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Social influences on food caching in willow
tits: a field experiment
Kimmo Lahti, Kari Koivula, Seppo Rytkonen, Tuna Mustonen, Petteri Welling,
Vladimir V. Pravosudov, and Markku OrcD
Department of Biology, University of Oulu, T.innanmaa, FIN-90570 Oulu, Finland

We studied the food hoarding behavior of willow tits (Pcrrut montanus), a scatter-hoarding passerine wintering in dominance-
structured flocks. We examined social influences on microhabitat selection and spatial cache distribution at temporary feeders.
Dominant adult males stored food closer to die feeder and at a greater rate than did subordinate*. When alone, the birds stored
food closer to the feeder than when accompanied by conspedfics. Conifers were preferred over deciduous trees as cache trees.
The subordinate? cached more in die outer parts of branches than dominants. There were no significant differences in die
relative or absolute heights of die caches, nor in the vertical or horizontal hoarding niche breadths between dominants and
subordinates. We experimentally removed die dominants from die flock for 90 min and recorded the behavior of die remaining
subordinates immediately after die removal. The removal resulted in a decrease in die hoarding distance of die remaining
birds, indicating that die presence of dominants directly affected die behavior of subordinates and suggesting that kleptopar-
asitism by dominants may be prevented by rarhing farther away. With die dominants removed, die subordinates cached at a
greater rate than before die removal. The decrease in die hoarding distance and increase in die hoarding rate were die only
significant effects of die experiment, perhaps suggesting that, during a short absence of dominants, die subordinates do not
benefit from changing dieir caching microhabitat They might be excluded from those new, possibly safer, microhabitats after
die dominant bird rejoins die flock. Key words: cache dispersion, food hoarding, kleptoparantism, microhabitat selection, Pants
montanus, removal experiment, social dominance, willow tit. [Behav Ecol 9:122-129 (1998)]

TTVxxl hoarding is considered crucial for survival during pe-
A. riods of food scarcity in many species (Vander Wall,
1990). Stored food may reduce daily and annual fluctuations
in food availability by allowing die hoarder to have access to
ephemeral or seasonally abundant food sources longer than
without storing. Caching has been thoroughly studied in many
species, especially in rodents and passerine birds (Brodin,
1994a,b; Clarke and Kramer, 1994a,b; Shetdeworth et al.,
1995; see reviews by Rillander and Smith, 1990; Vander Wall,
1990). Aldiough storing also occurs in tropical regions, it is
more pronounced in seasonal environments (Vander Wall,
1990), and die hoarding intensity may increase with increas-
ing latitude, even within a species (Brodin et al., 1994; but
see Brodin et al., 1996). Some northern, food-caching species
spend die winter in dominance-structured groups of unrelat-
ed individuals, which makes die study of storing as an evolu-
tionarily stable strategy especially interesting. Cheating (e.g.,
Baker et al., 1988), group selection (see Andersson and Krebs,
1978), and die exploitation of subordinates by dominant
group members must all be accounted for.

It is important for animals to have behaviors that help de-
crease cache loss to other organisms and increase the hoard-
er's probability of recovering its own caches (Andersson and
Krebs, 1978; Vander Wall, 1990). Cache loss may be prevented
or decreased by protecting stored food against decomposition
(drying, freezing, immobilizing food by toxins), escape or ger-
mination (killing animal prey, caching seeds above ground),
or pilferers (selecting sites inaccessible to others, scatter
hoarding, defending a larder cache, or hoarding in secrecy)
(Vander Wall, 1990; Vander Wall and Smidi, 1987). Remem-
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bering die exact location of die caches (Krebs et aL, 1996;
Sherry et aL, 1981) or using a different caching microhabitat
from diat of conspedfics (Brodin, 1994b; Pravosudov, 1986)
or heterospecifics (Haftorn, 1956b; Pravosudov, 1986) may im-
prove die probability of recovery for die hoarder. Similarly,
die hoarder may be more likely dian conspecific flock mem-
bers to forage in a microhabitat where it stored food earlier
(Brodin, 1994b; Lens et al., 1994). Individuals may also learn
to avoid caching in places where cache loss has occurred
(Hampton and Sherry, 1994; but see Baker and Anderson,
1995).

