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Abstract

Natural wetlands, including reedbed ecosystems, are globally declining in area and quality at an alarming rate. Given
their importance for biodiversity and provision of ecosystem services, understanding the causes of reedbed decline is
essential for conservation. Previous research shows that grazing by geese can have a strong impact on emergent vegeta-
tion in both Arctic and temperate wetlands. In this study, we used exclosures to examine the direct impact of grazing
by greylag goose Anser anser on common reed Phragmites australis, as well as indirect effects on macroinvertebrates,
during one season (April-August, 2023) in Lake Takern, Sweden. In this eutrophic lake, the number of geese has
increased during the last decades, simultaneously with a decline in reedbed area. The experiment revealed significant
impacts on reed growth variables already in early June. In open (control) plots, reed shoots were shorter than in the
exclosures. This difference remained throughout the season. Moreover, at the end of the experiment, reed biomass was
lower and horizontal expansion smaller in the control plots. However, no significant effects were observed for reed
stem density, or aquatic invertebrates (number of taxa and total abundance). As the exclosures led to expansion of new
reed shoots and higher biomass, we suggest that temporal fencing could contribute to protection and reestablishment
of reedbeds in this lake. We also suggest that further studies should explore whether grazing impacts can propagate
through the rhizome-connected clonal network, potentially inhibiting neighbouring shoot growth and weakening reed’s
resistance to herbivory.

Keywords Aquatic macroinvertebrates - Herbivory - Macrophytes - Vegetation - Waterfowl - Wetland

Introduction

Natural wetlands are in long-term decline globally, both in
terms of habitat quality and area, with an estimated loss of
411 million hectare (about 22%) since 1970 (Convention
on Wetlands 2025). This is concerning given their typically
high biodiversity and productivity (Gardner and Finlayson
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2018). A common and often dominant species in many
wetlands is common reed Phragmites australis (hereafter
“reed”), a clonal, rhizomatous perennial grass that forms
dense stands and can cover large wetland areas (Haslam
1972; Ostendorp 1993). These reedbeds are of special
interest as they create a distinct environment at the inter-
face between aquatic and terrestrial ecosystems. Reedbeds
do not only provide habitat for a diverse range of species,
including birds, fish, mammals, and invertebrates (Valkama
et al. 2008; Sarneel et al. 2014; Andersen et al. 2021), but
also important ecosystem services, such as carbon fixa-
tion, soil formation and stabilization, nutrient cycling, and
water filtration (Haslam 1972; Ostendorp 1993; Bakker et
al. 2018). Although common and characteristic of many
wetlands in the northern hemisphere, there is a growing
concern about the degradation of reedbeds, which has been
reported in many sites since the late 20th century, including
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in Europe. There is no consensus on the explanations to the
phenomenon, which is called “reed die-back” (van der Put-
ten 1997), but suggestions include eutrophication, climate
change, shoreline changes, wave erosion, and insect and
fungal pests (Ostendorp 1999; Armstrong and Armstrong
2001; Vermaat et al. 2016; Packer et al. 2017; Dosdall et al.
2018; Gaberscik et al. 2020; Ojdanic et al. 2023). Among
other potential causes of reed degradation, increasing popu-
lations of grazing mammals (e.g. muskrat Ondatra zibethi-
cus) and waterfowl (e.g. greylag goose Anser anser) have
received growing attention in recent years (Vermaat et al.
2016; Bakker et al. 2018).

In general, species diversity contributes to maintain-
ing ecosystem functioning and structure (Naecem et al.
2009; Sekercioglu et al. 2016). However, when one species
becomes overabundant, it can lead to adverse ecological
and socioeconomic impacts, exemplified by growing pop-
ulations of geese in Northern Europe and North America
(Ankney 1996; Nilsson 2002; Fox et al. 2017). The increase
in goose numbers likely has multiple causes, but is believed
to be mainly attributed to a shift in foraging habits, from
the utilization of natural habitats in the vicinity of wetlands,
to pasture and crop lands in agricultural landscapes (Jeffer-
ies et al. 2003; Buij et al. 2017; Fox and Madsen 2017). In
addition, greater protection of species (e.g. through hunting
restrictions) and their habitats (e.g. establishment of pro-
tected areas) have likely contributed to population increases
(Fox and Madsen 2017). In combination with climate
change effects, this has resulted in larger summer popula-
tions and being more sedentary at sites that were previously
used only for wintering (Feige et al. 2008; Klok et al. 2010;
Dessborn et al. 2016; Buij et al. 2017).

