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The foraging patterns and time spent on vigilance behaviour by Willow Tits (Poecile
montanus) were studied under varying weather conditions in a subalpine forest in central
Norway during the winters of 2009—2013. The birds adjusted their microhabitat use in
pines and their vigilance levels in response to perceived risk of predation and starvation.
At low temperatures, the dominating adults foraged mainly in the upper and most preda-
tion safe areas in pines and the subordinate juveniles in the more predator risky lower
halves. When the outer canopies of pines were covered by snow, the adults tended to re-
strict their foraging activities to the inner parts of the lower halves of the trees and thus
overlapped considerably with the juveniles. In windy weather, the age classes differed in
site use, mostly because juveniles foraged more in the outer part of the branches. Juveniles
were significantly more vigilant than adults under all the weather conditions, and they
spent about 60% of their time seeking food whereas adults spent about 85%. It is sug-
gested that the high level of vigilance by the subordinate juveniles is costly and may be the

main cause of the higher winter mortality of juveniles compared to that of adults.

1. Introduction

Weather conditions are an important factor for
wintering small birds. Severe weather, like low
ambient temperatures, high wind speeds or snow
cover on trees, makes the birds vulnerable because
they need to forage almost continuously during
daylight to meet their energy demands (e.g.,
Wachob 1996, Cooper 2000). However, more time
spent foraging entails lower vigilance and thus
higher predation risk. Therefore, even though
small birds frequently suffer from energy short-
ages (Jansson ez al. 1981), they have to cut back on
vigilance to acquire sufficient energy so as not to
starve to death during the night. As energy stress is

high on cold winter days, the birds are forced into a
trade-off between vigilance and foraging. When
they increase their vigilance, the birds have to re-
duce the time available for feeding and therefore
increase the probability of starvation if foraging is
unpredictable. Thus, predation may be an impor-
tant agent determining the behaviour and niche use
in birds (e.g., Villen-Perez et al. 2013).

The present study analyses data collected on
foraging site use and vigilance behaviour in Wil-
low Tits (Poecile montanus) of different social sta-
tus during different weather conditions. Outside
the breeding season, the birds, being only 10-12 g,
live in flocks generally consisting of an adult terri-
torial pair and two to four non-kin juveniles. With-
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in each flock there exists a linear dominance hier-
archy where adults dominate juveniles of the same
sex, and within each age group males dominate fe-
males (Hogstad 1987). One of the main reasons
why winter mortality among adults is lower than
among low-ranking juveniles (Ekman 1984,
Hogstad 1989a, Koivula ef al. 1994) may be that
dominant adults force lower ranking birds to use
more exposed foraging sites, while selecting the
safest spots for themselves (Ekman & Askenmo
1984, Hogstad 1988a).

Because high wind speeds or snow accumu-
lated on tree surfaces have a negative impact on
bird foraging behaviour by making the search for
food more difficult (e.g., Brotons 1997), it may be
suggested that the birds optimize their energy bal-
ance by changing their use of space as weather
conditions change. Furthermore, because the seg-
regation in foraging sites between dominant adults
and subordinate juveniles is more marked in cold
than in mild weather (Hogstad 1988b), I studied
the vigilance behaviour of the birds at different
temperature regimes.

The present study analyses data collected on
foraging location use by Willow Tits in trees in
winter in relation to their social status in the flock
in different weather conditions, and whether time
spent on vigilance is related to predator-safe sites
and/or to flock size.

2. Material and methods

The field work was done from mid-November
through February during 2009-2013 in a subal-
pine mixed forest composed of Scots Pine (Pinus
sylvestris) and Downy Birch (Betula odorata) in
Budal, in central Norway (c. 63°N). The wintery
weather most often sets in about mid-October. The
Budal woodland is characterized by a semi-
continental and slightly oceanic climate. At this
latitude, the daylight period is short in midwinter
(21 December: 4 hrs. 31 min.). Potential predators
of Willow Tits in the area are small mustelids such
as Stout (Mustela erminea) and Weasel (M.
nivalis), small owls such as Tengmalm’s Owl
(Aegolius funereus) and Hawk Owl (Surnia ulula)
in twilight or at night, and Sparrowhawk (4ccipi-
ter nisus), Siberian Jay (Perisoreus infaustus) and
Great Grey Shrike (Lanius excubitor) during the
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day. During the last decade, the Magpie (Pica
pica) has been more numerous in the lower part of
the study area.

