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Abstract. Monitoring is essential in conservation biology for assessing a species’ population status and development.
Many broad-scale programs rely on citizen science approaches but surveying rare or elusive species often requires spe-
cific training for volunteers. The Lesser Spotted Woodpecker Dryobates minor is an indicator of healthy forest ecosys-
tems, particularly structurally rich deciduous and riparian forests. The species is difficult to observe due to its elusive
behaviour, making reliable information about population status and habitat requirements scarce. Recognizing this crit-
ical data gap, a citizen science project was initiated in Hesse and Bavaria, Central and Southern Germany. The project,
integrated into the national monitoring of rare breeding birds, trained volunteers to systematically map this species.
Monitoring was conducted from 2021 to 2024 along 187 monitoring transects using playbacks to lure woodpeckers and
the NaturaList app to record observations. Additionally, habitat data, such as the number of dead trees, proximity to
water bodies and habitat type, were collected. Cavity cameras were used to monitor active breeding cavities. Lesser
Spotted Woodpeckers were detected during 323 of 1012 surveys (32%), with detection probability peaking in March.
The prior bird knowledge of the citizen scientists positively influenced detection probability. Species occurrence prob-
ability was highest in deciduous, riparian, and mixed forests characterized by large amounts of standing dead trees.
Nest survival was 74%, with 1.8 fledglings per brood on average. Predators included Great Spotted Woodpeckers
Dendrocopos major, and Garden Dormice Eliomys quercinus. Nest survival increased with the number of standing dead
trees in the vicinity of breeding cavities. These findings emphasize the importance of deciduous forests and standing
deadwood in supporting the species” occurrence and nest survival and highlights the value of citizen science as pow-
erful tool for generating large-scale data, enabling more effective long-term monitoring of elusive species.
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INTRODUCTION

Reliable population monitoring forms the basis for
analysing species distributions, habitat associa-
tions and subsequently, conservation needs. For
common birds, well-established citizen science
programs provide robust long-term population
trends (Votisek & Gregory 2008). In contrast, data
from large-scale monitoring programs are often
insufficient to make statements about the popula-
tion status of elusive, less common bird species
(Kéry & Schmidt 2008). Many citizen scientists
have little experience with these species, as they
are rarely encountered without knowledge about
the habitat requirements and special training to
accurately identify such species.

The Lesser Spotted Woodpecker Dryobates
minor, a species about the size of a sparrow, is
known for its elusive behaviour, making it chal-
lenging to observe and study, even for experi-
enced ornithologists. Unlike its more conspicuous
relatives, this species inhabits the upper canopies
of trees, where it moves swiftly and drums quiet-
ly, often going unnoticed. Despite its cryptic
behaviour, the Lesser Spotted Woodpecker serves
as an important indicator species for healthy for-
est ecosystems since it requires natural forests
with a high proportion of deadwood (Olsson et al.
2001, Wiktander et al. 2001).

Effective monitoring of the Lesser Spotted
Woodpecker poses major challenges. Due to its
specialized habitat requirements, the species has a
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patchy occurrence throughout its geographic
range. Moreover, because of its elusive behaviour
the species is only detectable with lower effort
during the courtship period when both sexes are
calling and drumming. Consequently, reliable
data on Lesser Spotted Woodpecker populations
are scarce. The Pan-European Common Bird Moni-
toring Scheme (PECBMS) classifies the Lesser
Spotted Woodpecker as having uncertain status
(PECBMS 2025). Historically, the species was a regu-
lar breeding bird, with a peak in the late 1960s,
which is probably linked to the Dutch Elm Disease
that led to a widespread increase in decaying and
dead elms across the landscape (Gibbs 1978). Since
the 1980s, the population in Europe has dropped
by 80%, with an even steeper, 91% decline in
Great Britain since 1967 (Massimino et al. 2024).
Studies from Great Britain attribute the decline
since the 1980s to reduced breeding success
(Smith & Smith 2024). The early nestling stage is
particularly vulnerable and plays a critical role in
population growth. Climate-driven shifts in the
timing of prey abundance peaks have created an
increasing mismatch between breeding phenolo-
gy and food availability, resulting in significant
losses during chick rearing (Smith & Smith 2020).
In Poland, on the other hand, the population
trend from 2000 onwards has remained relatively
stable to date (Beuch et al. 2024).

In Germany, basic information on the popula-
tion dynamics, breeding success, and distribution
of the Lesser Spotted Woodpecker remains limit-
ed. The species is classified as endangered (Smith
& Charman 2012, Sudfeldt et al. 2021), with an
estimated number of 25,000 to 41,000 breeding
pairs. In the federal states of Hesse and Bavaria,
where this study was conducted, the Lesser
Spotted Woodpecker is listed as near threatened,
with documented evidence of population decline.
In Hesse, its conservation status is classified as
unfavourable-insufficient (Kreuziger et al. 2023),
whereas in Bavaria, it is still considered favourable.
These discrepancies and uncertainties in popula-
tion estimates arise from the absence of compre-
hensive long-term monitoring programs, likely
because the species is challenging to detect and
requires advanced ornithological expertise for
accurate recording. Nonetheless, the available
data indicate a declining trend in Germany’s
Lesser Spotted Woodpecker population (Gedeon
et al. 2014). Improved monitoring to address this
knowledge gap is urgently needed.

We developed the citizen science project
“Small Woodpecker — Big Role” aimed at gather-

ing reliable monitoring data on the Lesser Spotted
Woodpecker population and habitat use. By
involving a network of experts and amateur
ornithologists, this initiative seeks to raise aware-
ness about the species while filling critical data
gaps. Long-term monitoring efforts focus on
understanding the habitat structures that increase
the likelihood of occurrence and breeding success.
Over time, this project aims to provide a clearer
picture of population trends and habitat prefer-
ences, informing future conservation strategies
for the Lesser Spotted Woodpecker. Here, we used
data from that citizen science project to address
two key research questions: (1) What role do habi-
tat type and availability of standing dead trees
play in the occurrence of the Lesser Spotted
Woodpecker?; (2) What role does the availability
of standing dead trees play in the nest survival of
the species? By addressing these questions, the
research aims to contribute valuable insights into
the conservation of this endangered species.

