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Simple Summary

Long-term dynamics of wintering bird species are inadequately known. Tit species are an
important part of urban settlements during winter. To understand the factors affecting the
population trends of tits in more detail, long-term studies are urgently needed. We counted
wintering tit species from 31 urban settlements along a 920 km latitudinal gradient over
the course of four decades (1991-2020) in Finland. In the study sites, we detected five out
of six regionally common wintering tit species: the Great Tit, the Eurasian Blue Tit, the
Coal Tit, the Willow Tit, and the Crested Tit. No Siberian Tits were observed. Both the
populations of the Great Tit and the Eurasian Blue Tit increased during the study period.
The population growth of the Great Tit was high, especially in the north. Both the Great
Tit and the Eurasian Blue Tit suffered from the increase in built-up area cover in the study
plots. Changes in the number of feeding stations were not associated with the growth
rates of any tit species. The abundance of the Great Tit decreased with building cover and
increased with winter temperature. The abundance of the Eurasian Blue Tit decreased with
building cover and towards the north. When controlling for the latitude, the growth rate of
the Great Tit increased with the temperature in winter months, indicating that the Great Tit
populations have increased in colder study sites. All correlations between the abundances
of tit species, as well as between the Great Spotted Woodpecker, were positive, indicating
no significant interspecific competition between species.

Abstract

Tit species (Paridae) are an important part of urban settlements during winter. We counted
wintering tit species from 31 urban settlements along a 920 km latitudinal gradient in
Finland during four winters between 1991 and 2020. We observed a total of five tit species,
the Great Tit (Parus major), Eurasian Blue Tit (Cyanistes caeruleus), Coal Tit (Periparus ater),
Willow Tit (Poecile montanus), and Crested Tit (Lophophanes cristatus) during the surveys.
The most common and abundant species were the deciduous forest preferring Great Tit and
Eurasian Blue Tit, whereas the coniferous forest preferring species exhibiting a hoarding
behavior, the Coal Tit, Willow Tit, and the Crested Tit, were seldom observed, and no
Siberian Tits were detected. These results indicated that food-hording coniferous preferring
tit species avoided urban areas. The numbers of Great Tit and Eurasian Blue Tit were
greater at the end of the study period than in the first two winters studied. The average
growth rate (A) of the Great Tit and Eurasian Blue Tit increased during the winters studied.
Our data indicated a greater increase rate of the Great Tit and Eurasian Blue Tit than
the Finnish winter bird monitoring work, probably because we only surveyed tits within
human settlements. There was a positive correlation between the average growth rate of the
Great Tit and the latitude. There was a negative correlation between the changes in average
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growth rate (A) of the Eurasian Blue Tit and the changes in built-up area cover within the
study areas between winters 1991/1992 and 2019/2020, and vice versa, indicating that the
Eurasian Blue Tit population suffered from the increase in built-up area cover. Despite
the fact that the total number of winter-feeding sites decreased during the study period,
changes in their numbers were not associated with the growth rates of any tit species. The
abundance of the Great Tit was negatively associated with building cover and positively
associated with winter temperature. The abundance of the Eurasian Blue Tit was negatively
associated with building cover and negatively associated with latitude. When controlling
for the latitude, the growth rate of the Great Tit increased with the temperature in winter
months, indicating that the Great Tit populations have increased in colder study sites.
Our results indicated that population trends of tit species may differ regionally, and that
changes in urban settlements may modify the abundance of tit species during winter. We
did not detect any correlation in population growth rates between species. We recommend
conducting more long-term tit research both during the winter and breeding seasons to
understand the population dynamics and population trends of tit species across diverse
types of habitats in more detail.

Keywords: birds; climate change; Finland; landscape change; population change; urban;
winter; winter feeding

1. Introduction

Urbanization and climate change are two crucial factors that cause biodiversity loss
both locally, regionally, and globally. Urbanization causes diverse types of environmental
changes and disturbances that correspondingly influence species occupancy and abundance
patterns [1-5]. Blair (1996; [6]) grouped species as urban exploiters, suburban adaptable
species, and urban avoiders. Urban exploiters can use many kinds of urban-related re-
sources and do well in cities, whereas urban avoiders are seldom found in urbanized
areas. Suburban adaptable species are between these two extremes and can live in ar-
eas with a moderate urbanization level. Typically, human-intolerant species are special-
ists, have restricted distribution ranges, and are non-residents, whereas human-tolerant
species are generalists (e.g., omnivores), widely distributed residents, and behaviorally
flexible [1,7-10]. Some taxonomic groups can be remarkably successful in adapting to
urban environments [2]. Many studies have indicated that sparrows, Passer spp. [11]; Wood
Pigeon, Columba palumbus; refs. [12,13], and corvids [14-19] benefit from urbanization all
over the world.

As highly adaptable and widespread birds, tit species (Paridae) are suitable for study-
ing the impacts of urbanization and climate change on long-term bird population changes.
Many tit species, like the Great Tit (Parus major) and the Eurasian Blue Tit (Cyanistes
caeruleus), are successfully adapted to live in urban environments, partly due to their ability
to use winter-feeding sites [20,21]. With their wide distribution range, ability to use artificial
food resources, and adaptability to live in many kinds of habitats, both the Great Tit and
the Eurasian Blue Tit can be considered as suburban adaptable species [6]. With their
opportunistic way of life and placid behavior, tits are an excellent model species group
to study the impacts of urbanization on animals. Some tit species thrive in many types
of urban environments, from the peripheral urban areas to highly urbanized urban core
areas [22-24]. However, fewer urban ecological winter studies have considered habitat
specialists, like coniferous forest tit species.
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There are several reasons, which are not necessarily mutually exclusive, affecting the
population trends of tit species in urban areas. For example, low levels of predation [25]
and persecution [16,18], good availability of (artificial) food resources [26-31], as well as
availability of artificial nest sites (nest boxes; refs. [16,32-34] may benefit Great and Eurasian
Blue Tits. The ability to use novel anthropogenic resources, like food, safe nest and roost
sites [35], as well as having a high tolerance towards conspecifics, may allow some species,
like the tit species, to thrive in urban environments [36]. Moreover, feeding birds in winter
can influence survival, body mass, and the speed of birds to take food (i.e., how quickly a
bird is able to take food from the feeding site) in urban areas [37]. The presence of food
competitors and predation risk can also deter the birds from feeding at the feeder [38].
People commonly feed birds in Finland. Birds are only encouraged to feed during the
winter (i.e., during the snow cover season) in Finland, and for tits, the types of food that are
suggested for people to provide are sunflower (Helianthus annuus) seeds, peanuts (Arachis
hypogaea), and lard, as well as suet [21,39]. Providing sunflower seeds without shells and
birdseed mixtures has increased since 2017 in Finland, benefiting small-sized species, like
tits [21]. Freezing weather, short daylight hours, snow, and ice reduce birds’ chances of
finding food, and winter feeding provided by humans helps many wintering birds survive
until spring, and the energy-rich food helps birds endure even severe frosts [39]. During the
last 40 years, the annual amount of food provided has increased significantly, especially in
rural areas, while the number of bird-feeding sites has decreased, especially in urban areas
in Finland [40]. The decline of feeding activities is likely due to the changing regulations
of local governments and housing organizations, with increased concerns of attracting
pests, leading to restrictions on providing food for birds [40]. Also, the recent climate
warming may also have an influence, especially on the long-term dynamics of wintering
birds [24,41-45]. Some studies have suggested that predation may modify tit community
structure [46], and there is a trade-off between predation risk (e.g., by the Pygmy Owl,
Glaucidium passerinum) and interspecific competition for food by tits [47,48].

Seasonality has an impact on species responses to urbanization [4,5], and, for example,
different traits shape winners and losers in urban bird assemblages across seasons [1]. Most
of the earlier species-specific studies have focused on the breeding seasons. However, win-
ter is the most critical season for many birds living at northern latitudes [49,50]. Leveau et al.
(2021; [51]) have indicated that urbanization buffers the seasonality of climate conditions
and food availability and, therefore, causes a seasonal change in bird assemblages. There
are multiple factors that can influence the long-term dynamics of urban bird assemblages
and populations [52]. For example, anthropogenic food may increase both food availability
and predictability in urban habitats as compared to rural ones [53], thereby benefiting
opportunistic bird species [54-56]. Also, a milder microclimate (“urban heat island phe-
nomena”) and less snow in cities than in their surrounding rural areas might be beneficial
for the wintering birds [45,49,57]. For example, there has been a long-term (1961-2014)
decrease in snow-cover length and depth in Finland, especially in the southern parts of the
country [58]. Pakanen et al. (2018, [59]) have indicated that northward-expanding resident
tit species benefit from warming winters through increased foraging rates and predator
vigilance. Therefore, it is also important to understand the combined factors of the climate,
habitats, and food availability on long-term winter season distribution and abundance of
birds in urban environments.

