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Patterns of spatial distribution and migration phenology of common 
pochards Aythya ferina in the Western Palearctic: a ring-recoveries 
analysis

Benjamin Folliot, Matthieu Guillemain, Jocelyn Champagnon and Alain Caizergues

B. Folliot (benjamin.folliot@oncfs.gouv.fr) A. Caizergues, Office National de la Chasse et de la Faune Sauvage, Unité Avifaune Migratrice, Parc 
d’Affaires La Rivière, 8 Boulevard Albert Einstein, Bâtiment B, FR-44300 Nantes, France. BF and J. Champagnon, Inst. de Recherche de la Tour 
du Valat, Arles, France. – M. Guillemain, Office National de la Chasse et de la Faune Sauvage, Unité Avifaune Migratrice, Arles, France.

We used ringed-recoveries to assess: 1) the connectivity (movements of individuals) between the three putative flyways 
(north–west Europe, central Europe, south–west Asia) of common pochards in the Western Palearctic, 2) possible 
spatio-temporal variations in the distribution of the species, and, 3) temporal evolution in spring and autumn migration 
dates. Based on winter counts of common pochards in the north–west European flyway, we distinguished three periods in 
the analyses (1960–1990, 1991–2000 and 2001–2016), which correspond to successive periods of population increase, 
peak and decline, respectively. Whatever the season (wintering or breeding) and period of ringing, large probabilities of 
ring-recoveries outside the flyway of origin (ringing) were recorded, suggesting a high connectivity between the three 
putative flyways. There was a significant trend towards an earlier departure from the wintering area, and an eastward 
shift of spring recoveries over periods. In contrast, neither autumn/winter recovery locations, nor departure dates from 
the breeding area in Latvia and Russia changed over periods. The latter results do not support the hypothesis that short-
stopping (i.e. a reduction of fall migration distances/delaying of departure dates from the breeding area) could explain 
the observed decline of wintering common pochards in the north–west European flyway. Indirect recoveries support that 
large proportions of individuals wintering in western Europe may originate from the south–west Asia flyway and more 
particularly from a region in Siberia located in the Ob river catchment area. Considering trends in numbers for the three 
flyways together confirmed the “vulnerable” IUCN status of common pochard in the Western Palearctic as a whole, with 
a 35% decline over the last decade. The important connectivity between the northwest, central European and southwest 
Asian flyways call for considering such conservation problems at a much broader scale than the regional flyway.

Establishing the link between breeding and non-breeding 
areas is a prerequisite for delineating management units and 
implementing sustainable management policies (Williams 
and Johnson 1995, Webster et al. 2002). The conservation 
status of waterfowl populations is currently established at the 
flyway level (BirdLife International 2015), which is defined 
as “the entire range of a migratory bird species (or groups 
of related species or distinct populations of a single species) 
through which it moves on an annual basis from breeding 
areas to non-breeding areas, including intermediate resting 
and feeding places as well as the area within which the birds 
migrate” (Boere et al. 2006). The first authors having delin-
eated flyways in the Western Palearctic stressed that they 
should not be considered “impermeable” from each other, 

implicitly raising the potential risk of using them as man-
agement units (Isakov 1967, 1976, des Clers 1976, see also 
Scott and Rose 1996). Moreover, population boundaries can 
change over time, owing to factors like climate or habitat 
change (Knick and Rotenberry 2002, Huntley et al. 2007), 
which has led some authors to stress the need of re-evaluating 
flyway delineations on a regular basis (Madsen et al. 2014). 
Re-assessing migratory connectivity in a rapidly changing 
world and therefore flyways delineation is important because 
it can result in changes in IUCN conservation statuses and 
associated management and conservation policies (Cao et al. 
2010, Ramesh et al. 2017).

The common pochard is a partial and differential migratory 
(Lundberg 1988) freshwater diving duck, in which one frac-
tion of the population is migratory and the other sedentary 
(Gourlay-Larour et al. 2013) and females migrate farther 
south than males (Carbone and Owen 1995). Its breeding 
range extends from western Europe through central Asia to 
south-central Siberia and northern China, and the bulk of 
the population spends the winter throughout Europe, north 
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Africa, the Mediterranean, Black and Caspian Seas and Asia 
(Kear 2005). Three flyways have been initially recognised in 
the Western Palearctic (Scott and Rose 1996) based on ring 
recoveries, species’ distribution and expert opinion (Isakov 
1967, des Clers 1976, Atkinson-Willes et al. 1980): north-
west Europe (hereafter NWE flyway), central Europe/Black 
Sea/Mediterranean (hereafter CE flyway), and southwest 
Asia (hereafter SWA flyway) (Fig. 1a–c).

Since the middle of the 18th century, the common 
pochard has experienced a significant expansion of its breed-
ing range north- and westwards towards Scandinavia and 
northwestern Europe and, in the past twenty years, spread 
into Mediterranean countries including the Maghreb region 
(Fox et al. 2016). The number of wintering individuals 
in the NWE flyway has been gradually increasing during 
the second half of the 20th century as the breeding range 
expanded. Recently, however, a dramatic decline in the num-
ber of wintering individuals has been recorded in most coun-
tries of this flyway (Nagy et al. 2014). This decline raises 
concern about the status of the species as a whole, which is 
now considered as endangered in Europe (BirdLife Interna-
tional 2015), as well as questioning the drivers of popula-
tion trajectory. A recent review indicates a marked decline of 
both the number of breeding birds and breeding success at 
the European scale, particularly in Scandinavia and central 
Europe (Fox et al. 2016). Such declines on the Scandinavian 
and central European breeding areas have been supposed to 
be among the main drivers of the observed decline in num-
bers of pochards wintering in the NWE flyway. However, 
an alternative hypothesis would be that the observed declin-
ing trend in wintering numbers could results from a north-
eastward shift of the wintering population in response, for 
example, to global warming (winter short-stopping, sensu 
Elmberg et al. 2014), with birds gradually evading the counts 
in the NWE flyway to an increasing extent over time as they 
remain in the other flyways. In other words, as observed in 
other European or North American migratory birds, cli-
mate and habitat changes over the past decades could have 
allowed common pochards to spend a greater share of the 
annual cycle in formerly inhospitable areas (Schummer et al. 
2010, Guillemain et al. 2013, Lehikoinen et al. 2013, 
Elmberg et al. 2014, Notaro et al. 2016) of the north-eastern 
parts of the distribution range, through earlier spring migra-
tion, colonization of breeding areas further east or northeast, 
and delayed autumn migration.

