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Exploration of the environment is a key behaviour in animals. The exploratory behaviour of species or
populations depends on different aspects of their ecology. New evidence suggests that differences in
exploratory behaviour might also be related to life history strategies, with fast-lived animals (high
metabolic rate, short life span) being faster explorers than slow-lived ones. We tested this assumption in
shrews. Shrews are divided into two phylogenetic groups, which differ tremendously in life history.
We compared the exploratory behaviour of three species, covering both phylogenetic groups. Shrews of
the fast-lived genus Sorex were quicker to start exploration and to locate the first food patch. They also
moved faster than the slow-lived genus Crocidura. Unlike many studies on exploratory behaviour that
analyse only a short period of time (i.e. a single exploration bout with a fixed duration), we analysed the
species-specific allocation of prolonged total exploration time into exploration bouts. Using this method,
we could show that Sorex performed more, but shorter exploration bouts than Crocidura. Our results
support the hypothesis of exploratory behaviour being related to life history. While the species we tested
occur sympatrically, the two genera differ strongly in the climatic zones they inhabit. It is likely that also
during evolution they faced different types of habitat and thus different selection pressures. These
differences in evolutionary histories possibly favoured the evolution of their diversified life histories and
exploration strategies.
� 2012 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
Exploration of the environment is a key behaviour in many
animals (Barnett 1958; Hughes 1997; Russell et al. 2009). Generally,
animal behaviour is motivated by direct needs: foraging is moti-
vated by the need to feed, courtship by the need to find a mate.
In contrast, exploratory behaviour can be conducted without any
specific need. During exploration an animal gathers general infor-
mation about the structural properties of its surroundings and
about features such as where to find food (Heinrich 1995) or
a possible mate (Schwagmeyer 1995). This information might be
helpful later when specific needs prevail. Exploration often occurs
simultaneously with other behaviours such as foraging (Winkler &
Leisler 1999). This type of exploratory behaviour is defined as
extrinsic exploration. In contrast, intrinsic exploration is explor-
atory behaviour conducted for the sole purpose of gathering
information for later use (Glickman & Sroges 1966; Tebbich et al.
2009; reviewed in Hughes 1997).

The exploratory behaviour of species or populations depends on
different aspects of their ecology, including diet and habitat char-
acteristics (Greenberg 1990; Mettke-Hofmann et al. 2002; Tebbich
et al. 2009). One example is the increased tendency to explore the
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environment in bird species that feed on concealed food items
(Mettke-Hofmann et al. 2002) or that have more diverse diets
(Tebbich et al. 2009) compared to species with easily accessible
food or less varied diets. Both concealed food and a diverse diet
necessitate a higher investment in learning where to find food and
consequently more time must be devoted to exploration (Renner
1988). Furthermore, bird species living in complex habitats show
higher exploration rates than species living in less complex habitats
(Greenberg 1990; Mettke-Hofmann et al. 2002). In complex, vari-
able environments investigation of possible changes via explora-
tion is much more critical to survival than it would be in more
simple, stable environments. This would explain higher exploration
rates in complex environments than in simple ones.

In the context of behavioural syndromes it has been suggested
that the behaviour of individuals or populations is also linked to
their life history strategies (Stamps 2007; Wolf et al. 2007; Biro &
Stamps 2008). Some studies specifically investigated the relation
of exploratory behaviour and basic metabolic rate (BMR; reviewed
in Careau et al. 2008, Biro & Stamps 2010). These studies corrobo-
rate the expectation that individuals with higher BMRs tend to be
more active than individuals with lower BMRs (Mueller & Diamond
2001; Gebczynski & Konarzewski 2009; but see Lantova et al. 2011).
Most of the previously mentioned studies focus on differences
between individuals (i.e. within a species). However, differences in
by Elsevier Ltd. All rights reserved.
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behavioural strategies can also be found between species (Careau
et al. 2009; Haupt et al. 2010; Page et al. 2012). Careau et al.
(2009) related previously published exploration data of 19
muroid rodent species (Wilson et al. 1976; Webster et al. 1979) to
the life history strategies of these species. They found that species
with a slow life history (high age of first reproduction and lowBMR)
spend more time exploring a novel environment than species with
a fast life history (low age of first reproduction and high BMR). The
authors termed these two strategies as thorough and superficial
exploration.

It seems obvious that exploratory behaviour should be related to
BMR and life history strategy: animals with higher energetic needs
would benefit from the ability to explore novel surroundings and
learn about possible sources of food quickly. However, apart from
the literature-based rodent study by Careau et al. (2009), we know
of no work investigating the relationship between exploratory
behaviour and life history using a comparative multispecies
approach. To our knowledge, ours is the first study to examine this
relationship experimentally.

A promising but until now unexplored model for studying the
influence of life history strategy on exploratory behaviour is the
family Soricidae (shrews). Belonging to the smallest mammals
known, shrews are divided into two phylogenetic groups: red-
toothed shrews (Soricinae) and white-toothed shrews (Crocidur-
inae).Most Soricinaeoccur in coldandhumidclimates andaremainly
distributed throughout the northern hemisphere. Crocidurinae, in
contrast, generally inhabit warm and arid areas, covering the middle
and southern part of the Eurasian continent and Africa. Inwide parts
of Europe (between 36 and 51 degrees of latitude), however,
members of the Crocidurinae and Soricinae occur sympatrically and
sometimes even syntopically (Churchfield 1990). Both groupsmainly
feed on insects and other small invertebrates (Churchfield 1990).

Two genera that can be found in the overlapping zone of
distribution are Sorex (Soricinae) and Crocidura (Crocidurinae).
While the BMR of shrews of the genus Crocidura lies within the
typical range for a mammal of this size, shrews of the genus Sorex
are known for their extraordinarily high BMR (Kleiber 1961; Taylor
1998). To avoid starvation, they must feed every few hours and eat
approximately their own bodyweight per day (Genoud 1988). Sorex
shrews live just over 1 year. They mostly reproduce after their first
winter, but some individuals breed in their first summer
(Shchipanov et al. 2005). Crocidura shrews, in contrast, live up to
3 years and reproduce for several seasons (Churchfield 1990).
Furthermore, Sorex has considerably larger litter sizes than Croci-
dura (5.9 versus 3.1 pups/litter; Innes 1994). Considering BMR, life
span and litter size, shrews of the genus Sorex are a perfect example
of animals with a fast-paced life history, whereas Crocidura has
a much slower life history strategy (Promislow & Harvey 1990).