Previous studies on goose grazing have documented
strong impacts on wetland vegetation in some Arctic tundra
regions (Abraham and Jefferies 1997; Jefferies et al. 2003).
In temperate wetlands, several studies suggest that water-
fowl generally have a negligible effect on vegetation, except
when vegetation is sparse or where herbivore densities are
high (Marklund et al. 2002; Chaichana et al. 2011). In such
cases, grazing, grubbing, and trampling by geese can sig-
nificantly alter vegetation structure, reduce plant biomass,
and affect species diversity (Gauthier et al. 2004; Chaichana
et al. 2011; Fox et al. 2017; Bakker et al. 2018; Tombre et
al. 2019). Moreover, impact may also include indirect cas-
cading effects on invertebrates (e.g. Sherfy and Kirkpatrick
2003; Flemming et al. 2022). Some aquatic ecosystems,
such as smaller shallow lakes and surrounding wetlands,
seem to be particularly susceptible (Dessborn et al. 2016;
see also review by Bakker et al. 2016). However, the find-
ings are not consistent across regions, and differences
between Arctic and temperate systems may partly reflect
uneven research efforts, with more studies from temperate
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areas. In fact, according to a systematic review by Wood et
al. (2017), there is no general effect of latitude on the magni-
tude of herbivore impacts (including geese) on macrophyte
biomass in aquatic ecosystems.

In wetlands, alterations in vegetation structure directly
affect the feeding and nesting habitats of waterbirds (Smart
etal. 2006; Beemster et al. 2010), while also indirectly influ-
encing nutrient cycling and overall ecosystem functioning
(Nishizawa et al. 2021). Waterfowl can additionally impact
water quality by redistributing nutrients through guano
deposition (Kitchell et al. 1999; Green and Elmberg 2014;
Fox and Madsen 2017; Adhurya et al. 2020). In nutrient-rich
wetlands, high densities of geese can thus lead to further
increase in nutrient levels, algal blooms and oxygen deple-
tion, which in turn may result in adverse effects for macro-
invertebrates and other aquatic organism groups (Dessborn
et al. 2016; Buij et al. 2017; Wang et al. 2021). However,
some research suggests a positive correlation between geese
abundance and macroinvertebrate richness and abundance,
which may reflect shared habitat preferences rather than
enhanced environmental conditions for invertebrates (Jen-
sen et al. 2019; Gunnarsson et al. 2024). Macroinvertebrates
are integral components in reedbed ecosystems (Kornijow
et al. 2021), influencing decomposition and thus nutri-
ent cycling within reedbeds and serving as prey for both
waterfowl and reed dwelling birds (e.g. Cooper and Ander-
son 1996; Covich et al. 1999; Silver et al. 2012). The taxo-
nomic and functional composition of macroinvertebrates
may differ within reedbeds, depending on e.g. reed stem
density, water depth, oxygen concentration, nutrient levels,
and proximity to the shoreline or open water (Kornijow et
al. 2021). It is therefore likely that grazing may indirectly
affect ecosystem processes and biodiversity through habitat
alteration.

Lake Takern, located in south-central Sweden is recog-
nized for its high biological diversity and importance as a
staging and breeding site for birds, with 270 bird species
recorded and about 100 confirmed nesting (Ramsar 2017b).
Among these is the greylag goose, which occurs at the lake
in high numbers during most parts of the year. For example,
29,000 individuals were counted at the lake in early Sep-
tember 2021, which is the highest number so far recorded
at a single location in Sweden (Bergner and Gezelius 2022).
Due to its ecological importance, the lake is protected as
both a Ramsar site and part of the Natura 2000 network
(European Commission 2007; Ramsar 2017b). A large part
of the lake is covered by reedbeds, but have been reported
to decline markedly in recent decades. Spatial and tempo-
ral overlap with growing numbers of greylag goose has led
to the hypothesis that their grazing may be a major driver
of reedbed decline (Bergner and Gezelius 2022), although
direct experimental evidence is lacking.
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The aim of this study is therefore to experimentally
examine short-term effects (one breeding season) of greylag
goose grazing on common reed, a key structural species in
the reedbeds of Lake Tékern. In addition to reed-specific
responses, the study also examines impacts on aquatic
macroinvertebrates. We hypothesize that goose grazing
negatively affects reed shoot growth and indirectly reduces
macroinvertebrate abundance and richness.

Methods
The study site

Lake Takern is a 44 km? shallow, moderately eutrophic lake
in the county of Ostergdtland, south-central Sweden (58°
21° N, 14° 48’ E; Fig. 1; Ramsar 2017b). Although several
goose species are regularly observed at the lake, greylag
goose is the most numerous one, also in terms of breeding
number (Gezelius et al. 2022). The lake and its surround-
ings provide high quality feeding habitats sustaining sub-
stantial numbers of greylag geese during a large part of
the annual cycle. In line with a general trend in Northern
Europe (Fox and Madsen 2017), numbers of greylag goose
in Lake Takern have increased during the last decades. This

is evident when analysing annual monitoring data from
Tékern Field Station, collected consistently since 1998 in
standardized point counts around the lake, recording morn-
ing flights from the lake roost to surrounding farmland (Fig.
2). In autumn and mild winters the geese mostly forage in
adjacent fields, whereas they use meadows close to the lake
during the breeding period in spring and summer. Here, the
number of greylag goose often exceed ten thousand (includ-
ing moulting birds; Gezelius et al. 2022).