Most of the earlier urban bird studies have covered only a few years [2,60], and
there is an urgent need for long-term studies to evaluate more thoroughly the effects of
urbanization on bird assemblages and populations, as well as species interactions [11,60,61].
Jokiméki et al. (2021; [11]) compared the long-term population trends (1991-2020) of
two closely related urban sparrow species, the House Sparrow (Passer domesticus) and
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the Eurasian Tree Sparrow (Passer montanus), and found that these species have different
long-term population trends both at the national (Finland) and international (Europe)
scales. Jokimaéki et al. (2022; [19]) compared the trends (1991-2020) of five wintering corvid
species in Finland and also found different long-term population trends and growth rates
between species; only the growth rate of the Eurasian Jackdaw (Corvus monedula) from
five corvid species changed (increased) during the study period. It might be possible that
the population trends of different tit species might differ from each other, partly due to
the differences in their food-type use, habitat needs, responses to climate changes, or the
interspecific interactions.

Long-term population changes of about one hundred bird species wintering in Finland
have been monitored by voluntary bird watchers since winter 1956/1957 [20,62-65]. The
results have indicated general changes in winter bird populations in different regions [65]
or habitats (since 1987; [20,22]) in Finland, whereas habitat and climate effects on bird
abundances are seldom studied. However, Fraixedas et al. (2015, [43]) have indicated that
wintering forest species numbers have declined, whereas urban species have increased
during 1959-2012 in Finland. They also highlighted that human-induced land-use changes
were more important for landbird species, whereas climatic factors were more important
for waterbirds. Moreover, Fraixedas et al. (2015; [43]) have suggested that urban species
have benefited from the increase in supplementary feeding of birds (see also [53,66—68].
The results of the Finnish winter bird monitoring work have suggested that the regional
changes in winter bird numbers are not only influenced by climate warming, but also
habitat changes and diversified food supplies, e.g., the enlargement of the distribution
ranges of some southernly distributed species, like the Eurasian Blue Tit [65]. Volunteer-
based winter-feeding site monitoring started in Finland during the winters of 1988/89,
and the results have indicated both differences in species occurrence and abundance of
wintering birds across regions [30] and between habitats [31]. Despite the important role of
volunteer-based bird monitoring work in general, biases due to the differences in observers’
skills to detect and identify birds, variable search efforts between winters, as well as
changes in sites sampled during the years, will decrease the value of the volunteer-based
data sets [69].

The main study aims of this study were (1) to study the long-term (1991-2021) winter
season composition, occurrence, and abundance of tit species in Finland by similar study
methods across study years; (2) to evaluate the population growth rate levels of different tit
species; and (3) to analyze the effects of multiple factors (latitude, urbanization, climate,
food, interspecific interactions) on the abundances and population growth rates of winter-
ing tit species. We predicted that forest specialist tit species, like the Siberian Tit (Poecile
cinctus cinctus), would be rare in urban settings, whereas opportunistic tit species commonly
using winter-feeding sites, like the Eurasian Blue and the Great Tit, would be more common
and abundant in urban areas. As some studies have indicated that climate warming with
less snow cover will increase the abundance of overwintering birds [41,45], we predicted
that southern bird species, like the Eurasian Blue Tit, will especially benefit from the climate
warming. However, for the forest-associated tit species with food-hoarding behavior, like
the Willow Tit (Poecile montanus), changes in the local habitat structure might be more
important than climatic factors. There can be competition between these tit species as
well as, for example, the Great Spotted Woodpecker (Dendrocopos major), due to increased
nest competition and predation by the beneficiaries of the food subsidy [70,71] and habitat
loss [72]. Therefore, we also analyzed whether there are any associations between the Great
Spotted Woodpecker and the different tit species. If the interspecific interactions have any
impacts on wintering tit species, we predicted that there would be negative correlations
among tit species as well as between tit species and the Great Spotted Woodpecker.
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2. Materials and Methods
2.1. Study Area

We conducted our study in Finland, which belongs mostly to the continental, no-dry-
season, cold-summer (coded as Dfc) climatological area, except the most southern parts,
which belong to the continental, no-dry-season, warm-summer (Dfb), Képpen—-Geiger
climate zone [73]. Continental (D) refers to the areas where the average temperature of the
coldest month is below —3 °C, indicating the occurrence of true winter with snow cover;
no dry season (f) refers to the areas where there is adequate precipitation throughout all
months of the year; and cold summer (c) refers to the areas where summers are short and
cool, typically one to three months have an average temperature of at least 10 °C, and no
individual summer month averages over 22 °C. Our winter field study data originates from
31 towns and villages located in the boreal forest vegetation zone, except for the most SW
sites, which are in the hemiboreal vegetation zone [74]. The study sites were situated evenly
along a 950 km north-south latitude (60° N-68° N; Figure 1). The study sites included urban
settlements, ranging from large towns to small villages. The number of inhabitants varied
between 300 and 159,000 people. Most of the study plots were about 30 ha (mean + SD:
31.2 £ 7.7 ha). We placed our study plots in the most urbanized area of each settlement
to decrease the variation in local habitat structure and to minimize edge effects. All study
plots contained buildings, roads, and scattered green areas between buildings.

2.2. Study Species

We studied the long-term abundance of six native tit species: the Great Tit, the Eurasian
Blue Tit, the Coal Tit (Periparus ater), the Willow Tit, the Crested Tit (Lophophanes cristatus),
and the Siberian Tit. Most of them, except the Great Tit and the Eurasian Blue Tit, are food-
hoarding specialists that store large amounts of food for the winter during autumn [75].
The Great Tit and the Eurasian Blue Tit are common and abundant wintering species within
human settlements with deciduous trees, whereas the rest of the species mostly prefer
coniferous-dominated forests [24,76,77]. All these species can use food provided at feeding
sites during winter in Finland [21,29-31]. According to Keller et al. (2020; [78]), the breeding
distribution ranges of the Great Tit and the Eurasian Blue Tit cover the whole of Europe,
whereas the Crested Tit and the Coal Tit are more southernly distributed, and the Willow
Tit and especially the Siberian Tit are more northernly distributed. The current breeding
distribution area of the Great Tit and the Willow Tit covers the whole study area, the
Eurasian Blue Tit inhabits almost the whole study area except the most northernmost areas,
the Crested Tit inhabits about half of Finland, and the most southernly distributed species is
the Coal Tit [79,80]. The Siberian Tit does not occupy southern and central Finland [79,80].

The flock formation of bird species is a crucial behavioral process that enables them to
colonize urban areas [81]. Many tit species form interspecific flocks outside the breeding
season, and there are interspecific dominance hierarchies among tit species so that larger
species dominate smaller species [48,82-84]. The body mass (mean 18.8 g) and wing length
(maximum chord length; 76.7 mm) of the Great Tit are greater than other species (the Coal
Tit [9.4 g; 61.2 mm)], the Willow Tit [11.4 g; 64.4 mm)], the Crested Tit [11.6 g; 64.6 g], the
Eurasian Blue Tit [11.6 g; 67.0 mm], and the Siberian Tit [12.7 g; 67.4 mm]) based on the
Finnish ringing database [85]. More details about the species are given in Table 1.

https://doi.org/10.3390/birds7030039


https://doi.org/10.3390/birds7030039

Birds 2026, 7, 39

6 of 27

Table 1. Basic description of the studied tit species in Finland. ) The longest dispersal distance
in Finland is based on Valkama et al. (2014; [86]). @) The forest type preferences, hoarding be-
havior information, winter population size, and trend (from 1981 to 1985 to 2020-2024) in Finland
based on Koskimies (2025; [76]). ©) The threat status (LC = Least Concern; NT = Near Threatened;
VU = Vulnerable; and EN = Endangered) in Finland based on the work of Lehikoinen et al. (2019; [87]).