Some studies have addressed die effect of sodal context on
food storing. Animals may be more secretive or even avoid
hoarding when there are conspedfics (Carrascal and Moreno,
1993; James and Verbeek, 1983; Kallander, 1978) or hetero-
specifics (Burnell and Tomback, 1985) nearby, perhaps be-
cause diey perceive odiers as potential cache robbers. How-
ever, most studies have not accounted for die quality of die
social environment (but see Stone and Baker, 1989; Woodrey,
1990, 1991). Subordinate and dominant companions may
have a different effect on a caching individual because die
dominants can rob die food from die subordinates.

We tested die hypodiesis that subordinate willow tits (Parus
montanus) choose cache sites away from dominant flock mem-
bers. In this spedes, dominants may monopolize safe micro-
habitats (Ekman and Askenmo, 1984; Hogstad, 1988; Koivula
et al., 1994) and rich food patches (Hogstad, 1987; Koivula
and Orell, 1988) and kleptoparasitize subordinates (Lahti and
Rytkonen, 1996). We investigated die microhabitat selection
and spatial distribution of cache sites of free-living willow tits
in dominance-structured winter flocks. If caching is evolution-
arily stable, segregation in niche use weald be expected
among flock members because by caching and later foraging
in a different microhabitat than conspedfics, an individual
could increase die probability of recovering its caches (Bro-
din, 1994b). Dominants and subordinates might also differ in
their behavior in other ways. Subordinates may have strategies
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Tahiti
The age and sex composition of the willow tit study flocks sad the
habitat type* of the flock toiitoite*

Birds Adult Adult Yearling Yearling Habitat
Flock (total) male female male female type

A/kko90
B/Ua90
C/eks90
D/kta90
E/sbc90
F/ktn90
G/kro90
H/pra90
I/kln95
J/kar95
K/kuu95
LAtm95
M/top95
N/ekm95
Total

4
4
4
4
5*
8
6
6
4
3
5
6
7
4

70*

2
1
1
1
1
3
2
2
1
1
1
1
2
1

20

1
1
1
1
0
2
1
2
0
0
1
1
1
1

13

0
1
1
1
2
2
2
2
1
1
1
1
3
1

19

1
1
1
1
1
1
1
0
2
1
2
3
1
1

17

Mixed
Mixed
Mixed
Coniferous
Mixed
Mixed
Deciduous
Coniferous
Mixed
Coniferous
Deciduous
Coniferous
Coniferous
Mixed

1 The sex of one yearling remained undetermined; caching data were
available for 64 individuals.

to mitigate the effects of the competitive superiority of dom-
inants. Our data from the first study year led us to suspect
that the subordinates somehow avoid dominants when cach-
ing, judged by longer carrying distances of the subordinates
(see also Lahti and Rytkonen, 1996). Therefore, we conduct-
ed a field experiment to examine the effect of social context
on caching of subordinates, which involved temporarily re-
moving the dominants and comparing the behavior of the
remaining subordinate birds to their behavior in the presence
of dominants.

METHODS

Study and bird*

The study was conducted near Oulu, northern Finland (65°
N, 25°30' E), in two autumns, 1990 and 1995. The study area
covers tome 22 km1 and consists of habitats typical of the bo-
real zone (Orell and Ojanen, 1983). The predominant habitat
types are coniferous (18% of the area), deciduous (13%), and
mixed forests (23%), semi-open bogs and young forest stands
(27%), and open habitats such as dear-cuts and two lakes
(19%). Scots pine (Pinus syhestris) and Norway spruce (Picta
obits) dominate the coniferous forests. Birches (Betxda pen-
dula and B. pubacens) are the dominant deciduous trees, with
some alder (Alnus incana and A. ghitinosa) and aspen (Pop-
ulus trrmula) stands.

