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In the wide sense the term ‘biodiversity’ covers all displays of the life variability, and its
ethological constituent is as important in sustaining of population stability as others. We
investigated the behaviour of Leaf Warblers, genus Phylloscopus (Boie, 1826), at northern
peripheral parts of their ranges (Karelia, Russia) in comparison with the conspecifics from
central parts of the ranges (published data) and found out that plasticity of territorial systems
and variety of behavioural reactions along with other adaptations allow them obtain the
populations even in not optimal conditions. This is relevant to relationships within and
between species: (1) variety of territorial patterns of conspecifics lets them inhabit quite
different sites in the vast ranges, and (2) behavioral variations among different species give
them a possibility to settle at the same place. So, comparing conspecifics from central parts of
ranges, Willow Warblers Ph. trochilus acredula (Linnaeus, 1758) and Chiffchaffs Ph. collybita
collybita (Vieillot, 1817) in Karelia have a shorter prebreeding period, less aggressive ways
of territorial borders establishing and lack of some stages of stereotype pair formation. Such
reduction of territoriality is mainly caused by the limitation of time good for breeding and
relatively low population densities in northern regions. Concerning interspecific variations,
Willow Warblers and Chiffchaffs (common species for the region which they have been settling
for evolutionary long time) form high stable territorial structures, while Wood Warblers Ph.
sibilatrix (Bechstein, 1793) and Greenish Warblers Ph. trochiloides viridanus (Blyth, 1843)
(settled here comparatively later) have more labile territorial structures that let them more
actively move during a breeding season in search of potential reproductive partners. Besides, the
behaviour of Leaf Warblers also varied depending on the level of social tension in populations,
habitat structure and volume of sites suitable for nesting and foraging.
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INTRODUCTION

In the wide sense the term ‘biodiversity’
covers all displays of the life variability, and
its ethological constituent is as important in
sustaining of population stability as others.
We investigated the behaviour of small
passerine birds at northern peripheral parts of
their ranges (Karelia, Russia) in comparison
with the conspecifics from central parts of the
ranges (published data). Our model objects
are Leaf Warblers, genus Phylloscopus (Boie,
1826): Willow Warblers Ph. trochilus acredula
(Linnaeus, 1758), Chiffchaffs Ph. collybita
collybita (Vieillot, 1817), Wood Warblers Ph.
sibilatrix (Bechstein, 1793), and Greenish
Warblers Ph. trochiloides viridanus (Blyth,
1843). Main characteristics of the territorial
behaviour ofthe Leaf Warblers in Karelia connect
with the fact that different species live here under
conditions of different ecological situations:
there are differences in such parameters as
the history of local population formation,
remoteness from the northern borders of their
ranges, number and population density in the
region. Their ways and extension of migrations
and wintering areas also differ as well as the
terms and duration of stages of a reproductive
period. An important note here is that Willow
Warblers and Chiffchaffs have been inhabiting
this region for evolutionary long time, whereas
Wood Warblers and Greenish Warblers settled
here relatively recently (Lapshin 2000, 2005,
2009, Zimin 2001). Data on Wood Warblers in
North-West Russia, including Karelia, appeared
only in late19th — early 20th century (Biichner
1887, Zarudny 1910, Bianchi 1914). Greenish
Warblers are known in this area since the late
1870s (Kokhanov 1987), and the first nest of the
species was found in Karelia in 1974 (Lapshin
2004).

MATERIAL AND METHODS
In 2007 — 2014 we thoroughly investigated the
territorial and reproductive behaviour of the

model species at the northern periphery of their
ranges. We strengthened our observations by

274

adding the data from the long-term research on
Leaf Warblers which have been conducting in
Karelia since 1973. The integrated data array on
the behaviour of Leaf Warblers at the northern
parts of their ranges was compared with the
published data related to the central parts of
these species breeding ranges.

In the northern periphery of the model species
ranges the controlled plots were established in
the Republic of Karelia, North-West Russia, on
the base of the Biostation “Maychino” of the
Institute of Biology, Karelian Research Centre,
Russian Academy of Sciences. For Karelian
climate it is characteristic to get quite low air
temperatures in spring and summer as compared
to the central parts of the species ranges,
frequent returns of colds in spring and early
summer, and general weather instability. At that,
in Karelia relatively low temperatures in spring
and summer are partly compensated by longer
duration of the daylight hours, and hence, birds
are able to maintain the positive energy balance
(Zimin 1988).