Species . Longest D%spe.rsal . Forest Type; Hoarfling2 Wint.er Popula;tion Thre.at Statl;s in
Distance (km) in Finland Preference Behaviour Size (Ind.) Finland

Great Tit 1459 Deciduous No 6-12 milj. LC
Eurasian Blue Tit 1000 Deciduous No 3-5 milj. LC
Willow Tit 565 Coniferous Yes 1.5-2.5 milj. EN
Coal Tit 2001 Coniferous Yes 0.2-0.4 milj. LC
Crested Tit 27 Coniferous Yes 0.7-1.8 milj. VU
Siberian Tit 63 Coniferous Yes 0.25-0.5 milj. NT

2.3. Bird Surveys

We conducted repeated (1991-1992, 1999-2000, 2009-2010, and 2019-2020) winter
surveys of tit species in the centers of 31 towns and villages along a large south-north area
(60° N-68° N; 950 km) in Finland (Figure 1). Because only two study sites (Ruokolahti
and Muhos) had data from three winters, the total number of surveys conducted was 122.
We surveyed tits by using a single-visit mapping method [88] (Bibby et al., 2000) from
about 30 ha of study plot (mean size 31.2 ha &+ 7.7 SD) within each study site. Each study
plot was located at the most urbanized area of each study site. All study plots, except
two, were surveyed every winter. We conducted all surveys during the mid-winter season
(late December—early February), i.e., during a period when the autumn movements of
the tit species are over [89]. To increase the detectability of the birds, we only surveyed
birds during pleasant weather conditions (temperature no colder than —25 °C, no heavy
wind, and no water, snow, or rain) and during midday when enough light was available to
conduct the survey (i.e., between 10.00 and 15.00). In addition to the tit species, we also
surveyed potential predator species of tits, i.e., the Eurasian Sparrowhawk (Accipiter nisus),
the Eurasian Goshawk (Astur gentilis), the Eurasian Pygmy Owl (Glaucidium passerinum),
and the Great Spotted Woodpecker (Dendrocopos major), as well as cats (Felis catus).

Instead of using the point count method, we examined the whole study plot by
walking in a zig-zag through the study plot. By doing so, we were also able to see and
hear birds behind the buildings and backyards of private houses. This kind of survey
reduced many problems associated with counting birds in urban areas, e.g., noise and poor
visibility [66]. In addition, the zig-zag survey method gave us an opportunity to cover the
whole study plot in detail. To avoid double-counting the same individuals, we used a high
survey speed (30 ha/h). During each survey, we recorded all tits seen or heard within the
study plot borders. We excluded overflying individuals, who did not land and stayed on
the study plot. J] and JS conducted most of the surveys (78% out of a total of 122 surveys);
therefore, we assumed that the possible inter-observer bias was minimal. More details
about the survey methods are available elsewhere [66,90,91].

We used the single-visit survey method to obtain enough spatial replicates for statisti-
cal analysis. It has been estimated that a single-visit survey will detect about 90% of the
wintering species and 80% of the individuals in urban environments [66,92]. Therefore, we
suppose that the efficiency and accuracy of our study are high. However, we further esti-
mated the efficiency of the single-visit census by repeating the surveys five times during the
winter of 2019/2020 in the three subplots used in this study (Rovaniemi [64,194 inhabitants;
between 17 December 2019 and 30 January 2020]; survey temperature range: —8-+4 °C],
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Kemijarvi [7107 inhabitants; between 5 January 2020 and 13 February 2020; survey temper-
ature range: —3-—9 °C] and Muurola [(891 inhabitants; between 19 December 2019 and
29 January 2020; survey temperature range: £0-—14 °C]).

2.4. Habitat, Climate, Artificial Food, and Predator Data

Jokiméki et al. (2021; [11]) have described a detailed habitat, climate, and artificial
food availability data collection procedure. Therefore, we only summarize here briefly the
methods used and the main findings. We evaluated and extracted the mean area cover
of buildings, number of buildings, and average number of inhabitants from each study
plot by using a 250 m x 250 m square database (© SYKE and TK, 1990, 2000, 2009, and
2019) to estimate the urbanization level of the study plots during different winters. Based
on Jokimaki et al. (2021; [11]), the built-up cover and the total number of buildings have
increased, whereas the number of inhabitants has been stable in the study plots during the
study period.

We used weather data from the nearest meteorological station of each study site
by using the Finnish Meteorological Institute database (open data extraction; Finnish
Meteorological Institute, 2020; [93]). Data about the following variables were extracted:
arrival date of the permanent snow cover (a continuous snow cover with at least 5 cm
snow that stayed on the ground for at least 7 days), amount of snow (cm) on 15 December
and during the average day during the winter months (December—February), and the
temperature (°C). According to Jokimadki et al. (2021; [11]), winter temperatures differed
between the winters studied: the warmest winter was 2019/2020, followed by 1991/1992,
1999/2000, and 2009/2010. The snow arrived later during the winters of 1990/1991 than in
the other winters studied, whereas the amount of snow depth did not differ between the
study years.

To estimate the amount of artificial food availability, we counted the number of active
feeding sites (i.e., sites that contained food during the surveys) within the study plots of
the first (1991/1992) and the last (2009/2010) bird surveys. According to Jokimdki et al.
(2021; [11]), the number of feeding sites has decreased during the study period.

We surveyed predators during each bird survey. Only a few predators were detected
during the surveys: the Eurasian Sparrowhawk (two observations during 1999-2000 and
one observation during 2009-2010); the Eurasian Goshawk (five observations during
2009-2010); and the Eurasian Pygmy Owl (one observation during 1999-2000; Jokimaki
etal., 2021; [11]). Great Spotted Woodpeckers were observed in 18 study sites with a total
of 53 individuals. No cats were observed in the study plots.

We counted the number of active feeding sites (i.e., sites that contained food during
the surveys) during the first and last winter studied from all study plots. According to
Jokimiki et al. (2021; [11]), the total number of winter-feeding sites was greater at the
beginning of the study (1991-1992) than at the end (2019-2020) of the study.

2.5. Statistical Methods

We used the coefficient of variation (CV% = 100 x (SD/mean)) to estimate the variabil-
ity during winter of the abundance of the two tit species (the Great Tit and the Eurasian Blue
Tit; both species were detected in all 15 surveys) in three northern Finnish sub-sample sites
of this study (Rovaniemi, Kemijdrvi and Muurola) based on five visits conducted during
the winter of 2019/2020. We used the CV% as a conservative estimate of the efficiency of
the single-visit survey; the greater the CV-value, the more variable the results of different
surveys are. In addition, we developed a detectability index. We calculated the detectability
index (DETECT) by using the maximum number of individuals (MAXInd) detected in a
single survey of all five surveys and the mean number of individuals observed (MEANInd)
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during the rest of the four surveys in the study site. The index was calculated by the
following formula: DETECT = MEANInd/MAXInd. We used MAXInd as a conservative
estimate of the true number of individuals overwintering in the study plot. The DETECT
will correspondingly indicate the proportion of individuals that an average survey will de-
tect from the maximum number of individuals in the study plot during winter. The higher
the DETECT is, the better the detectability and the census efficiency. Correspondingly, we
evaluated the reliability and efficiency of the single-winter tit surveys. We surveyed tits in
six sub-sample sites of this study in and around the city of Rovaniemi during five winters
(2019/2020; 2020/2021; 2021 /2022; 2022 /2023; and 2023/2024; n = 30 surveys). CV% and
DETECT indices were calculated for the Great Tit (detected in all surveys), the Eurasian
Blue Tit (detected in 28 surveys), and the Willow Tit (detected in 7 surveys).