Reedbeds are characteristic of Lake Takern, covering
more than 30% of the lakes surface. Its degradation in cover
in recent decades, as suggested by Bergner and Gezelius
(2022), also appears by analysing (Image J, v. 1.8.0, 2023)
georeferenced high-resolution satellite TIFF images of four
larger reedbeds around the lake during 20042022 (Fig. 2,
Appendix 1).

No mammalian herbivores are known to utilize the reed-
beds in Lake Tékern as a food resource. Wild boar (Sus
scrofa) frequently occurs in the reedbeds, but do not graze
on it. Based on recent data collected in a standardized gill
net survey (EN 14757), the fish community is dominated by
perch (Perca fluviatilis) with a relative abundance of 54%
(Skog 2020). Among other species, none are strict herbi-
vores, although omnivorous cyprinids such as roach (Rutilus
rutilus, 16%) and rudd (Scardinius erythrophthalmus,

Fig. 1 Location of Lake Takern in south-central Sweden. The study area was in the southern part of the lake (see also Fig. 3). ©Lantmateriet,

SWEREF 99 TM, 2025
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Fig. 2 Goose numbers (dots) and reed cover (bars) at Lake Takern
during the last decades. Annual goose data were collected in August,
and Kendall’s rank correlation confirms a significant increase over the
years (t=0.38, n=26, p=0.005) (trend line is generated as a general-

9%) occasionally consume macrophytes (Brabrand 1985;
Johansson 1987). As our experimental design (see below)
allowed fish access, any potential effects of fish grazing are
assumed to be similar between treatments.

Field exclosure experiment
Experimental design

Eight exclosures were established between April 21 and 28
in 2023 to exclude waterfowl, each paired with a correspond-
ing open (control) plot that allowed full access to waterfowl.
The exclosures were placed within the experimental area,
along a 1.5 km reedbed stretch near the bird-watching tower
at Gléanas, in the southern part of the lake (Fig. 3). Selection
of sites for excloures and controls was based on accessibility
from a boat and the presence of a relatively straight, homog-
enous reedbed edge, enabling accurate estimates of reed
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ized additive model). Reed cover values are means (with SEM), based
on four larger reedbeds around the lake (Appendix 1) assessed in four
years, and expressed as percentages relative to 2004 set as 100%. See
main text for details

horizontal expansion distance by the end of the experiment
(see below). Common reed dominance was consistent across
all sites, with presence of sparsely occurring reed sweet-
grass Glyceramaxima, lesser bulrush Typha angustifolia and
branched bur-reed Sparganium erectum.

The exclosures measured 3 %2 m and extended at least
1 m above the water surface to prevent waterfowl access
(Fig. 4). They reached downward to approximately 10 cm
above the sediment, allowing fish to pass below, but exclud-
ing e.g. diving ducks and rails, which were never observed
inside, confirming effective exclusion. The exclosures were
constructed from plastic netting (mesh size: 19x19 mm)
attached to four wooden poles (45x45 mm), one at each
corner. Each exclosure was set out across the reedbed edge,
resulting in one half of the cage enclosing reedbed and the
other half open water. To deter birds from landing within the
exclosures, two red-and-white plate bands were suspended
diagonally across their top (Fig. 4).
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Fig. 3 Bird counting areas and exclosure locations in the southern part
of Lake Tékern. Two areas were selected for bird counting, an open
water area and a meadow area. The former also includes the positions

Control plots were positioned 520 m from the exclo-
sures and marked with two poles spaced 2 m apart at the
reedbed edge, thus corresponding to the midpoint of an
exclosure, but without any fencing, leaving the area fully
accessible to birds.

Sampling, as described below, was done on June 1, July
26, and August 27-28 in 2023, and thus covered the breed-
ing, moulting, and post-moulting periods of geese.

Reed sampling

Reed stem density (i.e., number of current-year shoots) was
estimated using five quadrats (0.5 % 0.5 m) placed within the
sampling area at each exclosure and control plot, consid-
ering potential edge effects (Fig. 4). Quadrats were placed
arbitrarily within the designated area, covering open water
and occasionally capturing the transition zone from dense
reed to open water, but not extending more than 0.5 m into
the reed edge. In each exclosure and control plot, ten stand-
ing shoots (i.e., excluding long fallen shoots) were measured

of the eight exclosure and control pair plots used for reed and macroin-
vertebrate sampling. Digitala Kartor och Geodata, slu.se, 2025

to the nearest millimetre from the sediment surface to the tip
to estimate average height. Mean values of stem density and
height were used in subsequent analyses.

