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I analysed trends of population dynamics in breeding populations of 20 sedentary and migratory passerines of the Courish
Spit on the Baltic Sea. In the bulk of species in the 1960s and 1980s an increase was recorded, in the 1970s and 1990s a
decline was evident. Breeding numbers and numbers of juveniles during post-fledging period were estimated by trapping in
Rybachy-type traps during 3 months each year. In all species except Lesser Whitethroat Sylvia curruca and Barred Warbler
S. nisoria a positive association between the numbers of juveniles during post-fledging period and the mean temperatures
of April and May was revealed. The numbers of local juveniles trapped during the post-fledging period were significantly
correlated with the numbers of breeding birds trapped in the subsequent year. The number of second-year birds in a popu-
lation is significantly higher following a year with high numbers of juveniles. Our analysis suggests the population dy-
namics in these passerines is shaped mainly by external factors such as temperature and human activity that influence the
survival of adults, especially in winter and in spring, and their breeding success. Other factors, including density-dependent
ones, that may have an impact on population numbers are probably of secondary importance.
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1. Introduction

Many concepts were suggested to explain the dynamics of animal numbers. The discussion started in
the 1920s, to a great extent initiated by Eiton (1924) who suggested that population booms are con-
nected with activity of the Sun. Three models were suggested: (1) that no cycles occur in the fluctua-
tion of animal numbers; (2) that cycles occur, but they are not caused by the Sun activity; (3) that cy-
cles occur and are caused by the Sun (Maximov 1984).

Factors that shape the population dynamics were classified in several ways. Very often they distin-
guish between density-dependent and density-independent factors (Lack 1954, Ricklefs 1976). Den-
sity-dependent factors are predators, parasites, disease, food shortage, infra-specific competition, etc.
Rickelfs (1976) emphasised that density-dependent factors are not necessarily the biotic ones, and den-
sity-independent factors are not always of physical nature. Climate and other physical factors, as sug-
gested by Ricklefs (1976), are also acting density-dependently, as they determine the availability of
food.

Advocates of the "climatic" concept (Thompson 1956, Andrewartha 1963, Maximov 1984) explain
population dynamics of animals, including birds, mainly by long-term climate change (over decades
and centuries). Climate is influenced by a number of physical factors, astronomical, geophysical, me-
teorological, and, the last but not the least, human-induced (Borisenkov 1988). Influence of the Sun
activity is much debated. A number of climatologists believe that there are reasons to accept the cor-
relation between climate and 11-year and 22-year cycles in the Sun activity (in: Borisenkov 1988,
Kondratiev 1992). This relationship is not straightforward due to large number of factors acting si-
multaneously. According to Kliashtorin & Sidorenko (1996), dynamics of many fish species in the Pa-
cific in the 20th century was to a great extent shaped by two climatic and production cycles with
maxima in late 1930s and in the 1980s. The latter cycle is not yet completed but has already entered
the last phase which corresponds to the 1940s - 1950s and influences both marine and terrestrial eco-
systems.

Many authors suggest that models of animal, including avian, population dynamics based on climatic
factors are not appropriate when evidence from cycles is considered (for review see Payevsky 1983).
These authors believe that population cycles cannot be explained by a weak correlation with physical
factors as sun activity, ozone level, etc., because the explanation of the cyclical nature of the external


mailto:Rybachy@bioryb.koenig.su

factor is lacking (Watson & Moss 1980). Thus, the concept of density-dependent regulation of bird
numbers re-emerged. Advocates of this concept suggest that during the period of high numbers a
population over-exploits food stores, fills all habitats suitable for breeding, attracts predators and en-
courages diseases. The ultimate consequence is a decline in population. To avoid these proximal con-
sequences, a population needs adaptations that would stabilize its density at the level that is allowed by
the resources.
Long-term trends in bird numbers in the Baltic area were considered in detail by Dolnik & Payevsky
(19764a, 1979) and Payevsky (1983, 1985, 1990a,b, 1999). These authors analyzed numbers of migra-
tory passerines of 41 species caught in Rybachy-type traps on the Courish Spit of the Baltic Sea over
2-3 decades. They concluded that along with a decline recorded in a number of species many other
species showed fluctuations that largely correspond to cycles with the period of 5-10 years and more.
The authors suggested that trends in numbers of some species were caused by several factors with cli-
mate change and environment pollution by pesticides being probably most important. However, analy-
sis of species of different trophic level and with differential winter quarters failed to prove the hy-
pothesis that pesticides were the main cause of the decline. Other hypotheses
were not tested in detail by the authors.
The aim of the present study was to test the impact of physical (= climatic) and biotic (= density-
dependent) factors on dynamics of breeding populations in passerines. | used the results of nearly 40-
year monitoring of breeding populations on the Courish Spit of the Baltic Sea, which is done by the
Biological Station Rybachy.