Since the main tasks of the work were brought
to the thoroughly study of bird behaviour, their
realization was possible only by observations
of the individually marked animals. Thereby
we captured birds with mist nets and special
nest traps and marked them with individual
combinations of colored rings. During the
work we registered and characterized all the
observed aspects of bird behaviour at different
stages of a reproductive period. We conducted
the observations every day during the whole
continuance of daylight hours and investigated
the characteristics of territorial and reproductive
relationships, conducted search for nests and
subsequent observations to determine their fate.

We studied the bird territoriality with the point
mapping method permissive to define sizes and
configurations of territories marked by singing
males (Odum & Kuenzler 1955). The core
of this method is to determine the so-called
‘maximum-territory’ by means of mapping of
a singing male’s locations continuously during
0.5 to 3 hours twice a day (in the morning and
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afternoon). A bird’s locations should be mapped
every 5 minutes of observations or every each
more or less noticeable movement of a controlled
bird must be recorded as much as we get 12
points in a period of one hour. Every hour of
observations the extreme points are connected to
get a prominent polygon (maximum-territory),
which area exceeds the area of a territory used
every day. With the number of observations
increasing the ultimate level of measurements
will be achieved, when each subsequent one
hour series leads to increase area not more
than 1 %. According to the method, this level
is sufficient for the complete definition of the
territory and, as a rule, can be achieved for 1 —3
days.

We modified the described method to get
more accurate and detailed data. During our
observations of singing males we indicated the
high at which they song as far as possible to
appreciate the three-dimensional positions of
their territories. In order to trace the dynamic
of the configuration, area and attitude of each
territory during a reproductive season, we
conducted the observations throughout the
entire period of a controlled bird’s being at a
study plot. We also registered all the facts of
defense of territories and mapped them.

For work with maps we used such programs
as Arc View GIS 3.2 (Ivironmental Systems
Reseach Institute, Inc., 1992 — 1999) and
OziExplorer 3.95.4m (D & L Software Pty Ltd,
2005). Statistical analysis was carried out with
the software package of SPSS 11.0.1 (SPSS
Inc., 2001).

As a whole, for 8 seasons (May — September
2007 — 2014) we conducted about 9000 hours
of observations of Leaf Warblers in nature and
mapped about 19300 locations of these birds
during the process of territory demonstration.
We found and controlled 190 nests of Leaf
Warblers and ringed 1149 individuals, including
nestlings. In order to take into account influence
of weather on bird behaviour, we recorded
the weather conditions of the seasons. We
also obtained the data on the ecology of Leaf
Warblers in Karelia for 1973 — 2006.

RESULTS AND DISCUSSION

The territorial behaviour typical for the Leaf
Warblers had been studied by many researchers
(Howard 1920, May 1949, Ovchinnikova &
Firsova, 1971, Ryabitsev 1993, Enemar et al.
1979, Simms 1985, Jakobsson1988, Radesiter
& Jakobsson 1989 et al.) therefore its main
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Fig. 1. Population densities of the Leaf Warblers in the study area at different stages of reproductive

seasons of 2007 — 2014.
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Table 1. Sizes of maximum-territories of Leaf Warblers registered in Karelia in 2007 — 2014, m?

Species N Median Limits
Ph. trochilus 60 1032.5 378 — 10719
Ph. collybita 19 5870 483 — 25684
Ph. sibilatrix 30 1894 384 — 5987
Ph. trochiloides 21 3166 574 - 16120

d

Y

Fig. 2. The overlapping of projections of Chiffchaff territories (‘maximum-territories’ according
to the point mapping method) and the real segregating of the territorial rooms in space: a scheme.

characteristics are well-known. However, less
is known about the specifics of the territorial
behaviour under different ecological conditions,
which is the main focus of this paper.

Attitude,  demonstration and defense of
territories. Under the conditions of the study
area, territories of birds of the same species
were usually demarcated from each other,
and males as a rule attacked other conspecific
males in case of intrusion into their territories.
The maximum number of such conflicts was
registered for Willow Warblers and Wood
Warblers. Aggressive clashes of Greenish
Warblers were not observed, that may be caused
by their low population densities in the study
seasons (Fig. 1) and the lack of high competition
for the space.
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Chiffchaffs usually defended their territories,
but in 2007 two males of this species often
sang close to each other and flew into the
neighbor’s territory quite far. Thus, their
territories partly overlapped that was rather
untypical for the species. Previously (in 1979
— 2006) such an overlapping of territories also
periodically registered. In number of the cases,
when projections of territories on the ground
overlapped, the real three-dimensional positions
of the territorial rooms were segregated owing
to the fact that one of these males sang at the
bigger high above the ground than the other male
(Fig. 2). More seldom there were the situations,
when the extreme posts of singing were 300 to
500 and more meters apart. These posts (as a
rule, at high trees) were usually demonstrated
and defended by a male (Lapshin 2000). In
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such cases the territory was more a line than a
polygon (Fig. 3).