Willow Tits were caught in feeder traps during
July—October (mainly September—October) with-
in a 3.5 km’ area, individually colour ringed and
sex determined by a combination of wing length
(maximum length) and body weight (to the nearest
0.2 g) measurements (Haftorn 1982, Hogstad
1987). The birds were aged as juveniles (born the
previous summer), or adults (born before the pre-
vious summer), by the shape and abrasion of tail
feathers (Laaksonen & Lehikoinen 1976).

The tits’ foraging locations in pines were stud-
ied in relation to ambient temperature (n = 143),
amount of snow on the trees (n = 35) and wind
speed (n=069). The observations were divided into
the following classes for temperature: (1) mild —1
to +5°C and (2) cold <—5°C; for snow: (1) without
snow cover on trees and (2) where a snow layer of
more than 5 cm covered most of the outer parts of
pines; and for wind: (1) without wind (<5 km / h)
and (2) when the wind speed was > 20 km / h. Data
on snow conditions were collected in cold
weather, and data on wind conditions were col-
lected in mild weather. To find out whether the tits
preferred to forage in the side of the tree exposed to
the sun, I recorded whether the majority of individ-
uals of each flock (n = 86) were seen in the sunny
or shady side of the tree. Days on which data were
collected were chosen so as to avoid intermediate
wind speed, intermediate ambient temperatures
and intermediate amounts of snow. Thus, the cases
included were clearly differentiated.

The size and composition of the flocks studied
were determined on the basis of the degree of co-
herence observed among the birds (Ekman 1979).
The hierarchical order of the individuals within
each flock was determined by observing the out-
come (winners and losers) of agonistic encounters
at feeders (Hogstad 1987). The adult male (M) was
always the most dominant bird and the juvenile fe-
males (f) always the least dominant. The adult fe-
male (F) ranked between the juvenile males (m)
and the juvenile females. However, because the
adult male protects his mate from the juvenile male
flock members (Hogstad 1992), the adult female
may periodically (when foraging close to her
mate) have about the same rank as her mate (M ~ F
>m, >m, > f >1f). [ have therefore used age as a
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reliable measure of dominance, because dominant
males allow their mate to use more protected sites
in spite of their lower rank position (Hogstad
1992).

To study the way the birds used pines, individ-
uals were recorded when first observed in the
trees. Because predation of tits has been found to
vary with their foraging position in trees (Ekman
& Askenmo 1984), I recorded whether they were
observed within one of the six sectors: trunk, inner
half or outer of the branches in the upper or lower
halves of pines. I also studied whether their forag-
ing behaviour (foraging or vigilance) was a func-
tion of their age when staying in the upper or lower
halves of the trees. When foraging, a bird held the
tip of its bill below eye level; when vigilant, the tip
of its bill was raised to eye level or higher (see
Lendrem 1983, Hogstad 1988a). Vigilance and
foraging were treated as mutually exclusive. The
different activities were quantified by using a de-
layed time point technique (see Ekman 1987).
Once an individual had been identified, I started an
electronic metronome and recorded the activity of
the bird five seconds later. Such a time delay ap-
peared to be sufficient to avoid discovery bias by
ensuring that the activity recorded had a chance of
being different from the one at first sight (Bradley
1968, Ekman 1987). The five seconds delay
served to eliminate discovery bias since the tits
change position rapidly while foraging. To reduce
statistical dependence between the observations,
only one record was made per individual per tree
and no more than five (mostly one or two) records
were made of an individual per day. The behaviour
of a bird in a tree was unrelated to its behaviour in
the previous tree, so I considered the observations
to be independent. In total, 247 records were made.