2. Material and methods

Birds were trapped and ringed from 1957 by staff of the Biological Station Rybachy at the permanent
field station "Fringilla”, 12 km south of Rybachy on the Courish Spit of the Baltic Sea. Birds were
caught in Rybachy-type traps (detailed description in: Dolnik & Payevsky 1976b).

| analysed long-term pattern of numbers of adults (12 species) and juveniles (20 species) caught before
early or mid-August in two Rybachy-type traps open to the NE and SW. At this time the bulk of local
birds have already left the natal area, as shown by re-traps (Sokolov 1991a). This allows us to trap
both adults breeding in the area and juveniles during post-fledging movements, in a standardised
fashion over a long period.

Long-term dynamics of breeding population was estimated in each of 12 species on the basis of the
number of adult birds trapped mainly between June 1 and July 31. To reveal long-term trends, three
partly overlapping periods were considered: between 1959 and 1978 (20 years); between 1978 and
1991 (14 years); and between 1985 and 1998 (14 years). | took into consideration that from autumn
1977 a new trap was put up which is still in operation. The requirement for long enough time intervals
resulted in constructing overlapping time periods in the analysis. Long-term dynamics of numbers of
juveniles was estimated for each of 20 species over the same periods.

Statistical significance of trends was tested by Spearman rank correlation (Lloyd & Ledermann 1984).
When analysing the impact of air temperature on avian populations | used the data on mean monthly
temperatures in the study area in spring and in summer over 32 years (1959-1990). Correlation was
statistically tested by Spearman rank correlation. Regression analysis was used to test the relationship
between the number of second-year birds in a population, philopatry, numbers of adult breeding birds,
and numbers of juveniles. | used logio transformation of actual numbers, as it better reveals relative
fluctuation of numbers and makes distributions symmetrical (Williamson 1972).

3. Results
3.1. Long-term trends in numbers of adults
In five species out of 12 analysed numbers of adults in the local population significantly decreased in

the 1970s compared with the 1960s (Fig. 1, Tab. 1). In three other species a tendency for a decline was
revealed. However, in the Willow Warbler Phylloscopus trochilus. Lesser Whitethroat Sylvia curruca,



and Scarlet Rosefinch Carpodacus erythrinus a positive trend was recorded. In the 1980s a significant
or barely significant positive trend compared with the 1970s was recorded in the majority of studied
species. Only in the Barred Warbler Sylvia nisoria a highly significant decline in numbers of adults
was revealed. In the 1990s a significant decline was again recorded in nearly all studied species. This
was valid for both long-distance migrants and species that spend their winter within Europe.

In five species. Chaffinch Fringilla coelebs. Tree Pipit Anthus trivialis, Wood Warbler Phylloscopus
sibilatrix. Garden Warbler Sylvia borin, and Icterine Warbler Hippolais icterina, fluctuations of the
number of adults in the local population were synchronous over the whole period 1959-1998. Over
shorter periods both positive and negative trends coincided in the vast majority of species (Tab. 1).

Table 1. Long-term trends of the numbers of adult birds in the breeding population on the Courish Spit
(Spearman's rank correlation coefficient; +p<0.10, *p<0.05, **p<0.01, ***p<0.001).