METHODS

Study species

The Lesser Spotted Woodpecker is the smallest
woodpecker species in Europe with a body size of
14-16 cm. Its distribution encompasses the major-
ity of the Palearctic ranging from Western Europe
to Eastern Asia (Winkler & Christie 2020). It
thrives in structurally diverse deciduous and
riparian forests, as well as in old orchards with sig-
nificant presence of deadwood, where it feeds pri-
marily on arthropods throughout the year. As it is
a sedentary bird, it can be observed in Germany
year-round. During winter, individual birds cover
a large home-range (Hontsch 2005), occasionally
joining mixed species flocks of small passerines
while foraging. From the beginning of the
courtship season the home-range gradually nar-
rows to the close vicinity of the breeding cavity
location. A new breeding cavity is excavated
annually, mostly by male birds (Rossmanith 1999,
Hontsch 2001). Due to its small size and fine,
tweezer-like beak, the Lesser Spotted Woodpecker
is strongly dependent on standing deadwood for
excavating its cavities.

Study area

The study was conducted in the federal states of
Hesse and Bavaria in Central and Southern
Germany. The locations of the study sites were
selected by the citizen scientists in the beginning
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of the project and covered an area of ca. 86,000
km? (see below; Fig. 1). The elevation of the study
sites ranged from 86 m a.s.l. to 721 m a.s.l. (365 *
150 m a.s.l; mean = SD). Mean annual tempera-
ture at the study sites ranges between 7.0 °C and
10.6 °C (9.2 = 0.6 °C). Annual precipitation ranges
between 618 mm and 1640 mm (867 + 170 mm).
The study sites were located in deciduous, mixed,
coniferous, and riparian forest, alleys and green
spaces, orchards, as well as in field and riparian
groves.

Citizen science project

We trained citizens interested in nature to recog-
nize woodpecker species and meet monitoring
requirements for Lesser Spotted Woodpeckers
through several annual training courses, each last-
ing around two to three hours. The first course,
held before the monitoring season, taught partici-
pants to distinguish between different woodpeck-
er species, understand their behavioural reper-
toire, and identify suitable habitats for the Lesser
Spotted Woodpecker. We also introduced the
monitoring protocol, which follows the wood-
pecker protocol of the nationwide German Rare
Breeding Bird Survey (MsB) of the Federation of
German Avifaunists (DDA). With this knowledge,
participants defined standardized transects to
monitor annually. For data collection, we used the
NaturaList app, which is linked to the online plat-
form ornitho.de. Participants received a bluetooth
speaker, a woodpecker guidebook, and a project
t-shirt. The second training course, conducted in
late April, focused on the breeding biology of the
Lesser Spotted Woodpecker to train citizen scien-
tists in locating breeding cavities. We created a
communication and collaboration platform by
inviting all participants to join a social media chat
group (via Signal), where they could share experi-
ences, ask questions, and receive guidance from
the project coordinators or other participants. This
platform also motivated participants during mon-
itoring and challenging searches for active breed-
ing cavities.

Citizen scientist demographics

We advertised the project in newspaper articles,
announcements in popular science magazines
and radio broadcasts, as well as among members
of nature conservation associations. A total of 337
citizen scientists registered over the four years. In
2021, approximately 85 participants registered,
followed by approximately 200 additional regis-
trations in 2022. In 2023, the final year funded by

the Deutsche Bundesstiftung Umwelt (DBU), only
25 additional participants registered, with num-
bers declining further in 2024 due to limited pro-
motional efforts. However, not all participants
were active. In the first year, 49 citizen scientists
actively monitored a transect, increasing to ap-
proximately 132 in the second year. Participation
then dropped slightly to 112 in the third year to 53
in the fourth year.

At registration, we recorded gender, age, prior
bird knowledge, experience with ornitho.de/
NaturaList and participation in other citizen sci-
ence projects (Appendix 1). Of the 337 registered
participants, 161 (48%) provided complete data
for a total of 187 transects (with some participants
monitoring multiple transects) that were included
in the subsequent analysis. The two subgroups of
participants, providing complete or incomplete
monitoring data, did not differ in the above men-
tioned attributes (Appendix 1).

Study sites and survey design

Citizen scientists selected study sites near their
local communities. Because the project was a col-
laboration between Senckenberg in Hesse and the
Landesbund fiir Vogel- und Naturschutz (LBV) in
Bavaria, study sites are distributed across these
two federal states (see Fig. 1). After receiving
information about suitable Lesser Spotted
Woodpecker habitats from the project coordina-
tors (K.H. and A K.), participants proposed moni-
toring transects that met the guidelines of the
nationwide woodpecker monitoring module of
the DDA. Each transect required at least five stops
(with a maximum of 21 stops), spaced 300 meters
apart. After meeting these criteria, we incorporat-
ed transects into the DDA woodpecker module.
Monitoring then followed the guidelines outlined
by the DDA (Busch et al. 2024).

In the DDA woodpecker module, transects are
monitored twice annually during two periods:
from February 21 to March 20 and from March 21
to April 20. Participants conducted monitoring
under suitable weather conditions, ideally on
sunny mornings with mild temperatures and little
or no wind. The monitoring was carried out
between sunrise and no later than four hours
thereafter. Between consecutive monitoring an in-
terval of at least 7 days was maintained (Stidbeck
et al. 2005). During each visit at each stop, partici-
pants played a standardized 5-minute audio lure
consisting of Lesser Spotted Woodpecker drum-
ming and mating calls, unless a woodpecker was
already calling or drumming. We integrated this
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Fig. 1. Distribution of the 187 study sites across the German
federal states Hesse and Bavaria. Study sites in which the
Lesser Spotted Woodpecker has been detected at least once
during the study period (2021 to 2024) are shown in blue
(N =122), whereas study sites without detections are shown in
red (N = 65).

procedure into the NaturaList app, which also
served for data entry. When the woodpeckers
responded to the audio lure, participants immedi-
ately stopped the playback to minimize distur-
bance. Participants then located the birds on a
map and recorded additional data including sex
or behaviour when possible.

