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decreased, but the decrease was not stronger on lakes colo-
nized by Whooper Swan than on those that were not. Con-
trary to our prediction, current Eurasian Wigeon abundance 
was positively associated with Whooper Swan abundance. 
Moreover, Eurasian Wigeon did not decrease more on lakes 
from which Equisetum disappeared than on lakes in which 
there was still Equisetum left. This study does not support 
the idea that Whooper Swan affects Eurasian Wigeon nega-
tively by grazing on Equisetum.

Keywords Colonization · Grazing pressure · Habitat 
change · Lake-level extinction · Species interaction · 
Waterbird community

Zusammenfassung 

Wiedererstarken der Singschwäne-Populationen verur-
sacht durch das Grasen im gleichen Habitat keinen 
Rückgang der Pfeifente

Mit seinen in Fennoskandinavien in den letzten Jahrzehnten 
rasch gewachsenen Populationen stellt der Singschwan 
(Cygnus cygnus) ein gutes Beispiel für gelungenen 
Artenschutz dar. Im Gegensatz dazu zeigt die Pfeifente 
(Mareca penelope) in der Anzahl an Brutpaaren einen 
stark rückläufigen Trend, was zu Besorgnis im Naturschutz 
führt. Frühere Untersuchungen legen einen ursächlichen 
Zusammenhang zwischen den Populationsentwicklungen 
beider Arten nahe. Beide brüten bevorzugt in Feuchtgebieten 
mit starkem Schachtelhalmbewuchs (Equisetum spp.); diese 
Pflanze ist eine wichtige Nahrung für Singschwäne, während 
Pfeifenten bevorzugt in den Schachtelhalm-Habitaten brüten. 
Wir testeten Vorhersagen basierend auf der Hypothese, dass 
das Abweiden von Schachtelhalm durch Singschwäne das 

Abstract The Whooper Swan (Cygnus cygnus) is a good 
example of successful conservation, with rapidly growing 
numbers in Fennoscandia in recent decades. To the con-
trary, Eurasian Wigeon (Mareca penelope) shows a strong 
negative trend in breeding numbers, which raises conser-
vation concerns. Previous research suggests a causal link 
between recent population trajectories of the two species. 
Both preferentially breed on wetlands with abundant horse-
tail (Equisetum spp.), a plant providing food for Whooper 
Swan and crucial feeding microhabitat for Eurasian Wigeon 
broods. We here test predictions based on the hypothesis that 
grazing on Equisetum by Whooper Swan reduces breeding 
habitat or breeding habitat quality for Eurasian Wigeon. We 
use data from 60 lakes in which waterfowl were counted 
in 1990–1991 and 2016, and Equisetum was mapped in 
1990–1991 and 2013–2014. Lakes colonized by Whooper 
Swan typically had more abundant Equisetum vegetation in 
the past than lakes not colonized. Lake-specific decrease of 
Equisetum was not associated with colonization by Whooper 
Swan. The number of lakes occupied by Eurasian Wigeon 
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Brutareal der Pfeifenten verkleinert, bzw. dessen Qualität 
verringert. Wir verwendeten Daten von 60 Seen, auf denen 
die Anzahl an Wasservögeln 1990–1991 und auch 2016 
gezählt und der Schachtelhalm-Bestand kartographiert 
wurde (1990–1991 und 2013–2014). Seen mit Singschwänen 
hatten typischerweise früher mehr Schachtelhalmvegetation 
als solche ohne Singschwäne. Ein für bestimmte Seen 
spezifischer Rückgang des Schachtelhalms stand in keinem 
Zusammenhang mit einer Besiedlung durch Singschwäne. 
Die Anzahl der von Pfeifenten besiedelten Seen ging zurück, 
aber dieser Rückgang war auf Seen mit Singschwänen nicht 
stärker als auf solchen ohne Singschwäne. Entgegen unserer 
Vorhersage korrelierte das Vorkommen von Pfeifenten 
sogar positiv mit dem von Singschwänen. Außerdem 
ging der Bestand an Pfeifenten auf Seen mit rückläufiger 
Schachtelhalmvegetation nicht stärker zurück als auf Seen 
mit gleichbleibendem Schachtelhalmbestand. Unsere 
Untersuchung konnte die Idee, dass Singschwäne durch ihr 
Abweiden von Schachtelhalm einen negativen Einfluss auf 
Pfeifenten hätten, nicht unterstützen.

