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Offspring survival rates in altricial birds during the post-fledging period are an
essential factor in determining the fitness of parents and have a significant impact
on general population dynamics. However, our current knowledge of post-
fledging mortality and its causes remains fragmentary in most bird species, and
even less information is available on the mortality of individuals of the same
species in different environments. In order to address this gap in our knowledge,
we studied fledgling mortality and its causes in Tengmalm’s owls (Aegolius
funereus) during six breeding seasons in Central and North Europe using
radio-telemetry. A total of 80 nestlings from 18 nests in Czechia (2010-2012,
2015) and 60 nestlings from 24 nests in Finland (2019, 2021) were radio-tracked
during the post-fledging dependence period. The overall survival rate was much
higher in Czechia (83%) than in Finland (53%), with predation identified as the
primary cause of mortality in both areas. Avian predation was far higher in Finland,
but mammalian predation was equivalent at both study sites. Pine martens
(Martes martes) and goshawks (Accipiter gentilis) were the most common
predators in Czechia and Finland, respectively. Starvation and disease, or
mostly a combination of both, formed the second most common cause of
death in both areas but were much more frequent in Finland than in Czechia.
Offspring survival in both study sites was considerably higher in years of food
abundance than in those of food scarcity. We suggest that the interactive effects
of infections and poor body condition due to scarcity of main prey species
induced higher mortality rates in offspring, particularly in the more challenging
environment of North Europe. In contrast, fledgling owls were found to be able
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to fight off infections more successfully during rich food seasons. Finally, we
encourage researchers to pay greater attention to the mutual influences of
parasites and their definitive hosts and stress the importance of using radio or
satellite tracking for mortality studies to identify causes of death more accurately.

KEYWORDS

bacteria, birds of prey, mortality rate, parasites, predation, prey abundance, radio-

telemetry, starvation

1 Introduction

The significance of the post-fledging period for parents’
reproductive output and in the population dynamics and life
history evolution of altricial birds has long been recognized (Lack,
1948). However, despite the numerous studies addressing the post-
fledging dependence period (PFDP hereafter), our current
knowledge regarding the causes of death and post-fledging
survival rates remains fragmentary (Naef-Daenzer and Griiebler,
2016). A greater knowledge and understanding of survival rates and
the causes of fledglings” death are essential for formulating accurate
estimates of population dynamics and recruitment probability in
birds (Lack, 1966; Clutton-Brock, 1988; Newton, 1989) and are
crucial in conserving species with declining populations (Vormwald
et al, 2011). The lack of information regarding PFDP juvenile
survival rates stems from the fact that earlier studies have typically
focused on the incubation and/or nestling period/s, primarily due to
the difficulties associated with tracking flying individuals after
fledging, especially in nocturnal species. However, recent decades
have seen considerable progress in overcoming these difficulties
through the use of radio or satellite telemetry (White and Garrott,
1990; Kenward, 2001; Millspaugh and Marzluff, 2001).

Recent reviews have confirmed a widespread pattern of low
juvenile survival across bird species, particularly during the first two
weeks after leaving the nest (Cox et al., 2014; Naef-Daenzer and
Griiebler, 2016). Interestingly, the pattern was the same for all
ground-, open- (above ground in shrubs and trees) and cavity-
nesting species; offspring survival rates steadily increased after the
first two weeks of fledging, but survival was much lower after
fledging than during the nestling period in open- and cavity-
nesting species (reviewed by Naef-Daenzer and Griiebler, 2016).
The vast majority of studies examining the causes of mortality noted
that predation was the most frequent cause across different bird
species/families (e.g., Naef-Daenzer et al., 2001; Todd et al., 2003;
Robles et al., 2007; Salinas-Melgoza and Renton, 2007), a finding
which, interestingly, has also been reported for many meso-
predators and even for apex predators in birds of prey (e.g.,
Rohner, 1996; Coles et al., 1997; Sunde, 2005; Wiens et al., 2006).

After predation, the next most commonly reported proximate
causes of death among fledglings are starvation, disease, human
causes and structures (for example, collisions, artificial traps,
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electrocution, killing and hunting) and unknown reasons (e.g.,
Overskaug et al., 1999; Salek et al,, 2019; Kouba et al., 2021,
2023), but different variables can affect all of these causes of
death. Among the factors most frequently mentioned in studies
dealing with offspring survival during the PFDP are prey
abundance, offspring sex, the timing of hatching and fledging
within the breeding season, clutch and brood size, offspring age at
dispersal, body condition at fledging (i.e., body mass and/or wing
length), habitat composition and weather conditions (e.g., Tarwater
et al., 2011; Maness and Anderson, 2013; Cox et al., 2014; Naef-
Daenzer and Griiebler, 2016; Kouba et al., 2023).

