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Factors affecting fledglings survival 
in urban population of European 
blackbirds in Szczecin (NW Poland)
Dariusz Wysocki 1*, Marta Witkowska 2 & Szymon Walczakiewicz 1

The first-year survival alters population growth rates and viability in birds, however this period 
remains the least-studied of the avian life stages. Here we present results of the 19 years of study 
of fledglings apparent survival of urban population of European blackbird Turdus merula in Szczecin 
(NW Poland). We checked for possible influence on survival of several factors, including parental 
traits, such as parental age, their previous breeding experience, natal brood size, presence of another 
brood in a given breeding season and the time gap between clutches of a particular pair. Moreover, 
we incorporate into our analysis fledging’s hierarchy in the brood, its fledging time in the breeding 
season, temperature and precipitation during the first months of life. We also investigated changes in 
the apparent survival over 19 years. We found that the individual’s hierarchy in the nest, and the day of 
fledging had the strongest influence on the apparent survival, with heavier birds fledged earlier in the 
season surviving better. Increase in parental age and previous breeding experience of the pair could 
result in enhanced survival. Surprisingly increased precipitation lowered fledglings’ survival. During 
the 19 years of the study fledglings’ apparent survival dropped about 10%.

Population growth rates and viability in birds are usually sensitive to first-year  survival1–3, but because of the 
difficulty in tracking fledglings of most bird species, this period remains the least-studied of the avian life stages. 
Juvenile survival is also often found to be more sensitive than adult survival to fluctuations in environmental 
conditions, including weather, habitat structure and population density, so the post-fledging period is believed 
to represent a time of intense selective  pressure4,5. The majority of post-fledging mortality in passerines occurs 
during the first 3 weeks after  fledging3, when they are parent-dependent and have to develop foraging and 
predator-avoidance  skills6. Because poor locomotor efficiency can affect the ability to escape from predators, 
some species of songbirds like the Lark Bunting Calamospiza melanocorys7 lose as many as 70% of their young, 
with mortality being particularly high in the first few days after  fledging8. External factors like parental quality, 
habitat quality and environment can also be important predictors of annual apparent survival and recruitment, 
and each of these can be manifested differently across the  years9,10 Parents can reduce the impact of environmen-
tal variability on progeny survival by extending the brooding period when temperatures are low or increasing 
their food-seeking efforts, but their buffering abilities are  restricted11. Evidence of delayed parental effects on 
offspring survival until independence in wild populations remains limited to date, as high-quality longitudinal 
datasets with known individuals are  rare11,12. During the last 50 years, global temperatures have risen by about 
1 °C13. Higher temperatures and changes in precipitation patterns have resulted in changes in the conditions 
that animals experience on their breeding  grounds14,15. In the case of songbirds, temperature and precipitation 
are closely related to the availability of invertebrate  prey16 , but on the other hand, earlier breeding increases the 
possibility of failure following sudden weather changes in early  spring17 as well as possible mismatches between 
food availability and the need to raise offspring  successfully18 . Hence, it is extremely important to know how 
these changes and parental skills impact the fledglings’ survival.

Here we present the results of a 19-year (2002–2020) study of an urban population of the European Blackbird 
Turdus merula conducted in Szczecin (NW Poland). The European Blackbird (henceforth: Blackbird) is a model 
species with a well-known  biology19,20, but fledgling survival has only been studied once, by  Magrath21, who used 
fewer potential survival predictors compared to our study. Compared to other urban populations studied in 
Europe, productivity in the target population is  low22 , with breeding success, as well as some other life-history 
traits, impacted by the Blackbirds’  age23–28. Our earlier  studies29,30 indicated that a Blackbird’s reproductive 
performance peaks at 5–6 years old and then declines as senescence sets in, which potentially could impact 
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the fledglings’ survival. In this study, we were able to test whether the same pattern was observed in the case of 
fledgling survival until independence. The main aim of this work was to gain insight into the influence of multiple 
natal factors (affecting the early phase of life) on the survival of fledglings until independence.

