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Population ecology of the Great Tit Parus major
in taiga forest on Lake Ladoga coast

Alexander V. Artemyev

Abstract: Artemyev A.V. (2008): Population ecology of the Great Tit Parus major in taiga for-
est on Lake Ladoga coast. Avian Ecol. Behav. 14: 1-33.

Studies done in 1979-1004 in Karelia showed that taiga forests are suboptimal habitats for the 
Great Tit, where breeding density is low and proportion of yearlings among breeders is high. 
Laying dates depended on habitat and April air temperatures. Clutch size was not related 
either to breeding density or to habitat. Yearlings bred earlier than older birds, laid more eggs 
and raised more fledglings. Age of males influenced timing of breeding but not clutch size. It is 
assumed that in the study area external factors have a stronger impact on birds than their age, 
so that age-related variation is lacking or strongly transformed.
On average, 47.8% pairs laid second clutches after a successful first breeding cycle. Breeding 
density or age composition of pairs did not influence the occurrence of second breeding cycle. 
Second cycle occurred more often in forest stands with high specific diversity of trees. The 
mean air temperature in September was positively related to the occurrence of second broods. 
As many as 77% of nests survived to fledging, and 67.9% of eggs laid produced fledglings. 
Breeding performance was not related to breeding density, habitat, age composition of the 
population, or timing of breeding. It was mainly governed by partial nestling loss, proportion 
of nests lost and mean monthly temperature of May. A breeding pair produced on average 
10 fledglings per season. This figure was related to breeding success, occurrence of second 
clutches, and winter and spring weather.
Low breeding density of Great Tits in the Ladoga area prevented development of density-
dependent regulation mechanisms. Therefore, reproductive strategy is aimed at achieving the 
maximum reproduction rate possible, limited only by the physiological capacity of birds and 
resources in the environment. Breeding density was practically unrelated to breeding perfor-
mance in the preceding year. It was governed by immigration rate and survival rate during 
the non-breeding season. Weather during the critical periods of the annual cycle, i.e. during 
autumn and spring movements and during winter had a certain impact on breeding density.

Key words: Great Tit, taiga forest, breeding density, reproductive biology, breeding pro-
ductivity, mechanisms of numbers regulation.
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1. Introduction

Breeding range of the nominotypical subspecies of the Great Tit includes nearly 
the whole of Europe and a large part of Asia. It stretches from Turkey to northern 
Scandinavia, and from the Atlantic to the coast of Sea of Okhotsk (Cramp & Perrins 
1993). Living conditions vary broadly across this vast area, therefore the response of 
different populations to environmental stimuli may differ considerably. Thus, a com-
parative analysis of ecology and population dynamics in different parts of the range 
is of interest for the study of both general rules and local specializations. Most de-
tailed studies of the Great Tit biology were done in the birds belonging to the nomi-
notypical subspecies and the subspecies of the British Isles in European deciduous 
and mixed forests (Kluyver 1951, Lack 1954, Perrins 1965, Cramp & Perrins 1993, 
Likhachev 2002 etc.). This study analyses in detail population ecology of Great Tits 
in the taiga forests of European Russia where climate, vegetation and a number of 
other parameters differ markedly from the core parts of the species’ breeding range.

2. Study area, materials and methods

The study was done in 1979-2004 at the Mayachino field station of the Insti-
tute of Biology, Karelian Research Centre of Russian Academy of Sciences (60°46´N, 
32°48´E). The station is located at the southeast Lake Ladoga coast in Olonets 
district of Russian Karelia in the subzone of middle taiga. The landscape is rather 
marshy: forests on dry soil comprise just 8% of the total area, and most forests grow 
on more or less wet soil. Most widespread are pine forests (65%), spruce forests cov-
er 16% of the total forest area, aspen cover 10%, birch 8% and alder 1%. A strong 
anthropogenic transformation of habitats caused a significant change in age com-
position of forests, but their specific composition underwent smaller changes over 
the last 125-135 years. The reason is that after felling pine forests, there are usually 
replaced by pine and mixed pine-deciduous young stands, and spruce forests are re-
stored through the stage of deciduous forest (Volkov et al. 1990).

Long but relatively mild winters and cool summers are typical of the study area 
and the whole region. Snow cover lays for some 125 days, temperatures above the 
freezing point last on average for 205 days (between 10 April and 1 November), above 
+5 °C on average 160 days (between 29 April and 6 October). April is rather cool, the 
long-term mean air temperature at the latitude of Petrozavodsk is just 1.2 °C, i.e. lower 
than the temperature of the coldest month in southern England, the Netherlands, low-
land Switzerland and some other parts of the Great Tit’s range (Alisov et al. 1954). 
Spring weather is unstable due to alternation of air flows from the Atlantic and the 
Arctic (Agroclimatic Directory 1959, Romanov 1961). As a result, the timing of many 
phenological events is more variable than in central European Russia (Minin 1992).
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The birds bred in standard-sized wooden nest boxes (Blagosklonov 1991). They 
were set up in forests typical of the area, mainly in mature pine forests and mixed pine 
and birch forests of varying age, some in mature spruce stands, spruce and pine forests 
and in black alder stands. The first set of 100 nest boxes was provided in 1979, 200 
nest boxes were added in 1980, in subsequent years their number varied between 270 
and 400 (Fig. 1). Most nest boxes were set up in lines along roads, compartment lines 
and reclamation drains, with an interval of 20-100 m, on average 40 m between the 
nest boxes. Furthermore, three study plots containing 15, 25, and 50 nest boxes with 
the density of ca. 10 nest boxes per 1 ha were set up. The nest boxes were located in 
the area of ca. 10 km2 in a contiguous woodland area 25 km from the small town of 
Olonets. To estimate breeding density, we included only the area of the close vicinity 
of nest boxes. We included 100 m stripe along the lines of nest boxes (50 m on each 
side), and added 100 m to the length of the line (50 m on each end). In the plots of nest 
boxes, a 50 m stripe outside the outermost lines of nest boxes was included in the area. 
The overall area varied between 120-170 ha since 1980, on average 145 ha. Numbers 
of nest boxes available and occupied by Great Tits are given in Tab. 1.

Annually, the fate of each nest was followed, laying dates and clutch size re-
corded, together with incubation success rate and nestling survival rate. Practically 
all nestlings were ringed. Adults (87% of females and 84% of males) were captured at 
nests and ringed when the young were 7-14 days old. Age of adults was identified on 
the basis of contrast between greater and primary coverts (Svensson 1975, Vinogra-
dova et al. 1976).

In 1979-2004, a total of 159 pairs bred in nest boxes (1 to 18 pairs annually), the 
fate of 235 nests was followed. Onset of breeding was determined as laying the first 
egg in the earliest nest. Mean annual dates of beginning of breeding were calculated 
on the basis of clutches initiated within 30 days after the season’s earliest nest, thus 
mainly excluding repeat and second clutches (following Both et al. 2004). Breeding 
performance was estimated as the rate of nests surviving until fledging, and as the 
numbers of fledglings produced from all eggs laid. Embryonic mortality rate (egg loss 
without predated clutches) and partial loss of nestlings (without nest predation) 
were calculated separately. The overall incubation success and nestling survival rates 
accounted for the loss of complete nests. The mean brood size at fledging was calcu-
lated on the basis of nests where at least one chick survived to fledging. Breeding 
productivity was determined as the number of fledglings produced divided by the 
number of females that had bred. The preliminary results of the study of breeding 
biology of the Great Tit have been published earlier (Artemyev 1993).

It is usually assumed that fluctuations of bird numbers breeding in nest boxes 
reflect the population dynamics in the adjacent forest areas. Breeding density of the 
Great Tit in the study area was very low (Tab. 1) which resulted in small annual 
sample sizes. Even though the study area and the number of nest boxes available 
were large, the material could not always be subject of rigorous statistical analysis. 
Therefore some of the conclusions concerning the factors that influence population 
dynamics are suggestive and not final.

Weather variables were characterized on the basis of data from Olonets weath-
er station located 25 km to the northeast of the centre of the study area. We used 



4
Avian Ecology
and BehaviourA.V. Artemyev. Population ecology of the Great Tit

mean monthly and daily air temperatures. It should be emphasized that these figures 
do not reflect the microclimate in the breeding habitats and just reflect the general 
weather tendencies in the study area.

The usual methods of variation statistics were used in data analysis (Lakin 
1973, Ivanter & Korosov 2003). Pearson correlation and stepwise multiple regres-
sion analysis were used for estimating relationships between variables. Percentages 
were compared by Fisher’s exact test. 