Willow tits spend the winter in coherent flocks of usually
four to six birds. An adult pair, which has bred together in
the previous breeding season, typically forms the nucleus of
the flock, and two to four yearlings join them in late summer
or early autumn. The flock defends a 20- to 30-ha territory
containing the adult pair's breeding territory and some ad-
jacent areas (Ekman, 1979; Koivula, 1994; Lahti et al., 1996).

The caching data are based on observations of 64 of 70
willow tits in 14 flocks (Table 1). We captured the birds in
August-October at temporary feeders. The birds were sexed
according to size dimorphism and behavior in the following
spring (Koivula and Orell, 1988; Orell and Koivula, 1988) and
aged (yearlings or adults) by the shape and abrasion of tail
feathers (Laaksonen and Lehikoinen, 1976). Flocks A-H orig-
inate from 1990 and the rest from 1995 (Table 1). Each in-
dividual is present in only 1 year's data.

We trained the birds to arrive and take food when called
for by playing species-specific vocalizations from a tape re-
corder (Koivula et al., 1995). They were ranked at temporary
feeders by recording interactions between dyads. A bird was
dominant over another if it chased the other away from the
food, caused the withdrawal of the other by approaching, or
forced the other to wait by occupying the feeder (Hogstad,
1987; Koivula and Orell, 1988). The outcomes of the inter-
actions were arranged in a winner/loser matrix. By definition,
the dominant bird won more interactions than the subordi-
nate bird within each dyad (two-tailed sign test, p < .05). The
hierarchies were linear in all but one flock (see Lahti et al.,
1994, 1996). Males were typically dominant over females and
adults over yearlings of the same sex. In 1990, the hierarchy
was based on 3277 interactions and in 1995 on 2002 interac-
tions.

Caching observation*

We studied food-storing behavior by observing birds cache
pieces of suet at a temporary feeder. To avoid possible habit-
uation and saturation of die environment (e.g., Qarkson et
al, 1986), we moved to a new plot within die flock territory
(die area regularly used by the flock; Ekman, 1979) roughly
every 30 min. The plots were chosen so that they were as
similar as possible. For each act of food storage, we recorded
seven variables: (1) the identity of the cacher, (2) the esti-
mated distance of the cache from die feeder ("hoarding dis-
tance"; accuracy of 03 m), (3) die tree species where die food
was hidden (no ground-caching was observed), (4) die abso-
lute height of die cache tree (0.5 m accuracy), (5) die abso-
lute height of die cache (0.5 m accuracy), (6) die relative
height (four classes) of die cache in die tree, and (7) die
horizontal location of die cache (four classes): trunk or die
first third of die branch (inner part) or die two outermost
thirds of die branch (outer part). In 1995, we also recorded
whedier diere were odier birds close (widiin 5 m) when die
hoarder departed to cache, as there is evidence that willow
tits avoid conspetifics when hoarding (Lahti and Rytkonen,
1996). We chose a short distance of 5 m due to practical rea-
sons; it is difficult to simultaneously identify die bird at the
feeder, track it when it departs, and observe whedier diere
are conspecifics nearby.

Sometimes die tits cached die food so far away that it was
impossible to see die exact location of die store. Therefore,
we used an open class of "over 20 m" from die feeder. The
open category was used for only those observations where the
exact place could not be recorded. We marked die 20-m ra-
dius with plastic ribbons to help estimate die distances. All
caches made closer than 20 m could be seen. In total, we
recorded 2381 observation* (x = 37.2 per bird, range 13-86).

There were two to four observers on each plot, located
some 10 m away from die feeder in different directions. The
birds did not seem to avoid us; they were habituated to our
presence before data collection. Sometimes they cached very
close to us. We shifted positions around die feeder several
times during each half-hour session. The observers were not
confined to certain individuals but instead recorded die be-
havior of birds in random order. We avoided observations dur-
ing rain or strong wind, which might affect caching behavior.
The temperature varied between 0.8 and 10.8°C in 1990 (x =
4.0°C) and 7.5 and 11.8°C in 1995 (x = 9.1°C).

