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Abstract
Sex ratio variation has important consequences for population dynamics and viability. Adult sex ratio is male biased in many 
duck species, and data from wintering areas suggest male bias has been increasing in some European duck species. However, 
the reasons for changes in sex ratios remain poorly understood, and information on sex ratio variation among breeding ducks 
is limited. We studied long-term changes in breeding sex ratios and breeding numbers in Common Pochard Aythya ferina and 
Tufted Duck Aythya fuligula in southern Finland, the former species being currently assessed as critically endangered and 
the latter as endangered in Finland. In addition, we tested the hypothesis that between-year variation in breeding sex ratios 
is affected by the severity of weather conditions in the wintering areas. The proportion of females among breeding Tufted 
Ducks decreased from 42.9% in 1951–1970 to 36.9% in 1996–2015, while no statistically significant change was observed 
in Common Pochard (41.8% and 39.5%, respectively). Both species showed a decline in breeding numbers over the same 
period. Severity of the preceding winter did not affect the proportion of females in the breeding area.
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Zusammenfassung
Geschlechterverhältnis zur Brutzeit bei zwei im Bestand abnehmenden Tauchentenarten: Variation zwischen den 
Jahren und Veränderungen über sechs Jahrzehnte
Die Variation bezüglich des Geschlechterverhältnisses hat wichtige Konsequenzen für die Dynamik und Lebensfähigkeit von 
Populationen. Bei vielen Entenarten ist das Geschlechterverhältnis bei den Adulten zugunsten der Männchen verschoben, 
und Daten aus den Überwinterungsgebieten deuten darauf hin, dass diese „Männchenlastigkeit“ bei manchen europäischen 
Entenarten zugenommen hat. Allerdings sind die den Änderungen im Geschlechterverhältnis zugrundeliegenden 
Ursachen bislang kaum erforscht und Informationen zur Geschlechterverhältnis-Variation bei Enten zur Brutzeit nur 
begrenzt verfügbar. Wir untersuchten langfristige Veränderungen des Geschlechterverhältnisses zur Brutzeit sowie der 
Brutvogelzahlen bei Tafelente Aythya ferina und Reiherente Aythya fuligula in Südfinnland; die erste Art wird in Finnland 
derzeit als „vom Aussterben bedroht“, die letztere als „stark gefährdet“ eingestuft. Zusätzlich überprüften wir die Hypothese, 
dass die jahresweise Variation des Geschlechterverhältnisses zur Brutzeit von der Härte der Wetterbedingungen in den 
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Überwinterungsgebieten beeinflusst wird. Der Weibchenanteil bei brütenden Reiherenten ging von 42,9% zwischen 1951-
1970 auf 36,9% zwischen 1966-2015 zurück, wohingegen bei der Tafelente keine statistisch signifikante Änderung beobachtet 
wurde (41,8% beziehungsweise 39,5%). Beide Arten zeigten über denselben Zeitraum hinweg abnehmende Brutvogelzahlen. 
Die Strenge des vorangegangenen Winters hatte keinen Einfluss auf den Weibchenanteil im Brutgebiet.

Introduction

Sex ratio variation has important consequences for popula-
tion dynamics and viability. For example, theoretical work 
has shown that, in species with a purely monogamous mat-
ing system, demographic stochasticity may cause a short-
age of males and reduce population growth rate, possibly 
increasing extinction risk due to an Allee effect (Engen et al. 
2003). In general, both mating system and sex ratio affect the 
demographic variance, dynamics and extinction risk of pop-
ulations (Lee et al. 2011). Considering conservation implica-
tions of biased adult sex ratios for birds in general, male bias 
has been shown to be associated with the threatened status 
of species (Donald 2007). Clearly, we should increase our 
understanding of the variation of adult sex ratios in bird 
populations, in particular for declining species.