Birds of prey fledglings are entirely dependent upon their
parents for food during the PFDP and remain within the natal
area until the initiation of natal dispersal (Kenward et al., 1993). The
PFDP ranges from a few weeks to several months depending on
species (Newton, 1979; Mikkola, 1983) and is the most critical
period in terms of offspring survival due to the incomplete feather
growth and inexpert flying skills of fledglings (McFadzen and
Marzluff, 1996; Todd et al., 2003; Sunde, 2005). In owls and
diurnal raptors, predation and starvation are also considered to
be the most frequent causes of death (e.g., Petty and Thirgood, 1989;
Varland et al,, 1993; Overskaug et al., 1999), while disease,
drowning, collisions and other or unknown cases were relatively
rare (e.g., Bendel and Therres, 1993; Hunter et al., 1997; Todd, 2001;
Larrat et al., 2012). Importantly, higher mortality rates have been
observed in years with poor prey abundance in comparison with
rates in rich years (Rohner and Hunter, 1996; Todd et al., 2003;
Sunde, 2005). The risk of mortality is highest immediately after
leaving the nest primarily due to predation by mammalian
predators (Sunde, 2005), and the fact that mortality rates peak
just after fledging has been confirmed by many other studies (e.g.,
Varland et al., 1993; McFadzen and Marzluff, 1996; Tome, 2011).
However, even in a majority of birds of prey, the mortality of
fledglings during the PFDP has never been studied, despite the fact
that the PFDP is one of the most sensitive life history stages across
all species of birds (Newton, 1979; Weathers and Sullivan, 1989).

The earliest estimate of the survival rate of Tengmalm’s owl
(Aegolius funereus) fledglings was based on research using ring
recoveries. Of a total of 4311 Tengmalm’s owl fledglings ringed
between 1964 and 1985, only 53 (1.2%) were recovered and had
survived at least their first winter. Abundance of main prey (voles)
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during the PFDP and independence phase was a crucial factor in
determining the first-year survival of offspring (Korpimiki and
Lagerstrom, 1988). Based on 281 ring recoveries of Tengmalm’s
owls found dead in Finland, the estimates of mean annual survival
were 50% during the first year of life and 67% thereafter
(Korpimaki, 1992).

The main objectives of the current study were as follows. Firstly,
we aimed to determine the survival rates and causes of death of
Tengmalm’s owl fledglings during the PFDP. Secondly, we intended
to compare survival rates and causes of death between two different
environments, more specifically in Central and North Europe.
Thirdly, we wanted to identify potential predictors which could
be responsible for any differences identified between the two
environments. Finally, we compared the results of the current
study with earlier research conducted in Finland, which showed
that the fledglings’ probability of dying by starvation was 3.7 times
higher in the decreasing than during the increasing abundance of
main foods of owls (Kouba et al., 2023).

Because nights are at least two times shorter in Finland than in
Czechia, nocturnal parent owls have less time in which to feed their
offspring (Korpimaki, 1981; Zarybnicka et al., 2012). Therefore, we
predicted that (i) the total mortality rate will be lower in Czechia
than in Finland. Because the populations of small rodents, the main
prey species of Tengmalm’s owls, usually increase from early spring
to autumn (i.e., over the course of the breeding season of owls) in
Czechia (Zarybnicka et al., 2015a) but decrease from early spring to
autumn in the decline phase of the three-year high-amplitude cycle
prevailing in Finland (Korpimiki et al., 2005a), we further expected
that (ii) the starvation rate of offspring during the PFDP will be
higher in Finland than in Czechia. However, the abundance of the
main prey of owls in particular years was expected to be a decisive
factor in terms of starvation rates in both study sites. The air
pollution calamity which severely damaged the study area in the
Ore Mts. of Czechia in the 1970s led to the widespread loss of nest
sites for birds of prey, and therefore there were almost no
observations of species which predate Tengmalm’s owls (Kouba
et al,, 2023). As a result, we predicted that (iii) avian predation will
be lower in Czechia than in Finland. Finally, because nest predation
rates of Tengmalm’s owls were substantially higher in Central
Europe (ca. 20% in the Ore Mts.; Zarybnicka et al., 2015b) than
in North Europe (ca. 5%; Korpimiki, 1987; Korpimiki and
Haklkarainen, 2012), we predicted that (iv) Tengmalm’s owl
fledglings will be more subject to predation by pine martens
(Martes martes) in Czechia than in Finland.

2 Materials and methods
2.1 Study areas

The study was conducted over the course of six breeding
seasons in Czechia in 2010-2012, 2015 and in Finland in 2019
and 2021. The Czech site (50° N, 13° E; 730-960 m a. s. 1.; ca. 120
square km) is located in the Ore Mts. and included approximately
120-170 nest boxes (Kouba et al., 2014; 2017). The study area was
severely damaged by historical air pollution events (for more
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information, see, e.g., Kouba et al., 2013). Currently, the area is
mainly forested, predominantly by blue spruce (Picea pungens,
covering approximately 28% of the area), Norway spruce (Picea
abies, 26%), birch (Betula spp., 11%), European mountain ash
(Sorbus aucuparia, 5%), European beech (Fagus sylvatica, 4%),
and European larch (Larix decidua, 4%).

The Finnish site is situated in the Kauhava region of west-
central Finland (63° N, 23° E; 50-110 m a. s. 1.; ca. 1000 square km)
and included approximately 450 nest boxes (Korpimiki and
Hakkarainen, 1991; 2012). Approximately 61% of this study area
is forested, with the predominant species being Scots pine (Pinus
sylvestris, forming ca. 65% of the local forests), Norway spruce
(>30%) and a minority of deciduous trees (birches and Eurasian
aspen, Populus tremula) (for more information, see, e.g., Korpimiki
and Hakkarainen, 1991; 2012).

The nest boxes in both areas were similar in design; they were
made of wood, square in section, with a base of 18-25 x 18-25 c¢m,
40-60 cm height, and an 8-10 cm diameter entrance hole.

