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ABSTRACT

Individual great tits (Parus major) can be categorised as FAST or SLOW
explorers on the basis of tests assessing the response to a novel object and the
exploration of a novel environment. Bidirectional selection showed a genetic
basis for these traits and this has led to the establishment of two selection lines
that differ also in other behavioural domains, such as foraging, aggression, and
response to social stress, suggestive of a general difference in coping strategy
or “personality”. On the hypothesis that line differences in exploration and
foraging are caused by different cognitive abilities, we aimed at characterising
these abilities of the two lines in a cue task, a place task, and in a retention
task. After a training period of eight days, male-female pairs of the two selection
lines were challenged with a sequence of three tasks: (i) to find a hidden food
reward relying on a visual cue, which was spatially displaced across three
consecutive trials (cue task); (ii) to find the hidden reward in a fixed position
when the visual cue was removed (place task); (iii) to find the hidden reward
relying on a visual cue after an interval of 65 hrs (retention task). In all tests
the reward was a mealworm hidden in one of nine bowls. We measured the
latency to find the reward, visits to incorrect and unexplored bowls (errors) and
visits to previously explored incorrect bowls (counted as revisits). No line
differences in errors and revisits were found in the cue and the place task, but
in the former task SLOW birds took longer than FAST birds to find the reward.
In both lines the number of errors and revisits as well as time to find food
significantly increased in the place task. The latter task was repeated on the
following day and in both lines there was no decrease the number of errors.
However, the birds became more efficient by decreasing the number of revisits
thereby reducing time to find food. In the retention task the FAST birds did
less errors than the SLOW birds, suggesting a better use of information across
time. This was reflected in a shorter time to find food in FAST birds. In general,
birds performed better in the cue than in the place tasks.
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1. INTRODUCTION

Individual differences in cognitive abilities may have implications for access
to food sources (Benus et al. 1987; Greenberg, 1990; Seferta, 2001; Shettle-
worth, 2001), which in the wild exhibit a high variation in visual conspicuous-
ness, density, spatial location and distribution.

In the great tit (Parus major), a small passerine bird, many individuals show
extreme phenotypes within a given population, being “FAST” or “SLOW” in
response to novelties (Verbeek et al. 1994). A recent selection experiment has
shown heritability for early exploratory behaviour in this species (54±5% based
on four generations, Drent et al. 2003). The selection trait is a combined score
of the speed of exploration in a novel environment and the response to novel
objects in a familiar environment, performed around fourty days after hatching,
short after independence, during the period of post-fledging dispersal (Drent
et al. 2003). These traits are relatively stable across age and correlate with
differences in aggression (Verbeek et al. 1996; 1999), copying behaviour
(Marchetti & Drent, 2000), and responses to social stress (Verbeek et al. 1999;
Carere et al. 2001). Such generalization indicates that they may reflect coping
strategies or “personalities” (Wilson et al. 1994, Koolhaas et al. 1999). The
characteristics of the FAST and SLOW great tits correspond to some extent
with the characteristics of the proactive (active) and reactive (passive) coping
strategies described in rodents and pigs (Benus et al. 1991; Koolhaas et al. 1999;
2001; Ruis et al. 2000). Proactive copers are thought to be more guided by
internal cues than by environmental stimuli and easily develop routines.
Reactive copers are thought to be more flexible and react more to environ-
mental stimuli.

FAST and SLOW great tits show consistent differences in foraging
behaviour. When dealing with a change in food distribution (hidden or
removed) after a foraging habit was induced with training, SLOW individuals
were more ready to change their searching patterns, whereas FAST individuals
tended to stick longer to the searching pattern used previously (Verbeek et al.
1994; Drent & Marchetti, 1999). Therefore, it was concluded that FAST birds
are more prone to develop routines and rigid foraging habits, whereas SLOW
birds take more time to thoroughly explore an environment, are more focused
on environmental stimuli and adjust their foraging behavior more quickly to
environmental change. These patterns are in agreement with studies in rodents
hypothesising that individuals that quickly went through a maze and readily
developed routines were at an advantage in a stable environment, while those
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that went through a maze more slowly and remained alert to changing stimuli
were at an advantage in a changing environment (van Oortmerssen et al. 1985;
Benus et al. 1987; 1990).