The foraging niche breadth (B) of adults and
juveniles in their distribution of positions and sub-
strate use in pines was quantitatively expressed us-
ing Levins’ index:
B=1/%p/} (Eq. 1)
where p, is the proportion of observations falling
inthe 4" of the six sectors (see Price 1975). The de-
gree of niche overlap between the age groups is
quantitatively determined by using of Levins’
(1968) equation, in which the overlap index (OI)
is:

OI=1-"%X|p,—p, (Eq.2)
where p , and Pp,, represent the proportion p of
adults and juveniles, respectively, in tree sector /.

The time allocated to vigilance and searching
for food may also vary with flock size, the bird’s
social status and ambient temperature. To study the
relationship between vigilance behaviour and
flock size, I used data on the behaviour of juvenile
birds (unaccompanied by adults) observed in the
same tree on days with mild weather without a
snow cover on the tree surfaces.

Observations were taken between 9.00 a.m.
and 14.00 p.m. Frequency data were analysed with
two-tailed chi-squared tests using SPSS 20 and
significance was accepted at p < 0.05.

3. Results
3.1. Tree use related to ambient temperature

The pattern of tree use by adult and juvenile Wil-
low Tits varied with temperature (Table 1). As ex-
pected, age segregation in foraging height was not
fixed, but differed on days with cold weather. In
mild weather, without wind or snow on the trees,
the juveniles foraged temporarily in subflocks
away from the adults, and both adults and juve-
niles spent about the same amount of time in the
upper (adults: 71%, juveniles: 63%) and lower
(adults: 29%, juveniles: 37%) halves of pines. At
temperatures below —5°C, however, the subflocks
reunited into coherent territorial flocks consisting
of both adult and juvenile birds, and the juveniles
spent significantly less time (17%) in the upper
halves of the trees than did the adults (94%; y° =
20.20, df =1, p <0.001).

There was a non-significant trend towards
adult tits using the lower halves more in cold than
in mild weather (x> =3.12, df =1, p = 0.08), while
juveniles apparently spent more time in the lower
halves in cold weather (x° = 12.73, df = 1, p <
0.001; Table 1). Use of the trunk, inner branches
and outermost branches by each of the age classes
did not differ between mild and cold weather.
However, adult and juvenile tits differed in their
use of the trunk and inner or outer branches in mild
(x*=17.34,df=2, p=0.025) and cold weather (y° =
9.21,df=2, p=10.01). Adults spent most time in
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Table 1. Percentage distribution of foraging records of adult and juvenile Willow Tits within the sectors
trunk, inner or outer parts of branches in the upper or lower halves of pines in mild weather (ambient tem-
perature —1°C to +5°C) and cold weather (< —=5°C) on days in winter with no wind and no snow on the

trees.
Mild weather Cold weather
Adults, n =28 Juveniles, n = 81 Adults, n =16 Juveniles, n =18

Upper Lower Upper Lower Upper Lower Upper Lower

(n=20) (n=28) (n=51) (n=30) (n=15) (n=1) (n=3) (n=15)
Trunk 10 4 8 1 12 0 5 17
Inner 11 11 33 21 25 0 6 55
Outer 50 14 22 15 56 6 6 11
Mean 71 29 63 37 94 6 17 83

the upper and outermost parts, while juveniles
used the lower and innermost parts.

About 60% (n=51) of the tits of 86 flocks were
observed in the sunny side of the pines. Although
the difference in their use of the sunny vs shady
sides was not significant (x* = 2.98, df =1, p =
0.08), there was a trend in preferring the sunny
side.

3.2. Tree use related to snowy conditions

On days when snow covered the tree surfaces,
adults (n = 13) used the upper halves in 39% of the
records and the lower halves in 61%, while juve-
niles (n = 22) were observed only in the lower
halves (x° = 9.87, df = 1, p = 0.002; Table 2).
Adults used the lower and inner parts of the
pines significantly more frequently when snow

covered the outer tree surfaces than without snow
(x> = 10.24, df = 1, p = 0.001), while juveniles
were only observed in the lower parts and so also
differed from the distribution within trees without
snow (3> =3.96, df = 1, p = 0.046). Thus, both age
classes used the lower part most frequently when
the pines were covered with snow.