The major aim of the present study was to use the 
most recent ring-recovery databases in order to update our 
knowledge about the spatial distribution and movements of 
common pochard Aythya ferina populations of the Western 
Palearctic and therefore assess the pertinence of flyway 
delineation (Madsen et al. 2014). We also assessed whether 
temporal changes in the spatial distribution of ring-recover-
ies could provide some clues about the observed decline of 
the wintering population of common pochards in western 
Europe, keeping in mind that the observed patterns could 
either reflect changes in the distribution of birds or changes 
in hunting pressure, or both. Another aim of our study was 
to address the question of possible changes in migration 
phenology seeking, for example, to assess whether ‘short-
stopping’ during the fall phase of migration could account 
for the observed decline of the population of wintering in 

NWE flyway. To address these questions, we used ring-
recoveries of individuals ringed during both the winter-
ing and breeding season in countries of the NWE flyway 
(European countries and countries of the former USSR) 
from 1960 to 2016.

Methods

This study relies on two ring recovery databases. The 
largest one, which was provided by Euring (< www.euring.
org/ >), covers the period 1960–2016, whereas the second 
dataset is part of an ongoing diving duck capture–mark–
recaptures/recoveries programme initiated in France in 2004 
(Guillemain and Caizergues 2010). Together, these datasets 
provided a total of 7078 ring-recoveries at 278 sites through-
out the species’ distribution range. Dead-recoveries of indi-
viduals known to suffer from any illness, crippled, injured 
or killed during handling and those whose cause of death 
was unknown were removed from the analyses in order to 
minimize possible biases. Throughout the paper, flyway 
delineations are those suggested by Scott and Rose (1996).

Three ringing periods (1960–1990, 1991–2000 and 
2001–2016) were distinguished based on of the results of 
a segmented regression analysis (R package ‘stucchange’, 
Zeileis et al. 2001) of common pochard January counts in 
the NWE flyway (respectively increase, population peak 
and decrease, Fig. 2). Strictly speaking, however, the appar-
ent increase in numbers of common pochards counted in 
winter in NWE flyway during the first period (1960–1990) 
may reflect an increase in sampling effort (number of sites 
counted) rather than an increase of the size of the winter-
ing population, at least until the mid-1980s. In contrast, 
both, the peak in numbers in the 1990s (second period) and 
the decrease since the beginning of the 21st century (third 
period) likely represent a “demographic” reality (Wetlands 
International 2017).

The probability of recovering an individual ringed in the 
NWE flyway in the different flyways, and, possible shifts in 
the average position (average longitude) of ring-recoveries 
during breeding and wintering were compared over these 
three periods. In order to minimise possible biases due to 
changes in hunting pressure over space and time, only months 
and countries in which hunting took place over the entire 
study period (1960–2016) were kept in the analyses. Our 
analyses are therefore based on a total of 5491 ring-recoveries 
(see Table 1 for details). Spring (April–May) and autumn–
winter (September–January) hunting have remained legal 
over the entire study period in countries of the former USSR 
(Russia, Belarus, Ukraine and Kazakhstan) and countries of 
the European Union (Spain, France, Italia, Belgium, United 
Kingdom, Ireland, Germany, Denmark and Poland), respec-
tively. Nevertheless, we cannot totality exclude that changes 
in hunting pressure or ring-reporting rates occurred between 
periods, months, or countries, and hence could somewhat 
bias the location of recoveries (Korner‐Nievergelt et al. 
2010). However, by considering only months and countries 
where hunting remained legal throughout the 56 years of the 
study, we can assume such potential biases were minimized, 
although the results should still be interpreted with caution 
concerning this aspect. Data concerning possible variations 
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in hunting pressure (number of validated hunting licenses, 
hunting bags and more importantly number of ducks actu-
ally exposed to hunting) were eventually available for the 

most recent period (2001–2016) and for a limited number 
of countries and seasons only (reviewed by Guillemain et al. 
2016). It was therefore not possible to properly address 

Figure 1. The three putative common pochard flyways in the Western Palearctic, delimited by Scott and Rose (1996), together with ringing 
(red circles, proportional to numbers of individuals ringed by site) and recovery (blue circles, proportional to numbers of recoveries for by 
site) locations of individuals ringed during the three studied periods: (a) 1960–1990; (b) 1991–2000; and (c) 2001–2016 in the NWE 
flyway. Ringing sites in the Eastern part of the range (east-central Europe, Latvia and former countries of USSR) are sites where individuals 
have been ringed exclusively during the breeding season. — NWE, ···· CE and ---- SWA flyway limits.
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the issue of possible changes in hunting pressure properly. 
Furthermore, the bulk of the dataset included only those 
individuals having been recovered, and, in many instances, 
data concerning ringed (but not recovered) individuals were 
simply not computerised meaning that possible variations in 
recovery or reporting rates (Potvin et al. 2017) could not be 
assessed. Finally, despite repeated effort, we were not able to 
gather ringing data from Russia and Latvia, although these 
data were probably computerised.

Finally, because both the date and the location or ringing 
may affect the date and the location of ring-recoveries we 
assessed whether these variables changed significantly over 
time using linear regressions.

