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ARTICLE INFO ABSTRACT

Keywords: Bird banding studies are essential for providing critical data on species population demographics and move-

Eurasian crane ments, as important components for understanding their ecology and conservation and management applica-

gmsdgms tions. However, analysing sightings of banded individuals is often complicated by untested assumptions of the
and type

species’ behaviour or visibility of the bands, leading to biased populations estimates, especially in large-scale
Temporal variation long-term studies. In this study we investigate factors influencing detection rates of colour-banded Eurasian
Natal origin cranes (Grus grus), from a monitoring program spanning 35 years, involving 5049 marked individuals using four
Citizen science different types of bands (ELSA, ‘Finnish’, ‘Spanish’ and alphanumeric) with 172,725 resightings along migratory
flyways. Data were compiled from European national banding schemes and the internet-based Crane Observation
Ring Archive (iCORA). We used capture-mark-recapture mixture models to study the variation in detection
probability from differences in the type of bands used, time since marking, year of observation, natal origin and
an additional parameter to account for unexplained resighting heterogeneity. All band types showed high
detection probabilities in their first years (as high as 80 %) but declined significantly over time, with detection
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rates halving within 20 years. Although starting with the lowest detection probability, alphanumeric bands
remained relatively stable over time. There was a general increase in detection probability over the 35-year study
period, which can be attributed to enhanced observation efforts, addition of pictures to reports and improved
coordination of reports. Detection also varied by natal country, each population’s migratory routes, which were
related to differences in monitoring efforts and habitat conditions along the flyways. Our findings emphasize the
importance of band type, observation effort, migration pattern and environmental factors in determining
detection probabilities, but also the importance to account for unexplained heterogeneity with a mixture model.
This study is crucial for the study of demographic parameters within the European crane population and future
evidence-based population management.

1. Introduction

Methods that enable the repeated identification of individuals within
a population are fundamental tools for ecological research. The ability to
track individuals over time is critical not only for the study of life history
traits, population size estimation, and the assessment of demographic
rates and migration patterns (Badger et al., 2020; Beissinger and
McCullough, 2002; Brusa et al., 2020; Souc et al., 2023; Vinks et al.,
2021), but also for assessing specific management and conservation
questions related to these aspects of species’ ecology (Gervasi et al.,
2017; Twai, 2022; Leon-Ortega et al., 2016). Consequently, the use of
physical tags or marks is a common approach in animal studies. For
example, uniquely coded rings or coloured plastic bands are frequently
applied to the legs of birds (Baillie and Schaub, 2009; Calvo and Furness,
1992). Given their extensive use in population studies, it is important to
evaluate the effectiveness of markings such as leg bands, to reliably
identify individuals over time, particularly in long-lived species (Breton
et al., 2006a; Szymanski et al., 2020; Touzalin et al., 2023).

Capture-recapture statistical methods are widely used to analyse
repeated observations of marked individuals to estimate demographic
parameters (Sandercock, 2019, 2006). However, accurately estimating
key parameters such as survival, immigration and emigration depends
on properly accounting for detection probability (Abadi et al., 2013;
Cubaynes et al., 2010), which refers to the likelihood of observing an
individual when it is present in the system under study. This is critical, as
tracking changes in population size and structure over time and iden-
tifying factors regulating demographic rates require models that can
effectively determine whether unobserved individuals are dead or alive.
Estimating detection probability is further complicated by factors
influencing the likelihood of resighting different individuals, resulting in
heterogeneity in detection probabilities (Oliver et al., 2011; Prévot-
Julliard et al., 1998). Failure to account for such variation can lead to
biased estimates of survival, reproduction, or abundance (Abadi et al.,
2013; Cubaynes et al., 2010).

The resighting of marked animals is influenced not only by their
visibility but also by monitoring effort and the ability of observers to
correctly identify marked individuals when encountered (Johansson
et al., 2020). Consequently, variation in detection can arise due to dif-
ferences in animal behaviour, habitat type, location, observer effort,
experience, and band type (Pradel and Sanz-Aguilar, 2012). A key
assumption of standard capture-recapture methods is that the bands or
markings used for individual identification are neither lost, overlooked
nor incorrectly recorded; violations of this assumption can significantly
affect population parameter estimates (Johansson et al., 2020; Szy-
manski et al., 2020). However, leg-bands and other markings may not
maintain the same level of reliability over time, due to physical loss
(Breton et al., 2006b; Szymanski et al., 2020; Touzalin et al., 2023),
material degradation, or readability issues (Breton et al., 2006a; Thorup,
2000). As a result, declining detectability of individuals over time due to
reduced band reliability may introduce significant bias, thereby nega-
tively impacting estimates of both survival and detection rates (Breton
et al., 2006b; Touzalin et al., 2023).

This challenge is further compounded in long-term studies spanning
extensive geographical areas, which may involve the use of multiple

band types, codes, colours, or materials that are favoured in different
regions or at different periods. It is therefore critical to consider these
variations in band type when analysing detection probabilities, as they
can introduce non-random variation in resighting rates (Juillet et al.,
2011; Smout et al., 2011). Such regional or temporal changes in banding
methods have the potential to generate misleading geographic or trend
estimates of demographic parameters. This issue has been highlighted in
double-marking studies (Breton et al., 2005; Juillet et al., 2011; Roche
et al., 2014), which demonstrate how marker loss over time affects
detection rates, and shows that adjusting for this temporal change yields
more accurate demographic estimates (Juillet et al., 2011; Roche et al.,
2014).

The Eurasian crane (Grus grus, hereafter referred to as ‘crane’) is a
long-lived bird that migrates between breeding areas in Northern
Europe and Asia and wintering areas in southern Europe and Asia and
northern Africa (del Hoyo et al., 1996; Prange and Ilyashenko, 2019).
The species is of particular interest to ecologists and conservation bi-
ologists because of its cultural significance, population recovery in many
European countries over the last decades and negative impact on agri-
culture (Alonso et al., 2016; Austin et al., 2018; Salvi, 2015). Over the
past 30-40 years, the European population went through a rapid re-
covery following protection efforts (Alonso et al., 2016; Ilyashenko,
2016) and is recently estimated at 590,000 individuals (Prange and
Ilyashenko, 2019). In conjunction with this, a coordinated banding
scheme across Europe was initiated in 1985 to primarily investigate its
migration routes and several aspects of its ecology. Since the beginning
of the crane banding programme, different types of bands have been
used at different times and with different regional emphases (Alonso and
Alonso, 1999; Alonso et al., 2018; Nowald, 2010; Prange and Ilya-
shenko, 2019). Thus, while the combination of banding and extensive
observation efforts across 14 European countries provides a robust
foundation for investigating various aspects of the crane ecology, it is
crucial to understand and account for how heterogeneity in band types
influences variation in individual detection. Only by addressing this can
accurate estimates of population trends, life-history traits, and migration
patterns be reliably determined.