One cause for the difference in exploration patterns in FAST and SLOW
great tits may be a ‘constitutional’ difference in cognition influencing the
process of information gathering. Moreover, considerable inter-individual
variation has been found in the performance of non-storing tits in spatial tasks
(Clayton & Krebs, 1994a; b) and it is of interest to test whether this variation
is associated with coping strategy.

For these purposes we assessed whether birds of the FAST and SLOW line
differ in the ability to find a hidden reward that could be located first visually
(cue task) and then was removed (place task). The performance of the two lines
was subsequently assessed after a retention interval of 65 hrs (only cue task,
due to the poor performance in the place task). Assuming that great tits, as
non-storers, rely more on visual than on spatial information and therefore
matching on location (place task) is a more difficult task than matching on
visual cues (Brodbeck, 1994; Brodbeck & Shettleworth, 1995; Shettleworth,
1995; Biegler et al. 2001), we tested three possibilities: (i) that FAST and
SLOW birds do not differ in the cue and the place task; (ii) that the SLOW
birds, hypothesised to be thorough explorers, perform better than FAST birds
in the place task; (iii); that lines differ in retention abilities over a long time
span. We have no specific prediction for the last possibility.

2. MATERIALS AND METHODS

2.1. Animals and housing conditions

Great tits are passerine, territorial, non-migratory birds (body mass: 16-20 g)
inhabiting woods and parks. Males start establishing their territory already in
winter, thereafter forming monogamous pair bonds. Foraging abilities are very
important in this species, since winter mortality is correlated with the stock of
invertebrate food in their habitat (Cramp et al. 1993). Also nestling growth and
fledging weight are affected by the foraging performance of the parents (Naef-
Daenzer & Keller, 1999). The subjects were 14 individuals (7 males and 7
females) of the FAST, and 14 individuals (7 males and 7 females) of the SLOW
line. All birds were 9-10 months old and naïve concerning foraging tasks. The
birds belonged to the 5th generation of a selection program started in 1993.
The experiment was carried out in March, just before the onset of the breeding
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period. Before the experiment, birds were individually housed indoor in
standard cages (80 × 40 × 40 cm) with wooden bottom, top, side and rear
walls, a wire-mesh front and three perches and had auditory and visual contact
with other individuals housed in the same room. Birds were moved into outdoor
aviaries (3 × 2 × 2.5m) two days before the start of the training. They were
housed in male-female pairs of the same line and with similar scores obtained
in the exploration tests that had been used to form the selection lines and described
in the Introduction and below. The aviaries contained two nest boxes, perches on
the left and right walls and a feeding table in the centre (40 × 40 cm). The birds
were provided with ad libitum water, sunflower seeds and a commercial dry mixture.
Every two days they were also given a fresh mixture of raw heart, insects, proteins,
trace elements, minerals and vitamins. Live mealworms were given three times a
week, but during the period of the experiment they were removed from the diet, since
they were used as rewards during the experiment.