2.2 Environmental variables

In order to ensure uniformity for comparisons, the habitat in
both study areas was divided into sections with a 500 m radius
around each of the studied nest boxes which were categorized into
three classes (with the first class being subdivided into three forest
subclasses, see below) according to the methodology used in our
previously published study (Kouba et al., 2023). The classes were (1)
forest stands and individual areas of either young, middle-aged or
old-growth forests, (2) clear-cuts, and (3) agricultural land. For
further details of the categorization of the habitat into the three
variables (1-3) and the three forest subclasses, see Kouba et al. (2023).

Weather data for the Ore Mts. was obtained from weather
stations near to the study site. The mean daily temperature (°C; an
average of hourly measurements) was taken from the station in
Nova Ves v Horach and daily precipitation (mm) from the station
in Cesky Jifetin. Mean daily temperatures (°C; an average of hourly
measurements) and daily precipitation (mm) for the Kauhava study
area were obtained from the Finnish Meteorological Institute, more
specifically from the weather station at Kauhava airport which is
located in approximately the middle of the study area.

In both study areas, the abundance of main prey species (small
rodents) was assessed using snap traps set in late spring (early June in
the Czech and early May in the Finnish site). Snap-traps were set up
in squares (with 10 m spacing) and were checked each morning for
three consecutive days. For each year of the study, the total trapping
effort in the Czech study site was 1089 trap nights (n = 3 locations),
with ca. 600 trap nights (n = 8 locations) carried out in the Finnish
study site. The number of captured mammals per 100 trap nights was
calculated for each trapping site and breeding season (Table 1).

2.3 Field procedures

All nest boxes in both study areas and across all study years
were visited regularly from early March to late June to find nests. If
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TABLE 1 Basic breeding data of the monitored nests.

range

mean
+ SD

range

mean
+ SD

range

mean
+ SD

range

mean
+ SD

range
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mean
+ SD

mean

range + SD

Year

Country
(study area)

2010

Czechia
(Ore Mts.)

2011

Czechia
(Ore Mts.)

2012

Czechia
(Ore Mts.)

2015

Czechia
(Ore Mts.)

2019

Finland
(Kauhava)

2021

Finland
(Kauhava)

No. of
involved
nests

Clutch size

72+0.9

42+07

6.0 +0.0

56+ 1.2

10

56+ 1.0

14

62 +09

No.
of hatchlings

No.
of fledglings

Date of
nesting
(* days)

Date of
hatching
(+ days)

3-8

25
March -
1 April

23 April
- 10 May

6.7+ 1.4

58+ 1.7

29
March
+3

1 May
+5

1-4

15
March -
7 April

12 April
- 7 May

3.6+038

20+ 1.1

30
March
+9

26 April
+8

13
March

10 April

20 April

55+ 0.5

50+ 0.0

13
March
+0

14 April
+3

21 March
- 16 April

20 April -
22 May

48 +17

46 £16

29
March
+9

1 May
+10

1-4

19
March -
4 April

16 April
- 2 May

53+ 1.0

21+1.0

26
March
+4

24 April
+3

6.0+12

1-6 28+16

19
March -
3 May

8 April
+ 15

17 April
- 4 June

11 May
+15

Date of
fledging
(+ days)

23 May -
15 June

2 June
+5

14 May -
10 June

30 May
+9

11 May -
20 May

16 May
+3

18 May -
22 June

1 June
+9

22 May -

2 June

27 May
+3

19 May
- 5 July

11 June
+ 14

No. of
tagged
fledglings 29 10 10

No. of non-
tagged
fledglings 6* 0 0

24 21 39

1* 0 0

PFDP
survival
rate (%) 85 60 100

Prey
abundance
(spring)

10.19 0.55

4.87

83 19 72

2.50 0.42 7.80

Basic breeding data of the nests where fledglings were equipped with radio transmitters. The mean numbers (+ standard deviations) and ranges of nests, clutch sizes, hatchlings, fledglings, radio-
tracked and non-tagged individuals, dates of nesting, hatching and fledging, percentage survival rates of young during the post-fledging dependence period and spring prey abundance
determined by snap-trapping in the Czech and Finnish study area and listed as the number of trapped individuals (small mammals) per 100 trap-nights recorded during the six study/

breeding seasons.

*Six individuals from five studied nests fledged before being tagged with a radio transmitter in 2010 and one individual in 2015.

nesting was identified, nests were checked sufficiently often to
determine the number of eggs and hatchlings and the exact
hatching date (+ 1 day). The age of the nestlings was based on
the recorded dates of hatching.

From 25 days after the hatching of the first chick, the nest boxes
were checked at one or two-day intervals; a total of 80 nestlings
from 18 nests in Czechia and 60 nestlings from 24 nests in Finland.
All individuals were weighed, and their wing length was measured
to estimate the appropriate time for tagging (Kouba et al., 2013;
2014). Nestlings were equipped with type PIP4 leg-mount
transmitters (Biotrack Ltd., UK) about five days before fledging.
For more details about the transmitters used in the study, see Kouba
et al. (2023) and Stehlikova Sovadinova et al. (2024). The nest boxes
were visited at 12-hour intervals during the night and daylight until
all siblings had fledged and the exact date of nest box departure had
been determined.