Male-biased sex ratios were documented for many duck 
species several decades ago both in Europe and North 
America (Linkola 1960; Bellrose et al. 1961; Hildén 1964). 
While variation of sex ratios of European ducks during the 
non-breeding season has been studied extensively (e.g. Nils-
son 1970; Owen and Dix 1986; Carbone and Owen 1995; 
Brides et al. 2017; Fox and Christensen 2018), research 
on sex ratio variation among breeding ducks is limited. 
Because staging and wintering areas gather birds from dif-
ferent parts of the breeding range, and the origin of birds 
usually remains unknown, data from wintering areas are 
not well suited to the study of specific mechanisms behind 
changes in sex ratios. Lehikoinen et al. (2008) and Ramula 
et al. (2018) studied possible mechanisms that could lead to 
male-biased adult sex ratios in Common Eiders Somateria 
mollissima, a seasonally monogamous sea duck. Ramula 
et al. (2018) concluded that, although duckling mortality 
is female biased and could contribute to male-dominated 
adult sex ratios (Lehikoinen et al. 2008), the most probable 
explanation of male-biased adult sex ratio in their study 
populations (central and western Gulf of Finland) is lower 
survival of females than males among experienced breeders, 
most likely due to increased predation pressure on incubat-
ing females. Similarly, Bellebaum and Mädlow (2015) found 
in an introduced Mandarin Duck Aix galericulata population 
in two German cities (Berlin and Potsdam) that higher mor-
tality of females than males in particular during the breed-
ing season can explain male-biased adult sex ratio. Lower 
survival of females than males in the breeding season has 
also been documented for Common Teal Anas crecca ringed 
in the Camargue, southern France (Devineau et al. 2010). 

In general, current knowledge suggests that adult sex ratios 
in wild bird populations are better explained by sex-biased 
adult mortality rates rather than by hatching or juvenile sex 
ratios (Donald 2007; Székely et al. 2014).

Here, we use historical (1951–1970) and recent 
(1996–2015) data from a study area in southern Finland 
to study long-term changes and between-year variation of 
sex ratios in breeding Common Pochard Aythya ferina and 
Tufted Duck Aythya fuligula. Both species are seasonally 
monogamous, like most duck species in the Northern Hemi-
sphere (Oring and Sayler 1992). In Linkola’s (1960) data 
from the same area for 1950–1956 the breeding sex ratio 
(males to females) was 1.38 for the Common Pochard and 
1.28 for the Tufted Duck. Samples of hunter-shot birds from 
Denmark indicate that the proportion of females amongst 
adult Tufted Ducks increased from 1982 to 2017 (Fox and 
Christensen 2018) but not in the Common Pochard from 
1982 to 2010 (Christensen and Fox 2014). Adult sex ratios 
among the hunter-shot birds from Denmark also indicate 
considerable between-year variation for both species (see 
Christensen and Fox 2014; Fox and Christensen 2018) but 
factors affecting the variation have not been studied. As 
recently found in the Common Eider and Mandarin Duck 
(see above), lower survival of females during the breeding 
season may contribute to male-biased sex ratios, this being 
one of the earliest hypotheses put forward to explain male-
biased sex ratios in waterfowl (Bellrose et al. 1961). How-
ever, less attention has been paid to the possibility that sex 
differences in over-winter survival can affect sex ratios of 
breeding birds, although lower survival of females during 
periods of harsh winter has been identified as a plausible 
hypothesis in this context (e.g. Nichols and Haramis 1980). 
This hypothesis is particularly relevant to Common Pochard 
and Tufted Duck. First, both species respond to harsh win-
tering conditions by moving to more benign areas with open 
water (Ridgill and Fox 1990; Keller et al. 2009; Gourlay-
Larour et al. 2012). Even though movements obviously are 
advantageous in terms of avoiding mortality due to cold 
weather, such weather-induced movements per se may cause 
extra mortality; moving farther south might also increase 
hunting mortality because hunting pressure there is assumed 
to be higher (e.g. Brides et al. 2017). Mass mortality due to 
an extreme cold spell has been documented for both species 
(Suter and Van Eerden 1992). Furthermore, sex differences 
in wintering areas [females wintering in more southern 
areas than males (e.g. Carbone and Owen 1995)] have been 
attributed to differences in competitive ability between the 
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sexes, females being the less competitive sex (e.g. Nichols 
and Haramis 1980; Choudhury and Black 1991; Carbone 
and Owen 1995). Winter severity affects female survival 
in the Common Pochard (Blums et al. 2002, 2005). On the 
other hand, Gourlay-Larour et al. (2013a, b) did not find sex 
differences in winter survival rates of Common Pochard at 
a wintering site in western France. Unfortunately, ringing 
data of Common Pochard and Tufted Duck males are insuf-
ficient for analysing sex differences in survival in northern 
wintering areas.