We estimated population growth rates (A) of the different tit species with time inter-
val corrected methods: A = logl0 (Ni + 1/Ni)/(study interval), where study interval =
V/(ti+ 1 — ti), ti = year of the winter studied, Ni = number of individuals during the winter
studied I, and Ni + 1 = number of individuals during study winter ti + 1. If we did not
find any tit species either during a previous winter studied or a later winter studied within
the same study area (i.e., in cases when Ni + 1 = 0 or Ni = 0), we added one “unseen
individual” for the data set; otherwise, it is impossible to calculate the A-value. We added
one undetected individual to be able to calculate the A-values, to run statistical analyses, to
prevent division-by-zero errors, and to stabilize the geometric mean calculations over time.
We acknowledge that it introduces some bias into the population growth metrics. However,
we chose this addition to prioritize retaining temporal data (rather than losing entire site
histories). Therefore, the method of calculating A-values is conservative. In total, x + 1 addi-
tion was conducted on 20 cases of the Willow Tit, 17 cases of the Eurasian Blue Tit, and one
case of the Great Tit (total number of surveys was 122). We used the average A-value of each
study area as an independent observation for statistical tests. The Willow Tit was lacking in
five study areas, and therefore, we were unable to calculate population growth rate values
for those study areas. Before any statistical analyses, we checked multicollinearity between
explanatory variables by using the Variance Inflation Factor (VIF), and all variables had
VIF-values < 3, indicating no multicollinearity problems. A one-sample ¢-test was used to
test if population growth rates (A) differed from the zero growth rate (A = 0) and national
growth rate values given by Fraixedas et al. (2015; [43]). We used Friedman’s Two-Way
ANOVA to test differences in the three most common and abundant tit species, Great Tit,
Eurasian Blue Tit, and Willow Tit, between the four winters studied. We used the study site
as a “block” variable in the Related-Samples Friedman’s Two-Way Test. In this analysis, we
excluded two study sites (Ruokolahti and Muhos), which only had data in three winters.
We also used the Related-Samples Friedman’s Two-Way Test to study differences in site-
specific urban factors as well as climatic factors between the winters studied. After we first
checked that the assumptions of the parametric test were fulfilled, the Pearson correlation
analyses were used; otherwise, the Spearman correlation analyses were applied to examine
the relationship between the population growth rate (A) of tits, the latitude, the factors
related to the urbanization level, the climate, and the interspecific competition. Differences
in the environmental variables between the last and first study year were used as a delta
value. We measured the latitudinal extent in kilometers from the most southern study area
(=0 km) to the most northern one (=914 km). We extracted Finnish national growth rate
values of bird species from Fraixedas et al. (2015; [43]). Finally, we studied the association
between tit species and weather variables by using a Partial Correlation analysis and by
controlling latitude because all weather variables were correlated significantly with latitude
(average daily winter months [December—February] temperature: rg = —0.967, p < 0.001;
arrival date of the permanent snow cover: —0.965, rg = —0.965, p < 0.001; amount of snow
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(cm) during the 15 December: rg = 0.947, p < 0.001; n = 31 in all tests). Sequential Bonferroni
correction was applied when conducting multiple table-wide analyses.

Finally, we used the GLMM to analyze the relationship between tit species abundance,
latitude, changes in building cover, and abundance as well as climatic factors. For the
target variable (abundance of species), we used a negative binomial probability distribution
with a log link function. We used a top-down step-by-step model-building strategy. In
these analyses, the target variable was bird abundance, and the site was set as a random
factor. Firstly, we run a model with all main fixed factors (latitude, climatic, and building
variables) and the main two-way interactions of latitude and other fixed factors. In the
second phase, we removed non-significant interaction terms from the model. Thirdly, we
removed all non-significant fixed factor variables from the model. Lastly, we compared
multiple candidate models by using the Akaike corrected information criteria (AIC,) to
select the best model separately for models where winter was used and not used as a
fixed factor. Models with delta AIC. < 2 were considered to have substantial support,
while models with AICc > 2 were not considered as significant as the best model. We
run these models separately by including and not including the winter studied among
fixed factors. All the data analyses were performed using the IBM SPSS statistical package,
version 31.0.2.2.

3. Results
3.1. Within and Between Winter Variability and Detectability of Parid Populations

Based on five repeated surveys during a single winter conducted in three subsamples
of this study, the mean coefficients of variation (CV%) of the abundance of the Great Tit
was 48.77% and of the Eurasian Blue Tit was 71.04% (Table S1A). The mean detectability
index of the Great Tit was 0.78 and of the Eurasian Blue Tit was 0.56 (Table S1A).

Based on six winters of repeated single-visit surveys conducted in six subsamples in
this study, the mean coefficients of variation (CV%) of the abundance of the Great Tit was
62.18%, of the Eurasian Blue Tit was 74.58%, and of the Willow Tit was 204.92% (Table S1B).
The mean detectability index of the Great Tit was 0.61, of the Eurasian Blue Tit was 0.54,
and of the Willow Tit was 0.35 (Table S1B).

3.2. Occupancy and Abundance

We observed a total of five tit species during surveys (Table 2). The Great Tit (observed
during 121 surveys out of a total of 122 surveys; 99.18%) and the Eurasian Blue Tit (106/122;
86.89%) were observed in almost every study plot during every winter studied (Table 2).
The corresponding occupancy frequency of the other species was much lower: for the
Willow Tit, 13.93% (a total of 96 zero observations during 122 surveys); for the Coal Tit,
4.92% (113 zero observations); and for the Crested Tit, 3.28% (118 zero observations). No
Siberian Tits were observed during the survey.

The Great Tit was the most abundant tit species (mean 94.6 individuals per study plot
across four winters studied), followed by the Eurasian Blue Tit (6.88) and the Willow Tit
(1.95) (Table 2). The rest of the analyses were only conducted for the three most common
and abundant tit species.

The abundance of Great Tit differed between the winters studied (Related-Samples
Friedman’s Two-Way Test, x2 = 17.59, df = 3, p < 0.001). In pairwise comparisons, numbers
were greater during the winter 2019/2020 than in others (p < 0.023 in each comparison;
Table 2). Also, the Eurasian Blue Tit abundance differed between the winters studied
(Related-Samples Friedman’s Two-Way Test; x2 = 23.73, df = 3, p < 0.001). The number of
Eurasian Blue Tits was greater during the winters of 1999/2000 and 2019/2020 than the
winter of 1991/1992 (p < 0.023: Table 2). The number of Willow Tits did not differ between
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the winters studied (Related-Samples Friedman’s Two-Way Test; x2 = 6.27, df = 3, p = 0.099),
although the trend of the abundance was negative (Table 2).

Table 2. Mean abundances, standard deviations, minimum and maximum numbers of detected
individuals by species, and the occupancy frequency of tit species during different winters studied
within the study plots surveyed. Number of occupied study plots (O) and number of survey plots (N).

Species Mean SD Min Max (0) N
Great Tit
Winter 1991/1992 21.5 16.2 3 75 31 31
Winter 1999 /2000 22.7 17.6 0 65 30 31
Winter 2009/2010 19.1 15.3 1 48 29 29
Winter 2019/2020 31.3 20.0 7 99 31 31
Eurasian Blue Tit
Winter 1991/1992 2.8 3.1 0 12 22 31
Winter 1999 /2000 6.9 7.1 0 29 28 31
Winter 2009/2010 6.6 8.9 0 32 25 29
Winter 2019/2020 11.2 10.0 1 37 31 31
Willow Tit
Winter 1991/1992 0.9 2.6 0 13 7 31
Winter 1999 /2000 0.4 0.9 0 3 5 31
Winter 2009/2010 0.6 3.2 0 17 2 29
Winter 2019/2020 0.1 0.4 0 2 3 31

The yearly mean abundance of the Eurasian Blue Tit correlated negatively with the
latitude (rg = —0.449, p = 0.012, n = 31), whereas the other correlations between species and
latitude were non-significant.

There was a positive correlation between the mean yearly abundance of the Great
Tit and the Eurasian Blue Tit (rs = 0.588, p < 0.001, n = 31). Other between-tit species
correlations were also positive, but non-significant (at p < 0.05 level) after a sequential
Bonferroni correction.

The mean yearly abundance of the Great Spotted Woodpecker correlated positively
with the mean early abundance of the Eurasian Blue Tit (rg = 0.628, p < 0.001), the Great Tit
(rs = 0.484, p = 0.006), and the Willow Tit (rs = 0.464, p = 0.009; in all cases n = 31).

3.3. Growth Rates Values

The population growth rate (A) values of the Great Tit (Figure 1A) and the Eurasian
Blue Tit (Figure 1B) were positive, whereas the population growth rate (A) values of the
Willow Tit were negative in most study sites. However, the population growth rate (A)
values of the Great Tit were negative in southern Finnish study areas (Figure 1A). In
general, both the growth rate (A) values of the Great Tit and the Eurasian Blue Tit were
positive and greater than zero, indicating their population growth during the study period
(Table 3). Moreover, both species’ growth rate value (A) was greater in our data than in
the Finnish wintering bird monitoring data work (Table 4). The growth rate value (A) of
the Willow Tit also did not differ from zero (Table 3), nor did the general growth rates in
the Finnish wintering bird census data (Table 4). The growth rate value (A) of the Great
Spotted Woodpecker did not differ from zero (Table 3), nor did the general growth rate in
the Finnish wintering bird census data (Table 4).
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Table 3. Test of population growth rate (A) against zero growth rate (A = 0) (one-sample t-test and test
value = 0) in three wintering tit species in Finland. Standardized Cohen’s d is a statistical measure of
effect size. Significant results (p) are bolded.