In this study, we employ capture-recapture modelling using capture
and resighting data from 1985 to 2021 to investigate detection proba-
bilities associated with different band types used in marking cranes.
Specifically, we examine how various band types influence detection
rates, assess the impact of band readability and degradation on detection
probabilities and analyse the effects of temporal variation in observation
effort. Understanding and accounting for variation in detection rates is a
critical first step towards obtaining accurate survival estimates and
advancing knowledge of the demographic and life-history parameters of
this species. The overarching objectives of this study are to explore
variation in detection probability within the context of long-term, large-
scale capture-recapture studies and to provide critical insights for both
current and future research on cranes, as well as to offer guidance for
banding programs in other species. A follow-up study specifically
focusing on the results on survival probabilities is currently in prepa-
ration to study crane demography (Gicquel et al., in prep).
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2. Methods
2.1. Study area and species

2.1.1. General information

The Eurasian crane is a large, long-distance migratory species with a
breeding range across northern and eastern Europe (Prange, 2005;
Prange and Ilyashenko, 2019). During the breeding season, these cranes
primarily inhabit boreal wetlands, peat bogs, and open forested land-
scapes in countries such as Norway, Sweden, Finland, Estonia, Latvia,
Lithuania, Germany, the Czech Republic, and Poland, where they
establish territorial breeding sites. Migration occurs along three main
flyways: the Western European, Central (or Baltic-Hungarian), and
Eastern routes (Leito et al., 2015). Cranes from northern and central
Europe - including Scandinavia, Germany, and Poland — predominantly
follow the Western European flyway, wintering in France and the Ibe-
rian Peninsula, with some reaching North Africa (Alonso et al., 2016;
Hansson et al., 2024; Salvi, 2016). The Central flyway is primarily used
by cranes from the Baltic countries and Finland, with Eastern Hungary as
a crucial stopover and wintering site; some birds may continue south to
Italy or North Africa (Mingozzi et al., 2013; Végvari, 2015). The Eastern
flyway encompasses populations from Finland, Estonia, Latvia,
Lithuania, Belarus, Russia, and Ukraine, which migrate to wintering
grounds in Greece, Turkey, Israel, and Ethiopia (Leito et al., 2011; Ojaste
etal., 2020). Cranes demonstrate high site fidelity, often returning to the
same breeding, stopover, and wintering areas annually, influenced by
habitat stability and resource availability.

2.1.2. Crane capture and banding

In this study, cranes were banded in 11 European countries,
reflecting their wide distribution range (Table A.1, Appendices). The
countries where juvenile cranes hatched and were banded include
Germany, Sweden, Finland, Norway, Latvia, Estonia, Lithuania, and the
Czech Republic. In addition, data from cranes hatched and ringed in the
framework of a crane reintroduction project in the United Kingdom were
used. For individuals that have been banded outside of the breeding
range within their first year, we managed to determine their natal
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country based on subsequent spring migration (if information was
available).

Most cranes were hand-captured at their natal areas at an estimated
age of 6-8 weeks by a short-distance run from a vehicle or a hide, and
only a minor fraction were captured at the wintering areas: 42 juveniles
were captured in Spain during winter using oral tranquilizers (alpha-
chloralose) and rocket nets (Alonso et al., 2018), and four juveniles were
captured in France. In addition to the national scheme metal ring on the
tarsometatarsus, cranes were marked either with an alphanumeric band
or a unique combination of three coloured plastic bands on one or both
tibiotarsi. Since 1988, country codes with three coloured plastic bands
on the left tibia and individual codes with three bands on the right tibia
were used. Seven different colours of plastic rings were available: white,
yellow, red, blue, green, black, and brown. Marked juveniles were
released immediately after banding.

2.1.3. Crane resightings

Resightings were registered across the whole geographic range of
cranes, both at the breeding and wintering range and also at the
numerous stop-over sites along the three main flyways. The geograph-
ical distribution of the resightings is depicted in Fig. 1, and more in-
formation can be found in Table A.1 in the Appendices.

2.2. Band types

Cranes were marked with four distinct band types throughout the
study period: Alphanumeric, Spanish, Finnish, and European Laser-
Signed Advanced “ELSA” (Table A.2, Appendices). Alphanumeric
bands were first introduced in the 1980 s and remained in use through
the 1990 s and early 2000 s. These bands featured letter-number com-
binations in white on a red background. Over time, however, the
background colour faded, making them increasingly difficult to read
(see Fig. 2). Moreover, reading the alphanumeric codes from a distance
proved challenging. In response, a three-colour band combination sys-
tem, wherein each crane received a unique colour code, was introduced
in 1988. These “Spanish” bands, constructed with two UV resistant PVC
layers and coloured directly within the plastic material (Gravograph,

Number of resightings

" 000 QQQ QQQ QQQ
S P NS
Germany A 120208
Spain -‘ 15860
France A 14540
Sweden 4 L7482

Finland 4 l3404
Norway 4 I1969
Estonia A |1328
Hungary 4 Il227
Uk A|es2
cz Alss
Poland A |239

Lithuania 4 ‘111

Fig. 1. Geographic distribution and number of banded crane resightings across Europe and neighbouring regions between 1985 and 2021. The map highlights areas
with reported resightings (dots), while the bar chart provides the exact number of resightings for each country with more than 100 resightings. Colours indicates
number of resightings in each country, and correspond between the map and bar chart. The number of resightings in purple highlighted countries summed to 328 (all
together). Czech Republic and United Kingdom abbreviated CZ and UK respectively. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)
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Fig. 2. Different band types have been used during the study period 1985-2021. Left image shows an old alphanumeric band ‘F36' (© H. Wilken). Middle image
shows plastic coloured bands (Spanish type; the upper red ring on the left tibia of the crane is a metal ring with the number of the national ringing office inscribed on
it) (© L. Kaletta). Right picture shows the ‘ELSA’ bands (© J. Ménsson). (For interpretation of the references to colour in this figure legend, the reader is referred to

the web version of this article.)

2024), allowed for easier identification of individuals from a distance
using telescopes or cameras. “Finnish” coloured bands were imple-
mented from 1990, those bands were either made from plastic or metal,
but this information was not consistently reported in the database. Be-
tween 1988 and 2001, two types of coloured bands (Spanish and
Finnish-made) were used to band cranes in Spain, Sweden, Germany,
Norway, Estonia, Finland, and Israel (Alonso and Alonso, 1999; Alonso
et al., 2018). In 2001, a new band type, the European Laser-Signed
Advanced (Fiedler et al. 2002), was introduced and distributed by
NABU Crane Center (Crane Conservation Germany - Kranichschutz
Deutschland) to all European crane ringers (Nowald, 2010). This band
type is made from injection moulded polyoxymethylene. Several addi-
tional countries joined the banding efforts using this system, including
the Czech Republic, France, United Kingdom, Latvia, Lithuania,
Hungary, and Russia.

2.3. Database management

Before entering each observation of a colour-banded crane into na-
tional observation databases, coordinators from national working
groups verified the accuracy, and confirmed the reported band combi-
nation. When banded cranes were observed outside of their natal
country, they were reported to the respective banding country’s national
coordinator. This continental collaborative approach ensured a stand-
ardised and coordinated system for marking cranes across countries,
contributing to the creation of a unified European crane banding data-
base. This was coordinated from 1989 to 2008 by the Spanish Crane
Working Group, which provided the rings to Germany, Poland, France,
Portugal, Spain and Israel with a website (https://www.ecwg.org) to
report sightings of marked cranes (details in Alonso et al., 2018). In
2009, Crane Conservation Germany launched iCORA (Internet-based
Crane Observation Ring Archive; Heinicke et al. 2016). The iCORA
platform facilitates reporting sightings of marked cranes and provides
access to individual capture and resighting histories. The integration of
data from national and scientific projects, alongside community-led
initiatives such as the Amigos de Gallocanta association, has resulted
in a continent-wide, long-term dataset. This extensive dataset contrib-
utes significantly to studies on demographic and life-history parameters,
providing a comprehensive understanding of crane population ecology.

2.4. Data processing

We compiled data on all banding and resighting events from the
combined datasets, including dates, localities, and geographical co-
ordinates. Multiple consecutive observations from the same or nearby
locations were considered a single resighting using the date and location
of the first observation. The final dataset included 6,352 individual
cranes banded in 14 countries and 181,692 resightings from 42

countries (in Europe, Africa and Asia) between 1985 and 2021. Records
containing detectable errors and inaccuracies (e.g., unidentifiable
colour-band combinations or uncertain crane identities) were excluded.
We also omitted individuals banded as adults with unknown ages. After
processing, the final dataset comprised 5,049 cranes banded as juveniles
in 11 countries (with nine natal countries, and eleven and two cranes
banded at their winter quarters in Spain and France, respectively), with
a total of 172,725 resightings (Fig. 1).

