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The biology of the Alpine Accentor Prunella
collaris. 1. Behaviour: Principal component analy-
ses of organization of activity clusters
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Abstract. The functional organization of behaviour
of the Alpine Accentors, Prunnella collaris (Scopoli
1769), was studied in a high altitude area in the High
and Low Tatra mountains, West Carpathians. We
found different behavioural schemes being used in an
adaptive way to meet the circumstances of an
ecological niche. The presence of a particular ex-
ternal situation elicited and oriented the appropriate
behavioural groups. The number of birds in a flock
and seasons were the most important factors which
modified the qualitative and quantitative structure of
clusters of behaviour. Some of the behavioural
schemes also differed at different sites in the area

and with respect to different weather conditions. In '

"anthropic’ habitats with cottages, refuges, and
hotels in the high altitude zone, the signs of "local
endemism" in behaviour of accentors were signifi-
cantly suppressed.
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Introduction

Many activities of birds tend to be grouped in time.
For example, a hungry accentor performs a series
of activities while searching for food and eating it,
such as standing, waiting, preening. These activities
tend to form a group which occurs for a given period
of time and then ceases, to be 1eplaced by a different
group, perhaps sitting, sleeping, preening. In all
animals some grouping of activities occurs. Difficul-
ties are further compounded by the lack of exhaus-
tive quantitative studies (Marler and Hamilton 1966).
Moreover, very few studies (Beverige and Deag
1987) carmried out under field or field-experimental
conditions have controlled (either experimentally or
statistically) for the effects of variables that poten-
tially influence the behavioural schemes in birds
{Elgar 1989, Saino 1994).

This study describes the general types of
behaviour of Alpine Accentors, suggesting a
multifactorial quantification and interpretation  for
the observed clusters of activities and for a
general, hypothesized distinction between the clus-
ters in natural and anthropic habitats. Moreover, we
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analysed variation in the structure of clusters of
activities in relation to flock size, weather condi-
tions, year of observation, season, and locality. The
schemes of behaviour of accentors in the presence
of "anthropic” factors {mountain cottages, refuges,
touristic pathes) were compared with the schemes
of apparently "undisturbed” birds.

Material and methods
Field observations

The field work was carried out from 1985 to 1993
in the High and Low Tatra National Parks, in north
central Slovakia. The accentors prefer to live
almost entirely on rocky mountain slopes between
the tree limit and the snow line. Binoculars, of
various powers, were of assistance. The notes were
simply written or dictated onto to tape. In particular,
when many individuals had to be watched simulta-
neously (for example in autumn), birds were video-
recorded, and the recordings were later analysed in
the laboratory.

Description and classification of behaviour

Persistent observation of individuals over a reason-
ably long period resulted in a preliminary picture of
the life history of accentors. Then we concentrated
on four basic categories of maintenance activities,
differing in the complexity of integration of the
temporal groups of behaviour involved. We recorded
the following episodes: feeding, standing (sitting
alert), sitting (drowsily), and preening. The catego-
ries were desribed in terms of some consequences
of the muscular movements, and in general, all four
categories are different examples of locomotion. The
notion of general maintenance activity encompasses
a wide variety of behaviour patterns (McFarland
1987).

Feeding. If the main consequence of a particular
pattern of muscular contractions was that food had
been obtained then the pattern as a whole was
described as "feeding". The category responses to
appetitive behaviour, and includes all those activi-
ties that are involved in searching obtaining,
handling, and ingesting food. The term was applied
to the active exploratory phase of behaviour that
preceded the consumatory phase that a bird exhib-
ited when it reached its diet. The category also
included "hunting" (for example, the birds hunted
butterflies in autumn). The "hunting" involved "cap-
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Fig. 1. Feeding - exploratory phase (male), 2 July,
1989.