Introduction

Habitat change and interspecific interactions modify spe-
cies assemblages by affecting population sizes of individual 
species. Opposite changes in the populations of different 
species, although not necessarily causally linked, may indi-
cate competitive interactions (MacNally et al. 2012) or other 
processes mediated for example by habitat change affect-
ing species differently (Ewers and Didham 2006; Öckinger 
et al. 2010). Negative interaction between two species may 
arise also from processes in which one of the species alters 
the habitat preferred by the other species in a way that is 
disadvantageous to the latter (i.e. amensalism). Cascading 
effects of herbivory by large ungulates in African savannas 
and elsewhere provide examples of such indirect and often 
complex interactions (Pringle et al. 2007; Foster et al. 2014). 
An avian example of overgrazing and habitat degradation 
is provided by the strongly increased populations of Lesser 
Snow Goose (Chen caerulescens) on their Arctic and sub-
arctic breeding grounds (Peterson et al. 2013, 2014). Specifi-
cally, grazing by Lesser Snow Goose has led to a dramatic 
reduction in preferred shrub habitat for nesting Savannah 
Sparrows (Passerculus sandwichensis), contributing to the 
long-term decline in nesting occurrence of the latter species 
in the La Pérouse Bay area, Canada (Peterson et al. 2014).

Boreal waterbird communities are undergoing changes in 
species relative abundances, as population declines or increases 
have been documented for several species (Lehikoinen et al. 
2013, 2016; Pöysä et al. 2013). One potential example of nega-
tive interaction between species in these communities is Eura-
sian Wigeon (Mareca penelope) and Whooper Swan (Cygnus 

cygnus), the breeding numbers of the former showing an alarm-
ing negative trend and those of the latter a dramatic increase 
(Ottosson et al. 2012; Lehikoinen et al. 2013, 2016). Breeding 
Eurasian Wigeon prefer lakes with abundant Water Horsetail 
Equisetum fluviatile (Pöysä et al. 2017) (hereafter, Equisetum). 
Eurasian Wigeon does not feed on Equisetum but emergent 
stands of this aquatic plant provide important foraging micro-
habitat for breeding adults and broods (Jacobsen 1993; Nummi 
et al. 2013). By contrast, Whooper Swan feeds on Equisetum 
(Haapanen et al. 1977; Knudsen et al. 2002). Haapanen et al. 
(1977) found that in the middle of summer (July) Whooper 
Swans spent about 50% of their total feeding time on eating 
Equisetum shoots. The authors also report on an example in 
which Whooper Swans spent about 70% of total time (from 
incubation until the cygnets were 10 weeks old) in the part 
of the breeding lake that had extensive Equisetum stands. 
Whooper Swan grazing may also cause severe local damage 
to stands of this plant (see Pöysä et al. 2017). Presence and 
abundance of Equisetum have declined dramatically in boreal 
lakes in Finland and Sweden during the last two decades, a fact 
that has been suggested to contribute to population decline in 
Eurasian Wigeon (Pöysä et al. 2017). One of the hypotheses put 
forward by Pöysä et al. (2017) to explain Equisetum decline is 
grazing by Whooper Swan. Indeed, it has been found in several 
studies that swans in general can cause strong habitat modifica-
tions by reducing aquatic plant cover and standing crop (Sand-
sten and Klaassen 2008; Gayet et al. 2011a; Wood et al. 2012), 
and therefore have been recognized as species that potentially 
affect the structure and functioning of aquatic communities and 
ecosystems (Bakker et al. 2016a, b; Wood et al. 2017a).

Pöysä et al. (2017) called for further research to resolve 
whether the decrease of Equisetum habitat is directly linked 
to the decrease of Eurasian Wigeon numbers, and to address 
possible causal links between increased numbers of herbivores 
such as the Whooper Swan, decreased Equisetum abundance 
and Eurasian Wigeon numbers. Pinpointing possible causal 
relationships between the documented changes is fundamental 
to proper conservation and management of these species and 
their habitats. The matter is urgent, as the conservation status 
of Eurasian Wigeon is now considered ‘vulnerable’ in one of 
the breeding strongholds, Finland (Tiainen et al. 2016), and 
also in Europe at the EU27 level (BirdLife International 2015).

