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Survival of adults is a key demographic parameter affecting avian population dynamics. 
In urban areas, e.g., city parks, birds stay in winter in large numbers where they have 
access to a multitude of food sources due to human activities, which is one of the key 
factors that attract birds into the cities. Our study estimates apparent survival of mallard 
ducks Anas platyrhynchos between non-breeding seasons in a small town in the coldest 
region in north-eastern Poland between 2005 and 2017. We found lower survival 
estimates for females (juveniles: 0.54; adults: 0.59) than males (juveniles: 0.76; adults: 
0.72) and probabilities of resighting individuals in the next non-breeding season were 
higher if the bird was resighted in the study area during the prior breeding period. Thus, 
we conclude that sedentary mallards from the local urban population have relatively 
high survival, which may be explained by lower pressure from raptors, lack of hunting 
and higher winter temperatures in the urban site. Additionally, winter temperature was 
negatively related to resighting probability in the next non-breeding season. Resighting 
probability was time-dependent with a bimodal pattern with maximal estimates of 0.48 in 
2007/2008 and 0.98 in 2013/2014, 0.98 in 2014/2015, 1.00 in 2015/2016. These results 
are most likely related to volunteers’ activity that increased due to organized official 
competition with special awards during those seasons. Considering the fact that the type 
of ring (metal or plastic coloured) significantly influenced the probabilities of resighting 
of individuals, it is recommended that apparent survival studies on birds be conducted 
using colour rings. Moreover, we encourage to collect more capture-mark-recapture data 
to enable accurate estimations of duck survival, which not the least is a prerequisite for 
successful management and conservation efforts.
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1. Introduction

Survival of adults is a key demographic parameter 
affecting avian population dynamics (Sæther & 
Bakke 2000, Flint et al. 2006, Tack et al. 2017). 
For waterbirds that spend winter in temperate 
climate zones, risks and challenges are associated 
with increased mortality due to harsh weather 
and limited access to food resources (Fredrickson 
1969, Suter & van Eerden 1992). However, in 
urban areas, where birds stay in winter in large 
numbers, they have access to a multitude of 
food sources due to human activities, which is 
one of the key factors that attract birds into cities 
(Avilova & Eremkin 2001, Galbraith et al. 2015, 
Coogan et al. 2018). These cities are characterized 
by higher average winter temperatures resulting 
in more snow-free spaces and ice-free waters, and 
low avian predation pressure when comparing 
to rural areas (Luniak 2004). Additionally, urban 
areas provide refuges for waterbirds, e.g., ducks 
Anatidae, because birds spending winter in these 
places are not exposed to hunting pressure (Figley 
& VanDruff 1982). Although higher survival in 
populations from urban areas has been found in 
different bird species (e.g., Hõrak & Lebreton 
1998, Anderies et al. 2007, Varner et al. 2014), 
some factors may negatively affect survival of 
birds staying in the cities. Domestic predators, 
such as cats Felis catus or dogs Canis lupus famil-
iaris, are often abundant in urban environments, 
which can have profound effects on birds (Loss 
et al. 2013). Large glass surfaces and vehicle 
traffic can cause collision mortality (Hager et al. 
2008). Moreover, staying in urban environments 
may have negative impacts on waterbirds due 
to facilitated pathogen transmission when they 
are congregating in winter in large numbers and 
high densities (Wobeser & Kost 1992, Meissner 
et al. 2015a, Murray et al. 2016, Kleyheeg et 
al. 2017). Dependency on anthropogenic foods 
may contribute to health risks such as nutritional 
imbalance, which may lead to metabolic disorders 
(Kreeger & Waiser 1984, Zsivanovits et al. 2006) 
or affect subsequent reproduction (Plummer et 
al. 2013, Ruffino et al. 2014). Studies conducted 
on duck survival so far have provided inconclu-
sive results (e.g., Soutiere 1989, Giudice 2003, 
Gunnarsson et al. 2008, Söderquist et al. 2021), 
potentially because those were based on birds 

of different encounter histories (resightings or 
dead recoveries), age (pulli, juveniles or adults) 
and origin (wild or raised in captivity). To our 
knowledge only one study compared apparent 
survival of a duck species, i.e., mottled duck Anas 
fulvigula in urban and non-urban areas using 
capture-mark-recapture analyses (e.g., Cormack-
Jolly-Seber models) (Varner et al. 2014), which 
is the best way to achieve reliable estimates of 
survival rates (Clobert et al. 1987, Lukas et al. 
2004). Other estimates of annual survival rates 
of urban dabbling duck species (i.e., Heusmann 
1981) were calculated using other methods and we 
believe resulted in underestimations (for a similar 
discussion, see also Gunnarsson et al. 2008).

The mallard Anas platyrhynchos is the 
most abundant and widely distributed dabbling 
duck species which shows a strong tendency 
for synurbization and is well adapted to urban 
environments (Figley & VanDruff 1982, Engel 
et al. 1988). Furthermore, this species is found in 
very large numbers during winter in many cities 
of the Northern Hemisphere (e.g., Heusmann 
& Burrell 1984, Schonert 1991, Meissner et al. 
2015b, Avilova 2016, Berliner Ornithologische 
Arbeitgemeinschaft 2019). The species include 
migratory populations (Figley & VanDruff 1982, 
Engel et al. 1988), but many mallards breeding in 
urbanized areas are sedentary (Heusmann 1981, 
Figley & Van Druff 1982, Heusmann & Burrell 
1984, Luniak 2004, Zárybnický & Klvaňa 2008). 
In contrast to urban mallards the apparent survival 
of ducks in wild populations has previously been 
described (e.g., Bergan & Smith 1993, Lake et al. 
2006, Lancaster 2013, McDougall & Amundson 
2017). They have also adapted to close associa-
tion with humans and permit people to approach 
to very short distances to feed these birds bread 
or scraps of food, thus reducing their escape 
distance in urbanized areas (Figley & VanDruff 
1982, Avilova & Eremkin 2001, Luniak 2004). 
Studies on urban populations of dabbling ducks 
provide an excellent opportunity to assess and 
estimate apparent survival, because these species 
reveal strong wintering site fidelity (Heusmann 
1981, Guillemain et al. 2008). This makes re-
sightings of ringed ducks much easier to obtain 
without catching them, compared to when data 
are gathered in waterbodies outside urban areas 
where ducks normally are more dispersed.
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This study was designed to estimate apparent 
survival rates of mallards between non-breeding 
seasons in one small town in the coldest region in 
north-eastern Poland and identify factors affecting 
resighting probabilities in the next non-breeding 
season. Based on earlier studies, we expected 
that adult mallards would have higher survival 
estimates than juveniles, as older ducks are more 
experienced in avoiding threats, e.g., predation 
(Johnson et al. 1992, Lake et al. 2006, Gunnarsson 
et al. 2012). Additionally, we expected males 
to have higher survival estimates than females, 
because female ducks experience greater mortality 
during breeding season than males (Johnson et al. 
1992, Devries et al. 2003, Brasher et al. 2006, 
Lake et al. 2006). Moreover, sedentary mallards 
from a local urban population were expected to 
have higher probability of being resighted in the 
next non-breeding season, compared to birds not 
observed during the breeding season, because 
urban habitats reveal lower pressure from avian 
raptors, lack of hunting and abundant anthropo-
genic food resources (see above).