We investigated whether the differences in life history between
Sorex and Crocidura are reflected in their exploratory behaviour.
As experimental species we chose common shrews, Sorex araneus,
pygmy shrews, Sorex minutus, and bicoloured shrews, Crocidura
leucodon. We analysed their tendency to explore, and manner of
exploring, a novel environment in a laboratory experiment.
As shrews have a highly diverse diet and will consume most
palatable food they encounter while running about, it is not
possible to distinguish between exploratory and foraging behav-
iour. Thus the type of exploration we analysed clearly falls into the
category of extrinsic exploration.

We expected the shrews of the fast-lived genus Sorex to explore
the novel environment faster and more time efficiently, that is
covering more space in a shorter amount of time than the slower-
lived C. leucodon. Based on the findings that rodent species with
a slow life history spend more time exploring a novel environment
than species with a fast life history (Careau et al. 2009), we further
expected C. leucodon to explore the novel environment for a longer
time than the two Sorex species. The BMR of the smaller S. minutus
is only about 30% higher than that of S. araneus (Taylor 1998). We
therefore expected, if anything, a slightly faster exploratory
behaviour in S. minutus than in S. araneus.

METHODS

Animals and Housing

In the main experiment, we tested seven S. araneus (BMR:
6.1e8.3 ml O2/[g h] (Taylor 1998); mean body mass: 8.4 g, own
data), seven S. minutus (7.0e12.0 ml O2/[g h]; 4.1 g) and seven
C. leucodon (2.6 ml O2/[g h]; 9.6 g). In a separate experiment (see
Exploration of the Home Terrarium) we additionally tested five
S. araneus, six S. minutus and one C. leucodon.

All shrews were caught in Germany either in the area
surrounding the Max Planck Institute for Ornithology in Seewiesen
or along the river Würm in Gauting, between April 2008 and
November 2009. We used wooden box live traps (Mammal
Research Institute, Bia1owie _za, Poland), whose 1.4 cm thick wooden
walls provide reasonable insulation fromwarm or coldweather and
precipitation. If there was a risk of ground frost we additionally
provided cotton wool as bedding. Owing to their rather large size
(17 � 8 cm and 10 cm high, 481 g) traps are unlikely to be manip-
ulated or taken by predators; in fact, during trapping sessions we
never found that our traps were manipulated or missing. Traps
were baited with a few dead mealworms, Tenebrio molitor, and
a teaspoon of minced beef heart; the amount of food provided was
sufficient for a shrew to survive for the short time it would spend in
the trap. We checked traps every 2e3 h to minimize the stress and
hunger of trapped animals. During the breeding season, we
checked the captured individuals upon retrieval from the traps for
pregnancy or lactation. Females showing any sign of pregnancy or
lactationwere released immediately to reduce stress to the pups. As
far as is known, shrew pups should not be kept without food for
more than about 3 h, the same as for adult shrews of the high-
metabolic genus Sorex (Churchfield 1990). By checking traps in
very short intervals, we gave mothers the opportunity to return to
their pups within 3 h. Shrews were transported inside the traps
from the place of capture to the keeping facilities; this generally
took between 10 and 30 min. Upon completion of our experiments,
all shrews were released at the place of capture. Before releasing
them, we marked the shrews to avoid multiple testing. Marking
was done by bleaching a small patch of fur above the base of the tail
with mild, commercially available hair bleach for humans. As we
recaptured many marked individuals in the days and weeks after
release, we conclude that our marking technique had no adverse
short- or long-term effects on shrews. Capturing was conducted
with approval from the governmental review board of the Regier-
ung von Oberbayern (licence number: 55.1-8642-8-2007).

Shrewswerehoused individually, becauseof their solitary lifestyle
(Rychlik 1998), in plastic terraria (44 � 30 cm and 32 cm high) in
a climate-controlled room (16e18 �C, 60e70% humidity) at the Max
Planck Institute for Ornithology. Terrariawere equippedwith soil and
moss as litter and bowls for water and food. An upturned clay flow-
erpot filled with hay served as a nestbox. Each shrew was provided
with 3 g of live mealworms and 4 g of minced beef heart daily; water
was available ad libitum. Shrews were kept on an inverted light:dark
schedule (2100 hours light on, 0900 hours light off).

Behavioural observations were conducted in a separate climate-
controlled room (same temperature and humidity as the keeping
room). The experimental room was evenly illuminated by four
infrared LED beams (Tripol, Poland) and presumably appeared dark
to the shrews. This presumption is based on the evidently poor
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Figure 1. (a) Schematic drawing of the experimental arena (diameter 250 cm) with the
shelter (striped), the four foraging boxes (black), the brick stones (red), the ‘wall-
seeking zone’ (grey), and the rest of the arena (white). The white and red parts of the
arena add up to the ‘free-exploration zone’ (see Methods section ‘Analysis of
movements’ for details). Overlaid is the track line of one of the experimental shrews
(a C. leucodon; green). (b) Example track lines for all three species. From each species,
we chose three individuals: one with high, one with intermediate and one with low
coverage of the arena. Track lines were broadened from ANYmaze track lines to
resemble the real path width a shrew would cover with its nose and whiskers (about
7 cm).
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eyesight of shrews (Branis & Burda 1994) and their limited range of
good vision (471e622 nm, Sigmund 1985; infrared light is above
700 nm). These conditions were selected to ensure that shrews of
both genera felt safe to explore the arena. Housing and behavioural
observation were conducted with approval from the governmental
review board of the Landratsamt Starnberg (licence number:
301c.4V-sä).

As sex and age could not be reliably determined in some indi-
viduals, we could not investigate the relationship between sex or
age and exploration in any of the species. All C. leucodon and
S. araneus as well as most S. minutus were caught and tested in
summer or autumn. Three S. minutus were caught and tested in
spring. Only one C. leucodon and one S. minutus were identified as
sexually active males (enlarged testis). As their data did not include
any outliers, we included them in our analysis.

Set-up and Experimental Design

Behavioural observations were conducted in a large circular
arena (diameter 250 cm, wall height 50 cm; Fig. 1a) made from
PVC. The arena was equipped with 10 brick stones, four foraging
patches and a shelter. Bricks were arranged radially, with pairs of
two bricks building the rays of a five-rayed star. At the end of one
of these rays, we placed a circular Perspex box (diameter 15 cm).
This box served as the starting box and as a shelter during the
experiment. At the ends of the other four rays, we placed small
square Perspex boxes (11 �11 cm) that served as foraging
patches. Each foraging box contained a thin layer of sand as
substrate and some mealworms. For shrews of the genus Sorex,
four mealworms were available in each foraging box, for
C. leucodon only two. A bowl of water was placed behind the
starting box/shelter, for refreshment of the shrews during the
experiment.