We formulated two study questions, based on earlier 
hypotheses and on previous findings from wintering areas, 
to explain male-biased sex ratios in waterfowl. First, do the 
breeding sex ratios of the two diving duck species show any 
changes between 1951–1970 and 1996–2015? Second, to 
address the possible impact of winter conditions on breeding 
sex ratios, we ask whether the proportion of females in the 
breeding population decreases with increasing severity of 
the preceding winter. Finally, we study whether the breeding 
numbers of the Common Pochard and Tufted Duck in our 
study area decreased between 1951–1970 and 1996–2015.

Methods

Data on sex ratios and breeding numbers

The senior author (P. L.) of this study gathered all the data 
at 25 lakes in central Häme, southern Finland, from 1951 to 
1970 and from 1996 to 2015, using the same field methods 
in all years. In 1971–1995 censuses were done only occa-
sionally and at a few lakes; hence data for this period were 
insufficient for analyses. All the study lakes are within an 
area of ca. 45 × 55 km (central coordinate 61°12′N, 24°18′E; 
for characterization of the study lakes, see Online Resource 
Table A1). Small lakes were surveyed from vantage points 
(in some cases from a tree or a bird-watching tower) or by 
walking around the lake. Large lakes were surveyed by 
rowing in a boat near the shoreline to cover all open water 
areas. Because individual birds, pairs and groups of Com-
mon Pochard and Tufted Ducks usually stay on the open 
water and are highly visible, they are easy to count in April 
and May before the vegetation has started to grow. P. L.’s 
original idea was to develop a standardized duck survey 
method in which species differences in sex ratios and within-
season changes in sex ratios are taken into account (Linkola 
1959, 1960). Hence, the numbers of males and females were 
recorded for both species on each visit to a lake between the 
end of April and the end of May. For this study, we con-
sidered only surveys (visits) that covered the whole lake, 
i.e. the numbers presented here concern the whole breeding 
population of a lake. We only included the first non-zero 
observation of each species from a given lake and year (see 

also below). To take into account the differences in species-
specific optimal census times of breeding birds (Linkola 
1959; Kauppinen 1983; Pöysä 1996), and to minimize the 
risk that females were at the nest and therefore not visible 
during the survey, we only accepted the first observation if 
it was done before 16 May for the Common Pochard and 
before 26 May for the Tufted Duck (Tufted Duck females 
start egg-laying later than Common Pochard females; for 
additional information on the sex ratio data and the timing 
of bird censuses, see Online Resource Appendix A1, Fig. 
A1 and Table A2). Hence, the observations can also be used 
to estimate local breeding numbers. If no individuals were 
recorded at any visit within the acceptable time window for 
a given species, the breeding number in that year was set to 
zero (i.e. the ‘first observation’ equals zero). Because Com-
mon Pochard and Tufted Ducks did not necessarily occur 
on the same lakes, and the species-specific acceptable time 
window was not necessarily met for a given lake in any year 
in 1951–1970 or 1996–2015, final sample sizes in the analy-
ses concerning breeding numbers are less than 25 lakes and 
differ between the species. Mean numbers of years per lake 
were as follows: Common Pochard—1951–1970, mean = 4.1 
(SD = 3.6, range 1–13); 1996–2015, mean = 10.8 (SD = 5.9, 
range 1–19); Tufted Duck—1951–1970, mean = 4.8 
(SD = 3.5, range 1–13); 1996–2015, mean = 10.9 (SD = 5.9, 
range 1–19).