2. Materials and methods

2.1. Study area

The mallards were captured in the city park in 
the small town of Ełk in north-eastern Poland 
(53.8176 N, 22.3516 E) with a population of about 
61,782 inhabitants (GUS 2021) (Fig. 1). The study 
area is surrounded by several lakes while the Ełk 
River flows through its centre. This is the coldest 
region in northern Poland with the lowest average 
temperatures in January (–4.8⁰C in the period 
1966–1995, Stopa-Boryczka & Boryczka 2006).

2.2. Field study

In total, 160 mallards were caught in the study 
area between 2005 and 2016. Individuals were 
baited with pieces of bread that led them to enter 
into loop-traps made of fishing monofilament 
line (diameter 0.35 or 0.40 mm) placed on the 
ground, which were then pulled and tightened 

Fig. 1. Data were collected in the city of Ełk. January isotherms (Lorenc 2005) are shown as broken lines. The nearest 
meteorological stations are marked with asterisks.
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on the bird’s leg for successful capture (Meissner 
& Fischer 2017). Birds were aged and sexed 
according to plumage characteristics (Bauer & 
Glutz von Blotzheim 1968, Boyd et al. 1977) 
and four sex-age groups were distinguished: 
juvenile female (N=55), juvenile male (N=44), 
adult female (N=29) and adult male (N=32). We 
defined juveniles as individuals in their first year 
of life, and adults as individuals in their second 
year of life or older. Captured birds were marked 
with metal leg rings of oval shape with unique 
number sequences visible from one side. Between 
2005 and 2009 additional colour plastic rings with 
engraved unique codes were added on the other 
leg. In total 100 mallards were marked with metal 
ring only and 60 birds with an additional plastic 
leg ring (Table 1). The inscription on both ring 
types was big enough to be read easily from a 
distance. Metal and plastic leg rings of marked 
individuals were identified with binoculars and/
or from a picture made with a digital camera by 
sixteen volunteers (see Acknowledgements). A 
special project for volunteers was organized by 
Waterbird Research Group KULING to encourage 
observers to collect resightings of ringed mallards. 
In October mallards have completed pre-breeding 

(prealternate) moult, while in March egg laying 
has not yet started (Cramp & Simmons 1983, 
Engel et al. 1988). Thus, for further analyses all 
resightings recorded between 1st October and 
31st March were classified as belonging to the 
non-breeding season. Multiple resightings of a 
given bird on the same day were treated as one 
record.

2.3. Statistical analyses

To identify factors affecting the probability 
of resighting of a given individual in the next 
non-breeding season after ringing, we used a 
generalized linear model (GLM) with binomial 
distribution and logit link-function (McCullagh 
& Nelder 1989). The binominal dependent 
variable (0 = not resighted, 1 = resighted) in the 
GLM analysis was related to type of ring (metal 
or plastic; the engraved plastic leg rings are 
easier to read than metal leg rings; Rock 1999, 
Meissner & Bzoma 2011), sex (male or female), 
age when ringing occurred (juvenile or adult) 
and presence (1) or absence (0) during breeding 
season in the study area, the number of seasons 
between 2005/2006 and 2015/2016 when a given 
individual was seen (to check if the probabilities 
of resighting of individuals were the same in each 
season), winter harshness in the season when indi-
viduals were ringed, winter harshness in the next 
season after ringing and the number of days an 
individual was resighted in the next non-breeding 
season after ringing (N days resighted). The latter 
variable was included because more days spent in 
the field in particular non-breeding seasons may 
have increased the probabilities of resighting 
birds in those years. Winter harshness was defined 
using the Hellmann index (Ijnsen 1988), which is 
the sum of all negative mean daily temperatures 
between 1st October and 31st March. We used the 
mean of daily average temperatures from the four 
nearest meteorological stations (Fig. 1, Białystok, 
Kętrzyn, Mikołajki and Suwałki; online database 
https://tutiempo.net). We used odds ratio (OR) to 
quantify the strength of the association between 
factors in the models and the probability of resight-
ing of a given individual in the next non-breeding 
season. We performed GLM analyses in packages 
‘MASS’ (Venables & Ripley 2002) and ‘aod’ 

Ringed Resighted

Season Metal Plastic Metal Plastic

2005/2006 34 1

2006/2007 4 28 1 19

2007/2008 8 5 8 21

2008/2009 13 18 8 26

2009/2010 3 8 17

2010/2011 1 13

2011/2012 1 5

2012/2013 2 8

2013/2014 8 4 9

2014/2015 10 14 6

2015/2016 20 29 2

2016/2017 25 1

Total 100 60 93 127

Table 1. The number of ringed (metal and/or plastic 
rings) and resighted mallards from 2005–2017.
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(Lesnoff & Lancelot 2012) in R (R Development 
Core Team 2020).