Materials and methods
Data collection
The data for this study were gathered during research on the ecology of an urban population of Blackbirds from 
2002 up to and including 2020 in the Stefan Żeromski Park, Szczecin, NW Poland (53°260′ N, 14°330′ E). Situ-
ated in the city centre, this park (area 21.9 ha) is surrounded by streets and buildings. During the study period, 
no parts of the park or its neighbourhood were resurfaced with concrete or asphalt. Occasionally, fallen trees 
and some shrubs were replaced with new ones. The Blackbird is considered to be a socially monogamous species 
with biparental care. In the studied population, the social mating system ranges from monogamy to  polygyny31. 
Breeding pairs have up to three successful broods (exceptionally four). Hatching is highly  asynchronous32, 
nestlings stay in the nest for 14  days20, and for another 2-3 weeks as fledglings they are dependent on parental 
 feeding33. The density of the population ranged from 1.9 to 2.2 pairs/ha (average 1.9 ± 0.4). The average number 
of pairs was 51 ± 11.9 (range 34–70), the average number of broods per pair was 2.1 ± 0.4 (range 1.4–2.7), and 
the breeding success of 2221 broods was 26.1 ± 8.5% (range 3–39%). During the breeding season, an average pair 
had 1.7 ± 0.6 fledglings (range 0.2–3.1). Over 90% of the breeding population (captured by mist net, or ringed 
in the nest as a nestling) were marked with a metal ring and additionally, with combinations of four colour rings 
enabling individual identification without the need for re-capture34. Nestlings were ringed between the 5th and 
9th day of life. The trapping, ringing and marking of the birds were supervised by Dariusz Wysocki (ringing 
licence No. 390/2018 from the Polish Academy of Sciences). During the breeding season (March–August), 1–3 
persons using binoculars surveyed the study area (21.9 ha) for 4–8 h every day to locate the pairs’ territories, track 
their nests, and to confirm the survival of the fledglings by resighting colour-ring combinations on individuals 
present in the study site.

As the independent fledglings hardly ever dispersed from the park during the first 45 days of their life (the 
youngest fledgling outside the park was observed at the age of 62 days), we believe that the impact of dispersal 
on our results is negligible.

Previous studies on this urban population of Blackbirds showed that weather parameters such as precipita-
tion and temperature measured in the 30 days prior to the clutch initiation day influenced the beginning of 
the breeding  season29. Therefore, we decided to use the same 30-day period to describe the weather conditions 
that might influence fledgling survival. The temperature and precipitation data during the first 30 days of life 
of a particular fledgling were obtained from the weather station in Szczecin (53°23’43’’ N 14°37’22’’ E) [Source: 
Institute of Meteorology and Water Management-National Research Institute (IMGW-PIB)]35.

Data analysis
The analysis was done for fledglings at least 14 days old. All nestlings that left the nest before this age, a frequent 
occurrence following a predator attack on the nest, were excluded from the analysis. We established an encounter 
history for each bird, with an individual’s absence in a given week coded as 0, and encountering an individual 
in a particular week coded as  136. All individual encounter histories started with 1, indicating the presence of 
the bird in the nest, in its last week before fledging, and later accounted for 7 more resighting occasions. The 
interval between resighting occasions was 1 week, so that our encounter histories represented 7 weeks of the 
bird’s life. We included only one resighting of an individual per week, ignoring multiple resightings during one 
week if they occurred. For each encounter history we established eleven independent variables characterizing 
a given individual; these we grouped into three categories of traits: (1) fledgling traits—hierarchy in the brood, 
hatching time in the breeding season, the presence of another brood in a given breeding season, the time interval 
between a particular pair’s clutches, natal clutch/brood size, (2) parental traits—parental age, pair-bond duration 
of the parents (pair-bond, i.e. pairs staying together in the previous breeding season were assumed to be trained, 
whereas pairs that first bonded in a given year were treated as non-trained),and (3) environmental traits—weather 
conditions (precipitation and temperature) during the first months of life.

Variables were included together in the same model based on their biological significance in all possible com-
binations. However, before developing our models, we checked for the collinearity of individual variables with 
each other and excluded variables with statistically significant Pearson correlation coefficients > 0.25 or < -0.25 
together in the same model (Fig. 1S). Instead of disregarding the correlated variables entirely, they were incorpo-
rated into separate models, allowing for exploration of their individual effects. All the independent variables are 
described in detail in Table 1. Although some of the variables, such as ambient temperature or precipitation, could 
change within the course of the studied 7 weeks, we did not use them as time-varying individual covariates. In 
total, we were able to obtain 996 individual encounter histories with a full set of independent variables (Table 1S), 
based on which we estimated apparent survival (φ) and resighting probability (p) using Cormack–Jolly–Seber 
(CJS) models for live-encounter data. The apparent survival (φ) reflects the chance of a particular individual to 
survive between established, consecutive instants (e.g. in this study between  weeki and  weeki+1), but does not 
distinguish between real mortality and permanent emigration. The resighting probability (p) reflects the prob-
ability that a given individual that is present in the study site at a given instant will be detected. All calculations 
were made using the MARK program with the RMark package in R as its  interface36,37.