2.5. Modelling

We collapsed banding and resighting observations into annual
‘capture histories’ for each of the 5,049 individual cranes, representing
their initial banding and subsequent observations over the 37-year study
period (1985-2021). To determine the most appropriate analytical
approach, we first tested the data’s goodness of fit (GOF) using the R
package R2ucare (Gimenez et al., 2018b), an R version of the U-CARE
software (Choquet et al., 2009). The tests revealed evidence of trap
dependence (Test 2.CT), transience (Test 3.SR), and overdispersion
(Tests 2.CL and 3.SM) (Table B.1, Appendices). Consequently, we
applied models using the mixture extension ‘CJSMixture’ of the Cor-
mack-Jolly-Seber (CJS) model (Cormack, 1964; Jolly, 1965; Seber,
1965) using the RMark package (Laake, 2013) in the software R (v.
4.3.1, R Core Team, 2023), combined with program MARK (White and
Burnham, 1999), to estimate the survival probability (¢) and the
detection probability (p) of cranes. Mixture models are recognised as an
effective method for accounting for heterogeneity of unknown origin,
with two mixture groups generally being sufficient (Pledger et al.,
2003).

The survival parameter (¢) was modelled using age, time and natal
origin, with:

(1) age: modelled by three life stages: juvenile (0 year old), subadult
(1-3 years old), and adult (4 + years old). Juvenile is implicitly
included in the model as the reference category (intercept). To
allow within-group age effects, we incorporated: Subadult and
Adult as categorical (binary) variables (0/1, indicating presence
in the respective age class). Age is a continuous variable capturing
the linear effects of age within each life stage.This approach al-
lows for distinct survival estimates for juveniles while main-
taining a linear and gradual change in survival rates within the
sub-adult and adult age classes,

(2) time (T): following a temporal linear trend,

(3) natal country: assuming a difference in survival rates for cranes of
different origin, reflecting different environmental effect, and
also accounting for difference arising from the use of different
migratory flyways.
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Detection probability (p) was modelled as a function of biologically
and methodologically relevant covariates that could influence the like-
lihood of detecting an individual. The factors considered were:

(1) colourband: categorical variable to account for differences in
detection probability based on the type of bands used, as they
may vary in visibility and readability,

(2) time since marking (tsm): fitting a linear trend accounting for
decrease in detection rates arising from degradation of
colourbands,

(3) time (T): fitting a linear temporal trend of detection probability to
account for increasing observation over the years,

(4) natal country: accounting for a potential variations in detection
due to differences in observation effort across countries and
migratory flyways,

(5) mixture: accounting for unexplained heterogeneity in detection
probability among individuals by dividing individuals into two
detection groups (high detectability vs low detectability).

In addition to the null model and single-effect models, we tested
various combinations of variables to assess whether multiple factors
influence survival and detection additively or interactively. Additive
models examined whether multiple covariates independently contrib-
uted to variation in survival or detection probabilities, such as testing
whether survival varied by age class and time or whether detection
probability was influenced by band type and time since marking.
Interaction models explored whether the effect of one factor depended
on another, for instance, whether age-specific survival trends changed
over time or whether the impact of band type on detection probability
varied with time since marking. Additionally, for detection probability,
models incorporating a mixture effect were included to account for
latent heterogeneity by classifying individuals into high vs. low
detectability groups, with the parameter pi remained constant. By
structuring the model set in this way, we aimed to evaluate key bio-
logical and methodological factors while balancing model complexity
and interpretability (see Table B.2, Appendices).

Given the period and extent of use for each band type, specific
parameter components were fixed based on the banding history in each
country. For instance, ELSA bands were introduced in 2001, meaning
cranes banded with ELSA could not have been detected before that year
and could not be detected after 21 years of age (Tables A.1 and A.2,
Appendices). To account for overdispersion, which can bias more
complex models by favouring complexity and narrowing confidence
intervals, the Variance Inflation Factor (¢, calculated from the most
general model: 8.58) was adjusted using the adjust.chat function in
RMark. We then reviewed the adjusted model list based on QAICc
rankings (Table B.3, Appendices). We performed model-averaging of the
two top-ranked models (QAICc < 2) after ¢ adjustment. Standard errors
and confidence intervals in the figures reflect model averaging of the
predictions of the two supported models. Given the small sample size
from Lithuania, we also ran the top models excluding the Lithuanian
cranes. However, this did not affect the survival or detection estimates
(see Table C.1, Appendices).

3. Results

The model obtained from the model averaging of the top two models
according to the QAICc indicates that detection probability varied ac-
cording to band type (colourband), time since marking (tsm), the inter-
action between a colourband x tsm, a linear temporal trend (T), natal
country, and the two mixture groups (Table 1; Table B.3, Appendices).
Two mixture groups, used to account for unobserved heterogeneity in
detection, were identified. The first group, representing 45 % of the
cranes in the dataset, had a mean detection probability of 0.30
[0.20-0.42], while the second group, representing the remaining 55 %,
exhibited a higher mean detection probability of 0.72 [0.60-0.82].
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Table 1

Parameter beta estimates of the two best fitting models (see Table B.3) for
estimating survival and detection probability of banded cranes between 1985
and 2021. Respective QAICc weight for model 1 and model 2 are 0.55 and 0.45.
Key variables include age classes:juveniles (intercept), sub-adults, adults; time
since marking (tsm) in years, temporal trend (T), natal country and band types
(colourband), for parameters (Par.) of mixture (pi), survival (Phi) and detection

().

Model 1 Model 2

Par.  Variable Estimate  SE Estimate  SE

pi Intercept -0.18 0.06 —0.20 0.06

Phi Intercept 3.92 0.21 3.94 0.21
Age —0.10 0.05 —0.12 0.05
Subadult 0.03 0.32 —0.01 0.33
Adult -1.18 0.47 -1.30 0.47
T —0.09 0.01 —0.09 0.01
Age: T 0.002 0.002 0.002 0.002
Subadult: T 0.04 0.01 0.04 0.01
Adult: T 0.09 0.02 0.10 0.02

P Intercept —2.32 0.39 -3.07 0.40
Colourband — Finnish 1.74 0.18 2.22 0.23
Colourband — Spanish 1.04 0.19 1.91 0.23
Colourband — ELSA 1.10 0.21 1.79 0.25
tsm -0.21 0.01 —-0.07 0.03
T 0.09 0.01 0.10 0.01
Natal Country — Estonia —1.44 0.35 —-1.45 0.35
Natal Country — Finland —1.66 0.36 —1.63 0.36
Natal Country — Germany 0.43 0.35 0.43 0.35
Natal Country — Latvia —0.54 0.50 —-0.59 0.50
Natal Country — Lithuania 11.74 249.67 12.94 315.37
Natal Country — Norway 0.81 0.37 0.82 0.37
Natal Country — Sweden -0.11 0.35 -0.11 0.35
Natal Country — United 2.17 0.48 2.09 0.46
Kingdom
mixture 2 2.78 0.05 2.80 0.05
Colourband - Finnish: tsm 0 0 —0.11 0.03
Colourband - Spanish: tsm 0 0 —0.19 0.02
Colourband — ELSA: tsm 0 0 —0.14 0.03

Moreover, in our dataset, 20 % of banded cranes were never resighted
after banding. Overall, the average estimated survival is 0.90
[0.88-0.92] (estimated mean and 95 % CI).

3.1. Band types

Resighting or detection probability varied significantly among band
types (Table 1; Fig. 3a). Cranes marked with ELSA bands exhibited the
highest detection probability (0.65 [0.52-0.75]), followed by those with
Finnish bands (0.57 [0.46- 0.66]), Spanish bands (0.51 [0.43-0.60])
and alphanumeric bands, which had the lowest detection probability
(0.27 [0.13-0.471).