3.3. Tree use related to windy weather

On days with wind, the Willow Tits avoided the
wind exposed side of the pines, and only 4 of 69
observations were from the windy side. I have
therefore used data only from the leeward side to
compare the groups. Adults (82%) and juveniles
(79%) used the lower halves of pines in windy
weather (Table 2). Both adults and juveniles
moved towards the inner and lower parts of the

Table 2. Percentage distribution of foraging records for adult and juvenile Willow Tits within the sectors
trunk, inner or outer parts of branches in the upper or lower halves of pines on days with cold weather in
winter without wind, but when the tree surfaces were snow covered, and on days with wind speed more
than 20 km / h and when the birds foraged in the leeward sides of pine trees.

Snow covered tree surface

Adults, n =13 Juveniles, n = 22
Upper Lower Upper Lower
(n=05) (n=8) (n=0) (n=22)
Trunk 16 30 0 27
Inner 23 31 0 73
Outer 0 0 0 0
Mean 39 61 0 100

Windy, leeward side

Adults, n =17 Juveniles, n =48
Upper Lower Upper Lower
(n=3) (n=14) (n=10) (n=38)

12 29 6 17

6 53 5 48
0 0 10 14
18 82 21 79
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Table 3. Niche breadth B (Levins’ index; can vary
from 1 to n) of adult and juvenile Willow Tits and
their mean niche overlap O/ (Levins’ equation)
when foraging in six sectors in winter: trunk, inner
half or outer part of the branches in the upper or
lower halves in pines under different weather condi-
tions. (Based on Tables 1-2).

Weather B adults B juveniles Ol type
(niche
overlap)
Mild 3.27 4.35 0.67
Cold 2.53 2.82 0.23
Snow 3.77 1.65 0.96
Wind 2.64 3.38 0.81

tree. Thus, although both age groups seek food
more frequently towards the trunk and in the lower
part of the tree, adults and juveniles differed in
their use of the six sectors, mostly due to the more

frequent use of the outer parts by juveniles (=
5.87,df =2, p=0.05).

3.4. Niche breadth and niche overlap
between adults and juveniles
in their use of pines

The niche breadth of adults in their use of the six
sectors in pines was relatively narrow in cold and
windy weather, but wider in mild weather and
when snow covered the outer parts of the pines
(Table 3). The juveniles had the narrowest niche
breadths in cold and snowy weather. Except for the
adults’ broader niche in snowy weather, both age

classes narrowed their niche breadth during harsh
weather.

The niche overlap between adults and juve-
niles in their use of the six sectors in pines was low
on days with cold weather, but high in mild
weather, windy weather and when snow covered
the tree surfaces (Table 3). However, the high
value for niche overlap in mild weather is mislead-
ing because juveniles then foraged in subflocks
away from the adults, and thus used the same parts
of the pines.

The relatively low overlap value found on cold
days was because the adults forced the juveniles
into the lower half of the trees. On the other hand,
on windy days or when snow covered the pines,
the adults foraged more in the inner and lower
parts of the trees together with the juveniles, re-
sulting in a relatively high overlap value.

3.5. Vigilance behaviour related to weather
and vertical levels in pines

Juvenile Willow Tits were significantly more vigi-
lant than adults under each of the four weather
conditions (all x° = 4.86 to 5.66, df =1, p < 0.05).
Juveniles were most vigilant in cold weather.
Alltold, juveniles were significantly more vig-
ilant (0.45) than adults (0.13; %" =18.80,df=1,p <
0.001; Table 4). Thus, juveniles spent about three
times more of their time on vigilance than adults,
and had correspondingly less time for foraging.
The vigilance levels of adults and juveniles did
not differ when they used the upper halves of pines
in mild, snowy or windy weather (all y° = 2.44 to