Migratory connectivity and its temporal dynamic

The probability that an individual ringed in the NWE flyway 
was latter recovered in the same flyway, or one of the other 
two (the CE and SWA flyways), as well as possible changes 
of this probability over time, were assessed by computing the 
number of individuals ringed in the NWE flyway (including 
the overlapping zone with CE flyway) and later recovered in 
each of the three flyways for each of the three periods con-
sidered (Fig. 1). Recoveries of individuals caught in winter 
and during the breeding season were considered separately in 
the analyses, as well as direct (i.e. recoveries made during the 
same ringing season) and indirect recoveries (i.e. recoveries 

made during the following seasons). To avoid that individu-
als recovered in the overlapping zone between flyways be 
ascribed to more than one flyway, data were processed as 
follow: all individuals recovered in the NWE flyway, includ-
ing the overlapping areas with the CE and with the SWA 
flyways, were exclusively ascribed to this flyway, whereas the 
ascription to the CE flyway excluded individuals recovered 
in the overlapping zone with the NWE flyway but included 
the overlapping area between the CE and SWA flyways. 
Ascription to the SWA flyway excluded individuals in the 
overlapping zones with both the NWE and CE flyways.

Changes in the probabilities of recoveries (of pochards 
ringed at the NWE flyway) in the three different flyways 
over time (periods), according to the type of recovery (direct 
versus indirect recoveries) and the season of ringing (winter-
ing versus breeding season) were tested simultaneously using 
a multinomial logistic regression in a Bayesian framework 
(Dey et al. 1999, R code available in Supplementary material 
Appendix 1). Convergence was assessed using the Gelman–
Rubin convergence diagnostic (Gelman and Rubin 1992). 
Estimation of parameters were derived every ten MCMC 
samples from 1 000 000 iterations after a burn-in procedure 
of 100 000 iterations.

Changes in recovery locations over time

Possible changes in the longitude of recoveries over time 
(periods) were assessed in two steps using Kolmogorov–
Smirnoff tests. In a first step, we assessed temporal changes 
in the longitude of recoveries performed during the breed-
ing season (April–May) in countries where hunting took 
place over the whole study period (Russia, Belarus, Ukraine 
and Kazakhstan) for individuals ringed during the winter-
ing season (October–February) in the NWE flyway (mostly 
France, United Kingdom, Switzerland). Then, we assessed 
temporal changes in the longitude of recoveries during 
winter (September–January) in countries of western Europe 
where hunting took place over the whole study period 
(Spain, France, Italia, Belgium, United Kingdom, Ireland, 
Germany, Denmark, Poland) for individuals ringed during 

Figure 2. Changes in numbers of wintering common pochards counted in NWE flyway from 1960 to 2016 (Wetlands International 2017), 
along with the three periods (red lines) delimited thanks to a segmented regression analysis (blue line), considered in our analyses of ring 
recoveries (increase 1960–1990; peak 1991–2000; decline 2001–2016).

Table 1. Number of recoveries of common pochards ringed during 
the breeding (former USSR and Latvia) and wintering (Denmark, 
Germany, Switzerland, United Kingdom, Netherlands, Sweden, 
Italia, Czech Republic, France, Belgium and Poland) seasons in  
the NWE flyway, per period (1960–1990: population increase, 
1991–2000: population peak, 2001–2016; population decrease).

Season of ringing

Period of ringing Wintering Breeding

1960–1990 1581 2199
1991–2000 881 206
2001–2016 616 8
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the breeding season (April–July) in Latvia and Russia. It 
should be noted that only the ringing sites located in the 
NWE flyway were considered in these analyses.

Temporal changes in migration phenology

Temporal changes in the phenology of migration were 
assessed by calculating the proportions of individuals 
“having left their wintering area” following the method in 
Guillemain et al. (2006) whereby an individual was con-
sidered to have left its wintering area when it was recov-
ered more than 200 km east from its winter ringing site. 
The proportion of such individuals was computed for each 
month and each of the three periods separately. We then 
tested for possible changes in the migration initiation date 
(month) over the three periods of the study using general 
linear mixed modelling with a random effect on the ringing 
sites (R ver. 3.3.3, < www.r-project.org/ >). A total of 1490, 
870 and 635 recoveries for the first (1960–1990), second 
(1991–2000) and third (2001–2016) periods were consid-
ered, respectively. The main aim of this analysis was to assess 
possible advancement/delay of migration departure/return 
dates (months) over the study period.

Results

Dates of ringing did not display any particular trend over 
time (linear regression, t = 0.125, p = 0.9). In contrast, 
there were trends towards temporal decreases in both 
the latitude and longitude of ringing (linear regressions, 
t = –6.471, p < 0.001 and t = –6.157, p < 0.001, respec-
tively). Fortunately, these changes in ringing locations were 
moderate (less than 250 km over the whole study period) 

and within the range of movements commonly observed 
during winter in this species (Gourlay-Larour et al. 2012). 
Nevertheless, possible biases due to these changes in ringing 
sites locations over time were minimised by including the 
effect of site as a random variable in the analyses.

Most recoveries were recorded within the limits of the 
three known flyways, although some individuals were 
recovered further east (Fig. 1). Whatever the period, the dis-
tribution range of common pochard, inferred from the cloud 
of recovery dots, tended to stretch at mid-latitude along 
a well-marked north-eastern–south-western axis largely 
encompassing the three putative flyways (Fig. 1). One can 
also notice that an area located at the northern border of 
Kazakhstan, in the region of the Ob river, yielded numerous 
recoveries especially during the second period of the study 
(1991–2000) which corresponds to the peak of abundance 
of the common pochard population wintering in the NWE 
flyway (Fig. 1b).

Migratory connectivity and its temporal dynamics

Whatever the season/area of ringing, most of direct 
recoveries were recorded close to the ringing site in the 
flyway of origin (NWE flyway) with a probabilitly always 
above 0.85 (range 0.855–0.959, Table 2). The probability 
that a direct recovery was recorded outside the flyway of 
ringing (the NWE flyway) was low except for individu-
als ringed during winter and recovered in the CE flyway 
(range 0.097–0.13). In contrast to direct recoveries, the 
probabilities for indirect recoveries to be recorded outside 
the NWE flyway were relatively high (Table 2), especially 
for those individuals ringed in winter during the second 
period (1991–2000), which had a 0.28 probability of being 
recovered in the SWA flyway (see also Fig. 1b). Overall 

Table 2. Recovery probabilities of common pochards ringed in NWE flyway during the breeding (USSR and Latvia) and wintering (Denmark, 
Germany, Switzerland, United Kingdom, Netherlands, Slovenia, Italia, Czech Republic, France, Belgium and Poland) seasons, by flyway 
(NWE: north–west European, CE: central European, SWA: south–west Asian), period (1960–1990: population increase, 1991–2000: 
population peak, 2001–2016; population decrease) and type of recovery (direct: current season versus indirect: subsequent seasons).