Frontiers in Ecology and Evolution

After fledging, the young were radio-tracked using the
“homing-in” method (Kenward, 2001), in which the signal is
followed to a particular tree until the individual is observed, until
they become independent, or until they are found dead, disappeared
or dispersed. Fledglings were located at intervals of either 12 hours
or 24 hours during the day and night (e.g., Kouba et al., 2023;
Stehlikova Sovadinova et al., 2024) which should be sufficient to
allow the fates of individual fledglings to be recorded. Radio signals
were received using Yupiteru MVT-9000 receivers (Yupiteru
Industries Co. Ltd., Japan) and 3-element Yagi antennas. The
PFEDP starts with the departure of the owlets from the nest, but
the end is obviously less clearly demarcated. We defined the end of
the PFDP with the first rapid and abrupt movement away from
fledglings’ habitual locations, an event which previous studies have
suggested may correspond with the cessation of begging for food
(Kouba et al., 2013; 2014).
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TABLE 2 Recorded fates of the monitored fledglings.

Prey of m(la\lr?i.tored Fates of fledglings monitored during the post-fledging dependence period
Year abundance AT Mammal
(spring) Survived  Starved Starved/ Disease  Predation = predation predation Other Fate
Broods Young (%) (VA Disease (%) (%) (VA (%) (VA causes (%) unknown*
2010 10.19 6 35 22 (84.6) - - 1(38) 3(11.5) - 3(11.5) - 9
2011 055 5 10 6 (60.0) - 3 (30.0) - 1(10.0) - 1 (10.0) - -
2012 4.87 2 10 10 (100) - - - - - - - -
2015 250 5 25 20 (83.3) - - - 3 (12.5) 1(42) 2(8.3) 1 (42) 1
Czechia
sum - 18 80 58 (82.9) - 3(4.3) 1(1.4) 7 (10.0) 1(1.4) 6 (8.6) 1% (1.4) 100
2019 0.42 10 21 4(19.0) 5(23.8) 3 (14.3) - 9 (42.9) 8 (38.1) 1(48) - -
2021 7.80 14 39 28 (71.8) 1(26) 2(5.1) 1(26) 7 (17.9) 6 (15.4) 1(26) - -
Finland
sum - 24 60 32 (53.3) 6 (10.0) 5(8.3) 1(1.7) 16 (26.7) 14 (23.3) 2(33) - -

The fates of Tengmalm’s owl fledglings monitored with radio-tracking throughout the six post-fledging dependence periods in the two study areas in Czechia and Finland. The numbers and percentages of survived young and individuals who died as a result of starvation,

disease or a combination of both, predation, avian-only predation, mammal-only predation, other causes, and numbers of individuals whose fate is unknown.

*Individuals with unknown fates were excluded from the other categories’ percentage calculations.
**One individual died 37 days after fledging as a result of a collision with the top of a barbed wire fence (commonly used in Czech forests to protect newly planted seedlings from being eaten by overpopulated deer species); the collision likely occurred during

nocturnal activities.

***Seven individuals were not radio-tagged, the tags of two others failed, and one individual disappeared (alternatively dispersed at the earliest age of all Czech fledglings, precisely at 30 days).
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Across both study areas, the fates of 130 of the 140 monitored
fledglings were identified (Table 2); the fate of 9 of the remaining 10
individuals could not be determined because they fledged before
tagging or their transmitters failed during the study, but these
fledglings were regularly spotted and/or heard during the PFDP;
they were last recorded 34 + 12 (mean + SD; range 13-53) days after
fledging and were therefore included in the five below survival
function analyses. The last individual disappeared on day 30 after
fledging (Table 2).

The carcasses of all deceased fledglings were collected, preserved
and transported to the State Veterinary Institute Prague in Czechia
where autopsies were performed to determine the cause of death
and to carry out parasitological and bacteriological investigations. It
is important to note here that the pathologists always only stated
what was present and observed; they never determined a direct
cause of death. However, we further speculate that this might be the
reason why the fledglings died. Avian predators were identified as
causes of death by direct observation or where typical plucking sites
or transmitters in the nests were found. Predation by mammals was
determined if the fledglings were found buried in the ground or
some remains of body parts, bones and/or transmitters with
obvious teeth bite marks. In a few cases, when the fledglings
disappeared without a trace close to birds of prey nests or where
other raptor predation was confirmed, we considered bird
predation as the reason for their disappearance (Table 2).

Owls in Czechia were trapped, handled and tagged under
Permits Nos. 530/758 R/08-Abt/UL, 35016/02-O0P/8751/02 and
173/049/ZP7/2015/2ZD-838 issued by the Ministry of the
Environment of the Czech Republic. They were ringed under the
supervision of the Ringing Centre of the National Museum in
Prague, Permit No. 329. Fledglings in Finland were tagged and
radio-tracked, and the cadavers were transported to Czechia under
the approval of the Centre for Economic Development, Transport
and the Environment (Permit Nos. VARELY/1389/2018, and

TABLE 3 List of predictors available.

10.3389/fevo.2024.1388643

VARELY/5933/2019). They were ringed under the ringing license
of the Finish Museum of Natural History (Permit No. 524). Every
effort was made to minimize suffering during the study.

2.4 Statistical analyses

All data was analyzed using SAS System version 9.4 (SAS
Institute Inc.). The countable variables were first checked for
intercorrelation and multicollinearity. A significant correlation
was found between the dates of hatching and fledging (0.95,
P<0.001), spring prey abundance and number of fledglings (0.54,
P<0.01), and areas of all forests and agricultural lands within a 500
m radius of the studied nest boxes (-0.88, P<0.001). The extent of
collinearity was then investigated using the Tolerance value or
Variance Inflation factor, Eigenvalue, and Condition Number (in
PROC REG) following the approach described by Schreiber-
Gregory and Jackson (2017). No collinearity was identified during
the analysis, but any variables which were found to be
intercorrelated were not used together in the same set of
predictors in any subsequent analysis.