Table 4. Mean proportion of time allocated to vigilance by adult (n = 75) and juvenile (n = 157) Willow Tits
when using the upper or lower halves of pines under different weather conditions. Sample size of Upper +
Lower is presented in column n; Juv:Ad denotes the proportion of vigilance levels of juveniles to adults
when combining the upper and lower halves of pines. Upper and Lower are combined when calculating the

mean.
Adults Juveniles Juv:Ad
Upper Lower n Upper Lower n Up + Low

Mild weather 0.11 0.04 28 0.24 0.14 81 2.6
Cold weather 0.19 0 16 0.17 0.39 18 29
Snow on trees 0.08 0 13 0 0.47 19 5.9
Windy 0 0.11 18 0.13 0.28 39 3.7
Mean 0.13 0.45 3.5
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3.33,df =1, n.s.), whereas juveniles were signifi-
cantly more vigilant than adults in cold weather (x’
=7.20,df =1, p = 0.007). When secking food in
the lower halves of pines, however, juveniles were
significantly more vigilant than adults when snow
covered the outer parts of pines (y° =5.68, df=1, p
=0.017), but not in mild, cold or windy weather.

The vigilance levels of the birds within each of
the age classes did not differ when using the upper
or lower halves of pines in the four weather re-
gimes (adults: all y*=0.03 to 1.73, juveniles: all
=010 2.88,df =1, ns).

3.6. Vigilance behaviour of juveniles
related to flock size

There was a negative correlation between the time
spent being vigilant and the flock size (Pearson’s
correlation: r =-0.98, n =4, p = 0.023; Table 5),
and thus a positive correlation with the time spent
foraging, which suggests a reduction of costs and
an increase of benefits as a consequence of a larger
flock size. However, although the vigilance level
of'asingle juvenile (mean = 0.54) was nearly twice
that of juveniles in flocks of four (mean = 0.30),
the difference was not statistically significant (=
2.20,df=1,p=0.14).

4. Discussion

Willow Tits apparently select foraging sites that
enable them to withstand temporarily adverse
weather conditions. Furthermore, they adjust their
microhabitat use and vigilance level in response to
their perceived risk of predation and starvation.
Energetic stress factors such as low ambient tem-
perature, high wind speed, snow cover on the outer
tree canopy or hunger, give increased cortico-
sterone (indicator of stress) secretion in small birds
(e.g., Scanes et al. 1980). Since juvenile Willow
Tits in winter flocks have higher plasma levels of
corticosterone than adults (Silverin et al. 1984),
subordinates apparently are more stressed than
dominants. Starvation risk increases with decreas-
ing ambient temperatures, and the birds require
higher energy reserves to survive the overnight
fast (Reinertsen & Haftorn 1983).

The thermal environment, in addition to food
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Table 5. Mean proportion of time allocated to vigi-
lance and foraging by juvenile Willow Tits in differ-
ent flock sizes when staying in the same tree unac-
companied by dominant adults.

Number Vigilance Foraging n
of birds

1 0.54 0.46 13
2 0.42 0.58 41
3 0.39 0.61 18
4 0.30 0.70 27
Mean 0.39 0.61 99

availability and predation risk, apparently contrib-
utes to foraging choice by small passerines (e.g.,
Hogstad 1988b). On sunny winter days, small
birds like Goldcrests (Regulus regulus) (Hogstad
1970) and Willow Tits frequently prefer the tree
side exposed to the sun. Furthermore, by shifting
from windy sites to the leeward side in pines, they
may also save considerably energy in their attempt
to balance their energy budgets. Even small
changes in wind speeds change the metabolic heat
production (Bakken et al. 1999). When the wind
speed increased from 0.4 to 3.0 m /s, Wolf &
Walsberg (1996) estimated that the metabolic rate
in small birds increased by 14%. As found earlier
by Grubb (1978), I observed that increased wind
speed caused a significant decrease in foraging
height. Higher wind and lower air temperatures
also resulted in more time being spent per tree and
less travelling (Grubb 1978).

In the present study, I estimated that adults
spent about 85% of their time in pines seeking
food, while juveniles spent about 60%. During the
few daylight hours, the daily amplitude in body
mass in Willow Tits is about 10% expressed as the
percentage of morning body mass (Haftorn 1989,
Ekman & Lilliendahl 1993). The time needed to
reach the critical afternoon body mass to acquire
the reserves needed to survive the long night may
vary due to interruptions caused by bad weather,
predators or competitors. In any case, less foraging
time will lower the daily build-up of reserves nec-
essary to meet the nocturnal fasting periods of up
to 18—19 hours in mid-winter.