Sizes of territories. Sizes of demonstrated
territories in different species of Leaf Warblers
registered in 2007 — 2014 are shown in Table 1.
Though in every certain case a size of a territory
was determined in many respects by the habitat
structure and volume of sites suitable for nesting
and foraging, as a whole these parameters were
quite big for the model species and they were
even bigger in previous years (Lapshin 1978,
2000). That exceeded sizes of these species
territories measured in other parts of their
ranges (May 1949, Geissbiihler 1954, Simms
1985; Piotrowka & Wesolowsky 1989, Glutz
von Blotzheim & Bauer 1993 et al.). Especially
large territories were demonstrated by males of
Chiffchaffs and Greenish Warblers.

Specifics of the territorial behaviour of Leaf
Warblers which have been inhabiting the region
for evolutionary long time. Willow Warblers
and Chiffchaffs, as we noted above, are the
species that have been breeding in Karelia for
evolutionary long time and adapted to the local
conditions well enough in different aspects. This
concerns the adaptations of the year cycles and
mates with the behaviour, including territorial

behaviour. Characterizing the main specifics of
these birds’ territorial behaviour, first of all we
should describe the following items:

1. On average, males of Chiffchaffs and Willow
Warblers appeared in the breeding areas and
occupied their territories earlier than other Leaf
Warblers (Fig. 4), and in most cases they stayed
at these initially occupied territories for the
entire duration of a reproductive period.

2. The territories of these birds were quite stable:
shifts in space and size changes were minor.

3. Every year most of the local territorial Willow
Warbler males successfully attracted females,
although some of them stayed single due to the
number prevalence of males over females (Fig.
5).

It is should be noted, that the ratio of Chiffchaff
single males was quite big despite the fact that
birds of this species have been inhabiting the
region for a long time and this is compared with
the share of unmated males in species new for
the region (Fig. 5). Chiffchaffs live in Karelia
closer to the range borders than Willow Warblers
(Lapshin 2000), in this connection the number
of females is very unstable and usually low, that
makes for such a great number of single males
in the spring-summer populations of Chiffchaffs
in this region.

(o] posts of singing
2 ‘line-territory’

Fig. 3. The example of a ‘line-territory’ of a Chiffchaff male.
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Thus, spatial territorial structures of populations
in Chiffchaffs and Willow Warblers are quite
stable during a season. Such stable structure
forms generally as early as the very beginning
of a reproductive period. Relatively early
arrival to the breeding areas allows these birds
rather peacefully distribute territories among
conspecific males in the beginning of a season
and breed at them in case of attraction of
females.

Along with it, Willow Warblers and Chiffchaffs
in Karelia have the brief first stage of a
prebreeding period (before arrival of females)
in relation to the limitation of time suitable for
reproduction. The establishment of territorial

Dates
01.06

borders is rather peaceful, and some stages of
the stereotyped behaviour (particularly the
stages of companionship and courtship feeding)
are lacking, as compared to more southern parts
of ranges (May 1949, Ovchinnikova & Firsova
1971, Ovchinnikova 1973). Apparently, more
peaceful character of territorial relationships
among birds in North-West Europe is linked to
the lower population densities than at the other
parts of the species ranges. This, in its turn,
is due to less pronounced fragmentation and
disconnection of habitats suitable for breeding.
For instance, in the Prepolar Ural, where habitats
are fragmented and Leaf Warblers form dense
populations, conspecific males attack each other
more often (Ryabithev 1993).
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Fig. 4. Terms of arrival of Leaf Warblers to the breeding areas in 1973 —2014.
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Fig. 5. Ratio of males of different statuses from the number of all the males tried to occupy territories

in the study area in 2007 — 2014,
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Specifics of the territorial behaviour of Leaf
Warblers settled in the region of investigations
relatively  recently. Wood Warblers and
Greenish Warblers, as we noted above, settled
in Karelia as a breeding area relatively recently,
and their adaptations to local conditions are
not considered as well developed. Besides that,
this region is located at the northern periphery
of the species ranges, and specifics of North
also influence on biology of these birds. The
main characteristics of the territorial behaviour
of Wood Warblers and Greenish Warblers in
Karelia are listed below.

1. Wood Warbler and Greenish Warbler males
keep high degree of mobility during a season. So,
Wood Warbler males more often change places
of singing during a reproductive period than

other Leaf Warbler males (Fig. 6). According to
the data of long-term observations in Karelia,
as was partly reported earlier (Lapshin 2005),
polyterritoriality is very typical for Wood
Warblers, when unmated males move between
territories in limits of tens and hundreds meters
and even father.