We set up our starting model to include the time-dependent apparent survival and the time-dependent prob-
ability of a re-encounter (φ (t) p (t)) and later developed more complex candidate models incorporating a different 
set of independent variables in order to establish their influence on the fledglings’ apparent survival with both 
additive and interactive effects. We always assumed a time-dependent probability of re-encounter (p), as the 
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preliminary analysis showed a better fit to the data with such an approach. We used the basic, starting model as 
our global model, to test for possible overdispersion. For that purpose, we ran the parametric bootstrap goodness 
of fit test available in MARK, with 1000 run simulations to assess the global model’s fit to the data, calculating 
the variance inflation factor ĉ as observed ĉ divided by the mean ĉ from simulations. With this approach, we 
achieved ĉ = 1.26, indicating a slight overdispersion of the global model. However, as values of ĉ < 3 are indicators 
of overdispersion at an acceptable level, we assumed our global model to be a good starting  point36. Nonetheless, 
we corrected for the obtained ĉ using the quasi-Akaike Information Criterion  (QAICc) and Akaike weights  (wi) 
of each model to rank our set of models, considering the model with the lowest  QAICc and highest  wi to be the 
most  informative38. We accounted for possible model selection uncertainty by employing full-model averaging 
of all models with  wi > 0.001 to estimate apparent survival and re-encounter probabilities together with uncondi-
tional standard errors and 95% confidence intervals. Lastly, for the same reason of model selection uncertainty, 
we derived the relative variable importance (RVI) based on Akaike weights of candidate models with  wi > 0.001 
in order to assess the magnitude of the effect of individual covariates on averaged model estimates.

Results
The three top-ranked candidate models achieved ΔQAICc < 2, indicating their similar parsimony. Moreover, the 
Akaike weights did not clearly support just one model: this revealed considerable model selection uncertainty, 
justifying the approach that derives modelled estimates from full-model averaging (Table 2). Of all the proposed 
individual covariates included within the model, the ones having the strongest influence on apparent survival, 
with the same relative variable importance score (RVI = 0.99), were the fledgling’s position in the nest hierarchy, 
and this covariate’s interaction with time, as well as the consecutive day of the breeding season when fledging 
took place. Parental age, with the female’s age being relatively more important than the male’s age (RVI = 0.43 
and RVI = 0.23 respectively), was of moderate importance, and the breeding experience of the pair yielded low 
values of this parameter (RVI = 0.09). Two environmental variables were similar in terms of variable importance: 
precipitation (RVI = 0.24) and year (RVI = 0.29). We found that the effect of brood size, the occurrence of a 
next brood, the time gap between broods, and temperature, which were not included in the set of models with 
 wi > 0.001, suggesting their negligible impact on an individual’s apparent survival.

Both hierarchy and its interaction with time had a large impact on apparent survival, with fledglings higher 
in the nest hierarchy having greater chances of survival (Fig. 1A). Averaging the model showed that appar-
ent survival changed over the weeks of the study, the lowest values of apparent survival being recorded in the 
period between leaving the nest and the completion of the first week of life as a fledgling. After the first week, 
the chances of survival increased rapidly but subsequently decreased moderately in time. When accounting for 
the effect of hierarchy, the most pronounced difference in apparent survival changes with time was evident in 
the first period of the fledglings’ life outside the nest, when the apparent of survival low-hierarchy birds was 
lower (mean φ = 0.19) than in birds with medium and high positions in the hierarchy (mean φ = 0.67 and mean 
φ = 0.75 respectively) (Fig. 1B). After that period, changes in apparent survival with time took a similar course 
in all three hierarchy groups, with the 95% confidence interval of apparent survival in a given week increasing 
markedly. The apparent survival of fledglings decreased in time expressed as the day of fledging (Fig. 2A) and 
the year of the breeding season (Fig. 2B). This parameter decreased with increasing precipitation (Fig. 2C). The 
chances of a fledgling’s survival increased with the age of both parents (Fig. 3A), as well as the pair’s breeding 
experience in previous breeding seasons (Fig. 3B).

Table 1.  List of independent variables used in Cormack–Jolly–Seber models for the apparent survival of 
fledglings in an urban population of the common blackbird breeding in NW Poland.

Group Variable code Description Type

Fledgling’s traits Hie Hierarchy of an individual in the nest, established on the basis of 
weight in the nest

Categorical variable (3 categories: low, medium, high)
High—the heaviest chicks in the nest, where the difference in weight 
between individuals is < 10%; medium—chicks where the weight dif-
ference between the lightest chicks in the highest hierarchy category 
is > 10%, low—chicks where the weight difference between the light-
est chicks in the medium category is > 10%

Parental traits

brd.exp Previous breeding experience of partners in a given pair Binary variable (0—the first breeding season in the pair; 1—paired 
in at least one previous breeding season)

f.age Age as the calendar year of a female’s (mother’s) life Numerical variable

m.age Age as the calendar year of a male’s (father’s) life Numerical variable

nxt.brd Occurrence of a next brood of the pair in the breeding season Binary variable (0—no next brood; 1—pair with an additional brood 
in the breeding season)

t.gap Number of days between the broods of a particular pair in one 
breeding season Numerical variable

brd.size Number of chicks in a given brood Numerical variable

Environmental traits

Day Day of the breeding season when the nestling fledged Numerical variable (1 = 1st of May)

Year Year of the breeding season Numerical variable

Tmp Ambient temperature established as the mean temperature during 
the 30 days prior to the fledging date Numerical variable