2.2. Exploration tests (novel environment and novel object)

These tests were carried out indoor two months before the experiment in order
to assess the persistence of the difference between the two selection lines.
Details of the tests are provided elsewhere (Drent et al. 2003). Briefly, for the
novel environment test, birds were allowed to explore a room with five artificial
wooden trees for 10 min. The time needed to visit four of the five trees was
converted linearly to a 0-10 scale. A score of 10 means that the bird reached
the fourth tree within 1 min; a score of 0 means that it did not reach the fourth
tree within 10 min. For the novel object test, two sessions were carried out on
separate days introducing a novel object on one of the outer perches. A penlight
battery was used on the first day and an 8 cm pink rubber toy on the second
day. The latency to approach the object and the shortest distance to it within
120 sec were recorded. The results for each session were converted linearly to
a 0-5 scale. A score of 5 was given when the bird pecked the object, a score of
zero when the bird did not land on the perch with the object. The sum of the
three test scores (0-20) is the trait selected on, where 0 is the extreme “SLOW”
and 20 is the extreme “FAST” bird (Drent et al. 2003). The score obtained in
the exploration tests was significantly different between the two lines (z = –
3.1, p < 0.01, Table I).
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2.3. Experimental set up and parameters measured

The feeding table in each aviary was used to present an array of regularly spaced
white bowls (diameter 5 cm, height 3 cm). A white circular sheet of paper
(diameter 5 cm) was placed in each bowl as a lid to hide the possible food
reward. Birds had to locate and eat a mealworm hidden under the paper lid.
This set up simulates a common situation in nature, since great tits usually
search for invertebrates (worms, caterpillars, spiders) underneath leaves
(Cramp et al. 1993). The observations started after the bowls were put on the
feeding table and the aviary door was closed. Both members of each pair were
observed simultaneously by two observers from a hide 10 m from the aviaries.
The task was considered completed when the worm was found and eaten.
When one member of the pair showed clear interest in an unexplored non-
rewarded bowl by exploring it (e.g. by hopping on top and looking at it and/or

C. CarC. CarC. CarC. CarC. Carererererereeeee

naeM meS naideM egnaR

TSAF 34.81 55.0 5.81 05.3

WOLS 07.21 84.1 0.41 5.9

Table I.

yaD 8-1 noitacoldexifnieuclausivgniniarT

yaD 9 decalpsideuclausiv:ksateuC

yaD 9 noitacoldexifnieuclausiv:gniniarT

yaD 01 devomereuclausiv:ksatecalP

yaD 11 devomereuclausiv:ksatecalP

yaD 21 euclausivgniniart-eR

yaD 41 noitneteR

Table II.
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by removing the paper lid from it) this was counted as an error. If one member
of the pair visited a bowl (in the way described above) that had already been
explored by either itself or its mate, it was counted as a revisit. In each task
we also measured the time it took to find the worm, which was the sum of the
latency to reach the feeding table and the time spent actively searching after
the first landing on the feeding table. The experimental time course is described
below and summarised in Table II.

2.4. Training

In a first phase birds were trained to search for hidden mealworms, which had
to be found by removing the paper lid from bowls in an array of four. At this
phase each bowl contained one mealworm as a reward. If the task was
completed within 20 minutes, training was considered to be completed. All
pairs succeeded in finding the four rewards within 20 minutes within four days.
In a second phase only one bowl was rewarded and its paper lid was marked
with a black dot (0.5 cm diameter). The marked and rewarded bowl was
situated in a fixed position (randomly chosen for each pair), while the
remaining three bowls were unrewarded. In the third phase, the array of bowls
was increased from four to nine. This step was planned at this phase to reduce
the risk of satiation. All pairs succeeded in matching correctly the visual cue
within four days.

2.5. Cue task: visual cue displaced

After training the birds were tested on their response to a spatial displacement
of the marked bowl, which was the rewarded one. The birds had to associate
and follow the marked bowl with a reward independent of a certain location.
Three trials were done in one day (9:00, 12:00, and 15:00) in which the marked
bowl was displaced to three new positions randomly. The test was followed by
three consecutive trials in which the marked bowl was situated at a fixed
position as during the training to counteract the effect of the displacement
on the cue-food association. In these trials all pairs matched correctly the
visual cue.
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2.6. Place task: visual cue removed

The visual cue was dissociated from the reward by removing the mark, but leaving
the reward in the same position as of the previously rewarded marked bowl. To find
the reward, both lines had to encode and retain information based only on location.
The task consisted of six trials over two consecutive days (three per day at 9:00,
12:00 and 15:00).