The data was then analyzed in more detail in three steps. Step 1.
Kaplan-Meier curves were created for two countries (STRATA) of
Finland and Czechia using PROC LIFETEST. In order to compare
the survival functions (covering all causes of death) for the two
countries, PROC LIFETEST offers six non-parametric tests of
equality over strata: Log-rank, Wilcoxon, Tarone-Ware, Peto-
Peto, Modified Peto-Peto and Harrington-Fleming tests. In this
study, only the information obtained through the Log-rank test was
used to compare the two countries. The time statement was the
number of days between fledging and death for individuals who had
been found dead. There were five censored values for Czechia but
none for Finland. The numeric predictor variables which were
tested for their association with survival time are given in Table 3.

Predictor Unit Range Mean + SD Median
Date of hatching' day 10 - 65 312 + 123 28
Date of fledging’ day 41-96 63.1 +11.6 61
Order of hatching number 1-8 27+17 2
Duration of stay in the nest day 19 - 40 319 +2.8 32
Number of fledglings number 1-8 33+20 2
Area of all forests® hectare 21-76 48.7 +15.7 45
Area of old-growth forests hectare 0-30 91+79 8
Area of agricultural lands® hectare 1-54 204 +12.8 22
Prey abundance (spring) inds./100 t-n. 0-10 48 £3.8 5
Composite survival/precipitation® mm/day 0-80 29.9 + 21.73 26

Individual predictors tested for the association with survival time of Tengmalm’s owl fledglings monitored with radio-tracking throughout the six post-fledging dependence periods in the two

study areas in Czechia and Finland, and the predictors’ units, ranges (minimum — maximum), means * standard deviations and medians.

'1 = Ist April.

*Area of a given habitat type within a 500 m radius of involved nest boxes.

*Number of captured individuals (small mammals) per 100 trap nights.

*Composite variable of composed fledglings’ survival age and the mean daily precipitation.
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The Chi-Squares of the Wilcoxon test estimated the effect of
numeric predictors. A %newsurv macro (Meyers, 2017) was used
to determine the survivor function plots with confidence intervals
(CI) of 95%.

Step 2. The cause of death for the fledglings in each study site was
compared. Predation (e.g, Sunde, 2005; Kouba et al, 2023) and
starvation (e.g., Overskaug et al., 1999; Kouba et al., 2023) account for
the vast majority of fledgling deaths, and therefore, we first separated
all cases of fledgling death caused by predation and applied the same
procedure described in Step 1. We then separated the cases caused by
starvation and other cases not caused by predation and applied the
same method as that used for the cases of predation. Step 3. We
analyzed the predation data depending on whether the fledgling had
been predated by bird or mammal predators.

Since the Kaplan-Meier analysis does not allow direct testing of
interaction terms, we constructed a composite variable of “survival/
precipitation”. We used it as one of the predictors listed in Table 3.
The “survival” aspect reflected the days between fledging and death
for individuals who died before independence. The prematurely
dying fledglings died up to 18 days of PFDP in most cases (only 4
out of 40 died later). We regarded these 18 days as a period critical
for survival. Our previous study (Kouba et al., 2023) showed that
precipitation was the main factor of that period. The part of the
composite variable for “precipitation” was the average precipitation
(mm/day) for the number of days between an individual owl’s
fledging and death within the PFDP or the average precipitation up
to 18 days for survivors.

3 Results

A total of 140 Tengmalm’s owl fledglings were monitored
during the course of this study: 80 individuals from 18 nests
during four breeding seasons in Czechia and 60 individuals from
24 nests during two breeding seasons in Finland (all siblings from
the studied nests were monitored). Within the monitored nests, the
clutch size was 5.8 + 1.5 (mean + SD), the number of hatchlings was
5.2 * 1.8, and the number of fledglings was 4.3 + 2.1 in Czechia and
6.0+ 1.0,5.7 £ 1.2, and 2.5 * 1.4 in Finland, respectively (for details
regarding basic breeding data, including the study seasons and the
numbers of studied young, see Table 1). Combining the data from
both study sites, the survival rate for fledglings during the PFDP was
69.2%. The pooled mortality rate due to starvation, disease or
mostly their combination was 12.3%, the predation mortality rate
was 17.7%, while other causes accounted for 0.8% (Table 2). The
PEDP duration roughly ranged between one to two months in both
study areas.

3.1 Survival rates and factors
affecting survival

Step 1. The proportion of fledglings estimated to have survived
was larger in Czechia than in Finland (Log-rank test: %°)=11.20,
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P=0.0008, Figure 1A; overall mortality rate 17.1% vs 46.7%,
respectively). The univariate chi-squares for the Wilcoxon test
showed that composite survival/precipitation was a highly
significant predictor variable (3°=12.91, P=0.0003), and individual
fledging date (x2:4.82, P=0.03) and the spring abundance of main
prey species (y>=4.44, P=0.04) were only marginally significant. No
other numeric predictor, for example, that of habitat variables,
reached a significant level (Table 3). For all three mentioned
significant predictors, fledglings with larger values had more
prolonged survival periods.