Winter severity data

We selected 12 weather stations in western and southern 
Europe (see Online Resource: Table A3) to represent typical 
wintering areas of the species; winter-time ring recoveries 
of Common Pochard and Tufted Ducks ringed in Finland 
(Saurola et al. 2013) confirm that these areas are relevant 
also for birds breeding in Finland. For these stations, we 
downloaded the mean daily temperatures for December, 
January and February 1951–1970 and 1996–2015 from 
http://www.ecad.eu (Klein Tank et al. 2002) and calculated 
the Hellman index (Hellmann 1918) as the sum of mean 
daily temperatures that were below zero between 1 Decem-
ber and 28 February [winter severity index (WSI); note that 
absolute values were used]. This index has been found to be 
useful when studying effects of harsh wintering conditions 
on movements of ducks, including Common Pochard and 
Tufted Duck, in Europe (Ridgill and Fox 1990; Keller et al. 
2009; Gourlay-Larour et al. 2012). To take into account dif-
ferences between the species and sexes in wintering areas 
(Owen and Dix 1986; Carbone and Owen 1995; Saurola 
et al. 2013), we calculated WSI separately for northern win-
tering areas (mean of the WSIs of the six stations represent-
ing the northern areas; Online Resource Table A3, Fig. A2) 
and southern wintering areas (mean of the WSIs of the six 
stations representing the southern areas; Online Resource 

http://www.ecad.eu
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Table A3, Fig. A2). Note that the classification of stations 
to represent a ‘northern’ or a ‘southern’ wintering area also 
followed the maritime-continental (west–east) gradient (see 
Ridgill and Fox 1990) and not only the north–south gradient.

Statistical analyses

We used generalized linear mixed models (GLMMs) with 
a binomial error distribution to study if there was a dif-
ference in the proportion of females between 1951–1970 
and 1996–2015, and whether inter-annual variation in the 
proportion of females was associated with the severity of 
the preceding winter (WSI). Because WSIs were strongly 
correlated between northern and southern areas (r = 0.889, 
df = 38, p < 0.001; based on data depicted in Online Resource 
Fig. A2), we ran two separate models (period + WSI north 
and period + WSI south) for both species. Lake and year 
were included as random effects in both models, and stand-
ardized WSIs were used in the analyses. Finally, we used 
GLMMs with a Poisson error distribution to study if the 
numbers of females and males changed between 1951–1970 
and 1996–2015. Lake and year were included as random 
effects in all models. In these analyses, and for both species, 
we included all lakes for which we had data from the accept-
able time window of the first observation (same criteria as 
with the sex ratio data, see above) for both periods.

All statistical analyses were performed in R (version R 
3.4.1; R Core Team 2017) using the lme4 package and glmer 
function.

Results

In the Tufted Duck, the proportion of females in the breed-
ing population decreased from 42.9% (n = 1474 individuals) 
in 1951–1970 to 36.9% (n = 534) in 1996–2015, while no 
statistically significant change was observed in the Common 
Pochard [41.8% females (n = 914) in 1951–1970 and 39.5% 
(n = 569) in 1996–2015; Table 1]. The proportion of females 
varied considerably between years in both species (Fig. 1), 
as did the WSI (Online Resource Fig. A2). However, we did 
not find an impact of the severity of the preceding winter 
on the proportion of females in the breeding population for 
either species (Table 1).

The numbers of females and males decreased between 
1951–1970 and 1996–2015 in both species (Fig. 2; Table 2). 
In both species, the decrease seemed to be particularly 
strong on lakes that had the highest breeding numbers 
in 1951–1970, and the few compensatory changes (i.e. 
increases) were minimal, the changes together meaning 
drastic overall population declines (see Fig. 2).