Shrews were kept in captivity for a minimum of 1 week before
testing. Before the start of the experiment, the focal subject was
kept without access to food in a separate terrarium for 1 h (the two
Sorex species) or 4 h (C. leucodon). These time periods were meant
to simulate the natural activity patterns found in Sorex and Croci-
dura, respectively (Churchfield 1990; Saarikko & Hanski 1990) and
induce a comparable intermediate level of hunger in each species.
We assumed shrews of both genera to be similarly motivated to
explore and forage without being extremely hungry. At the onset of
the experiment, the nestbox of the focal subject was placed into the
starting box inside the arena. The shrew was given 4 h to explore
the arena. Each shrew was tested once.

As opposed to a classic open-field test (Archer 1973), our
experimental approach allowed the shrews to retreat to the shelter
at any time. Consequently this experiment was much less stressful
to the animals than an open-field test would be and is more likely
to reveal relatively natural exploration strategies.

Analysis of Movements

Movements of shrews were filmed with an IR-sensitive camera
(B/W video camera C-FO432SB with high-resolution objective
L-SV-0514MP, both NET, Finning, Germany), mounted 2.7 m above
the centre of the arena and recorded by motion-tracking software
(ANY-maze, Stoelting, Wood Dale, IL, U.S.A.; see Supplementary
Material, Movie1). Shrew movements were stored as the xey
position as a function of time.

The arena was divided into four zones of interest (Fig. 1a): (1)
‘shelter zone’, defined as being within the shelter; (2) ‘foraging
zone’, defined as being within any of the four foraging boxes; (3)
‘wall-seeking zone’, defined as being within the outermost 5 cm
ring of the arena and the 5 cm around each brick, foraging box and
the shelter; and (4) ‘free-exploration zone’, defined as being
somewherewithin the rest of the arena. The wall-seeking zone was
used to analyse the amount of time a shrew explored the arena
running alongside a wall.

Using customMatlab routines (Matlab, MathWorks, Natick, MA,
U.S.A.; routines by S.v.M.), we calculated the following parameters:
(1) the latency to leave the shelter for the first time; (2) the latency
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to find the first foraging box; (3) the proportion of time spent
exploring the arena; (4) the number of exploration bouts; (5) the
duration of single exploration bouts; the area of the arena the
shrews covered (6) during single exploration bouts and (7) during
the whole experimental time; (8) the area covered per second of
exploration; and (9) the speed of movement. Additionally we
calculated (10) the proportion of exploration time spent wall
seeking. Exploration was defined as exploratory movement of the
shrew inside the free-exploration zone and the wall-seeking zone.
The time shrews spent inside the foraging boxes (on average 3.3 s
per visit per shrew; no significant difference between genera or
species; Wilcoxon two-sample test: P > 0.9) was excluded from all
measures of exploration. Exploration bouts were defined as
exploratory movement separated by the shrew’s retreat into the
shelter.

To analyse the area of the arena covered during exploration
(parameters 6e8), movement plots were generated from the xey
positions and broadened to 7 cm, to resemble the real path width
a shrew would cover with its nose and whiskers (about 7 cm;
Fig. 1b). Even though S. minutus is smaller than the other two
species, based on the typical movement of nose and whiskers
during shrew locomotion, path width would vary not only between
but also within species. We thus decided to use a commonmeasure
of 7 cm for all species. From these movement plots we calculated
the area covered during the single exploration bouts, the overall
area covered during the whole experimental time and the area
covered per second of exploration.

To obtain comparable measures of speed of movement (9)
between species, we only used runs in which shrews were running
along the outer wall of the arena, because these were the only fully
similar paths that all shrews of all species took. We divided the
outermost ring of the arena into 10 virtual segments. For each
shrew, we calculated the mean speed for the first six to eight runs,
in which the shrew had run along the outer wall of the arena for at
least three consecutive segments. We calculated and used for
analysis only the speed of the middle of these three segments.

To obtain a comparable measure of wall-seeking time (10), we
calculated the proportion of exploration time that a shrew’s posi-
tion lay inside the wall-seeking zone and not in the free-
exploration zone. To ensure statistical independence of the data
points, we only used position data that were independent of the
shrews’ previous position. To achieve this, we calculated the
amount of time necessary for each individual to cross the diameter
of the arena (tDiam), using each individual’s speed of movement. In
this time span, a shrew is in theory able to reach every possible
position of the arena independent of the previous position. We
included in our analysis only position data that were tDiam apart,
starting with a randomly chosen starting point tRand, with
tStart � tRand < (tStart þ tDiam), where tStart is the time of the onset of
exploration and ending with the end of the experimental time. We
calculated 1000 bootstrapped samples of each individual’s position
data with randomly chosen starting points as described. From the
data obtained, we calculated the proportion of exploration time in
which a shrew was located in the wall-seeking zone.

Statistical Analysis

We mainly expected differences between C. leucodon and the
two Sorex species, and only small or no differences between the two
Sorex species. To test for genus and species differences, we
compared each of the behavioural parameters using planned
comparisons with Sorex versus Crocidura as the first contrast, and
S. araneus versus S. minutus as the second contrast. As our
comparisons were planned (a priori) based on our experimental
design and questions, we did not perform Bonferroni adjustments
on P values. As data for some parameters were not normally
distributed (ShapiroeWilk: P < 0.05) or showed unequal variances
(Levene’s test: P < 0.05), we used the nonparametric Wilcoxon
two-sample test throughout. All statistical tests were performed in
R 2.8.0 (R Development Core Team 2009).

We expected all three species to prefer running along walls
instead of freely exploring the arena. Thus, we compared the
proportion of time inside the wall-seeking zone with the probability
of being inside the wall-seeking zone by chance using a one-sample
Wilcoxon test. The probability of being inside the wall-seeking zone
by chance is the area of the wall-seeking zone divided by the sum-
med areas of the wall-seeking zone and the free-exploration zone.
Exploration of the Home Terrarium

With a subset of the shrews of this experiment (all seven
C. leucodon, five S. araneus and three S. minutus) plus additional
shrews (one C. leucodon, five S. araneus and six S. minutus), we
conducted a separate experiment that measured the exploratory
behaviour of freshly caught shrews inside their new home terraria
(for a description of the terraria see Animals and Housing).

On the day of capture, each shrew was directly placed into the
nestbox of its new terrarium. The behaviour of shrews in the
terrarium was recorded from above with an IR-sensitive recording
system (WAT-902H2 Ultimate camera with 1.4/3.5 mm objective,
Watec, Tsuruoka, Japan; recorder: DCR-TRV 80E, Sony, Tokyo,
Japan). The only exploratory measure we analysed in this experi-
ment was the latency of the shrews to leave the nestbox for the first
time and start exploring the new terrarium. We compared this
measure between species using planned comparisons as in the
main experiment.
RESULTS

Exploration of the Arena

Latency to leave the shelter ranged from 56 s (a S. minutus) to 2 h
22 min (a C. leucodon). Overall, this latency was almost significantly
higher for C. leucodon than for the two Sorex species (Fig. 2a; all
statistics are shown in the respective figures). Also, the within-
species variance in latency to leave the shelter was significantly
higher in C. leucodon than in the two Sorex species (Levene’s test:
P ¼ 0.012). There was no significant difference between S. minutus
and S. araneus in this or any of the other measured parameters.