Species Years 1959-1978  Years 1978-1991 Years 1985-1998
Fringitia coelebs -0.45* 0.47+ -0.74**
Anthus triviaKs -0.46* 0.70%** -0,59*
PhyUoswpus trochilus 0.21 0.20 -0.64*
Phylloscopus sibilatrix -0.53 * 0.76** -0.59*
Ficedula hypoleuca -0.16 0.65* -0.60*
Sylvia atricapilla -0.23 0.69** -0.38
Sylvia curruca 0.29 0.37 -0.68**
Sylvia communis -0.24 0.02 -0.43
Sylvia borin -0.56- 0.62* -0.82***
Sylvia niswia -0.03 -0.81*** -0.79**
Hippolais icterina -0.60* * 0.65* -0.91%**
Carpodacus erythrinus 0.32 -0.11 -0.75**

3.2. Long-term trends in numbers of juveniles

In the majority of species the number of juveniles trapped during post-fledging period was higher in
the 1960s and 1980s compared with the 1970s and 1990s (Fig. 2). A pronounced trend towards higher
numbers in the 1970s compared with the 1960s was recorded only in the Lesser Whitethroat, Blackcap
Sylvia atricapilla, and Willow Warbler (Tab. 2). In the 1980s a significant decline was observed only
in the Barred Warbler and Lesser Whitethroat. In the 1990s in not a single species were higher num-
bers recorded.

3.3. Association between numbers of juveniles and air temperature in spring and in summer

| analysed the relationship between number of juveniles trapped during post-fledging period, and air
temperature in the study area in spring and in summer over 32 years (1959-1990). In all species except
for Lesser Whitethroat and Barred Warbler, the number of juveniles was significantly related to the
mean temperatures of April and/or May when local adults arrive to their breeding area (Tab. 3). A
positive relationship with the mean temperature of March was revealed only in the Blue Tit Parus cae-
ruleus and Blackcap that spend their winter within Europe. A strong correlation between numbers of
juveniles and May temperature was found mainly in species arriving late. In not a single species was a
significant correlation with summer temperatures revealed (Tab. 3)



Figure 1. Dynamic of the number of local adult birds in the breeding period on the Courish Spit.
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Figure 1. Continued
Phyiloscopus trochilus
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Figure 1. Continued
Syivia curruca

50 40
40 - Laz
2 30 - | 24 ¢
a. a
¥ 20 - 16 &8
[ [
10 4 V\/\/ 8
0 ry vy 1Ty Yy PPV YFPRPY TOYFVRTTOYYNRY P FFrY ROV TTTRNYNTYYNYTYNYOTRTY 0
) (=] un o 7 1] | = H (=] un (=4
0 0w [T P~ o0 (22 N (=]
=) ] (-] (<)) [+ ] =] N -] =] [+, [=]

- - - - - - h L - o4
Year

Sylvia communis

35 35
30 4 - 30
25 - - 25
© w.
v 20 - L 20 *
] ]
& 15 -15 &
10 - L 10"
5 J - 5
0 rervrrroryT v rTryry rrrrrrrryr oy vrT rrry vy rr vy FrTT AR YTTN 0
W [= un o n Q i (=4 w0 [
n 7] [T ~ M~ 0 o0 [ 24 [o1] (=3
e 2 2 e R 2 2 a2 2 &
Year
Hippolais icterina
160 120
- 100
120 -
? 80 g
- -
§ 80 - 60 §'
= - 40
40 -
. 20
0 T r TP rry rryrrvyvyayYyryYyyryory vV VY VY Y OVTYYTT R TR 0
Dy [ in o n [~ [\ [=)] un [ =3
n 0 [T P~ I~ (] w0 D N o
2 s 2 2 2 2 L b 2 <



Traps 1,3

Figure 1. Continued
Syivia borin
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Table 2. Long-term trends of the numbers of local young birds in post-Hedging period on the Courish Spit
(Spearman's rank correlation coefficient: +p<0.10, * p<0.05, **p<0.01, *** p<0.001).

Species Years Years Years
1959-1978 1978-1991 1985 - 1998
Parus cristatus 0.17 0.86*** -0.50+
Parus palustris -0.02 0.78** -0.58*
Parus major -0.06 0.73** -0.07
Parus caeruleus -0.46* 0.48+ 0.01
Fringilla coelebs -0.79%** 0.54* -0.61*
Phoenicums ochruros -0.46* 0.32+ -0.25
Embeiiza dtrineUa -0.46* 0.64* -0.19
Phylloscopus collyhita -0.384 0.68** -0.61*
Phylloscopus trochilus 0.26 0.65* -0.72*
Phylloscopus sibilatrix -0.40+ 0.64* -0.57*
Anthus trivialis -0.56* 0.52+ -0.23
Ficedula hypoleuca -0.21 0.72** -0.79**
Sylvia atricapilla 0.37+ 0.68** -0.71**
Sylvia curruca 0.61** -043 -0.74**
Sylvia communis -0.45* 0.70** -0.54*
Sylvia borin -0.54* 0.69** -0.69**
Sylvia nisoria 0.07 -0.92%** -
Hippolais icterina -0.45* 0.13 -0.57*
Carpodacus erythrinus -0.39+ 0.20 -0.81***