Moreover, we probably have a conservation paradox 
at hand. The Whooper Swan is a spectacular and inspir-
ing example of successful conservation efforts, as the 
species was close to extinction in Finland and Sweden in 
the early 1900s, but protection from hunting have helped 
it to recover surprisingly rapidly (Haapanen 1987, 1991; 
Ottosson et al. 2012; Lehikoinen et al. 2013). For exam-
ple, in the mid 1940s in Finland, the species bred only in 
northernmost Lapland and near the border with Russia, 
with only 15 estimated pairs in the entire country (Meri-
kallio 1958). The current population estimate for Finland 
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is 17,000–22,000 individuals (Tiainen et al. 2016). The 
dramatic increase of the Whooper Swan has created a lot 
of speculation and societal discussion about its possible 
negative effects on populations of other waterbird species, 
but no such effects have so far been documented (Pöysä 
and Sorjonen 2000). Hence, the recent recovery of the 
Whooper Swan has brought about unexpected conserva-
tion, management and societal challenges that need to be 
addressed, and a complex set of problems has recently 
been recognized with some other strongly increasing 
native species (Carey et al. 2012; Roman et al. 2015). 
Based on these concerns, and on findings in our earlier 
study (Pöysä et al. 2017), we formulated a set of predic-
tions to address the hypothesis that the decrease of Eura-
sian Wigeon and increase of Whooper Swan are causally 
linked via decline in Equisetum abundance:

1. Lakes colonized by Whooper Swan typically have had 
abundant Equisetum vegetation in the past.

2. Equisetum has decreased more on lakes colonized by 
Whooper Swan than on lakes that have not been colo-
nized by them.

3. Eurasian Wigeon has decreased more on lakes that have 
been colonized by Whooper Swan than on lakes that 
have not been colonized. As a consequence, current 
breeding lake occupation of Eurasian Wigeon should 
be negatively associated with that of Whooper Swan.

4. Eurasian Wigeon has decreased most on lakes where 
Equisetum has decreased most.

 With its lake-level approach, our study aims to find a 
direct link between large-scale population changes and pro-
cesses occurring at the local (population) level, a link that is 
often lacking in studies on species’ declines (Scheele et al. 
2017).

Materials and methods

Eurasian Wigeon, Whooper Swan and Equisetum data

To test our predictions we repeated waterfowl surveys and 
vegetation mapping of lakes carried out in an earlier study 
(Elmberg et al. 1993). For that study, ten lakes were selected 
in each of six study regions (i.e. in all 60 lakes) between 
56° and 67° N in Finland and Sweden (Table 1) to repre-
sent the local gradient from eutrophic to oligotrophic con-
ditions as indicated by the luxuriance of aquatic vegetation 
(see Table 2 in Elmberg et al. 1993). For each of the 60 
lakes, waterfowl were counted and vegetation mapped in 
1990–1991 according to the field methods described in Elm-
berg et al. (1993). In brief, two waterfowl surveys were done 
in April and May using the waterfowl point count method 
of Koskimies and Väisänen (1991); the timing of waterfowl 
surveys was adjusted to take into account differences in 
spring phenology between the regions. Vegetation mapping 
was done in July in 1990–1991. The structure of emergent 
vegetation along the shores of each lake was described using 
six vegetation types (see Elmberg et al. 1993 for details). As 

Table 1  Geographic coordinates of the southernmost, northernmost, westernmost and easternmost study lake in each of the six study regions in 
Finland and Sweden

Number of lakes in which Equisetum, Eurasian Wigeon and Whooper Swan occurred (value before slash) or did not occur (value after slash) in 
the first (1990–1991) and second study period (2013–2014 for Equisetum; 2016 for Eurasian Wigeon and Whooper Swan) is also given for each 
region
Region names and numbers correspond to those in Fig. 1 of Elmberg et al. (1993)

Lappi (1), Finland Västerbotten 
(2), Sweden

Häme (3), Finland Karjala (4), Finland Södermanland 
(5), Sweden

Scania (6), Sweden

Coordinates of furthermost lakes
 South 66°49′N 63°45′N 61°10′N 61°32′N 58°57′N 55°53′N
 North 67°03′N 64°02′N 61°14′N 61°39′N 59°20′N 56°19′N
 West 25°05′E 19°36′E 25°02′E 29°33′E 16°22′E 14°12′E
 East 25°36′E 20°22′E 25°09′E 29°47′E 16°45′E 14°24′E

Equisetum
 1990–1991 6/2 5/5 5/5 5/5 2/8 4/6
 2013–2014 7/1 3/7 0/10 2/8 0/10 0/10

Eurasian Wigeon
 1990–1991 4/5 4/6 2/8 6/4 1/9 1/9
 2016 1/8 1/9 0/10 7/3 0/10 0/10

Whooper Swan
 1990–1991 2/7 0/10 1/9 0/10 0/10 0/10
 2016 4/5 3/7 3/7 4/6 2/8 0/10
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we are here specifically interested in Equisetum, we calcu-
lated the total length of Equisetum-dominated shoreline for 
each of the 60 lakes (see Pöysä et al. 2017).