Participants conducted a third monitoring visit
in the period from April 21 to May 10. Beyond the
two regular monitoring visits, the primary goal
during this third visit was to search for breeding
cavities. Upon discovering a breeding cavity, par-
ticipants closely monitored it and recorded nest
survival with the assistance from the project coor-
dinators (K. H. and A. K.). The project coordina-
tors counted eggs and nestlings using a special
cavity inspection camera mounted on a 16-meter
telescopic pole. Cavities were observed by partici-
pants until the young woodpeckers fledged and
the number of fledglings was recorded. When the
precise number was uncertain, fledgling numbers
were conservatively estimated based on prior
knowledge from cavity inspection camera checks
and post-fledging observations. For instance,

when only fledglings of one sex were observed
outside the cavity, the number of fledglings was
estimated as >1 and when one male and one
female fledgling was observed, the number was
estimated as > 2. Additionally, participants docu-
mented the tree species containing the cavity, as
well as the cavity’s location, height, and orienta-
tion. Further, the same habitat assessment was
conducted as around the transect stops (see
below). Sample sizes vary across parameters
because not all parameters were recorded for
every cavity. Based on the above data we defined
successful nest survival if at least one chick of a
given cavity survived until fledging. To reassure
that our estimates of nest survival are not biased
by the timing of discovery of breeding cavities, we
also calculated nest survival using the Mayfield
estimator (Mayfield 1961) with a bootstrap proce-
dure.

Habitat data

Participants conducted a habitat assessment at
each stop and breeding cavity location. The
assessment included various habitat characteris-
tics around the stops. The participants conducted
the habitat assessment in a radius of ca. 30 m from
the location of each stop or breeding cavity,
respectively. Four variables were recorded, each
with predefined categories from which the partic-
ipants could choose (Appendix 2). At each stop,
the habitat type, the diameter of the thickest tree
within the radius, the number of dead trees (< 5
trees, 5-20 trees, > 20 trees), and the distance to
the nearest water body (< 50 m, 50-200 m, > 200
m) was recorded. When a stop was located at the
boundary of two habitat types, participants select-
ed the dominant habitat type. Forest habitats were
categorized into three types: deciduous forests
(with at least 90% deciduous trees), mixed forests,
and coniferous forests (with at least 90% conifer-
ous trees). For tree diameter, we provided a guide-
line for estimation. A tree stem that can be
embraced with both hands has a diameter of
approximately 13 cm. A stem about the length of
the forearm has a diameter of around 40 cm.
When the stem can be hugged within the finger-
tips still touching, the diameter is approximately
50 cm, and when the stem is significantly larger
than arm length, the diameter is 70 cm or greater.
We defined dead trees as standing deadwood
with a minimum diameter of 20 cm at breast
height (DBH). The distance to the nearest water
body was measured after fieldwork using geo-
graphic map tools (e.g., Google Maps, Google
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Earth). We considered rivers with a minimum
channel width of 1 m and ponds with a minimum
area of 4 m? as water bodies. In the analysis, we
used the maximum number of dead trees across
the stops of a given transect as a categorical pre-
dictor variable with three levels. Moreover, we
used the proportion of counts of each habitat type
across the stops of each transect as a predictor
variable for the relative habitat composition (see
below).

STATISTICAL ANALYSIS

Occurrence analysis

We modelled Lesser Spotted Woodpecker occur-
rence using a Bayesian state-space model that
included an observation model to estimate the
detection probability of the Lesser Spotted
Woodpecker and a process model to estimate the
occurrence probability of the species while
accounting for imperfect detection. In the process
model, we modelled species occurrence as a latent
Bernoulli variable at the level of transect-year
combinations (i.e. whether the Lesser Spotted
Woodpecker occurred at a transect in a given
year). In this model, the maximum number of
dead trees across the stops of a given transect was
included as a categorical predictor variable with
three levels (< 5 trees, 5-20 trees, > 20 trees).
Moreover, we included study year as a categorical
predictor variable with four levels into the model
(2021 to 2024). The habitat composition of each
transect was included as a multiple-membership
term to estimate the partial effect of each habitat
type on the occurrence of the Lesser Spotted
Woodpecker. The monitored habitat types com-
prised deciduous forest, mixed forest, coniferous
forest, riparian forest, field- and riparian groves
(combined category), alleys and green spaces
(combined category), as well as orchards. We did
not include the distance to the nearest water body
as an additional predictor variable into the model,
as this variable was strongly correlated with the
habitat composition along the transects due to the
inherent association of riparian forests, riparian
groves and field groves with water bodies (y*-test
of independence: y? = 1886.8, df = 12, p < 0.001;
Appendix 3). The equations of the process model
were defined as follows:

logit(p)=2 \_, B X, +2 1,2, (eqn. 1)
z;~Bern(p)) (eqn. 2)
B~N(u=0, c=5) (eqn. 3)
7Np=00); cy~t+ (1=0,0=5,df=2) (eqn.4)

where p; is the expected occurrence probability
at a transect in a given year, X is a model matrix
including an intercept and the two explanatory
variables (i.e., maximum number of dead trees
and survey year), B is an associated vector of
parameters, Z is a design matrix including the
prevalence of habitat type ! for transect-year com-
bination i and y is an associated vector of effects
for each habitat type (eqn. 1 and 2). For 8, we used
a normal prior with a mean of 0 and a variance of
5 (eqn. 3). The parameter y was specified to follow
a normal distribution around 0 with standard
deviation o, (eqn. 4). For o, we used a truncated
half-t distribution with a mean of 0, variance of 1
and two degrees of freedom (d.f. = 2; eqn. 4;
Gelman 2006).

We modelled species detections as a Bernoulli
variable at the level of transect-visit combina-
tions (i.e., whether the Lesser Spotted Wood-
pecker has been detected in at least one of the
stops of a transect during a given monitoring
visit). Species detection y. was thereby condi-
tional on the product of the state of the latent
occurrence variable z; (eqn. 2) and the probability
of detection ; (eqn. 6). We modelled the detec-
tion probability as a function of the month of
the inspection (February, March, April, or May),
the number of stops per transect (range: 5-13),
and the prior bird knowledge of the citizen scien-
tists (score ranging from 1 = novice to 5 = expert).
The formula of the observation model was
defined as follows:

logit(m;)= Zf:th Xy (eqn. 5)
Y~ Bern(zi[j] n].) (eqn. 6)
By~ N(u=0,5=5) (eqn. 7)

where 7; is the expected detection probability at
a transect during a given monitoring visit, X is
a model matrix including an intercept and the
three explanatory variables (i.e., month of visit,
number of stops per transect and prior bird
knowledge) and B is an associated vector of
parameters (eqn. 5 and 6). For B, we used a
normal prior with a mean of 0 and a standard
deviation of 5 (eqn. 7). As we lacked data on
prior bird knowledge for 6 of the 187 transects,
we imputed these values within the model based
on the distribution of this variable across the 161
citizen scientists with known data for this vari-
able. The imputation model was defined as
follows:

K, ~ Cat(7,)
A, ~ Dir(e,,)

(eqn. 8)
(eqn. 9)
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where K is the observed degree of bird knowl-
edge of citizen scientist n, which we modelled
using a categorical distribution with five classes
m (1 to 5), and 4, is the probability of a citizen
scientist having bird knowledge of degree m.
A, is drawn from a hyper-prior following a
Dirichlet distribution with equal prior proba-
bilities o, for each degree of bird knowledge
(a,, = 0.2).