Fig. 3. Preening, 10 October, 1986.

turing". The exploratory phase of feeding was often
closely associated with ‘“foraging" which was
necessary mainly in autumn , when the food was not
mobile. "Drinking" was  also included in this
category, although feeding was not always a direct
stimulus for drinking. In the high altitude habitats,
both food and water are usually readily available, and
birds tended to eat and drink (or eat snow) in
synchrony, but if access to food was restricted to
certain parts of the day or season, the daily rhythm
of drinking might continue.

Standing. The term was given to a somewhat
heterogeneous group of behavioural patterns which
all had something to do with active immobility. The
category included the following behavioural patterns:

1. Watching the members of the family. The
birds looked for the members of the family, and
possibly benefited from watching their activities.

2. Standing on one leg, the active means by
which the bird defended its body from physical
factors, especially freezing.

Fig. 2. Standing {juvenile), 7 August, 1986.

Fig. 4. Resting (sitting drowsily), 16 March, 1985.

3. Standing during feeding. Birds often had to
be alert to the possibility of being surprised by
predators. Mainly older birds looked up repeatedly
while feeding.

4. Standing - alarm response. Accentors often
remained motionless in a camouflaged position until
detected by a predator (goshawk), and only then
made their escape.

5. Standing before feeding. When accentors had
access to abundant and predictable sources of food,
they usually did not go to sources immediately after
arrival, but stood on selected sites, very often
without any movement. Sometimes after 1 h of
standing, the birds became active, and moved to
food sources.

6. Standing - intention movements. A bird stand-
ing on the ground was about to take off in flight,
or to feed.

Preening. These activities all had something
to do with body care, whether it was routine
maintenance, as in the preening of birds or removal
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of parasites. The category consists of perhaps
twenty different activities, the most of them were
active means by which the bird defended its integu-
ments against attack from biological factors
specifically ectoparasites. "Preening" included post-
bathing preening, body shaking, wing whirring, oiling,
scratching. The classes 'sitting + preening" or
"standing + preening" were always considered as
equivalent to the class "preening". Preening was
sometimes seen in conjuction with other comfort
behaviour such as Dbathing, and sunning. The
displacement preening was also included in this
category.

Resting (sitting drowsily). Accentors often rest
during a day. Resting is most commonly associated
with sessions lasting many minutes, during which a
bird seats and remains immobile, sometimes moving
only its head. During the daylight, the category was
often associated with active (not quiet) sleep.

Classification. We recorded the behaviour of
accentor(s) once per minute. This was the shortest
interval in which we were still able to record the
behaviour in the field. Our descripption represents
all categories which occured in each designated
minute. We classified the categories in such a way
that the members of one class did not also occur
in another class. Accentors were sometimes, for
exaniple both "standing" and "feeding" during a given
minute. In this case, we separately scored the two
categories in this minute (e.g. the third minute in
Table 1).

Variables
Time N Feed. Stand. Rest. Preen.
13.04 1 1
13.07 1 1
13:08 1 1 1
13.09 5 3 2
13:14 5 4 1
13:15 5
13:18 5 2 1 2
13:19 5 5 2
Ratio of totals
at 13:00-14:00 12 5 7 2

Table 1. Mapping the activities of individual birds in
a day at one locality. N represents the number of birds
observed in a minute, one sample Iepresents one
minute of observation per one hird. Each ratio of totals
at any hour had to contain, at least, ten samples (in
this case - 26). Ratio is characterized by varables, ie.
relative amounts of minutes spent for each activity (in
this case, 12 - feeding, 5 - standing, 7 - resting, and
2 - preening).

Measurements and  statistics

Samples. The relative amounts of minutes spent for
each category in a designed hour were used as
variables for principal component analysis (PCA). An
example is shown in Table 1. One minute of an
activity per one bird was a field sample. If ten birds
were seen in a minute, then ten samples were
collected. So, the variable "feeding" in a hour means

number of samples of feeding per hour. The field work
was carried out for so many years, until at least,
ten samples for each designed hour in a model of
a day were collected.