Discussion

We found that the proportion of females among breeding 
birds decreased between 1951–1970 and 1996–2015 in the 
Tufted Duck but not in the Common Pochard, both species 
showing a strong decline in breeding numbers over the same 
period. Contrary to our prediction, the proportion of females 
at the beginning of the breeding season was not negatively 
associated with the severity of the preceding winter.

Lower survival of females during the breeding season 
is one of the earliest hypotheses put forward to explain 
male-biased sex ratios in waterfowl (Bellrose et al. 1961). 
The question then arises: has breeding season mortality of 
females increased between 1951–1970 and 1996–2015? 
Two of the most important alien predators of nesting duck 
females, viz. the American Mink Mustela vison and Rac-
coon Dog Nyctereutes procyonoides (e.g. Blums et al. 2003; 
Viksne et al. 2011; Fox et al. 2016) did not occur in our 
study area in 1951–1970 (P. Linkola, personal observation). 
These predators were rare also elsewhere in Finland at that 
time, but have dramatically increased in numbers since the 
1950s and 1960s (Helle and Kauhala 1991; Kauhala 1996). 
This is also the case with the Marsh Harrier Circus aerugi-
nosus (Hyytiä et al. 1983; Valkama et al. 2011), an avian 
predator that is known to catch at least Common Pochard 
females (Blums et al. 2003; Viksne et al. 2011). Hence, an 
apparent increase in predation pressure between 1951–1970 

Table 1   Generalized linear mixed models (GLMMs) for changes 
in the proportion of females between 1951–1970 and 1996–2015 
(period) and for the impact of the severity of the preceding winter in 
northern (WSI north) and southern (WSI south) wintering areas on 
the proportion of females among breeding Common Pochard and 
Tufted Ducks

Because WSI north and WSI south were correlated (see “Methods”, 
“Statistical analyses”), they were considered in separate models 
(models 1 and 2). Lake and year were included as random effects in 
all models

β SE z p

Common Pochard (n = 291 lake-year cases)
 Model 1
  Period − 0.142 0.114 − 1.237 0.216
  WSI north − 0.062 0.046 − 1.352 0.176

 Model 2
  Period − 0.127 0.113 − 1.117 0.264
  WSI south − 0.042 0.040 − 1.053 0.292

Tufted Duck (n = 329 lake-year cases)
 Model 1
  Period − 0.267 0.108 − 2.467 0.014
  WSI north − 0.019 0.034 − 0.568 0.570

 Model 2
  Period − 0.264 0.107 − 2.459 0.014
  WSI south − 0.015 0.029 − 0.523 0.601
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and 1996–2015 could explain the long-term decline in the 
proportion of Tufted Duck females. However, that a cor-
responding decline was not found in the Common Pochard 
does not agree with the predation hypothesis, and other fac-
tors than female-biased predation must be involved. These 
other factors may be related to the phenomenon that win-
ters across northern wintering areas have become milder 
(Lehikoinen et al. 2013), which in turn may have affected 
the winter distribution of Common Pochard females in 
Europe. Interestingly, Brides et al. (2017) found that coun-
tries at lower latitudes (e.g. France and Spain) were more 
likely to show an increased male bias in the sex ratio in 
2016 compared with 1989–1990, whereas more northerly 
countries showed little or no change. A higher proportion 
of Common Pochard females may nowadays winter in more 
northern areas, thereby avoiding high hunting pressure of 
the southern wintering areas [for national bag statistics see 
Hirschfeld and Heyd (2005) and Guillemain et al. (2016); 
see also Brides et al. (2017)]. Furthermore, exposure to lead 
poisoning from gunshot ingestion is higher in southern than 
northern Europe (Mateo 2009). It has been suggested that 
because Common Pochard females tend to winter further 
south than males, mortality due to lead poisoning has been 
higher in Common Pochard females than in males (Green 
and Pain 2016). A possible decrease in mortality due to 

hunting and lead poisoning could have compensated for a 
possible increase in breeding season mortality in Common 
Pochard females. Finally, difference in the timing of breed-
ing between Common Pochard (early nester) and Tufted 
Duck (late nester) females may have differently exposed 
them to possible changes in predation pressure due to cli-
mate warming (earlier spring thaw), late-nesting duck spe-
cies being probably more vulnerable to climate-driven phe-
nological mismatches than early nesting species (see Drever 
and Clark 2007; Drever et al. 2012).