We repeated waterfowl surveys in 2016 and the mapping 
of Equisetum vegetation in 2013–2014 on the same lakes 
using the same field protocol as in Elmberg et al. (1993), 
with the following exceptions. Waterfowl point counts were 
done only once in 2016 in region 1 (see Fig. 1 in Elmberg 
et al. 1993); the date of this single count was approximately 
between the dates of the two counts in 1990–1991. In addi-
tion, one lake from region 1 was excluded due to increased 
human settlement. For the same reason the mapping of 
Equisetum was not repeated in 2013–2014 for that lake 
and another lake in the same region (see Pöysä et al. 2017); 
these two lakes were excluded from all analyses dealing with 
change in Equisetum abundance.

Data on lake occupation by Eurasian Wigeon and 
Whooper Swan pairs in 1990–1991 and in 2016 were 
derived from the corresponding duck surveys described 
above. For the present study, we used presence/absence data 
as well as the lake-specific pair number of Eurasian Wigeon 
and Whooper Swan. A lake was classified as occupied by 
Eurasian Wigeon or Whooper Swan if at least one breeding 
pair of the species was observed in either of the two surveys 
(or in the single survey in 2016 for lakes from region 1, 
see above). We calculated average pair numbers from the 
two surveys, except for the lakes from region 1 in 2016, for 
which we used the pair numbers from the single census. The 
total length of Equisetum shoreline habitat was measured at 
each lake in 2013–2014 in the same way as in 1990–1991 
described in Elmberg et al. (1993); in principle, we used the 
same Equisetum data as in Pöysä et al. (2017, Fig. 2).

In total we studied 60 lakes, but the number included 
in a specific analysis depended on the study question. For 
example, when analyzing the association between Eurasian 

Wigeon and Whooper Swan, lakes from region 6 (i.e. the 
southernmost region; Table  1) were excluded, because 
the general breeding distribution of these species does not 
extend to southernmost Sweden [i.e. they have a northern 
distribution (Ottosson et al. 2012)]. Criteria for the inclu-
sion of lakes in a given analysis are specified in the Results.

Statistical methods

Because most of the data did not meet the requirements of 
parametric tests, we used non-parametric tests throughout. 
Changes between 1990–1991 and 2016 in the number of 
lakes occupied by Eurasian Wigeon and Whooper Swan 
were tested with a sign test. We used the Mann–Whitney 
U-test for comparison of differences between groups (i.e. 
tests for data summarized in Tables 2, 3, 4, 5). We used 
both absolute and percentage change of a given response 
variable in the comparisons. This was because, for example, 
a decrease of say 90 m in Equisetum obviously has a large 
effect in a lake with 100 m of Equisetum in total, whereas 
a 90-m decrease in a lake with 1000 m of Equisetum would 
probably be of minor importance. On the other hand, pure 
percentage decrease may not be informative if two lakes 
initially have very different amounts of Equisetum; in other 
words, a 90% decrease in Equisetum may be highly influen-
tial on a lake that has had 1000 m of Equisetum, whereas 
90% decrease would not matter so much if the lake had 
only 10 m of Equisetum. We used logistic regression to 
test whether the disappearance of Equisetum (0 = still pre-
sent, 1 = disappeared) was associated with lake coloniza-
tion (0 = not colonized, 1 = colonized) by Whooper Swan, 
and to test for association in lake occupation (0 = unoc-
cupied, 1 = occupied) by Eurasian Wigeon and Whooper 
Swan. Finally, we used the Spearman rank correlation to 
test if percentage change in Eurasian Wigeon pair number 

Table 2  Total length (m) of 
Equisetum-dominated shoreline 
and the proportion (%) of 
Equisetum-dominated shoreline 
of total shoreline in 1990–1991 
in lakes colonized and not 
colonized by Whooper Swan 
after 1990–1991

Lakes (n = 47) from five study regions in which Whooper Swan was observed either in 1990–1991 or 2016 
are included (lakes that were occupied by Whooper Swan already in 1990–1991 were excluded)
U, Mann–Whitney U test statistics for the comparison of medians between lakes colonized and lakes not 
colonized by the Whooper Swan; n, sample size

Lakes colonized by 
Whooper Swan

Lakes not colonized by 
Whooper Swan

U p

Equisetum-dominated shoreline (m)
 Mean 947 185
 Median 474 0 107.5 0.003
 Range 0–3493 0–1600
 n 13 34

Proportion of Equisetum-dominated shoreline (%)
 Mean 38.1 11.2
 Median 16.0 0 118.0 0.008
 Range 0–100 0–100
 n 13 34
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was associated with percentage change in the abundance of 
Equisetum.