Latency to find the first foraging box was significantly higher for
C. leucodon than for the two Sorex species (Fig. 3a). Also, the within-
species variance in latency to find the first foraging box was signif-
icantly higher in C. leucodon than in the two Sorex species (Levene’s
test: P¼ 0.009). In all three species we found both half-eaten
mealworms and intact mealworms in both the foraging boxes and
the shelter. This is probably a consequence of the shrews consuming
food in both places and hoarding some food in the shelter.

There was no difference between genera or species in the
proportion of time spent exploring the arena after first leaving the
shelter (first contrast: C. leucodon versus Sorex: W ¼ 51, P ¼ 0.913;
second contrast: S. minutus versus S. araneus:W ¼ 29, P ¼ 0.620) or
in the proportion of the area of the arena that was covered during
this exploration time (first contrast: C. leucodon versus Sorex:
W ¼ 34, P ¼ 0.287; second contrast: S. minutus versus S. araneus:
W ¼ 31, P ¼ 0.456). However, C. leucodon performed significantly
fewer exploration bouts than the two Sorex species (Fig. 3b), while
the mean duration of bouts (Fig. 3c) and the mean area covered
during bouts (Fig. 3d) were significantly higher in Crocidura than
the two Sorex species. The area covered per second of exploration
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Figure 2. Latency to leave the shelter (a) in the main experiment and (b) in the home
terrarium experiment. Boxes denote first, second and third percentiles; dashed lines
show the species mean; whiskers show 10th and 90th percentiles. The filled circle is an
outlier. Planned comparison using Wilcoxon two-sample test, all P values are two
tailed; first (C. leucodon versus Sorex) and second (S. minutus versus S. araneus)
contrasts are shown.
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time was significantly higher in the two Sorex species than in
Crocidura (Fig. 3e).

Speed of movement ranged from 16.3 cm/s (a C. leucodon) to
55.8 cm/s (a S. minutus). It was significantly lower in C. leucodon
than in the two Sorex species (Fig. 3f).

Therewas no significant difference between genera or species in
the proportion of time spent inside the wall-seeking zone (first
contrast: C. leucodon versus Sorex: W ¼ 45, P ¼ 0.799; second
contrast: S. minutus versus S. araneus: W ¼ 24, P ¼ 1). However, all
species spent significantly more time in wall-seeking behaviour
than expected by chance (Fig. 4).
Exploration of the Home Terrarium

As in the arena experiment, the latency to leave the nestbox and
begin exploration of the home terrarium was significantly higher
for C. leucodon than for the two Sorex species (Fig. 2b). Therewas no
difference between S. minutus and S. araneus. Again as in the arena
experiment, the within-species variance in latency to leave the
shelter was significantly higher in C. leucodon than in the two Sorex
species (Levene’s test: P ¼ 0.001).

DISCUSSION

In two different experimental set-ups, we found clear differ-
ences between the exploratory behaviour of C. leucodon and the
two Sorex species, but no differences between S. araneus and
S. minutus. The two Sorex species were quicker to start exploration
and to locate the first patch with food. They also moved faster and
performed more but shorter exploration bouts than Crocidura.
Generally Sorex showed an exploration strategy that was fast and
time efficient, while Crocidura displayed a slower and more thor-
ough exploration strategy.

The distinct differences in exploratory behaviour between
Crocidura and the two Sorex species matched our expectations.
However, because of the slightly higher BMR of S. minutus than
S. araneus, we had predicted a slightly faster exploration strategy
for the former species. The fact that we could not find such
a difference can probably be explained by differences in body size:
by being considerably smaller than S. araneus, S. minutus requires
a smaller absolute amount of food. Consequently it might not be
necessary for them to cover more space in less time.

In a laboratory study on movement patterns it has been shown
that S. araneus is more efficient in covering space systematically
than a random model (Pierce 1987). Pierce’s measure of efficiency
was a purely spatial one (number of different places visited per
distance travelled), while ours was spatiotemporal (area covered
per second of exploration). In this spatiotemporal measure, Croci-
durawas less efficient than the two Sorex species, covering less area
per unit time. However, in the current study we did not analyse
exact movement patterns or spatial efficiency. Thus, we cannot
draw any conclusions regarding the space use efficiency of Croci-
dura movements.

Exploratory Behaviour and Life History Strategies

The differences we found can probably be explained by the
tremendous differences in life history strategy between the two
genera (Innes 1994): shrews of the genus Sorex live only about half
as long as shrews of the genus Crocidura (Churchfield 1990), and
their BMR is more than double that of Crocidura (Genoud 1988;
Taylor 1998). For the high-metabolic shrews of the genus Sorex it is
particularly important to learn quickly about secure places to rest
and possible sources of prey when entering a novel environment.
Shrews of the genus Crocidura, in contrast, can metabolically afford
to take their time in thoroughly exploring a novel environment.

To reduce the possibility that Sorex shrews were hungrier and
thus more motivated to search for prey than C. leucodon, we
attempted to induce moderate natural levels of hunger in all indi-
viduals of both genera. Shrews of all species left intact mealworms
in the foraging patches or even hoarded food inside the shelter,
a behaviour found in shrews of different species (Rychlik &
Jancewicz 2002), indicating that none of the species were overly
hungry when exploring the arena. If we had started the experiment
with both genera just fed, the two Sorex species would have had to
start foraging within a shorter amount of time than C. leucodon. In
this case, any genus difference could have resulted not only from
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differences in exploratory behaviour, but also from different levels
of hunger. With our design, however, the genus differences we
found are very likely to be a result of true differences in exploration
strategy.

Shrews of the species C. leucodon not only had a longer latency
to start exploration than Sorex shrews, but also the within-species
variation in latency to start exploration was much higher in
C. leucodon than in Sorex. This complements a key difference in
their life history strategies: shrews of the genus Crocidura are not
forced to eat as regularly as Sorex. Thus, in C. leucodon higher
interindividual differences in exploratory behaviour are possible,
while the behaviour of shrews of the genus Sorex must be quicker
and less variable.