Nest survival analysis

We modelled the nest survival using a Bayesian
logistic regression model. In this model we treated
nest survival as a binomial response variable
(0 = unsuccessful brood, 1 = successful brood).
We included the number of dead trees surround-
ing the breeding cavities as a categorical predictor
variable with three levels in the model (< 5 trees,
5-20 trees, > 20 trees). The model formula was
defined as follows:

logit(p)=Z 11 B X, (eqn. 10)
z;~ Bern(p,) (eqn. 11)
By ~N(u=0, c=5) (eqn. 12)

where p; is the expected nest survival of a given
nest, X is a model matrix including an intercept
and the explanatory variable (i.e., the number of
dead trees), and B is an associated vector of
parameters (eqn. 10 and 11). For 8, we used a nor-
mal prior with a mean of 0 and a standard devia-
tion of 5 (eqn. 12).

We performed all analyses in R (version 4.4.1)
(R Core Team 2024). The Bayesian models were
implemented in package NIMBLE (version 1.2.1)
(de Valpine et al. 2017). We ran 10 parallel
chains for the models, with each chain running
for 11,000 iterations, including an adaptive
burn-in phase of 1,000 iterations and a thin-
ning interval of 20 iterations. This resulted in
500 samples per chain, corresponding to a total
of 5,000 samples from the posterior distri-
bution. We used a Gibbs sampler to sample
binary nodes and an AF-Slice sampler as imple-
mented in NIMBLE (version 1.2.1) to sample
all continuous nodes. We randomly drew initial
values from uniform distributions. We checked
the chains for convergence, temporal autocor-
relation, and effective sample size using the
coda package (version 0.19-4.1) (Plummer et al.
2006). Additionally, we assessed the normality
and variance homogeneity of the model resid-
uals.

RESULTS

Of the 181 transects with complete data, 41 were
monitored for one year, 69 for two years, 58 for
three years, and 13 for four years. A total of 45
transects were monitored in 2021, followed by 156
transects in 2022, 142 in 2023, and 62 in 2024,
respectively, resulting in a total of 405 transect-
year combinations. Across transect-year combina-
tions, a total of 985 surveys were conducted. We
conducted all surveys between February 21 and
May 10. In 35 cases (i.e., transect-year combina-
tions) only one survey had been conducted per
year, in 160 cases, two surveys were conducted
per year, and in 210 cases, three surveys per year.
When more than one survey was conducted per
year, the average time interval between successive
surveys was 27 = 11 days (mean = SD).

Woodpecker occurrence

Lesser Spotted Woodpeckers were detected dur-
ing 323 of 1012 surveys (32%). Our model indicat-
ed that detection probability peaked during
March, reaching a median value of 58% and was
lower in February (46%), April (42%) and May
(28%), respectively (Fig. 2A). Detection probability
tended to increase with the number of stops per
transect and with the prior bird knowledge of the
citizen scientists (Fig. 2B,C). After accounting for
imperfect detection, our model indicated that the
occurrence probability was highest in deciduous
forest (74%), followed by riparian forest (67%),
and mixed forest (61%), whereas the occurrence
probability was much lower in alleys and green
spaces (47%), coniferous forest (46%), field- and
riparian groves (44%), and orchards (42%).
Additionally, the occurrence probability of the
Lesser Spotted Woodpecker increased from 55%
to 77% when the maximum number of standing
dead trees along transects increased from fewer
than five to more than 20 (Fig. 3B). The occurrence
probability did not show any significant trend
across the four survey years (Fig. 3C).

Breeding ecology

A total of 39 breeding cavities were found over the
course of the four survey years. Participants locat-
ed 12 breeding cavities in orchards, 10 cavities in
deciduous forest, 10 cavities in riparian forest, 4
cavities in mixed forest, and 3 cavities in riparian
groves. 17 breeding cavities were excavated in
stems of dead trees while 20 were excavated in
dead side branches. Average cavity height was 8.6
m * 6.3 m (mean * SD; range = 2-27 m; N = 36).
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bility and the number of stops per transect or prior bird knowledge, respectively, whereas the dark and light grey bands depict
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Lesser Spotted Woodpeckers used a variety of tree
species for cavity building. Among 38 cavities, 16
were excavated into Malus domestica vars., 6 in
Alnus spp., 6 in Fagus sylvatica, 5 in Salix spp., 3 in
Quercus spp., 2 in Betula spp., 2 in Populus spp.,
and 2 in Prunus avium (Appendix 4).

In 28 out of 38 (74%) breeding cavities with
known breeding success the nestlings survived

until fledging. Estimates based on the Mayfield
method yielded similar conclusions (73% [55%,
89%], median [90% confidence interval]). The pri-
mary reasons for failure were predation of chicks
(N = 6), abandonment by adults (N = 3), and
severe weather during the breeding season (N = 1).
Predators included Great Spotted Woodpeckers
Dendrocopos major (N 3), Garden Dormice
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Fig. 3. Estimated probability of occurrence of the Lesser Spotted Woodpecker in relation to: A — habitat type, B — the maximum
number of standing dead trees along each transect, C — survey year. Large grey circles, thick and thin bars depict the estimated
probability of occurrence and model uncertainty (median, as well as 50%, and 95% credible intervals [Crls], respectively).
Numbers above panels depict the number of observations in each category.
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Fig. 4. Probability of nestling survival of the Lesser Spotted
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surrounding monitored breeding cavities. Large grey circles,
thick and thin bars depict the estimated probability of nest sur-
vival and model uncertainty (median, as well as 50%, and 95%
credible intervals, respectively). Numbers above the plot
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Eliomys quercinus (N = 1) and unknown predators
(N = 2). In one case, the brood was likely aban-
doned because eggs were first laid on 29 May, rep-
resenting the second breeding attempt of the pair
after the first attempt failed. Successful broods
contained an average of 3.4 * (.63 hatchlings
(N = 15). The mean number of fledglings per nest
was 1.8 = 1.4 young (N = 38).