Ratio scale. All arithmetical operations were
carried out on ratic scales of the four defined
categories. The ratio scale has all the characteristics
of an interval scale, the unit of measurement is equal
in all four classes of activities, and scaling 1is
independent of the observer 's viewpoint. The activity
of Dbirds was recorded between 1 May and 1
November. For each month, a model of a day was
separately constructed. HEach hour, from dawn to
dusk, of the model had to contain approximately ten
ratios from different sites ( note that each of these
ten ratios contained at least ten samples). An
example of one ratio is given in Table 1. For May,
we collected 192 ratios, June - 198, July - 195,
August - 199, September - 171, and October - 150,
for a total of 1,105 ratios. Number of ratios depended
on the number of hours of daylight in a month. The
equal distribution of data in the models of a day
enabled us to exclude the effects of daily rhythms
from the comparisons of behavioural schemes of
accentors in different months. The ratios were also
examined in relation to weather conditions, different
localities, and years. The comparisons of the behav-
ioural groups were also made between the birds
living in "anthropic” and natural, undisturbed envi-
ronment. From 1985 to 1993, we collected the
following numbers of samples by month: 5460 -
May, 2,001 - June, 4,020 - July, 6,786 - August, 6,771
- Setember, and 7,468 - October.

Principal components analysis is a multivariate
technique that may be used for summarizing data
sets combining large numbers of variables. The
importance of principal components can be judged
from the amount of variance associated with them,
and from the signs of their weight elements
{(Jolicoewr 1963, Lawley and Maxwell 1971). The
designed ratios were the fundamental inputs to the
data matrix for PCA. Principal components were
computed from correlation matrix of variables (Table
1), i.e. relative amounts of minutes spent for each
category in a ratio. Analysis of variance was used
to test for effects of the different factors on principal
component scores (Sommers 1986). The signs of the
elements define the schemes {groups) of behaviour.
The calculations were carried out using the statis-
tical package STATGRAPHICS 5.

Results
"Feeding + standing" behavioural group

The first principal component (PC1) shows the
activities which were most often observed -
feeding and standing. The component is partially an
indication of observer error, because the correlations
on PC1 are of the same sign (Table 2). Note that
preening and resting have relatively low values of
component weights. The component weights indi-
cate the tempo of increase of the samples in the
observers’ notebooks. Although the accentors spent
much time by feeding and standing, the data were
influenced by ability of observers to find and watch
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the birds. This was a reason why this group of
behaviour was not more detaily analysed. The next
principal components (PC2, PC3, PC4) are statis-
tically independent of the first one.

Variable PC1 PC2 PC3 PC4
Resting 0.16 0.78 -0.42 0.43
Standing 0.72 0.06 -0.26 -0.64
Feeding 0.66 -0.38 0.18 0.62
Preening 0.16 0.49 0.8b -0.12
% variance 28.6 26.4 24.5 20.6

Table 2. Structure (component weights) of behavioural
groups in Alpine Accentors.

"Resting and preening versus feeding” behavioural
group

Another information on behavioural group structure
is present in PC2, which shows a sharp contrast
between resting and feeding. This cluster of behav-
jour may be called a "real rest" resting Is accom-
panied by preening. The rate at which accentors
foraged in their territory mainly increased with the
number of birds in a family or aggregation (Table 3,
Fig. ba). Feeding also increased in windy weather
(Fig. bc). Also, there was a significant difference in
the structure of the behavioural group in different
months of a year. The rate of eating increased in late
spring and autumn, and declined in summer (Fig.5b)
Fig. 5d shows that this behavioural scheme is very
sensitive to different environmental conditions, and
may change from a year to year. The rate of resting
mainly increased in the years 1986, 1989, 1990.