Prc Mean precipitation as the mean amount of rain during the 30 days 
before the fledging date Numerical variable
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Discussion
Our study confirms that hierarchy in the brood and time of fledging are the most important factors governing 
the survival of fledglings until independence. Natal body mass is a key predictor of viability and fitness in many 
animals  (see39 for review). Moreover, in the first study of the factors affecting Blackbird nestling and fledgling 
survival,  Magrath21 stated that nestling weight was the most important factor. Because in our study the brood 
hierarchy was determined on the basis of nestling weight, our results confirm those of Magrath. Our results sug-
gest that the lightest, low-hierarchy fledglings have the least probability of survival compared to medium- and 
high-hierarchy individuals with substantially higher body weights, and this difference is most pronounced in 
the first week after leaving the nest. If the fledglings survive the subsequent weeks, the hierarchy differentiates 
individual survival to a lesser extent, but even after reaching independence in the fifth week of life, the survival 
of the lightest fledglings seems to be lower than that of the rest of the brood. The observed decrease in apparent 
survival, with confidence intervals increasing for estimates in consecutive weeks after independence has been 
reached in the 2–3 weeks outside the nest, could be an effect of better mobility and the lower detection rate of 
young birds. Moreover, although dispersal from the breeding area in the studied period of fledgling life does not 
appear to occur frequently, we cannot fully exclude the possibility that dispersal is responsible for the observed 
gradual decrease in survival probability over time, as CJS apparent-survival models do not distinguish mortal-
ity from permanent emigration. Even though the youngest fledgling was observed beyond the park at the age 
of 62 days, we cannot rule out the possibility that in some cases dispersal could have happened earlier. We are 
convinced that because of the unfavourable environmental conditions in the vicinity of the park (little greenery, 
a high density of cats), young Blackbirds very rarely leave the park. The unpropitious conditions for Blackbirds 
in the park’s surroundings are confirmed by numerous observations of Blackbirds nesting nearby but feeding 
their young in the park.

The time of hatching strongly impacts the condition and survival of many bird  species40, including this popu-
lation of  Blackbirds22. Offspring that fledge earlier in the season may benefit from milder environmental condi-
tions, more plentiful food, reduced intraspecific competition for resources, as well as lower predation rates and 
parasitism  (see41 for a review). It is also possible that the higher apparent survival of fledglings at the beginning 
of the breeding season is an effect of differences in parental investment between early and late breeders: early 
chicks may receive a greater investment from their high-quality  parents42. The day of fledging correlates both with 
temperature and the occurrence of the next brood, which is why we did not include these three factors together 
in the same model so as to avoid multicollinearity. Although temperature and the occurrence of the next brood 
were not indicated as important variables in terms of affecting the apparent survival of fledglings, the effects of 
all of these factors may act in combination with the day of fledgling. In other words, the day of fledgling masks 
the effects of temperature and the occurrence of the next brood.

The most unexpected result obtained in this study was that precipitation during the first 30 days of life is nega-
tively related to fledgling survival. Food availability is the most important factor impacting fledgling  survival6,11, 
but because precipitation affects food availability for  Blackbirds21,22,43,44, this result did not support our hypothesis. 
Similar results were obtained for northern wheatears (Oenanthe oenanthe), where rainfall during parental care 

Table 2.  Ranking of candidate models for the apparent survival of fledglings in an urban population of 
the common blackbird breeding in NW Poland, with  wi > 0.001. All the proposed models assumed a time-
dependent re-encounter probability p (t). The models with ΔQAICc < 2 are bolded. QAICc quasi-Akaike’s 
Information Criterion, ΔQAICc the difference in  QAICc between a given model and the top-ranking model, 
wi Akaike weights, k number of parameters, Dev deviance, φ apparent survival, hie a fledgling’s position in 
the nest hierarchy, day day of fledging, prc precipitation, f.age father’s age, m.age mother’s age, year breeding 
season, brd.exp breeding experience of a pair. +, additive relationship, *, interaction between variables.