It was impossible to identify every visitor at die feeder be-
cause die caching observations were time consuming. There-
fore, we could not calculate a reliable hoarding rate for die
study birds. However, we have data from anodier nine flocks
(43 birds, 19 of which were also observed in 1990 or 1995) in
autumn 1991. The birds were sexed, aged, and ranked as
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above (hierarchies were also similar to above). We then re-
corded every visit to the feeder (but did not examine the
exact caching locations) in four 15-min periods on at least 2
separate days to get an estimate of rank-related hoarding
rates.

In October 1995, we removed the dominant individuals in six
flocks to examine the effect of dominants on the subordi-
nates' hoarding (Table 1). To remove possible sources of ran-
dom and systematic bias (e.g., due to differences in the hab-
itat between territories), we chose systematic block design for
our experiment. On day one, we observed caching as above,
switching the location of the feeder every 30 min. These ob-
servations represented the control treatment. On the next
day, we returned to the same territory at the same time of
day. We temporarily removed the adult males of the flock by
catching them with a baited trap. The caught birds were held
in a cloth bag. Five experimental flocks had one adult male,
while the sixth had two. Adult willow tit males are dominant
over all other individuals in the flock (Hogstad, 1987; Koivula
and Orcll, 1988; Lahti et aL, 1996) and often behave in a
despotic manner when defending an ephemeral food patch.
Therefore, we considered adult males dominant and the oth-
ers subordinate. After the capture, we recorded the rarhing
behavior of the remaining birds for about 90 min (new place
every 30 min), after which the dominants were released. The
duration of the removal resembles a natural division of flocks
into subflocks in warm weather, or in the afternoon (Hogstad,
1988). There were no dominant heterospecifica (great tits Par-
us major or crested tits P. cristatus) present during the exper-
iments. Comparing 2 successive days, we could estimate the
effect of dominants on hoarding. Of the 22 remaining willow
tits (Table 1), we could obtain data from 18 which cached 738
times (x = 41.0 per bird, range 17-92).

The sequence of the treatments was not randomized within
the blocks but systematically interspersed because capturing
the birds affects their behavior toward humans. Thus, revers-
ing the sequence might have resulted in the dominants not
being present on the latter day or, in any case, in more cau-
tious behavior. Moreover, the characteristics of cache sites
most likely do not change in 1 day, nor do they seem to
change in the course of several weeks.

In 1991, we removed the dominants in four flocks to assess
the effect of dominants on the subordinates' hoarding rates.
The remaining 10 individuals were investigated for 30 min,
after which the dominants were released.

Habitat composition

We determined the tree composition of each flock territory.
We randomly assigned a direction at the same part of the
territory where we had observed the birds. Roughly the first
100 trees were counted on a 1-m wide transect and the species
and height of the trees recorded (0.5 m accuracy). No trees
or bushes <2 m were included; they are seldom used for cach-
ing. The flock territories were divided in three classes:, conif-
erous forests (>75% of trees conifers), deciduous forests
(>75% deciduous trees), and mixed forests (<75% domi-
nance of both coniferous and deciduous trees).

Variables and statistics

The flocks differed in all the aspects studied: individual mean
hoarding distance, tree species composition, height of the
cache trees, height of the caches, relative use of the upper
half of the tree and that of the outer part of the branches.

This variation is expected, as the habitats varied greatly. Be-
cause of within-flock individual dependence, we treated a
flock as a statistical unit when comparing groups of birds or
as an individual when comparing the effect of removal or in-
dividual tree species preferences. The statistics follow Sokal
and Rohlf (1995). We used parametric tests when the variables
were normally distributed, and other requirements for such
tests were met Otherwise, we applied nonparametric proce-
dures. All tests are two tailed.

Hoarding distanct and ratt
We calculated the mean hoarding distances for each individ-
ual. We could not see the exact location of some of the caches
made farther than 20 m away. Therefore, we assigned those
observations to the open distance category (>20 m; these in-
accurate observations were not used in calculating the mean
distances, which thus slightly underestimate the actual
means). Using the open category observations and the accu-
rate observations >20 m, we calculated the differences be-
tween groups in, and the effect of removal on, the propor-
tions of long-range caches. In the 1991 data set, we compared
the number of items cached per hour between adult males
and other birds pairwise within flocks.