Subordinates experience higher predation
rates than dominant adult flock members, appar-
ently because they are frequently forced by the
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adults to occupy an area that provides less cover
than the area occupied by the dominants (Ekman
1987, Hogstad 1988a, Desrochers 1989, Carrascal
& Alonso 20006), thus exposing subdominants to
more danger. Hence, in the Budal study area, about
25% and 60% of adults and juveniles, respectively,
disappear between December and April each year
(Hogstad 1989a). In northern Finland, Koivula et
al. (1994) found that 17% of the adults and 46% of
the juveniles disappeared during the winter,
whereas Lahti ef al. (1997) estimated the winter
loss of yearlings to be about 35%. Although males
dominate females, there is no marked difference
between adult male and female survival rates
(Koivula ef al. 1996, Hogstad unpublished data),
probably because the dominant male protects his
mate from aggression from other flock members in
winter (cf. Hogstad 1992), thus improving the
chances of the mate’s survival. However, in the
Budal study area, the survival rate in winter is
higher for juvenile males than juvenile females
(Hogstad unpublished data).

Although Willow Tits are organized in a linear
dominance hierarchy maintained with little ag-
gression, the aggression observed is positively
correlated with temperature (Hogstad 1988b). In
mild weather, the tits foraged most frequently in
the upper and outer tree canopy where there is
most food (cf. Suhonen 1992) and the predation
risk is low (Ekman 1986). Since the flocks often
split into age-specific subflocks in mild weather,
the dominant adults have little influence over the
behaviour of subdominants. Then, when given a
choice, juveniles selected the more predator pro-
tected sites, so the rank-related differences in risk-
taking were lacking. In cold weather, however,
with increased energy demands and stronger flock
coherence, the social dominance hierarchy in the
flocks led to the exploitation of unfavourable sites
by subordinates. When dominant flock members
were temporarily removed, juvenile subordinates
increased their use of the more protected sites in
the upper halves of the trees (Koivula ez al. 1994).
Therefore, subordination costs are probably one of
the main reasons for the higher winter mortality of
juveniles, and of juvenile females in particular be-
cause of their lowest dominance position.

When the outer canopies of pines were cov-
ered by snow, the adults tended to restrict their for-
aging activities to the inner parts of the lower

halves of the trees, i.e. the same sectors as the juve-
niles most frequently visited. Then, as the niche
breadth of adults decreased and niche overlap be-
tween adults and juveniles increased, the juveniles
were forced to increase their vigilance, resulting in
less time to seek food.

Small owls and Sparrowhawks prey more on
the lower outer than the inner parts of conifers
(Ekman 1986), a microhabitat frequently used by
Willow Tits. Some differences in the foraging
niches of high- and low-ranked Willow Tits are
therefore probably related to differences in preda-
tion vulnerability and the importance of seeking
cover. Adults got the most secure sites and juve-
niles the least secure ones. Therefore, not unex-
pectedly, more subordinates than dominants tend
to be killed by small owls (Ekman 1986, Suhonen
etal. 1993).

Apart from causing mortality, predators can in-
duce food shortage due to repeated attacks that dis-
courage the tits from feeding places and disturb
them so often that their flight costs are increased
and the time they have for feeding and foraging is
reduced. The tits therefore spend more time on
vigilance before they start to feed again after an at-
tack. A field experiment showed that juvenile Wil-
low Tits returned to a feeder before dominant
adults after life-like predator models mounted
close to the feeder were removed, revealing that
subordinates took the greatest predator risks
(Hogstad 1988c), probably because of different
hunger levels. The birds therefore had to adjust
their time and microhabitat use as a response to
their perceived risk of starvation and predation.
When extra food was provided, the number of
Willow Tits killed by small owls decreased
(Jansson et al. 1981), and low-ranked flock mem-
bers improved their winter survival significantly
(Hogstad 1988d).