No Apparent survival models QAICc ΔQAICc wi k Dev

1 φ (t * hie + day + m.age) 996.73 0 0.241 30 932.81

2 φ (t * hie + day) 997.83 1.10 0.139 29 936.17

3 φ (t * hie + day + f.age) 998.40 1.67 0.105 30 934.48

4 φ (t * hie + day + m.age + year) 998.79 2.06 0.086 31 932.60

5 φ (t * hie + day + prc + m.age) 998.95 2.22 0.079 31 932.75

6 φ (t * hie + day + year) 999.16 2.43 0.071 30 935.24

7 φ (t * hie + day + brd.exp) 1000.07 3.34 0.046 30 936.14

8 φ (t * hie + day + prc) 1000.09 3.36 0.045 30 936.16

9 φ (t * hie + day + f.age + year) 1000.32 3.59 0.040 31 934.12

10 φ (t * hie + day + prc + f.age) 1000.52 3.79 0.036 31 934.33

11 φ (t * hie + day + prc + m.age + year) 1001.04 4.31 0.028 32 932.56

12 φ (t * hie + day + brd.exp + yr) 1001.41 4.67 0.023 31 935.22

13 φ (t * hie + day + prc + year) 1001.43 4.70 0.023 31 935.24

14 φ (t * hie + day + prc + brd.exp) 1002.31 5.58 0.015 31 936.11

15 φ (t * hie + day + prc + m.age + year) 1002.50 5.77 0.013 32 934.02

16 {φ (t * hie + day + prc + brd.exp + year) 1003.68 6.95 0.007 32 935.21
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reduces not only fledgling survival but also their recruitment probability. However, northern wheatears are more 
dependent on insects, so rainfall significantly reduces food availability for nestlings and  fledglings45, whereas 
Blackbirds mostly feed their young with earthworms, the availability of which as a food resource should increase 
with soil moisture mediated by precipitation. Since higher precipitation increases food availability, one may 
expect that the time gap between successive broods in the breeding season should be smaller. This shortens the 
time of care provided by both parents, and could in effect negatively impact the fledglings’ survival. However, we 
have found that the occurrence of the next brood in a particular breeding season as well as the time gap between 
successive broods has no effect on fledgling survival, so such a possibility can be ruled out. Another explanation 
is that rainfall might reduce the time that adults can invest in feeding their fledglings, increasing the possibility 
of starvation. Moreover, rainfall increases the energy demands of the  fledglings46, and parents cannot always 
satisfactorily fulfil  them45,47. The opposite situation is known in the Mediterranean environment, where low 
thermoregulatory abilities were probably responsible for the poorer survival of great tit Parus major fledglings at 
higher  temperatures48. Moreover, hungry fledglings beg for food loudly, and such conspicuous behaviour could 
increase the risk of  predation49, especially during the first days after fledging (Wysocki, own observ.).

Blackbirds increase their foraging efficiency at least during the first year of  life23; parental skills, too, at least 
in females, continue to improve until the fifth year of  life30, so one may expect that parental skills acquired with 

Figure 1.  Influence of position in the nest hierarchy on the apparent survival of Blackbird fledglings in NW 
Poland: (A) differences in mean apparent survival between three categories of nest hierarchy. Line-mean value of 
apparent survival, box-unconditional standard error, whiskers-95% confidence interval; (B) changes in apparent 
survival during 8 weeks of a fledging’s life for three different hierarchy categories (high—yellow dot, medium—
blue square, low—grey triangle). Dot—mean value; whiskers—95% confidence interval.
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age should have an impact on their progeny’s survival. In this study, we found a moderately positive effect of 
parental age on the fledglings’ apparent survival, but its relative significance compared to the hierarchy in the 
brood and time of fledging was low. We know that in the studied population, the pair bond duration impacts the 
start of the breeding  season29, so it, too, may be expected to affect fledgling survival, but as with parental age, its 
positive impact on the fledglings’ apparent survival was relatively low.

The presence of another brood in the breeding season has no impact on fledgling survival. In the first part 
of the breeding season, most pairs abandon their first brood fledglings as soon as the second brood hatchlings 
appear in the nest. Not feeding their previous brood any longer should imply a higher mortality among those 
young birds. The results of an earlier study on fledgling  adoption33 strongly suggest that an intergenerational 
conflict is taking place, but even with a large data set to hand, we failed to find any next-brood effect on fledgling 
survival. Furthermore, the good condition of parents may to some extent buffer any possible adverse impact of 
the next brood. The good condition of females is usually correlated with male  condition50, and males in good 
condition can manage to feed the whole brood alone until the next-brood nestlings appear, which is usually due 
to the acquired independence of the previous fledglings (own observ.)..

Caring for more nestlings should be less effective than caring for fewer, but we did not find any effect of brood 
size on the fledglings’ apparent survival. This is most probably explained by the masking effect of brood hierarchy. 
Bigger broods usually have a clearly defined hierarchy of nestlings owing to more the pronounced asynchrony 
of hatching, which occurred less often in broods smaller than four (own observ.), and a nestling’s body weight, 
as expressed by its position in the brood hierarchy later determines its survival as a fledgling.

The most worrying result of this study is the significant decrease in the apparent survival of Blackbird fledg-
lings during the 19 years of this study. We were unable to identify any factors directly responsible for this effect. 

Figure 2.  Influence of environmental factors on the apparent survival of Blackbird fledglings in NW Poland: 
(A) day of fledging, (B) year, (C) precipitation. Black line—modelled relationship between the set of covariates, 
grey area—95% confidence interval.