3. Results and discussion

3.1. Breeding density

Breeding density of Great Tits in the areas where nest boxes were provided 
varied between 0.76 and 12.61 pairs·km-2, on average 4.2 pairs·km-2 (Fig. 1). Great 
Tits occupied most eagerly nest boxes in mature mixed forests with a considerable 
proportion (40-70%) of deciduous trees: birch, aspen, alder (Tab. 1). The highest 
breeding density in the study area was recorded in a mature mixed pine and decidu-
ous forest: during the peak of numbers in 1983 it reached 24.4 pairs·km-2 (eight pairs 
in 94 nest boxes). In pure stands of black alder, young and ripening mixed forests of 
pines and deciduous trees, and coniferous forests with a small proportion of decidu-
ous trees admixed Great Tits settled less frequently. The least attractive forest types 

Table 1. Occupancy of nest boxes and breeding density of Great Tits in different habitats on 
Lake Ladoga coast in 1979-2003.

Habitats
Number
of nest 
boxes

Area,
ha

Number
of breeding 

pairs

Pairs per 
100 nest 

boxes

Breeding 
density, 

pairs·km-2

Black alder forest 664 318.8 11 1.66 3.45

Spruce forest 909 636.9 6 0.66 0.94

Spruce and pine forest 542 239.4 9 1.66 3.76

Mixed deciduous and 
coniferous stands 

1991 720.6 54 2.71 7.49

Pine forest 871 563.6 9 1.03 1.60

Pine and deciduous 
stands 

1931 713.6 48 2.49 6.73

Young pine and
deciduous stands

348 154.8 6 1.72 3.88

Submature pine and 
deciduous stands

655 240.1 8 1.22 3.33

Total 7911 3587.8 151 1.91 4.21
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were practically pure spruce and pine stands, where in the years of low overall den-
sity (< 3 pairs·km-2) no Great Tits bred at all.

As in other parts of the breeding range (Kluyver 1951, Shcherbakov 1956, Per-
rins 1965, Zimin 1978, Cramp & Perrins 1993 etc.) Great Tits in the Ladoga area 
also prefer forests with predominating deciduous trees. An exception is mature black 
alder stands that are less preferred than mixed forests of birch and pine. The reason 
is probably the late opening of leaves in black alder and thus low attractiveness of 
this habitat in early spring.

In northwestern Russia Great Tits prefer to breed in forests located close to 
their wintering habitats. Therefore the maximum values of breeding density in the 
Leningrad Region (30-40 pairs·km-2) and in Russian Karelia (28 pairs·km-2) are re-
corded in mixed forests in the vicinity of towns and villages or in old urban parks 
(Malchevsky & Pukinsky 1983, Zimin et al. 1993). In this region Great Tits usually 
do not overwinter in the woods far from human settlements and breed there with a 
low density (Noskov & Smirnov 1981). Therefore, nest box occupancy rate is 80-
90% in optimal habitats in the vicinity of large cities and just 2-10% in the core areas 
of large forests (Smirnov & Tyurin 1981). In natural forests of Ladoga area breeding 
density of this species varies between 0.4 and 6.3 pairs·km-2 in the most common 
habitat, different types of pine forest (Volkov et al. 1990). Providing nest boxes in 
such habitats does not result in increased numbers of breeding Great Tits (Tab. 1). 
Even though Great Tits readily occupy nest boxes, they breed in natural cavities 
equally eagerly. Unlike Pied Flycatchers Ficedula hypoleuca, whose breeding density 
is to a great extent governed by the availability of holes and is sharply increased by 
providing nest boxes, this factor is much less important for population dynamics of 
the Great Tits. In taiga forests far from villages their breeding density is low and 

Figure 1. Number of nest boxes available and breeding density of Great Tits in the Ladoga 
area in 1979-2004.
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no shortage of breeding cavities exists. Only in young forests providing nest boxes 
increases Great Tit numbers (Zimin 1978).

3.2. Structure of the breeding population

Age structure of the breeding Great Tit population is biased towards yearlings, 
older birds comprise 48.4% among males and 24.4% among females (Fig. 2). A similar 
age ratio is observed on Lake Ladoga coast during the pre-breeding period in March 
and April when the proportion of yearlings is 53% among males and 72% among 
females (Noskov & Smirnov 1981). Our data probably reflect the real age ratio in 
the forests of the Ladoga area. Most Great Tits breeding in nest boxes were immi-
grants hatched elsewhere and first settling within the study area. Residents earlier 
recorded in this area made up just 8.3%, and autochthonous birds hatched here just 
2.5% of the population (Fig. 3). This differs considerably from the pattern found in 
sedentary populations of European broad-leaved forests where immigrants make up 
20-57% of breeders, and locally hatched birds usually comprise over 25% (Kluyver 
1951, Perrins 1965, van Balen et al. 1987, McCleery & Clobert 1990). 

3.3. Timing of breeding

In the Ladoga area Great Tits usually start breeding in late April – early May. 
The season’s earliest clutch was started between 22 April (in 1983) and 25 May 
(1997), on average on 7 May. The whole period of starting new clutches stretches 
for nearly three months, both due to second broods in a proportion of birds and to 
replacement clutches (Fig. 4).

Over most of its range, the Great Tits is double-brooded (Likhachev 1961, 
Cramp & Perrins 1993). In the study area the proportion of pairs laying genuine 
second clutches varied between 0 and 100%, on average 47.8% (n = 116).

Figure 2. Age structure of breeding Great Tits in the Ladoga area in 1979-2004.
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Figure 3. Origin of breeding Great Tits in the Ladoga area in 1981-2004.



8
Avian Ecology
and BehaviourA.V. Artemyev. Population ecology of the Great Tit

The onset of first clutches varies between 22 April and 26 May (mean 8 May, 
n = 65), of second clutches between 6 June and 15 July (mean 23 June, n = 55). 
Replacement clutches were recorded between 1 May and 25 July, after loss of first 
or second clutches. A similar timing of breeding was reported from other sites in 
southern Karelia: at 61°30´-62°30´N the breeding begins between 20 April and 18 
July (Zimin 1978). The mean date of starting clutches initiated within 30 days after 
the season’s earliest one is 10 May (n = 145, 1979-2004).

Timing of breeding of Great Tits in southern Karelia generally follows the Hop-
kins’ rule (Slagsvold 1976, Sanz 1998) which states that phenological events occur 
later further in the north. At the same time, no longitudinal trend is evident at the 
latitude of 60°-61°N (Tab. 2), in spite of generally milder climate and higher spring 
temperatures in the western parts of the range.

In many parts of their range, timing of breeding of Great Tits is largely governed 
by air temperatures and by the development of spring phenological events (Kluyver 
1951, Slagsvold 1976). In the Ladoga area the strongest correlation exists between 
timing of breeding and the mean temperature of April (Tab. 3), whereas tempera-
tures of other months were unrelated to the timing of reproduction. In spring, most 
important for plant vegetation at temperate latitudes are effective temperatures, i.e. 
those exceeding +5°C (Schulz 1981). We therefore tested for a relationship between 
timing of breeding and the dynamics of temperatures above +5 °C. The closest cor-
relation was revealed between the time of starting the season’s earliest clutch and the 
mean date of the onset of breeding in the population and the date when the cumula-
tive sum of effective temperatures reached 50 °C. However, the interval between 
these events varied widely between the years. A somewhat weaker correlation was 
recorded between the aforementioned breeding parameters and the dates when the 
minimum temperatures showed a sustainable excess over 0 °C and when the cumula-
tive sum of positive temperatures reached 100 °C.

In many birds of temperate and high latitudes the timing of breeding is known 
to be controlled by an endogenous programme which is triggered by a species-spe-
cific threshold change of photoperiod (Gwinner 1996, Dawson et. al. 2001). Great 
Tits show population-related variation in photoperiodic thresholds of developing 
reproductive condition, threshold being lower at higher latitudes (Silverin 1995). 
Photoperiod controls just the possible time window of beginning of breeding. Actual 
onset of reproduction is fine-tuned by environmental stimuli: phenology of vegeta-
tion, dynamics of air temperatures, food availability, social interactions etc. (Perrins 
1965, 1996; Zimin 1988, Nager & Noordwijk 1995).

Impact of temperature on the timing of breeding in birds is well-known, but 
there is still no agreement whether it acts directly on physiology and the develop-
ment of reproductive state, or on energy budget through development of vegetation 
and food availability. Van Balen (1973) showed that temperatures acts indirectly 
and tits react on the timing of hatching and abundance of small caterpillars. Recently 
Meijer et al. (1999) confirmed in their experiments with Starlings Sturnus vulgaris 
the suggestion of Kluyver (1951) that temperature acts directly on the time of lay-
ing. Nager (1990) suggested that this factor acts on birds both directly and indi-
rectly. The response may be population-specific. In the Netherlands and Britain tem-
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peratures two months before the onset of laying influenced the time of breeding, in 
Switzerland and Germany – temperatures 1.5 months before laying, in Scandinavia 
and Karelia important were the temperatures during the preceding month (Kluyver 
1951, van Balen 1973, Perrins 1965, Haartman 1969, Slagsvold 1976, Nager 1990, 
Winkel & Hudde 1997, our data). Everywhere the breeding started after a short 
period of warm weather, but the thresholds were different: they decreased from the 
southwest towards the northeast (Slagsvold 1975a, 1975b, 1976; Veistola et al. 1995). 