Our results contradict those of Christensen and Fox 
(2014) who found that the proportion of adult females 
among samples of hunter-shot birds from Denmark increased 
for the Tufted Duck (see also Fox and Christensen 2018) 
and decreased, although not significantly, for the Common 
Pochard in 1982–2010. Brides et al. (2017) also found that 
the proportion of Common Pochard females in the Inter-
national Waterbird Census, done in mid-winter in Europe 
and North Africa, decreased from 1989–1990 to 2016. Frew 
et al. (2018) found a similar trend in the proportion of Com-
mon Pochard females at a wintering site in northwest Eng-
land in the winters of 1991/1992 until 2005/2006, but no 
trend for Tufted Duck.

These contradictory findings from breeding and win-
tering areas are difficult to explain, given the paucity of 

Fig. 1   Proportion of females among breeding Common Pochard (a, b) and Tufted Ducks (c, d) in 1951–1970 (left panels) and 1996–2015 (right 
panels) in annual data pooled over all lakes
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research on factors affecting variation in sex ratios in these 
and other duck species. Fox and Christensen (2018) dis-
cussed potential problems associated with measuring sex 
ratios from hunter-shot birds, and Brides et al. (2017) dis-
cussed corresponding problems with mid-winter waterbird 
counts. In general, concerning data from wintering areas, be 
it hunter-shot birds or field counts, sex and between-year dif-
ferences in migration, wintering areas and weather-induced 
movements, coupled with climate change-driven long-term 
changes in these (e.g. Lehikoinen et al. 2013), make reli-
able estimation of sex ratios challenging. As for breeding 

populations, Common Pochard and Tufted Duck females are 
highly philopatric to their breeding sites (Blums et al. 2002), 
as is the case for waterfowl in general (Anderson et al. 1992). 
In addition, Blums et al. (2003) found on Engure Marsh, 
Latvia, that nest success did not affect breeding dispersal 
(from year t to year t + 1) of individual females of either 
species, the mean breeding dispersal distances (successful 
and failed nests combined) being ca. 240 m in the Com-
mon Pochard and ca. 217 m in the Tufted Duck. Hence, 
mortality and decreased recruitment presumably are the 
main drivers of change in female numbers in the breeding 
lakes, although permanent emigration cannot be totally ruled 
out. Very little is known about the breeding site fidelity of 
Common Pochard and Tufted Duck males, but for ducks in 
general breeding site fidelity is considered to be lower in 
males than in females (Anderson et al. 1992). In line with 
this, Gourlay-Larour et al. (2014) found that, in a wetland 
area in Western France, where wintering birds include both 
local breeders and winter visitors, breeding site fidelity of 
Common Pochard was lower for males than for females. 
Given that breeding dispersal of females in both species is 
rather limited even after a failed nest (see above), we do not 
see why the degree of breeding site philopatry should have 
changed differently in males and females, possibly affecting 
long-term changes in breeding sex ratios. All in all, given the 

Fig. 2   Lake-specific changes in the mean number of Common Pochard (n = 18 lakes) males (a) and females (b) and Tufted Duck (n = 19 lakes) 
males (c) and females (d) between 1951–1970 and 1996–2015

Table 2   GLMMs for changes in the numbers of females and males 
between 1951–1970 and 1996–2015 for Common Pochard and Tufted 
Duck

Lake and year were used as random effects in all models

β SE z p

Common Pochard (n = 291 lake-year cases)
 Females − 1.233 0.161 − 7.651 0.000
 Males − 1.211 0.133 − 9.114 0.000

Tufted Duck (n = 329 
lake-year cases)

 Females − 1.746 0.180 − 9.731 0.000
 Males − 1.507 0.208 − 7.258 0.000
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contradictory findings from breeding and wintering areas, 
we urgently need more research on duck sex ratios from 
different parts of their breeding and wintering ranges, and 
on factors that affect between-year variation in sex ratios 
and probably drive their long-term changes. In particular, 
ringing effort of not only these species but ducks in general 
should be increased both in the breeding and wintering areas 
in order to better understand sex ratio bias and differences in 
survival between males and females.