We obtained data on nest survival and the
number of dead trees in the surrounding area for
33 breeding cavities. Analysis revealed a strong
positive effect of the number of standing dead
trees on the breeding success of the Lesser
Spotted Woodpecker (Fig. 4). Nest survival
increased from 52%, when the breeding cavity
was surrounded by fewer than five dead trees, to
92%, when more than 20 dead trees were located
around the breeding cavity (Fig. 4).

DISCUSSION

Monitoring effectiveness

Our results demonstrate that citizen science is a
valuable tool for monitoring populations of elu-
sive species such as the Lesser Spotted Wood-
pecker. Thereby, the combination of introductory
training and the use of playbacks allowed

non-professionals to map this elusive species
across a large area. However, our analyses also
revealed that the probability of detection depend-
ed on the prior experience of participants and the
timing of field surveys.

The positive effect of prior observer experience
on the detection probability can be explained by
the behaviour of the Lesser Spotted Woodpecker,
as the birds regularly move through the upper
canopy without vocalizing (pers. observ.;
Wirthmiiller 2007). An experienced ornithologist
is more likely to notice the silently approaching
individuals than a novice. The observed peak in
detection probability during March is likely asso-
ciated with differences in the foraging behaviour
and territoriality of the species between winter,
mating season, and breeding season. In winter,
individuals are solitary and maintain large unde-
fended territories, roaming areas of about 200 ha
in Germany and up to 700 ha in Sweden
(Wiktander 1998, Hontsch 2005). These exception-
ally large home ranges, relative to their body size,
are likely a consequence of the year-round
dependence of the species on arthropods (Glutz
von Blotzheim & Bauer 1980, Angelstam &
Mikusifski 1994, Wiktander 1998). During March
and the first half of April, the home ranges
decrease to around 130 ha in Germany (Hontsch
2005). This decrease in home range size is associat-
ed with the increasing availability of arthropods
on the foliage and the onset of the mating season
(Hontsch 2005). During this period, vocalizations
(e.g. calling and drumming) become more fre-
quent (Spitznagel 2001) and the response to play-
back lures strongly increases. With the start of the
breeding activity at the end of April, the wood-
peckers become less conspicuous again, resulting
in decreased detection rates (Campolattano &
Hontsch 2003).

Overall, our results have three main implica-
tions for the monitoring of the Lesser Spotted
Woodpecker using citizen science approaches:
First, the optimal monitoring period for the
species is during the mating season in March,
because the detection probability is maximized
due to the strong territoriality and response of
the species to playback lures. As the monthly res-
olution of our analysis was relatively coarse,
future studies should examine detection probabil-
ity at more fine-grained temporal intervals (e.g.,
10-day or biweekly intervals). This could reveal
potential differences in detection probability in
late March to early April, shortly before the breed-
ing season. Second, because of the large home
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ranges during winter, there is a risk that observa-
tions of Lesser Spotted Woodpecker at different
locations along the same transect refer to the same
individual moving through different parts of its
home range (Wiktander et al. 2001, Hontsch 2005).
This could lead to overestimating populations if
data from the early monitoring season in February
are used for population estimates. To minimize
these effects of varying home range size on popu-
lation estimates, we analysed the monitoring data
at the transect level rather than at individual
stops. We contend that analysing citizen science
monitoring data at this coarser spatial scale, as
demonstrated in this study, may yield more
robust population estimates. Third, our results
highlight the need for citizen science projects to
collect data on the context of field observations
(e.g., experience, timing, or sampling effort) that
can be incorporated into statistical models to
account for the associated heterogeneity in detec-
tion probability. We recommend that statistical
models based on citizen science data need to
explicitly model the influence of key variables,
such as observer experience, timing, or sampling
effort, on the detection process to obtain accurate
and comparable estimates of population sizes and
long-term population trends.

Occurrence and breeding ecology
Our results indicate that, after accounting for
imperfect detection, Lesser Spotted Woodpecker
occurrence was most likely in deciduous, riparian,
and mixed forests with a high density of standing
dead trees. In contrast, alleys and green spaces,
field and riparian groves, coniferous forests, and
orchards showed lower occurrence probabilities
and likely serve as secondary habitats for the
species. Although we could not directly test for
the effects of distance to water bodies on Lesser
Spotted Woodpecker occurrence, our results sug-
gest that the previously assumed correlation
between Lesser Spotted Woodpecker occurrence
and water bodies (Miranda & Pasinelli 2001,
Camprodon et al. 2015) might result from habitat
type associations, as riparian forests and groves,
which are often found near water, contain high
amounts of deadwood (Appendix 3). Overall, our
results align with previous studies emphasizing
the importance of deadwood and structurally rich
deciduous forests for the Lesser Spotted Wood-
pecker (Olsson et al. 1992, Pettersson 1993,
Wiktander et al. 2001, Charman et al. 2010).

The positive relationship between occurrence
probability and the maximum number of standing

dead trees along transects in our study supports
findings of previous studies, that observed Lesser
Spotted Woodpeckers in Britain are primarily
associated with well-wooded landscapes and to
have largely disappeared from less-forested areas
(Wiktander et al. 1992, Broughton et al. 2013,
Smith & Smith 2020). The presence of standing
deadwood is particularly crucial for creating
roosting and breeding cavities. A higher density of
dead trees provides alternative nesting options in
case of cavity loss due to storm damage or
destruction by Great Spotted Woodpeckers.
Similar patterns have been observed in other cav-
ity-nesting species like the Willow Tit Poecile palus-
tris, which also depends on soft, decaying wood
for nesting (Kumpula et al. 2023). The removal of
dead trees and clear-cutting have been major driv-
ers of population declines in such species due to
the loss of suitable nesting sites.

However, standing dead trees may also serve
as a proxy for overall forest structural complexity
rather than being the sole determining factor. Our
study design focused on a limited, easily measur-
able number of habitat variables and standing
dead trees are likely to correlate with other
unmeasured structural characteristics such as
canopy complexity, tree size distribution, and for-
est age. The strong positive influence of dead trees
on both occurrence probability and nest survival
suggests that it is at least a useful indicator of
habitat quality.