Table 2. Main breeding parameters of Great Tits at different European sites at 60°-61°N.

Study site and years   
Coordinates 
and altitude 

a.s.l.

First and early clutches
Propor-

tion of 2nd 
clutches, %

SourceMean start-
ing date

(1 = 1 May)

Mean size, 
eggs 

Norway, Sørkedal
1968-1974

60°N, 11°E;
200 m

11.7 (35)* – –
Slagsvold 
1976

Sweden,Tärnsjö
1952-1963,
1972-1974

60°19´N, 
16°56´E;

200 m
– 8.2 (400)* 18.5

Johansson 
1974

Finland, Lemsjöholm 
1953-1967

60°30´N, 22°E; 
50 m

10.7 (225) 9.9 (225) 20.2
Haartman 
1969

Russia, Karelia,
Mayachino
1979-2003

60°46´N, 
32°48´E;

20 m
10.1 (141) 11.1 (122) 47.8 This study

Note. * – Number of nests is given in parenthesis.

Table 3. Relationships between timing of breeding in Great Tits and some spring weather 
parameters in the Ladoga area in 1980-2002.

Weather variable
Onset of the 

season’s earliest 
clutch

Mean date
of clutch onset

Mean temperature of March r = -0.16, n.s. r = -0.12, n.s

         April r = -0.62, p < 0.01 r = -0.69, p < 0.001

         last 10-day period of April r = -0.57, p < 0.01 r = -0.7, p < 0.001

Date of reaching the sum of effective temperatures
(> 0 °C) 50° r = 0.71, p < 0.001 r = 0.84, p < 0.001
                100° r = 0.59, p < 0.01 r = 0.67, p < 0.01

Date when the minimum temperature becomes 
> 0 °C r = 0.64, p < 0.01 r = 0.63, p < 0.01
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Even at the same site the thresholds may differ between the years, so that in severe 
and unstable climates it is not possible to determine the temperature that permits to 
start breeding in a population (Likhachev 1961, 2002; Zimin 1988, our data). 

In the Ladoga area the mean daily temperature on the day of onset of the season’s 
earliest clutch varied between 2.2 °C and 14.3 °C, on average 9.0 °C. The determinant 
date, a parameter suggested by Kluyver (1951) as the time of onset of rapid oocyte 
development in most females (four days before the population’s mean date of clutch 
beginning), varied between 27 April and 21 May in our study area (on average – 
7 May). On this day, weather temperature was on average 8.7 °C. This value however 
could not be treated as threshold, as it varied from 0.4 °C to 14 °C between the years. 
The date when the cumulative sum of effective temperatures reached 50 °C practi-
cally coincided with the determinant date and varied between 23 April and 19 May, 
on average 7 May. Even though time lag between these events could reached up to 
nine days in sme years, this phenological parameter influenced the population under 
study most significantly.

No significant long-term trend in the time of breeding was revealed in Karelia. 
Global warming which has a significantly impact on the timing of breeding in West-
ern Europe (Crick et al. 1997, McCleery & Perrins 1998, Both et al. 2004), has not 
yet shown its influence on Great Tits in the Ladoga area. In our region it is win-
ter which got significantly milder over the last 50 year, and March temperatures 
increased (Nazarova & Filatov 2004), whereas April and May temperatures which 
influence spring phenology most strongly, have undergone small changes. Across 
1980-2002, the mean April temperature showed a positive trend (r = 0.35) which 
however was not significant, whereas May temperatures showed an opposite trend 
over the same period (r = -0.28), also not significant. The time of breeding did not 
show a significant trend across this period, either (r = -0.21, n.s.). A similar pattern 
has been reported from the Moscow area and from northern Finland, where, unlike 
more western parts of the range, the pre-breeding period of Great Tits did not get 
significantly warmer during the recent decades, either (Visser et al. 2003).

Timing of breeding of Great Tits in different habitats in the Ladoga area was 
rather similar, so our data show no significant forest type related difference (Tab. 4). 
However, birds breeding in practically pure conifers (spruce and pine forests pooled) 
started egg-laying on average seven days later than their conspecifics breeding in 
mixed and deciduous woods (F = 6.5, p < 0.05). In spring, conifer stands are less 
well insolated, snow melts here later, soils warms up slower and the development of 
vegetation is delayed. In other south Karelian sites Zimin (1978) found significant 
difference only between mature deciduous forests and young mixed pine-deciduous 
stands. It is worth noting that habitat-related variation in the time of breeding is 
not always pronounced in other parts of the range, either. In central Europe ear-
lier breeding was recorded in urban parks as compared with forests in the country 
(Cramp & Perrins 1993). In England Great Tits breed earlier in gardens than in 
forests and parks, but no difference between coniferous and deciduous forests was 
reported (Lack 1966). A similar pattern was reported by Klyuver (1951) from the 
Netherlands, but another study did find a difference between oak and pine forests 
(van Balen 1973). In the Mediterranean Great Tits start to breed earlier in seasonal 
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oak woods than in evergreen forests (Blondel et al. 1987). Such habitat-related dif-
ference is usually obvious between contrasting habitat types and is enhanced by lo-
cal factors, as artificial illumination in towns, proving additional food in gardens or 
local phenology and the dynamics of food availability in natural habitats.

In the Ladoga area, female Great Tits show no strong age-related variation in the 
time of egg-laying (Tab. 5). As many other passerines of boreal forests (Zimin 1988), 
Great Tits of different age start breeding nearly simultaneously, so that the bulk of the 
population breed during a narrow time window. The tendency of old females to breed 
earlier than one-year-old females is not supported by the data from Karelia and Finland. 
Moreover, an opposite trend exists: yearling females are the first to start laying eggs 
(Haartman 1969, Zimin 1988, our data). The difference between dates of commencing 
egg-laying by yearlings and older birds in the Ladoga area and southern Finland (Lem-
sjöholm) was on average one day, but it was not significant due to small sample sizes. In 
Western Europe older females normally start breeding earlier than one-year-old birds, 
time lag being larger further south. It was 4.2 days in Switzerland (Nager & Noordwijk 
1995), in the Netherlands it was 2.1 days and recorded not annually (Kluyver 1951), 
in southern England ca. 1 day (Perrins 1965), and in southern Sweden and in Poland 
the difference was only recorded in some years (Cichon & Linden 1995).

Table 4. Main parameters of the first breeding cycle and the occurrence of second clutches in 
relation to habitat in the Ladoga area in 1979-2004.

Habitat 
Onset of 

clutch ± SE 
(1 = 1 May)

n
Clutch size 

± SE
Brood size 

± SE

Number 
of suc-
cessful 

clutches

Occur-
rence of 
second 

clutches, 
%

Black alder forest 9.8 ± 2.1 10 10.9 ± 0.7 8.8 ± 0.5 8 25.0

Spruce forest 14 ± 3.7 5 11.0 ± 0.6 8.5 ± 0.5 4 50.0

Spruce and pine forest 6 ± 4.5 6 11.6 ± 0.2 11.2 ± 0.2 5 20.0

Mixed deciduous
and coniferous stands 

9.4 ± 1.3 50 11.1 ± 0.2 9.4 ± 0.3 39 46.2

Pine forest 16.4 ± 3.1 9 10.9 ± 0.5 8.9 ± 0.5 7 42.9

Pine and deciduous 
stands 

7.7 ± 1.2 46 11.0 ± 0.2 8.9 ± 0.4 42 54.8

Young pine and
deciduous stands

10.3 ± 3.8 6 10.7 ± 0.4 9.2 ± 0.4 5 80.0

Submature pine and 
deciduous stands

8.8 ± 1.5 8 11.5 ± 0.4 9.5 ± 0.9 6 50.0
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In our study site the time of breeding was also significantly related to the age of 
the male: pairs with one-year-old males usually bred 1-4 days later than pairs where 
the male was older (Tab. 5). Even though the tendency existed in all combinations of 
partners, a significant difference was only recorded between the groups ‘old male – 
yearling female’ vs. ‘yearling male – female of any age’ (t = 2.01 p < 0.05). Age-
related variation in the timing of breeding, quite obvious in more southern parts of 
the Great Tit’s breeding range (Perrins & McCleery 1985, Glutz von Blotzheim & 
Bauer 1993), is less pronounced in the Ladoga area due to extrinsic factors, mainly 
the unstable weather in spring.