3.2. Time since marking and interaction between band types

Detection probability was influenced by time since marking (tsm),
with older cranes, marked for longer periods, exhibiting a slight decline
in detectability (Table 1). The interaction between band type and time
since marking also affected detection probability. While colour bands
displayed varying patterns of detectability over time, all experienced a
substantial reduction in detection probability, with detection rates
approximately halving for all colour bands within 20 years (Fig. 3b). The
notable exception was the alphanumeric bands, which maintained a
relatively stable, albeit low, detection probability over time (Table 1;
Fig. 3b).

3.3. Temporal change in detection rate
Crane detection probability increased over the study period

(Table 1), starting from a relatively low probability of 0.25 [0.13-0.41]
(mean and 95 % CI) in 1986 and progressively rising to a probability of
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and lines in (b) are the estimated means with the whiskers and shaded areas representing the 95% CIs of the mean. All other variables were kept constant at their

average values when predicting detection probability from the models.

0.53 [0.41-0.65] between 2015 and 2021 (Fig. 4). This trend parallels
the annual increase in the number of observation days per year for
marked cranes (Fig. D.1, Appendices).

3.4. Natal country

Detection probability also varied by the cranes’ natal country. For
instance, cranes from Finland (0.30 [0.21-0.42]) and Estonia (0.46
[0.36-0.55]) exhibited lower detection probabilities compared to those
from Norway (0.77 [0.65-0.87]), Latvia (0.78 [0.46-0.96]), and the
United Kingdom (0.97 [0.86-0.99]; Table 1; Fig. 5).”Moreover, cranes
originating from Lithuania showed an exceptionally high mean detec-
tion probability (0.99 [0.00-1.00]); resulting from the small sample size
and extreme variance in resightings between individuals (Table A.1,
Appendices).

0.6 1

0.4 1

Detection probability

0.2 1

0.0 1

1990 1995 2000 2005 2010 2015 2020
Year

1985

Fig. 4. Detection probability of colour banded cranes between 1985 and 2021
(line and shaded area is the mean and 95% ClIs respectively). All other variables
were kept constant at their average values when making predictions from
the model.
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Fig. 5. Detection probability of colour banded cranes hatched in different
European countries between 1985 and 2021. Points represent the estimated
means and whiskers their associated 95% confidence intervals. CZ and UK are
abbreviations for Czech Republic and United Kingdom respectively. All other
variables were kept constant at average values when predicting detection
probability from the models.

4. Discussion

Overall, our global detection estimates are largely consistent with
previous findings. For instance, analysis of crane data from the EURING
database (1936-2017) reported an average detection probability of 0.45
[0.44-0.46] (Bautista and Alonso, 2018), which aligns closely with our
average estimate of 0.51 [0.40-0.62]. However, unlike this previous
study, we demonstrate that the observation of banded cranes has been
significantly influenced by at least three key factors: (1) band type and
its longer-term readability, (2) regional and temporal variation in
observation effort, and (3) an additional, as yet unexplained, source of
heterogeneity. These findings are critical for informing future bird
banding programs in general but also for improving data collection and
the interpretation of demographic parameters in the specific case of
Eurasian crane when studying population dynamics.
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4.1. The influence of band type on short- and longer-term detection
probability

The type of band used significantly influenced the detectability of
banded cranes, likely due to differences in the visibility and durability of
the materials. ELSA bands exhibited the highest average detection
probability, followed by Finnish, Spanish, and alphanumeric bands. In
general, detection probability decreases as the time since marking
increased. This is raising concerns about the long-term durability and
visibility of bands, due to their wear and tear, particularly for older
cranes whose bands have likely become less detectable over time.

Initially, ELSA bands demonstrated the highest detection probability,
around 80 % in the first year, whereas Finnish and Spanish bands started
with moderate detection probabilities, not significantly lower than
ELSA, but higher than alphanumeric bands. Despite those initial dif-
ferences, detection probabilities of ELSA, Finnish, and Spanish bands
declined at similar rates. Some observers reported that while Spanish
bands were better than alphanumeric bands over time, the red and blue
colours on these bands tended to fade (Lundgren, pers. comm.). More-
over, Finnish bands were prone to partial or complete loss after several
years, with their colours also deteriorating with age. One key advantage
of ELSA bands is their durability, with very few reported losses by ob-
servers. Their observed reliability is likely due to how they are manu-
factured (moulded polyoxymethylene providing high rigidity and wear
resistance), and are attached to the legs of cranes (snap-fit with addi-
tional glue on edges).

In Dunlins (Calidris alpina), plastic ring colours were observed to fade
after approximately six to eight years (Thorup, 2000). Another study
comparing two types of alphanumeric band, plastic (‘darvic’, two-
layered) and metal (‘incoloy’), reported a reduction in the readability
of the bands’ inscriptions. This decline was attributed either to colour
fading in plastic bands or to surface wear erasing the codes on metal
bands, with a significant wear effect emerging after four to seven years
(Breton et al., 2006a). These findings are consistent with our own ob-
servations, suggesting that the gradual decline in detection rates may be
associated with the material durability of bands, whether plastic (e.g.,
Spanish) or metal (e.g., Finnish). This degradation could result from
factors such as the fading of the colour or its peeling off the base layer, a
phenomenon reported (but not verified) after several years (Lundgren,
pers. comm.). It could also come from dirt on the surface of the band,
especially for the ELSA bands that are not round but hexagonal and for
which dirt can accumulate on the smooth sides (Torrijo, pers. comm.). A
study on Piping Plovers (Charadrius melodus) indicated higher reporting
rates for colour band combinations compared to alphanumeric flag
codes (Roche et al., 2014). However, this study also noted a greater risk
of reporting an incorrect colour band combination compared to incor-
rect alphanumeric codes. In our study, we observed that alphanumeric
bands maintained a constant detection rate over time, albeit at a low
level; and the wide confidence intervals make it difficult to interpret
their detectability in the long-term. Low detection of alphanumeric-
banded cranes may be due to the need for closer observation distances
to read them accurately compared to colour bands. Moreover, few
cranes were marked with alphanumeric bands. At that time the obser-
vation effort was also low, and two facts could explain the constant
detectability rates of these few cranes over the years after marking: (i)
the high fidelity of cranes to their breeding territories and to specific
wintering sites (e.g. Hornborgasjon, Giinz, Arjuzanx, Gallocanta,
Hortobdgy, Hula Valley), and (ii) the tendency of many observers to
search more intensively for ‘their local cranes’ than for others. Colour
bands, on the other hand, may be more prone to misreading due to
confusion between certain colours (e.g. green vs. blue, white vs. yellow),
which would be consistent with findings in Roche and collaborators
(2014). According to observers in the present studies, difficulties to
separate these colours were extra challenging if colours had faded. To
minimize the risk of misreadings, some ringers are avoiding confusing
colours at the same position of the colour combinations (Tichackova,
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pers. comm.).
4.2. Regional and temporal differences in detection probability

The difference in detection due to the natal origin of cranes could be
influenced by factors such as behaviour (Végvari et al., 2011), migration
patterns (Leito et al., 2015, 2011), habitat use, or geographic distribu-
tions (Ojaste et al., 2020) impacting resighting outcomes. Cranes from
countries with extensive monitoring efforts, whether at breeding sites,
wintering grounds, or specific stopover points along migratory routes,
tend to show higher detection probabilities. Indeed, observation effort
varies along and between flyways, with the western flyway having
generally a higher monitoring effort compared to the central and eastern
flyways (Leito et al. 2011). In addition, some countries started to band
cranes when the observation effort was already high, which might
explain the high detection probabilities of these birds (e.g, Latvia,
Lithuania, UK; see Table A.1, Appendices).