Species Mean SD 95% ClIs t df Two-Sided Standardized
p Cohen’s d

Great Tit 0.052 0.099 0.015-0.089 2.922 30 0.007 0.099

Eurasian Blue Tit 0.137 0.112 0.096-0.178 6.835 30 <0.001 0.112

Willow Tit —0.055 0.112 —0.131-0.202 —1.64 6 0.137 0.122

Great Spotted 0.015 0.046 —0.008-0.038 1.371 17 0.188 0.046

Woodpecker
Table 4. Differences in population growth rates (A) of tit species between the current data and Finnish
bird monitoring data (one-sample t-test and test values about Finnish bird monitoring were obtained
from Fraixedas et al., 2015; [43]). The growth rate reported by Fraixedas et al. (2015; [43]) is given in
parentheses after the species names. Standardized Cohen’s d is a statistical measure of effect size.
Significant results (p) are bolded.

Species Mean SD 95% Cls t df Two-Sided Standardized

P Cohen’s d

Great Tit (0.0085) 0.052 0.099 0.007-0.080 2.455 30 0.021 0.099

Eurasian Blue Tit (0.0681)  0.137 0.112 0.028-0.110 3.446 30 0.012 0.112

Willow Tit (—0.0200) —0.055 0.112 —0.011-0.040 —1.053 10 0.317 0.112

Great Spotted 0.015 0.046 —0.031-0.014 —0.771 17 0.451 0.046

Woodpecker (0.0231)

(A) Great Tit (B) Eurasian Blue Tit (C) Willow Tit

Lambda values: —0.12-0.26

Lambda values: —0.29-0.09

Lambda values: —0.07-0.38

0 75 150 km
I

Figure 1. Population growth rates (A) of the Great Tit (A), the Eurasian Blue Tit (B), and the Willow
Tit (C) populations in 31 study sites during the winters of 1991-1992 and 2019-2020 in Finland. The
size of the dot indicates the population growth rate (the larger the dot, the greater the change), and
the color of the dot indicates direction (red, positive; blue, negative; and open, zero) of growth rates.
+ indicates that the growth rate value was impossible to calculate due to the absence of species in the
specific area. Maps include material from the administrative borders database by the National Land
Survey of Finland (2025).

https:/ /doi.org/10.3390/birds7030039


https://doi.org/10.3390/birds7030039

Birds 2026, 7, 39 12 of 27

3.4. Factors Impacting Abundances

Based on the best GLMM models, the Great Tit abundance was positively associated
with winter temperature and negatively associated with building cover when the winter
studied was included in the fixed factors (Table 5A1, AIC. = 301.28; Marginal Pseudo
R? = 0.10).The Great Tit was negatively associated with building cover and positively
with winter temperature when the winter studied was not included in the fixed factors
(Table 5B1; AICc = 309.53; Marginal Pseudo R? = 0.10). The Eurasian Blue Tit was nega-
tively associated with latitude and building cover and positively associated with winter
(indicating increases during the study period) when winter was included in fixed factors
(Table 5A2; AICc = 382.68; Marginal Pseudo R? = 0.31). The Eurasian Blue Tit was negatively
associated with building cover and latitude when winter was not included in the fixed
factors (Table 5B2; AICc = 468.05; Marginal Pseudo R2 = 0.20). No models were constructed
for the Willow Tit.

Table 5. Best GLMM models between the abundance of tits species and latitude, climate, as well
as building area cover and numbers, with (A) winter among the fixed factors and (B) winter not
among the fixed factors. Probability distribution: Negative binominal; Link function: Log. n = 122 in
all cases.

(A) Models including winter among fixed factors

(A1) Great Tit

o .
95 % Confidence Interval 95 % Confidence for Exp

(Coefficient)
. . Exp.

Model Term Coefficient S.E. t p Lower Upper (Coefficient) Lower Upper
Intercept 3.626 2.600 1395 0.166 —1.523 8.774 37.547 0.218 6463.575
B‘C‘g\f;?g —0.110 0.0422 —2611  0.010 —0.194 —0.027 0.896 0.824 0.974

Winter 0.046 0.019 2408 0018 0.08 0.084 1.047 1.008 1.088

Temperature
Latitude —1.286 x 108 3.729 x 107 —0.034 0973 —7.514 x 107 7.257 x 107 1.000 1.000 1.000
Negative 0501
binomial

(A2) Eurasian Blue Tit

. .
95 % Confidence Interval 95 % Conﬁd.el?ce for Exp
(Coefficient)
. . Exp.

Model Term Coefficient S.E. t p Lower Upper (Coefficient) Lower Upper

Intercept 11.929 2.375 5.024  <0.001 7.227 16.631 151,575.494 1375.655 16,701,232,416
Winter 0.456 0.077 5918  <0.001 0.303 0.608 1.577 1.354 1.837
B‘Clg\‘j;?g —0.271 0.077 —5.563  <0.001 —0.367 —0.174 0.763 0.693 0840
Latitude —1.549 x 10° 3.345 x 107 —4.632  <0.001 —2212x10° —8.869 x 107 1.000 1.000 1.000

Negative 0.668

binomial
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Table 5. Cont.

(B) Models without winter among fixed factors

(B1) Great Tit

95 % Confidence Interval

95 % Confidence for Exp

(Coefficient)
. . Exp.

Model Term Coefficient S.E. t p Lower Upper (Coefficient) Lower Upper
Intercept 6.344 3.210 1977 0.050 ~0.012 12.701 569.302 0.988 328,109.976
B‘C‘gs;’r‘g ~0.105 0.043 2458  0.015 ~0.190 ~0.020 0.900 0.827 0.980

Winter 0.053 0.020 2658  0.009 0.014 0.093 1.055 1.014 1.097

Temperature

Snow Arrival —0.004 0.003 —1417  0.159 —0.111 0.002 0.996 0.989 1.002
Latitude 3528 x 107 4399 x 107  —0.802 0424 1224 x 10°  5.185 x 107 1.000 1.000 1.000
Negative 0.495
binomial

(B2) Eurasian Blue Tit

o . 95 % Confidence for Exp
95 % Confidence Interval (Coefficient)
. . Exp.

Model Term Coefficient S.E. t p Lower Upper (Coefficient) Lower Upper
Intercept 15.953 3.755 4250  <0.001 8.518 23.388 8,479,412.298 5005385  1,436,461.494
B‘C‘gfe‘?g ~0.229 0.050 4623 <0.001 ~0.327 ~0.131 0.795 0.721 0.877

Winter 0.052 0.027 1.881  0.062 —0.003 0.106 1.053 0.997 1.112

Temperature

Snow 0.006 0.004 1428  0.156 ~0.002 0.014 1.006 0.992 1.014

Amount (cm)

Latitude —1.853 x 10° 5.164 x 107 —3588 <0.001 —2.876 x 10° —8.299 x 107 1.000 1.000 1.000

Smowarrival ;553 109 6190 x 1010 1975 0051 —2449 x 10°  3.368 x 1012 1.000 1.000 1.000
x latitude
Negative 0.841
binomial

3.5. Factors Impacting Growth Rates

There was a positive correlation between the average growth rate (A) of the Great Tit

and the latitude (Table 6; Figure 2A). No other significant correlations were found between

any other background variables and study species growth rate values (Table 6).

Table 6. Correlation coefficients (Pearson’s r) between the average growth rate (A) of species and the
latitude, building area, number of buildings, and number of inhabitants in the study plots (for the
Willow Tit, n = 11, for other species, n = 31). Bolding indicates significant results.

Latitude Building Cover Number of Number of
(ha) buildings inhabitants
Great Tit 0.412 —0.160 —0.156 —0.255
p =0.021 p=0.391 p =0.402 p=0.166
Eurasian Blue Tit 0.101 —0.272 —0.033 —0.293
p =0.588 p=0.139 p =0.860 p=0.110
Willow Tit —0.055 —0.050 —0.041 —0.023
p=0.873 p=0.884 p =0.904 p=0.946
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The average growth rate (A) of the Great

Change of the average growth rate (A)

of the Eurasian Blue Tit

Tit
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Figure 2. The average growth rate (A) of the Great Tit in relation to latitude (A) and the change
in average growth rate (A) of the Eurasian Blue Tit in relation to the change in the built-up area

cover (B). Positive growth rate values indicate population growth, and negative values indicate a

population decrease.