Tret use
We calculated individual percentages of vertical and horizon-
tal tree use (two height classes and two horizontal classes of
the trunk or branches). Later, the proportion of "upper half'
caches or "outer part" caches were used in the analyses. We
also used Shannon's diversity index (Vila et al., 1996) as a
measurement of individual niche breadth within four hori-
zontal and four vertical classes of the tree. An estimator allow-
ing comparison between individuals with varying numbers of
observation was calculated as

- D/2N,

where p, = nJN is the frequency of caches in each of the S
=• 4 horizontal or 4 vertical classes of the tree, n, is the num-
ber of caches in class i, and N is the total number of stores
of an individual. The distribution of H is asymptotically nor-
mal (Bowman et aL, 1971), so the indices may be compared
with parametric tests. We examined the niche breadths in
pines and in all other trees separately (to enabla comparison
to other studies: Brodin, 1994b; Ekman and Askenmo, 1984;
Hogstad, 1988). Only individuals with at least 10 caches were
included in the analyses.

Microhabitat preference
For each individual, we calculated an index of preference for
coniferous and deciduous trees: the percentage of caches
placed in a tree species group by an individual was divided by
the percentage of that tree species group available in the ter-
ritory. This index described whether an individual cached
more or less than expected in a given tree species group. We
also calculated an individual index of pine and spruce use (of
the conifers used and available). Moreover, we compared,
within flocks, whether the individuals stored in trees of dif-
ferent absolute height or whether they stored at different ab-
solute heights within the trees.

EffiXt of nrnowtl of dominants
Based on the systematic block design, we applied pairwise test-
ing to examine the effect of removing dominant birds on the
food-storing behavior. The change in the individual mean
hoarding distance and in the absolute height of cache loca-
tion and the cache tree could be tested with parametric tests,



Lahri et al. • Social influences on food caching 125

V)

15 :

10 :

"2 5 -

0
1990 1995

Figure 1
The mean hoarding distances +SE (bars) in dominant (dom.) and
subordinate (sub.) willow tics in the two study years. Within-flock
comparisons revealed significant differences for both 1990 (paired t
test; t, - -2.76, p - .033) and 1995 (<, - -432, p = .006). Only
the observations before the removal were included. *p < .05; **p <
.01.

as could the change in the hoarding rate in 1991. Other vari-
ables required nonparametric testing.

RESULTS

Hoarding ^ •*»*"•» and rate

The within-flock analyses revealed that dominant adult males
cached closer to the feeder than did subordinate flock mem-
bers (Figure 1). Females cached farther away than males (15.1
versus 12.8 m; paired t test; *,s ™ 3.01, p = .010). The differ-
ence between yearlings and adults was not significant (15.2
versus 12.7 m; <,s=1.94, p =• .074). Because some caches were
carried beyond our sight, we compared the individual pro-
portions of caches made at distances >20 m. The results were
similar to those above. Significant differences were observed
between dominants and subordinates (19.5% versus 39.7 %;
Wilcoxon matched-pairs signed-ranks test; z = —2.83, n • 13,
p = .005) and between males and females (27.8% versus 42.1
%; t => -3.14, n = 14, p " .002), but not between adults and
yearlings (26.3% versus 40.7 %; z = -1.73, n = 14, p = .084).
The rank of an individual correlated positively with the mean
hoarding distance (Spearman rank correlation; r, = .31, n ™
64, p = .013), indicating that lower-ranking birds stored far-
ther from the feeder than did dominants. Dominant adult
males cached more items per hour than subordinates of the
same flocks (58.7 versus 36.4; 4, = 4.63, p = .002).