3.4. Association between numbers of juveniles and the timing of juvenile dispersal

| compared numbers of juveniles during the post-fledging period with their average trapping date that
reflects the timing of breeding (Sokolov & Payevsky 1998). In 14 out of 19 analysed species a signifi-
cant negative correlation was found: early breeding and juvenile dispersal were associated with high
numbers of juveniles during post-fledging period (Tab. 4).

3.5. Significance of local juveniles in the population during the following spring

In several species a significant positive correlation between the number of juveniles during post-
fledging period, and trapping numbers during the following breeding season was found (Fig. 3). The
number of second-year birds is significantly higher in years following seasons with high numbers of

juveniles (Fig. 4).



Figure 2. Dynamic of the number of young birds in the post-fledging period on the Courish Spit.
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Figure 2. Continued

Parus palustris
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Figure 2. Continued

Phoenicurus ochruros
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Phylloscopus collybita

Figure 2. Continued
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Figure 2. Continued

Ficedula hypoleuca 200
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Sylvia atricapilla

Figure 2. Continued
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Figure 2. Continued

Hippolais icterina
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3.6. Impact of numbers of juveniles during post-fledging period on philopatry

| analysed the relationship between philopatry (proportion of birds ringed as pulli and fledglings and
retrapped in the subsequent year at the same place), and number of juveniles trapped during post-
fledging period. In the Chaffinch I found a significant positive correlation between return rate of birds
ringed as pulli and number of juveniles trapped during the previous post-fledging period (Fig. 5). In
the Willow Warbler and Icterine Warbler this relationship was barely significant. If we consider the
philopatry of birds ringed as juveniles during post-fledging period, we do not find any difference in
return rate between individuals born in "good"” and in

"bad" years (Fig. 5).



Table 3. Correlation between the number of juvenile birds and mean spring and summer air temperatures in
some passerines on the Courish Spit, 1959-1990 ( Spearman's rank correlation coefficient: + p<0.10, * p<0.05,
**p<0.01, *** p<0.001).

Species t °C March t °C April t °C May t °C June
Parus cristatus 0.27 0.33+ 0.36* -0.16
Pans palustris 0.14 0.34+ 0.33+ 0.11
Parus major 0.27 0.59%** 0.16 -0.04
Parus caernleus 0.41* 0.43* 0.09 0.08
Fringilla coelebs 0.04 0.61*** 0.32+ 0.13
Phoenicurus ochwras -0.08 0.35+ 0.20 -0.10
Embema citrinella 0.12 0.44* 0.13 0.11
Phylloscopus collybita 0.08 0.33+ 0.56** -0.16
Phylloscopus trochilus 0.24 0.41* 0.27 -0.14
Phylloscopus sibilatrix 0.18 0.42* 0.47** 0.19
Motacilla alba -0.18 0.32+ 0.15 0.02
Anthus trivialis 0.13 0.39* 0.20 0.21
Ficedula hypoleuca 0.25 0.37* 0.27 0.08
Sylvia atricapilla 0.46* 0.38* 0.58*** -0.07
Sylvia curruca 0.15 0.17 0.23 -0.26
Sylvia communis 0.21 0.52** 0.50** 0.15
Sylvia borin 0.16 0.63*** 0.43* 0.05
Hippolais icterina 0.05 0.42* 0.34+ -0.09
Carpodacus erythrinus -0.05 0.21 0.43* -0.26
4. Discussion