Ringing season Recoveries Period NWE (SD) CE (SD) SWA (SD)

Breeding indirect
(subsequent seasons)

1960–1990 0.894 (0.015)
n=349

0.088 (0.014)
n=34

0.018 (0.007)
n=6

1991–2000 0.798 (0.044)
n=50

0.080 (0.026)
n=6

0.122 (0.034)
n=8

2001–2016 0.771 (0.093)
n=4

0.126 (0.063)
n=1

0.103 (0.071)
n=0

direct
(current spring)

1960–1990 0.957 (0.005)
n=1726

0.041 (0.005)
n=76

0.002 (0.001)
n=2

1991–2000 0.959 (0.013)
n=138

0.034 (0.012)
n=4

0.007 (0.006)
n=0

2001–2016 0.931 (0.044)
n=3

0.037 (0.023)
n=0

0.032 (0.036)
n=0

Winter indirect
(subsequent seasons)

1960–1990 0.765 (0.012)
n=924

0.141 (0.010)
n=171

0.094 (0.008)
n=112

1991–2000 0.574 (0.019)
n=393

0.146 (0.013)
n=99

0.28 (0.017)
n=190

2001–2016 0.686 (0.025)
n=230

0.169 (0.020)
n=58

0.145 (0.019)
n=49

direct
(current winter)

1960–1990 0.869 (0.017)
n=311

0.129 (0.017)
n=47

0.003 (0.003)
n=0

1991–2000 0.855 (0.024)
n=160

0.130 (0.023)
n=27

0.015 (0.008)
n=2

2001–2016 0.895 (0.018)
n=246

0.097 (0.017)
n=26

0.007 (0.005)
n=1
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therefore, whatever the period, there was a strong probabil-
ity for individuals ringed during the wintering season in the 
NWE flyway to be recovered in another flyway, including 
the farthest one (SWA flyway, Fig. 1, Table 2). If we exclude 
the peak of indirect recoveries in the SWA flyway in the 
second period (1991–2000), which matched the historic 
peak in numbers of common pochards wintering in the 
NWE flyway, no temporal trend could be detected.

Changes in recovery locations over time

There was a trend towards an eastward shift over periods 
concerning spring recoveries of individuals ringed dur-
ing winter in western Europe (Fig. 3), but the difference 
in average longitudes was statistically significant between 
the last two periods only (1991–2000 and 2001–2016; 
D = 0.18823, p = 0.0404). In contrast, autumn and winter 
recoveries of individuals ringed during the breeding season 
in former USSR and Latvia did not display any particular 
temporal pattern (D = 0.12192, p = 0.8516) (Fig. 4). One 
should notice that no data was available for the last period 
considered (2001–2016) due to the cessation of hunting in 
these breeding areas.

Temporal changes in migration phenology

The GLMM analysis revealed significant effects of month 
(third order polynomial effect) and year of recovery (plus 
their interaction) on the proportion of individuals ringed 
in western Europe and later recovered more than 200 km 
eastwards to their ringing site (R² marginal = 0.36 and R² 
conditional = 0.46) (Fig. 5, 6, Supplementary material 
Appendix 2). From April to September more than 80% 
of individuals were recovered more than 200 km east-
wards from their ringing site, indicating a non-local origin 
of most individuals wintering in western Europe (Fig. 5). 
Conversely, December and January were always the months 
with the lowest proportions of such individuals (range 19 to 
34% depending on the month and the period).

September to November were the months when the 
greatest decreases in the proportion of individuals recovered 
more than 200 km eastwards were observed (Fig. 5), which 
matches the known periods of autumn migration towards 
south-western countries in this species. Conversely, the 
greatest increases in the proportion of individuals recovered 
more than 200 km eastwards from their ringing site were 
recorded from January to March, indicating an initiation of 
spring migration at that time of the year (Fig. 5). There was 
also a significant effect of Year and Month × Year, which 
was mainly due to greater proportions during spring and 
summer (increasing share of non-local birds in the dataset) 
and a steeper increase from January to March, suggesting an 
advancement in the date of spring migration (Fig. 6).

No particular trend could be detected concerning 
the temporal evolution in the proportions of individuals 
recovered eastwards during the period of autumn migration 
(Fig. 6). The results of the present analysis, therefore, do 
not support a delayed departure from the breeding area as 
predicted by the short-stopping hypothesis.

Discussion

Migratory connectivity and the potential large 
proportion of ‘easterners’ into the population 
wintering in western Europe

The notion of flyway permeability or connectivity refers 
to individuals changing flyway in the course of their life 
(Madsen et al. 2014). Numerous studies not only showed 
that connectivity between flyways was relatively high in many 
bird species including ducks, but also that the contribution 
of individuals breeding in the eastern parts of the Western 
Palearctic could be substantial (Guillemain et al. 2005, 
2017, Calenge et al. 2010, Kraus et al. 2011, Shephard et al. 
2013).

In the present study, the origin (breeding site or area of 
birth) of individuals ringed during the wintering season, 