To estimate probabilities of apparent survival 
(ɸ) corrected for the resighting probability (p) 
from live resighting data we used the Cormack-
Jolly-Seber mark-recapture method (Cormack 
1964, Jolly 1965, Seber 1965) using MARK 
9.0 software (White & Burnham 1999). In the 
analyses we have only considered birds marked 
with metal leg rings, because only this type of 
ring was used in all seasons. We included sex-age 
groups (g) in our models of ɸ and p because both 
age and sex are known to have an impact on 
survival of mallards (Johnson et al. 1992, Smith 
& Reynolds 1992, Lake et al. 2006, Gunnarsson 
et al. 2012). A global model was defined to 
include as many parameters as possible (only 
two-way interactions were considered), but with 
accurately estimated parameters only. Bootstrap 
goodness-of-fit testing (GOF test) of 1000 simu-
lations were done to examine the fit of the starting 
global model with the data. A variance inflation 
factor ĉ was calculated as the observed deviance 
of the global model divided by the mean expected 
variance from the results of bootstrap simulations 
to quantify the amount of overdispersion, that is, 
the sampling variance exceeding the theoretical 
model-based variance (Burnham & Anderson 
2002). Moderate amounts of overdispersion are 
common in analyses of mark-recapture data and 
values of ĉ = 1 to 3 indicate that the global model 
is acceptable (Lebreton et al. 1992). Model fit 
was assessed with quasi-Akaike’s Information 
Criterion (QAICc; Akaike 1973, Burnham & 
Anderson 2002). Model selection was based on 
the difference in QAICc values between models 
(∆QAICc). By definition, the best fitted model 
had a ∆QAICc of zero, and other models were 
equally parsimonious if ∆QAICc, ≤ 2 (Burnham 
& Anderson 2002, Arnold 2010). Estimates of 
apparent survival and resighting were calculated 
using the model averaging procedure of Program 
MARK, where parameter estimates were weighted 
by the Akaike weight of the model from which 
they were derived. To investigate whether birds 
from different sex-age groups were resighted at 
a different frequency, we calculated an indicator 
of ring resightings (IRR) for each individual 
marked only with metal rings. This indicator was 
obtained by dividing a total number of resightings 

of a particular bird in each non-breeding season 
by the total number of volunteer visits in the field 
in the same non-breeding seasons, each of which 
represents the probability of resighting of a given 
individual. Kruskal-Wallis test was used to verify 
differences between IRR among the sex-age 
groups. These analyses were performed using 
Statistica 13.1 (Dell Inc. 2016).

3. Results

In total, 39 (39% of ringed) of the mallards ringed 
with metal ring only were resighted as compared 
to 34 (57%) for those birds ringed with additional 
plastic rings.

3.1. Factors affecting probability of resighting in 
the next non-breeding season

We found that the ring type significantly in-
fluenced the probabilities of resighting in the 
next non-breeding seasons (Wald Statistic=5.3, 
p=0.022; Table 2). Individuals with plastic rings 
were three times as likely to be resighted in the 
next season (OR=3.06; Table 2). As we antici-
pated, greater winter harshness during the non- 
breeding season following when birds were ringed 
negatively affected the probability of resighting 
of an individual in the next non-breeding season 
(Wald Statistic=5.8, p=0.016; Table 2). Resighting 
probability in the next non-breeding season was 
four times higher if the bird was observed to be 
present in the study area during the most recent 
breeding season (Wald Statistic=5.6, p=0.017; 
OR=4.01; Table 2). None of the other variables in 
the analyses was significantly related to resighting 
probability (Table 2).

3.2. Apparent survival

Neither sex nor age was found to affect prob-
ability of resighting of an individual in the next 
non-breeding season (Table 2). Likewise, neither 
sex nor age had a significant influence on IRR 
among individuals marked with metal rings 
(Kruskal-Wallis test, H3,47=0.43, p=0.94). Hence, 
we assumed that the probability of resighting 
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of a given individual from all sex-age groups 
was similar. The structure of the global model  
ɸ (.) p (t) seems accurate based on the GOF test 
(GOF test <0.01, ĉ = 1.79 ± 0.11). The overall 
best model for survival is the one with no effects 
φ (.) for this parameter (Table 3, model no 1). 
However, the model ɸ (g) p (t), i.e., with a group 
effect for survival probability, was equally parsi-
monious (∆AICc=0.26). The second model for 
survival included sex-aged groups. The survival 
estimates were lower for females than males 
(young females: 0.54 ± 0.08 and adult females: 
0.59 ± 0.11; young males: 0.76 ± 0.05 and adult 
males: 0.72 ± 0.08).

Resighting probabilities were time-depend-
ent (Table 3) and estimates fluctuated during the 
study (Fig. 2). Resighting probabilities showed 
a bimodal pattern with the maximal estimates 
0.48 in 2007/2008 and 0.98 in 2013/2014, 0.98 
in 2014/2015, 1.00 in 2015/2016. The minimum 
resighting estimate was <0.001 in 2008/2009 
(Fig. 2).

4. Discussion

Our results of apparent survival rates are in line 
with what has been reported from mallards in USA 
(e.g., Nichols et al. 1987, Giudice 2003), Sweden 
(Gunnarsson et al. 2012, Söderquist et al. 2021) 
and Finland (Gunnarsson et al. 2008). Similar 

survival rates to our results were also obtained in 
Sweden based on farmed mallards, which were 
ringed before release to wild (0.64 in females and 
0.71 in males; Söderquist et al. 2021). Other study 
results based on survival rates of mallards came 
from two private farms which breed in captivity 
and released into the wild in the USA showed 
lower survival rates than ours (0.27, 0.47 and 
0.55 for females, and 0.29 and 0.35 for males; 
Soutiere 1989). It is important to keep in mind 
that these studies, unlike ours, were based on data 
of birds shot or “found dead” which are harder to 
get than resighting data, or on pulli and juveniles 
which both have lower survival than older 

Explanatory variable   Coefficient  
  estimate SE   Z P Odds Ratio (OR) 

Intercept   0.276 1.03   0.27 0.789 1.32 (0.18–10.21)

Type of ring   1.118 0.49   2.29 0.022 3.06 (1.20–8.20)

Age   0.190 0.39   0.49 0.624 1.21 (0.56–2.59)

Sex   0.215 0.37   0.58 0.565 1.24 (0.59–2.59)

Number of seasons a bird was resighted   0.132 0.09   1.41 0.160 1.14 (0.95–1.28)

Winter harshness during first season –0.028 0.01 –2.41 0.016 0.97 (0.95–0.99)

Winter harshness during subsequent 
season

–0.016 0.01 –1.39 0.163 0.98 (0.96–1.01)

Number of resighting days   0.0003 0.01   0.03 0.973 1.00 (0.98–1.02)

Presence during breeding season   1.390 0.59   2.38 0.018 4.01 (1.35–13.91)

Table 2. Effects of selected factors on the probability of resighting of a given individual in the next non-breeding season 
after ringing according to the GLM model. For descriptions of variables, see method section.