4.1. The "climatic" hypothesis of control of avian numbers

During the 20th century two relatively long periods of warm weather were recorded, with maxima in
the 1930s - 1940s and then in the 1980s, a weaker wanning was recorded in early 1960s (Borisenkov
1988; Kondratiev 1992, 1993). Elsewhere (Sokolov et al. 1998) we analysed annual fluctuations of
spring monthly temperatures at 10 sites in European Russia, from the Smolensk Region up to the Kola
Peninsula, and showed that spring temperatures vary synchronously over vast territories. During the
recent four decades two significant long periods of increased April temperature were recorded, in
1960s and 1980s compared with 1970s (Sokolov et al. 1998). During these warm periods spring mi-
gration of birds occurred earlier in the Baltic area (Zaiakevicius 1997, Sokolov et al. 1998), in Ukraine
(Fesenko et al. 1996), in Germany (Moritz 1993), and in England (Mason 1995, Loxton et al. 1998,
Crick 1999). Moss (1998) stated that changes in temperatures and rainfall during spring and summer
are already allowing many species of Britain's birds to begin breeding earlier, lay larger clutches and
raise more young. Studies by the BTO have shown that 20 common species are nesting significantly
earlier now than they were 25 years ago, with laying dates on average nine days earlier (Crick et al.
1997, Crick & Sparks 1999). In our study area in passerines a significant shift towards earlier breeding
was also recorded (Sokolov & Payevsky 1998).



Table 4. Correlation between the number of juvenile birds and mean dispersal date in the post-fledging period in
some passerines on the Courish Spit, 1959-1990 (Spearman's rank correlation coefficient, * p<0.05, ** p<0.01,
*** n<0.001).

Species rs

Parus cristatus -0.26
Parus palustris -0.20
Parus major -0.37*
Parus caeruleus -0.48**
Fringilla coelebs -0.68***
Phoenicurus ochiuras -0.40*
Emberiza citrinella -0.40*
Phylloscopus collybita -0.47**
Phylloscopus trochilus -0.45*
Phylloscopus sibilatrix -0.50**
Motacilla alba -0.20
Anthus trivialis -0.13
Ficedula hypoleuca -0.52**
Sylvia atricapilla -0.55**
Sylvia curruca -0.16
Sylvia communis -0.53**
Sylvia borin -0.63***
Hippolais icterina -0.62***
Carpodacus erythrinus -0.58***

Our study showed that bird numbers, both adults and juveniles, were higher in the 1960s and 1980s
compared with the 1970s and 1990s. Most probably it should be explained by the climatic influence.
Wann and early springs that were frequent during these periods, influenced the timing of arrival and
breeding, and enhanced breeding success. In contrast, cold and late springs that dominated in the
1970s and 1990s delayed arrival and breeding, and reduced breeding success. Unexpectedly, in not a
single species was a correlation between numbers of juveniles and summer temperatures found (Tab.
4). | expected that temperature should strongly influence survival of nestlings (mainly in June) and
fledglings (mainly in July) but this did not happen. Thus, breeding success of a population is deter-
mined mainly by spring temperatures, not by summer ones. However, in some years (e.g. in 1974,
1987, and 1998) when in summer very cold and rainy weather prevailed, nestling and fledgling mor-
tality may be very high, influencing numbers of juveniles trapped during the post-fledging period
(Payevsky 1982, 1985, Sokolov 1991a, and unpubl). Dighy & Milwright (1998) found a positive cor-
relation between production of the Golden Oriole Oriolus oriolus in the eastern Britain and June tem-
perature, and there is also a significant negative relationship with June rainfall. Production was lower
in years with a cool wet June (1987, seven fledged from 12 nests, and 1991, nine from 11 nests), and
higher in the warm dry Junes (1992, 15 from nine nests, and 1993, 17 from six nests).
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Figure 3. Relationships between the number of juvenile birds of some migratory species in the post-fledging
period (N) and the number of breeding birds captured in the study area in the next year (n) on the Courish Spit.

Payevsky (1985) believes that breeding numbers of many passerine species are controlled by spring
mortality that may be considerable, especially during cold springs. Slagsvold (1975) found a high
positive correlation between numbers of sedentary populations of Great Tits Parus major and Blue
Tits and temperature, especially between February 24 and April 5. This author believes that many
birds may die in early spring when the weather is adverse, and second-year birds have not attained ter-
ritories yet. He suggests that air temperature before breeding is an important factor in density regula-
tion. Senar & Copete (1995) report that in the House Sparrow Passer domesticus survival of adults be-
tween October and March is considerably reduced in winters when January temperature drops below 0
°C for 10 and more days (in normal winters survival is ca. 40-50%, in cold winters it is ca. 17%).
Smith (1995) followed survival of 155 marked Black-capped Chickadees Parus atricapillus in Massa-
chusetts and found that mortality of second-year females with an inexperienced mate was much higher
in years with cold spring. It was caused by the fact that such males supply their females with food
during laying and incubation less efficiently than experienced ones. This effect is more pronounced
when the weather is adverse. Peach et al. (1998) reasoned that the many of the pronounced fluctuations
in the abundance of passerines in Britain and Ireland can be ascribed to unfavourable weather condi-
tions either in Britain or in the African winter quarters of migratory species. The severe winter weather
of February 1991 probably accounts for the reduced catches of many resident species in 1991 (Wren
Troglodytes troglodytes, Robin Erithacus rubecula, Blackbird Turdus merula and Song Thrush T.
phihmehs). Catches of Blackcaps and Chiffchaffs Phylloscopus collybita which are thought to winter
primarily in the Mediterranean basin, also declined dramatically in 1991. Stormy weather over the
Mediterranean in April 1991 may have affected these species. Unfavourable spring weather conditions