The degree of mobility of Greenish Warblers
is rather high as well. But, in contrast to Wood
Warbler males, they usually occupy large
territories and move freely within their borders
(Fig. 7). Probably, high mobility of Wood
Warbler males promotes them to meet females
under the conditions of their relatively low and
unstable number that is typical for a periphery
of a species range. Actually, an encounter
with a female is a really seldom event in such

50m

Ladoga Lake

E= Fir-wood
[T Leafy-fir-wood

VZZZ Piny-leafy-wood
[Z15] Places without vegetation

Fig. 6. Change of places of singing (1, 2, etc.) during a season in Wood Warblers. Examples for some
different controlled males are indicated by the lines of different types (2007 — 2014).
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conditions, and the great number of Greenish
Warbler males is indicative of that (Fig. 5).

2. Most of the territories of Wood Warblers are
very unstable: they noticeably shift in space
during a season (Fig. 6) and significantly vary in
sizes (Table 1). The territory borders of Greenish
Warblers are also quite movable. It is hard to
define the preferable places of singing according
to which we can determine the territory borders
for birds of this species. These borders are as if
‘degraded’.

3. The number of Wood Warblers and Greenish
Warblers significantly vary from year to year
(Lapshin 2001) and this is especially typical for
females (these number fluctuations are much
bigger than in other relative species whereas
Wood Warblers and Greenish Warblers live here
close to the very edge of their species ranges)
(Lapshin et al. 2013). In this connection in some
years a lot of males, even seized territories,
remain unmated (Fig. 5).

50 m

Ladoga Lake

Thus, there are certain characteristics of the
territorial behaviour of Wood Warblers and
Greenish Warblers, which promote high
plasticity of their territorial structure. This may
be the evidence of ‘insufficient readiness’ of
these birds to the conditions relatively new to
them. Nevertheless, it is more probable, that
such behavioural features help birds to cope
with new factors, including conditions of new
regions.

CONCLUSIONS

According to the results of this study, we can
formulate the next conclusions:

1. The territorial behaviour of the model species
has a quite high degree of plasticity.

2. The Leaf Warblers occupied the northern parts
of the current species ranges relatively recently
form more labile territorial structures of their
populations than the Leaf Warblers that had
been inhabiting in this region for evolutionary

Fir-wood

Leafy-fir-wood
Piny-leafy-wood

Places without vegetation

ﬁ
I
N

This male had a territory of big area, the
borders of which are drawn a line around
the extreme locations of its singing. The
territory  borders were not strictly
‘fastened’ — the male freely moved within
the territory (EE=__). at that he sang more
often in its widened part (obscured), close
to the nest (@)

Fig. 7. The example of a Greenish Warbler male’s territory.
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long time.

3. Diversity of the behavioural options is an
important prerequisite of bird adaptations
to changing environmental conditions and
settlement in new habitats.

Indeed, the obtained data are indicative of a
high plasticity of the model objects. They react
to every change of environmental conditions
(the level of social tension in populations
and population density, habitat structure and
volume of suitable places, remoteness of range
borders and the degree of adaptiveness to the
certain conditions) and change their behaviour
correspondingly.

‘We may conclude, that the plasticity of territorial
systems and variety of behavioural reactions
in Leaf Warblers along with other adaptations
allow maintenance of their populations even
in not optimal conditions. This is relevant to
relationships within and between species: (1)
variety of territorial patterns of conspecifics
lets them inhabit quite different sites in the vast
ranges, and (2) behavioral variations among
different species give them a possibility to settle
at the same place.

Compared to conspecifics from the central
parts of the ranges, birds in Karelia have a
short prebreeding period, less aggressive ways
to establish territorial borders, the simplified
process of stereotype pair formation. Such
reduction of territoriality is mainly caused
by the limitation of time suitable for breeding
and relatively low population densities in the
northern regions. Concerning interspecific
variations, Willow Warblers and Chiffchaffs
(common species that have been inhabiting the
region for evolutionary long time) form highly
stable territorial structures, whereas Wood
Warblers and Greenish Warblers (species that
settled in the region recently) form more labile
territorial structures and thus are able to move
during a breeding season in search of potential
reproductive partners. Besides, the behaviour
of Leaf Warblers also varied depending on the
level of social tension in populations, habitat
structure and volume of sites suitable for

nesting and foraging. Undoubtedly, behavioural
diversity is essential for sustaining population
stability, changing the borders of species ranges
and settlement in new habitats.
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