Timing of breeding of Great Tits is known to be fine-tuned to fit the period 
of maximum abundance of food for nestlings, but it also depends on food availabil-
ity for the female during egg-laying (Lack 1954, 1966; Perrins 1965). Breeding is 
also influenced by territory quality and the male’s individual characteristics: his 
sexual activity which stimulates the development of the female’s reproductive sys-
tem, and courtship feeding rate which provides additional energy during egg-laying. 
Old males normally occupy territories of higher quality and start their sexual activ-
ity earlier than yearlings. It is not improbable that during cold and unstable spring 
weather in the Ladoga area, females have difficulties with keeping a positive energy 
balance during egg-laying. Therefore, age of the male partner, his quality and the 
ability to occupy a good territory may seriously influence the onset of breeding. In 
the southern Netherlands, where climate is mild and springs are warm, the age of the 
male partner does not influence the time of breeding (Kluyver, 1951). The same was 
recorded in southern England in 1947-1964 (Perrins 1965), but later the impact of 
male age of breeding was detected (Perrins & McCleery 1985). In southern Sweden 
and in Poland a similar relationship was also recorded in some years (Cichon & Lin-
den 1995). 

The fact that at our latitudes older females breed somewhat later than yearlings 
might suggest that the former can better predict the time of maximum abundance of 
food for their nestlings. As spring and early summer are unstable in the taiga zone, 
early breeding is not always most productive (Zimin 1988). It has been reported that 

Table 5. Age of partners and the main parameters of the first breeding cycle.

Age
n

Onset of clutch Clutch size Brood size
female male range Mean* ± SE range Mean ± SE range Mean ± SE

1 year all 87 25.04-01.06 08.90 ± 0.92 7-13 11.19 ± 0.14 4-13 9.42 ± 0.21**

x + n all 29 22.04-29.05 09.97 ± 1.58 6-15 10.86 ± 0.33 4-11 8.33 ± 0.39**
all 1 year 58 27.04-01.06 10.45 ± 1.07** 6-15 10.91 ± 0.21 4-12 9.09 ± 0.26

all x + n 56 25.04-29.05 08.11 ± 1.16 7-13 11.15 ± 0.17 4-13 9.22 ± 0.28

1 year 1 year 43 28.04-01.06 10.44 ± 1.26 7-13 11.07 ± 0.19 4-12 9.41 ± 0.28

1 year x + n 40 25.04-27.05 06.95 ± 1.37** 7-13 11.33 ± 0.22 4-13 9.43 ± 0.33

x + n 1 year 13 27.04-28.05 11.15 ± 2.27 6-15 10.54 ± 0.64 4-12 8.08 ± 0.62

x + n x + n 12 02.05-22.05 09.92 ± 2.12 8-11 10.58 ± 0.26 6-11 8.55 ± 0.56

Notes. * 1 = 1 May; ** – Significantly different values.
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with growing age, the birds can adjust the time of their breeding, as more experience 
allows better predictions of caterpillar peak (Nager & Noordwijk 1995). It cannot 
be ruled out that yearling females start breeding as early as made possible by their 
physiology and food availability, whereas older females start egg-laying when it is 
optimal for their future offspring.

3.4. Clutch size

Reduction of clutch size along the breeding season, reported from many parts of 
the Great Tit’s range, has been believed to be a general rule for this species (Kluyver 
1951, Perrins 1965, Klomp 1970, Crick et al. 1993 etc.). However, in some habitats 
clutch size increased from the beginning to the middle or to the end of the season. Its 
trend, like in some other avian species, depends on the environment and on popula-
tion characteristics (van Balen 1973, Cramp & Perrins 1993, Dhondt et al. 2002).

In Karelia the full clutch size of Great Tits decreased along the season (Fig. 4). 
The relationship is described by the linear regression: y = 11.51 – 0.043 x (R2 = 
33.5%), with y for the number of eggs laid, and x for the date of laying the first egg 
(1 is 1 May). The size of clutches started in April and May was less dependent on the 
calendar date (r = -0.28, p < 0.001), than the size of late clutches laid in June and July 
(r = -0.46, p < 0.001). The reason for this could be unstable weather and foraging 
conditions in the beginning of the breeding season. 

Double-brooded pairs have 7-12 eggs in their first nests (on average 11.2 ± 0.1, 
n = 61) and 6-12 eggs in second nests (on average 9.3 ± 0.3, n = 41). Early clutches 
of single-brooded pairs contained 6-15, on average 11.0 ± 0.2 eggs (n = 64), replace-
ment clutches – 1-14, on average 9.6 ± 0.5 eggs (n = 23). Annual variation of the 
mean clutch size in early and late nests was related to the laying date of the season’s 
earliest clutch (r = 0.43, p < 0.05), but not to the population’s mean date of starting 
breeding (r = 0.32, n.s.).

No habitat-related variation in clutch size was revealed for first and early 
clutches in the Ladoga area: clutch size was somewhat different in different types of 
forest, but insignificantly so (Tab. 4). Unlike western and southern Europe where 
habitat-related variation in clutch size is pronounced (Kluyver 1951, Perrins 1965, 
van Balen 1973, Blondel et al. 1987, Beldal et al. 1998), in the north it is weaker and 
may be absent (Haartman 1969). Such a difference in Karelia existed only between 
optimal and marginal habitats: mature deciduous forests vs. young mixed pined and 
deciduous stands (Zimin 1978). In Finland the difference was only considerable in 
the suburbs of Oulu where different types of forest strongly differ in specific compo-
sition of trees and breeding density of Great Tits (Orell & Ojanen 1983a).

Habitat-related breeding density did not influence clutch size in first and early 
nests of Great Tits in the Ladoga area (r = 0.01, n.s.). The mean clutch size was di-
rectly related to the numbers of Great Tits in the area under study (r = 0.42, p < 
0.05). Clutch size is not reduced with increasing breeding density either in southern 
Finland or in Russian Karelia (Haartman 1969, 1971; Zimin 1988). The reason is that 
in boreal forests the breeding density of the Great Tits remains below the critical level 
when density-dependent mechanisms of population regulation start to act, including 
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the reduction of clutch size. In the Netherlands these mechanisms are switched on 
when breeding density exceeds the threshold of 40 pairs·km-2 (Kluyver 1951). In our 
region this density is never reached even in optimal habitats (Zimin et al. 1993).

In western European populations adult females lay larger clutches than year-
lings (Kluyver 1951, Perrins 1965, Lack 1966). The same tendency was reported 
from southern Finland, however the difference is smaller and not significant here 
(Haartman 1969). In the Ladoga area one-year-old females laid slightly more eggs 
than adult ones with similar time of laying. Even the difference in clutch size was not 
significant, it became significant in brood size. The age of the male did not influence 
the size of clutch or brood at all (Tab. 5). Annual variation of the age composition 
of breeders had no impact on clutch size, as it did not depend on the proportion of 
males and females older than one year (r = 0.31 and r = -0.01, n.s.). Apparently, in 
northern regions other factors are much more important than the age of parents, 
and they override age-related variation. In the framework of clutch size optimization 
hypothesis (Perrins & Moss 1975, Pettifor et al. 1988, Godfray et al. 1991) it can be 
assumed that adult females are better able to predict the future food availability and 
lay clutches optimal for the current season, whereas yearling females lay the largest 
clutches possible. 

3.5. Factors that influence the occurrence of second clutches

In southern Karelia one of the most variable demographic parameters of Great 
Tits, both across years and across study areas, is the proportion of genuine second 
clutches in the population. At our study site in the Ladoga area it varied between 0 
and 100%, on average 47.8% (n = 116). 

A general tendency of decreasing proportion of second clutches is recorded to-
wards the north (Sanz 1998). However, latitudinal trends may be concealed by other 
factors, as habitat, breeding density, age structure of the population etc. For instance, 
no such trend is observed in the sector between 28°E and 41°E, and the occurrence 
of second broods is considerably reduced only in the Arctic (Tab. 6). In Scandinavia 
at the latitude of our study site the proportion of second clutches is higher in more 
eastern populations. This may be due to local conditions, in particular to the prevail-
ing habitats (Tab. 2).

One of the most important factors for the occurrence of second clutches is the 
specific composition of trees in the forest. In western Europe Great Tits are double-
brooded more often in coniferous and evergreen forests than in deciduous woods 
(Cramp & Perrins 1993). The proportion of second clutches is lower in deciduous 
forests than in mixed stands, and in mixed stands it is lower than in conifers (Kluyver 
1951, Perrins 1965, Lack 1966). In Kivach Nature Reserve in Karelia in mature for-
ests with prevailing coniferous trees ca. 18% of Great Tits make the second breed-
ing attempt, in mixed pine and deciduous woods of Onego area this proportion is 
55.8% (Zimin 1978), in mature small-leaved forests of Trans-Onego area – ca. 82% 
(Khokhlova 1976).