In addition to reed height and density, the assessment
included measurements of horizontal shoot expansion over
the course of the experiment. At each exclosure and control
plot, the distance from the reedbed edge to the most distant
new shoot was measured on June 1 and again at the final
sampling on August 27. Horizontal expansion was calcu-
lated as the difference between these two measurements.
Only shoots established within the plot boundaries were
considered, limiting the maximum measurable expansion to
150 cm.

To document standing biomass of annual reed shoots at
the end of the experiment, all such stems within two diago-
nally positioned 0.5 m? quadrats, one located in the reedbed
part and the other in the open water part of each exclosure
and control plot (Fig. 4c), were harvested on August 28. All
stems within each quadrat were cut at the sediment surface
using secateurs and then dried at 70 °C for 48 h (Termaks

@ Springer
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Fig. 4 Design of the exclosures used in the study. (a) Side view; (b) Three-dimensional view; (¢) Top view; sampling area is the inner darker area
(2x1m), excluding a 0.5 m strip from the net to mitigate edge effects, and with sampling quadrats for biomass measurements (“Cutting”) outlined

drying oven, model TS 8136) or until mass was constant by Elmberg et al. (1992), in which activity traps are used

(Sartorius scale, model BP 3100 S). to collect nektonic invertebrates. The trap consisted of a
one-litre glass jar fitted with a plastic funnel measuring 100
Aquatic macroinvertebrate sampling mm at the large opening and 20 mm at the narrow end. To

match the peak of waterfowl using invertebrates as prey,
Sampling of aquatic macroinvertebrates followed the  and to be comparable to similar studies (e.g. Elmberg et al.
method proposed by Murkin et al. (1983) and modified  1992), data collection was carried out on June 1, when two
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traps were placed within the sampling area of each exclo-
sure and control plot, at a median depth of 27 cm. All traps
were oriented with the funnel opening parallel to the reed
edge, facing the same direction across all plots. After 48
h, traps were retrieved and the invertebrates preserved in
70% ethanol before transport to the laboratory for classi-
fication and counting. Mean values from the two traps in
each exclosure and control plot were used in subsequent
statistical analyses.

A previous study (Kornijow et al. 2021) has shown that
even when analyzed at low taxonomic resolution, macroin-
vertebrates in reedbeds can be used to examine local differ-
ences in diversity, relative abundance of individual taxa and
total density. The collected invertebrates were thus identi-
fied to the family level for insects, crustaceans, leeches and
snails, class for ostracods (Ostracoda), and subclass for
mites (Acari) and worms (Oligochaeta) (see complete list
of protocol taxa in Appendix 2, modified from Nudds and
Bowlby 1984).

Waterfowl counts

To gather descriptive information about the waterfowl
community at the study site (i.e., not to be analyzed sta-
tistically), monthly counts were done from April to August
2023 in two distinct areas in the southern part of the lake: a
3.9 ha meadow in the blue border, and a 15.3 ha open water
area; with observations made from a trail and bird tower,
respectively (Fig. 3). The point count method followed the
protocol described by Koskimies and Viisdnen (1991). The
surveys revealed that greylag goose was the most abundant
waterbird, with maximum numbers observed in June. Other
observed waterbirds, in descending order of abundance,
included gadwall Mareca strepera, Eurasian coot Fulica
atra, common pochard Aythya ferina, mute swan Cygnus
olor, tufted duck Aythya fuligula, and mallard Anas platy-
rhynchos (Appendix 3).

Statistics

All statistical analyses and visualizations were conducted
using R software (version 4.5.0). Paired analyses (t-test
or Wilcoxon) were used to assess differences between
exclosures and their matching control plots, with separate
tests conducted for each sampling period. The variables
assessed included reed height, reed density, reed biomass,
number of macroinvertebrate taxa, and macroinvertebrate
abundance (for all taxa pooled, as well as for the most
common taxa, defined as those occurring in at least half of
exclosure/control pairs). The assumption of normality of

differences was met in all cases, as evaluated by Shapiro-
Wilk test, except for abundance of invertebrates, for which
Wilcoxon paired test was applied.

Results
Reed height, density, expansion and biomass

Reed stems were significantly taller in the exclosures than in
the control plots (Fig. 5). Already in June, reed in exclosures
had a greater height and this difference remained significant
in the two subsequent months. In late July, the differences
in reed height became more pronounced. By August, how-
ever, the median reed height had decreased slightly in both
control and exclosure plots, with increased variability, par-
ticularly in the exclosures, as indicated by lower medians
and larger interquartile range compared to the previous sam-
pling occasions.

