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Abstract

Prey handling timesfor meal-worms were measured in the common shrew (Sorex araneus Linnaeus, 1758), the pygmy shrew
(S minutus Linnaeus, 1766), the European water shrew (Neomys fodiens Pennant, 1771). Miller'swater shrew (N. anomalus
Cabrera, 1907) and the lesser white-toothed shrew (Crocidura suaveolens Pallas, 1811). The ranking corresponds with the
body mass of the shrew species, water shrews eating fastest and pygmy shrews slowest. Eating patterns as revealed by food
remains are evaluated and the significance of partial prey consumption is discussed.
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Introduction

Information on thetimeit takes a predator to devour various
prey items is essential for testing predictions derived from
theprey and patch model sof optimal foraging theory. A prey
yields afixed amount of energy and requires afixed amount
of time to handle. This is a threshold in a predator’s time
budget. In sensu stricto, prey handling time comprises the
duration of pursuit, capture and consumption (Stephens and
Krebs, 1986). These activities can be treated separately only
when prey islargeand defensive. Considering ashrew eating
a small invertebrate, however, this distinction is difficult.
Barnard and Hurst (1987) measured handling times in
common shrews for meal-worm segments.

Due to their high metabolic rate shrews are ideal
experimental animals for eco-ethological investigations
concerning the question of maximization of net energy
intake. According to my recent review of the literature on
shrew research (Haberl, 1995), exceptionaly few
scientists have investigated foraging strategies in
Soricidae (e.g. Barnard and Brown, 1981, 1985a, 1985b,
1987; Barnard et al., 1983, 1985; Arditi et al., 1983;
Pierce, 1987, Pierce et al., 1993; Saarikko, 1989;
Ruthardt, 1990). It is of great wonder, that these animals
have not stimulated wider research in thisfield. The reason
for this can only be attributed to the difficulties inherent in
maintenance and observation of shrews.

Materialsand Methods

In this study, | measured prey handling times for Tenebrio
molitor larvae in five common shrews (Sorex araneus
Linnaeus, 1758), one pygmy shrew (S minutes Linnaeus,
1766), four European water shrews (Neomys fodiens
Pennant, 1771), two Miller’s water shrews (N. anomalus
Cabrera, 1907) and one lesser white-toothed shrew
(Crocidura suaveolens Pallas, 1811). The experimental
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animals had been suaveolens (Pallas, 1811). The
experimental animals had been trapped live in 1988 and
1989 in Schonbach (Lower Austria) and were caged
separately in glass terraria containing a ground layer of
5-10 cm of peat and sufficient cover, provided by pieces of
wood, stones, foliage and grass-tuft with rootstocks. The
shrews were supplied ad libitum with various invertebrates
(meal-worms, snails, earthworms) and rodent caresses.
Cotton wool was provided as additional nesting material.
The enclosures were accommodated in abrick building with
large windows on two sides, providing a natural day and
night light cycle and almost ambient temperatures. The
captive animals were returned to the wild at the end of each
study period (November 1988 and 1989), if they did not die
earlier of natural causes.

For measurements of handling times, the shrews were
temporarily transferred to smaller contai ners(42x22x25 cm)
lined with cotton wool. The shrews were deprived of food
for 1-4 hours before measurement (until the faces turned
green and contained no cuticula). Timing was conducted
from the moment of seizure of a meal-worm to the
termination of chewing and swallowing according to the
obvious cessation of mastication and sounds derived from
crunching the cuticula. The compl etion of thisprocedurewas
usually marked by the shrew moving to either pick up
another meal-worm or take cover. To standardize the data,
only meal-worms of approximately the same size were
used for this experiment (approximate length 23-28 mm;
X =122.5 mg, SE = 13 mg fresh weight). Live larvae yield
about 2300 cal/gram of energy. The data was evauated
only if the larvae were devoured without pausing and
immediately following seizurei.e., there was no intervening
interval due to the shrew taking the meal-worm under cover
to eat. When undisturbed, the shrews usually ate their prey
immediately.

Results and Discussion
Theraking of the measured handling times corresponded
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with the ranking of the body mass (and jaw size) of the
shrew species (data shown as X+SE): N. fodiens ate faster
(23.731£5.93 sec; n=54) than N. anomalus (30.22+5.45 sec;
n=15), followed by S araneus (33.36+6.53 sec; n = 25),
C. suaveolens (36.05+7.65 sec; n = 15) and S minutes
(57.56+13.08 sec; n = 16). Minima ranged from 10.56 sec
(N. fodiens) to 37.30 sec (S. minutes). Comparative dataon
“Non-starved” S. araneus (according to occasiona
measurements during normal feeding in the home terraria)
did not differ significantly (36.19+10.02 sec; n = 45).

In many cases the larvae were not eaten completely, a
phenomenon known aspartial prey consumption (Sih, 1980).
In the course of keeping shrews in captivity from spring to
late autumn in 1988 and 1989. | collected 4581 leftovers
which | evaluated according to remaining segmentsin order
to supplement the data provided by Hutterer (1976) for
S araneus and S. minutes.