in Britain can have profound effects on the breeding success of songbirds and this might explain the
large reductions in juvenile cathes Great Tit, Blackcap, Dunnock (Peach et al. 1998). All these data
suggest that in both sedentary and migratory species, in warm and early springs, more individuals start
breeding than in cold and late springs. It may be considered the initial step after wintering towards
higher numbers in favourable years.
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Figure 4. Dependence of the number of second-year birds (n) ringed when young on the number of juvenile
birds captured in the post-fledging period in the previous year (N) on the Courish Spit.

Further, for a number of passerines it was demonstrated (also on the Courish Spit) that clutch size is
not infrequently higher in early breeders (Payevsky 1985, Zimin 1988). Thus, clutch size in some war-
bler species (Lesser Whitethroat, Barred Warbler) on the Courish Spit was higher in the "early” 1960s
than in the "late™ 1970s (Payevsky 1999). Polenets et al. (1995) studied inter-annual variation in fe-
cundity and breeding success in passerines in the tundra of Yamal Peninsula (Russia). They found that
variation in the mean clutch size correlates well with variation in laying dates that is dependent on the
timing of spring. In years with early breeding fecundity was higher, and when breeding \ occurred late
it was lower. The authors believe that the impact of factors other than temperature were very limited.
Even in large passerines spring influenced clutch size and breeding success. Rytkonen et al. (1993)
found considerable inter-annual variation in the mean clutch size and number of fledglings in the Rook
Corvus frugilegus. Rooks that started breeding early had larger clutch and thus brought up more off-
spring than those that bred late. Timing of breeding and breeding success in this species may be pre-
dicted on the basis of the pattern of temperature in May and the period of ground frost. Thus, it is not
improbable that in the years with early breeding the total number of laid eggs in a local population
may be much higher than in "late™ years. This is the second possible step towards higher numbers in
years with favourable spring temperatures.
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Fig. 5. Dependence of the return rate (%) of second-year birds ringed as nestlings (PULL.) and juveniles (JUV.)
on the number of young birds captured in the post-fledging period in the previous year (N) on the Courish Spit.

The next important step which influences the number of juveniles in a population is hatching success
and survival of nestlings and fledglings. Much information is available that in years with cold and
rainy summer embryonic and nestling mortality is considerably higher than in "good" years. Payevsky
(1999) showed that breeding success in the Blackcap that arrives to the Courish Spit relatively early,
was significantly higher in the 1980s (71%) than in the 1970s (52%) and in the 1990s (41%). In the
Garden Warbler that arrives late, breeding success was significantly higher in the 1960s (78%) than in
the 1970s (60%). Markovets (unpubl.) found a significant relationship between breeding success of the
Marsh Tit Parus palustris and the mean temperature of April. Pen-ins (1996) showed on large material
that hatching success in a sedentary English population of the Great Tit increases with increasing egg
weight, and the egg weight depends not only on laying date, but on air temperature as well: egg are
smaller when the temperature is lower during the period when they are being formed. Nestling survival
also rises with increasing egg mass. Potti & Merino (1996) found that in the Pied Flycatcher Ficedula
hypoleuca hatching success is related to egg weight: it was considerably lower in small eggs. Clutches
containing large eggs yielded more individuals recruited into the population. Jarvinen (1996) studied
the relationship between egg weight and clutch size in Finnish Lapland. He found that that if air tem-
perature prior to and during laying is low, egg weight and clutch size are negatively correlated. In a
"warm" breeding season a large clutch containing large eggs is the optimal combination which pro-
vides high breeding success. Thingstand (1997) found that weather conditions in the early breeding
season in Central Norway were important and explained most of the variation, particularly the mean
number of eggs laid and hatched in the Pied Flycatcher. The mean air temperature between 17 and 31