Results

Whooper Swan and Equisetum

The number of lakes occupied by Whooper Swan increased 
from three to 16 (sign test, p < 0.001) between 1990–1991 
and 2016; the three lakes that were already occupied by 
Whooper Swan in 1990–1991 also had this species in 2016. 
Lakes colonized by Whooper Swan typically had more abun-
dant Equisetum vegetation in the past than lakes that were 
not colonized (Table 2).

As documented in Pöysä et  al. (2017), Equisetum 
decreased considerably from 1990–1991 to 2013–2014 
in most of the lakes studied here. However, lake-specific 
decrease of Equisetum was not associated with colonization 
by Whooper Swan (Table 3). Many lakes lost Equisetum 
altogether, but that phenomenon was not associated with 
lake colonization by Whooper Swan either (logistic regres-
sion, β = − 1.281, SE = 0.837, Z = − 1.531, p = 0.126, 
n  =  27 lakes in which Equisetum occurred either in 
1990–1991 or in 2013–2014; lakes that were already occu-
pied by Whooper Swan in 1990–1991 were excluded); in 
particular, there were 12 lakes from which Equisetum dis-
appeared from the early to the late time period even though 
they were not colonized by Whooper Swan during that time. 
Finally, nor was the disappearance of Equisetum associated 
with the presence of Whooper Swan either in 1990–1991 
or in 2016 (logistic regression, β = − 1.212, SE = 0.791, 
Z = − 1.532, p = 0.126, n = 29 lakes that were already 
occupied by Whooper Swan in 1990–1991 or were colonized 
after that).

Eurasian Wigeon, Whooper Swan and Equisetum

The number of lakes occupied by Eurasian Wigeon 
decreased from 18 to nine (sign test, p = 0.035) between 
1990–1991 and 2016. The decrease was not more severe 
on lakes that were colonized by Whooper Swan than on 
those not colonized (Table 4). Nor was current lake occu-
pation by Eurasian Wigeon negatively associated with 
that by Whooper Swan; in fact the association was posi-
tive (logistic regression, β = 1.825, SE = 0.795, Z = 2.295, 
p = 0.022, n = 50 lakes from the five regions in which both 
species occurred in 2016). Finally, Eurasian Wigeon did not 
decrease more on lakes from which Equisetum disappeared 
after 1990–1991 than on lakes in which there was still Equi-
setum left in 2013–2014 (Table 5). Similarly, there was no 
correlation between the proportional (%) change of Eurasian 
Wigeon pair number and the proportional (%) change in the 
length of Equisetum-dominated shoreline (Spearman rank 
correlation, rs = − 0.211, p > 0.30, n = 15 lakes in which 
both Eurasian Wigeon and Equisetum were observed either 
in 1990–1991 or in 2013–2014/2016).

Discussion

The number of lakes occupied by Whooper Swan in our 
study regions increased from 1990–1991 to 2016, whereas 
the number of lakes occupied by Eurasian Wigeon decreased 
over the same period. However, we did not find support for 
the idea that these opposite trends are causally linked at the 
lake level. The lake-specific decrease of Eurasian Wigeon 
was not associated with Whooper Swan colonization, nor 
was current lake occupation by Eurasian Wigeon negatively 
associated with presence of Whooper Swan. Furthermore, 
while Equisetum has decreased concurrently with increasing 

Table 3  Absolute (m) and 
proportional (%) change of 
Equisetum-dominated shoreline 
from 1990–1991 to 2013–2014 
in lakes colonized and not 
colonized by Whooper Swan 
after 1990–1991

Only lakes (n = 27) in which Equisetum occurred either in 1990–1991 or 2013–2014 are included (lakes 
that were occupied by Whooper Swan already in 1990–1991 were excluded)
U, Mann–Whitney U test statistics for the comparison of medians between lakes colonized and lakes not 
colonized by the Whooper Swan; n, sample size

Lakes colonized by 
Whooper Swan

Lakes not colonized by 
Whooper Swan

U p

Absolute change of Equisetum-dominated shoreline (m)
 Mean − 858 − 385
 Median − 716 − 286 120.0 0.079
 Range − 1935 to (+ 210) − 1600 to (+ 324)
 n 10 17