Step 2. The level of mortality caused by the merged factors of
starvation, disease or a combination of both (“starvation”) was
lower in Czechia than in Finland (Log-rank test: x°(;)=3.88, P=0.05,
Figure 1B; starvation mortality rate 5.7% vs 20.0%, respectively).
None of the numeric predictors in Table 3 had a significant
influence on mortality caused by starvation. The incidence of
predation caused by both mammals and birds was also lower in
Czechia than in Finland (Log-rank test: x°(;)=5.02, P=0.03,
Figure 1C; predation mortality rate 10.0% vs 26.7%, respectively).
This was influenced by the composite survival/precipitation variable
(Wilcoxon test: %°=7.86, P=0.005) and individual fledging date
(Wilcoxon test: X2=4.78, P=0.03); the survival periods of
individual fledglings were found to be longer at higher levels of
precipitation and later fledging dates.

Step 3. Predation by avian predators was much more frequent in
Finland than in Czechia (Log-rank test x°()=9.93, P=0.002,
Figure 1D; avian predation rate 23.3% vs 1.4%, respectively), and
the date of fledging had only a marginal effect on the survival rate
(Wilcoxon test: x°=3.84, P=0.05), with individual fledglings which
left the nest box later tending to survive better. In contrast, there
was no difference between Czechia and Finland in terms of
predation by mammals (Log-rank test: 3°)=1.80, NS, Figure 1E;
mammal predation rate 8.6% vs 3.3%, respectively).

3.2 Causes of death during the post-
fledgling phase

In both study sites, predation was the most frequent cause of
death, with mammalian predation being more common in Czechia
and avian predation in Finland. All eight cases of mammal
predation occurred within the first five days after fledging. Avian
predation mostly took place soon after leaving the nest; in 13 out of
15 cases, young birds were taken within eight days of fledging.
Starvation, either by itself or in combination with disease, was the
second most frequent cause of death; in contrast to death by
predation, individual cases occurred more evenly throughout the
study but were also most common soon after fledging.

The pine marten and the goshawk (Accipiter gentilis) were the
most common predators in the Czech and Finnish study areas,
respectively (Table 4). During the autopsy examinations, the most
frequently recorded parasite was Sarcocystis funereus, which was
identified in the carcasses of 4 out of 10 Czech fledglings and in all
16 Finnish fledglings.
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FIGURE 1

Fledglings’ mortality risk curves after leaving the nest. Tengmalm’s owl fledglings’ survival function curves with + 95% confidence intervals calculated
for the post-fledging phase within five different combinations of mortality sources, with data for the Czech (blue) and Finnish (red) study sites shown
separately. The total mortality risk comprising all death events (A), mortality risk caused by starvation, disease and a combination of both (B),
predation mortality risk merging death events caused by birds and mammals (C), avian-only predation mortality risk (D), and mammal-only predation
mortality risk (E) are shown. The censored individuals are marked by a plus (+) symbol.

4 Discussion

Our results show a higher total mortality rate for Tengmalm’s owl
fledglings during the PFDP in the North European study area of
Finland than in the Central European area of Czechia, a finding
which is consistent with our first prediction (i). There were two main
reasons for this difference. Firstly, the number of fledglings predated
by avian predators was higher in Finland than in Czechia (14 vs 1
individual), and secondly, the mortality of fledglings caused by
combined starvation and disease was 3.5 times higher in Finland
than in Czechia, a finding which is in line with our second prediction
(ii). It should be noted here that the autopsies conducted on the
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recovered carcasses did not intend to distinguish between deaths
caused by starvation and those caused by disease; we only speculate
about these possibilities in cases where the young birds were
unnaturally underweight without any infections or, vice versa, in
birds which had an appropriate body mass but were heavily
parasitized. In all other cases, the cause of death most probably was
starvation, possibly in combination with infection. However, though
this remains speculative, we suggest that starvation was a more
significant factor in most cases. Our overall results regarding the
rate and frequency of predation and starvation did not differ
markedly from other studies on birds of prey such as, for example,
tawny owls (Strix aluco) (Overskaug et al., 1999; Sunde, 2005), long-
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TABLE 4 Recorded predators, parasites and bacteria of the
monitored fledglings.

No. of
recorded cases

Recorded predators, parasites

and bacteria

Czechia Finland

Mammals pine marten
(Martes martes) 6 1
domestic cat
(Felis catus) - 1*
Birds long-eared owl
(Asio otus) 1 _
carrion crow
(Corvus corone) - 16
goshawk
(Accipiter gentilis) - 5
Ural owl
(Strix uralensis) - 1
not identified - Vak
Parasites Sarcocystis funereus 4 16
Spiruroidea 1 -
Nematoda - 7
Capillaria spp. - 8
Ascaridia - 2
Ascaridida - 1
Cestoda - 1
Bacteria Clostridium spp. 2 6
Staphylococcus aureus - 2
Enterococcus spp. - 10
Vagococcus fessus - 1
Rahnella aquatilis - 1

List of recorded avian and mammal predators of Tengmalm’s owl fledglings throughout the
post-fledging dependence period and parasites and bacteria recorded during autopsies of the
found carcasses. The numbers of particular avian and mammal species recorded as predators
and the numbers of examined carcasses in which the given parasites and bacteria were found
within the two study areas in Czechia and Finland.

*This individual was found ca. 150 m from human dwellings lying on the ground five days
after fledging with several open stab wounds and one wing bitten off; this is very unusual and
was most probably not caused by wildlife.

**This individual was found eight days after fledging being torn apart by two crows in the
forest undergrowth; the observation suggests that crows are only capable of taking juvenile
Tengmalm’s owls.

***All these individuals were likely predated by goshawks (5 individuals) or Ural owls
(2 inds.).

eared owls (Asio otus) (Tome, 2011) or prairie falcons (Falco
mexicanus) (McFadzen and Marzluff, 1996).

