate of tooth wear. The
teeth of individuals eating more grit-filled earth-
worms or biting the hard exoskeleton of beetles may
wear off faster. Sorex obscurus has slightly larger and
more slowly wearing teeth than S. vagrans. Robust
teeth may be an adaptation to masticating small chiti-
nous insects, which are proportionally more nu-
merous in poorer soils. This and perhaps different
hunting techniques may give S. obscurus a competi-
tive advantage over S. vagrans on poor soils (Hawes
1977).

4. Experiments on foraging behaviour of shrews
4.1. Prey species selection

Shrews are able to discriminate between different
kinds of prey, and as noted in Section 3.1, sometimes
they show a distinct food preference (Crowcroft
1957). Usually, however, all litter- and ground-dwell-
ing invertebrates, with the possible exception of e.g.
some millipedes, are pursued and ingested (Pernetta
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1976, Aitchison 1984). For example, captive black
shrews Sorex isodon (Skarén 1979) consumed bees,
ants, aphids, beetles, moths, flies, sowbugs, spiders,
chilopods, lumbricids and the carcasses of fish, frogs,
small passerines and voles (see also Maser & Hooven
1974).

A general rule emerging from the experiments by
Rudge (1968) was ‘first encountered, first eaten’. The
range of prey available was not examined by shrews,
although sometimes an item was dropped in favour of
another one if the two were found close together.
These results support the basic assumption of optimal
foraging models that prey items are encountered se-
quentially (Introduction). Rudge (1968) concluded
that the level of hunger affected the selectivity of
shrews, especially at the beginning of a feeding pe-
riod, because after eating a large lepidopteran larva
the shrews ignored previously accepted prey.

Most analyses of food selection by shrews are
based on stomach samples, which do not give an ac-
curate picture of food selection, because of varying
digestibility and availability of different prey types
(Crowcroft 1957). However, stomach analyses may
be used to compare diets of shrew species living in the
same habitat (Butterfield et al. 1981). This kind of
comparative approach has revealed that pygmy
shrews Sorex minutus do not usually eat lumbricids,
while common shrews S. araneus do (Butterfield et
al. 1981).

Shrews have also been observed to eat plant ma-
terial, though this generally has little energy or nutri-
tional value to shrews (Judin 1962). However, seeds
may be an important part of the diet for some species
of shrew, especially in winter (Dokuchaev 1989).
Terry (1978) gave Sorex trowbridgii, S. vagrans and
Neurotrichus gibbsi different kinds of conifer seeds,
which the shrews ate willingly; seeds of Picea sitch-
ensis and Pinus monticola were eaten in large quanti-
ties. Because the shrews often peeled the seeds, there
would remain only traces of endosperm in their diges-
tive tract, if any, proving the diet. Terry (1978) agreed
with Moore (1942) and Gashwiler (1970) that shrews
may be major predators of the seeds of the Douglas fir
Pseudotsuga menziesii and other conifers. Terry
(1978) also fed her shrews with some berries and
mushrooms, which were also eaten.

4.2, Prey size selection

Optimal foraging theories assume that the preda-
tor selects its prey from a range of possible choices

according to prey profitability, the net gain of energy
per unit of handling time. In most experiments shrews
have been offered two kinds of prey, which have been
made unequally profitable by increasing either prey
handling time or recognition time (Barnard & Brown
1981).

Barnard & Brown (1981) suggest that in some
cases the predator may not evaluate profitability
based on net energy gain, but may use a simpler “rule
of thumb”, which, on average, would result in se-
lecting the most profitable prey. This would be espe-
cially reasonable for predators with a wide range of
prey types available. Barnard & Brown (1981) tested
this idea with common shrews S. araneus, which
were given a choice of large and small prey types. In
the experiment the larger prey type (4 mealworm
segments) was less profitable than the smaller one (2
mealworm segments), because of its longer handling
time (4.3 and 2.9 cal/s handling time, respectively).
The shrews more often selected the larger prey type
when its encounter rate was greater than 0.03/s; at
lower encounter rates the two types were taken
equally. The encounter rate with the smaller prey did
not affect prey selection (Barnard & Brown 1981).

Holling (1958) found that shrews were able to
recognize the larger female diprionid cocoons from
male cocoons, because of their stronger odour due to
their larger size, and then to dig them up selectively.
In the field, all small mammals opened significantly
more female than male cocoons, and the larger small
mammal species opened proportionately more female
cocoons than the smaller species. In the laboratory,
Sorex cinereus, which previously had been fed with
male cocoons for seven days, opened significantly
more male than female cocoons. Holling (1958) drew
the conclusion that it was more profitable for the
smaller species of shrew to eat cocoons less selec-
tively in the field because for them the shorter han-
dling time of the smaller male cocoons would make
up the loss in the quantity of reward.