2.7.Retention of the cue task

To test the performance of both lines associating a visual cue with a reward over
a longer time period, the birds were given one trial with the mark and reward
at the original position as in task A. This was enough to reach the criterion
used in the training phase. After 65 hours the birds were again tested with the
same set up. The retention interval length was chosen on the basis of pilot tests
with other birds and literature data on the same or closely related non-storer
species, which indicate that within a few days the retention decreased strongly
(e.g. Sherry, 1989; Clayton & Krebs, 1993).

2.8. Data analysis

Pairs were considered as the statistical unit, since we were in a typical situation
of non independence of observations due to group or space and birds could
influence each other (Chiarotti & Sparks, 2002). Similarly, in a study analysing
grit colour selection by aviary-housed house sparrows and northern bobwhites,
groups but not individual birds were the statistical unit (Gionfriddo & Best,
1996). Moreover, great tits have a monogamous breeding system with both
parents equally engaged in searching food for the offspring (e.g. Verhulst &
Tinbergen, 1997), while it is known that in this species individuals are able to
copy each other’s foraging behaviour (Krebs et al. 1972; Marchetti & Drent,
2000). As a consequence, for errors and revisits the individual data were
summed over each pair, while latency refers to the individual who found the
worm. The parameters considered (errors and revisits, expressed as proportions,
and time to complete the task, expressed in seconds) in the two tasks (A,
“visual cue displaced”; B “visual cue removed”) were analysed separately using
a repeated measure analysis of variance on square root (for errors and revisits)
and log (for latency to find the worm) transformed data. For tasks A and B we
ran a nested 3x2 model in which task (two levels, namely visual cue displaced,
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visual cue removed) and trial (three levels) formed the within subjects factors,
while line formed the independent factor. Data of the second day of task B (B2)
were not included in the comparison of the different tasks in order to have a
comparison always including the first day of a task, and therefore an equal
number of trials. However, a comparison between two consecutive days (B1
vs B2, 6 trials in total) was carried out. For task C (retention) trial (two levels)
formed the within subjects factor, while line formed the independent factor.
Multiple comparisons for the factor line, were performed by Tukey-Kramer LSD
(least significant difference) test. The use of this test is recommended even in
absence of significant main or interaction effects in the analysis of variance
(Wilcox, 1987), since the procedure protects from the increased probability of
type I errors due to the repeated measure. All tests were two-tailed. Significance
level was 0.05.

3. RESULTS

3.1.Training

Overall a clear effect of the training procedure was evident comparing the
performance in the first training session of the second phase with the last one
of the third phase: birds markedly reduced the number of errors (F1,12=8.8
p=0.012, Fig. 1a) and no main effect of line or interaction was detected
(F1,12=0.84 p=0.38).

3.2.Line differences

No line differences were found in both the cue and the place task in the number
of errors (F1,12 = 0.11, p = 0.75, Fig. 1a, b) and revisits (F1,12 = 1.42, p =
0.25, Fig. 1a, b). In the retention task FAST birds performed better than SLOW
birds, but probability level of the main interaction effect was just above
significance (trial × line F1,12 = 4.48, p = 0.056, but p < 0.05 in post hoc,
Fig. 2b).

As for the time to find the reward, in the cue task a main effect of line was
evident, SLOW birds taking longer time than FAST birds (F1,12 = 7.8 p <
0.02, Fig. 1c), and no interaction with trial was present (F1,12 = 2.3, p = 0.16).
This difference was mainly due to a line difference in the latency to land on
the feeding table to actively start searching (F1,12 = 6.8, p < 0.03, not shown),
rather than in the time spent actively searching on the feeding table (F1,12
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= 0.35, p = 0.56, not shown). In the place task no main effect of line (F1,12
= 0.44, p = 0.52), nor its interaction with trial (F1,12 = 2.6, p = 0.13) or day
(F1,12 = 0.99, p = 0.34) were evident even when the two days were analysed
separately (Fig. 1d). In the retention task again SLOW birds took significantly
longer time than FAST birds to find the reward after 65 hrs (trial × type F1,12
= 13.6, p<0.01, Fig. 2b). In this task latency to start searching on the table
did not differ between the lines (F1,12 = 0.36 p = 0.56, not shown), but the
active searching time increased in the SLOW birds, while it did not change
in the FAST birds (trial × line F1,12 = 8.8, p = 0.01, not shown).