The nature of the local crane population might also play a role in
their detection. A study focusing on the cranes banded in UK reported a
detection probability of 0.99 (95 %CI [0.96- 0.99]) for their population
(Donaldson et al., 2023), which is also similar to our value for this
country. This very high detection probability can be attributed to the
fact that this population is reintroduced and thus intensively monitored,
and that these cranes do not perform long migrations. The detection was
also very high in a reintroduced population of whooping cranes (Grus
americana) (Servanty et al., 2014). In the case of the Sandhill crane
(Antigone canadensis), detectability was shown to decrease with age,
except for territorial individuals that can be observed more easily
(Wheeler et al., 2019). Unsurprisingly, this suggests that higher and
consistent monitoring efforts carried out at specific geographic areas
significantly increase detection probabilities. This was probably the case
of the reintroduced population in UK and probably also of some terri-
torial crane pairs that were particularly intensively monitored in specific
regions of Lithuania, Latvia, Norway, Sweden, Germany and Czech Re-
public (see Fig. 5).

The increase in detection probability over the study period can be
largely explained by an increase in the number of observers, the
improvement of optical equipment (e.g. telescopes and digital cameras),
and probably also an increased awareness of the importance of reporting
marked birds and improved facilities for reporting observations (iCORA
website). Specifically accounting for advances in observational tech-
nologies was not possible because of a lack of data across both regions
and time. According to our data, there has been a remarkable increase in
observation effort over the 20 years following the start of crane marking
in Europe (see Fig. D.1, Appendices). An earlier study of waterfowl
species subject to hunting showed that an increase in reporting was
associated with improved band quality and readability and imple-
mentation of reporting platforms (Arnold et al., 2020). An increase in
citizen science activities, including reports of marked animals including
birds, has been observed following the launch of public online platforms
for reporting (Knape et al., 2022). An example of such a platform is
eBird, which explicitly aims to collect bird sightings from citizens for
research purposes (Sullivan et al., 2009). For cranes, the iCORA online
reporting platform, launched in 2009, has made reporting easier and
provides immediate feedback to observers, encouraging further report-
ing. Enhanced observer participation, driven by these efforts, un-
derscores the crucial role of community involvement and technological
advancements in avian research and conservation.

4.3. Additional factors driving current unexplained heterogeneity

Even though our study accounted for potential unexplained and
unmodeled heterogeneity in detection by including mixtures, there re-
mains the possibility that unaccounted heterogeneity — such as cova-
riates related to variation in monitoring effort or general detection
probability — could affect detection probability and thereby also
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estimates of for example life history traits. For instance, if critical
covariates are incomplete or entirely lacking, it could result in biased
estimates, potentially underestimating the true survival rates of the
population. This is particularly concerning given that our dataset in-
dicates that 20 % of individuals were never resighted after banding.
These individuals could either be transients, i.e. individuals that
emigrated out of the study area (see Genovart & Pradel, 2019), an aspect
supported by the results of Test 3.SR (Table B.1, Appendices). However,
given the extensive area covered by observers and the well-known
migration routes and staging areas, it is most likely that these in-
dividuals died shortly after being banded and before being resighted for
the first time, as for instance juveniles being preyed upon, or dying
during their first autumn migration. The distinction between these two
scenarios is crucial for accurate survival modelling, as misidentifying
transients as residents could significantly skew the results. Future
research should address these limitations by exploring in more detail the
sources of detection variation, particularly spatial and individual het-
erogeneity, which may not have been fully captured in our study. For the
spatial heterogeneity, this could be tackled by using a spatial capture-
recapture model. As for individual heterogeneity, it is understood as
any source of variation between individuals in demographic parameters
that cannot be accounted for by temporal or spatial heterogeneity alone,
and can be accounted for by adding a relevant individual covariate
(Gimenez et al., 2018a). This may be partly explained by weather con-
ditions that are known to affect detection rates. Unfortunately, incor-
porating weather data is not feasible in these models due to the annual
scale of our dataset and the complexity of aggregating such data in
relation to all observation sites from multiple countries.

4.4. Conclusions

Our study reveals significant variation in detection probability of
banded cranes, which are influenced by factors such as band type,
regional and temporal differences in observation effort, and additional
unexplained heterogeneity. The detection probability provides insights
into the durability or readability of the bands used to mark cranes, with
different type of bands showing variable detection probability patterns
over time. Overall, our results show that, with the exception of alpha-
numeric bands, all other band types are equivalent in their average
detection and have a similar durability over time. This supports the
continued use of ELSA bands for marking cranes in Europe. These results
provide important information for future banding schemes of birds in
general but also call for further studies investigating in more detail the
long-term durability of different band types and how environmental
factors could influence detection probabilities. Understanding the
impact of factors such as habitat type, observer effort, and weather
conditions on band visibility could lead to more accurate adjustments in
survival models. Also, cranes in regions with greater monitoring efforts
exhibit higher detection rates, suggesting that addressing regional var-
iations through increasing observation efforts in some countries could
enhance detection rate and accuracy estimates of life history traits in
future studies.

The findings of this study hold significant implications beyond crane
research. Accurate assessment of banding and, more generally, marking
methods is crucial for reliable data collection in wildlife studies and
understanding factors that influence detection probability can signifi-
cantly improve monitoring efforts for wildlife and demographical
studies in general.

CRediT authorship contribution statement

Morgane Gicquel: Investigation, Data curation, Writing — review &
editing, Visualization, Writing — original draft, Formal analysis. Juan C.
Alonso: Investigation. Lovisa Nilsson: Writing — review & editing,
Funding acquisition, Supervision, Investigation, Conceptualization.
Matthew Low: Writing — review & editing, Resources, Supervision.

Ecological Indicators 178 (2025) 114020

Javier A. Alonso: Investigation, Writing — review & editing, Concep-
tualization. Dmitrijs Boiko: Writing — review & editing, Data curation,
Investigation. Damon Bridge: Writing — review & editing, Data cura-
tion. Patrick Dulau: Investigation, Data curation, Writing — review &
editing. Thomas Heinicke: Investigation, Writing — review & editing.
Anne Kettner: Writing — review & editing. Yosef Kiat: Writing — review
& editing, Data curation. Petras Kurlavicius: Investigation, Writing —
review & editing, Data curation. Sigvard Lundgren: Writing — review &
editing, Data curation, Investigation. Michael Modrow: Investigation,
Writing — review & editing, Data curation. Giinter Nowald: Writing —
review & editing, Data curation, Investigation. Ivar Ojaste: Investiga-
tion, Writing — review & editing, Data curation. Alain Salvi: Investi-
gation, Writing — review & editing. Jostein Sandvik: Data curation,
Investigation. Markéta Tichackova: Data curation, Writing — review &
editing. Antonio Torrijo: Data curation, Investigation. Jari Valkama:
Investigation, Writing — review & editing, Data curation. Zsolt Végvari:
Data curation, Writing — review & editing. Johan Mansson: Supervi-
sion, Project administration, Funding acquisition, Investigation,
Conceptualization, Writing — review & editing, Resources.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgments

We are grateful to all the participants in the European Crane Working
Group for collecting data for such a long time in such a big area and for
suggestions and advice during our work with the manuscript. We are
especially grateful to the Amigos de Gallocanta association, Grus
Extremadura, Kranichschutz Deutschland, the Swedish Crane Working
group, the National Natural Reserve of Arjuzanx, the Finnish Museum of
Natural History, the Matsalu Bird Ringing Centre in Estonia, the Latvian
National Museum of Natural History, the Israeli Bird Ringing Center, the
Great Crane Project UK, and Crane Life CZ, as well as Carlos Cruz, Zsolt
Karcza, Petr Lumpe, Renata Mackevic¢iené, Marijonas Mackevicius,
Pekka Mustakallio, Ola Nordsteien, Valentinas Pabrinkis, Aleksej Perzu,
Lubomir Peske, José Antonio Roman, and to all other people involved in
crane banding and reporting for providing us with their data across
Europe — without all your effort this study would not have been possible.