Polling the data for al five shrew species reveas the
following distribution of feeding patterns (n = 4581):
52.7% of thelarvaewere eaten fromtheanterior end, leaving
abdomen or abdomen and thorax (only the head missing).
Anterior leftovers (head, head and thorax) comprised 29.4%.
16.1% were eaten from at both ends. This procedure,
however has not been observed directly and the pattern
couldwell bearesult of eating an already partially consumed
larva after some time, regarding it as anew prey item. Only
1.7% constituted whole meal-worms, merely showing
bites in the thoracic or anterior abdomina region. This
distribution differs significantly (p<0.01) from expected
random values. The trend shows only little intraspecific
deviations, athough it is most distinct in S minutes
(71.4% posterior leftovers.)

The arrangement of the cuticular plates or the position of
the extremities could provide tactile sensory clues for
directing thefirst bite to the head region, which would be of
benefit in immobilizing the larvae for storage. In small
mammal caresses for instance, directive cues are probably
constituted by the direction of the hair-stroke and by the
position of a distinct “head”, as has been demonstrated in
experiments using dummies (Haberl, 1993).

The phenomenon of partial prey consumption in shrews is
not yet understood. Food surplus may not be the answer, as
even starved shrews behave in this manner. The conclusion
that the size of the meal-worms exceeds the size of the
shrews natural prey items (Hutterer, 1976) also does not
seem to explain this behavior, since N. fodiens has been
shown to often partially consume Tenebrio larvae
irrespective of the size of the larvae. It iswell possible that
on encountering a profitable patch of food this behavior
ensures obtaining the required energy quickly while
simultaneously securing afood supply before moving on to
the next patch which has uncertain profitability. My
observation of captive water shrews returning to their
leftovers to feed after some tome would support this
assumption. Still, it has to be considered that the handling
times and patterns are not necessarily fixed, but may be
dependent on previous experience.

The preliminary result presented in this paper would
need to be ascertained in free-living shrews. In future
studies it would be essential to take a closer look at
interspecific differences. Further experiments should aso
consider different prey items, age dependent and
individual differences in larger samples as well as

the effects of deprivation time, which seems likely to be
highly variable between species.

References

Arditi, R., M. Genoud and P. Kuffer, 1983. Methode d'etude
de la strategic de recherche de la nourriture chez les
musaraignes. Bull. Sot. Vaud. Sci. Nat., 76: 283-294.

Barnard, C.J. and C.A.J. Brown, 1981. Prey size selection
and competition in the common shrew (Sorex araneus
L.). Behav. Ecol. Sociobiol., 8: 239-243.

Barnard, C.J. and C.A.J. Brown, 1985a. Competition affects
risk-sensitivity in foraging shrews. Behav. Ecol.
Sociobiol., 16: 379-382.

Barnard, C.J. and C.A.J. Brown, 1985h. Risk-sensitive
foraging in common shrews (Sorex araneusL .). Behav.
Ecol. Sociobiol., 16: 161-164.

Barnard, C.J. and C.A.J. Brown, 1987. Risk-sensitive
foraging and patch residence time in common shrews,
Sorex araneus L. Anim. Behav., 35: 1255-1257.

Barnard, C.J. and J.L. Hurst, 1987. Time constraints and
prey selection in common shrews Sorex araneus L.
Anim. Behav., 35: 1827-1837.

Barnard, C.J., C.A.J. Brownand J. Gray-Wallis, 1983. Time
and energy budgets and competition in the common
shrew (Sorex araneusL.). Behav. Ecol. Sociobiol., 13:
13-18.

Barnard, C.J., C.A.J. Brown, A.l. Houston and JM.
McNamara, 1985. Rick-sensitive foraging in common
shrews: An interruption model and the effects of mean
and variance in reward rate. Behav. Ecol. Sociobial.,
18: 139-146.

Haberl, W., 1993. Zur okologie einheimischer Spitzmause
(Soricidae, Insectivora) und ihres Lebensraumes am
Beispiel eines Waldviertler Feuchtbiotops und
experimentel|le Bearbeitung ausgewahlter ethol ogischer
Fragestellungen. Ph.D. Thesis, University of Vienna,
Austria.

Haberl, W., 1995. The shrew bibliography. A collection of
more than 600 references to research on the biology of
the soricidae (Insectivora, Mammalia) and small

mammal ecology. [.CD-ROM version. Vienna:
Eigenverlag.
Hutterer, R., 1976. Deskriptive und vergleichende

Verhaltensstudien an der Zwergspitzmaus, Sorex
minutes L., und der Waldspitzmaus, Sorex araneus
L.:(Soricidae, Insectivora, Mammalia). Ph.D. Thesis,
University of Vienna, Austria.

Pierce, G.J., 1987. Search paths of foraging common shrews
Sorex araneus. Anim. Behav., 35: 1215-1224.

Pierce, G.J,, JG. Ollason and D.C. Speirs, 1993. Diet
selection by common shrews Sorex araneus in a
depleting environment. Behav. Processes, 29: 65-84.

Ruthardt, M., 1990. Ein oko-ethologischer ansatz zur
erklarung der semiaguatischen Lebensweise der
Wasserspitzmaus (Neomysfodienspennant 1771). Ph.D.
Thesis, University of Osnabruck.

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

Sih, A., 1980. Optimal foraging: Partial consumption of
prey. Am. Nat., 116: 281-290.

Stephens, D.W. and J.R. Krebs, 1986. Foraging Theory.
Princeton University Press, Princeton.



	PJBS.pdf
	Page 1