Effect of removal
The removal of dominant willow tits resulted in a decrease in
the mean hoarding distance of the remaining individuals. (t,7
= 5.98, p < .001). This was not a result of within-flock pseu-
doreplication (Hurlbert, 1984) because the effect of removal
was also significant when flocks were used as experimental
units (i.e. only one mean distance was calculated per each
flock before and one after the removal; mean difference 4.9
m; t, = 5.29, p •» .003). The decrease was significant for year-
ling males and adult females, but not for yearling females
(Figure 2). An ANOVA revealed no differences between the
age and sex groups in the change in the hoarding distance
(F%Xi = .96, p - .406; see Figure 2). In the 1991 data set, the
removal of dominants resulted in a significant increase in the

YM AF
Figure 2
The mean hoarding distances +SE (bars) in yearling males (YM),
adult females (AF), and yearling females (YF) before and after the
removal of dominant adult males in 1995. The difference is
significant for yearling males (paired (test; ^ — 5.05, p <• .002) and
adult females (t, - 330, p - .039), but not for yearling females (^
» 2.39, p - .054). •/> < .05; "p < .01.

hourly hoarding rate of the remaining subordinates (31.2 ver-
sus 65.6; t, - 3.14, p = .012). The hoarding distance de-
creased in each habitat type, significantly so in coniferous (t,
- 4.03, p • .003) and deciduous forests (<, - 3.71, p = .034),
but not in mixed forests (t, = 2.84, p = .066). Also, after the
dominants were removed, all 18 remaining birds decreased
the proportion of caches made farther than 20 m compared
to the proportion made beyond this distance before the re-
moval (z = -3.72, n - 18,p< .001). Again, the paired within-
flocks comparison revealed a similar effect of the experiment
(z =• -2.20, n = 6, p = .028). The difference was significant
in yearlings of both sexes (males: z - -2.37, n =•» 7, p = .018;
females: z - -2.37, n= 7,p= .018), but not in adult females
(z - -1.83, n - 4, p = .068). The effect of removal was
significant for coniferous forests (z = —2.80, n =» 10, p »
.005), but not for deciduous and mixed forests (for both: z =
-1.82, n = 4, p = .068).

Effect of social context

Before the removal of dominants, the willow tits cached far-
ther away (tx,** —2.39, p = .027) and more often at distances
>20 m when there were conspecifics near the feeder com-
pared to when conspecifics were absent (Figure 3). After the
removal of dominants, the difference was not significant. A
dominant willow tit pilfered a cache made by a subordinate
individual on three occasions. Four times a dominant tried to
rob the food from a caching subordinate, which always re-
sulted in the cacher flying away. Conversely, a subordinate
bird once stole a cache just after the cacher had left

Mkrobabitat selection

Tree species preference
There were great differences in the preference for different
tree species (Figure 4). The willow tits preferred conifers over
deciduous trees for hoarding (Table 2). This preference was
significant in both dominance classes, in both age groups, and
in both sexes. In the total data set, pine was used more often
than spruce when we examined the preference for only co-
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^ 80 H

Before After
Figure 3
The proportion of long-range caches (>20 m) +SE (ban) made
when alone at the feeder compared to when accompanied by one
or more conspecifics. The within-individual difference! were
significant before the removal of dominant adult males (Wilcoxon;
z - -3.51, n » 25, p < .001), but not after (z - -1.25, n - 18, p
- .210). *—p < .001.

nifers (Table 2). Subordinates and yearlings (but not domi-
nants or adults of either sex) showed a significant preference
for pines over spruces. Within-flock comparisons between
dominants and subordinates, however, revealed no differences
in die preference for pine (z *• —0.87, n •= 13, p = .382) or
spruce (z •=• -0 .03 , n = 13. p = .972). Neither were diere
differences between the age or sex classes in pine or spruce
preference (data not shown; see also Figure 4).

Sit* selection within trees
Table 3 shows that there were no differences between the
dominance, age, or sex classes in the use of the upper half of
die tree (see Figure 5). However, the dominants (and adults
and males) cached less often in the outer para of the tree
than did the subordinates (and yearlings and females; Table
3; see also Figure 5).

There were no differences between the height of (he cache
trees used by dominants and subordinates (*,, = 1.11, p ~
.287), or the trees used by males and females (<,, ™ -0.90, p
m .585). However, adults selected higher trees for caching
dian did yearlings (<,3 = 2.47, p =• .028, difference of means
0.7 m). No differences were found in die absolute height of
die caches between dominance, age or sex groups (data not
shown).