There was a negative correlation between the changes in average growth rate (A) of the

Eurasian Blue Tit and changes (A) in the built-up area cover within the study area between
winters 1991/1992 and 2019/2020, and vice versa (Table 7; Figure 2B), indicating that the
Eurasian Blue Tit population decreased with the increasing number of buildings. No other

significant correlations were found between any other changes in background variables
(delta) or the changes in average growth rate (A) values of the study species (Table 7).
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Table 7. Correlation coefficients between the changes in average growth rate (A) of the tit species and
changes in building area, number of buildings, number of inhabitants, and number of feeding sites in
the study plots. Differences in the environmental variables between the last and the first study year
were used as a delta value. Correlation coefficients are Pearson r in all cases, instead of the changes in
the number of inhabitants and the changes in the number of feeding stations (Spearman rho). n = 31,
except in the case of the Willow Tit, where n = 11. Bolding indicates significant results.

Variable Delta Building Delta Number of Delta Number of Delta Number of
Area (ha) Buildings Inhabitants Feeding Sites
Great Tit —0.363 —0.220 —0.233 0.142
p =0.445 p=0.233 p =0.207 p=0.448
Eurasian Blue Tit —0.373 0.223 —0.339 0.033
p = 0.039 p=0.228 p =0.062 p =0.859
Willow Tit 0.249 0.218 0.257 0.225
p =0.460 p=0.520 p=0.446 p =0.506

Lambda values did not correlate significantly between the Great Tit, the Eurasian Blue
Tit, and the Willow Tit (Pearson’s r, all p-values > 0.05). There was an indicative positive
correlation between lambda values of the Great Tit and the Eurasian Blue Tit (r = 0.318,
p =0.081, n = 31) and between the Eurasian Blue Tit and the Great Spotted Woodpecker
(r=0410,p =0.091, n = 18).

According to the Partial Correlation analyses, the only significant association was
found between the average lambda value of the Great Tit and the average daily winter
months [December-February] temperature (rp, = —0.422, df = 28, p = 0.020, n = 31), indicat-
ing that the Great Tit populations have increased in colder study sites even after controlling
for the latitude.

4. Discussion

We detected five out of six regionally common wintering tit species; only the Great
Tit, the Eurasian Blue Tit, and the Willow were common species. Both the populations of
the Great Tit and the Eurasian Blue Tit increased during the study period. The population
growth of the Great Tit was high, especially in the north. The Eurasian Blue Tit suffered
from the increase in built area cover in the study plots. Changes in the number of feeding
stations and climatic factors seem not to impact the growth rates of any tit species. All
correlations between the abundances of tit species, as well as between the Great Spotted
Woodpecker, were positive, indicating no significant interspecific competition between
species within human settlements.

4.1. Within and Between Winter Variability and Detectability of Parid Populations

Detectability of wintering species (e.g., based on CV %) varies between species, and
the species detectability also varies between habitats [66]. During winter, the CV% of the
two most common and abundant tit species, the Great Tit (49%) and the Eurasian Blue Tit
(71%), was relatively small. These results are similar to the results obtained from 24 visits
conducted during winter in the city of Jyvéskyld, located in central Finland [94]; Great Tit
CV = 61% and the Eurasian Bluet Tit CV = 53%. In addition, a single survey detected about
78% of the maximum number of Great Tit individuals during the five winter visits, and
56% of the maximum number of Eurasian Blue Tit individuals.

Correspondingly, the CV% of the Great Tit (62%) and the Eurasian Blue Tit (75%)
taken during multiple winters were also quite small. These values were a little bit
higher than those detected earlier in the Finnish winter bird monitoring work during
1960/1961-1972 /1973 (Great Tit, 18% and Eurasian Blue Tit, 39%; [95]). The smaller CV%
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values in the Finnish bird monitoring work compared to our study are probably because of
the much larger data set in the Finnish bird monitoring work than in our study. We assume
that the detectability of tits is high during winter at northern latitudes, partly because
deciduous trees have no leaves and many birds, e.g., tits, concentrate on feeding sites from
where they are easy to detect.

4.2. Wintering Tit Species Composition in Urban Settlements

According to our results, the Great Tit and Eurasian Blue Tit were abundant wintering
tit species in human settlements in Finland. These results agree well with the results of
the Finnish winter bird monitoring work [20], which also observed much greater winter
abundances of the Great Tit and the Eurasian Blue Tit in cities and villages than in forests.
The Willow Tit was the third most abundant wintering tit species in our data, and it is
also the third most abundant according to the Finnish winter bird monitoring work [20].
However, both our study and the study of Lehikoinen and Viisanen (2014; [20]) indicate
that the abundance of the Willow Tit is much lower than the abundance of the Eurasian Blue
Tit and, especially, the Great Tit. One reason for this is that the Willow Tit is a coniferous
forest species, whose winter abundance is much lower in urban settlements compared to
rural settings and forest habitats [20].

We did not detect any Siberian Tits in our surveys, and the other two coniferous
forest specialist tit species, the Crested Tit and the Coal Tit, were also rare in our surveys.
The absence of the Siberian Tit was not a surprise because this species prefers continuous
virgin forests with large old trees [96,97], which are lacking in urban environments. The
Siberian Tit does not use feeding sites located in cities, even if the species uses feeding sites
established in forest areas in northern Finland [31]. According to Vaisdnen (2024; [31]),
both the commonness and abundance of the Siberian Tit have decreased in feeding sites
from 1991 to 2023, as well as in feeding sites located in forest habitats.

According to the Finnish winter bird monitoring work, the Crested Tit also prefers
forest habitats over other habitats [20,31]. During recent years, the Crested Tit has also been
attracted by feeding sites in rural settlements [20,31]. The species is also currently more
common in feeding sites established in forest habitats [31].

According to Finnish winter bird census monitoring work, the Coal Tit is also al-
most equally abundant in urban, rural, and forest habitats [20]. In general, the species
has increased in all main habitat types during the years 1987-2014 [20]. The Coal Tit is
more abundant in feeding sites established in forested rural areas than in urban or open
rural areas [31]. Both the commonness and abundance of the Coal Tit have increased in
feeding sites located in southern and central Finland, but not in northern Finland, during
1991-2023 [31]. Our results differ partly from the results of Finnish bird monitoring work.
We rarely detected Coal Tits in our surveys because our censuses were only conducted in
the most urbanized area of each study area, which lacks continuous coniferous forest cover.
The same factor may explain why we rarely detected the Crested Tit and never detected
any northernly distributed Siberian Tits in our northern study sites.

The Crested Tit and the Coal Tit are still very rare breeding bird species in Finnish
cities, although they can sometimes breed in periurban areas with spruce forests (per-
sonal knowledge; [98]); despite that, these species are breeding in parks and gardens in
central and southern Europe [78,99]. However, we assume that these species will also
be more common in urban Finnish settlements soon because both species are able to use
feeding sites [31], and multiple studies have indicated that the feeding of birds helps their
urbanization process [23,100,101].

We detected that the number of the Eurasian Blue Tit and the Great Tit has increased
over the last few decades. The Eurasian Blue Tit and the Great Tit are, nowadays, also
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more common and abundant in the Finnish winter-feeding sites, and the distribution area
of the Eurasian Blue Tit has expanded heavily northwards [65]. The species colonized
feeding sites, especially in northern Finland, during 2010 [21]. It might be possible that
winter feeding can also maintain the Great Tit and Eurasian Blue Tit wintering population
in northern study sites.

Our results give at least partial support for the Finnish bird monitoring work, which
have indicated that the breeding distribution area of the Eurasian Blue Tit (+120%), the
Coal Tit (+50%), and the Crested Tit (10%) has increased, whereas the distribution range
of the Siberian Tit has decreased (—10%) and the distribution range of the Great Tit and
the Willow Tit has been stable in Finland between the early 1980s and the early 2020s [76].
Correspondingly, the mid-winter population trends of the study species have also changed
in Finland; the Eurasian Blue Tit (+700%), the Great Tit (+70%) and the Coal Tit (+20%)
have increased, whereas the Crested Tit (—50%), the Siberian Tit (—50%) and the Willow Tit
(—80%) have decreased from 1981 to 1985 to 2020-2024 in Finland [76].