Proportional change of Equisetum-dominated shoreline (%)
 Mean − 69.4 − 68.0
 Median − 86.7 − 100 63.0 0.215
 Range − 100 to (+ 43.8) − 100 to (+ 100)
 n 10 17
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Whooper Swan numbers, the colonization of lakes by 
Whooper Swan alone does not explain the Equisetum 
decrease; there were several cases in which Equisetum had 
disappeared from a lake although it had not been colonized 
by Whooper Swan. Finally, we found that the lake-specific 
decrease of Eurasian Wigeon was not associated with the 
disappearance of Equisetum from the lake; we note, how-
ever, that sample size here was relatively small and, there-
fore, the power of our test low in this particular case.

The increase in lake occupation by Whooper Swan and 
the corresponding decrease in Eurasian Wigeon in our study 
are in line with overall population changes of these species 
in Finland and Sweden (Valkama et al. 2011; Ottosson et al. 
2012; Lehikoinen et al. 2013). That we did not find evidence 
for a negative lake-level impact of the Whooper Swan on 
Eurasian Wigeon breeding numbers and lake occupation 
is in line with Pöysä and Sorjonen (2000), who similarly 

studied changes in breeding numbers of Eurasian Wigeon 
and other dabbling duck species in lakes that had been colo-
nized by Whooper Swan versus control lakes that had not 
been colonized. Our present results add new information 
about the relationship between these two species, as we stud-
ied the possibility of a habitat change-mediated effect of 
Whooper Swan, a link that was not even recognized at the 
time when the data for Pöysä and Sorjonen (2000) were col-
lected (between 1985 and 1997). Even so, our present results 
suggest that the lake-level decrease of Eurasian Wigeon is 
not due to a presumed Whooper Swan-caused decrease in 
Equisetum abundance (but see below for the interaction 
between Whooper Swan and Equisetum).

Our results have more general implications when it comes 
to the presumed impact of large and increasing herbivorous 
birds such as swans on other waterfowl species (Conover and 
Kania 1994; Pöysä and Sorjonen 2000; Gayet et al. 2014, 

Table 4  Absolute (number 
of pairs) and proportional (%) 
change of Eurasian Wigeon pair 
numbers from 1990–1991 to 
2016 in lakes colonized and not 
colonized by Whooper Swan 
after 1990–1991

Only lakes (n = 18) in which Eurasian Wigeon occurred either in 1990–1991 or in 2013–2014 are included 
(lakes that were occupied by Whooper Swan already in 1990–1991 were excluded)
U, Mann–Whitney U test statistics for the comparison of medians between lakes colonized and lakes not 
colonized by the Whooper Swan; n, sample size

Lakes colonized by 
Whooper Swan

Lakes not colonized by 
Whooper Swan

U p

Absolute change of Eurasian Wigeon pair number
 Mean − 0.5 − 0.5
 Median − 1.0 − 0.5 47.0 0.436
 Range − 2.5 to (+ 5.0) − 3.0 to (+ 1.5)
 n 11 7

Proportional change of Eurasian Wigeon pair number (%)
 Mean − 49.3 − 37.7
 Median − 66.7 − 100 37.5 0.923
 Range − 100 to (+ 100) − 100 to (+ 100)
 n 11 7

Table 5  Absolute (number 
of pairs) and proportional (%) 
change of Eurasian Wigeon 
pair numbers from 1990–1991 
to 2016 in lakes that had either 
totally lost Equisetum since 
1990–1991 and in lakes in 
which there was still some 
Equisetum left in 2013–2014

Only lakes (n = 15) in which both Eurasian Wigeon and Equisetum were observed either in 1990–1991 or 
in 2013–2014/2016 are included
U, Mann–Whitney U test statistics for the comparison of medians between lakes from which Equisetum 
disappeared and lakes in which there was still some Equisetum left in 2013–2014; n, sample size

Lakes with Equisetum 
totally lost

Lakes with Equisetum 
still left

U p

Absolute change of Eurasian Wigeon pair number
 Mean − 1.3 − 0.6
 Median − 1.0 − 1.0 30.5 0.676
 Range − 2.5 to (− 0.5) − 3.5 to (− 5.0)
 n 6 9