In Estonia, the crane banding efforts were additionally supported by
the Research and Development Projects of the Estonian University of
Life Sciences, under the project PM170161PKMH titled “Exploring the
Common Crane (Grus grus) Migration Network Using Satellite Tracking
to Develop a Novel Theory of Bird Migration”. In Spain, funds for
marking and resighting cranes were provided by projects PB87-0389
and PB91-0081 of the Spanish Ministry of Education and Science,We
thank the Carl Tryggers Foundation and the Swedish Environmental
Protection Agency for their financial support towards the post-doctoral
fellowship of Morgane Gicquel.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.ecolind.2025.114020.

Data availability

The authors do not have permission to share data.


http://3.SR
https://doi.org/10.1016/j.ecolind.2025.114020
https://doi.org/10.1016/j.ecolind.2025.114020

M. Gicquel et al.
References

Abadi, F., Botha, A., Altwegg, R., 2013. Revisiting the effect of capture heterogeneity on
survival estimates in capture-mark-recapture studies: does it matter? PLoS One 8,
€62636. https://doi.org/10.1371/journal.pone.0062636.

Alonso, J.A., Alonso, J.C., 1999. Colour marking of Common Cranes in Europe: first
results from the European data base. Vogelwelt 120, 295-300.

Alonso, J.C., Alonso, J., Onrubia, A., Cruz, C., Cangarato, R., Rocha, P., 2016. Assessing
four decades of wintering Cranes counts in Spain, Portugal and Morocco, in:
Asociacion Amigos de Gallocanta (Ed.), Proceedings of the VIIIth European Crane
Conference. Presented at the VIIIith European Crane Conference, Gallocanta, Spain,
pp. 28-37.

Alonso, J.C., Bautista, L.M., Alonso, J.A., 2018. Thirty years of crane colour banding in
Europe: overview and perspectives. In: Dulau, P. (Ed.), Proceedings of the IX
European Crane Conference. Presented at the IX European Crane Conference,
Réserve Nationale De Faune Sauvage D’arjuzanx, pp. 81-84.

Arnold, T.W., Alisauskas, R.T., Sedinger, J.S., 2020. A meta-analysis of band reporting
probabilities for north American Waterfowl. J. Wildl. Manag. 84, 534-541. https://
doi.org/10.1002/jwmg.21807.

Austin, J., Morrison, K., Harris, J. (Eds.), 2018. Cranes and Agriculture: a Global Guide
for Sharing the Landscape, International Crane Foundation and IUCN Species
Survival Commission Crane Specialist, Group. ed. Minuteman Press, Baraboo,
Wisconsin, USA.

Badger, J.J., Bowen, W.D., den Heyer, C.E., Breed, G.A., 2020. Variation in individual
reproductive performance amplified with population size in a long-lived carnivore.
Ecology 101. https://doi.org/10.1002/ecy.3024.

Baillie, S.R., Schaub, M., 2009. Understanding changes in bird populations — the role of
bird marking. Ringing Migr. 24, 189-198. https://doi.org/10.1080/
03078698.2009.9674391.

Bautista, L.M., Alonso, J.C., 2018. What do we know about survival of Common cranes?
an elementary introduction with Euring databank. In: Dulau, P. (Ed.), Proceedings of
the IX European Crane Conference. Presented at the IX European Crane Conference,
IX European Crane Conference, pp. 76-90. https://doi.org/10.1101/
2021.09.02.458691.

Beissinger, S.R., McCullough, D.R. (Eds.), 2002. Population Viability Analysis. University
of Chicago Press, Chicago, IL.

Breton, A.R., Diamond, A.W., Kress, S.W., 2006a. Surface wear of incoloy and darvic
bands on Atlantic Puffin adults and chicks. J. Field Ornithol. 77, 111-119. https://
doi.org/10.1111/j.1557-9263.2006.00030.x.

Breton, A.R., Diamond, A.W., Kress, S.W., 2006b. Encounter, Survival, and Movement
Probabilities from an Atlantic Puffin (fratercula Arctica) Metapopulation. Ecol.
Monogr. 76, 133-149. https://doi.org/10.1890/05-0704.

Breton, A.R., Diamond, A.W., Kress, S.W., 2005. Adult Survival estimates from two
Atlantic Puffin (Fratercula Arctica) Colonies in the Gulf of Maine. Auk 122, 773-782.
https://doi.org/10.1093/auk/122.3.773.

Brusa, J.L., Rotella, J.J., Garrott, R.A., Paterson, J.T., Link, W.A., 2020. Variation of
annual apparent survival and detection rates with age, year and individual identity
in male Weddell seals (Leptonychotes weddellii) from long-term mark-recapture
data. Popul. Ecol. 62, 134-150. https://doi.org/10.1002/1438-390X.12036.

Calvo, B., Furness, R.W., 1992. A review of the use and the effects of marks and devices
on birds. Ringing Migr. 13, 129-151. https://doi.org/10.1080/
03078698.1992.9674036.

Choquet, R., Lebreton, J.-D., Gimenez, O., Reboulet, A.-M., Pradel, R., 2009. U-CARE:
Utilities for performing goodness of fit tests and manipulating CApture-REcapture
data. Ecography 32, 1071-1074.

Cormack, R.M., 1964. Estimates of Survival from the Sighting of Marked Animals.
Biometrika 51, 429-438. https://doi.org/10.2307/2334149.

Cubaynes, S., Pradel, R., Choquet, R., Duchamp, C., Gaillard, J.-M., Lebreton, J.-D.,
Marboutin, E., Miquel, C., Reboulet, A.-M., Poillot, C., Taberlet, P., Gimenez, O.,
2010. Importance of Accounting for Detection Heterogeneity when estimating
Abundance: the Case of French Wolves. Conserv. Biol. 24, 621-626. https://doi.org/
10.1111/j.1523-1739.2009.01431 .x.

del Hoyo, J., Elliott, A., Sargatal, J. (Eds.), 1996. Handbook of the Birds of the World -
Volume 3. Lynx Edicions.

Donaldson, L., Bridge, D.J., Hilton, G.M., 2023. High survival promotes persistence in a
reintroduced population of Common Crane (Grus grus). Ibis 165, 1129-1144.
https://doi.org/10.1111/ibi.13198.

Fiedler, W., Feld, W., Baumann, F., 2002. Der ELSA-Ring: ein neuartiger Markierungsring
fiir Grossvogel. J. Ornithol. 143, 247.

Genovart, M., Pradel, R., 2019. Transience effect in capture-recapture studies: the
importance of its biological meaning. PLoS One 14, e0222241. https://doi.org/
10.1371/journal.pone.0222241.

Gervasi, V., Boitani, L., Paetkau, D., Posillico, M., Randi, E., Ciucci, P., 2017. Estimating
survival in the Apennine brown bear accounting for uncertainty in age classification.
Popul. Ecol. 59, 119-130. https://doi.org/10.1007/s10144-017-0587-0.

Gicquel, M., Alonso, J.C., Nilsson, L., Low, M., Alonso, J.A., Boiko, D., Dulau, P.,
Heinicke, T., Kettner, A., Kiat, Y., Kurlavicius, P., Lundgren, S., Modrow, M.,
Nowald, G., Ojaste, 1., Sandvik, J., Tichdckovd, M., Torrijo, A., Valkama, J., Végvari,
Z., Mansson, J., in prep. Age-specific survival estimation of a Eurasian crane
population highlights a concerning long-term decline in juvenile survival.

Gimenez, O., Cam, E., Gaillard, J.-M., 2018a. Individual heterogeneity and
capture-recapture models: what, why and how? Oikos 127, 664-686. https://doi.
org/10.1111/0ik.04532.