4.3. Changes in Abundances and Growth Rates of Tits

Our data indicated that the abundance and population growth rate of the Great Tit
and the Eurasian Blue Tit have increased in Finland from 1991 to 2020. These results
agree well with results of the long-term bird monitoring work conducted in Sweden [102],
Poland [103], and the UK (in the case of the Great Tit; [104]), as well as the trends observed
in Europe [105]. Our results agree with the results of the volunteer-based Finnish winter
bird monitoring work [20,30,43,62,65], highlighting the usefulness of citizen science data
in bird monitoring. The average growth rate (A) of both species has also increased during
the winters studied. Moreover, our data indicated a greater rate of increase of the Great
Tit and Eurasian Blue Tit than the Finnish bird monitoring work [43]. One reason for
this difference is that the data of the Finnish winter bird census work covers all kinds of
habitats, whereas our data are restricted to only the central parts of cities and villages.
Interestingly, the growth rate of the Great Tit population has slightly decreased in the
southern study sites and increased in the northern study sites. We assume that this is due
to a lack of snow cover in southern study sites during the last survey winters; there was
no need for forest-living Great Tits to come into cities to search for food. Also, according
to the Finnish winter-feeding site monitoring work, the abundance of the Great Tit has
increased, especially in northern Finland [21], and according to the Finnish breeding land
bird monitoring, the Great Tit population has increased more in northern than in southern
Finland [106].

However, a negative population trend and growth rate, although not significant, was
observed in the case of the Willow Tit. These results agree with the results of the Finnish win-
ter bird monitoring [21,65] and the Finnish breeding land bird monitoring work [106,107],
as well as reports from elsewhere, for example, in the UK [104] and Sweden [102]. However,
according to breeding season data, there have been regional differences in the population
changes of the Willow Tit in Finland from 1975 to 2017; the northern Willow Tit population
was stable from 1975 to 2017 [106].

We did not find any significant range changes in the other tit species during the
winters of 1991/1992-2019/2020 in Finland. These results are consistent with the results
of Finnish and European breeding bird atlas monitoring work. According to the Finnish
breeding bird atlas monitoring work (1974-1979 vs. 2006-2010), the distribution range
of the Eurasian Blue Tit has moved towards the north during the study period, whereas
the distribution range of the Great Tit has not changed [79]. According to the Finnish
winter-feeding site monitoring work 1991-2020, the Eurasian Blue Tit has become more
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common and abundant; the Great Tit abundance has increased in northern Finland, but not
in southern Finland [21].

4.4. Causes of Population Changes in Tits
4.4.1. Urbanization

In accordance with the results of the winter season study in the city of Lahti (southern
Finland; [108]), our results indicated that the abundance of the Eurasian Blue Tit decreased
with increasing cover of buildings within the study site, which indicates that highly ur-
banized sites are not favorable wintering areas for the Eurasian Blue Tit [23]. In Lahti, the
cutoff building cover was about 60% [108].

The two common and abundant tit species, the Great Tit and the Eurasian Blue Tit, pre-
fer deciduous forests and trees [76]. However, for the coniferous preferring tit species, the
Crested Tit, the Willow Tit, and the Siberian Tit, changes in forest structure due to forestry
are more crucial factors than climate change or changes in the urbanization level [65].
We assume that deciduous-preferring tit species will do better than coniferous forest tit
species in urban areas, probably because deciduous trees are favored over conifers in urban
landscaping [109,110]. Deciduous trees are preferred in urban management because they
withstand urban-associated air pollution better than conifers [111]. Urban parks obviously
lack the habitat structure (i.e., coniferous tree cover; [24]) required by conifer bird specialists,
making their urban avoidance unsurprising. However, the importance of deciduous and
evergreen plants for birds may differ between seasons. For example, Zhao et al. (2024; [112])
have indicated that deciduous plants were used more often for roosting in the summer,
whereas evergreen plants were preferred in winter in China.

4.4.2. Climate Warming

We observed that the number of Eurasian Blue Tits was greater at the end of the
study period (2019/2020) than during the earliest two winters studied (1991/1992 and
1999/2000), supporting, at least partly, the climate warming hypothesis. During our study
period (1991-2020), the winter temperature has increased by 1-2 °C in Finland [21]. The
warmer climate means less snow cover, and this will be advantageous for the small species,
like the Eurasian Blue Tit [21].

The GLMM indicated that the Great Tit abundance was positively associated with
winter temperature, while the Partial Correlation (controlling for latitude) shows that the
Great Tit growth rate (A) was negatively associated with temperature (i.e., increased more
in colder sites). These results are not necessarily contradictory (abundance vs. growth rate;
different metrics). The GLMM includes “winter” as a factor, while the Partial Correlation
analysis is controlled for latitude—these are two different analytical approaches that could
yield different insights. The result obtained in the Partial Correlation might be partly
related to climate warming. The new 1991-2020 normal winter season climatic period
has been approximately 1.3 °C warmer compared to the 1961-1990 period [113]. The
warmer climate means thinner snow cover and a shorter snow cover season. Especially
in southern and western Finland, the number of snow cover days and snow depth have
decreased, and the decrease will increase in the future [58,93]. There has already been a
winter without snow or where the snow cover period has been noticeably short in southern
and western Finland [58]. We assume that there is no need for tits to move into human
settlements during warmer and snowless conditions because they can easily find food
in forests and rural habitats. However, during harsh winter conditions, birds will move
to human settlements from their natural surroundings [31,89], and the abundance of tits
can be higher therein. Both the Great Tit and Eurasian Blue Tit benefit from a warmer
microclimate in urban environments because their winter temperature index is higher
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(—5.02 and —3.10) than coniferous forest species, such as the Coal tit (—5.30), Crested Tit
(—5.87), Willow Tit (—7.45), and Siberian Tit (—13.67) [114]. Hietakangas (1976; [89]) has
observed that Eurasian Blue Tits and Great Tits move from forests to human settlements,
especially during the severe winters. He did not detect a corresponding response for
the Crested Tit, Coal Tit, and Willow Tit. Also, it is possible that climate warming might
increase the breeding success of the Great Tit and the Eurasian Blue Tit, which can thereafter
be seen in increased numbers in wintering individuals.

4.4.3. Food Availability

One probable reason influencing the abundance and trends of tits is the changes in
food availability due to winter feeding. Vaisanen (2008; 2021; [21,29]) indicated that the
most important reason for winter population growth of the many Finnish bird species has
been the increase in winter feeding and diversified food offered for the birds. For example,
Viisdnen (2008; [29]) demonstrated how the number of Great Tits and Eurasian Blue Tits
has increased with the import of sunflower seeds to Finland. However, the recent narrow
decline of the Great Tit populations in southern and/or large city centers in our study may
potentially be related to the decrease in winter-feeding activities, as our data indicates
will happen between winter 1991/92 and 2019/2020. It is possible that people living in
southern Finland do not feed birds so abundantly when the winters become milder and
there is no snow cover. The possible interactions of climate warming and food availability
might complicate the usefulness of wintering bird species as indicators of climate change
(see, e.g., [29]).

Four of the observed tit species regularly hoarded food items during the autumn
to be used during winter (Willow Tit, Crested Tit, Coal Tit, and Siberian Tit) [115-117].
Therefore, these species are not so dependent on human-offered food during winter as the
non-hoarding Great Tit and the Eurasian Blue Tit [82,115-117]. All those food-hoarding
tit species prefer foraging in coniferous trees such as pine (Pinus sylvetris) and spruce
(Picea abies) [77,82], whereas both the Great Tit and the Eurasian Blue Tit prefer deciduous
forests [77]. This may partly explain why both the Great Tit and the Eurasian Blue Tit
commonly occur in urban environments, which have a higher number of winter-feeding
tables [23].

It has been suggested that, in addition to the winter-feeding, there is also an increase
in the reed beds, partly due to climate warming, especially in southern Finland, which
has benefited the Eurasian Blue Tit, which commonly uses these areas as winter-feeding
sites [20].

Despite the fact that the number of feeding sites has decreased in our study sites, as
well as in Finland in general [40], we did not find any significant associations between
changes in Tit populations and changes in the number of feeding sites within the study
sites. We assume that due to an oversupply of food resources provided for the birds, either
deliberately (via feeding sites) or incidentally in settlements, we did not find any correlation
between the number of feeding sites and tits.

4.4.4. Interspecific Competition and Predation

Our results indicated that coniferous forest tit species were rare or even absent (the
Siberian Tit) in our data. Interspecific competition may explain why coniferous forest
specialist tit species seldom occur in the urban environment [82]. Competition theory
predicts that there will be interspecific competition between species if there is some limiting
factor, e.g., food availability. The high social dominance of the Great Tit can reduce the
smaller tit species’ use of the winter-feeding tables. However, in our study, all between-
species associations were positive, suggesting that either interspecific competition does
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not occur or that the positive associations observed can reflect shared habitat preferences
or resource availability rather than the absence of competition. However, positive abun-
dance of correlations does not necessarily exclude competitive interactions, as species may
simultaneously respond to shared habitat characteristics or food availability. Despite the
fact that there is surely interspecific competition between tit species in forest areas due to
food depletion during winter [118,119], we assume that due to good and predictable food
availability in human settlements due to intensive winter feeding in Finland [49], tits do not
need to compete for food, and therefore we did not detect negative associations between
tits, although some interference competition may still exist. While we found no negative
correlations at the plot scale, this does not preclude fine-scale competition or interference at
individual feeding sites. Dominance hierarchies at feeders may still influence individual
foraging success, particularly during harsh winters, but such effects were not detectable at
the spatial and temporal resolution of our study. Experimental works are needed to study
possible interspecific competition among tit species within urban settlements.