The profitability of many prey types is approxi-
mately the same for small and large shrew species
(Dickman 1988), though the largest species seem to
gain less profit from the very smallest prey items than
the smaller species (Fig. 1), and the smallest shrews
cannot kill the largest insects (Dickman 1988, Hanski
1990). However, the results in Fig. 1 show that rela-
tively large prey items are most.profitable for all
shrew species (Hanski 1990). These results provide a
functional explanation to the conclusion by Barnard
& Brown (1981) that shrews would generally choose
the larger of two prey items. The results of Dickman
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prodromus, A. fimetarius, Sphaeridium sp.

and A. fossor (from Hanski 1990).

(1988) also show that large prey are preferred by all
species when a choice of prey sizes is available.

4.3. Competition and prey selection

Barmnard & Brown (1981) predicted that the pres-
ence of another individual would make a foraging
shrew less selective in its food choice, because of an
expected additional depletion of food. In their ex-
periment, access to the food source by the competitor
was denied and so competition was only apparent,
and any change in prey selection would be based on
an expectation of food depletion by the competitor
rather than actual depletion. The presence of a com-
petitor did not affect the time spent foraging or prey
handling time; but shrews tended to include more
small prey in their diet when a competitor was pres-
ent, in other words they became less selective (Bar-
nard & Brown 1981).

Later, Barnard et al. (1983) came to the conclu-
sion that when food availability is low, the presence
of a competitor might increase the proportion of for-
aging behaviour in the time budget of a shrew, be-
cause a competitor might affect food availability and
quality of the territory of the shrew. Barnard et al.
(1983) measured the proportions of different kinds of
behaviour during two one-hour periods per day for
four days in the presence and absence of an apparent
competitor. The result was that during the presence of
a competitor the bout-length of some behaviour types,
e.g. prey catching and ingestion, remained the same
while the frequency of performing those types of be-
haviour increased. This means that the fraction of the
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total time spent on these types of behaviour increased
significantly, thus increasing total energy gain (Bar-
nard et al. 1983).

In another experiment Barnard & Brown (1982)
studied the effect of the amount of food available on
the competitive ability of resident common shrews.
The shrews were provided with three quantities of
blowfly pupae (318, 109 and 0). In dual fights be-
tween a resident and an animal new to the arena, food
density affected the resident advantage, which was
greater when there was less food on the arena. Bar-
nard. & Brown (1982) thus concluded that residents
invest more in defending a territory when the cost of
intrusion is high (possible food depletion).

Barnard & Brown (1984) tested the effect of food
availability when both contestants were residents, but
experienced either a low or high food availability.
They found that the animal experiencing the lower
food availability won significantly more fights,
though differences in competitive ability also af-
fected this advantage. Saarikko (1988) found in a
similar experiment that the shrew which first experi-
enced the lower food availability started to win the
contests, but when the food availabilities were
changed amongst the two individuals, the first winner
continued to win and no significant turnover was
observed.

4.4. Risk-sensitive foraging

Risk-sensitive foraging theories have been mostly
tested with small passerine birds, which have to find a
certain amount of food to avoid starvation before they
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stop foraging for the night (Caraco et al. 1980, Caraco
1981). Barnard & Brown (1985a) tested the theory
with common shrews by presenting them with a
choice of a constant and a variable feeding station,
which were rewarding with the same average rate.
They used shrews because they have a short starva-
tion time (Crowcroft 1957, Gebczynski 1971), and
should therefore be sensitive to reward characteristics
that influence short-term food intake.

When the shrews had previously experienced an
intake below their estimated individual food require-
ment, they were more likely to choose a feeding sta-
tion in which the variance of food availability was
high than a station where it was low (60% prefer-
ence). When the shrews met or exceeded their re-
quirement, they showed a preference (74%) for the
constant station. These results support the risk-sensi-
tive foraging theory, but they agree only with models
which consider limited interval rather than continu-
ous foraging (Barnard & Brown 1985a, Barnard et al.
1985).

Houston & McNamara (1985) examined risk-sen-
sitive prey choice in a continuously foraging predator,
such as the common shrew, in which the risk of
starvation comes from a run of bad luck during forag-
ing, rather than from starvation during the night. In
this model the probability of survival is maximized by
accepting any prey item that results in a net gain in
energy, and the optimal choice should not depend on
the predator’s energy reserves. In particular, when
two options have the same mean reward rate, but
different variances, the option with the smaller vari-
ance should always be preferred (Barnard et al. 1985).
Barnard & Brown (1985a) found that their common
shrews preferred the less variable reward option when
they met their estimated requirement. According to
the models without the time constraint, choice should
not be dependent on the energy reserves. Barnard et
al. (1985) developed a new model to fit between the
two extreme models (either foraging continuously or
stopping foraging for one long period). In the new
model, the foraging period was randomly interrupted
for randomly selected periods. The shrews now need
to have sufficient reserves to survive through an un-
predictably long interruption in their foraging (Bar-
nard et al. 1985). In the new model, the mean is more
important than variance, so that the higher mean
should nearly always be preferred. When the interrup-
tion probability is high the animal should take risks to
obtain food to avoid starvation, However, when en-
ergy reserves are very low, the danger of immediate
starvation makes it optimal to be risk-averse. When

reserves are high, risk should also be avoided (Bar-
nard et al. 1985).