Factor PC2 PC3 PC4
Weather F 2.38 0.66 2.67
P 0.02 0.70 0.01
Months F 8.49 4.35 3.48
P 0.000 0.0006 0.004
Year F 4.38 0.62 3.5
P 0.0001 0.74 0.01
Locality F 2.81 1.45 2.01
P 0.001 0.15 0.03
Flock size F 16.09 23.45 356.71
P 0.000 0.000 0.000

Table 3. Effects of weather, months, years, locality, and
number of birds in a flock on the behaviowral schemes
of Alpine Accentors. One-way ANOVAs (F) and their
significance levels (P) refer to comparisons of principal
component scores. Mean values of principal component
scores with 95% confidence intervals are shown in Figs.
5, 6, and 7.

"Preening versus resting" behavioural group

This type of behavioural group is represented by the
third principal component (Table 2). The component

accounts for 24.5% of total variation in the data. It
is important to note that this temporal group of
behaviuor may occur independently of the previous
"resting + preening" group. This type may be called
'active preening" because preening is positively
associated with feeding, and negatively with resting.
Although the group structure was similar throughout
the accentors” distribution, there was variation in
the group structure on a seasonal and a bird number
basis {Table 3). In this cluster, the active preening
increases progressively in spring and mainly in
autumn (Fig. 6a) when the birds move in aggregations
of families (Fig. 6b). The preening declined during the
breeding season, when the accentors move solitary
or in smaller groups. Seasonal and locality compari-
sons made on this structure of behavioural group
showed no statistically significant differences (Table
3). "Preening - resting" scheme is aparently affected
by different (endogenous ?) processes than those
that determine “resting - feeding" behavioural group.

"Feeding versus standing" behavioural group

This cluster is an evidence that some activities are
not restricted to one type of behavioural grouping.
Feeding is repeated in several groups of activities
(PC1, PC2, and PC4), but the temporal groups differ
in structure. The rate of standing increased in
solitary birds (Table 3, Fig. 7a), while the tendency
to feeding was more socially stimulated. The rate
of feeding increased in windy days without rain( Fig.
7b), and mainly in the years 1986 and 1987 (Fig. 7c).
The structure of this cluster of activities also differed
between the Low and High Tatra natural habitats
(Fig. 7d). In the Low Tatras (northern slopes), the
rate of feeding increased while in the High Tatras
(southern slopes and valleys), the rate decreased. In
"anthropic” habitats with cottages, refuges, and
hotels in the high altitude zone, the signs of "local
endemism" in behaviour of accentors were signifi-
cantly suppressed (Fig. 7d). Changes in the structure
of the behaviouwral group depended on weather
conditions in the Low Tatra mountains (F = 4.68, P
= 0.001). In the High Tatra mountains, the weather
conditions did not significantly influence the struc-
ture of the behavioural group (F = 1.01, P = 0.42).
In both mountains, the scheme of behaviour of
accentors differ between natural and ‘“anthropic"
sites (the Low Tatras - F = 6.7, P = 0.009, the High
Tatras - F = 46, P = 0.03).

Discussion

Each species is adapted to a specific set of factors
in its environment which it needs for its mainte-
nance, growth, reproduction, etc. Adaptation encom-
passes not only the morpho-physiologic mechanisms
of an animal, but also its behaviour. This implies that
behaviour can only be fully understood with respect
to the ecological niche of the species.

We showed that the Alpine Accentor has at its
disposal a repertoire of schemes - behavioural groups
of different orders. The appropriate usage of the
groups helps the bird to adapt itself to its environ-
ment. The different number of birds in a company
of accentors was probably the most important factor
which influenced the structure of their behavioural
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Fig. 5. Mean values of principal component scores (PC2 - "resting versus feeding' behavioural group) with  95%
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(d) years of cbservation. One-way ANOVAs (F) and their sigmificance levels (P) are shown in Table 3.