Figure 3. Average (± SE) spring recovery locations of common pochards ringed in western Europe and later recovered in countries of the 
former USSR where hunting was allowed over the entire study period (Russia, Belarus and Kazakhstan). Black, red and blue colours stand 
for recoveries in the periods 1960–1990; 1991–2000 and 2001–2016, respectively.
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and the destination (wintering area) of those ringed during 
breeding were known for a limited number of individuals 
only, meaning that we did not assess flyway permeability/
connectivity directly in most cases. Nevertheless, as sug-
gested by our data about the probability of being recovered 
outside the NWE flyway, a substantial proportion of the 
individuals wintering in this flyway may have been origi-
nated from the CE or the SWA flyway, indicating a high 
degree of connectivity between the three putative flyways. 
Following previous findings based on ringing recoveries data 
(Hofer et al. 2006, Viksne et al. 2010), one can therefore 
recommend that treating common pochard populations of 
the Western Palearctic as three different management units/
flyways should be considered carefully. The first scientists 
having delineating waterfowl flyways highlighted that these 
should not be regarded as perfectly closed (sub) populations 
(Isakov 1967, 1976, des Clers 1976). This led Scott and Rose 
(1996) to stress that “no discrete populations are identifiable, 

and it is very doubtful if any such populations exist”. 
However, because it is so convenient for management, their 
flyway maps have gained foothold over the years (Kuijken 
2006), and still serves as the only basis for the definition of 
managements units (Wetlands International 2017). Without 
disregarding the quality of their work and the usefulness of 
such a map, our message is that exchanges between puta-
tive flyways should not be neglected, and additional analyses 
at the scale of the entire species range should be conducted 
when relevant. As a recent study on pink-footed geese Anser 
brachyrhynchus suggests, the solution for defining manage-
ment units may reside in the compilation of different sources 
of data (ring recoveries/CMR, population genetics, isotopes, 
Madsen et al. 2014). Concerning common pochard, cur-
rently available data include genetic markers (Sruoga et al. 
2009, Liu et al. 2011), isotopes (Caizergues et al. 2016), 
and ring recoveries (Hofer et al. 2006, Keller et al. 2009, 
Viksne et al. 2010, Gourlay-Larour et al. 2012, 2013); all 

Figure 4. Average (± SE) autumn and winter recovery locations of pochards ringed in the former USSR and Latvia, and later recovered in 
western Europe in countries/months where hunting was allowed over the entire study period. Black and red colours stand for recoveries in 
the periods 1960–1990 and 1991–2001, respectively.

Figure 5. Average proportions (± SE) of pochards recovered more than 200 km eastwards from their ringing site, computed for each month 
and for the three study periods.
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support extensive movements among populations in the 
Western Palearctic. Moreover, isotopes and ring-recoveries 
also suggest that the bulk of the population wintering in 
western Europe may originate from the northern and eastern 
parts of the species’ range (Scandinavia, Kazakhstan, western 
parts of the Ural mountains) (Caizergues et al. 2016, present 
study).

We could be tempted to make the link between the tem-
poral variations in the indirect recoveries probabilities in 
the SWA flyway and the observed variations in numbers of 
common pochard wintering in the NWE flyway. However, 
other factors such as changes in hunting pressure or ring-
reporting rates, which could not be assessed in our study, 
may account for the observed patterns too. Nevertheless, one 
of the most interesting results of the present study was the 
large proportion of individuals recovered in the SWA flyway 
in the sample of indirect recoveries (up to 28%). Moreover, 
most of these recoveries were recorded in an area located at 
the East of the Ural mountains, close to the border between 
Russia and Kazakhstan, in a triangle formed by the Tobol 
and Irtysh rivers (northern parts of the river Ob catchment 
area, Fig. 1, Table 2). Interestingly, this area includes among 
the highest densities of ponds and floodplains found in the 
common pochard distribution range, but it is also character-
ised by much lower human densities than in western Europe 
(range 0.63 to 40 inhabitant km–2 against on average 114 
inhabitant km–2 in France, < www.mapsofworld.com/russia/
thematic-maps/population-density-map.html >) and prob-
ably a lower hunting pressure too. Therefore, we argue that 
studies relying on hunting recoveries, like the present one, 
may underestimate the true contribution to the wintering 
population of western Europe of individuals coming from 
such ‘depopulated’ areas. If this conjecture is true, one can-
not rule out that the decrease in numbers of individuals in 
the NWE flyway, may be related to problems having affected 
this region of high duck productivity/density: intensification 
of irrigation, drought, changes in flooding regimes due to 
decreasing snowfall in the Altai mountains, water pollution 
due the intensification of gas/petroleum exploitation (Petr 
and Mitrofanov 1998, Hrkal et al. 2006, Papa et al. 2007, 
Bartsch et al. 2008). As all possibilities should be considered, 
ringing and counts effort therefore should be improved in 

this area, especially because common pochards are relatively 
abundant during the breeding season in this region (Ravkin 
1978, Gavrilov 1999).

The lack of evidence for short-stopping

Due to the scarcity of ringing data from the eastern part of 
the Western Palearctic, especially during the 2001–2016 
period, it was not possible to fully assess the short-stopping 
hypothesis as an explanation to the decline in winter-
ing pochard numbers in western Europe. Nevertheless, we 
detected no change in the average longitude of individuals 
between the first two periods (1960–1990, 1991–2000), 
which had ample sample sizes. Moreover, there was no evi-
dence that individuals tended to delay autumn migration, 
since the gradual decrease in the proportion of recoveries 
more than 200 km to the east of the ringing site was con-
sistent over the three time periods. The results of our study 
therefore suggest that the decline in the numbers of common 
pochards counted during wintering in the NWE flyway is 
not the mere reflection of an increasing trend for these birds 
to winter further east, potentially into another flyway. One 
might be tempted to ask why we did not use the capture–
mark–recapture (CMR) approach instead of comparing dis-
tances and departure dates, on the premises that it would 
have allowed tackling the problem of spatio–temporal differ-
ences in sampling effort (hunting pressure). Unfortunately, 
the CMR approach does not help tackling such problem of 
sampling effort. Indeed, although recoveries/recaptures may 
vary in space and time (Madsen et al. 2014), there is no sim-
ple way to assess if these variations reflect changes in hunting 
pressure rather than changes in the distribution of individu-
als. To tackle this problem, one must possess either data on 
numbers and spatial distribution of individuals (including 
on the breeding area, which is not available at this geographic 
scale for ducks) or data on numbers and spatial distribution 
of observers (hunters), which is not available either. Only 
under such conditions could the CMR approach prove more 
powerful and flexible than the approach we opted for in the 
present study. Moreover, the fact that ringing effort was not 
known concerning the bulk of the dataset available to us 
(Euring data, only comprising the ringing information of the 

Figure 6. Predicted probabilities for a common pochard to be recovered more than 200 km eastwards from its ringing site over months and 
year, derived from the GLMM best model assessing the effects of months and periods on the proportions of migrants and taking into 
account the random effect of ‘Ringing site’.
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birds that later were recovered) precluded using the CMR 
approach in a convenient way.