Figure 1. Errors and revisits (a, b) and time to find the reward (c, d) in both lines in
the cue task and in the place task. In the cue task the marked and rewarded bowl was
randomly displaced in an array of 9 bowls. In the place task the mark was removed and
the reward was fixed at one position during all trials, randomly chosen for each pair.
Values are mean percentages + SEM. Note that during the cue task and the retention
task both lines did not revisit any bowl. T = trial.
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Figure 2. Errors and revisits (a) and time to find the reward (b) in both lines in the
retention task. The reward was fixed at one position, randomly chosen for each pair.
Interval between the two trials is 65 hrs. Values are means + SEM. T = trial.
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3.3.Task differences

An overall effect of task was present in the number of errors (cue task vs place
task, first day, F1,12 = 161.9, p < 0.001, Fig. 1a, b): birds markedly increased
the number of errors in the first day of the place task compared with the cue
task. An overall effect of task was present in the number of revisits as well (cue
task vs place task, first day, F1,12 = 32.7, p< 0.001, Fig. 1a, b), birds showing
few or no revisits in the cue task, while increasing them in the first day of the
place task (Fig. 1a, b). The number of revisits significantly decreased on the
second day of the place task (day 1 vs day 2, F1,12 = 24.3, p < 0.001, Fig. 1b).

As for time to find the reward, a marked increase occurred in the place task
(cue task vs first day of place task, F1,12 = 51.5 p < 0.001, Fig. 1b). In the
second day of the place task
it dropped from about 150
to about 70 seconds (day 1
vs day 2, F1,12 = 5.4, p <
0.04, Fig. 1b). In the re-
tention task (cue) levels
were again significantly lower
than in the place task (for
example T5-T6 of the place
task vs T1-T2 of the retention
task (F1,12 = 40.7, p <
0.001, Figs. 1d, 2b).

4. DISCUSSION

4.1. Line differences

Whether different coping
strategies entail basic dif-
ferences in cognitive abili-
ties has received little at-
tention. Fast and slow
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learners have been described in filial imprinting in domestic chickens, although
no information about correlated responses indicating coping strategies in these
animals are available (Bolhuis et al. 1999). In mice of two lines selected for short
and long attack latency and representing respectively proactive and reactive
coping strategies (Benus et al. 1991; Koolhaas et al. 1999), the aggressive
animals were better shock avoiders, than non-aggressive individuals. However,
they always performed worse and were more routinized in a continuously
changing environment than the less aggressive individuals (Benus et al. 1987;
1990). On the basis of the differences found in routine formation in foraging
in FAST and SLOW great tits, resembling the aforementioned aggressive and non-
aggressive mice, Verbeek and co-workers (1994, see Introduction) hypothesized
that SLOW birds are better explorers and that differences in habituation rate where
expected without further specification. Different propensity to form routines could
be associated with different cognitive abilities, but could also be a sign of
“proactivity” and boldness unrelated with abilities in information gathering,
learning or memory processes. Our results point in this direction.