No. Model ∆AICc   wi K

1. ɸ (.) p(t) 0.00   0.53 13

2. ɸ (g) p(t) 0.26   0.47 16

3. ɸ (t) p(t) 21.80 <0.01 23

4. ɸ (.) p(.) 59.59 <0.01 2

Table 3. Cormack-Jolly-Seber candidate models with 
apparent survival (ɸ) and resighting probability (p) for 
mallards ringed in Ełk between 2005 and 2016 (N=100). 
No. 1 = the null model, where (.) is mean constant, (t) is 
time dependent, and (g) is age and sex groups. ∆AICc 
= difference between AICc of the current model and the 
minimum AICc value; wi = normalized Akaike weight; K = 
number of parameters.
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birds (e.g., Soutiere 1989). Moreover, hunting 
effort and predator pressure negatively affects 
annual survival rates of rural mallards (Figley & 
VanDruff 1982, Smith & Reynolds 1992, Luniak 
2004, Gunnarsson et al. 2008, 2012, McDougall 
& Amundson 2017) whereas there is no hunting 
pressure in cities. Many raptor species are poorly 
pre-adapted to survive in the urban landscape and 
avoid cities (Luniak 2004), but domestic cat and 
dog predation are important anthropogenic causes 
of bird mortality (Erickson et al. 2005). However, 
animal control law enforcement efforts tend to 
be more strictly enforced for dogs than for cats 
(Dauphine & Cooper 2009) and free-ranging dog 
populations are normally effectively controlled, 
while cats are a major threat to birds (Erickson et 
al. 2005, Loss et al. 2013).

Our data showed only differences between 
sex groups in estimates of survival rates, 
however, sex and age were not observed to affect 
probability of resighting of an individual in the 
next non-breeding season. Similar results were 
reported for mallards (Gunnarsson et al. 2008, 
2012, Söderquist et al. 2021), as well as for other 
dabbling ducks (Nicolai et al. 2005, Varner et al. 
2014). Males of dabbling ducks do not assist with 
egg incubation or brood rearing (Afton & Paulus 
1992), thus their energy effort and predation risk 

are lower than for females (Sargeant et al. 1984). 
Hence, duck females experience greater mortality 
during breeding than males, as they are more 
vulnerable to predation during nesting and chick 
care (Devries et al. 2003, Brasher et al. 2006). 
This means that the survival of females to the next 
winter is lower than for males.

The age effect on survival was not found to be 
significant in our study. Additionally, we found 
that neither sex nor age had a significant influence 
on the IRR value among individuals. Hence, 
volunteers identified the ring number of each in-
dividual regardless of the sex and age of mallards. 
Other studies on recovery rates of dabbling ducks, 
including mallards, have reported higher values 
for juvenile than for adults (e.g., Giudice 2003, 
Gunnarsson et al. 2008, McDougall & Amundson 
2017). Older birds are more experienced in 
avoiding threats, e.g., predation (Gunnarsson et 
al. 2012) and hunting (Fox et al. 2015). Likewise, 
in a Swedish study on mallards, there were no 
clear effects on annual survival related to duck 
age (Gunnarsson et al. 2012). Juvenile mallards 
have the same structural body size as adults but 
have a lower body mass and have smaller nutrient 
reserves in their first winter (Reinecke et al. 
1982, Olsen & Cox 2003), which may negatively 
affect their survival (Davis et al. 2011). However, 

Fig. 2. Resighting proba-
bilities (estimates ± SE) of 
mallards in non-breeding 
seasons from 2005/2006 to 
2016/2017.
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discrepancies between our results and other 
studies are possibly due to site-specific impacts 
or sample size. Our research took place in an 
urban area which provides a refuge for mallards 
characterized by an abundance of anthropogenic 
food resources (Luniak 2004), which in part 
my explain similar resighting probabilities in 
our study. Artificial food such as bread is easily 
digestible and provides a readily available food 
source (Sears 1989, Polańska & Meissner 2008) 
and a regular food supply may lead to similar 
nutrient reserves in juveniles and adults. However, 
the increased amount of food available for 
wintering mallards did not eliminate the negative 
impact of the harshness of winter on probability of 
resighting in the next non-breeding season. Harsh 
weather can negatively affect individuals’ body 
condition, which influences overwinter survival 
of mallards (Bergan & Smith 1993), and other 
duck species (Conroy et al. 1989, Haramis et al. 
1986). Furthermore, winter temperatures may 
contribute indirectly to survival of mallards in 
the subsequent season because waterbirds shorten 
their migration distance or become sedentary in 
mild winters (Gunnarsson et al. 2012, Jordan et 
al. 2019), thus allowing allocating more resources 
to body condition instead of spending energy on 
migration (Bergan & Smith 1993).

Survival estimates of mallard were not 
time-dependent in our study, i.e., they do not 
depend on particular non-breeding seasons. 
Similar results were shown in studies of mallards 
ringed in USA, Finland, and Sweden (Bergan 
& Smith 1993, Gunnarsson et al. 2008, 2012). 
Studies that have shown time-dependence on bird 
survival may be reflected by a long-term climate 
change (e.g., Barbraud & Weimerskirch 2001, 
Jenouvrier et al. 2005), as these studies were 
based on data from many decades, in contrast to 
our study that lasted only 12 years. However, we 
have shown that resighting probability was time 
dependent. That resighting estimates were higher 
in some years compared to others are most likely 
related to volunteers’ activity that increased in 
some seasons due to organized official com-
petition among observers with special awards. 
The extremely low probability of resighting in 
2008/2009 may have been caused by limited 
activity of volunteers in the study area.

As expected, we found that the probability of 

resighting individuals in the next non-breeding 
season was higher if the bird was resighted in 
the study area during the local breeding period. 
Mallards breeding in urbanized areas are often 
sedentary (Håland et al. 1980, Heusmann 1981, 
Zárybnický & Klvaňa 2008). The sedentary 
mallards from local urban populations would have 
a better chance for survival because urban habitats 
have lower pressure from raptors, lack of hunting 
and higher winter temperatures (Luniak 2004, 
Varner et al. 2014). Annual survival of mottled 
ducks and survival probabilities of songbirds were 
also higher in urban than wild or rural settings 
(Hõrak & Lebreton 1998, Varner et al. 2014).

The type of ring influenced the probabilities of 
resighting in the next non-breeding seasons. This 
is as expected, because other studies have shown 
that colour plastic rings can be easily read in the 
field and adding them to the normal metal leg ring 
greatly increases the resighting rates (Rock 1999, 
Meissner & Bzoma 2011).