Gimenez, O., Lebreton, J., Choquet, R., Pradel, R., 2018b. R2ucare: an r package to
perform goodness-of-fit tests for capture-recapture models. Methods Ecol. Evol. 9,
1749-1754. https://doi.org/10.1111/2041-210X.13014.

Ecological Indicators 178 (2025) 114020

Gravograph, 2024. Gravotech Laser and Electronic Engraving Machines [WWW
Document]. Gravotech Mdquinas de Grabado Laser y Electronicas. URL www.
gravograph.es (accessed 10.14.24).

Hansson, P., Nilsson, L., Lundgren, S., Skyllberg, U., Sandvik, J., Ménsson, J., 2024.
Flyways of Common Cranes Grus grus breeding in Fennoscandia. Ornis Svecica 34,
155-170. https://doi.org/10.34080/05.v34.23602.

Heinicke, T., Modrow, M., Lange, S., Nowald, G., 2016. iCORA - das ,,internet-based
Crane Observation Ring Archive” stellt sich vor. Vogelwarte 54, 317-318.

Ilyashenko, E.I, 2016. Estimated number of cranes (Gruiformes, Gruidae) in Northern
Eurasia at the beginning of the 21st century. Biol Bull Russ Acad Sci 43, 1048-1051.
https://doi.org/10.1134/51062359016090119.

Iwai, N., 2022. Estimation of Growth Rate, Survival Rate, and Longevity of the
Endangered Otton Frog (Babina subaspera) using the Capture-Mark-Recapture
Method. Herpetol. Conserv. Biol. 17, 548-552.

Johansson, O., Samelius, G., Wikberg, E., Chapron, G., Mishra, C., Low, M., 2020.
Identification errors in camera-trap studies result in systematic population
overestimation. Sci. Rep. 10, 6393. https://doi.org/10.1038/541598-020-63367-z.

Jolly, G.M., 1965. Explicit estimates from Capture-Recapture Data with both death and
Immigration-Stochastic Model. Biometrika 52, 225-247. https://doi.org/10.2307/
2333826.

Juillet, C., Choquet, R., Gauthier, G., Pradel, R., 2011. A Capture-Recapture Model
with Double-Marking, Live and Dead Encounters, and Heterogeneity of Reporting
due to Auxiliary Mark loss. JABES 16, 88-104. https://doi.org/10.1007/s13253-
010-0035-5.

Knape, J., Coulson, S.J., van der Wal, R., Arlt, D., 2022. Temporal trends in opportunistic
citizen science reports across multiple taxa. Ambio 51, 183-198. https://doi.org/
10.1007/513280-021-01550-w.

Laake, J.L., 2013. RMark: an R Interface for Analysis of Capture-Recapture Data with
MARK. Sci. Cent., NOAA, Natl. Mar. Fish. Serv., Seattle, USA, Alaska Fish.

Leito, A., Bunce, R.G.H., Kiilvik, M., Ojaste, 1., Raet, J., Villoslada, M., Leivits, M.,
Kull, A., Kuusemets, V., Kull, T., Metzger, M.J., Sepp, K., 2015. The potential impacts
of changes in ecological networks, land use and climate on the Eurasian crane
population in Estonia. Landsc. Ecol. 30, 887-904. https://doi.org/10.1007/510980-
015-0161-0.

Leito, A., Ojaste, L., Sellis, U., 2011. The migration routes of Eurasian cranes breeding in
Estonia. Hirundo 24, 41-53.

Leon-Ortega, M., Delgado, M. del M., Martinez, J.E., Penteriani, V., Calvo, J.F., 2016.
Factors affecting survival in Mediterranean populations of the Eurasian eagle owl.
Eur J Wildl Res 62, 643-651. https://doi.org/10.1007/510344-016-1036-7.

Mingozzi, T., Storino, P., Venuto, G., Alessandria, G., Arcamone, E., Urso, S., Ruggieri, L.,
Massetti, L., Massolo, A., 2013. Autumn Migration of Common Cranes Grus Grus
through the Italian Peninsula: New Vs. Historical Flyways and Their Meteorological
Correlates. aorn 48, 165-177. https://doi.org/10.3161/000164513X678810.

Nowald, G., 2010. Colour marking and radio tracking of Common Cranes Grus grus in
Germany and Europe—an overview. Vogelwelt 131, 111-116.

Ojaste, 1., Leito, A., Suorsa, P., Hedenstrom, A., Sepp, K., Leivits, M., Sellis, U., Vali, U,
2020. From northern Europe to Ethiopia: long-distance migration of Common Cranes
(Grus grus). Ornis Fenn. 97, 12-25.

Oliver, L.J., Morgan, B.J.T., Durant, S.M., Pettorelli, N., 2011. Individual heterogeneity
in recapture probability and survival estimates in cheetah. Ecol. Model. 222,
776-784. https://doi.org/10.1016/j.ecolmodel.2010.11.021.

Pledger, S., Pollock, K.H., Norris, J.L., 2003. Open capture-recapture models with
heterogeneity: I. Cormack-Jolly-Seber Model. Biometrics 59, 786-794. https://doi.
org/10.1111/j.0006-341x.2003.00092.x.

Pradel, R., Sanz-Aguilar, A., 2012. Modeling Trap-Awareness and Related Phenomena in
Capture-Recapture Studies. PLoS One 7, e32666. https://doi.org/10.1371/journal.
pone.0032666.

Prange, H., 2005. The status of the common crane (Grus grus) in europe - breeding,
resting, migration, wintering, and protection, in: Proceedings of the North American
Crane Workshop. Sacramento, California: North American Crane Working Group,
pp. 69-77.

Prange, H., Ilyashenko, E., 2019. Species review: Eurasian crane (Grus grus), in: Mirande,
C.M., Harris, J. (Eds.), Crane Conservation Strategy. pp. 397-423.

Prévot-Julliard, A.-C., Lebreton, J.-D., Pradel, R., 1998. Re-Evaluation of Adult Survival
of Black-headed Gulls (Larus Ridibundus) in Presence of Recapture Heterogeneity.
Auk 115, 85-95. https://doi.org/10.2307/4089114.

R Core Team, 2023. R: A language and environment for statistical computing.

Roche, E.A., Dovichin, C.M., Arnold, T.W., 2014. Field-readable alphanumeric flags are
valuable markers for shorebirds: use of double-marking to identify cases of
misidentification. J. Field Ornithol. 85, 329-338. https://doi.org/10.1111/
jofo.12072.

Salvi, A., 2016. Recent evolutions of the migration and wintering habits of Common
Cranes Grus grus in Central Europe and in France, in. In: Scientific Proceedings of
Oral and Poster Contributions of the European Crane Conference 2014. Presented at
the European Crane Conference 2014, pp. 69-77.

Salvi, A., 2015. In: The Eurasian Crane in France: Evolutions in the Last Four Decades,
pp. 191-205.

Sandercock, B.K., 2019. Mark-Recapture Models for Estimation of Demographic
Parameters. In: Murray, L.M., Sandercock, B.K. (Eds.), Population Ecology in
Practice. John Wiley & Sons, pp. 157-192.

Sandercock, B.K., 2006. Estimation of Demographic Parameters from Live-Encounter
Data: a Summary Review. J. Wildl. Manag. 70, 1504-1520. https://doi.org/
10.2193/0022-541X(2006)70[1504:EODPFL]2.0.CO;2.