Great tits bidirectionally selected for different personalities were tested for
their abilities to associate a visual cue and a place cue with a food reward. They
readily located the rewarded and marked bowl when it was randomly displaced
across, without showing difference between the lines in the numbers of errors.
However, SLOW birds took longer than FAST birds to eventually find the food
without this affecting their performance. This was mainly due to a longer
latency to land on the feeding table and not to a difference in searching time,
although we can not exclude that SLOW birds “inspected” the feeding table
before landing. The number of errors and revisits as well as the eventual time
to find the worm drastically increased when the visual cue was removed, but
again there were no differences between the two lines. When the lines were
tested for retention abilities of the visual information gathered after 65 hours
FAST birds performed better than SLOW birds, although only the post hoc
comparison was significant. This performance was associated with a shorter
time to find the reward in the FAST birds.

The failure to find line differences in errors and revisits in the first two tasks
may reflect the lack of differences in the use of visual and spatial information
between the coping strategies. It is however interesting that in the first task it
took more time for the SLOW birds to perform as well as the FAST birds. This
occurred during the second and the third displacement of the visual cue and
was mainly due to a longer latency to approach the feeding table in the SLOW
birds. This suggests that birds do not differ in cognitive abilities, but just in
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boldness. However, it can not be excluded that SLOW birds need more time
to gather and encode information upon a sudden change. Their reaction is not
to explore at random or routinely, but to wait and observe in an apparently
passive manner from a distance. A similar pattern is typical of the SLOW
individuals during the exploration of artificial trees in an unfamiliar environ-
ment, where they tend to stay longer at each tree (Verbeek et al. 1994; see also
methods). The “boldness” interpretation involves those components of
exploration that are mainly due to personality traits such as alertness,
fearfulness, shyness and boldness, or neophobia (“intrinsec exploration”,
Berlyne, 1960; Huges, 1997), which are also thought to be typical of certain
subgroups of animals, including the SLOW great tits (Wilson et al. 1994;
Verbeek et al. 1994). It remains difficult to establish whether SLOW birds wait
more time being alert or fearful or just gathering information. An obvious
answer is that they do both. When these components are overruled by accurate
training, most of the differences between the two types of birds disappear. This
does not mean that in the real world foraging abilities are not affected by
different genotypes in the population, but simply that the cause may not lie in
different cognitive abilities per se. In experiments on captive sparrows it was
shown that differences in neophobia could underlie ecological plasticity. Swamp
sparrows (Melospiza georgiana) inhabiting specific marsh habitats had greater
hesitancy to feed in presence of novel objects than song sparrows (M. melodia),
a habitat generalist (Greenberg, 1990; 1992). Experiments including foraging
in a “risky” situation should be carried out to disentangle the components that
make up exploration in great tits, at the same time providing a context in which
all factors affecting foraging performance are taken into account.

FAST birds performed better than SLOW birds over a long retention
interval. It could be that they retain information longer, since in other
experiments they have been shown to develop routines and stick longer to a
foraging habit (see Introduction). The routine formation may be a consequence
of a better retention, which “drives” the individual to follow a certain pattern.
Although this result deserves confirmation in future studies, it suggests a
different use of information across time, maybe due to differences in associative
memory retention, which could have important ecological correlates. Again,
in this task SLOW birds took more time than FAST to find the reward, but
in this case it did not result in an equal or better cognitive performance
compared to the FAST birds. SLOW birds spent more time than FAST birds
actively searching and committing more errors. Previous studies, and also
ongoing studies using the same cohort of birds of this experiment, indicated
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that FAST individuals are more aggressive than SLOW birds (Verbeek et al.
1996; 1999). Aggression is usually associated with strong territoriality. It could
be that a good knowledge and use of the environment is better achieved or
developed in individuals which patrol and forage always in a stable home range,
than in animals which are more prone to disperse. This may help reducing the
cost of territory maintainance (Trigosso-Venario et al. 2002). A similar pattern
has been suggested for aggressive and non-aggressive mice (van Oortmerssen
& Busser, 1989; see also Introduction).

In general, except for a difference in performance over a long retention
interval, the two lines performed equally in terms of errors and no relation
between coping strategy and spatial cognition emerged (see Introduction). In
all visual tasks the two types of birds reached their goal in a different way and
SLOW birds tended always to take more time to achieve it.