The shrews tended to choose the option with the
higher mean as predicted by intake maximization
models and the model of Barnard et al. (1985). This
choice was influenced by the shrews’ experience of

‘variance of the option with the higher mean, espe-

cially when shrews were running below their esti-
mated requirement.

The previous studies have concentrated on the ef-
fects of energy requirements on the selection of feed-
ing stations. Barnard & Brown (1985b) showed that
competition may also affect the risk-sensitivity of
shrews. Competition may affect the predictability of
food resources and increase the risk of doing badly in
the future. In shrews risk-aversion tends to increase
with increasing intake relative to requirement (Bar-
nard & Brown 1985a). In the presence of an apparent
competitor this shift was not observed (Barnard &
Brown 1985b). While running below requirement
there was no tendency in the shrews for risk-prone-
ness either with or without a competitor. In the pres-
ence of a competitor the shrews shifted from risk-
aversion to risk-indifference rather than risk-prone-
ness (Barnard & Brown 1985b).

4.5. Temporal variation in prey availability

Because of their short starvation time shrews are
very sensitive to short-term temporal variation in
food availability. Hanski (1985) experimentally in-
duced an energy crisis to captive shrews. The shrews
were rewarded either for increasing or for decreasing
their activity, but were given 5% less food than their
requirement if they retained their previous level of
activity. Large shrews decreased their activity while
small species increased it. This result may be ex-
plained by the fact that larger shrews have larger en-
ergy reserves and can rely on them during a short pe-
riod of bad luck in foraging, due to e.g. bad weather.
Smaller shrews do not have such reserves and have to
increase their activity when food availability de-
creases (Hanski 1985).

In another experiment Saarikko and Hanski (un-
publ.) found that when food availability changed be-
tween high and low levels, the length of the sleep
period remained unchanged, but the length of the for-
aging period altered. If food availability remained
low for a long period of time, the foraging period was
longer than if food availability was equally low for
only a short time.
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4.6. Food caching

Food caching is one solution to temporal variation
in food availability. Short-term food caching may be
energetically important especially for the smaller
species of shrew, which are not able to store much
energy in their body. Caching has been observed in
shrews both in the laboratory and in the field. Some
shrew species have venom in their saliva, which pre-
vents prey from moving, or the shrew may bite the
prey around the head thus paralysing it (Ingram 1942,
Tomasi 1978, Martin 1981).

Two types of food caching can be distinguished.
In scatter hoarding a short-term cache may be used to
cover temporary bad luck in foraging; short-term
food caches may also be accumulated when the shrew
has found a good batch of food and cannot or does not
have to consume it immediately (Goulden & Meester
1978, Robinson & Brodie 1982). Crowcroft (1957)
described how some shrews stored food by just put-
ting it out of sight or burying it in the soil in the cage.
Later the shrews could retrieve such cached food.

In larder hoarding food is stored within a small
area, and usually in a secure place, for long periods of
time (Crowcroft 1957, Platt 1976, Robinson & Brodie
1982, Martin 1984). This kind of caching is affected,
or induced, by the season, ambient temperature, food
abundance and proximity of conspecifics (Martin
1984). The long-term caches are actively maintained,
new items are added while others are removed (In-
gram 1942). The cached items may also be moved to
another location (Robinson & Brodie 1982, Skarén
1982).

Martin (1984) showed that short-tailed shrews
Blarina brevicauda hoarded in semi-natural condi-
tions in summer for a few days only and in winter for
long periods of time. Summer hoarding was seen only
when food abundance was increased over a certain
level. Larder hoarding for winter was first observed in
late autumn. The stores increased in size until late
winter and disappeared in April. Buchalczyk & Pucek
(1963) also reported an increase in the size of the food
caches of the European water shrew Neomys fodiens
during consecutive observations in October and No-
vember.

The size and type of prey affects caching. Usually
shrews do not cache food items smaller than a certain
size (Crowcroft 1955, Robinson & Brodie 1982).
Barnard & Brown (1985a) did not observe caching in
common shrews fed with single mealworm segments,
which were probably too small to be worth caching.
The short-tailed shrews tended not to cache meal-

Table 1. The numbers of eaten and cached blowfly pupae per
individual per hour in the common shrew Sorex araneus. Each
experiment lasted for 7.5 hours. P-values (t-test) are for differ-
ences between the previous and the following stage (from Bar-
nard et al. 1983).