The medians of reed stem density were higher in exclosures
than in the control plots throughout the season. However, these
differences were not statistically significant (Fig. 6).

The comparison of reed horizontal expansion distance
showed that excluding waterfowl had a significant posi-
tive effect (t = —2.31, n=8, p=0.036), being greater in
exclosures (median=98 cm, IQR=74) than in control
plots (median=50 cm, IQR=120). The horizontal expan-
sion of the reed in the exclosures could have been wider,
if not restricted by the maximum reach of the cages at 150
cm from the reedbed edge, and the effect of grazing is thus
likely underestimated.

At the end of the experiment, significantly higher reed
dry weight biomass was noted in the open water part of the
exclosures, being almost seven times greater than in the
control plots. In contrast, biomass in the reedbed part was
not significantly different between exclosures and control
plots (Fig. 7).

Number of taxa and abundance of aquatic
macroinvertebrates

The number of macroinvertebrate taxa did not differ
between exclosures (median=7.5, IQR=4.0) and control
plots (median="7.5, IQR=3.0; t=0.25, n=8, p=0.811). The
same holds for the total abundance of invertebrates, with
equal numbers for exclosures (median=40.5, IQR=36.8)
and control plots (median=36.8, IQR=29.5; Z = —1.26,
n=38, p=0.208). Separate analyses of the most commonly
occurring taxa did not reveal in significant differences either
(Appendix 4).
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Fig. 5 Reed stem height (cm) on three sampling occasions (June 1; July 26; August 27) in exclosures and control plots. Pairwise t-test results are

presented atop the graphs; n=8

Discussion

The experiment revealed significant effects of geese graz-
ing on reed stem height, horizontal expansion, and stand-
ing biomass at the end of the study. Although we did not
study reedbed area per se, these findings align with simi-
lar previous studies (van den Wyngaert et al. 2003; Bakker
et al. 2018; Reijers et al. 2019), supporting the suggestion
that increasing goose populations have played a role in the
reduction of reedbeds in Lake Tékern in recent decades
(Bergner and Gezelius 2022).

Grazing effects were noted already at the first sampling
in early June and appeared even stronger in July, after
which they stagnated. The latter may partly be explained
by the fact that long fallen stems, observed to be more
common in August, were left out. Yet, lower grazing
effects during the season is consistent with observations
of decreasing goose numbers towards the end of the sum-
mer and with previous research (Haslam 1969; Hudec

@ Springer

1973). Such early-season grazing is largely driven by
the high nutritional value and accessibility of young reed
shoots, which are green, soft, and nutrient-rich (Bakker et
al. 1999; Reijers et al. 2019). As the season progresses,
the shoots become taller, denser, and accumulate silica,
a known herbivore deterrent, reducing their palatability
(Hwang and Metcalfe 2021).

Interestingly, grazing by geese has been shown by van
den Wyngaert et al. (2003) to result in increased net pro-
ductivity of reed shoots. In their study, grazing led to less
bottom substrate in terms of organic debris, in contrast
to ungrazed areas where dead leaves and culms of reed
accumulated, lowering the oxygen level in the water and
sunlight availability. Similar results are reported from a
study on effects of winter harvest of reed in Lake Takern
(Hansson and Granéli 1984), in which the removal of
culms and leaves from the previous season reduced the
amount of decomposing debris and resulted in increased
shoot density and higher biomass the following year.
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However, in the present study, there were no indications
of compensatory growth in the grazed plots, as indicated
by similar densities between treatments and lower val-
ues for height and standing biomass in the control plots
than in the exclosures. Concerning reed height, we noted
a posteriori that even ungrazed shoots, i.e., when ana-
lyzed separately from grazed shoots, were lower in the
control plots than in the exclosures throughout the sea-
son (n=28, p < 0.029). This is intriguing, and we suggest
such reduced growth could be a result of declined ener-
getic status. We base this suggestion on previous results
from experimental cutting of growing reed, indicating
that effects of grazing are likely to depend on its timing,
frequency, whether stems are grazed below or above the
water surface, and the physiochemical characteristics of
the sediment in which the reed is growing (Weisner and
Granéli 1989; Hayball and Pearce 2004). Cutting stems
below the water surface blocks oxygen translocation from
stem and leaves to the belowground rhizome. Cutting