Concerning spring, there was conversely a trend towards 
an eastward shift of ring recoveries, as well as a significant 
advancement in migration. In many bird species, advanced 
spring migration have been recorded, which may directly 
or indirectly result from the effects of climate or habitat 
change (Hughes 2000, Walther et al. 2002, Crick 2004, see 
Guillemain et al. 2013 or Lehikoinen et al. 2013 specifically 
for ducks). Such changes may enhance intra-specific compe-
tition for the best breeding sites (Miller-Rushing and Lloyd-
Evans 2008). Since breeding success is positively related to 
an earlier date of laying initiation in ducks, advancing spring 
migration may provide a substantial gain in terms of fit-
ness (Dzus and Clark 1998, Elmberg et al. 2005, Öst et al. 
2008, Folliot et al. 2017). We cannot ascertain that patterns 
of change in the distribution of ring recoveries only reflect 
changes in the distribution of common pochards, and are 
not partially affected by possible changes in hunting pres-
sure over space and time. As explained in the methods sec-
tion, we have taken a series of measures to limit such biases 
caused by ring recovery probability, in particular by only 
considering regions and months when hunting has remained 
a legal activity throughout the 56 years of our study period. 
Nevertheless, hunting pressure could still have increased in 
the eastern parts of the Western Palearctic (Tourenq et al. 
2004), as a result of increases in human densities in relation 
with the rise of petroleum industry in these areas, and caused 
the increase in eastern recoveries we recorded over time peri-
ods. Alternatively, with the same effects (increase in the pro-
portion of eastern recoveries), a decrease in ring reporting 
rates may have occurred in the meantime in western parts of 
the range (Potvin et al. 2017). However, the advancement in 
spring migration dates is harder to explain by such a poten-
tial bias. Indeed, explanations involving changes in hunt-
ing pressure for explaining the advancement in the date of 
migration would involve patterns of such complexity (simul-
taneous increase in hunting pressure in some areas while it 
would decrease in other ones) that the parsimony principle 
would not be on its side.

Altogether, our results add up to already existing concerns 
about the current status and decline of common pochard 
populations, particularly in northwest Europe. Indeed, even 

if birds ringed in the NWE flyway can be recovered into 
another flyway during the breeding season, they apparently 
generally come back during the following winters to their 
flyway of origin. Hence, the decrease in mid-January counts 
can neither be attributed to a hypothetical change of flyway 
nor to short-stopping. Therefore, not only does the decline 
in numbers of individuals counted in winter seems to reflect 
a genuine decrease in common pochard population size, 
but this decline is also likely an issue for breeding popula-
tions in central Europe (Fox et al. 2016) or in other, more 
distant major breeding area such as the river Ob watershed. 
One cannot rule out however that the decline of Pochard is 
part of a natural cyclic process; thereby population declines 
would naturally follow earlier major range expansions and 
population increases (Hanski 1990, Rodenhouse et al. 2003, 
Selivanova et al. 2017), similar to those experienced by 
this species two decades ago. The demographic mechanism 
behind such a population decline is currently being inves-
tigated through monitoring of reproduction and survival 
(Folliot et al. unpubl.).

Management implications

A declining breeding success in the former strongholds of 
Scandinavia and central Europe has recently been hypothe-
sized to be among the main causes of the decline in wintering 
numbers of common pochard in the NWE flyway (Fox et al. 
2016). Our results suggest that the large proportion of 
individuals originating from Siberia into the wintering 
population of the NWE flyway has been overlooked. One 
must therefore consider the possibility that extensive habitat 
degradation of wetlands in such areas (Petr and Mitrofanov 
1998, Hrkal et al. 2006, Papa et al. 2007, Bartsch et al. 
2008) may be involved in the decline of common pochard 
in the NWE flyway. It is important to notice that population 
trend estimates for the SWA flyway (Fig. 7) are associated 
with a very high uncertainty (–47%, CI: –81%, +34%), 
precluding a robust assessment of the current status of 
pochard populations in this area.

The high level of connectivity between flyways evidenced 
in our study suggests that it would be pertinent to consider 
all of them together when assessing the trend and status of 
common pochard populations in the Western Palearctic. 

Figure 7. Estimated trend in number of pochards between 1988 and 2012, derived from the International Waterfowl Censuses, over the 
SWA. Only sites including a median number of Pochards greater than 100 birds were considered in the analyses. The black line shows the 
estimated trend, the blue area indicates the 95% confidence interval.
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A deeper analysis of pochard trends and their drivers is 
underway (Folliot et al. unpubl.), but using a generalized 
additive mixed model (GAMM) with the effects of site and 
year as random effects (‘poptrend’ R package, Knape 2016, 
< https://CRAN.R-project.org/package=poptrend >), we 
could already show that common pochard populations at the 
scale of the entire Western Palearctic have apparently expe-
rienced a significant decrease of ca –34% (CI 95%: –47%, 
–16%) over the period 1988–2012, and ca –35% (CI 95%: 
–49%, –20%) over the past 10 years, confirming the alarm-
ing conservation status assigned to this species by IUCN, 
which is hence far more worrying and much broader than 
would be a simple regional pattern. Given the probable large 
proportion of individuals pertaining to the SWA flyway for 
the overall trend in the Western Palearctic, it appears critical 
to strengthen census and ringing effort in this particular area.

Acknowledgements – We would first like to thank the dedicated 
ornithologist who devoted so much time and efforts to ring pochards 
in Europe, especially Joseph Hofer in Sempach (Switzerland). We 
also thank Tom Langendoen and Szabolcs Nagy from Wetlands 
International, and the thousands of hunters who reported their 
ring recoveries. Without them, the analysis would not have been 
possible. Many thanks also to Kevin Le Rest, Guillaume Souchay 
and Pierre Gloaguen for their advices. We would like to warmly 
thank Todd W. Arnold for his help and advices with the Bayesian 
analysis and also Tony Fox who improved a first version of the 
manuscript.