In the Ladoga area Great Tits were most often double-brooded in forests with 
mixed and variable specific composition (Tab. 4). The frequency of second clutches is 
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the highest in the forests of different age with equal proportions of pines and birches, 
somewhat lower in mixed woods with prevailing deciduous trees and nearly pure 
pine stands and at minimum in practivally pure black alder and spruce forests, and in 
spruce and pine forests with a small proportion of deciduous trees. Generally, 57% of 
Great Tits (n = 53) started second clutches in diverse forests stands with a consider-
able proportion of both conifers and deciduous trees, as opposed by just 24% of pairs 
(n = 17) in largely uniform stands (black alder, spruce, spruce and pine, F = 6.2; p < 
0.05). The only exception were pure pine forests that showed average frequency of 
double-brooded Great Tits in spite of their pure composition.

In western European population the occurrence of second clutches is signifi-
cantly dependent on breeding density (Kluyver 1951, etc.). No such pattern was 
observed in our study area. In spite of a large range of variation of breeding density 
across habitats, no relationship existed between this parameter and the frequency of 
second clutches (r = -0.1, n.s.), even in years when breeding density was above the 
long-term mean.

Participation in the second breeding cycle is known to be age-dependent: older 
birds do it more frequently than yearlings (Kluyver 1951, Perrins 1965, Lack 1966). 
The same tendency was recorded in the Ladoga area, but no clear relationship be-
tween the occurrence of second broods and age was revealed. Annual variation of 
the proportion of adults among breeders were directly related to the proportion of 
second clutches, but relationship was only marginally significant (r = 0.39, p = 0.06). 
Pairs that made second breeding attempts more often included old birds than single-
brooded pairs: in the former ones, 57% of males were older than one year (n = 64), 

Table 6. Occurrence of second clutches in Great Tits at different latitudes between 28°E and 
41°E.

Study site Coordinates
Occurrence 

of second 
clutches, %

Source

Murmansk Region, 
Lapland Nature Reserve

67°54´N, 32°50´E singular
Semenov-Tien-Shansky & 
Gilyazov 1991

Murmansk Region, 
Kandalaksha Nature Reserve

67°00´N, 32°20´E singular Bianchi & Shutova 1978

Karelia, Onego area 61°30´N, 34°58´E 55.8 Zimin 1978

Karelia, Mayachino 60°46´N, 32°48´E 47.8 This study

Suburbs of St. Petersburg 59°55´N, 30°30´E 27.6 Smirnov & Tyurin 1981

Moscow Region, Prioksko-
Terrasny Nature Reserve

54°50´N, 37°40´E 63.4 Likhachev 2002

Ryazan Region, 
Oka Nature Reserve

54°46´N, 40°45´E 28.1 Numerov 1987

Ukraine, Zhitomir Region 50°15´N, 28°40´E 37.0
Yaremchenko & 
Bolotnikov 1988
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in the latter ones, 42% (n = 60). The corresponding figures for females were 28% 
and 23%. The difference was, however, not significant. In the region studied the fre-
quency of second clutches is apparently influenced by many extrinsic factors, so that 
age-dependence is here less pronounced than in western and southern Europe where 
living conditions are more stable.

The occurrence of second broods was not influenced either by the population’s 
timing of breeding (r = -0.14, n.s.), or by spring weather which governs this timing to 
a great extent. It is worth noting that in years with large first and early clutches fre-
quency of second broods increased (r = 0.57, p < 0.05). It suggests that both clutch 
size and frequency of second broods were related to food availability during spring.

Winter weather conditions also had a certain impact on the proportion of 
second clutches. In the Ladoga area the occurrences of second broods was usually 
higher after mild winters. A similar tendency was reported from the Moscow region 
(Likhachev 1961). Our data suggest a marginally significant relationship between 
the proportion of second clutches and the cumulative sum of mean monthly tem-
peratures of December, January, and February (r = 0.35, p = 0.09) and a significant 
relationship with the mean temperature of February (r = 0.41, p < 0.05). In Febru-
ary, Great Tits start to develop their reproductive system and it may be assumed 
that this process is influenced by the weather. It has been shown experimentally that 
physiological development of reproductive system in northern tits is not influenced 
by low temperatures and is accelerated by high temperatures (Silverin 1995). There-
fore, during warm years the birds are ready for breeding earlier than in cold ones, 
thus timing of breeding is shifted. Our data support this, but in the Ladoga area only 
April temperatures influence the time of breeding (Tab. 3), not March or February 
temperatures (r = -0.1, n.s.). Air temperatures remain low during the latter months 
and probably do not reach the threshold necessary to trigger reproductive system 
development. Moreover, just a fraction of local Great Tits spends winter in the study 
area, and most birds move to winter habitats, sometimes covering hundreds of kilo-
meters, where weather conditions may be very different (Dobrynina 1991, Noskov & 
Rezvyi 1995).

It is more likely that winter temperatures influence frequency of second clutches 
indirectly, through food availability. Winter weather is known to have a serious im-
pact on insect abundance (Viktorov 1967, Vorontsov 1975). Food availability is an 
important factor which influences frequency of second clutches (Tinbergen 1987). 
Low winter temperatures may reduce survival rates of wintering invertebrates and 
thus reduce their abundance in spring. Therefore, after cold winters fewer Great Tits 
are double-brooded. This is indirectly supported by the fact that nestling survival 
rates in first and early nests are inversely proportional to the sum of mean monthly 
temperatures of December, January, and February (r = -0.44, p < 0.05).

In the Ladoga area the distance between the first and the second nest of the 
same pair was on average 228 m (range = 0-1350 m, n = 55). This value is somewhat 
larger than in other parts of the range (Jezerskas 1961, Likhachev 1961, Glutz von 
Blotzheim & Bauer 1993), maybe due to low breeding density and the lack of com-
petition for territories. Some pairs moved long distances from one habitat to another 
one, probably because of habitat-related dynamics of food availability.
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Interval between laying the first egg in the first and the second clutch varied be-
tween 33 and 63 days, on average 46 days (n = 55). Interval between hatching in the 
first nest and start of egg-laying in the second one was one average 22 days (range = 
12-38). The latter parameter is believed to better reflect the time lag between breed-
ing attempts (Tinbergen 1987). Time of starting the first clutch did not influence 
it (r = 0.10, n.s.), but the impacts on clutch size (r = 0.50, p < 0.001), hatching date 
(r = 0.30, p < 0.05), and first brood size (r = 0.35, p < 0.01) were significant. This 
interval was most strongly related to the time of starting the second clutch (r = 0.75, 
p < 0.001). A direct relationship between the time lag between breeding attempts 
and first clutch size has been reported from field experiments (Smith et al. 1987, 
Tinbergen 1987). An increased interval during late breeding hints to deterioration 
of food availability in late summer. Apart from food abundance and availability, an 
important factor shaping this interval is probably the physiological condition of the 
female, i.e. its readiness to produce a new clutch.

3.6. Success rate and productivity of breeding

In the Ladoga area 77.1% of Great Tit nests survived to fledging (n = 236). Nest 
survival rate did not depend on time of breeding, as losses of first and early clutches 
and broods were 22.1% (n = 145), on second and replacement clutches 24.2% (n = 
91). A significant proportion of nests were abandoned after inspection or captures 
of females on clutches or nestlings (Tab. 7). A proportion of losses (22.2%) is due to 
predation, mainly by the Stoat Mustela erminea, Least Weasel Mustela nivalis, and 
Greater Spotted Woodpecker Dendrocopos major. Almost one-quarter of lost nests 
were abandoned for unknown reasons, mainly during egg-laying. A proportion of 
losses is due to disturbance by humans camping near nest boxes. In spite of a high 
density of Pied Flycatchers, only singular cases of interspecies competition for nest 
boxes were recorded in the Ladoga area, even though such cases are not unusual in 
other places (Likhachev 1954, Slagsvold 1975c, Haartman 1990). We recorded just 
one case when a clutch of a Great Tit perished, because a female Pied Flycatcher 
covered it by nest material.

The overall breeding success rate, i.e. the proportion of fledglings produced 
from eggs laid, was 67.9% (n = 2295). It varied between 34% in 1994 and 100% in 
1995. No significant relationship between this parameter and breeding density was 
recorded (r = -0.27, n.s.). Breeding success rate was related to the partial loss rate 
in first and early nests (r = -0.71, p < 0.01), proportion of lost nests (r = -0.68, p < 
0.01) and mean monthly temperature of May (r = 0.43, p < 0.05). Winter weather 
seems to play a role, too: marginally significant relationships exist with the mean 
monthly temperature of January (r = 0.39, p=0.06) and cumulative sum of mean 
monthly temperatures of December, January, and February (r = 0.37, p = 0.07). The 
causes and rates of egg and nestling losses in first and second clutches were similar 
(Tab. 8). Overall incubation success rate was 81.6%, nestling survival rate was 83.2% 
(n = 1873). 