Figure 3.  Influence of parental traits on the apparent survival of Blackbird fledglings in NW Poland: (A) age 
of female (mother; dashed line) and male (father; solid line) with a 95% confidence interval [yellow—female 
(mother), blue—male (father)], (B) breeding experience of a pair, where 0—no experience and 1—individuals 
paired in a previous breeding season. Line—mean value of apparent survival, box—unconditional standard 
error, whiskers—95% confidence interval.
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In contrast to a study done on House Sparrows Passer domesticus51, we can exclude the possible impact of park 
reurbanization, because there was no resurfacing with concrete or asphalt in the park during the study period. The 
level of pollution seems to be stable. For instance, an earlier study on the impact of lead on Blackbird  biology52 
showed that lifetime breeding success decreased with the lead concentration but that this did not affect Blackbird 
longevity. Moreover, the availability of less nutritious anthropogenic food to Blackbirds, also attractive to their 
 predators53, seems to be stable. Changes in the weather conditions are unlikely to have any effect, as no clear 
trends in temperature and/or precipitation emerged during this time, at least not during the period when the 
fledglings were dependent on their parents. Corvid predation is not likely to be responsible either, as the num-
bers of pairs of Carrion Crow Corvus corone, Eurasian Magpie Pica pica, Eurasian Jay Garrulus glandarius and 
Eurasian Jackdaw Corvus monedula do not follow the observed fledgling survival pattern after the increase from 
1997 (7 pairs) to 2006 (19 pairs), the number of pairs was stable in 2007–2010 (16–19 pair), but later decreased 
(15–11 pairs). In addition, we have no data on the numbers of Beech Martens Martes foina, Domestic Cats Felis 
catus, Domestic Dogs Canis familiaris or Foxes Vulpes vulpes which regularly hunt in the park, but because these 
animals were regularly sighted ever since the start of this study, any impact on their part decreasing fledgling 
survival over the years must have been similar throughout the study period. Although we did not note any 
trend in temperature and precipitation changes during that period, the increasing frequency of extreme weather 
events in recent years, such as long periods of drought and heavy  rains54 , may have reduced the water available 
for plants, especially in cities, with the consequent deterioration in the condition of the  vegetation55. This could 
affect food availability and therefore the survival of Blackbird fledglings.

In summary, we found that several of the studied factors influence the apparent survival of Blackbird fledg-
lings, with hierarchy in the brood and time of fledging being relatively the most important ones. Individuals with 
a higher position in the hierarchy had greater chances of survival, especially in the first week after leaving the 
nest, just as birds fledging early in the breeding season. We pointed out the importance of parental traits, such as 
the age of both parents and their previous breeding experience, and the positive effect of these factors on fledging 
survival, an aspect of Blackbird biology not previously  studied21. Increased precipitation reduces the survival of 
Blackbird fledglings, but the reason for this is unclear. We also found a significant decrease in fledgling survival 
during the 19 years of this study, but the factors directly responsible for this are unknown.

Data availability
Supplementary data for this article can be accessed online: https:// figsh are. com/ accou nt/ items/ 23822 190/ edit.

Received: 2 August 2023; Accepted: 26 October 2023

References
 1. Donovan, T. M. & Thompson, F. R. III. Modeling the ecological trap hypothesis: A habitat and demographic analysis for migrant 

songbirds. Ecol. Appl. 11, 871–882 (2001).
 2. Bonnot, T. W., Thompson, F. R. & Millspaugh, J. J. Extension of landscape-based population viability models to ecoregional scales 

for conservation planning. Biol. Conserv. 144, 2041–2053 (2011).
 3. Cox, W. A., Thompson, F. R., Cox, A. S. & Faaborg, J. Post-fledging survival in passerine birds and the value of post-fledging studies 

to conservation. J. Wildl. Manag. 78, 183–193 (2014).
 4. Powell, L. A., Lang, J. D., Conroy, M. J. & Krementz, D. G. Effects of forest management on density, survival, and population growth 

of wood thrushes. J. Wildl. Manag. 64, 11 (2000).
 5. Robinson, R. A., Green, R. E., Baillie, S. R., Peach, W. J. & Thomson, D. L. Demographic mechanisms of the population decline of 

the song thrush Turdus philomelos in Britain. J. Anim. Ecol. 73, 670–682 (2004).
 6. Weathers, W. W. & Sullivan, K. A. Juvenile foraging proficiency, parental effort, and avian reproductive success. Ecol. Monogr. 59, 

223–246 (1989).
 7. Yackel Adams, A. A., Skagen, S. K. & Savidge, J. A. Modeling post-fledging survival of lark buntings in response to ecological and 

biological factors. Ecology 87, 178–188 (2006).
 8. Martin, T. E., Tobalske, B., Riordan, M. M., Case, S. B. & Dial, K. P. Age and performance at fledging are a cause and consequence 

of juvenile mortality between life stages. Sci. Adv. 4, 34 (2018).
 9. Maness, T. J. & Anderson, D. J. Predictors of juvenile survival in birds. Ornithol Monogr 78, 1–55 (2013).
 10. Evans, D. R. et al. Individual condition, but not fledging phenology, carries over to affect post-fledging survival in a neotropical 

migratory songbird. Ibis 162, 331–344 (2020).
 11. Dybala, K. E., Gardali, T. & Eadie, J. M. Dependent vs. independent juvenile survival: Contrasting drivers of variation and the 

buffering effect of parental care. Ecology 94, 1584–1593 (2013).
 12. Grüebler, M. U. & Naef-Daenzer, B. Survival benefits of post-fledging care: Experimental approach to a critical part of avian 

reproductive strategies. J. Anim. Ecol. 79, 334–341 (2010).
 13. Intergovernmental Panel on Climate Change. Climate Change 2021—The Physical Science Basis. (Cambridge University Press, 