The interindividual variability in Crocidura was higher than in
Sorex not only in latency to start exploration in the arena, but also in
several of the other exploratory parameters that we measured.
Consistent interindividual differences in behaviour are receiving
more and more attention in studies on animal behaviour (reviewed
in Wilson et al. 1994; Dall et al. 2004; Sih et al. 2004; Réale et al.
2007; Dingemanse & Wolf 2010; Stamps & Groothuis 2010). It is
suggested that within a species different individuals behave
differently in the same context (foraging, novelty, social stress) but
that the same individual will show similar behavioural reactions
across different contexts. Typically, some individuals behave,
independent of the situation, more boldly, aggressively and actively
(proactive type; Koolhaas et al. 1999) and others are shyer, more
docile and more inactive (reactive type). Such suites of correlated
individual-specific behavioural reactions are referred to as animal
personality traits (Buss 1991; Gosling & John 1999), temperament
(Boissy 1995), coping style (Koolhaas et al. 1999) or behavioural
syndromes (Sih et al. 2004).

To test for personality, the same individual has to be tested
repeatedly to check for consistency of behavioural reactions over
time and across contexts. In our study, we tested some of the
individuals twice (arena and home terrarium experiment). Our
sample size, however, does not allow us to make confident state-
ments about possible personalities of our study subjects. However,
concepts of animal personality research might still prove helpful in
the interpretation of the data from our cross-species comparison,
namely, in an attempt to confirm and define the existence of what
could be referred to as ‘species personality’.

Species Personality

While most of the literature on behavioural syndromes focuses
on within-species differences, some studies also consider differ-
ences between species (Glickman & Sroges 1966; Mettke-Hofmann
et al. 2002; Careau et al. 2009; Page et al. 2012). Similarly, we
analysed consistent behavioural differences between three species
(two genera) of shrews. We found consistent behavioural differ-
ences between the two genera Sorex and Crocidura, but not
between the two Sorex species. The two Sorex species behaved
more boldly and actively than Crocidura. Also, Sorex shrews are
generally more aggressive towards conspecifics (Churchfield 1990)
and during handling (personal observation). This makes them
typical proactive animals, while the more docile Crocidura can be
termed reactive.

In an evolutionary scenario it is feasible to imagine that
consistent behavioural differences between individuals lead to
consistent behavioural differences between populations. Several
empirical studies support this idea (Dingemanse et al. 2007;
Brydges et al. 2008; Wray et al. 2011). In shaping such consistent
behavioural differences between populations, external factors are
involved. In birds and fish the strength of predation pressure and
the type of habitat can influence the behavioural trait of a pop-
ulation (Dingemanse et al. 2007; Brydges et al. 2008). Also in
mammals an effect of predation on personality has been shown
(Réale & Festa-Bianchet 2003). Ultimately strains or populations
with consistent behavioural differences might split up into
different species, given that other factors such as a reproductive
barrier are present. In such a scenario, the emerging sister species
would then be characterized by different behavioural reaction
norms, or, as we might say, ‘species personalities’.

Apart from such external factors, life history trade-offs seem to
maintain behavioural syndromes (reviewed in Biro & Stamps 2008;
theoretical work: Stamps 2007; Wolf et al. 2007; empirical data:
Réale et al. 2000, Boon et al. 2007; Schürch & Heg 2010; Gyuris et al.
2011; Krause & Naguib 2011). Animals with a high growth rate, for
example, have high energetic requirements to maintain this fast
growth. For them it is therefore adaptive to have a bold (explorative
and aggressive) personality in order to find and defend sufficient
food sources. Such a bold behavioural trait, however, might also
lead to higher mortality through a higher risk of predation or
competitive encounters. The growthemortality trade-off is one of
the life history factors that seem to be strongly involved in main-
taining personality differences (Stamps 2007; Biro & Stamps 2008).
Our study supports this idea on a cross-species level: while the bold
and active Sorex species grow, reproduce and die quickly, the more
shy and inactive Crocidura invests more in slow growth, later
reproduction and longer life.

Better Learning through Slower Exploration?

Owing to their longer life span, Crocidura shrews may be more
prone to invest in knowing their environment well. Knowledge
about the environment is gained by a thorough exploration of it
(Renner 1988), which can be achieved, for example, by exploring the
environment at a lower speed and/or for a longer period of time.
Indeed, C. leucodon investigated the arena in our study at a lower
speed than the Sorex shrews. However, they did not explore it for
a longer period of time, as we had hypothesized based on the meta-
analysis by Careau et al. (2009). In their study, rodents with a slower
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life history strategy were found to spend more time exploring an
open-field arena than rodents with a faster life history strategy.
However, in the rodent studies (Wilson et al. 1976; Webster et al.
1979) the total experimental time was much shorter (10 min) than
in our study (4 h). Furthermore, the rodents had no shelter to retreat
to during experiments, while our shrews did. Thus, it seems more
reasonable to compare the duration of exploration in the rodent
study to the duration of single exploration bouts in our experiment.
Indeed, the exploration bouts of Crocidurawere longer than those of
Sorex, which is in line with the results of the rodent study: animals
with slow life history strategies investigate their surroundings for
longer and probably more thoroughly. This is also reflected in the
larger proportion of the arena covered during the single exploration
bouts of the Crocidura shrews in our study. However, as our Sorex
shrews performed more exploration bouts than Crocidura, the
overall exploration time and area were the same in both genera.

The overall area shrews covered during the whole exploration
time did not differ between the two genera. Sorex shrews, however,
were exploring the novel surroundings at a higher speed and thus
covering more space in a shorter amount of time. It may well be that
by exploring at a slower pace Crocidura gains more knowledge about
the environment, which can be invested for its future. A study
comparing the spatial-learning ability of the two genera could help
to answer this question. New evidence indeed suggests that slower-
lived taxa are better learners than fast-lived ones (Page et al. 2012).

Studies on spatial exploration often compare simple parameters
such as total distance moved (Bell & Stamps 2004; Stapley & Keogh
2004) or total time of exploration (Wilson et al. 1976; Gebczynski &
Konarzewski 2009), mostly within short periods of time. We,
however, analysed the allocation of the total exploration time into
single exploration bouts within a longer period of time. Through
this we were able to reveal the different exploration strategies of
Sorex and Crocidura, which would not have been obvious from
comparisons of the total time spent exploring the arena.

Exploratory Behaviour and Differences in Habitat

In addition to life history strategy, differences in habitat might
also play a role in differences in exploratory behaviour (Greenberg
1990; Mettke-Hofmann et al. 2002) and learning (Haupt et al.
2010). Many species of the two genera of our study differ in their
natural habitat: members of the genus Sorex often inhabit more
cold and humid environments than members of the genus Croci-
dura (Churchfield 1990). Humid habitats, such as a swampy forest
edge or an occasionally flooded meadow, are likely to be more
complex than dryer ones, such as a savannah or an evenly irrigated
crop field (August 1983). Complex habitats have been shown to
favour high exploration rates (Greenberg 1990; Mettke-Hofmann
et al. 2002). This behaviour has an adaptive value: in more
complex and variable habitats the amount of information gained
during repeated exploration bouts is higher than in simpler, more
stable ones. The humid and probably complex habitat of Sorex thus
provides an environment that favours selection for a fast explora-
tion strategy.