schemes. Social behaviour makes it possible for the
individuals of a bird species to compromise between
the antagonistic tendencies to cluster and to dis-
perse in a way which best suits their needs. If birds "’
essential resources are distributed over a large area,
at least during a sufficiently long period of the year

to encompass the reroductive period, we are likely
to find that the species -has a territorial society.
Alpine accentors breed in polygynadrous groups,
group size is influenced by the temporal availability
of fertile females (Davies et al 1995). During the
prebreeding season, the members of a group usually
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move together within the home range. The high
altitude areas are divided into territories, each in
principle occupied by a family of accentors. As the
breeding season progresses, the birds tend to be
more solitary (Maruyama et al. 1972, Talposh 1977,
Nakamura 1995). In late autumn, defence against
predators and the detection of food are promoted by
the formation of larger aggregations of families,
sometimes with up to 100 birds recorded together
in late autumn {(Glutz von Blotzheim 1985, Cramp
1988). In this study we showed that in spring and
autumn, the similar structure of behaviour existed in
the Alpine Accentors. The environmentally induced
(PC2 and PC4) behavioural schemes correlated with
ecological situation and partially faced similar eco-
logical problems. If birds live in different niches, then
the possible schemes in behaviour may be variously
deployed (the Low and High Tatra mountains).

The principal component analysis also enabled to
distinguish the endogenous features in the structure
of accentor behaviour. Preening (loaded on PC3) is
an essential behaviour for maintaining the body and
feathers in the proper condition. It is not surprising
that this behavioural group is less dependent on
environmental  factors.

The basic behaviour patterns are usually not
restricted to one type of behavioural group. We
showed that, for example, "feeding" acts occured in
many different groups of behaviour. It is clear that
the subject of the behavioural grouping of action
patterns is complex. Our calculations as well as
direct observations of food-searching birds showed
that the different acts in the behaviour of birds
aeared not in a random sequence but in definite

temporal schemes.

In addition to the above mentioned more or less
realistic simplifications, a whole range of additional
factors can affect the correct interpretation of the
structure of behavioural groups. They include vari-
ables such as sex, age and past experience that can
influence the behaviour of the Alpine Accentor
(Davies et al 1995, Hartley et al. 1995, Nakamura
1995). More than 300 accentors were captured and
individually colour ringed in the Tatra mountains,
and an influence of those factors on the behaviour
of accentors will be the subject of our future studies
on this fascinating bird.

Mixed behavioural strategies , especially those
which contain feeding, are exhibited by the majority
of bird species ( eg. Klima 1966, Widén 1984,
Swihart and Johnson 1986, Hobson and Sealy 1987
Fnoksson 1988, Kacelnik and Cuthill 1990,  Székely
and Moskat 1991, Black et al 1992). Alpine-nesting
birds have been very useful in predicting how
organisms in climatically unstable environment may
change their behavioural strategies (Hendricks
1987ab, Norvell and Creighton 1990, Frey-Roos et
al 1995). In this study, we also showed that the
behavioural schemes of accentors may very rapidly
change, and they clearly reflected the strong struc-
tural and abiotic consiraints imposed by the alpine
environmental conditions.

Conservation issues. Our study also allows some
conclusions that are relevant for conservation issues.
In two different areas, the Low and High Tatras, the
birds tended to have their own schemes of the
behaviour (behavioural endemism). The schemes
were used in an adaptive way to meet the circum-
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stances of an ecological niche. But accentors also
adapted to the touristically devastated parts of the
mountains. Organized group sight-seeing, hiking, ski-
touring, downhill skiing, mountaineering bring gar-
bage to the mountains. Tourist refuse has become
a serious problem in the Tatra mountains (Stone

One-way ANOVAs (F) and their significance levels (P) are shown in Table 3.

1992, Janiga et al. 1993). This study shows that the
present- day impact of touristics has probably
weakened the regional features in the structure of
behaviour of accentors. Moreover, negative
physiologic responses to feeding on garbage may
be awaited.
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