The diversity indices implied that there were no significant
differences in die vertical or horizontal niche breadth be-
tween die dominance, age, or sex classes (0.03 < Kl ]Z_1S <
136, .142 < p < .974), when all trees were studied. The same
was true when only pines were examined, die only exception
being higher vertical diversity (i.e., broader niche) of adults
compared to yearlings (<, =• 2.41, p = .042; other data not
shown).

Effect of removal
The experiment did not affect the tree spocdes preference of
willow dts (Wilcoxon; n = 18, all p 2: .372). The remaining
birds did not change dieir preference for vertical (upper tree
half, z = -0.30, n =• 18, p - .761) or horizontal (outer parts
of branches; z - -0.72, n = 18, p •= .472) parts of die trees
compared to before the removal of dominants. Neidier did
die birds select trees of different heights (t,, = 1.21, p •

AM YM AF YF
Figure 4
The preference indices +SE (bars; proportion used divided by
proportion available; <1 = used lest than available, 1 — used as
much as available, >1 ~ used more than available) of pine, spruce
and birch for willow tits of different age and sex groups (A, adult;
Y, yearling; M, male; F, female). The preference indices for other
trees are not shown, but mey were dose to zero. See Table 2 for
tests of differences.

.242), nor did diey cache at different absolute heights (<,7 =
—0.41, p =• .684) after die dominants were removed. Similarly,
die niche breadth was not affected by die removal of domi-
nants (vertical: t,7 = 0.86, p - .400; horizontal: t,7 - -1 .14,
p - .269).

DISCUSSION

Social dominance, measured as absolute rank, male domi-
nance over females, and adult dominance over yearlings, was
associated widi individual hoarding distances and hoarding
rates of willow tits. Dominants cached closer to the feeder and
at a higher rate than subordinates. Thus, subordinates had to
fly longer distances, which perhaps resulted in a lower hoard-

Table 2
Comparisons (WUcoxon's match*
indiridual tree speck
different subgroups

All individuals

Dominants

Subordinates

Adults

\feartings

Males

Females

ES preferenc

z
n

p
z
n

p
z
n

P
X

n
p
z
n
P
z
n
/>

' z
n

Kl-pairssigned™iks tests) of
e indices among all indMduab and

Coniferous
vs. deciduous
trees

5.76
64
<.001
2 J 0

18
.012

5.13
46
<.001
4.06

30
<.001
4.04

34
<.001
3.90

36 .
<.001
4.47

27
<.001

Pine
vs. spruce

2.73
64

.006
1.07

18
.286

2.51
46

.012
1.80

30
.072

2.03
34

.043
1.81

36
.071

1.80
27

.072
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lableS
She selection within trees In the dominance, age, and sex groups of willow tits

Upper
Outer

Dominants vs.

Usage (%)•

59.0 vs. 59.6
44.4 vs. 63.2

subordinates

z

-0.52
-2.98

n

13
14

P

.600

.003

Adults vs. yearlings

Usage (%) z

62.3 vs. 55.6 1.35
46.6 vs. 66J -2.73

n

14
14

P

.177

.006

Males vs. females
Usage (%)

56.6 vs. 62.5
52J vs. 66.7

z

-1.04
-1.98

n

14
14

P

.300

.048

The usage of upper tree half and outer parts of branches was compared using WUcoxon'i matched-pairs signed-ranks test.

ing rate. Lens et aL (1994) found that subordinate, first-year
crested tits made almost six times as many within-tree flights
as adults, which is energetically expensive (Carlson and Mo-
reno, 1992). However, longer distance may improve the safety
of caches (Brodin, 1993). Thus it may be advantageous for
subordinates to space their stores in a wide area.

The temporary removal of dominants resulted in a decrease
in the hoarding distance and in an increase in the hoarding
rate of subordinates. These indicated that (1) the presence of
dominants affected the decision making of the subordinates,
(2) the subordinates benefited by being able to cache more,
and (3) the subordinates most likely spent less energy per
each storing trip after the removal [the flight distance aver-
aged almost 10 m (2 X 4.9 m) shorter per cache; see Carbon
and Moreno, 1992]. The drop in the mean distance was larg-
est for the highest-ranking subordinates (yearling males) and
smallest for the lowest-ranking birds (yearling females). Al-
though not significant, this pattern is reasonable, as removing
only the top dominant may leave several dominants when
yearling females are considered.