Our study revealed that estimates of apparent 
survival of mallards between non-breeding 
seasons in a small town in the coldest region in 
north-eastern Poland were similar to what has 
previously been reported from Europe and other 
countries of the world, and that the estimates were 
independent of sex and age of individuals. The 
probability of resighting individuals in the next 
non-breeding season was higher if the bird was 
resighted in the study area during the preceding 
breeding period. That sedentary mallards from 
local urban populations have a relatively high 
resighting probabilities may be promoted by low 
predation, lack of hunting and higher winter tem-
peratures as compared to rural birds. In addition, 
as we anticipated, greater winter harshness 
during the non-breeding season following when 
birds were ringed negatively affected the prob-
ability of resighting of an individual in the next 
non-breeding season. Considering the fact that 
the type of ring (metal or plastic coloured) signif-
icantly influenced the probabilities of resighting 
of individuals, it is recommended that apparent 
survival studies on birds should be conducted 
using colour rings. Moreover, we encourage to 
further capture-mark-recapture data collections 
to enable accurate estimations of duck survival, 
which not the least is a prerequisite for successful 
management and conservation efforts.
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Faktorer som påverkar överlevnad och 
återfångst hos övervintrande gräsänder  
(Anas platyrhynchos) – en case studie  
i en liten stad i nordöstra Polen

Vuxna individers överlevnad är en av de cen-
tralaste demografiska parametrarna i studier av 
fåglars populationsdynamik. I stadsmiljöer, såsom 
parker, övervintrar ett stort antal fåglar eftersom 
de har tillgång till olika födoresurser på grund 
av människans aktiviteter. I vår studie analyse-
rar vi överlevnaden hos ringmärkta gräsänder 
Anas platyrhynchos baserat på individobserva-
tioner utanför häckningsperioden i en liten stad i 
nordöstra Polen mellan 2005 och 2017. Våra re-
sultat visar att överlevnaden hos honor (juveniler: 
0.54; vuxna: 0.59) är lägre än hos hanar (juveni-
ler: 0.76; vuxna: 0.72) och att sannolikheten för 
återfynd av en individ är högre om den observe-
rats under den föregående häckningsperioden. 
Vår slutsats är att platstrogna gräsänder i urbana 
populationer har relativt hög överlevnad, vilket 
kan bero på lägre predationstryck från rovfåglar, 
frånvaro av jakt och högre vintertemperaturer. Vi 
fann även att vinterns temperatur negativt påver-
kade sannolikheten för återfynd. Under studien 
varierade sannolikheten för återfynd mellan åren 
med två toppar, först med värdet 0.48 under peri-
oden 2007/2008 och sedan med värden 0.98-1.00 
under perioden från 2013/2014 till 2015/2016. 
Denna årliga variation i sannolikheten för åter-
fynd påverkades troligtvis av högre insats i form 
av officiella tävlingar i observering av änder 
under toppåren. Eftersom vi fann att typen av 
ring som användes (metall eller plast) påverka-
de sannolikheten för återfynd rekommenderar 
vi att framtida motsvarande studier använder sig 
av färgringar. Vi uppmuntrar att samla in mera  
märknings-återfångst data för att möjliggöra tro-
värdiga uppskattningar av änders överlevnad, 
vilket är en nödvändighet för framgång inom  
naturskydd och hållbar förvaltning.

Acknowledgements. We thank all volunteers and ringers 
from the Waterbird Research Group KULING and all 
volunteers who marked mallards and provided data of 
ring resightings, especially to C. Wójcik, M. Polakowski, 
A. Włodarczak-Komosińska, S. Michoń, H. Michoń, T. 
Cimochowski, P. Sieracki, S. Beuch, S. Menderski, A. 
Bałdyga, D. Pełszyński, M. Rostkowski, P. Rydzkowski, 
G. Grygoruk, D. Cząstkiewicz and A. Loręcki. Special 

thanks to Grzegorz Neubauer and Dariusz Jakubas for 
their help and comments on analyses and the late Kasia 
Żółkoś for her invaluable help during bird ringing. We ap-
preciate the language improvements usage made by Phil 
Whitford through the Association of Field Ornithologists’ 
program of editorial assistance. Publication of Waterbird 
Research Group KULING no. 169.

References

Afton, A. D. & Paulus, S. L. 1992: Incubation and brood 
care. — In B. D. J. Batt, A. D. Afton, M. G. Anderson, 
C. D. Ankney, D. H. Johnson, J. A. Kadlec & G. L. 
Krapu (Eds.), Ecology and management of breeding 
waterfowl. University of Minnesota Press, Minneapolis, 
USA, pp 62–108.

Akaike, H. 1973: Information theory and an extension of the 
maximum likelihood principle. — In B. N. Petrov & F. 
Caski (Eds.), Proceedings of the 2nd International Sym-
posium on Information Theory. Budapest, Akademiai 
Kiado, pp 267–281.

Anderies, J. M. M., Katti, M. & Shochat, E. 2007: Living in 
the city: resource availability, predation, and bird popu-
lation dynamics in urban areas. — Journal of Theoreti-
cal Biology 247: 36–49. http://dx.doi.org/10.1016/j.
jtbi.2007.01.030

Arnold, T.W. 2010: Uninformative parameters and model 
selection using Akaike's information criterion. — Jour-
nal of Wildlife Management 74: 1175–1178. https://doi.
org/10.1111/j.1937-2817.2010.tb01236.x

Avilova, K. V. & Eremkin, G. S. 2001: Waterfowl wintering 
in Moscow (1985–1999) dependence on air tempera-
tures and the prosperity of the human population. — 
Acta Ornithologica 36: 65–71.

Avilova, K.V. 2016. The life cycle and number dynamics of 
the urban mallard population (Anas platyrhynchos, 
Anseriformes, Aves) in Moscow. — Biology Bulletin 
Russ Acad Sci 43: 1212–1224. https://doi.org/10.1134/
S1062359016110029

Barbraud, C. & Weimerskirch, H. 2001: Emperor Penguins 
and climate change. — Nature 411: 183–186. https://
doi.org/10.1038/35075554

Bauer, K. M. & Glutz von Blotzheim, U. N. 1968: Hand-
buch der Vögel Mitteleuropas. 1. Akademische Verlags-
gesellschaft, Frankfurt am Main.

Bergan, J. F. & Smith, L. M. 1993: Survival rates of female 
Mallards wintering in the Playa Lakes region. — Jour-
nal of Wildlife Management 57: 570–577.