above the surface, which is relevant for simulation of
grazing by geese, has less impact on oxygen transloca-
tion, but the outcome depends on sediment characteris-
tics. In reed growing in sediment with low redox potential
(i.e., organic and nutrient rich), translocation of oxygen
is blocked and growth therefore reduced (Weisner and
Granéli 1989). Hypothetically, in the present experiment,
reduced growth of ungrazed stems in the control plots
could thus have resulted from low oxygen in adjacent,
physiologically connected, rthizome. Low oxygen stress is
likely to be more pronounced early in the growing season,
when growth rate is at its maximum and stored energy
is at its minimum (Weisner and Granéli 1989; Granéli et
al. 1992). However, without data on redox potential in
the sediment in the present study, the causal relationship
behind oxygen stress and the indirect effects on growth of
ungrazed shoots become speculative. Yet, the study lake
in Weisner and Granéli (1989), the eutrophic Lake Krank-
esjon in southern Sweden (Ramsar 2017a), showing low
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redox potential of its sediment, is similar to Lake Tékern
regarding water chemistry and plant species composition
(Blindow et al. 1993). Furthermore, a study on effects of
winter harvest on subsequent reed growth was conducted
by Hansson and Granéli (1984) in Lake Tékern at a site
close to the present study location. During summer, their
results showed diurnal fluctuations in oxygen and redox
potential in the water within the control area, and usu-
ally negative redox potential in the sediment, indicating a
chemically reducing environment. If such reducing condi-
tions for reed roots and rhizome also prevail at the study
area in the present study, this could hence explain the lack
of compensatory growth in terms of shoot density, stem
height and final standing biomass.

That significant grazing effects were not detected for all
variables may be linked to the fact that our study was short-
term, and the lack of a significant effect on reed density thus
suggests that such rhizomatous plants may require longer
periods to show measurable changes in this variable. This
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aligns with findings by Bakker et al. (2018), who reported
that it took two years of goose exclusion before reed density
differences became apparent. Likewise, early summer cut-
ting of new reed stems was shown to reduce growth in the
following year for reed growing in the organic sediment of
Lake Krankesjon (Weisner and Granéli 1989). This implies
that in a eutrophic wetland like Lake Tékern, evaluation
of management should proceed over several years, even if
actions intended to protect reed are implemented only for a
shorter period.

While no signs of compensatory growth were detected
in the present study, it remains possible that such
responses occur under different conditions. For instance,
previous studies have found that reed harvest can stimulate
the development of secondary shoots (Bjorndahl 1985;
Engloner 2009). Other potential long-term consequences
include reduced reproductive success. In fact, repeated
cutting, like frequent grazing, can prevent inflorescence
development (Kulik et al. 2023), thereby reducing seed
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production and limiting the capacity for sexual reproduc-
tion. Although reed primarily reproduces vegetatively,
sexual reproduction remains important for dispersal and
maintaining genetic diversity (Engloner 2009). In this con-
text, stem height, being affected by grazing in our study,
may be of significance too, as taller stems have been docu-
mented to have greater potential for seed germination,
competitive success, and biomass (McKee and Richards
1996; Gaberscik et al. 2020).

There are likely several causes behind the profound
reduction in reed biomass outside the established reedbed
as revealed by our results. Besides what has been suggested
above regarding translocation of oxygen, another obvious
reason is that grazed stems in the open areas outside the
reedbed edge did not appear to increase in height after
the grazing event, as judged by similar values recorded
from June to August (Appendix 5). In other words, when
the geese graze the most edible top, they also remove the
growth zone of the straw, thus affecting biomass.

In contrast to the effects on reed growth and bio-
mass, the exclusion of geese did not significantly affect
the number of taxa or the abundance of aquatic macro-
invertebrates. This result appears to contradict previous
findings by Gunnarsson et al. (2024), which showed a
positive correlation between the presence of geese and
invertebrate richness and abundance, suggestively by
indirectly altering habitat structure and nutrient dynam-
ics. Differences in study design, environmental context,
or timescale could explain these discrepancies. Still, there
is previous research suggesting a minor impact of water-
fowl on macroinvertebrates (Marklund et al. 2002). On
the other hand, the timescale may indeed be an important
factor in this case, as grazing has been suggested to ini-
tially alter habitat structure and nutrient dynamics, which
may subsequently contribute to eutrophication and affect
invertebrates (Vickery 1999; Wang et al. 2021). Macro-
invertebrates are indeed an integrated organism group in
reedbeds (Kornijow et al. 2021). We therefore call for fur-
ther research specifically focusing on long-term studies of
indirect effects associated with reedbeds and their macro-
invertebrate communities.

A long-term decline in reedbeds will likely result in
altered composition of organism groups that are funda-
mental to the goals of preserving many wetlands (Grave-
land 1998; Beemster et al. 2010; Voslamber and Vulink
2010). Based on the results of the present study, not least
the ability of reed to occupy new areas when grazing is
removed, temporal fencing of selected reedbed areas may
be useful to counteract such trends. In particular, it may

be of interest to examine whether a relatively short period
of protection from grazing in early summer, when grazing
pressure is highest, would be sufficient for reed shoots to
reach a height and accumulate enough silica to become
less vulnerable to grazing. In this context, it is also impor-
tant to consider aspects linked to other birds and local
conditions. For example, in the present study area, high
grazing pressure observed in early summer was likely due
in large part to moulting non-breeding birds, which may
have been displaced from adjacent meadows by breeding
geese, as noted in other studies (Fox et al. 2014; see also
Brides et al. 2019).