4.2. Task differences

In this experiment we compared the performance of a non-storing species in
cue and place tasks and marked differences between tasks emerged. When the
birds were forced to rely only on a place cue they performed more than twice
as bad than when they had to rely on a visual cue. Even with more trials than
in the visual task they did not show any improvement. However, especially in
the first three trials, they started to revisit incorrect bowls, while in the visual
tasks they did not make any revisit. A number of studies have compared food
storer and non-storer birds on both spatial and non-spatial (often colour or
feeder specific) cues. Brodbeck and Shettleworth (1995) showed that dark-eyed
juncos (Junco hyemalis), a non-storer, did not prefer spatial cues over visual
(color) cues, which was also found in an earlier experiment by Brodbeck
(1994). However, the latter author showed that when non-storer juncos and
food storer chickadees, were both forced to use visual cues only, juncos
performed better than did the chickadees. Brodbeck hypothesized that juncos
do not mainly rely on spatial cues like the foodstorers did, but also use other
types of cues that are usually just as effective. However, in contrast to our
results, juncos did not show a worse performance using only spatial cues,
compared with the performance using visual cues, but performed about equally
using these cues. Juncos are phylogenetically unrelated with Paridae and
differences between the different species of non-storers could play a relevant
role. McGregor and Healy (1999) compared two species of tits in their abilities
to remember spatial locations. The accuracy of spatial memory seemed to be
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greater in food storers, than in non-storers, while the performance of the
nonstoring blue tits seemed to be affected by the number of visual distracters.

In our set up a confound affecting the poor performance in the place task
could be that it followed the visual one with displacement of the rewarded bowl.
Relevant and spatially unstable visual cues could have preempted the attention
so that birds would have “expected” a displacement. However, in order to
minimise this confound, after the displacement we gave the birds three
refreshment trials with the marked bowl in a fixed position and in these trials
birds performed perfectly (see Methods). It could be argued that we did not
give the birds enough time to match a place cue, however we repeated the trials
for a second day and we found an improvement in the number of revisits. The
sudden increase in revisits suggest that birds were confused in coping with the
new situation and this was reflected in a significant longer time to get the
reward, compared to the previous visual task. On the following day (task B2)
the number of revisits, but not the number of errors, significantly decreased
thereby reducing the time to find the food. An increased number of revisits
has been observed in chickadees, a food-storing species, subjected to hippo-
campal lesions and tested in a task in which food was associated with a visual
cue (Sherry & Vaccarino, 1989). We conclude that birds did not encode spatial
information when engaged in gathering visual information or if they did, they
did not use it. When the visual cue disappeared, it was as if they had just to
start again the learning process relying on spatial information only. We suggest
that non storing Paridae might respond more on visual than on spatial
information, differing from food-storers in that they evolved different
perceptual systems in order to cope with problems associated with their
different niches (see Macphail & Bolhuis, 2001 for a review).

It is intriguing to note that among the family Paridae, foodstorers (Coal Tit,
Parus ater, Willow Tit, P. montanus, Marsh Tit, P. palustris, Black-capped
chickadee, P. atricapillus) do not show any conspicuous colouration, whereas
non storers species (Blue Tit, P. caeruleus, and Great tit, P. major) do show
conspicuous yellowness, which in great tits is also sexually dimorphic (Cramp
et al. 1993, plates 8-14). Non storing Parids seem to show a distinct evolu-
tionary trajectory compared to the food storing species of tits. The distribution
of blue and great tits across the Western Palearctic is much more uniform and
its center is farther south than those of foodstoring tits (Sherry, 1989). Non
storers also feed on green and yellow caterpillars more than foodstorers (Cramp
et al. 1993). Yellowness is due to carotenoids acquired through diet (Eeva et al.
1998). This might be associated with a primacy of reliance on visual cues.
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