Berliner Ornithologische Arbeitgemeinschaft 2019: Ergeb-
nisse der Wasservogelzählung in Berlin für die Zählperi-
ode September 2018 bis April 2019. — Berliner Orni-
thologische Berichte 29: 143–159.

Boyd, H., Harrison, J. & Allison, A. 1977: Duck wings. A 
study of duck production. — A WAGBI Conservation 
Publication Marley Ltd. And Harrison Zool. Mus. Ches-
ter, Great Britain, pp 112.



92 ORNIS FENNICA Vol.99, 2022

Brasher, M. G., Arnold, T. W., Devries, J. H. & Kaminski, R. 
M. 2006: Breeding-Season Survival of Male and Fe-
male Mallards in Canada’s Prairie-Parklands. — Jour-
nal of Wildlife Management 70: 805–811.

Burnham, K. P. & Anderson, D. R. 2002: Model Selection 
and Inference: A Practical Information Theoretic Ap-
proach, 2nd edition. — Springer-Verlag, New York.

Clobert, J., Lebreton, J. D. & Allaine, D. 1987: A general 
approach to survival rate estimation by recaptures or re-
sightings of marked birds. — Ardea 55: 133–142.

Conroy, M. J., Costanzo, G. R. & Stotts, D. B. 1989: Winter 
survival of female American black ducks on the Atlantic 
Coast. — Journal of Wildlife Management 53: 99–109.

Coogan, S. C. P., Raubenheimer, D., Zantis, S. P. & Macho-
vsky-Capuska, G. E. 2018: Multidimensional nutrition-
al ecology and urban birds. — Ecosphere 9: e02177. 
https://doi.org/10.1002/ecs2.2177

Cormack, R. M. 1964: Estimates of survival from the sight-
ing of marked animals. — Biometrika 51: 429–438.

Cramp, S. & Simmons, K. E. L. 1983: Handbook of the 
Birds of Europe, the Middle East and North Africa. The 
Birds of the Western Palearctic. Vol. 1. Ostrich to Ducks. 
— Oxford, p 722.

Dauphine, N. & Cooper, R. 2009: Impacts of free-ranging 
domestic cats (Felis catus) on Birds in the United States: 
a review of recent research with conservation and man-
agement recommendations. — Proceedings of the 
Fourth International Partners in Flight Conference: Tun-
dra to Tropic 205–219.

Davis, B. E., Afton, A. D. & Cox Jr. R. R. 2011: Factors af-
fecting winter survival of female mallards in the Lower 
Mississippi Alluvial Valley. — Waterbirds 34: 186–194. 
https://doi.org/10.1675/063.034.0207

Dell Inc. 2016. Dell Statistica (data analysis software sys-
tem), version 13. software.dell.com.

Devries, J. H., Citta, J. J., Lindberg, M. S., Howerter, D. W. 
& Anderson, M. G. 2003: Breeding-season survival of 
mallard females in the Prairie Pothole Region of Cana-
da. — Journal of Wildlife Management 67: 551–563.

Engel, J., Keller, M., Leszkowicz, J. & Zawadzki J. 1988: 
Synurbization of the Mallard Anas platyrhynchos in 
Warsaw. — Acta Ornithologica 24: 9–28.

Erickson, W. P., Johnson, G. D. & Young, D. R. 2005: A 
summary and comparison of bird mortality from anthro-
pogenic causes with an emphasis on collisions. — 
USDA Forest Service Gen Tech Rep PSWGTR-191: 
1029–1042.

Figley, W. K. & VanDruff, L. W. 1982: The ecology of urban 
Mallards. — Wildlife Monographs 81: 3–39.

Flint, P. L., Grand, J. B., Fondell, T. F. & Morse, J. A. 2006: 
Population dynamics of Greater Scaup breeding on the 
Yukon-Kuskokwim Delta, Alaska. — Wildlife Mono-
graphs 162: 1–22.

Fox, A. D., Kuhlmann, C., Dalby, L., Christensen, T. K. & 
Sunde, P. 2015: Age-ratio bias among hunter-based sur-
veys of Eurasian Wigeon Anas penelope based on wing 
vs. field samples. — Ibis 157: 391–395. https://doi.

org/10.1111/ibi.12229
Fredrickson, L. H. 1969: Mortality of coots during severe 

spring weather. — Wilson Bulletin 81: 450–453.
Galbraith, J. A., Beggs, J. R., Jones, D. N. & Stanley, M. C. 

2015: Supplementary feeding restructures urban bird 
communities. Proceedings of the National Academy of 
Sciences of the United States of America 112: E2648–
E2657. https://doi.org/10.1073/pnas.1501489112

Giudice, J. H. 2003: Survival and recovery of Mallards and 
Gadwalls banded in eastern Washington, 1981–1998. 
— Journal of Field Ornithology 74: 1–11.

Guillemain, M., Lepley, M., Massez, G., Caizergues, A., 
Rodrigues, D. & Figueiredo, M. 2008: Addendum: Eur-
asian Teal Anas crecca nasal saddle loss in the Camar-
gue, France. — Bird Study 55: 135–138.

Gunnarsson, G., Elmberg, J., Dessborn, L., Jonzén, N., 
Pöysä, H. & Valkama, J. 2008: Survival estimates, mor-
tality patterns, and population growth of Fennoscandian 
Mallards Anas platyrhynchos. — Annales Zoologici 
Fennici 45: 483–495.

Gunnarsson, G., Waldenström, J. & Fransson, T. 2012: Di-
rect and indirect effects of winter harshness on the sur-
vival of Mallards Anas platyrhynchos in northwest Eu-
rope. — Ibis 154: 307–317. https://doi.
org/10.1111/j.1474-919X.2011.01206.x

GUS 2021: Ełk - Dane demograficzne. — Available at 
https://www.polskawliczbach.pl/Elk (assessed 
31.12.2021)

Hager, S. B., Trudell, H., McKay, K. J., Crandall, S. M. & 
Mayer, L. 2008: Bird density and mortality at windows. 
— Wilson Journal of Ornithology 120: 550–564.

Håland, A., Kålås, J. A., Løfaldli, L. & Byrkjedal, I. 1980: 
Size, sex ratio and age composition of the urban winter 
population of Mallards Anas platyrhynchos in Bergen, 
western Norway. — Fauna Norvegica Series C, Cinclus 
3: 65–69.

Haramis, G. M., Nichols, J. D., Pollock, K. H. & Hines, J. E. 
1986: The relationship between body mass and survival 
of wintering canvasbacks. — Auk 103: 506–514.