2023). https:// doi. org/ 10. 1017/ 97810 09157 896.
 14. Jylhä, K. et al. Observed and projected future shifts of climatic zones in Europe and their use to visualize climate change informa-

tion. Weather Clim. Soc. 2, 148–167 (2010).
 15. Halupka, L. et al. The effect of climate change on avian offspring production: A global meta-analysis. Proc. Natl. Acad. Sci. 120, 

89120 (2023).
 16. Dunn, P. & Winkler, D. Effects of climate change on timing of breeding and reproductive success in birds. in Effects of Climate 

Change on Birds. 113–128 (2010).
 17. Katz, R. W. Statistics of extremes in climate change. Clim Change 100, 71–76 (2010).
 18. Miller-Rushing, A. J., Høye, T. T., Inouye, D. W. & Post, E. The effects of phenological mismatches on demography. Philos. Trans. 

R. Soc. B: Biol. Sci. 365, 3177–3186 (2010).
 19. Snow, D. W. A Study of Blackbirds (British Museum Natural History, 1958).
 20. Cramp, S. & Simmons, K. E. L. Tyrant flycatchers to thrushes. In Handbook of the Birds of Europe, the Middle East and North Africa: 

The Birds of the Western Palearctic (eds. Cramp, S. & Simmons, K. E. L.). Vol. 5 (Oxford University Press, 1988).
 21. Magrath, R. D. Nestling weight and juvenile survival in the blackbird, Turdus merula. J. Anim. Ecol. 60, 335 (1991).

https://figshare.com/account/items/23822190/edit
https://doi.org/10.1017/9781009157896


8

Vol:.(1234567890)

Scientific Reports |        (2023) 13:18723  | https://doi.org/10.1038/s41598-023-46027-w

www.nature.com/scientificreports/

 22. Wysocki, D., Jankowiak, Ł, Cholewa, M. & Zyskowski, D. Natal conditions, lifespan and lifetime reproductive success of European 
blackbirds. Behav. Ecol. 30, 1707–1714 (2019).

 23. Desrochers, A. Age and foraging success in European blackbirds: Variation between and with individuals. Anim. Behav. 43, 885–894 
(1992).

 24. Desrochers, A. Age-related differences in reproduction by European blackbirds: Restraint or constraint?. Ecology 73, 1128–1131 
(1992).

 25. Desrochers, A. & Magrath, R. D. Age-specific fecundity in European blackbirds (Turdus merula): Individual and population trends. 
Auk 110, 255–263 (1993).

 26. Streif, M. & Rasa, O. A. E. Divorce and its consequences in the common blackbird Turdus merula. Ibis 143, 554–560 (2001).
 27. Jarska, K., Jankowiak, Ł, Śmietana, P. & Wysocki, D. Blackbirds mate choice: Dependence of male social status on age and mor-

phology in an urban population of the European blackbird, Turdus merula L.. Pol. J. Ecol. 63, 448–452 (2015).
 28. Piliczewski, P., Jankowiak, Ł & Wysocki, D. Age-dependent changes in biometrics indicate senescence in the European Blackbird 

Turdus merula. Bird Study 65, 219–224 (2018).
 29. Jankowiak, Ł & Wysocki, D. Do individual breeding experience and parental effort affect breeding season length in blackbirds?. 

Behav. Ecol. 27, 829–834 (2016).
 30. Jankowiak, Ł, Zyskowski, D. & Wysocki, D. Age-specific reproduction and disposable soma in an urban population of common 

blackbirds Turdus merula. Ibis 160, 130–144 (2018).
 31. Wysocki, D. Alternative mating strategies in the urban population of the European blackbird Turdus merula in Szczecin (NW 

Poland). Ardea-Wageningen 92, 103–112 (2004).
 32. Magrath, R. D. Hatching asynchrony and reproductive success in the blackbird. Nature 339, 536–538 (1989).
 33. Wysocki, D., Cholewa, M. & Jankowiak, Ł. Fledgling adoption in European blackbirds: An unrecognized phenomenon in a well-

known species. Behav. Ecol. 29, 230–235 (2018).
 34. Allen, A. M. et al. Colour-ring wear and loss effects in citizen science mark-resighting studies. Avian Res. 10, 11 (2019).
 35. Institute of Meteorology and Water Management-National Research Institute (IMGW-PIB). danepubliczne.imgw.pl. (2022).
 36. Cooch, E. & White, G. Program MARK: A Gentle Introduction (2017).
 37. Laake, J. RMark: An R interface for analysis of capture–recapture data with MARK. In AFSC Processed Report 2013-01. Preprint 