We did not find support for the idea that winter severity 
per se affects breeding sex ratios in Common Pochard and 
Tufted Duck. This was surprising because earlier studies 
have demonstrated clear effects of wintering conditions on 
the movement and distribution of Common Pochard and 
Tufted Duck, and even effects on female mortality (refer-
ences in “Introduction”). The severity of winters varied con-
siderably between years, in particular in the northern winter-
ing areas (see Online Resource Fig. A2), meaning that a lack 
of response was probably not due to limited environmental 
variation in our data.

That the proportion of Tufted Duck females showed a 
long-term decline is alarming, in particular because also 
the breeding numbers of the species in Finland have been 
decreasing (Pöysä et al. 2013; Lehikoinen et al. 2016; this 
study), to the extent that the conservation status of the 
species in Finland is currently considered as endangered 
(Lehikoinen et al. 2019). These findings are worrying, con-
sidering that adult sex ratios have been found to be more 
heavily male-biased in populations of globally threatened 
bird species than in non-threatened species (Donald 2007). 
The Common Pochard has shown rapid declines in breed-
ing numbers across much of its breeding territory in Europe 
(Fox et al. 2016; Folliot et al. 2018), and is currently glob-
ally assessed as vulnerable (BirdLife International 2018) 
and critically endangered in Finland (Lehikoinen et  al. 
2019). The decrease in the proportion of Common Pochard 
females in the wintering areas, and its presumed association 
with increased mortality of females compared with males, 
has been coupled with the overall decrease of Common 
Pochard in Europe (e.g. Brides et al. 2017). A similar link 
has been suggested for changes in sex ratios and popula-
tion declines in many other duck species in Europe (Fox 
and Christensen 2018). A male-biased sex ratio per se may 
not affect population growth rate and dynamics because, 
given the surplus of males, female reproduction should 
not be limited by male availability. However, a surplus of 
males can decrease the reproductive success of females and 
even increase female mortality due to pursuit flights and 
forced extra-pair copulations, which are frequent in water-
fowl (McKinney et al. 1983). The reasons for the decline of 
Common Pochard and Tufted Duck breeding numbers are 
not known, but increased nest predation, changes in habitat 
quality and increased food competition between ducks and 

cyprinid fish are among those suggested (e.g. Pöysä et al. 
2013; Fox et al. 2016; Lehikoinen et al. 2016). In addition, 
a recent study indicates that the loss of Black-headed Gull 
Chroicocephalus ridibundus colonies, which provide pro-
tection against nest predators, has contributed to the decline 
of Common Pochard and Tufted Duck breeding numbers in 
Finland (Pöysä et al. 2019).

In conclusion, the proportion of Tufted Duck females 
decreased between 1951–1970 and 1996–2015, and it is pos-
sible that increased predation pressure on nesting females 
contributed to this decrease. However, the fact that the 
breeding sex ratio of Common Pochard did not show a cor-
responding long-term change does not support the predation 
hypothesis. This suggests that there are other mortality fac-
tors that have affected Common Pochard and Tufted Duck 
females differently in the long term; these may be related to 
possible changes in the winter distribution of females due to 
decreasing winter severity in the northern wintering areas. 
However, our results do not support the idea that winter 
severity per se (i.e. causing extra mortality in females) is 
an important factor that can explain between-year variation 
and long-term changes of breeding sex ratios in Common 
Pochard and Tufted Duck. Understanding the causes and 
consequences of sex ratio bias and its variation in ducks 
and other birds, in particular for declining species, remains 
a primary challenge for further studies.
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