Competitor Competitor Competitor
absent P present P removed
Eaten 3.5 <0.01 4.6 <0.02 38
Cached 1.3 <0.001 10.8 <0.001 0.7

worms, while they cached items of all larger prey
types (Robinson & Brodie 1982). Martin (1984)
found that short-tailed shrews first began hoarding
well preservable prey and only later perishable prey
and that the order of hoarding was opposite to the or-
der of preference.

Barnard et al. (1983) found that the presence of an
apparent competitor significantly increased caching
behaviour (Table 1). In this experiment shrews were
foraging on blowfly pupae, which are better quality
food to shrews and which can be stored for long
periods of time. Hanski (1989) found captive Sorex
caecutiens to cache blowfly pupae.

Caching behaviour increases the value of territori-
ality. By storing food an animal can place it out of
reach of possible competitors, or make it easier to
defend. If the animal is scatter hoarding the value of
knowing the territory well also increases. In winter, a
food cache near or in the nest allows the shrew to
decrease activity and thus to save energy during ex-
treme cold periods.

4.7. Spatial variation in prey availability

Hanski (1989) studied habitat selection of shrews
on an arena divided into two halves. On one side the
probability of obtaining food was constant in 5 feed-
ers, while on the other side, the reward probability in
the 5 feeders alternated between 0.5 and 0.1 in such a
way that the average was 0.23. The reward probabil-
ity on the “constant” side was gradually changed from
0.1 to 0.5. The shrews shifted their preference from
the “variable” to the constant side when the reward
probability was higher than 0.23. As expected, the
point of switching was affected by the success of
individual shrews on the variable side, in such a way
that the more successful individuals switched to the
constant side at a higher reward probability level than
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Fig. 2. The giving up time (time from last discovery of a food
item till patch-leaving) and total patch residence time in four .
araneus individuals with three different travel times (time from
leaving a patch to entering the next patch). The vertical lines
give one SD (one way analysis of variance; from Landén 1989).

the less successful individuals. In fact, the shrews
with the best performance on the variable side pre-
ferred the variable side even when they had obtained a
substantially higher (up to 50%) food intake on the
constant side, suggesting that they did not base their
habitat selection exclusively on the average-rate
maximization principle as predicted by optimal for-
aging theories (Stephens and Krebs 1986).

Landén (1989) found that common shrews tended
to stay longer in a food patch when the travel time to
other patches was experimentally increased (Fig. 2),
as would be expected by the marginal value theorem
(Charnov 1976b, Stephens & Krebs 1986). However,
she also found that individual shrews probably used
different decision criteria for leaving the patch.

5. Conclusions

Soricinae shrews have high mass-specific meta-
bolic rates. Because of their small body size they
cannot store much energy in their bodies, and they
have a short starvation time of only a few hours, with
major consequences to their foraging behaviour.
Shrews have to forage both day and night throughout
the year and they cannot sleep for more than a few

hours at a time. Shrews have to make vitally impor-
tant decisions about foraging on a daily or even on an
hourly basis. A large proportion of the active time is
spent in foraging, especially in winter, when the total
active time is lowest.

Possessing a territory in winter when food avail-
ability is usually low is vital for Soricinae shrews.
They live solitarily defending a territory through most
of their non-reproductive season (summer to spring).
Protecting a long-term food supply over autumn and
winter months may be the most important reason for
territoriality in Soricinae shrews. Both short- and
long-term food supplies may be enhanced by food
caching within the territory.

The availability of high quality prey is highly
variable. Perhaps due to this reason, shrews are op-
portunistic foragers, consuming almost any prey item
that they are able to catch and ingest. However, if they
are given a choice, they may show selection by both
prey size and quality, depending on their current en-
ergy budget and environmental factors such as pres-
ence of competitors. In simple experiments Soricinae
shrews have been shown to be risk-averse when run-
ning above their energy requirement, and risk-prone,
when running below their requirements, as predicted
by risk-sensitive foraging theories.

Soricinae shrews show physiological adaptations
that facilitate their survival under adverse environ-
mental conditions in autumn and winter and during
periods of low food availability. The shrinking of
body and skull in winter decreases the total energy
expenditure and hence food requirements of shrews,
while their digestive ability remains unchanged.

Shrews are sensitive to short-term temporal vari-
ation in food availability because of their limited en-
ergetic autonomy. They may react to temporal varia-
tion in food availability by changing their activity.
During an energy crisis, when shrews are running
below their energy requirements, larger shrew species
may decrease their activity, while smaller species
cannot rely on the energy stored in their body and
need thus increase their activity. Another solution to
short-term energy crises is to decrease activity and to
use previously cached food.
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