Mortality due to starvation varied widely depending on the
abundance of small rodents, the main prey species of Tengmalm’s
owls. Mortality induced by starvation during the PFDP was
widespread in the Finnish site in 2019, a decrease year in the
three-year high-amplitude population cycle of voles: the vole
population declined from spring to autumn, and vole numbers
were very low during the PFDP and the fledglings’ independence
period. This steep decline in the abundance of main prey species
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induced a very high mortality rate in owl offspring (Kouba et al.,
2023). Mortality due to starvation was much lower in 2021 which
was an increasing year of main prey populations, although brood
reduction during the nestling period was as frequent as in 2019.
These results are consistent with the first-year survival and
recruitment rates of Tengmalm’s owl offspring, which are three
times higher for individuals which fledged in the increase than in
the decrease phase of the vole cycle (Korpimaki and Lagerstrom,
1988; Korpimidki and Hakkarainen, 2012). During the increase
phase in 2021, some fledglings also starved to death, but this was
only recorded within broods of yearling male parents or in those of
polygynous males [only three males (all in Finland) in 2021 were
recorded as polygynous during the whole study]. The fledgling
production of yearling males is generally lower than that of older
males (Laaksonen et al., 2002), and nestling mortality is markedly
more frequent in the secondary and tertiary nests of polygynous
male owls than in their primary nests (Korpimiki, 1991).
Polygynous male owls prefer to provision their earliest (primary)
nest after hatching; as a consequence, many nestlings in later
secondary and tertiary nests starve to death (Korpimaki, 1991).

In Czechia, the starvation of fledglings was only observed during
the 2011 breeding season, the year with the lowest prey abundance.
This year, eight nestlings from five broods that starved to death in
the box were even at the fledging age (three were already radio-
tagged; no one was included in any analysis of mortality during the
PFDP). As a result, brood reduction was very high in 2011 in
comparison with the other three breeding seasons during which the
research was conducted in this site. We suggest that the explanation
for higher mortality due to starvation during PFDP in Finland is a
consequence of the more challenging environment of North
Europe; during the mid-summer breeding season, nightly
darkness lasts only two to three hours in the north (Korpimiki,
1981), whereas it is twice as long in the south (Zarybnicka et al.,
2012), meaning that only a short period of time is available for prey
deliveries among the Finnish population of the strictly nocturnal
Tengmalm’s owls. In addition, steep summer declines in the
populations of small rodents do not occur in the Czech study site
(Zarybnicka et al., 2015a), whereas they happen every three years in
the north through high-amplitude 3-year vole cycles (Korpimaki
et al, 2005a; 2005b). We suggest that short prey delivery times and
steep summer declines in the north can account for the higher
fledgling mortality rates caused by a combination of starvation and
disease in the Finnish study site, a rate which is 3.5 times greater
than that recorded in Czechia. Moreover, these results are also in
agreement with the findings of an earlier study comparing our two
study areas (Zarybnicka et al., 2012) which reported higher brood
reduction during the nestling period in Finland; the study also
found that local males are required to hunt throughout the whole
night to satiate their offspring.

The overall higher predation of Tengmalm’s owl fledglings in
Finland is primarily a reflection of the above-mentioned difference
regarding the presence of avian predators in the Kauhava area and
their absence in the Ore Mts. (see Introduction), which aligns with
prediction iii. The occurrence of avian predation was much harder
to confirm than predation by mammals (see below); seven fledglings
disappeared, and their tag signals were never detected again
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(Table 4). However, two cases occurred in the same stand of forest
in which a tag of a Tengmalm’s owl fledgling was found in the nest
cavity of Ural owls (Strix uralensis). The other five cases were
attributed to goshawks because they occurred at sites where this
raptor species had taken their siblings. Predation by goshawks was
confirmed in cases where feathers of Tengmalm’s owls were found
at typical plucking sites. The recorded avian predators are well-
known enemies of Tengmalm’s owl fledglings and adults (Mikkola,
1983; Hakkarainen and Korpimaki, 1996; Tornberg et al., 2006), but
one interesting find was the predation of a fledgling by carrion
crows (Corvus corone), a species which has not previously been
described as a predator of Tengmalm’s owl in existing literature.

Predation by mammals appeared to be more frequent at the
Czech site than in the Finnish study area, but the difference was
insignificant. Insufficient data could have caused the lack of
significance. Still, we could not confirm the prediction iv anyway.
In four out of seven cases of pine marten predation, the carcass was
found buried in the ground for use as a future food source. The
fledglings were eaten on the spot in the three other cases, and only
some feather, bone and leg remains were found. In all of these cases,
we concede that the fledglings might also have been predated by red
foxes (Vulpes vulpes), although this is somewhat unlikely because
most of the young were observed higher up in trees during their
previous tracking.

We found that predator-induced mortality mainly occurred
immediately after fledging, a finding which is in agreement with
earlier studies and which appears to be a widespread phenomenon
in birds across different species and families (e.g., Adams et al,
2001; Naef-Daenzer et al., 2001; Keedwell, 2003; Todd et al., 2003;
Sunde, 2005; Robles et al., 2007; Salinas-Melgoza and Renton,
2007). The improvement of flying and climbing skills in fledglings
most probably involves elements of motor learning that can only be
learned outside the nest (as suggested by Sunde, 2005). Moreover,
flight feathers are not fully grown at the time of leaving the nest,
making the naive newly-fledged young birds an easy target even in
the case of Tengmalm’s owls, which can usually fly relatively well
upon fledgling in comparison to tawny owl fledglings which can
only climb in branches at that time.