A total of 13.8% of eggs perish in abandoned and predated nests, the propor-
tion being higher in second clutches, than the first ones (F=15.3, p < 0.01). Embry-
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onic mortality rates did not differ between early and late clutches, being 4.6% of the 
pooled number of eggs laid. The highest proportion of nestling losses (10.1%) was 
due to partial mortality during feeding; 6.7% of nestlings hatched died in predated 
and abandoned nests. Small habitat-related variation in breeding success rate was 
due to stochastic causes, mainly to human-induced mortality.

In successful nests (predated and abandoned nests excluded) embryonic mor-
tality rate was 4.9% of all eggs survived to hatching (n = 2157). Partial mortality rate 
of nestlings was 10.8% of all hatched (n = 1748). These rates did not depend on age 
composition of pairs, were similar in different habitats and roughly the same during 
first, repeat and second breeding attempts (Tab. 9). Only among first clutches a sig-
nificant difference existed: in forest with dominating spruce partial losses of eggs and 
nestlings were lower than in black alder stands (F = 4.5, p < 0.05) and mixed pine/
deciduous forests (F = 5.3, p < 0.05).

Breeding performance of Great Tits is dependent on a large array of factors and 
varies within Europe from 42% to 86% (Kluyver 1951, Lack 1966, Bianchi & Shutova 
1978, Orell & Ojanen 1983b, Payevsky 1985, Numerov 1987, Yaremchenko & Bolot-
nikov 1988, Semenov-Tien-Shansky & Gilyazov 1991, Glutz von Blotzheim & Bauer 
1993, Likhachev 2002 etc.). The lowest rates are reported from marginal habitats, 
e.g. urban parks and orchards with poor specific composition, or boreal forests; the 

Table 7. Causes of nest loss in Great Tits in 1979-2004. 

Causes of nest loss

First and early 
nests

Second and late 
nests

Total

clutches broods clutches broods n %

Abandoned after capture of the 
female

6 4 5 2 17 31.48

Abandoned after inspection 4 4 7.41

Destroyed by humans 1 3 4 7.41

Predated by Stoat or Least Weasel 2 3 5 9.26

       by Marten or Mink 1 1 1.85

       by Hooded Crow 1 1 1.85

       by Greater Spotted Woodpecker 2 1 3 5.56

       by Sparrowhawk 1 1 1.85

 Predator not identified 1 1 1.85

Abandoned for a reason unknown 7 2 4 1 14 25.93

       because of a Pied Flycatcher 1 1 1.85

       because of ants 1 1 1.85

Eggs not fertilised 1 1 1.85

Total 23 9 18 4 54 100



20
Avian Ecology
and BehaviourA.V. Artemyev. Population ecology of the Great Tit

highest rates are known from mature broad-leaved forests with high food availability. 
A similar range of variation is known to occur between habitats in southern Karelia, 
from 50% in young mixed deciduous and pine stands to 86% in mature deciduous 
forests (Zimin 1978). The study population shows a high breeding performance rate 
and does not differ in this respect from populations in southern Finland, central Eu-
ropean Russia and mixed forests in the Netherlands (Kluyver 1951, Haartman 1969, 
Dekhuijzen & Schuijl 1996, Likhachev 2002). In boreal forests of the Ladoga area 
Great Tits find favourable breeding conditions, with optimal period for feeding their 
young is longer here than in other parts of the range. This is suggested by relatively 
high and stable breeding success rate during both breeding cycles, whereas in the 
centre and in the north of the range breeding performance considerably decreases 
towards the end of the breeding season (Lack 1966, van Balen 1973, Orell & Ojanen 
1983b, Numerov 1987). 

Productivity of clutches of varying size is similar during the first breeding cycle, 
it is significantly lower only in clutches containing > 12 eggs (Tab. 10). In second 
and replacement nests small clutches produce relatively more fledglings, but the dif-

Table 8. Survival rates of Great Tit offspring during incubation and rearing the young in 1979-
2004.

Parameter
First and early nests Second and late nests

n % of eggs laid n % of eggs laid

Eggs laid 1520 100 775 100

Egg loss

     Clutch abandoned 128 8.4 92 11.9

     Clutch predated 50 3.3 46 5.9

     Partial loss of eggs 77 5.1 29 3.7

                    unfertilised 26 1.7 10 1.3

                    embryo perished 43 2.9 12 1.5

                    eggs broken 2 0.1 2 0.3

                    reason not identified 6 0.4 5 0.6

Nestlings hatched 1265 83.2 608 78.5

Nestling loss

     Nest abandoned 61 4.0 20 2.6

     Nest predated 37 2.4 7 0.9

     Partial loss of nestlings 127 8.4 62 8.0

                    aged 1-7 days 105 6.9 53 6.8

                    >7 days 22 1.5 9 1.2

Nestlings fledged 1040 68.4 519 67.0
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ference is significant only between the clutches of seven and 12 eggs (F = 4.7, p < 
0.05). It is commonly believed that in tits clutches slightly larger than population 
mean are most productive (Lack 1966), but this tendency is not always obvious, 
probably due to variation of many factors governing this parameter (Kluyver 1951, 
our data). 

The overall productivity of reproduction across the whole study period was 10.1 
fledglings per breeding pairs per season, varying between 3.5 in 1994 and 15.1 in 
1981. This parameter was directly related to occurrence of second broods (r = 0.67, 
p < 0.01) and breeding performance (r = 0.62, p < 0.01). Apart from this, produc-
tivity of reproduction depended on the weather during previous winter and spring: 
cumulative sum of December, January, and February (r = 0.48, p < 0.05), mean tem-
perature of February (r = 0.43, p < 0.05) and May (r = 0.41, p < 0.05). Time of on-
set of breeding and breeding density did not influence productivity of reproduction 
(r = -0.18 and r = -0.02, respectively, n.s.). Multiple regression analysis yielded the 
equation y = 0.08 + 0.67·x1 + 0.62·x2 with a high predictive power (R2 = 82.4). We 
used normalized values, with y standing for the number of fledglings per breeding 
pair, x1 for the number of fledglings per egg laid and x2 for the occurrence of sec-
ond clutches. ANOVA showed that the most important predictor was production of 
fledglings per egg (48.5% of variance), less important was frequency of second breed-
ing attempts (33.8%). 

The population under study shows a typical r-strategy (Pianka 1978) which is 
optimal in unstable environments (Naumov & Nikolsky 1962). Reproduction rate 

Table 9. Partial losses of eggs and nestlings in Great Tit nests in relation to habitats in the 
Ladoga area in 1979-2004.

Habitats 
First and early nests Second and late nests

Eggs laid Fledglings, % Eggs laid Fledglings, %

Black alder forest 87 80.5 13 69.2

Spruce and spruce + pine forests
(70-80% spruce or spruce + pine)

91 91.2 60 88.3

Mixed deciduous and
coniferous stands 

414 86.2 183 88.0

Pine forest 72 86.1 34 79.4

Pine and deciduous stands 433 82.2 209 83.7

Young pine and deciduous stands 55 83.6 37 81.1

Submature pine and 
deciduous stands

68 83.8 9 88.9
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is high and probably close to the species-specific maximum. At many sites within 
the breeding range productivity of reproduction is lower than the in Ladoga area, 
and only on Vlieland (the Netherlands) and in Prioksko-Terrasny Nature Reserve 
(central Russia) is reaches 11.0 and 11.2 fledglings per breeding pair (Kluyver 1966, 
Cramp & Perrins 1993, Glutz von Blotzheim & Bauer 1993, Likhachev 2002).

Few birds return to breed to the natal area in the Ladoga area, so it is difficult 
to estimate the relative importance of first and second broods in local recruitment. 
Of the 1511 nestlings ringed in 1979-2003, only six were found breeding in the study 
area (0.4%). These were nestlings from first and second broods of average size laid in 
average season (Fig. 4).

3.7. Mortality rates of adults and juveniles

Estimates of adult mortality rate on the basis of ratio of yearlings among breed-
ers are on average 51.6% among males and 75.6% among females. Estimates based on 
capture-recapture methods are hampered by very low recapture rates. Of 127 males 
captured at nests in 1979-2003, only 14 (11%) were recaptured in subsequent years, 
of 132 females 8 (6%) were recaptured. If recapture rate in nest boxes is taken into 
account, return rate of males is estimated at 13.2%, of females at 7%. Low return 
rates are also typical for other central Russian sites (Likhachev 1961).

Mortality rate of young birds since fledging until the next breeding season, cal-
culated after Payevsky (1985) for a relatively stable population is 87.3%.

Mortality rate of adults varies among study sites between 40-60%, in males it is 
usually by 3-8% lower than in females (Payevsky 1985, Cramp & Perrins 1993, Glutz 

Table 10. Productivity of clutches of varying size in the Ladoga area in 1979-2004.