May, together with the mean temperatures between 6 and 10 June and 21 and 25 June, seem to have
been the critical factor for production of young birds. This author found a negative long-term trend in
the breeding success during the study period (1986-1995). Morton (1992) studied breeding biology of
the White-crowned Sparrow Zonotrichia leucophrys oriantha in the mountains of California and found
that numbers of juveniles during post-fledging period were strongly related to the timing of snow
melting. In years with late and cold spring duration of breeding period is much reduced which leads to
reduced productivity of the population. Glue (1992) reported that early and warm spring of 1992 in
Britain was favourable for breeding in many passerines and non-passerines. The birds arrived to
breeding grounds and started breeding earlier which facilitated successful breeding. Our data confirms
that early breeding in the majority of studied passerines enhances productivity, which causes higher
numbers of juveniles during post-fledging period (Tab. 3). Population monitoring of passerines in
Finland showed that in four species, Skylark Alauda arvensis, Starling Stumus vulgaris, Robin, and
Wren cold winters were followed by population declines (Vaisanen et al. 1989). These authors report
that numbers of long distance migrants declined after 1987 when breeding success was low due to cold
and rainy summer. In our study area both summer and spring were cold in 1987, causing considerable
decline in numbers of juveniles in many species (Fig. 2) and second-year birds the following year (Fig.
4). Higher mortality in nestlings and fledglings, and also in adult passerines during cold weather was
also reported by other authors (Cawtliom & Marchant 1980, Marchant et al. 1990, Greenwood & Bail-
lie 1991, Peach et al.1995).

Thus, the presented data suggest that dynamics in the numbers of birds is to a large extent governed by
the temperature which has great impact on the survival of adults (especially in winter and in spring)
and their breeding success. Similar patterns of the dynamics in numbers of species differing in migra-
tory habits (sedentary and long-distance migrants), in breeding biology (hole breeders and open breed-
ers, with nests on the ground, in bushes and trees), and in diet (insectivorous and seed-eaters) could be
caused by a fundamental external factor, as e.g. the climate.

4.2. Human influence

The dramatic decline in the numbers of the Barred Warbler in our study area is most probably caused
by humans (Vinogradova 1988, Sokolov 1991b). Cuts of the stands of Mountain Pine Pinus montanns,
Common Juniper Juniperus communis, and Common Barberry Berberis vulgaris that were done by
forest wardens in 1975 and 1984 had a very pronounced negative impact on breeding conditions for
the Barred Warbler and Red-backed Shrike Lanius collurio. I analysed the proportion of Barred War-
blers trapped in spring and staying for breeding in the study area and found that during the period of
high numbers it varied between 20-70%, whereas during the period of decline it was as low as 1-20%
(Sokolov 1991Db). Vinogradova (1988) reported that six male Barred Warblers claimed territory in
1984, and five of them did not find a mate and left the area. Wassmann (1986) reports that the main
cause of Barred Warbler's decline in Germany is the habitat change, in particular scrub cutting.

4.3. Population cycles and the concept of density-dependent feedback

It should be noted that in spite of wide distribution of concept of density-dependent regulation of avian
population, convincing data confirming this theory is not very numerous. One of classical examples is
predator-prey interactions (for reviews see Galushin 1980, Payevsky 1983, 1985). Nonetheless, Payev-
sky (1983) noted that populations of prey species may fluctuate independently from the predator, and
only fluctuations of the predator species may be caused by prey numbers.

Lack (1966) demonstrated density-dependent associations concerning clutch size and fledging success
in the Great Tit. Kluyver (1966) showed in the experiment with the same species that if in an isolated
island the number of fledglings is reduced in 40% from the annual mean, survival of both adults and
first-years doubles. Some researchers suggest as the feedback mechanism direct competition for re-
sources, leading to death of low-ranking individuals during high density (Lack 1954). Others believed



that territorial conflicts play a role, causing reduced birth rate in losers in the struggle for territory
(Wynne-Edwards 1962). In many recent papers territorial behaviour is treated as a density-dependent
factor, regulating population numbers.