Survival periods of fledglings were longer for those who fledged
later during the breeding seasons. Thus, higher mortality occurred
within parents’ broods with the earliest nesting timing. This finding
contrasts many studies on bird of prey species that described the
earliest breeders as the most successful, including the Tengmalm’s
owl (e.g., Korpimédki and Hakkarainen, 1991; Korpiméki and
Wiehn, 1998; Ferrero et al., 2003; Sergio, 2003). However, this
comparison of the nestling and post-fledging phases may be
inappropriate because the mortality sources might notably differ
between the two periods. More importantly, our result also
contradicts the finding that mortality risk in tawny owl fledglings
increased with the fledging date due to an increasing raptor
predation risk later in the breeding season (Sunde, 2005). As we
found the opposite, it is evident that the selection pressures
regarding fledgling dates (the selection for early breeding) differ
in these two species.

The parasitological and bacteriological investigations of
recovered carcasses of succumbed or predated young revealed a
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broad scale of present parasites and/or bacteria. Only a few studies
to date have addressed the potential impact of particular parasites
on adults or fledglings in different birds of prey worldwide (but see,
e.g., Hunter et al, 1997; Larrat et al., 2012). However, we found no
other cause of death besides parasites in one fledgling in Czechia
and one in Finland, infected by Sarcocystis funereus and species of
the order Ascaridida, respectively. Both were in good physical
condition because the deaths occurred during seasons with a high
abundance of main prey. Several studies have noted that the synergy
between parasites and other stressors, such as inclement weather,
environmental disturbance, food scarcity, crowding or a
combination of these factors can result in a substantial increase in
bird mortality (Howe, 1992; Hunter et al.,, 1997; Work et al., 2004;
Larrat et al,, 2012). However, it is not clear whether poor body
condition as a consequence of low food abundance induces
individuals to be an easy target for different parasites due to
decreased host resistance or vice versa; the infections which can
weaken individuals as a parasite burden might have metabolic costs
for their hosts (Behnke et al., 1992; Wobeser, 2009) and thereby
contribute to deteriorations in their physical condition. Our results
seem consistent with the theory that individuals are more capable of
successfully fighting and recovering from infections under
conditions of high food supply, with the survival of fledglings
remaining high in such conditions (as suggested by Hunter et al.,
1997); infections usually do not kill their hosts directly but may
weaken individuals to such an extent that other factors can reach
life-threatening levels or combine to cause death (as suggested by
Howe, 1992).

A prevalent parasite found in the studied carcasses was
Sarcocystis funereus (Maca et al, 2021; 2024). It is known that
Sarcocystis cernae influences the behaviour of its intermediate host
(the common vole Microtus arvalis) by enhancing the probability of
parasite transmission to the final host (the Eurasian kestrel Falco
tinnunculus) and increasing the risk of its predation (Hoogenboom
and Dijkstra, 1987), and this is likely also the case with the
intermediate host of S. funereus, which is still unknown but
which was suggested may be the harvest mouse (Micromys
minutus) (Maca et al., 2024). However, very little is known about
the effects of parasitation by Sarcocystis sp. on their definitive hosts,
various species of birds of prey. We surmise that the presence of
large numbers of parasites in the intestines must burden any
organism and adversely affect the health of the host. In this
context, we would recommend that future research should focus
on parasite-host relationships and interactions because the issue of
unstudied parasites within animal populations and their status and
long-term development may be as crucial as more comprehensively
studied topics such as animal interactions, habitat loss and global
climate change.

In the Finnish study area, we recorded that 57% of dead
fledglings had been predated and 43% had died due to a
combination of starvation and disease. The main causes of death
of Tengmalm’s owls ringed in Finland during 1913-2012 (636
inds.) were traffic collision (26%), window collision (15%),
entering buildings (10%), predation (25%), sickness (8%) and
other (16%) (Valkama et al., 2014). Although we compared young
and adult individuals over different periods, the difference between
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the two study results is in agreement with similar comparisons
made in other studies, as the conclusions about survival rates and
causes of mortality based exclusively on ring recoveries can be
misleading (Newton et al., 2016; Naef-Daenzer et al.,, 2017). For
example, a study on the causes of death in little owls (Athene
noctua) based on ring recoveries substantially overestimated traffic
and human structures and underestimated predation (Naef-
Daenzer et al.,, 2017). All these researchers stressed the
importance of using radio or satellite tracking for mortality
studies to determine the actual causes of death, an approach
which is crucial to establishing proper conservation management
for endangered species.

We conclude that the abundance of main prey species was the
most crucial factor regarding the survival of Tengmalm’s owl
fledglings during the PFDP, a finding which has also been
observed in other species of birds of prey (e.g., Rohner and
Hunter, 1996; Todd et al., 2003; Sunde, 2005). We further suggest
that the interactive effects of infection and malnourishment due to
low prey abundance were also responsible for a high degree of
mortality, particularly in the Finnish study area in which the more
challenging environment possibly acts as another stressor factor. In
contrast, we might speculate that Tengmalm’s owl fledglings were
more successful in fighting off infections in seasons with high prey
abundance, as has also been hypothesized for great horned owls
(Bubo virginianus) (Hunter et al., 1997). Finally, we recommend
that researchers pay greater attention to the interacting influences
and long-term effects of parasites on their hosts, particularly their
definitive hosts, as this appears to be an understudied topic of
crucial importance.
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