The willow tits cached farther away when accompanied by
conspetifics at the food source compared to being alone. Gray
jays (Perisorrus canademis) also tended to do this (Waite,
1992). Lahti and Rytkonen (1996) found free-ranging willow
tits less likely to cache in close proximity of a conspedfic than
when alone. European nuthatches (Sitta turopaea) hoard
more at feeders when they are alone than when others are
present (Carrascal and Moreno, 1993). Subordinate female
white-breasted nuthatches (Sitta cxrrohnrnsis) may cache seeds
farther away than dominant males fWoodrey, 1990). Petit et
aL (1989) showed that dominant nuthatches store closer to
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figure 5
Cache site selection within trees in different age and sex groups (A,
adult; Y, yearling; M, male; F, female). "Upper half' refers to the
proportion of caches +SE (bars) made in the upper half of trees
and "outer part" to the proportion of caches +SE made in the
outer part of branches. See Table 3 for tests of differences.

the feeder than subordinate titmice and chickadees. These
examples strongly suggest that one major reason for this pat-
tern of subordinate* caching farther is the presence of dom-
inants.

Our observations of pilferage and attempted food robbery
indicate that these behaviors may influence cache-site selec-
tion. Both dominants and subordinates were observed to pil-
fer, but only dominants attempted to rob food directly from
others. During the rank determinations, we also recorded six
robbery attempts and four cases of immediate pilfering by
dominant heterospecifics (great tits and crested tits). Conspe-
dfic pilfering occurs in many vertebrate taxa, either by an
individual immediately recovering another's cache (Carrascal
and Moreno, 1993; Clarke and Kramer, 1994a,b; Hitchcock
and Sherry, 1995) or finding it weeks later (Brodin and Ek-
man, 1994; Ekman et aL, 1996). Heterospecifics may also pres-
ent a threat to caches (Burnell and Tomback, 1985). The
quality of food can also affect caching, with more time being
allocated to more valuable items (Moreno and Carrascal,
1995; Vander WaU, 1995; Woodrey, 1990). Therefore, we sug-
gest that the social context affects the hoarding behavior of
birds and that storing is a dynamic process where the behavior
is constantly adjusted to the current situation.

The birds preferred conifers over deciduous trees for
hoarding, irrespective of their dominance status. We propose
the following explanation. In winter, deciduous trees are bare
and lack protective cover. There may be fewer suitable cache
sites in deciduous trees compared to conifers which have nee-
dles and many crevices in the bark. Other food than the cach-
es may also be more abundant in conifers than in deciduous
trees in winter.

Pines were used for hoarding more often than spruces. Wil-
low tits also forage more in pines than in spruces during win-
ter (Ekman, 1987), although spruces probably offer more pro-
tection against predators. Brodin (1994b) found that willow
tits prefer pines more as cache trees than as foraging trees.
In this study, pine or spruce preference did not differ between
the dominance, age, or sex groups. Within dominance classes,
only die subordinates preferred pines to spruces for hoarding.
The dominants may be able to use the protective spruces
slightly more than subordinates due to their higher rank or
greater experience. Removal of dominants did not alter die
tree species preference of willow tits. This may be due to die
short time perspective (90 min). The subordinates may have
used die preferred tree species already before die removal
(e.g., by choosing cache trees farther from die feeder than
dominants) and therefore did not change their preference
after die removal.

Although individual variation in vertical cache location was
great, this variation was not associated with dominance, age,
or sex. Willow tits prefer the upper part of conifers for for-
aging (e.g., Ekman and Askenmo, 1984). Adults exclude year-
lings from die upper half, but when adults are absent, year-
lings forage closer to die canopy (Ekman and Askenmo, 1984;
Hogstad, 1988). The lack of vertical segregation between
groups in diis study may be die usual case or perhaps is con-