Seber, G.A.F., 1965. A note on the Multiple-Recapture Census. Biometrika 52, 249-259.
https://doi.org/10.2307,/2333827.


https://doi.org/10.1371/journal.pone.0062636
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0010
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0010
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0020
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0020
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0020
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0020
https://doi.org/10.1002/jwmg.21807
https://doi.org/10.1002/jwmg.21807
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0030
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0030
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0030
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0030
https://doi.org/10.1002/ecy.3024
https://doi.org/10.1080/03078698.2009.9674391
https://doi.org/10.1080/03078698.2009.9674391
https://doi.org/10.1101/2021.09.02.458691
https://doi.org/10.1101/2021.09.02.458691
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0050
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0050
https://doi.org/10.1111/j.1557-9263.2006.00030.x
https://doi.org/10.1111/j.1557-9263.2006.00030.x
https://doi.org/10.1890/05-0704
https://doi.org/10.1093/auk/122.3.773
https://doi.org/10.1002/1438-390X.12036
https://doi.org/10.1080/03078698.1992.9674036
https://doi.org/10.1080/03078698.1992.9674036
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0080
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0080
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0080
https://doi.org/10.2307/2334149
https://doi.org/10.1111/j.1523-1739.2009.01431.x
https://doi.org/10.1111/j.1523-1739.2009.01431.x
https://doi.org/10.1111/ibi.13198
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0105
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0105
https://doi.org/10.1371/journal.pone.0222241
https://doi.org/10.1371/journal.pone.0222241
https://doi.org/10.1007/s10144-017-0587-0
https://doi.org/10.1111/oik.04532
https://doi.org/10.1111/oik.04532
https://doi.org/10.1111/2041-210X.13014
https://doi.org/10.34080/os.v34.23602
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0145
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0145
https://doi.org/10.1134/S1062359016090119
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0155
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0155
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0155
https://doi.org/10.1038/s41598-020-63367-z
https://doi.org/10.2307/2333826
https://doi.org/10.2307/2333826
https://doi.org/10.1007/s13253-010-0035-5
https://doi.org/10.1007/s13253-010-0035-5
https://doi.org/10.1007/s13280-021-01550-w
https://doi.org/10.1007/s13280-021-01550-w
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0180
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0180
https://doi.org/10.1007/s10980-015-0161-0
https://doi.org/10.1007/s10980-015-0161-0
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0190
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0190
https://doi.org/10.3161/000164513X678810
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0205
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0205
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0210
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0210
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0210
https://doi.org/10.1016/j.ecolmodel.2010.11.021
https://doi.org/10.1111/j.0006-341x.2003.00092.x
https://doi.org/10.1111/j.0006-341x.2003.00092.x
https://doi.org/10.1371/journal.pone.0032666
https://doi.org/10.1371/journal.pone.0032666
https://doi.org/10.2307/4089114
https://doi.org/10.1111/jofo.12072
https://doi.org/10.1111/jofo.12072
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0255
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0255
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0255
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0255
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0260
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0260
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0265
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0265
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0265
https://doi.org/10.2193/0022-541X(2006)70[1504:EODPFL]2.0.CO;2
https://doi.org/10.2193/0022-541X(2006)70[1504:EODPFL]2.0.CO;2
https://doi.org/10.2307/2333827

M. Gicquel et al.

Servanty, S., Converse, S.J., Bailey, L.L., 2014. Demography of a reintroduced
population: moving toward management models for an endangered species, the
Whooping Crane. Ecol. Appl. 24, 927-937. https://doi.org/10.1890/13-0559.1.

Smout, S., King, R., Pomeroy, P., 2011. Estimating demographic parameters for
capture-recapture data in the presence of multiple mark types. Environ. Ecol. Stat.
18, 331-347. https://doi.org/10.1007/s10651-010-0135-y.

Souc, C., Sadoul, N., Blanchon, T., Vittecog, M., Pin, C., Vidal, E., Mante, A., Choquet, R.,
McCoy, K.D., 2023. Natal colony influences age-specific movement patterns of the
Yellow-legged gull (Larus michahellis). Mov. Ecol. 11, 11. https://doi.org/10.1186/
s40462-023-00375-4.

Sullivan, B.L., Wood, C.L., Iliff, M.J., Bonney, R.E., Fink, D., Kelling, S., 2009. eBird: a
citizen-based bird observation network in the biological sciences. Biol. Conserv. 142,
2282-2292. https://doi.org/10.1016/j.biocon.2009.05.006.

Szymanski, M.L., Arnold, T.W., Garrettson, P.R., Afton, A.D., 2020. Band Wear and
Effects on Recovery and Survival estimates of Diving ducks. Wildl. Soc. Bull. 44,
5-14. https://doi.org/10.1002/wsb.1076.

Thorup, 0., 2000. Durability, colour retention and incidence of encrustation of colour
rings on Dunlins breeding on a brackish meadow. Wader Study Group Bulletin 91,
25-27.

10

Ecological Indicators 178 (2025) 114020

Touzalin, F., Petit, E.J., Cam, E., Stagier, C., Teeling, E.C., Puechmaille, S.J., 2023. Mark
Loss Can Strongly Bias Demographic Rates in Multi-State Models: a Case Study with
Simulated and Empirical Datasets. https://doi.org/10.1101/2022.03.25.485763.

Végvari, Z., 2015. Autumn crane migration and climate change in the Carpathian Basin.
Ornis Hungarica 23. https://doi.org/10.1515/0rhu-2015-0012.

Végvari, Z., Barta, Z., Mustakallio, P., Székely, T., 2011. Consistent avoidance of human
disturbance over large geographical distances by a migratory bird. Biol. Lett. 7,
814-817. https://doi.org/10.1098/rsbl.2011.0295.

Vinks, M.A., Creel, S., Schuette, P., Becker, M.S., Rosenblatt, E., Sanguinetti, C.,
Banda, K., Goodheart, B., Young-Overton, K., Stevens, X., Chifunte, C., Midlane, N.,
Simukonda, C., 2021. Response of lion demography and dynamics to the loss of
preferred larger prey. Ecol. Appl. 31, e02298. https://doi.org/10.1002/eap.2298.

Wheeler, M.E., Barzen, J.A., Crimmins, S.M., Van Deelen, T.R., 2019. Effects of territorial
status and life history on Sandhill Crane (Antigone canadensis) population dynamics
in south-central Wisconsin. USA. Can. J. Zool. 97, 112-120. https://doi.org/
10.1139/¢jz-2018-0135.

White, G.C., Burnham, K.P., 1999. Program MARK: survival estimation from populations
of marked animals. Bird Study 46, $120-S139. https://doi.org/10.1080/
00063659909477239.


https://doi.org/10.1890/13-0559.1
https://doi.org/10.1007/s10651-010-0135-y
https://doi.org/10.1186/s40462-023-00375-4
https://doi.org/10.1186/s40462-023-00375-4
https://doi.org/10.1016/j.biocon.2009.05.006
https://doi.org/10.1002/wsb.1076
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0305
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0305
http://refhub.elsevier.com/S1470-160X(25)00952-5/h0305
https://doi.org/10.1101/2022.03.25.485763
https://doi.org/10.1515/orhu-2015-0012
https://doi.org/10.1098/rsbl.2011.0295
https://doi.org/10.1002/eap.2298
https://doi.org/10.1139/cjz-2018-0135
https://doi.org/10.1139/cjz-2018-0135
https://doi.org/10.1080/00063659909477239
https://doi.org/10.1080/00063659909477239

	Factors affecting detection probability: Insights from banding data in a long-term continent-wide monitoring program
	1 Introduction
	2 Methods
	2.1 Study area and species
	2.1.1 General information
	2.1.2 Crane capture and banding
	2.1.3 Crane resightings

	2.2 Band types
	2.3 Database management
	2.4 Data processing
	2.5 Modelling

	3 Results
	3.1 Band types
	3.2 Time since marking and interaction between band types
	3.3 Temporal change in detection rate
	3.4 Natal country

	4 Discussion
	4.1 The influence of band type on short- and longer-term detection probability
	4.2 Regional and temporal differences in detection probability
	4.3 Additional factors driving current unexplained heterogeneity
	4.4 Conclusions

	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Supplementary data
	Data availability
	References