While the differences in habitat hold true when comparing the
two genera, there is no general habitat difference between the
shrew species we compared in this study. They can all live under
similar climatic conditions and their habitat and ecological niches
overlap considerably (Churchfield 1990).

Evolution of Exploration Strategies

Although the biogeographical origins of Soricinae and Croci-
durinae are not fully resolved, the two subfamilies presumably
originated in two diverse climatic zones (Butler 1998; Dubey et al.
2007). The centre of radiation of the subfamily Soricinae (on the
Eurasian continent about 13.8 million years ago; Dubey et al. 2007)
was probably colder and more humid than that of the Crocidurinae
(on the African or the southern Eurasian continent about
10.8 million years ago; Dubey et al. 2007).

Humid habitats are more productive than dry ones, and thus
exhibit a higher predictability of food supplies (Lovegrove 2000).
There is evidence that productive environments favour the evolu-
tion of a high BMR (Lovegrove 2000; Mueller & Diamond 2001;
Bozinovic et al. 2007). In humid habitats with a high and predict-
able abundance of prey the evolution of fast life history traits,
where a lot of food is required to fuel the fast metabolism, is
possible. At the same time it is adaptive to evolve a fast exploration
strategy to maintain such a fast life history. Indeed, it has been
shown that productive environments favour the evolution of
higher activity levels (Mueller & Diamond 2001). We argue that the
high BMR and fast exploration strategy probably evolved together
in shrews of the genus Sorex and were both favoured by their
evolutionary origin in humid, productive habitats. Shrews of the
genus Crocidura, in contrast, presumably evolved in more arid and
thus less productive climatic zones, where a fast life history with
a high BMR is not likely to arise. A less productive habitat and the
resulting evolution of a moderate BMR supposedly did not provide
a suitable environment for Crocidura to evolve a fast exploration
strategy. Their slower exploration strategymight even help them to
learn more about their environment and thus invest in their future.

Spending more time outside a shelter is costly because of an
increased risk of predation. Shrews are a common prey item,
especially for owls and raptors (von Blotzheim & Bauer 1969;
Churchfield 1990). A slower exploration strategy, as we found in
Crocidura, might reduce the risk of predation during exploration
(Werner & Anholt 1993), because slow explorers are less conspic-
uous to predators and can invest more time and attention in vigi-
lance. In contrast to Sorex shrews, which are restricted by their fast
metabolism, Crocidura can develop different solutions to the trade-
off between the gathering of information through exploration and
the risk of predation. Different individual strategies for solving this
trade-off may explain the high within-species variability in explo-
ration behaviour that we found in Crocidura. This explanation is
consistent with other studies on the influence of predation on
shaping animal personalities (see Exploratory Behaviour and Life
History Strategies above; Réale & Festa-Bianchet 2003;
Dingemanse et al. 2007; Brydges et al. 2008).

Wall-seeking Behaviour

A typical behavioural reaction to the risk of predation is wall
seeking (Mashoodh et al. 2009). When keeping close to larger
structures, small animals are less likely to be exposed to predators
and thus show less anxiety-related behaviour (Harris et al. 2009).
Indeed, all shrew species tested in the current study showed the
same preference to run along the edges of either the arena or
structures inside the arena. Wall-seeking behaviour is a common
phenomenon not only in small ground-dwelling mammals but also
in many other animal species, including insects, fish and blind
humans (Wilson et al. 1976; Martin 2004; Kallai et al. 2007; Sharma
et al. 2009). Apart from predator avoidance, using the physical
guidance provided by structures in the environment is assumed to
aid in spatial orientation, especially in situations in which only
short-range senses are available (Sharma et al. 2009).

Conclusions

In the present study we showed that shrews of the fast-lived
genus Sorex have a faster exploration strategy than shrews of the
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slow-lived genus Crocidura. Our results are consistent with the
hypothesis of a correlated evolution between exploratory behav-
iour and life history strategy. To explore this correlation further,
a multispecies approach, preferably with phylogenetically inde-
pendent contrasts (Harvey & Pagel 1991), is necessary. The species
to choose for such a study should face comparable ecological
conditions, while differing in their life history strategies.
Acknowledgments

We thank Renate Heckel and Erich Koch for helping with shrews
and technical matters, respectively. Many thanks to Klemen Koselj
for his help with statistical analysis, and to Irmgard Teschke, Paul A.
Faure, Joaquim T. Tapisso and two anonymous referees for valuable
comments on the manuscript. ‘Dankeschön’ to Sara Troxell for
improving the language of our manuscript. This study was funded
by the Max Planck Society.
Supplementary Material

Supplementary material associated with this article is available,
in the online version, at doi:10.1016/j.anbehav.2012.04.002.
References

Archer, J.1973. Tests for emotionality in rats and mice: review. Animal Behaviour, 21,
205e235.

August, P. V. 1983. The role of habitat complexity and heterogeneity in structuring
tropical mammal communities. Ecology, 64, 1495e1507.

Barnett, S. A. 1958. Exploratory behaviour. British Journal of Psychology, 49,
289e310.

Bell, A. M. & Stamps, J. A. 2004. Development of behavioural differences between
individuals and populations of sticklebacks, Gasterosteus aculeatus. Animal
Behaviour, 68, 1339e1348.

Biro, P. A. & Stamps, J. A. 2008. Are animal personality traits linked to life-history
productivity? Trends in Ecology & Evolution, 23, 361e368.

Biro, P. A. & Stamps, J. A. 2010. Do consistent individual differences in metabolic
rate promote consistent individual differences in behavior? Trends in Ecology &
Evolution, 25, 653e659.

von Blotzheim, U. N. & Bauer, K. M. 1969. Handbuch der Voegel Mitteleuropas, Band
9. Columbiformes:Piciformes. Frankfurt a.M: Akademische Verlagsgesellschaft.

Boissy, A. 1995. Fear and fearfulness in animals. Quarterly Review of Biology, 70,
165e191.

Boon, A. K., Réale, D. & Boutin, S. 2007. The interaction between personality,
offspring fitness and food abundance in North American red squirrels. Ecology
Letters, 10, 1094e1104.

Bozinovic, F., Munoz, J. L. P. & Cruz-Neto, A. P. 2007. Intraspecific variability in the
basal metabolic rate: testing the food habits hypothesis. Physiological and
Biochemical Zoology, 80, 452e460.