Number 
of eggs

First and early nests Second and repeat nests

n
Eggs
laid

Fledglings
Fledglings 

per egg
n

Eggs
laid

Fledglings
Fledglings 

per egg

1 – – – – 1 1 0 0

5 – – – – 1 5 4 0.8

6 1 6 4 0.67 4 24 23 0.96

7 3 21 21 1 10 70 58 0.83

8 2 16 15 0.94 15 120 89 0.74

9 9 81 56 0.69 11 99 68 0.69

10 22 220 175 0.80 15 150 108 0.72

11 48 528 391 0.74 13 143 109 0.76

12 26 312 232 0.74 7 84 57 0.68

13 17 221 125 0.57 – – – –

14 1 14 0 0 1 14 0 0

15 1 15 7 0.47 – – – –
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von Blotzheim & Bauer 1993 etc.). In northern populations adult survival rates are 
rather high, e.g. in the vicinity of Oulu at 65°N 52% of males and 48% of females 
survive to next breeding (Orell & Ojanen 1979). High estimate of female mortality 
in our calculations is probably due to a methodological bias. The assumption that 
all adults replaced by yearlings have died does not account for emigration. Boreal 
forests far from human settlements are suboptimal or buffer habitats for Great Tits 
(Klyuver & Tinbergen 1953), mainly because of their low suitability for wintering 
(Noskov & Smirnov 1981). High proportion of yearling females in such habitats may 
be due to movement in better habitats later in life. Males are more faithful to their 
breeding sites, so that most survivors return to the site of their first breeding. It 
may be hypothesized that females are less site-faithful, so when during second winter 
their social status improves they try to remain to breed in optimal habitats in the 
vicinity of human settlements where they spent the winter. Therefore many of them 
do not return to breed to the forest and are replaced by yearlings. This assumption 
is indirectly supported by age composition of urban Great Tit populations in north-
eastern Europe: in the suburbs of St. Petersburg yearlings comprise ca. 50% of breed-
ers, in Tartu and suburbs of Helsinki 44-45% (Smirnov & Noskov 1975, Järvinen & 
Pryl 1989, Hõrak & Lebreton 1998).

Overestimated mortality rates of females cause overestimated survival rates of 
yearlings. In reality, the mortality rate of adult females in the Ladoga area probably 
does not exceed 55-60%, and the mortality rate during the first year of life is some 
89%. Survival rate of juveniles during the first year varies in European Great Tits be-
tween 11-31%, usually it is around 15-20% (Kluyver 1951, Bulmer & Perrins 1973, 
Orell & Ojanen 1979, van Balen et al. 1987 etc.). Mortality rate of juveniles in the 
Ladoga area is among the highest values reported only from two sites: a dense breed-
ing population on Vlieland in Holland and in Oka Nature Reserve in central Russia 
(Kluyver 1966, Numerov 1987). This might be due to unstable and severe wintering 
conditions in the study area and to increased migratory distance.

3.8. Regulation of Great Tit populations in the forests of Ladoga area

As shown in the preceding chapters, in the Ladoga area breeding density shows 
no great influence on main breeding parameters of Great Tits. In a number of west-
ern European populations with high breeding densities, density-dependent regula-
tion mechanisms are more obvious and influence clutch size, frequency of second 
broods, breeding performance and productivity (Lack 1954, 1966; Kluyver 1951, 
Perrins 1965, Krebs 1970, Klomp 1980). None of this kind is observed in our study 
population, apparently because breeding density here does not reach threshold val-
ues when the aforementioned mechanisms start to act. Reproduction rate in Great 
Tits starts to decrease when breeding density exceeds 4 pairs per 10 ha (Klyuver 
1951). In our study area, breeding density in optimal habitats remained below 2.5 
pairs per 10 ha even in peak years. Great Tits pairs bred at a large distance from each 
other and often kept only acoustic contacts, and sometimes were ‘not aware’ of the 
presence of neighbours. In England in a wood near Oxford the mean distance be-
tween nests of neighbouring pairs was 40-50 m (Krebs 1971), whereas in the Ladoga 
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area this distance varied between 60 and 2800 m, on average 730 ± 50 m (n = 97). In 
some years only singular pairs bred in 3-6 km long nest box lines. Even though some 
Great Tits bred in natural cavities in the vicinity of nest boxes, distance between 
the nests was large. Under such low breeding densities the population’s reproduc-
tive strategy was aimed at reproduction at maximum possible rate. The overall 
breeding productivity was practically unrelated to composition and density of the 
breeding population and varied mainly due to extrinsic factors that governed breed-
ing performance and frequency of second clutches. An important factor was the 
weather during winter and early spring which probably acted indirectly through 
food availability. 

Number of breeding pairs and main breeding parameters of the current season 
were practically unrelated to breeding density in the consequent season (Tab. 11). 
The main factors governing population dynamics was survival rate during the non-
breeding season and immigration rate. Breeding population was annually practically 
completely replaced by immigrants. Residents and autochthonous birds comprised a 
fraction of population (< 11%) and had a negligible impact on its dynamics. This is 
confirmed by formal calculations. Population dynamics of the study population was 
reasonably well described by the linear regression y = 0.02 + 0.82·x1 + 0.19·x2 (R2 = 
90.3), with x1 for breeding density of immigrants and x2 for breeding density of resi-
dents and autochthonous birds (normalized values used in the equation). ANOVA 
showed that breeding density of immigrants predicted 88.1% of variance, and the 
second parameter explained just 2.1%.

Breeding density was also influenced by the weather during the preceding win-
ter: this parameters was marginally significantly related to the mean monthly tem-
perature of December (r = 0.39, p = 0.06). In our study area Great Tits usually did 
not overwinter in the woods where nest boxes were set up. However, in 1980-1992, 
two or three feeding tables were operated in this area in December – March, and 
some birds remained there in winter. Therefore, the impact of winter temperatures 
was analysed separately for this period and for 1993-2003, when no feeding tables 
were set up. In 1980-1992, breeding density was directly related to the mean tem-
perature of December (r = 0.67, p < 0.05) and probably to the temperature of Janu-
ary (r = 0.46, p = 0.11). In 1993-2003, the relationships were not significant (r = 0.15 
и r = -0.04, respectively), probably because most birds spend winter elsewhere under 
different temperature regimes.

Survival rates are known to be influenced not only by weather and feeding con-
ditions, but also by autumn numbers: winter cold spells have a stronger effect on 
dense populations (Kluyver, 1951). In our study area autumn density (the sum of 
fledged young and adult breeders) was on average 46.2 birds·km-2. In the years when 
autumn density was above this value, weather conditions in autumn and winter had 
a stronger effect on the future number of breeding pairs. In such seasons, breeding 
density was directly related to November temperatures (r = 0.69, p < 0.05), but not 
to December (r = 0.35, n.s.) and January (r = 0.22, n.s.) temperatures. In the years 
with low autumn density, breeding density in the subsequent years was inversely re-
lated to November temperatures (r = -0.5, p < 0.05), and temperatures in December 
and January had no effect (r = 0.27, r = 0.17, respectively, n.s.).
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Spring weather, primarily mean April temperatures, were directly related to the 
dynamics of Great Tit numbers (Tab. 11). They could have influenced survival rates 
during gaining territories and increased social conflicts. It also cannot be ruled out 
that the weather influenced habitat distribution of birds: cold temperatures in spring 
could delay leaving winter habitats and stimulate breeding in optimal habitats in-
stead of colonizing the suboptimal ones.

Population dynamics of the Great Tits, along with many other bird species, is 
influenced by a wide array of factors, both intrinsic, e.g. density-dependent breeding 
productivity, mortality rates of juveniles and adults, emigration and immigration, 
and extrinsic, e.g. foraging conditions, weather etc. A complex interaction of these 
factors can differently influence the numbers of different populations and hamper 

Table 11. Correlations between Great Tit breeding density and demographic parameters of 
the current and previous breeding seasons and weather variables.