Heusmann, H. W. 1981: Movements and survival rates of 
park Mallards. — Journal of Field Ornithology 52: 214–
221.

Heusmann, H. W. & Burrell, R. 1984: Park waterfowl popu-
lations in Massachusetts. — Journal of Field Ornitholo-
gy 55: 89–96.

Hõrak, P. & Lebreton, J. D. 1998: Survival of adult Great 
Tits Parus major in relation to sex and habitat; a com-
parison of urban and rural populations. — Ibis 140: 
205–209.

Ijnsen, F. 1988: Het karakterisieren van winters. — Zenit 15: 
50–58.

Jenouvrier, S., Barbraud, C. & Weimerskirch, H. 2005: 
Long-term contrasted responses to climate of two Ant-
arctic seabird species. — Ecology 86: 2889–2903. 
https://doi.org/10.1890/05-0514

Johnson, D. H., Nichols, J. D. & Schwartz, M. D. 1992: Pop-
ulation dynamics of breeding waterfowl. — In B. D. J. 



Manikowska-Ślepowrońska & Meissner: Survival and resighting probability of wintering mallards 93

Batt, A. D. Afton, M. G. Anderson, C. D. Ankney, D. H. 
Johnson, J. A. Kadlec & G. L. Krapu (Eds.), Ecology 
and Management of Breeding Waterfowl: Minneapolis. 
University of Minnesota Press. pp 446–485.

Jolly, G. M. 1965: Explicit estimates from capture-recapture 
data with both death and immigration – stochastic mod-
el. — Biometrika 52: 225–247.

Jordan, P. J., Clausen, P., Dagys, M., Devos, K., Encarnaçao, 
V., Fox, A. D., Frost, T., Gaudard, C., Hornman, M., 
Keller, V., Langendoen, T., Ławicki, Ł., Lewis, L. J., 
Lorentsen, S. H., Luigujoe, L., Meissner, W., Molina, 
B., Musil, P., Musilova, Z., Nilsson, L., Paquet, J. Y., 
Ridzon, J., Stipniece, A., Teufelbauer, N., Wahl, J., Zen-
atello, M. & Lehikoinen. A. 2019: Habitat‐ and species‐
mediated short‐ and long‐term distributional changes in 
waterbird abundance linked to variation in European 
winter weather. — Diversity and Distributions 25: 225–
239. https://doi.org/10.1111/ddi.12855

Kleyheeg, E., Slaterus, R., Bodewes, R., Rijks, J. M., 
Spierenburg, M. A. H., Beerens, N., Kelder, L., Poen, 
M. J., Stegeman, J. A., Fouchier, R. A. M., Kuiken, T. & 
van der Jeugd H. P. 2017: Deaths among wild birds dur-
ing Highly Pathogenic Avian Influenza A(H5N8) Virus 
outbreak, the Netherlands. — Emerging Infectious Dis-
seases 23: 2050–2054. https://doi.org/10.3201/
eid2312.171086

Kreeger, T. J. & Waiser, M. M. 1984: Carpometacarpal de-
formity in giant Canada geese (Branta Canadensis max-
ima Delacour). — Journal of Wildlife Diseases 20: 
245–248.

Lake, B. C., Walker, J. & Lindberg, M. S. 2006: Survival of 
ducks banded in the boreal forest of Alaska. — Journal 
of Wildlife Management 70: 443–449. http://dx.doi.org/
10.2193/0022-541X(2006)70[443:SODBIT]2.0.CO;2

Lancaster, J. D. 2013: Survival, habitat use, and spatiotem-
poral use of wildlife management areas by female mal-
lards in Mississippi’s Alluvial Valley. Thesis, Mississip-
pi State University, Mississippi State, USA. p 164.

Lebreton, J. D., Burnham, K. P., Clobert, J. & Anderson, D. 
R. 1992: Modeling survival and testing biological hy-
potheses using marked animals: A unified approach 
with case studies. — Ecological Monographs 62: 67–
118.

Lesnoff, M. & Lancelot, R. 2012: aod: analysis of overdis-
persed data. R package version 1.3, http://cran.r-project.
org/package=aod.

Lorenc, H. 2005: Atlas of climate in Poland. Institute of Me-
teorology and Water Management. (Eds.) Warsaw. [in 
Polish]

Loss, S. R., Will, T. & Marra, P. P. 2013: The impact of 
free-ranging domestic cats on wildlife of the United 
States. — Nature Communications 4: 1396. https://doi.
org/10.1038/ncomms2380

Lukas, P. M., Dreitz, V. J., Knopf, F. L. & Burnham, K. P. 
2004: Estimating survival of unmarked dependent 
young when detection is imperfect. — Condor 106: 
926–931. http://dx.doi.org/10.1650/7583

Luniak, M. 2004: Synurbization – adaptation of animal 
wildlife to urban development. — In W. W. Shaw, L. K. 
Harris & L. Van Druff (Eds.), Proceedings of the 4th 
International Symposium on Urban Wildlife Conserva-
tion, May 1–5, 1999, Tucson, Arizona. pp 50–55.

McCullagh, P. & Nelder, J. A. 1989: Generalized Linear 
Models. Chapman & Hall.

McDougall, M. B. & Amundson, C. L. 2017: Harvest and 
annual survival of mallards and grey ducks. — Journal 
of Wildlife Management 81: 449–460. https://doi.
org/10.1002/jwmg.21213

Meissner, W. & Bzoma, S. 2011: Colour rings with individ-
ual numbers increase the number of ringing recoveries 
of small waders. — Wader Study Group Bulletin 118: 
114–117.

Meissner, W., Dynowska, M., Góralska, K. & Rzyska, H. 
2015a. Mallards (Anas platyrhynchos) staying in urban 
environments have higher levels of microfungi biota 
diversity than do birds from non-urban areas. — Fungal 
Ecology 17: 164–169. https://doi.org/10.1016/j.fune-
co.2015.07.004

Meissner, W., Rowiński, P., Polakowski, M., Wilniewczyc, 
P. & Marchowski, D. 2015b: Impact of temperature on 
the number of mallards, Anas platyrhynchos, wintering 
in cities. — North-Western Journal of Zoology 11: 213–
218.