The present study shows that juvenile Willow
Tits in flocks of four members that stayed in the
same tree spent 12% or 24% more time searching
for food than birds in flocks of two or solitary
birds, respectively, indicating that individuals in
larger flocks may have a higher rate of food intake
than in smaller ones, and thus increased benefits as
a consequence of larger flock size. Beauchamp
(1998) found that the addition of three to four indi-
viduals appeared to be needed to double the mean
food intake rate of a solitary bird. Willow Tits in
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flocks of three members were found to have higher
plasma levels of corticosterone than in flocks con-
taining four or five birds (Silverin e al. 1984). Ob-
viously, the time spent watching for predators in-
fluences the birds negatively. If the time an indi-
vidual has to allocate to vigilance is inversely de-
pendent on its energy demand, the advantages of
flocking should increase with the demand for
food. Because the risk of being predated decreases
with the flock size, birds should participate in
flocks when energy demands are high. Thus,
flocks that have split into subgroups of adults and
juveniles reunite immediately after an alarm signal
is given (Ekman 1987). This suggestion is streng-
thened by field experiments performed in winter:
Willow Tits that had access to supplemented food
flocked less (Ekman 1987, Hogstad 1988d), and
Great Tits (Parus major) and Blue Tits (Cyanistes
caeruleus) flocked more often, both in periods
without access to supplemented food and in cold
and windy conditions (Berner & Grubb 1985). Re-
duced energetic stress obviously plays an impor-
tant role in determining differences in behaviour
related to flock coherence.

Because flocks of juveniles may also split into
subflocks of two members when the temperature
rises, there must be some disadvantages associated
with living in large flocks. As birds are relatively
more aggressive on days with relatively high tem-
peratures (e.g., Caraco 1979, Hogstad 1988a, c)
than on cold days, aggression may be suppressed
on cold days due to energetic stress. However, al-
though formation of winter flocks allows Willow
Tits to maintain higher collective vigilance and
survival, formation of large flocks was restricted
by low-ranked juvenile males (Hogstad 1989b).

To sum up, Willow Tits selected microhabitats
to withstand harsh weather and minimize the risk
of starvation and predation. Socially dominant
adults selected foraging sites to minimize preda-
tion risk, whereas subordinate juveniles were
forced by adults to forage in more predator risky
places. It may therefore be suggested that, al-
though a high level of vigilance by juveniles re-
duces the short-term predation risk, it may lead to a
long-term decrease in fitness because high vigi-
lance may induce food shortages and thus be the
main cause of the higher winter mortality of juve-
niles compared to that of adults.

However, even though juveniles lose time for
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seeking food when close to dominant adults, adult
company is not only a disadvantage. Juveniles
capitalize on the greater experience of the adults,
and adults are important in alerting flock members
to the presence of predators (Alatalo & Helle 1990,
Hogstad 1995) and thus influence the winter sur-
vival rate of the juveniles. Furthermore, flock
membership may be their only chance to breed in
the area the following spring (Hogstad 2003).
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Vidrets inverkan pa fodosok och vaksamhet
hos dvervintrande talltitor beror pa
individens sociala status

Fodosok och vaksamhet hos talltitan (Poecile
montanus) studerades under olika vaderforhallan-
den i en subalpin tallskog i mellersta Norge under
vintrarna 2009-2013. Faglarna dndrade bade vis-
telseplats i trdden och grad av vaksambhet i forhal-
lande till predationsrisk och behov av foda. Vid 18-
ga temperaturer fodosokte de dominanta vuxna
faglarna huvudsakligen i de 6vre och mest preda-
tionssédkra delarna av triden, medan de subdomi-
nanta unga faglarna rorde sig i lagre partier av tré-
det dér predationsrisken var hdgre. Nér grenarna
var tickta av sno, tenderade vuxna faglar att soka
foda i de innersta och lagre delarna av tridet och
overlappade dé tydligt med de unga.

I blasiga forhéllanden holl sig ungfaglar langre
ut pé grenarna én de vuxna. Ungfaglar var ocksa
klart mer vaksamma och anvénde ca 60 % av tiden
till fodosok, medan de vuxna anvéinde runt 85 %.
Vi foreslar att den hoga vaksamhetsnivan hos de
subdominanta ungfaglarna ar energetiskt kostsam
och kan vara huvudorsaken till att de har en hogre
vinterdddlighet 4n de vuxna.
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