References

Atkinson-Willes, G. L. et al. 1980. Criteria for selecting wetlands 
of international importance. – In: Proc. Conf. on the conser-
vation of wetlands of international importance especially as 
waterfowl habitat. Cagliari, Italy, pp. 1017–1042.

Bartsch, A. et al. 2008. Detection of permanent open water surfaces 
in central Siberia with ENVISAT ASAR wide swath data with 
special emphasis on the estimation of methane fluxes from 
tundra wetlands. – Hydrol. Res. 39: 89–100.

BirdLife International 2015. Aythya ferina. – The IUCN Red List 
of Threatened Species 2015.

Boere, G. C. et al. 2006. Waterbirds around the world. – The 
Stationery Office, Edinburgh.

Caizergues, A. et al. 2016. Unraveling migratory connectivity of 
two European diving ducks: a stable isotope approach. – Eur. 
J. Wildl. Res. 62: 701–711.

Calenge, C. et al. 2010. A new exploratory approach to the study 
of the spatio-temporal distribution of ring recoveries: the 
example of teal (Anas crecca) ringed in Camargue, southern 
France. – J. Ornithol. 151: 945–950.

Cao, L. et al. 2010. Anatidae in eastern China during the 
non-breeding season: geographical distributions and protection 
status. – Biol. Conserv. 143: 650–659.

Carbone, C. and Owen, M. 1995. Differential migration of the 
sexes of pochard Aythya ferina: results from a European survey. 
– Wildfowl 46: 99–108.

Crick, H. Q. P. 2004. The impact of climate change on birds. – Ibis 
146: 48–56.

des Clers, B. 1976. Proposals for flyway management. – In: Smart, 
M. (ed.), Proc. Int. Conf. on the conservation of wetlands and 
waterfowl. Heiligenhafen, Germany, December 1974. IWRB, 
pp. 449–458.

Dey, D. et al. 1999. Generalized linear models: a Bayesian 
perspective. – Marcel Dekker.

Dzus, E. H. and Clark, R. G. 1998. Brood survival and recruitment 
of mallards in relation to wetland density and hatching date. 
– Auk 115: 311–318.

Elmberg, J. et al. 2005. Early breeding teal Anas crecca use the best 
lakes and have the highest reproductive success. – Ann. Zool. 
Fenn. 42: 37–43.

Elmberg, J. et al. 2014. Interpreting seasonal range shifts in 
migratory birds: a critical assessment of ‘short-stopping’ and a 
suggested terminology. – J. Ornithol. 155: 571–579.

Folliot, B. et al. 2017. Environmental and individual correlates of 
common pochard (Aythya ferina) nesting success. – Eur. J. 
Wildl. Res. 63: 69

Fox, A. D. et al. 2016. Recent changes in the abundance of 
common pochard Aythya ferina breeding in Europe. – Wildfowl 
66: 22–40.

Gavrilov, E. I. 1999. Fauna i rasprostranenie ptits Kazakhstana 
[Fauna and distribution of the birds of Kazakstan]. – Almaty, 
ISBN 9965-01-354-3, in Russian.

Gelman, A. and Rubin, D. B. 1992. Inference from iterative 
simulation using multiple sequences. – Stat. Sci. 7: 457–511.

Gourlay-Larour, M. L. et al. 2012. Movements of wintering diving 
ducks: new insights from nasal saddled individuals. – Bird 
Study 59: 266–278.

Gourlay-Larour, M. L. et al. 2013. Individual turnover in common 
pochards wintering in western France. – J. Wildl. Manage. 77: 
477–485.

Guillemain, M. and Caizergues, A. 2010. L’étude des canards par 
le biais des marques nasales: intérêt de la méthode et premiers 
résultats. The use of nasal markings for field studies of ducks. 
– Ornithos 17: 290–297.

Guillemain, M. et al. 2005. European flyway permeability and 
abmigration in teal Anas crecca, an analysis based on ringing 
recoveries. – Ibis 147: 688–696.

Guillemain, M. et al. 2006. Spring migration dates of teal Anas 
crecca ringed in the Camargue, southern France. – Wildl. Biol. 
12: 163–169.

Guillemain, M. et al. 2013. Effects of climate change on European 
ducks: what do we know and what do we not know? – Wildl. 
Biol. 19: 404–419.

Guillemain, M. et al. 2016. Duck hunting bag estimates for the 
2013/14 season in France. – Wildfowl 66: 126–141.

Guillemain, M. et al. 2017. Determining the boundaries and 
plasticity of migratory bird flyways: a Bayesian model for 
Eurasian teal Anas crecca in western Europe. – J. Avian Biol. 
48: 1331–1341.

Hanski, I. 1990. Density dependence, regulation and variability in 
animal populations. – Phil. Trans. R. Soc. B 330: 141–150.

Hofer, J. et al. 2006. Herkunft und Zugverhalten von in der 
Schweiz überwinternden oder durchziehenden Tafelenten 
Aythya ferina. – Ornithol. Beobachter 103: 65–86.

Hrkal, Z. et al. 2006. Will the river Irtysh survive the year 2030? 
Impact of long-term unsuitable land use and water manage-
ment of the upper stretch of the river catchment (north 
Kazakhstan). – Environ. Geol. 50: 717–723.

Hughes, L. 2000. Biological consequences of global warming: 
is the signal already apparent? – Trends Ecol. Evol. 15: 
56–61.

Huntley, B. et al. 2007. A climatic atlas of European breeding birds. 
Durham University. – RSPB and Lynx Edicions, Barcelona.

Isakov, Y. A. 1967. MAR project and conservation of waterfowl 
breeding in the USSR. – In: Salverda, Z. (ed.), Proc. 2nd Eur. 
meeting on wildfowl conservation. Noordwijk aan zee, the 
Netherlands, May 1966. IWRB, pp. 125–138.

Isakov, Y. A. 1976. Thoughts on an atlas of distribution of 
waterfowl and wetlands. – In: Smart, M. (ed.), Proc. Int. 
Conf. on the conservation of wetlands and waterfowl. 
Heiligenhafen, Federal Republic of Germany, December 
1974. IWRB, pp. 304–305.