Beyond nesting opportunities, deadwood also
plays a vital role in food availability for the Lesser
Spotted Woodpecker (Smith 2007). The species
primarily feeds on arthropods found in and on
trees throughout the year. In winter, dead branch-
es provide essential overwintering insect
resources, while during the growing season, the
Lesser Spotted Woodpecker forages for insects
and spiders on leaf surfaces. While the deadwood
parameter used in our study focused on com-
pletely dead standing trees, other research sug-
gests that crown deadwood in living old trees is
particularly important for Lesser Spotted
Woodpecker foraging (Olsson et al. 2001).
Deadwood serves a dual ecological role for wood-
peckers: it provides both nesting sites and forag-
ing substrates rich in saproxylic arthropods.
Studies from European forests demonstrate that
various forms of deadwood, including artificially
created snags, are actively used by woodpeckers,
including Lesser Spotted Woodpeckers, empha-
sizing the importance of maintaining deadwood
structures in forest management (Aszalds et al.
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2020). These findings highlight woodpeckers as
key indicators of diverse and intact forest ecosys-
tems.

While habitat presence alone does not neces-
sarily indicate high-quality conditions for breed-
ing (Van Horne 1983, Pulliam 1988), we found a
strong positive relationship between nest survival
and the number of standing dead trees around
breeding cavities. These findings emphasize the
importance of conserving deadwood-rich habi-
tats, particularly in regions where woodpecker
densities are declining. Previous work indicates
that the required diameter of standing deadwood
for nesting averages approximately 16 cm, with
cavities being excavated in both trunks and
branches in nearly equal proportions (Héntsch
2001).

In addition to deadwood availability, preda-
tion and competition from Great Spotted
Woodpeckers represent additional threats to
Lesser Spotted Woodpeckers nest survival (Térok
1990). Previous studies (Smith & Smith 2020) iden-
tified Great Spotted Woodpecker predation as a
major cause of nest failure, with Great Spotted
Woodpecker often taking over Lesser Spotted
Woodpecker cavities or preying on their chicks. In
our study, at least 30% of nest failures were attrib-
uted to Great Spotted Woodpecker predation.
While the impact of Great Spotted Woodpecker on
Lesser Spotted Woodpecker populations remains
debated, some studies from Great Britain suggest
no direct correlation between Great Spotted
Woodpecker increases and Lesser Spotted
Woodpecker declines (Charman et al. 2012b).
Higher amounts of deadwood may help mitigate
predation pressure by distributing predator activ-
ity across a larger area (Martin & Roper 1988,
Thompson 2007, Cresswell 2008). Future studies
should investigate how the interactions between
these two woodpecker species are linked to habi-
tat characteristics to identify the biotic drivers of
nest survival in the Lesser Spotted Woodpecker.

The observed timing of breeding align with
observations from other European populations
(Wesotowski et al. 2021). Successful Lesser Spotted
Woodpecker nests in our study produced an aver-
age of 3.4 hatchlings, with an average fledgling
output of 1.8 young. These numbers are quite low
and comparable to those reported for the Lesser
Spotted Woodpecker in Britain (Smith & Smith
2020). Reduced productivity has been linked to
food shortages, particularly during late-season
broods with lower caterpillar abundance
(Rossmanith et al. 2007, Smith & Smith 2020).

Interestingly, despite higher occurrence probabili-
ties in deciduous and riparian forests, a significant
portion of Lesser Spotted Woodpecker breeding
cavities were found in orchards in our study. This
pattern could result from detection bias, due to
the easier detection of cavities in orchards com-
pared to dense and high forests. The open struc-
ture of orchards facilitates cavity detection com-
pared to the complex canopy structure of mature
forests, which may have contributed to the
observed distribution of breeding sites in our
study. However, it could also indicate a shortage
of suitable breeding sites in forests or a response
to high Great Spotted Woodpecker densities.
Lesser Spotted Woodpecker individuals nesting in
orchards often fly long distances to forage in
forests, suggesting that food availability in
orchards alone is insufficient for sustaining breed-
ing (Hontsch 2005, Charman et al. 2012a). Lesser
Spotted Woodpecker chicks are fed on caterpillars
whilst they are still available but then switch to
aphids and other invertebrates, which are abun-
dant on orchard trees that are not treated with
pesticides (Rossmanith et al. 2007). This suggests
that orchards may serve as secondary breeding
habitats, where individuals accept lower nest sur-
vival in exchange for cavity availability or reduced
predation risk (cf. Appendix 4).

Long-term population trends

The occurrence probability of the Lesser Spotted
Woodpecker did not significantly change between
years, indicating that the population remained
stable over the short term in our study area.
Unfortunately, comparisons with the historical
population trends in our study area are not possi-
ble due to lack of suitable data. In Great Britain,
the population of the Lesser Spotted Woodpecker
has been monitored since 1967 as part of the
Common Bird Census and the Breeding Bird
Survey. After a peak around 1980, the population
had declined by 91% by 2023 (Massimino et al.
2024). In Germany, data from geographically lim-
ited long-term monitoring programs indicate a
similar trend. For example, the breeding popula-
tion of the Lesser Spotted Woodpecker around
Lake Constance, which has been monitored at 10-
year intervals over the past 50 years, declined
drastically from 1980 to 2000 and stabilized at a
lower level by 2020 (H.G. Bauer, pers. comm.). In
recent years, climate change has increased the fre-
quency of heat waves and droughts, which stress
many native tree species and lead to higher mor-
tality rates (Hartmann et al. 2022). The resulting
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increase in dead tree availability may buffer the
further decline of the Lesser Spotted Woodpecker.
Conversely, climate change has also led to increas-
ing phenological mismatch between breeding
activity and food availability. This phenomenon
has been observed in numerous insectivorous
bird species (Both & Visser 2005, Visser et al. 2006,
Both et al. 2009, Saino et al. 2010). The peak of the
insect population, which birds rely on to raise
their chicks, is advancing faster than the start of
the breeding season, resulting in suboptimal food
supply when chicks hatch. The impact of these
recent developments on Lesser Spotted
Woodpecker populations remains uncertain.
Monitoring efforts must continue to derive long-
term population trends from the data that could
indicate future changes at an early stage. At least
10 years of consecutive monitoring are needed to
detect robust trends in the data (White 2018).

Suitability of citizen science for monitoring elu-
sive species

Our study demonstrates that citizen science can
be an effective tool for collecting data on elusive
species such as the Lesser Spotted Woodpecker.
This method is particularly suited to achieving
comprehensive geographic coverage, which is
unfeasible for a few professional researchers
alone. Although methodological challenges exist,
such as differences in observer experience and
potential biases in detecting breeding cavities in
certain habitats, citizen science can provide large
datasets (also see Fernandez-Garcia & Robles
2021). These data are vital for documenting
changes in species distributions and long-term
population trends. Smith & Smith (2020) empha-
sized the importance of long-term data collection
for understanding Lesser Spotted Woodpecker
population dynamics, and our findings reinforce
this conclusion.