Branis, M. & Burda, H. 1994. Visual and hearing biology of shrews. In: Advances in
the Biology of Shrews (Ed. by J. F. Merritt, G. L. Kirkland & R. K. Rose),
pp. 189e200. Pittsburgh: Carnegie Museum of Natural History.

Brydges, N. M., Colegrave, N., Heathcote, R. J. P. & Braithwaite, V. A. 2008. Habitat
stability and predation pressure affect temperament behaviours in populations
of three-spined sticklebacks. Journal of Animal Ecology, 77, 229e235.

Buss, D. M. 1991. Evolutionary personality psychology. Annual Review of Psychology,
42, 459e491.

Butler, P. M. 1998. Fossil history of shrews in Africa. In: Evolution of Shrews
(Ed. by J. M. Wojcik & M. Wolsan), pp. 121e132. Bialowieza: Mammal Research
Institute, Polish Academy of Sciences.

Careau, V., Thomas, D. W., Humphries, M. M. & Réale, D. 2008. Energy metabolism
and animal personality. Oikos, 117, 641e653.

Careau, V., Bininda-Emonds, O. R. P., Thomas, D. W., Réale, D. &
Humphries, M. M. 2009. Exploration strategies map along fast-slow metabolic
and life-history continua in muroid rodents. Functional Ecology, 23, 150e156.

Churchfield, S. 1990. The Natural History of Shrews. Ithaca, New York: Cornell
University Press.

Dall, S. R. X., Houston, A. I. & McNamara, J. M. 2004. The behavioural ecology of
personality: consistent individual differences from an adaptive perspective.
Ecology Letters, 7, 734e739.

Dingemanse, N. J. & Wolf, M. 2010. Recent models for adaptive personality
differences: a review. Philosophical Transactions of the Royal Society B, 365,
3947e3958.

Dingemanse, N. J., Wright, J., Kazem, A. J. N., Thomas, D. K., Hickling, R. &
Dawnay, N. 2007. Behavioural syndromes differ predictably between 12 pop-
ulations of stickleback. Journal of Animal Ecology, 76, 1128e1138.
Dubey, S., Salamin, N., Ohdachi, S. D., Barriere, P. & Vogel, P. 2007. Molecular
phylogenetics of shrews (Mammalia: Soricidae) reveal timing of trans-
continental colonizations. Molecular Phylogenetics and Evolution, 44, 126e137.

Gebczynski, A. K. & Konarzewski, M. 2009. Locomotor activity of mice divergently
selected for basal metabolic rate: a test of hypotheses on the evolution of
endothermy. Journal of Evolutionary Biology, 22, 1212e1220.

Genoud, M. 1988. Energetic strategies of shrews: ecological constraints and
evolutionary implications. Mammal Review, 18, 173e193.

Glickman, S. E. & Sroges, R. W. 1966. Curiosity in zoo animals. Behaviour, 26,
151e188.

Gosling, S. D. & John, O. P. 1999. Personality dimensions in nonhuman animals:
a cross-species review. Current Directions in Psychological Science, 8, 69e75.

Greenberg, R. 1990. Feeding neophobia and ecological plasticityea test of the
hypothesis with captive sparrows. Animal Behaviour, 39, 375e379.

Gyuris, E., Feró, O., Tartally, A. & Barta, Z. 2011. Individual behaviour in firebugs
(Pyrrhocoris apterus). Proceedings of the Royal Society B, 278, 628e633.

Harris, A. P., D’Eath, R. B. & Healy, S. D. 2009. Environmental enrichment enhances
spatial cognition in rats by reducing thigmotaxis (wall hugging) during testing.
Animal Behaviour, 77, 1459e1464.

Harvey, P. H. & Pagel, M. D. 1991. The Comparative Method in Evolutionary Biology.
Oxford: Oxford University Press.

Haupt, M., Eccard, J. A. & Winter, Y. 2010. Does spatial learning ability of common
voles (Microtus arvalis) and bank voles (Myodes glareolus) constrain foraging
efficiency? Animal Cognition, 13, 783e791.

Heinrich, B. 1995. Neophilia and exploration in juvenile common ravens, Corvus
corax. Animal Behaviour, 50, 695e704.

Hughes, R. N. 1997. Intrinsic exploration in animals: motives and measurement.
Behavioural Processes, 41, 213e226.

Innes, D. G. L. 1994. Life histories of the Soricidae: a review. In: Advances in the
Biology of Shrews (Ed. by J. F. Merritt, G. L. Kirkland & R. K. Rose), pp. 111e136.
Pittsburgh: Carnegie Museum of Natural History.

Kallai, J., Makany, T., Csatho, A., Karadi, K., Horvath, D., Kovacs-Labadi, B.,
Jarai, R., Nadel, L. & Jacobs, J. W. 2007. Cognitive and affective aspects of
thigmotaxis strategy in humans. Behavioral Neuroscience, 121, 21e30.

Kleiber, M. 1961. The Fire of Life: an Introduction to Animal Energetics. New York:
John Wiley and Sons.

Koolhaas, J. M., Korte, S. M., de Boer, S. F., van der Vegt, B. J., van Reenen, C. G.,
Hopster, H., de Jong, I. C., Ruis, M. A. W. & Blokhuis, H. J.1999. Coping styles in
animals: current status in behavior and stress-physiology. Neuroscience & Bio-
behavioral Reviews, 23, 925e935.

Krause, E. T. & Naguib, M. 2011. Compensatory growth affects exploratory
behaviour in zebra finches, Taeniopygia guttata. Animal Behaviour, 81,
1295e1300.

Lantova, P., Zub, K., Koskela, E., �Síchová, K. & Borowski, Z. 2011. Is there a linkage
between metabolism and personality in small mammals? The root vole
(Microtus oeconomus) example. Physiology & Behavior, 104, 378e383.

Lovegrove, B. G. 2000. The zoogeography of mammalian basal metabolic rate.
American Naturalist, 156, 201e219.

Martin, J. R. 2004. A portrait of locomotor behavior in Drosophila determined by
a video-tracking paradigm. Behavioural Processes, 67, 207e219.

Mashoodh, R., Sinal, C. J. & Perrot-Sinal, T. S. 2009. Predation threat exerts specific
effects on rat maternal behaviour and anxiety-related behaviour of male and
female offspring. Physiology & Behavior, 96, 693e702.

Mettke-Hofmann, C., Winkler, H. & Leisler, B. 2002. The significance of ecological
factors for exploration and neophobia in parrots. Ethology, 108, 249e272.

Mueller, P. & Diamond, J. 2001. Metabolic rate and environmental productivity:
well-provisioned animals evolved to run and idle fast. Proceedings of the
National Academy of Sciences, U.S.A., 98, 12550e12554.