(2014).
 38. Burnham, K. P. & Anderson, D. R. Multimodel inference. Sociol. Methods Res. 33, 261–304 (2004).
 39. Davidson, G. L. et al. A time-lagged association between the gut microbiome, nestling weight and nestling survival in wild great 

tits. J. Anim. Ecol. 90, 989–1003 (2021).
 40. Rodríguez, S., Noordwijk, A. J., Álvarez, E. & Barba, E. A recipe for postfledging survival in great tits Parus major : Be large and 

be early (but not too much). Ecol. Evol. 6, 4458–4467 (2016).
 41. Vitz, A. C. & Rodewald, A. D. Influence of condition and habitat use on survival of post-fledging songbirds. Condor 113, 400–411 

(2011).
 42. Forslund, P. & Pärt, T. Age and reproduction in birds — Hypotheses and tests. Trends Ecol. Evol. 10, 374–378 (1995).
 43. Chamberlain, D. E., Hatchwell, B. J. & Perrins, C. M. Importance of feeding ecology to the reproductive success of blackbirds 

Turdus merula nesting in rural habitats. Ibis 141, 415–427 (2008).
 44. Jankowiak, Ł, Pietruszewska, H. & Wysocki, D. Weather conditions and breeding season length in blackbird (Turdus merula). 

Folia Zool. Brno 63, 245–250 (2014).
 45. Öberg, M. et al. Rainfall during parental care reduces reproductive and survival components of fitness in a passerine bird. Ecol. 

Evol. 5, 345–356 (2015).
 46. Visser, G. H. Development of temperature regulation. In Avian Groty and Development (eds. Starck, J. M. & Ricklefs, R. E.). 117–156 

(Oxford University Press, 1998).
 47. Wanless, S. et al. Increased parental effort fails to buffer the cascading effects of warmer seas on common guillemot demographic 

rates. J. Anim. Ecol. https:// doi. org/ 10. 1111/ 1365- 2656. 13944 (2023).
 48. Greño, J. L., Belda, E. J. & Barba, E. Influence of temperatures during the nestling period on post-fledging survival of great tit Parus 

major in a Mediterranean habitat. J. Avian Biol. 39, 41–49 (2008).
 49. Węgrzyn, E. & Leniowski, K. Blackcap Sylvia atricapilla nestlings do not produce begging calls until they are able to escape from 

predators. Ibis 157, 356–368 (2015).
 50. Yasukawa, K. Male quality and female choice of mate in the red-winged blackbird (Agelaius phoeniceus). Ecology 62, 922–929 

(1981).
 51. Bernat-Ponce, E., Gil-Delgado, J. A. & López-Iborra, G. M. Replacement of semi-natural cover with artificial substrates in urban 

parks causes a decline of house sparrows Passer domesticus in Mediterranean towns. Urban Ecosyst. 23, 471–481 (2020).
 52. Fritsch, C., Jankowiak, Ł & Wysocki, D. Exposure to Pb impairs breeding success and is associated with longer lifespan in urban 

European blackbirds. Sci. Rep. 9, 486 (2019).
 53. Mak, B., Drewitt, E. J. A., Francis, R. A. & Chadwick, M. A. The raptor lockdown menu—Shifts in prey composition suggest urban 

peregrine diets are linked to human activities. People Nat. 5, 795–807 (2023).
 54. Orlowsky, B. & Seneviratne, S. I. Global changes in extreme events: Regional and seasonal dimension. Clim. Change 110, 669–696 

(2012).
 55. Biniak-Pieróg, M., Zielińska, A., Żyromski, A. & Świder, K. Precipitation structure as an indicator of reduction of water amount 

supplying soil profile. J. Hydrol. Amst. 583, 124574 (2020).

Author contributions
D.W.: conceptualization (lead); ornithological data curation (lead); formal analysis (supporting); investigation 
(lead); methodology (lead); supervision (lead); writing—original draft (lead). M.W.: formal analysis (lead); 
conceptualization (supporting); writing—original draft (supporting). S.W.: writing—original draft (support-
ing); meteorological data curation (lead).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 023- 46027-w.

Correspondence and requests for materials should be addressed to D.W.

Reprints and permissions information is available at www.nature.com/reprints.

https://doi.org/10.1111/1365-2656.13944
https://doi.org/10.1038/s41598-023-46027-w
https://doi.org/10.1038/s41598-023-46027-w
www.nature.com/reprints


9

Vol.:(0123456789)

Scientific Reports |        (2023) 13:18723  | https://doi.org/10.1038/s41598-023-46027-w

www.nature.com/scientificreports/

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

http://creativecommons.org/licenses/by/4.0/

	Factors affecting fledglings survival in urban population of European blackbirds in Szczecin (NW Poland)
	Materials and methods
	Data collection
	Data analysis

	Results
	Discussion
	References