However, coordinating citizen science projects
can be challenging. Our experience shows that the
number of active participants decreases, from reg-
istration to actual data collection, and that a signif-
icant number of participants drop out due to
declining engagement over the course of the proj-
ect. Therefore, citizen science projects require con-
tinuous efforts to motivate participants to avoid
dropout due to gradual disengagement and to
obtain valid and complete data over the project
duration. Effective communication is a key factor
for the success of such projects. The use of social
media for community-building has proven effec-
tive, according to surveys conducted among the

citizen scientists. A special designed project t-shirt
provided as a token of appreciation also proved
useful for creating a sense of belonging. In addi-
tion, data validation and cleaning require more
time compared to data collected by trained
researchers. However, the quantity of data com-
pensates for these challenges and enables statisti-
cally robust analyses.

A beneficial side effect is that observing the
Lesser Spotted Woodpecker, which was unknown
to many participants before the study, provided a
positive nature experience. Using playbacks to
attract Lesser Spotted Woodpeckers often also
elicited reactions from other woodpecker species,
which enhanced the experience while improving
species recognition. This also stimulated interest
in the woodpecker's habitat. Additionally, habitat
characterization (e.g. counting dead trees) during
field work developed awareness of standing
deadwood and improved availability to distin-
guish forest stands by their habitat quality. This
increased understanding of the importance of
deadwood in forests for woodpeckers and native
flora and fauna generally.

Conservation implications

Our results demonstrate a strong positive rela-
tionship between standing deadwood and both
occurrence and nest survival of the Lesser Spotted
Woodpecker. However, standing deadwood likely
serves as an indicator for broader forest structural
characteristics rather than being the sole driver of
habitat quality. While standing deadwood is cru-
cial for cavity excavation, Lesser Spotted
Woodpeckers predominantly forage on dead
branches in living trees (Olsson et al. 2001).
Therefore, the observed effect of standing dead-
wood may reflect its correlation with other
unmeasured structural features such as forest
density, average tree size, canopy structure, and
age distribution of living trees. Recent evidence
from Sweden supports this interpretation,
demonstrating that Lesser Spotted Woodpecker
occurrence was strongly linked to deciduous for-
est area and forest management practices, with
unlogged forests showing more than twice the
benefit for occurrence probability compared to
logged forests (Kost & Olsson 2025). Sites where
the species persisted over time were characterized
not only by deadwood availability but also by
higher overall habitat quantity and larger propor-
tions of formally protected forest (Kost & Olsson
2025). These findings suggest that effective con-
servation strategies should focus on maintaining
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structurally complex, mature deciduous forests
with minimal logging intensity. Climatic change,
including early, hot, and dry summers, creates
additional challenges for the breeding biology of
the species. While climate-induced tree mortality
may temporarily increase deadwood availability,
this should not be viewed as compensating for
habitat loss through intensive forest management.
Long-term conservation of the Lesser Spotted
Woodpecker requires preserving and expanding
areas of mature, minimally managed deciduous
forests that naturally develop the complex struc-
tural characteristics this species requires.

Beyond habitat conservation, citizen science
projects like the present one benefit both sci-
ence and participants, who develop a deeper
understanding of ecological processes and the
importance of forest structure for biodiversity
(Shutt & Lees 2021). This increased awareness can
translate into broader support for conservation
measures that prioritize forest ecosystem integrity
over intensive management. Collaborative work
on such projects can lead to long-term engage-
ment in nature conservation and advocacy for evi-
dence-based forest management policies.
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STRESZCZENIE

[Badania ekologii dzieciotka w poludniowych
Niemczech z wykorzystaniem nauki
obywatelskiej]

Wrhasciwie prowadzony monitoring populacji po-
zwala na analizy zmian rozmieszczenia gatun-
kow, ich liczebnosci czy preferencji siedliskowych,
a w konsekwencji ma ogromne znaczenie w
ochronie przyrody. Wiele szeroko zakrojonych
programéw monitoringowych opartych jest o
tzw. nauke obywatelska. Jednak badanie gatun-
kéw rzadkich lub trudnych do wykrycia czesto
wymaga specjalnego przeszkolenia wolontariuszy
biorgcych udziat w takich monitoringach. Dzie-
ciolek jest gatunkiem wskaznikowym dojrzatych
ekosystemow lesnych, zwtaszcza bogatych stru-
kturalnie laséw liSciastych i tegowych. Dzieciot
ten jest trudny do zaobserwowania chociazby ze
wzgledu na swoje niewielkie rozmiary i zero-
wanie zwykle w koronach drzew. Powoduje to, ze
wiarygodne informacje na temat stanu populacji
czy wymagan siedliskowych dla tego gatunku sa
nieliczne. Z tego powodu w Hesji i Bawarii, w
Srodkowych i potudniowych Niemczech, w latach
2021-2024 prowadzono projekt naukowy doty-
czacy dzieciotka z wykorzystaniem nauki obywa-
telskiej (Fig. 1). W ramach projektu, ktéry byt zin-
tegrowany z krajowym monitoringiem rzadkich
ptakéw legowych, zaproszono do wspodtpracy
wolontariuszy, ktérych przeszkolono w zakresie
rozpoznawania dzieciotéw i ich zachowan, opisy-
wania siedlisk oraz wyszukiwania dziupli lego-
wych. Wolontariusze przed rozpoczeciem badan
charakteryzowali sie réznym stopniem znajo-
mosci rozpoznawania ptakow, zwykle brakiem
doswiadczenia w wykorzystaniu aplikacji przez-
naczonych do wprowadzania danych, cho¢ czesto

uczestniczyli wczeéniej w innych programach
nauki obywatelskiej (Apendyks 1).