11

Kear, J. 2005. Ducks, geese and swans. Bird families of the World. 
– Oxford Univ. Press.

Keller, I. et al. 2009. Within-winter movements: a common 
phenomenon in the common pochard Aythya ferina. – J. 
Ornithol. 150: 483–494.

Knape, J. 2016. Decomposing trends in Swedish bird populations 
using generalized additive mixed models. – J. Appl. Ecol. 53: 
1852–1861.

Knick, S. T. and Rotenberry, J. T. 2002. Effects of habitat fragmen-
tation on passerine birds breeding in intermountain 
shrubsteppe. – Stud. Avian Biol. 25: 130–140.

Korner‐Nievergelt, F. et al. 2010. Improving the analysis of 
movement data from marked individuals through explicit 
estimation of observer heterogeneity. – J. Avian Biol. 41:  
8–17.

Kraus, R. H. et al. 2011. Evolution and connectivity in the  
world-wide migration system of the mallard: Inferences from 
mitochondrial DNA. – BMC Genet. 12: 99.

Kuijken, E. 2006. A short history of waterbird conservation. – In: 
Boere, G. C. et al. (eds), Waterbirds around the World. The 
Stationery Office, Edinburgh, UK, pp. 52–59.

Lehikoinen, A. et al. 2013. Rapid climate driven shifts in wintering 
distributions of three common waterbird species. – Global 
Change Biol. 19: 2071–2081.

Liu, Y. et al. 2011. Range wide genetic population structure of 
common pochard (Aythya ferina): a potentially important 
vector of highly pathogenic avian influenza viruses. – Ecol. 
Evol. 1: 529–545.

Lundberg, P. 1988. The evolution of partial migration in birds.  
– Trends Ecol. Evol. 3: 172–175.

Madsen, J. et al. 2014. Connectivity between flyway populations 
of waterbirds: assessment of rates of exchange, their causes and 
consequences. – J. Appl. Ecol. 51: 183–193.

Miller-Rushing, A. J. and Lloyd-Evans, R. B. 2008. Bird migration 
times, climate change, and changing population sizes. – Global 
Change Biol. 14: 1959–1972.

Nagy, S. et al. 2014. Waterbird trends 1988–2012: results of trend 
analyses of data from the International Waterbird Census in 
the African-Eurasian Flyway. – Wetlands Int.

Notaro, M. et al. 2016. Projected influences of changes in weather 
severity on autumn–winter distributions of dabbling ducks in 
the Mississippi and Atlantic flyways during the twenty-first 
century. – PloS One 11: e0167506.

Öst, M. et al. 2008. Social and maternal factors affecting duckling 
survival in eiders Somateria mollissima. – J. Anim. Ecol. 77: 
315–325.

Papa, F. et al. 2007. Ob’River flood inundations from  
satellite observations: a relationship with winter snow 
parameters and river runoff. – J. Geophys. Res. Atmospheres 
112(D18).

Petr, T. and Mitrofanov, V. P. 1998. The impact on fish stocks of 
river regulation in Central Asia and Kazakhstan. – Lakes 
Reservoirs Res. Manage. 3: 143–164.

Potvin, D. A. et al. 2017. To filter or not to filter: assessing the 
exclusion of hunting and persecution data in ringing recovery 
studies. – Ornis Fenn. 94: 125–140.

Ramesh, V. et al. 2017. IUCN greatly underestimates threat levels 
of endemic birds in the Western Ghats. – Biol. Conserv. 210: 
205–221.

Ravkin, Y. S. 1978. Ptitsy lesnoi zony Priob’ya. (Prostranstvennaya 
organizatsiya letnego naseleniya) [Birds of the forest zone of 
Cis-Ob’ River area (Spatial organization of the summer 
population)]. Nauka Siberian Branch.

Rodenhouse, N. L. et al. 2003. Multiple density-dependence 
mechanisms regulate a migratory bird population during the 
breeding season. – Proc. R. Soc. B 270: 2105–2110.

Schummer, M. L. et al. 2010. Weather-related indices of autumn–
winter dabbling duck abundance in middle North America. 
– J. Wildl. Manage. 74: 94–101.

Scott, D. A. and Rose, P. M. 1996. Atlas of anatidae populations 
in Africa and western Eurasia. – Wetlands Int.

Selivanova, M. A. et al. 2017. Cyclicity in the long-term 
population dynamics of diving ducks. – Russian J. Ecol. 48: 
268–271.

Shephard, J. M. et al. 2013. Is population structure in the European 
white stork determined by flyway permeability rather than 
translocation history? – Ecol. Evol. 3: 4881–4895.

Sruoga, A. et al. 2009. Haplotypic variability and population 
genetic structure of garganey Anas querquedula and common 
pochard Aythyla ferina in the Western Palearctic. – Proc. 
Latvian Acad. Sci. B 63: 104–110.

Tourenq, C. et al. 2004. Monitoring of Asian houbara bustard 
Chlamydotis macqueenii populations in Kazakhstan reveals 
dramatic decline. – Oryx 38: 62–67.

Viksne, J. et al. 2010. Atlas of duck populations in eastern Europe. 
– Akstis, Vilnius, pp. 132–151.

Walther, G. R. et al. 2002. Ecological responses to recent climate 
change. – Nature 416: 389–395.

Webster, M. S. et al. 2002. Links between worlds: unraveling 
migratory connectivity. – Trends Ecol Evol. 17: 76–83.

Wetlands International 2017. Waterbird population estimates.  
– Wetlands Int. <wpe.wetlands.org>.

Williams, B. K. and Johnson, F. A. 1995. Adaptive management 
and the regulation of waterfowl harvests. – Wildl. Soc. Bull. 
23: 430–436.

Zeileis, A. et al. 2001. strucchange. An R package for testing for 
structural change in linear regression models. Report Series 
SFB “Adaptive Information Systems and Modelling in 
Economics and Management Science”. – WU Vienna Univ. of 
Economics and Business, Vienna.

Supplementary material (available online as Appendix 
wlb-00427 at < www.wildlifebiology.org/appendix/wlb-
00427 >). Appendix 1.