Proportional change of Eurasian Wigeon pair number (%)
 Mean − 74.2 − 49.6
 Median − 75.0 − 100 28.5 0.848
 Range − 100 to (− 45.5) − 100 to (+ 100)
 n 6 9
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2016; Wood et al. 2017a), and whether these species thus 
could be considered ‘invasive’ sensu Valéry et al. (2008, 
2009), i.e. irrespective of whether they are native or not (see 
also Carey et al. 2012; Gayet et al. 2014). Specifically, it has 
been proposed that increasing swan populations in general 
have a negative impact on abundance of other waterfowl 
species. Neither the current study nor Pöysä and Sorjonen 
(2000) found such an impact. Similarly, Gayet et al. (2011b) 
did not find any negative impact of Mute Swan (Cygnus olor) 
pair presence on the occurrence of other waterbirds on fish-
ponds in eastern France. Gayet et al. (2014) also concluded 
that Mute Swan population increase cannot be considered 
as a biological invasion in Europe. Nor did Wood et al. 
(2017b) find support for the idea that swans in general are 
more aggressive than other groups of waterbirds. Based on 
our current findings and those of Pöysä and Sorjonen (2000) 
we suggest that colonization of eutrophic lakes by Whooper 
Swan has not contributed to the overall decline of waterbird 
species on those lakes (Pöysä et al. 2013; Lehikoinen et al. 
2016). Hence, current knowledge does not support the idea 
that Whooper Swan has become invasive sensu Valéry et al. 
(2008, 2009) within boreal waterfowl communities.

Contrary to our prediction, lake-level decrease of Eura-
sian Wigeon was not associated with lake-level decrease of 
Equisetum. This is somewhat surprising; based on previous 
findings that breeding Eurasian Wigeon prefer lakes with 
abundant Equisetum vegetation (Pöysä et al. 2017), lakes 
that have lost Equisetum should have become less suitable 
and less occupied, and, as consequence, should have shown 
stronger decrease in breeding Eurasian Wigeon numbers. 
For comparison, Lehikoinen et al. (2016) documented that 
the population decline of Eurasian Wigeon since the early 
1990s has been stronger on eutrophic (preferred habitat) than 
on oligotrophic wetlands (less preferred habitat). If habitat 
selection is density dependent and follows predictions of 
the ideal free distribution theory, preferred habitats should 
always be occupied and less preferred habitats should lose 
breeding individuals first when overall population density 
decreases (Fretwell and Lucas 1970; O’Connor 1986). 
Hence, assuming that habitat distribution is at equilibrium 
and density dependent, one would expect equal decreases in 
Eurasian Wigeon numbers only if the rate of habitat dete-
rioration was equal irrespective of the change in Equisetum 
abundance. On the other hand, it is possible that due to the 
long-term population decline, breeding numbers of Eurasian 
Wigeon are far below present carrying capacity; at low pop-
ulation densities habitat occupation may be largely driven 
by stochastic events (Wiens and Rotenberry 1981; Beletsky 
and Orians 1994; Haila et al. 1996). There were five lakes in 
our sample that did not have Equisetum at all (i.e. neither in 
1990–1991 nor in 2013–2014) but did have Eurasian Wig-
eon, which decreased on three of these lakes but increased 
on the two other. These observations suggest that stochastic 

events may indeed affect lake occupation of Eurasian Wig-
eon at current densities, the overall lake-level trend being a 
decline irrespective of habitat type and quality. Also factors 
other than those related to Equisetum foraging habitat obvi-
ously affect lake selection of Eurasian Wigeon pairs (e.g. 
nest predation risk), and the presence of Equisetum alone 
is not a sufficient measure of habitat quality. For example, 
well-developed sedge (Carex spp.) stands may provide alter-
native foraging habitat for Eurasian Wigeon (Jacobsen 1991, 
1993). Indeed, ideally habitat quality should be measured 
in terms of demography (van Horne 1983; Johnson 2007).

Finally, site tenacity of breeding individuals and time lags 
in response to habitat change (O’Connor 1985; Wiens et al. 
1986; Beletsky and Orians 1994; see also Pöysä 2001) may 
also explain why lakes with decreased Equisetum abundance 
were occupied by breeding Eurasian Wigeon, although such 
effects should not last over such long periods as in the pre-
sent study. Also important to note here is that we only con-
sidered associations between Equisetum and the occupancy 
of breeding pairs. That we did not find any such correlation 
is not to say this also goes for other phases of the breeding 
period, in particular the brood-rearing period, which in fact 
may be more important than the ‘pair phase’ in demographic 
terms. All in all, factors affecting habitat occupation, hab-
itat-specific breeding success and habitat-specific changes 
in breeding numbers of Eurasian Wigeon warrant further 
research, in particular because we still do not know all the 
reasons underlying the long-term population decline of the 
species (see also Fox et al. 2016).