Earlier studies conducted in boreal forest landscapes have indicated that predators,
especially the Eurasian Pygmy Owl, are a significant factor influencing the winter mor-
tality of tits, especially during low-vole abundance years [120]. However, we observed
very few predators in our surveys, partly because only very few predator species of tits
are present over winter in Finland. Based on the Finnish winter bird monitoring work,
predator numbers are extremely low (e.g., Eurasian Sparrowhawlk, 0.09; individuals/km of
transect route in 50 km x 50 km grids during 2010-2020 in Finland; Eurasian Pygmy Owl,
0.03 individuals/km of transect route [65]). There are also between-habitat differences in
predator abundance. According to Finnish winter bird monitoring, their work has indicated
that the abundance of Eurasian Sparrowhawks (0.29 individuals/10 km route in urban
settlements, 0.22 in rural settlements, and 0.05 in forests) and the Eurasian Pygmy Owls
(0.02 individuals/10 km in urban settlements, 0.08 in rural settlements, and 0.04 in forest
areas) [20] is low. Because the number of avian predators is low in Finland, we suggest that
the role of predators for wintering tit species and their populations is not very influential.

According to the Finnish winter-feeding site monitoring work, the number of Eurasian
Sparrow Hawks visiting feeding sites has decreased in southern Finland but increased in
northern Finland during 1991-2020 [21]. It might be possible that the increased numbers
of Great Tits and Eurasian Blue Tits have attracted more Sparrow Hawks to visit winter-
feeding sites. In addition, our results indicate that there was a positive association (i.e., no
interspecific competition occurred) between the Great Spotted Woodpecker and the Great
Tit, Eurasian Blue Tit, and Willow Tit. We assume that this observation indicates that all
these species gather in the same kinds of habitat or feeding sites during the winter season.

4.4.5. Other Possible Factors

The breeding success of a species can also influence the abundance of wintering tit
species. The mean clutch size of the urban tit species, the Eurasian Blue Tit (10.3) and the
Great Tit (9.4), is larger than the mean clutch sizes of the more forest-preferring tit species,
Crested Tit (5.3), Siberian Tit (7.4), Willow Tit (7.8), and Coal Tit (8.7) in Finland [121]. In
addition, the Coal Tit, and especially the Eurasian Blue Tit and the Great Tit, often have to
lay two nests per season [76]. We found that populations of the Great Tit and the Eurasian
Blue Tit have increased, whereas the population of the Willow Tit has decreased (although
the result was non-significant) during our study period. We assume that the low breeding
effort of the Willow Tit may also influence the population trend observed during the winter.
The habitat loss caused by clear-cutting and the decrease in habitat quality caused by forest
thinning have been suggested to be one of the major reasons for the decline of the Willow
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Tit population in Finland; the forest management actions were estimated to explain about
65% of the Willow Tit breeding density decrease [122].

It might be possible that increased numbers of nestboxes have benefited secondary
hole nesters (Great Tit and the Eurasian Blue Tit) over primary hole nesters (Crested Tit,
Coal Tit, Willow Tit, and Siberian Tit). Some studies have suggested that feeding the birds
has increased the abundance of the Great Spotted Woodpecker, which might consequently
lead to the decreased breeding success of some tit species [70].

4.4.6. Study Limitations

Our study was based on a single-visit survey method because we were more interested
in large-scale population changes than local differences in populations during winter.
Therefore, we decided to collect data across large latitudinal gradients. It should be noted
that the short daylight period (about 4 h) prevented us from conducting multiple visits to
a single study site per winter without losing spatial replicates. However, earlier winter
bird studies conducted at northern latitudes have indicated that the efficiency and accuracy
of a single-visit survey are high [19,66,92]. However, the lack of explicit modeling of
the detection probability should be acknowledged as a limitation, as it may influence
abundance estimates. Also, differences in detectability could contribute to some of the
observed variation in abundance estimates and population growth rates. The MAXInd
index used in this study does not correspond to the “true” number of individuals, and the
MAXInd is obviously an underestimate of the true abundance. The analysis during winter
was based on only three sub-sample sites, and the between-winter analysis used six sites;
therefore, one should be cautious about generalizing detectability estimates to all 31 study
sites from such a small subsample.

There are other urban-related factors, which we did not analyze, that can influence
wintering tit species. For example, we did not study the possible impacts of urban noise
and artificial light on the overwintering tits. Ciach and Frohlich (2017; [68]) have indicated
that noise (e.g., [123]) and light pollution, apart from purely habitat factors, provide a
good explanation for the species richness, density, and stability of bird assemblages in
urban areas. Our feeding site data only comes from the first and last winters surveyed;
therefore, the conclusion that feeding sites were not associated with population trends
should be considered cautiously. Also, feeding-site abundance may not equate to food
quantity, and especially quality, even if we counted only active feeding sites with food
available. Our predator observation data were limited; therefore, the result about the minor
role of predators on tit populations should be considered cautiously.

The study design (four discrete survey winters over ~30 years) does not fully support
the interpretation of “long-term population trends”. Therefore, our study design represents
repeated cross-sectional sampling rather than continuous long-term monitoring. As such,
temporal variability between years is not fully captured, and inferred population trends
may be sensitive to interannual variation.

Adding one “unseen individual” when species are absent in a time step may introduce
some bias in growth rate analyses (A). Because such an addition was done only once in
the case of the Great Tit, we suppose that this addition has no effect on the growth rate
estimates of the Great Tit. We acknowledged that the addition of one unseen individual
for the rare Willow Tit data might have influenced the results. However, our results are
in accordance with the decreasing growth rate of the wintering Willow Tits detected in
Finnish long-term winter bird monitoring work [43]. The possible impact of adding one
unseen individual is more difficult to evaluate in the case of the Eurasian Blue Tit. During
the start of our study period (early 1990s), the breeding distribution area of Eurasian Blue
Tit only covered about half of our study area (i.e., southern and central Finland), whereas
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the species expanded its breeding range heavily northwards during 20062010, reaching
even our northernmost study sites [79]. However, our results agree very well with the
observed increase in the abundance and growth rate of the Eurasian Blue Tit detected in
Finnish long-term winter bird monitoring work [20,21,43,65]. Therefore, we assume that
despite the methodological correction, our growth rate estimate of the Eurasian Blue Tit
gives a reliable picture of the increase in the Eurasian Blue Tit in Finland.

Finally, because our study is a descriptive (correlative) one, as are most long-term
monitoring surveys, our results should be considered as indicative rather than causative.
Lastly, our study was a descriptive one, and more experimental studies about factors
affecting both winter mortality and breeding reproductivity are urgently needed from
urban environments.

5. Conclusions

Wintering tit species composition in human settlements in Finland is less diverse
than in coniferous forests in Finland, partly due to the fact that not all tit species, like
the Siberian Tit, have urbanized in Finland. Coniferous tit species seldom occurred in
human settlements, due to a lack of conifers in urban areas. Saving and planting coniferous
trees in cities will increase the wintering possibilities of coniferous forest specialist tit
species. The two common and abundant overwintering tit species, Great Tit and Eurasian
Blue Tit, regularly spend winter in an urban environment due to the high number of
winter-feeding tables with high-quality food resources. However, according to our results,
food-related factors did not correlate with the changes in numbers and growth rates of the
tits. Obviously, good-quality and predictable food availability in cities will mask the factors
operating in the more natural areas. Based on our results, milder climates especially benefit
the Great Tits. We suggest that climate warming especially benefits Great Tits living in
the north, where wintering conditions are harsh. Population trends observed in our study
correspond quite well with the results obtained in citizen science-based Finnish winter
bird monitoring work, highlighting the usefulness and reliability of the data collected by
citizens. We warmly recommend conducting more long-term tit research both during the
winter and breeding seasons to understand the factors influencing population trends of tit
species in more detail, and, thereafter, be able to manage urban tit populations if needed.
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