Meissner, W. & Fischer, I. 2017: Sexing of common gull, 
Larus canus, using linear measurements. — Folia Zoo-
logica 66: 183–188. https://doi.org/10.25225/fozo.v66.
i3.a6.2017

Murray, M. H., Becker, D. J., Hall, R. J. & Hernandez, S. M. 
2016: Wildlife health and supplemental feeding: A re-
view and management recommendations. — Biological 
Conservation 204: 163–174. https://doi.org/10.1016/j.
biocon.2016.10.034

Nichols, J. D., Obrecht, H. H. III. & Hines, J. E. 1987: Sur-
vival and band recovery rates of sympatric American 
black ducks and mallards. — Journal of Wildlife Man-
agement 51: 700–710.

Nicolai, C. S., Flint, P. L. & Wege, M. L. 2005: Annual sur-
vival and site fidelity of northern pintails banded on the 
Yukon-Kuskokwim delta, Alaska. — Journal of Wild-
life Management 69: 1202–1210.

Olsen, R. E. & Cox, R. R. Jr. 2003: Body size and condition 
of male mallard during mid-winter in North-Dakota, 
USA. — Waterbirds 26: 449–456.

Polańska, H. & Meissner, W. 2008: Feeding methods of mal-
lards Anas platyrhynchos used in the city during the 
nonbreeding season. — Fauna Miast. SAR „Pomorze”, 
Bydgoszcz: 524–529.

Plummer, K. E., Bearhop, S., Leech, D. I., Chamberlain, D. 
E. & Blount, J. D. 2013: Winter food provisioning re-
duces future breeding performance in a wild bird. — 
Scientific Reports 3: 1–6. https://doi.org/10.1038/
srep02002

R Development Core Team. 2020: R: a language and envi-
ronment for statistical computing. — R Foundation for 



94 ORNIS FENNICA Vol.99, 2022

Statistical Computing, Vienna, Austria.
Reinecke, K. J., Shaiffer, C. W. & Delnicki, D. 1987: Winter 

survival of female mallards in the lower Mississippi 
Valley. — Transactions of the North American Wildlife 
and Natural Resources Conference 52: 258–263.

Rock, P. 1999: The efficacy of the colour‐ringing system 
used for herring gulls Larus argentatus and lesser black‐
backed gulls Larus fuscus in Bristol 1980–1997. — 
Ringing & Migration 19: 306–310.

Ruffino, L., Salo, P., Koivisto, E., Banks, P. B. & Korpimäki, 
E. 2014: Reproductive responses of birds to experimen-
tal food supplementation: a meta-analysis. — Frontiers 
in Zoology 11: 80–93. https://doi.org/10.1186/s12983-
014-0080-y

Sargeant, A. B., Allen, S. H. & Eberhardt, R. T. 1984: Red 
fox predation on breeding ducks in midcontinent North 
America. — Wildlife Monographs 89: 1–41.

Sæther, B. E. & Bakke, Ø. 2000: Avian life history variation 
and contribution of demographic traits to the population 
growth rate. — Ecology 81: 642–653. https://doi.org/10
.1890/0012-9658(2000)081[0642:ALHVAC]2.0.CO;2c

Schonert, B. 1991: Dezember- bis Februarbeobachtungen 
von Gründelenten (Anas penelope, A. strepera, A. crec-
ca, A. acuta, A. clypeata) in Berlin (Ost). — Berliner 
ornithologischer Bericht 1: 16–24.

Sears, J. 1989: Feeding activity and body condition of Mute 
Swans Cygnus olor in rural and urban areas of lowland 
river system. — Wildfowl 40: 88–98.

Seber, G. A. F. 1965: A note on the multiple-recapture cen-
sus. — Biometrika 52: 249–259.

Smith, G. W. & Reynolds, R. E. 1992: Hunting and Mallard 
survival, 1979–88. — Journal of Wildlife Management 
56: 306–316.

Soutiere, E. C. 1989: Survival rates of hand-reared mallards 
released on 2 private farms. — Journal of Wildlife Man-
agement 53: 114–118.

Stopa-Boryczka, M. & Boryczka, J. 2006: Climate. — In A. 
Richling & K. Ostaszewska (Eds.), Physical geography 
of Poland. PWN, Warszawa. [in Polish] pp 84–127.

Suter, W. & van Eerden, M. R. 1992: Simultaneous mass 
starvation of wintering diving ducks in Switzerland and 
The Netherlands: a wrong decision in the right strategy? 
— Ardea 80: 229–242.

Söderquist, P., Gunnarsson, G., Elmberg, J. & Dessborn, L. 
2021: Survival of wild and farmed-released mallards: 
the Swedish example. — European Journal of Wildlife 
Research 67: 19. https://doi.org/10.1007/s10344-021-
01465-7

Tack, J. D., Noon, B. R., Bowen, Z. H., Strybos, L. & Fedy, 
B. C. 2017: No Substitute for Survival: Perturbation 
Analyses Using a Golden Eagle population model re-
veal limits to managing for take. — Journal of Raptor 
Research 51: 258–272. http://dx.doi.org/10.3356/JRR-
16-32.1

Varner, D. M., Hepp, G. R. & Bielefeld, R. R. 2014: Annual 
and seasonal survival of adult female Mottled Ducks in 
southern Florida, USA. — Condor 116: 134–143. 
https://doi.org/10.1002/jwmg.21221

Venables, W. N. & Ripley, B. D. 2002: Modern Applied Sta-
tistics with S, 4th edition. — Springer, New York, NY.

White, G.C. & Burnham, K. P. 1999: Program MARK: sur-
vival estimation from populations of marked animals. 
— Bird Study 46 Supplement 120–138.

Wobeser, G & Kost, W. 1992: Starvation, staphylococcosis, 
and vitamin a deficiency among mallards overwintering 
in Saskatchewan. — Journal of Wildlife Diseases 8: 
215–222.

Zárybnický, J. & Klvaňa, P. 2008: Kachna divoká Anas 
platyrhynchos. — In J. Cepák, P. Klvaňa, J. Formánek, 
D. Horák, M. Jelínek, L. Schröpfer, J. Škopek & J. Záry-
bnický (Eds.), Atlas migrace ptáků České a Slovenské 
republiky. Aventinum. Praha. pp 122–125.

Zsivanovits, P., Monks, D. J. & Forbes, N. A. 2006: Bilateral 
valgus deformity of the distal wings (angel wing) in a 
northern goshawk (Accipiter gentilis). — Journal of 
Avian Medicine and Surgery 20: 21–26. https://doi.
org/10.1647/1082-6742(2006)20[21:BVDOTD]2.0.
CO;2