The decline of reedbeds often refers to a shoreward
regression of the outer bed edge, bordering open water
(Engloner 2009; Oteman et al. 2021). Aerial photos of
the reedbeds of Lake Takern covering the last decades,
however, also show a long-term process, including degra-
dation of the bed structure, going from apparently homog-
enous to increasingly fragmented mosaic structures and,
finally, a complete loss of reed vegetation in some areas
(Bergner and Gezelius 2022; cf. also Fig. 2). The sig-
nificant impact of goose grazing on reed in our study
highlights the capacity of reed to thrive in the absence
of grazing pressure. This finding has important implica-
tions for reedbed management, as it suggests that pro-
tecting certain areas from grazing could enhance reedbed
recovery and help reinstate their ecological functioning
and provision of essential ecosystem services (Haslam
1972; Ostendorp 1993; Bakker et al. 2018). In this con-
text, it is important to mention that, although reedbeds
provide important values, these must be balanced against
the needs of other species that depend on open water habi-
tats. For example, although reed expansion may benefit
species like the bearded reedling (Panurus biarmicus;
Beemster et al. 2010), it could negatively impact shore-
bird populations that rely on open water areas for nesting
and foraging (Smart et al. 2006; Buij et al. 2017).

In conclusion, this study highlights the significant impact
of greylag goose on reedbeds in Lake Téakern, emphasizing
the need for integrated conservation strategies to address
both grazing pressure and environmental stressors. While
short-term effects on reed height, expansion and biomass
were evident, the potential for systemic impacts via the
rhizome-connected clonal network, suggested by reduced
growth even in ungrazed shoots, as well as cascading effects
on fauna, warrants further investigation. Such mechanisms
may reduce reed’s resilience and long-term ecological func-
tioning, underscoring the value of targeted protection mea-
sures during key growth periods.
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Appendix

Four reedbed areas (A-D) in Lake Tékern selected for analyses of (e.g., waves, non-reed vegetation). Manual thresholding in Imagel
development 2004-2022 (results presented in Fig. 2). In processing, reduced noise and delineated reed areas. Exclosure and control plots
images were converted to 8-bit and adjusted in Lightroom Classic were located in area C. Digitala Kartor och Geodata, slu.se, 2024
(v12.5.0.1, 2023) to enhance contrast and mask misclassified areas

@ Springer
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Protocol of macroinvertebrate taxa (and fish) used for classifying
activity trap catches, adapted from Nudds and Bowlby (1984)
Taxon

Gastropoda-Valvatidae
Gastropoda-others
Bivalvia
Annelida-Oligochaeta
Annelida-Hirudinea
Arachnida-Araneida
Arachnida-Acari
Anostraca
Phyllopoda/Cladocera
Ostracoda

Copepoda

Isopoda

Amphipoda
Crustacea-others
Ephemeroptera
Plecoptera
Odonata-Anisoptera
Odonata-Zygoptera
Heteroptera-Corixidae
Notonectidae
Heteroptera-Ilyocorinae
Heteroptera-others
Coleoptera-Dytiscidae
Coleoptera-others
Neuroptera
Trichoptera

Diptera

(Pisces)

Number and density (number per km-2) of waterbird species (breed-
ing individuals and their young) observed at two areas (one meadow
and one open water area) in the southern part of Lake Takern (Fig.
3). Values are based on the maximum counts recorded across monthly
surveys (April-August, 2023)

Meadow Open water
Waterbird species Number  Density  Number  Density
Mute swan 2 33 103 343
Cygnus olor
Greylag goose* 71 1183 255 850
Anser anser
Mallard 0 0 12 40
Anas platyrhynchos
Gadwall 2 33 198 660
Mareca strepera
Common pochard 6 100 102 340
Aythya ferina
Tufted duck 0 0 29 97
Aythya fuligula
Eurasian coot 2 33 119 397

Fulica atra

*Maximum greylag goose numbers were recorded in June and July,
for the meadow and open water areas, respectively

Statistical results (Wilcoxon) of the most commonly occurring mac-
roinvertebrate taxa, contrasting exclosure and control plots (n = 8 in
all cases)