Our study indicates that there are other reasons for the 
Equisetum decline in that grazing pressure by Whooper 
Swan alone cannot explain it. However, we note that, as our 
direct observations from the field indicate (see Pöysä et al. 
2017), grazing by Whooper Swan does affect Equisetum 
stands negatively. We should keep in mind that herbivore 
impact on macrophytes depends on consumer density, espe-
cially the biomass density of consumers (Wood et al. 2012, 
2017a). Because of strong territoriality, breeding density 
of Whooper Swan in boreal lakes is low, i.e. usually only 
one pair or family per lake (see below). Hence whole-lake 
grazing pressure is probably often relatively low, although 
recurrent grazing over several years may be influential also 
at lake level, especially in small lakes. We suggest that graz-
ing by Whooper Swan is only one among possibly several 
reasons behind the decline of Equisetum. As is discussed in 
Pöysä et al. (2017), other herbivores could come into ques-
tion and several possible anthropogenic stressors may affect 
Equisetum abundance. A decline of Equisetum has been 
observed in many other lakes than those studied by us. For 
example, Nurminen (2003) found it in lake Hiidenvesi, a 
strongly eutrophic lake in southwestern Finland. She specu-
lated that changes in bottom structure in the lake had been 
disadvantageous to Equisetum; specifically, a softening of 
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the bottom substrate combined with water level fluctuations 
and ice erosion may have contributed to the decline. One 
aspect that merits further investigation is what kind of role 
drastically increased cyprinid fish populations (Olin et al. 
2002) may have in this kind of process; due to their foraging 
habits cyprinids may directly impact soft bottom sediments 
of eutrophic lakes and cause bioturbation (Hansson et al. 
1998). In sum, exclosure experiments are needed to confirm 
our current findings related to grazing by Whooper Swan, 
and to disentangle such effects on Equisetum from other fac-
tors such as impacts of cyprinids.

Our data are snapshots from two time periods ca. 25 years 
apart, and this may bring about problems in interpretation, 
especially related to Eurasian Wigeon and Whooper Swan 
data. However, we consider the observed changes real as 
they are in line with those of other studies based on long-
term data from Finland and Sweden for both species (Ottos-
son et al. 2012; Lehikoinen et al. 2013, 2016). Furthermore, 
the impact of Whooper Swan on Equisetum could be con-
founded if Whooper Swans do not breed consistently on a 
given lake but frequently switch lakes between years and, 
in particular, abandon a lake after the disappearance of 
Equisetum. We do not think this is the case, however, since 
Whooper Swan is a long-lived species with high breeding 
site fidelity (Saurola et al. 2013). For example, in one of the 
current study lakes (Lake Kivilahti) from region 4 (south-
eastern Finland) (see Elmberg et al. 1993, Fig. 1), where 
waterfowl numbers have been surveyed annually since 1985 
(Pöysä and Pesonen 2003), Whooper Swan colonized the 
lake in 1995 and one pair was observed on it every year until 
2016 (H. Pöysä, unpublished data). Another lake (Humal-
lampi) from the same region was colonized by Whooper 
Swan in 1999 and that lake, too, was occupied by one pair 
of Whooper Swan since then every year until 2016. In 
Kivilahti, Equisetum declined in extent from 1874 to 405 m 
between 1990 and 2014, whereas in Humallampi, Equisetum 
had disappeared by 2013 (extent of Equisetum-dominated 
shoreline was 981 m in 1990). On both of these lakes, vigor-
ous fights between Whooper Swan pairs have been observed 
(H. Pöysä, unpublished data), so we cannot be sure if the 
same pairs have occupied the lakes throughout the years. 
Nevertheless, these observations suggest that, once a lake 
has been selected by a Whooper Swan pair, lake occupa-
tion is regular and continues even after Equisetum decline 
or disappearance.

In conclusion, we did not find support for the idea that the 
decline of Eurasian Wigeon breeding numbers is causally 
related to the increase of Whooper Swan numbers. Whooper 
Swan may locally eradicate Equisetum stands, a foraging 
habitat preferred by Eurasian Wigeon broods, but grazing 
pressure by Whooper Swan alone does not explain the dras-
tic decrease of this vegetation type in boreal lakes. Further 
research is needed on factors affecting habitat occupation, 

habitat-specific breeding success and habitat-specific 
changes in breeding numbers of Eurasian Wigeon, as we do 
not know the reasons underlying the long-term population 
decline of this species.
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