Parameter r p n

Breeding density of immigrants   0.94* < 0.001 25

Breeding density of residents and autochthonous birds   0.73* < 0.001 25

Proportion of yearlings among breeders   0.15 n.s. 25

Return rate of birds hatches in the previous year   0.19 n.s. 25

Age of nest boxes -0.25 n.s. 25

Date when the minimum temperature becomes >0°C   0.45* < 0.05 23

Date of reaching the sum of effective temperatures 50° -0.42* < 0.05 23

Mean monthly temperature of January   0.19 n.s. 23

                                                        February -0.10 n.s. 23

                                                        March   0.02 n.s. 23

                                                        April   0.49* < 0.05 23

                                                        May   0.10 n.s. 23

Previous season:

          breeding density   0.21 n.s. 25

          mean size of the first clutch   0.26 n.s. 25

          breeding success rate -0.07 n.s. 25

          occurrence of second clutches   0.29 n.s. 20

          breeding performance (fledglings per pairs)   0.15 n.s. 25

          autumn population density (adults + fledged young · km-2)   0.27 n.s. 25

Mean monthly temperature of November (previous year)   0.16 n.s. 24

                                                        December (previous year)   0.39 0.06 24

Note. * – Significant values.
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the creation of a global model (Kluyver 1951, Lack 1954, 1966; Wynne-Edwards 
1962, Naumov 1963, Haartman 1971, Payevsky 1985 etc.). The study of a sedentary 
Great Tit population in southern England in a wood near Oxford showed that the 
main cause of annual variation of breeding numbers was survival rate of yearlings 
(Lack 1964, 1966; Perrins 1965). It was practically unrelated to winter weather and 
showed a clear correlation only to beach mast crops, even though most mortality 
events occurs during the first months of life before this food became essential. A 
possible explanation was that good beach mast crops could be related to the crops 
of other tree species, favourbale weather and high insect abundance. The dynamics 
of breeding population was to a smaller extent related to adult survival rates, and 
density-dependent breeding productivity, emigration and immigration had no effect 
at all. Krebs (1970) confirmed the main results of Lack (1964, 1966) and Perrins 
(1965) and concluded that winter mortality of yearlings and adults, weakly related 
to density and territorial structure, was the key factor governing the dynamics of 
the population under study. Later Klomp (1980), without arguing against this view-
point, showed that in Marley Wood near Oxford density-dependent breeding pro-
ductivity played an important role in stabilizing titmice numbers. Lack (1964, 1966) 
and Perrins (1965) assumed that the impact of weather on dynamics of this popu-
lation was insignificant and only evident in abnormally cold winters 1946/47 and 
1966/67 when snow cover remained for a long time. However when their data were 
reanalyzed taking into account a number of weather variables, breeding density ap-
peared to be related to winter and early spring air temperatures: mean temperatures 
of February (Krebs 1970), of the period between late January and mid April, and 
most strongly of the period 11-30 March (Slagsvold 1975d). In other parts of Britain 
November temperatures appeared to influence population dynamics of Great Tits 
(O’Connor 1980). A detailed analysis of longer time series of the Oxford population 
showed that its dynamics was related to winter and early spring temperatures, to 
beach mast crops, and to breeding density in the preceding year (Lebreton 1990). 

Survival rate during the non-breeding season was a key factor for population 
dynamics of Great Tits in the Netherlands and Belgium, but here it was more clear-
ly related to breeding density and winter weather. Important factors were breeding 
productivity, spatial behaviour, emigration and immigration which were related 
to both breeding density and foraging conditions (Kluyver 1951, 1966; Kluyver 
& Tinbergen 1953, Klomp 1980, van Balen 1980, van Balen et al. 1987, Dhondt 
2001).

In southwestern Finland population dynamics of Great Tits was clearly in-
fluenced only by winter weather (Haartman 1971). In more severe conditions of 
Moscow Region the relationshop between breeding density and weather was less 
pronounced, because a significant proportion of birds spent their winter outside the 
breeding area (Likhachev 1961, 2002).

Thus, in different parts of the range different arrays of factors influence popula-
tion dynamics of Great Tits due to local conditions, so that it is not always possible 
to identify the key factors. Naumov (1963) warned against attempts to identify such 
factors as this was too simplistic in his opinion. Composition and dynamics of local 
breeding populations suggest that boreal forests of the Ladoga area are suboptimal 
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or buffer habitats for the Great Tit. Breeding density here is low and strongly varies 
between the years. Reproductive strategy of the population is aimed at maximum re-
production rate, limited by the physiological capacity and environmental resources, 
but the resulting breeding productivity does not influence the future breeding densi-
ty. Dynamics of numbers is mainly governed by immigrants. The existing data do not 
make it possible to identify origin of these birds: they may originate from adjacent 
forest plots or from rather distant areas.

A certain role in determining breeding density is played by the weather, but its 
action is modified by a number of other factors. Mild November temperatures posi-
tively influence future breeding density under high autumn numbers, and negatively 
influence it when numbers are low. This might be a result of a combined action of 
the weather and spatial behaviour on survival rates. Warm weather in late autumn 
stimulates birds to remain in the study area and probably causes their increased mor-
tality during winter. When population density is low, most birds may remain here, 
and when it is high just a proportion remains due to competition forcing others to 
emigrate to other habitats where they can find more suitable conditions and survive 
the winter.

Cold weather in winter, mainly in December, influences breeding density, but 
its action was also mediated by spatial issues. In years when a proportion of birds re-
mained to spend winter in the breeding area, this relationship was pronounced, and 
in years when the birds overwintered elsewhere it was not.

In the Ladoga area, like in southern England (Slagsvold 1975d, Lebreton 1990), 
a great role in the population dynamics of Great Tits was played by April tempera-
tures. They could govern the distribution of birds across optimal and marginal habi-
tats, or their mortality rates during this period. 

Our data make it possible to conclude that the dynamics of local population 
was influenced by different, often interrelated factors. It is difficult to identify the 
key one(s), which could be immigration rate, survival rate during the non-breeding 
period, autumn numbers and spatial behaviour.

4. Conclusions

Boreal forests of the Ladoga area are a suboptimal habitat for Great Tits, as 
shown by their low breeding density (ca. 4 pairs·km-2) and a considerably increased 
proportion of yearlings in the breeding population. As in other parts of their range, 
Great Tits prefer mature stands with prevailing or at least a large proportion of de-
ciduous trees. However, pure black alder stands are avoided, probably due to the 
late vegetation of this tree species. Closed coniferous forests are less attractive, as 
snow melts later there, causing belated phenological development, also shown by 
later onset of breeding. Occurrence of second broods is also habitat-related: a higher 
proportion of birds lay second clutches in the preferred forest types, probably due to 
habitat-related foraging opportunities.

Onset of egg-laying was related to habitat and air temperatures in April, especial-
ly to the date of reaching the cumulative sum of temperatures 50 °C which practically 
coincides with the determinant date when oocystes start their rapid development in 
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most females  (Kluyver 1951). However neither this nor any other analysed tempera-
ture variable can be called a threshold one due to their wide annual variation. 

Clutch size was not related either to breeding density or to habitat. It decreased 
linearly with the season, on average by 0.043 eggs per day. Unlike more southern 
sites, in the Ladoga area yearling females started breeding on average one day ear-
lier and laid slightly more eggs than older birds. This variation was not statistically 
significant, but resulted in a significant difference in brood size (larger in yearlings). 
Male age was positively related to the time of breeding but unrelated to clutch size. 
Lack of significant age-related variation in the time of egg-laying and clutch size in 
female Great Tits is typical for this region (Haartman 1969, Zimin 1988). The reason 
must be that at these latitudes unstable environmental conditions play a great role 
and mask age-related variation in reproduction variables.

In the Ladoga area 47.8% of pairs that successfully raised their first brood, made 
a second breeding attempt. Occurrence of second broods was not related to breed-
ing density or age of parents. In forests with diverse composition of stands more 
Great Tits were double-brooded. Winter weather, i.e. mean monthly temperature of 
February was positively related to the proportion of second broods, probably acting 
through foraging conditions and winter survival of invertebrate prey. Time lag be-
tween the breeding cycles was similar to the values reported from other parts of the 
range. Mean distance between the nests of the same pair was larger than elsewhere 
(ca. 230 m), probably due to prey depletion in the breeding territory along the sea-
son and lack of competition for territories.

Breeding success rate in the Ladoga area was rather high: 77% of nests survive 
until fledging, and 67.9% of laid eggs produce fledglings. In spite of considerable 
annual variation, it was not related to breeding density, habitat, age composition 
of the population or timing of breeding. The main factor that governed variation 
in nest survival rate was partial mortality in first and early broods, proportion of 
lost nests and mean monthly temperature of May. Proportion of nests completely 
lost varied due to stochastic factors, and partial mortality of nestlings was clearly 
related to the weather during preceding winter: the sum of mean monthly tempera-
tures of December, January, and February. Winter and spring weather apparently 
influenced winter survival and summer abundance of the Great Tit’s invertebrate 
prey. The overall breeding productivity varied between the years and was on aver-
age 10 fledglings per breeding pair per season. It was governed by breeding perfor-
mance and occurrence of second broods and to a smaller extent by winter and spring 
weather.

Rough estimates of annual mortality rates suggest the values of 52% in adult 
males, 50-60% in adult females and ca. 89% during the first year of life.

Low breeding density of Great Tits in the Ladoga area prevented the action of 
density-dependent regulation mechanisms. Therefore, the population’s reproductive 
strategy is aimed at reaching the maximum physiologically possible reproduction 
rate, limited only by the available resources.

Local population dynamics was practically unrelated to breeding productivity 
during the preceding season. It was mainly governed by immigration rate, immi-
grants making up 89% of breeders, and by survival rate during the non-breeding 
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period. Weather conditions during the critical periods of the annual cycle, i.e. during 
autumn and spring re-distribution across the area and during winter, also played 
a certain role in determining population dynamics. The effect of the weather was 
modified by population density and spatial behaviour of the birds.
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