Do badan dzieciotka zostaly wybrane transek-
ty, na ktérych co 300 metréw wyznaczono punkty
kontrolne, w ktérych przez 5 minut odtwarzano
glosy tego dzieciota i odglosy jego bebnienia. W
przypadku, gdy dziecioly zareagowaty na nagra-
nie, byto ono natychmiast wylaczane, aby ograni-
czy¢ niepokojenie. Nanoszono lokalizacje ptakéw
na mapie oraz w miare mozliwosci zapisywano
dodatkowe dane, jak ple¢ i zachowanie. Kazdy
transekt liczyl co najmniej 5 punktéw (maksy-
malnie 21) i byt kontrolowany dwukrotnie w
ciagu roku — pierwsza kontrola przypadata na
okres pomiedzy 21 lutego a 20 marca, za$ druga —
pomiedzy 21 marca i 20 kwietnia. Kontrole
prowadzono podczas dogodnych warunkéw po-
godowych, preferencyjnie w trakcie stonecznych,
bezwietrznych porankéw o tagodnej temperatu-
rze. Kontrole odbywaly si¢ maksymalnie do 4
godzin od wschodu stofica, a pomiedzy nastepu-
jacymi po sobie kontrolami zachowywano min.
7 dni odstepu. Dla kazdego punktu kontrolnego
w promieniu 30 m okreslano takze (przypisujac je
do zdefiniowanych wczeéniej kategorii) zmienne
siedliskowe: rodzaj siedliska, obwd6d najgrub-
szego drzewa, liczbe martwych drzew oraz odle-
glos¢ do najblizszego zbiornika/cieku wodnego
(Apendyks 2). Jedli punkt kontrolny znajdowat sie
na granicy dwoch typéw siedlisk, zapisywano to,
ktére zajmowalo wiekszq powierzchnie. Odle-
glos¢ do najblizszego zbiornika/cieku wodnego
nie zostala uwzgledniona w analizach statystycz-
nych, gdyz byta silnie zwigzana z typem siedliska
(Apendyks 3). Podobne zmienne srodowiskowe
zapisywano w przypadku znalezionych dziupli.
Wnetrza dziupli monitorowane byly przez koor-
dynatoréw projektu przy pomocy kamer.

Kompletne dane dotyczace monitoringu po-
pulacji dzieciotka uzyskano dla 181 transektow,
z czego 41 bylo monitorowanych przez rok, 69 —
2 lata, 58 — 3 lata, a 13 — 4 lata. W 2021 monitoro-
wano 45 transektow, w 2022 — 156, w 2023 — 142,
a w 2024 — 62. Dzieciotki zostaly stwierdzone
podczas 32% kontroli transektow, a prawdopodo-
biefistwo wykrycia tego dzieciota bylo najwyzsze
w marcu, i wzrastalo wraz z liczba punktow
kontrolnych na transekcie oraz doswiadczeniem
wolontariuszy (Fig. 2). Uwzgledniajac w analizach
mozliwo§¢ przeoczenia ptaka stwierdzono, ze
najwieksze prawdopodobienstwo wystepowania
dzieciotka byto w lasach liSciastych, tegach i lasach
mieszanych, a najmniejsze w sadach. Prawdopo-
dobienstwo to wzrastato wraz ze wzrostem liczby
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martwych drzew na transekcie (Fig. 3). Natomiast
rok prowadzenia badah nie mial wpltywu na
prawdopodobienstwo stwierdzenia tego gatunku
(Fig. 3). W trakcie badafh znaleziono 39 dziupli
legowych, najwiecej w sadach, lasach liSciastych i
fegach (Apendyks 4). Dziuple te znajdowaly sie
Srednio na wysokosci 8,6 m nad ziemia i byly
wykute w kilku gatunkach drzew, najczesciej w
jabtoniach, a ponadto w olszach, bukach zwyczaj-
nych, wierzbach, debach, brzozach, topolach i
czere$niach ptasich (Apendyks 4). Wéréd 38
monitorowanych legéow 74% zakonczylo sie
sukcesem, tzn. ze gniazdo opuscil co najmniej 1
podlot. Powodami strat legowych byto drapiez-
nictwo, porzucenie legu przez ptaki doroste oraz
niesprzyjajace warunki pogodowe. Zaobserwo-
wanymi drapieznikami byty dzieciol duzy oraz
zotednica. Wérdd legéw zakonczonych sukcesem,
$rednia liczba wyklutych pisklat wyniosta 3,4, a
liczba pisklat, ktére opuscily gniazdo — 1,8.

Prawdopodobienstwo sukcesu legowego wzrastato
wraz z liczba martwych drzew w otoczeniu
dziupli i wynosito 52% w przypadku dziupli w
otoczeniu ktérych bylo mniej niz 5 martwych
drzew oraz 92%, gdy w otoczeniu znajdowalo sie
ponad 20 martwych drzew (Fig 4).

Uzyskane wyniki podkreslaja znaczenie laséw
lidciastych i martwych drzew dla wystepowania
dzieciotka i jego sukcesu legowego oraz wskazuja
na warto$¢ nauki obywatelskiej jako przydatnego
narzedzia do generowania danych na duzg skale,
umozliwiajacego skuteczniejsze dlugoterminowe
monitorowanie trudnych do wykrycia gatunkéw.
Ponadto, projekty realizowane w ramach nauki
obywatelskiej pozwalaja na pogtebienie wiedzy
uczestnikéw takich projektow w zakresie ekologii
oraz znaczenia struktury lasu dla bioréznoro-
dnosci. Zwiekszona w ten sposéb Swiadomosé
moze przelozy¢ sie na szersze poparcie dla
dziataf ochronnych.

Appendix 1. Background information of the 337 registered citizen scientists in dependence of the completeness of their data. Data
were considered as complete when at least one monitoring was conducted and the habitat data were available.

Variable Complete data Incomplete or no data
(N =161) (N =176)
Gender
female 87 87
male 73 87
not specified 1 2
Age groups
<26 9 17
26-46 51 33
> 46 94 108
not specified 7 18
Prior bird knowledge
1 (= very weak) 6 5
2 35 32
3 70 64
4 44 55
5 (= perfect) 4 6
not specified 2 14
Experience with ornitho.de/NaturaList
none 80 76
only ornitho.de 37 26
both 39 41
not specified 5 33
Engagement in other citizen science projects
yes 95 100
no 64 61
not specified 2 15
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Appendix 2. Distribution of recorded habitat characteristics during the habitat assessments that were conducted at each stop along
the monitored transects. Shown are the distributions of A— number of dead trees, B— distance to nearest water body, C — diam-
eter of thickest tree, D — habitat types across all monitored transects. Each route consisted of five to thirteen stops.
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Appendix 3. Relation between habitat and the distance to the next water body across the stops along transects.

Distance to next water body
W<50m @ 50-200 m O0>200m

Rip. forest
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