Newton et al. (1998) point to two problems in the study of density-dependent feedback: (1) many bird
population studies occur over too few years; and (2) many bird population in recent decades undergo
marked upward or downward trends, which complicates the detection of density-dependence. The
authors analysed the results of annual counts of five bird species in an oak wood in SE England
(Blackbird, Robin, Wren, Great Tit, Blue Tit) over the 22-year period 1958-1979. No significant linear
trend was recorded in any population. The breeding population was estimated on the basis of repeated
counts of singing males in the 16-ha survey area. In each species years with lowest breeding density
were followed by the most marked increase, and peak years were followed by the most drastic decline.
The authors concluded that in all studied species density-dependent regulation may explain 20-60% of
year-to-year variation of numbers. Nonetheless, in the Wren and Robin nearly 60% of the variation is
explained by the weather conditions in winter, in particular by the snowlie. In a similar study of popu-
lation dynamics of British songbirds over a 27-year period in none of 39 studied species was a density-
dependent feedback detected (Greenwood & Baillie 1991). In The Netherlands a negative relationship
between population density and the fraction of pairs with second clutches was found in the Great Tit
(Kluyver 1951). However, studies in Karelia where breeding density is low, failed to detect density-
dependent regulation of numbers in this species (Zimin 1988, Artemyev 1993). In an unstable envi-
ronment other factors, in particular external ones (weather, food) have larger impact on the breeding
success, Some authors suggest a feedback mechanism which eliminates a proportion of juveniles after
a successful breeding season, and after an unsuccessful one the survival of juveniles increases (Mich-
elson et al. 1986, Payevsky 1983,1985). Elsewhere | showed that this model is not valid for passerines,
at least in our study area on the Courish Spit (Sokolov 1991a, 1997, this study). When many juveniles
are hatched, more individuals are recruited into the breeding population the following year (Fig. 3). It
happens mainly due to increased number of second-year birds in the population (Fig. 4). An increased
proportion of second-year birds in a breeding population the year following successful breeding was
also found in Pied Flycatchers breeding in nest boxes (Sokolov et al. 1989). Certainly situations may
occur when after a successful breeding the number of second-year birds is low due to high mortality in
winter quarters or during migration (Sokolov 1991a). Nonetheless, the described pattern in general
hold valid since several decades in passerine populations of the Courish Spit.

Stenning et al. (1988) analysed density-dependent variation in clutch size, mortality, and immigration
in a Pied Flycatcher population during 1948-1964 and concluded that seasons with high breeding den-
sity followed seasons with many fledglings, but increases in the number of breeding pairs were due to
immigration. Nestling mortality was not related to breeding density. To the contrary, our study of Pied
Flycatcher population ecology showed that after successful breeding seasons the fraction of breeders
of local origin increased (Sokolov et al. 1989, Sokolov 1991a). In The Netherlands the number of sec-
ond-year Great Tits of local origin is positively related to the number of fledglings trapped in the pre-
vious year, and to beach crop (Balen 1980). In Germany a significant positive relationship was found
in the Coal Tit Parus ater between the reproductive success and the retrap rate in the following year
(Winkel & Winkel 1994). In the White-crowned Sparrow the number of second-year birds in a Cali-
fornian population was strongly dependent on the breeding success in the previous year which was re-
lated to the timing of snow melting in spring (Morton 1994).

Our study does not support the existence of a mechanism that the surplus of juveniles would eliminate
after a successful breeding. After years with large numbers of juveniles return rate remains high (Fig.
5). The increase of return rate in birds ringed as pulli after years with high numbers of juveniles during
post-fledging period is not necessarily related to higher philopatry after successful breeding seasons. In
"good" seasons juveniles suffer less mortality during first two weeks after fledging (before being
caught in Rybachy-type traps) and thus show higher return rate in subsequent years. This is evident
from captures in the post-fledging periods of birds ringed as pulli (Sokolov 1991a). The proportion of
such birds captured in traps during post-fledging period is significantly lower in years with late breed-
ing. It is noteworthy that no decrease in philopatry is recorded after seasons with high recruitment,



which speaks in favour of no density-dependent feedback as described above.

Thus, if density-dependent feedback mechanisms do act in passerines, their role in cyclic fluctuations
of numbers is not decisive. Our data do not confirm the hypothesis of self-regulation of passerine
population suggesting that mortality during post-fledging period is density-dependent.
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