Page, R. A., von Merten, S. & Siemers, B. M. 2012. . Associative memory or algo-
rithmic search: a comparative study on learning strategies of bats and shrews.
Animal Cognition, doi:10.1007/s10071-012-0474-1, Published online 6 March
2012.

Pierce, G. J. 1987. Search paths of foraging common shrews Sorex araneus. Animal
Behaviour, 35, 1215e1224.

Promislow, D. E. L. & Harvey, P. H. 1990. Living fast and dying young: a compara-
tive analysis of life-history variation among mammals. Journal of Zoology, 220,
417e437.

R Development Core Team 2009. R: a Language and Environment for Statistical
Computing. Vienna: R Foundation for Statistical Computing.

Réale, D. & Festa-Bianchet, M. 2003. Predator-induced natural selection on
temperament in bighorn ewes. Animal Behaviour, 65, 463e470.

Réale, D., Gallant, B. Y., Leblanc, M. & Festa-Bianchet, M. 2000. Consistency of
temperament in bighorn ewes and correlates with behaviour and life history.
Animal Behaviour, 60, 589e597.

Réale, D., Reader, S. M., Sol, D., Mcdougall, P. T. & Dingemanse, N. J. 2007. Inte-
grating animal temperament within ecology and evolution. Biological Reviews,
82, 291e318.

Renner, M. J. 1988. Learning during exploration: the role of behavioral topography
during exploration in determining subsequent adaptive behavior. International
Journal of Comparative Psychology, 2, 43e56.

Russell, J. C., McMorland, A. J. C. & MacKay, J. W. B. 2009. Exploratory behaviour of
colonizing rats in novel environments. Animal Behaviour, 79, 159e164.

Rychlik, L. 1998. Evolution of social systems in shrews. In: Evolution of Shrews
(Ed. by J. M. Wojcik & M. Wolsan), pp. 347e406. Bialowieza: Mammal Research
Institute, Polish Academy of Sciences.

http://dx.doi.org/10.1016/j.anbehav.2012.04.002


S. von Merten, B. M. Siemers / Animal Behaviour 84 (2012) 29e3838
Rychlik, L. & Jancewicz, E. 2002. Prey size, prey nutrition, and food handling by
shrews of different body sizes. Behavioral Ecology, 13, 216e223.

Saarikko, J. & Hanski, I. 1990. Timing of rest and sleep in foraging shrews. Animal
Behaviour, 40, 861e869.

Schürch, R. & Heg, D. 2010. Life history and behavioral type in the highly social
cichlid Neolamprologus pulcher. Behavioral Ecology, 21, 588e598.

Schwagmeyer, P. L. 1995. Searching today for tomorrow’s mates. Animal Behaviour,
50, 759e767.

Sharma, S., Coombs, S., Patton, P. & Burt de Perera, T. 2009. The function of wall-
following behaviors in the Mexican blind cavefish and a sighted relative, the
Mexican tetra (Astyanax). Journal of Comparative Physiology A, 195, 225e240.

Shchipanov, N. A., Kalinin, A. A., Demidova, T. B., Oleinichenko, V. Y.,
Aleksandrov, D. Y. & Kouptzov, A. V. 2005. Population ecology of red-toothed
shrews, Sorex araneus, S. caecutiens, S. minutus, and S. isodon, in Central Russia. In:
Advances in the Biology of Shrews II (Ed. by J. F. Merritt, S. Churchfield, R. Hutterer &
B. I. Sheftel), pp. 201e216. New York: International Society of Shrew Biologists.

Sigmund, L. 1985. Anatomy, morphometry and function of sense organs in shrews
(Soricidae, Insectivora, Mammalia). Fortschritte der Zoologie, 30, 661e665.

Sih, A., Bell, A. M. & Johnson, J. C. 2004. Behavioral syndromes: an ecological and
evolutionary overview. Trends in Ecology & Evolution, 19, 372e378.

Stamps, J. A. 2007. Growth-mortality tradeoffs and ‘personality traits’ in animals.
Ecology Letters, 10, 355e363.

Stamps, J. & Groothuis, T. G. G. 2010. The development of animal personality:
relevance, concepts and perspectives. Biological Reviews, 85, 301e325.
Stapley, J. & Keogh, J. S. 2004. Exploratory and antipredator behaviours differ
between territorial and nonterritorial male lizards. Animal Behaviour, 68,
841e846.

Taylor, J. R. E. 1998. Evolution of energetic strategies in shrews. In: Evolution of
Shrews (Ed. by J. M. Wojcik & M. Wolsan), pp. 309e346. Bialowieza: Mammal
Research Institute, Polish Academy of Sciences.

Tebbich, S., Fessl, B. & Blomqvist, D. 2009. Exploration and ecology in Darwin’s
finches. Evolutionary Ecology, 23, 591e605.

Webster, D. G., Baumgardner, D. J. & Dewsbury, D. A. 1979. Open-field behavior in
8 taxa of muroid rodents. Bulletin of the Psychonomic Society, 13, 90e92.

Werner, E. E. & Anholt, B. R. 1993. Ecological consequences of the trade-off
between growth and mortality rates mediated by foraging activity. American
Naturalist, 142, 242e272.

Wilson, D. S., Clark, A. B., Coleman, K. & Dearstyne, T. 1994. Shyness and boldness
in humans and other animals. Trends in Ecology & Evolution, 9, 442e446.

Wilson, R. C., Vacek, T., Lanier, D. L. & Dewsbury, D. A.1976. Open-field behavior in
muroid rodents. Behavioral Biology, 17, 495e506.

Winkler, H. & Leisler, B. 1999. Exploration and curiosity in birds: functions and
mechanisms. In: Proceedings of the 22nd International Ornithology Congress
(Ed. by N. Adams & R. Slotow), pp. 915e932. Durban: University of Natal.

Wray, M. K., Mattila, H. R. & Seeley, T. D. 2011. Collective personalities in honeybee
colonies are linked to colony fitness. Animal Behaviour, 81, 559e568.

Wolf, M., van Doorn, G. S., Leimar, O. & Weissing, F. J. 2007. Life-history trade-offs
favour the evolution of animal personalities. Nature, 447, 581e584.


	Exploratory behaviour in shrews: fast-lived Sorex versus slow-lived Crocidura
	Methods
	Animals and Housing
	Set-up and Experimental Design
	Analysis of Movements
	Statistical Analysis
	Exploration of the Home Terrarium

	Results
	Exploration of the Arena
	Exploration of the Home Terrarium

	Discussion
	Exploratory Behaviour and Life History Strategies
	Species Personality
	Better Learning through Slower Exploration?
	Exploratory Behaviour and Differences in Habitat
	Evolution of Exploration Strategies
	Wall-seeking Behaviour
	Conclusions

	Acknowledgments
	Supplementary Material
	References