Taxon Z D

Gastropoda-Valvatidae -0.272 0.785
Gastropoda-others -0.378 0.705
Annelida-Hirudinea -0.842 0.400
Arachnida-Acari -0.840 0.401
Ostracoda -1.690 0.091
Isopoda -0.704 0.482
Amphipoda -0.272 0.785
Ephemeroptera -0.368 0.713
Odonata-Anisoptera -0.680 0.496
Odonota-Zygoptera -1.289 0.197
Heteroptera-Corixidae -0.405 0.686
Notonectidae -0.921 0.357
Coleoptera-Dytiscidae -0.420 0.674
Coleoptera-others -0.378 0.705
Trichoptera -0.763 0.445
Diptera -0.211 0.833
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(cm)

Grazed reed height
o o

June

July August

Height (cm) of grazed shoots on three sampling occasions (June 1; July 26; August 27) in control plots

Acknowledgements We are grateful to Lars Gezelius and the Téakern
Field Station for logistical support and for providing historical data,
and to Adam Bergner for guidance through the vast reedbeds in Lake
Tékern. Thanks also to Helen Pruzina for her dedicated assistance in
the field, to Anna Eklof, Karolina Janiec, Matilda Jansson, Alessan-
dra Munari and an anonymous reviewer for valuable comments on an
earlier version of this manuscript, and to Sergey Pidgaiko for creat-
ing the 3D exclosure model illustrated in Fig. 4. We also thank Borje
Ekstam for valuable input. The study is part of the project “Effects
of large herbivorous waterfowl in aquatic ecosystems,” funded by the
Swedish Environmental Protection Agency (grants 2020—00099 and
2023-00006).

Author contributions Conceived and designed the research: All au-
thors. Field data collection: NM, AH. Data analyses: NM, AH, KOB,
GG. Manuscript writing: NM, AH, KOB, GG. Manuscript editing: All
authors. Funding acquisition: GG.

Funding Open access funding provided by Kristianstad University.
The study is part of the project “Effects of large herbivorous waterfowl
in aquatic ecosystems,” funded by the Swedish Environmental Protec-
tion Agency (grants 2020—00099 and 2023-00006).

@ Springer

Data availability The datasets produced and/or analysed in this study
are available from the corresponding author upon reasonable request.

Declarations

Ethics approval This study involved non-invasive observations of
wild animals in their natural habitat. According to national regulations
and institutional guidelines, no ethical approval was required.

Consent to participate and publish Not applicable.

Conflicts of interest The authors have no conflicts of interest to declare
that are relevant to the content of this article.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing, adap-
tation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in



European Journal of Wildlife Research (2026) 72:3

Page 15 of 18 3

the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abraham KF, Jefferies RL (1997) High Goose populations: causes,
impacts and implications. In: Batt BDJ (ed) Report to Arctic
Goose joint venture. Canadian Wildlife Service and U.S. Fish and
Wildlife Service, Ottawa, pp 7-72

Adhurya S, Das S, Ray S (2020) Guanotrophication by waterbirds in
freshwater lakes: a review on ecosystem perspective. In: Roy PK,
Cao X, Li X-Z, Das P, Deo & S (eds) Mathematical Analysis and
Applications in Modeling, pp 253-269

Andersen LH, Nummi P, Bahrndorff S, Pertoldi C, Trejelsgaard K,
Lauridsen TL, Rafn J, Frederiksen CMS, Kristjansen MP, Bruhn
D (2021) Reed bed vegetation structure and plant species diver-
sity depend on management type and the time period since last
management. Appl Veg Sci 24:¢12531. https://doi.org/10.1111/a
vsc.12531

Ankney CD (1996) An embarrassment of riches: too many geese. J
Wildl Manage 60:217-223. https://doi.org/10.2307/3802219

Armstrong J, Armstrong W (2001) An overview of the effects of phy-
totoxins on Phragmites australis in relation to die-back. Aquat
Bot 69:251-268. https://doi.org/10.1016/s0304-3770(01)00142-5

Bakker L, van der Wal R, Esselink P, Siepel P (1999) Exploitation of
a new staging area in the Dutch Wadden Sea by greylag geese
(Anser anser): the importance of food-plant dynamics. Ardea
87:1-13

Bakker ES, Veen CGF, Ter Heerdt GIN, Huig N, Sameel JM (2018)
High grazing pressure of geese threatens conservation and resto-
ration of reed belts. Front Plant Sci 19:1649. https://doi.org/10.3
389/fpls.2018.01649

Bakker ES, Wood KA, Pagees JF, Veen CGF, Christianen MJA, San-
tamariia L, Nolet BA, Hilt S (2016) Herbivory on freshwater and
marine macrophytes: a review and perspective. Aq Bot 135:18—
36. https://doi.org/10.1016/j.aquabot.2016.04.008

Beemster N, Troost E, Platteeuw M (2010) Early successional stages
of reed Phragmites australis vegetations and its importance for
the bearded reedling Panurus biarmicus in Oostvaardersplassen,
The Netherlands. Ardea 98:339-354

Bergner A, Gezelius L (2022) Tékerns Vassar pa retrétt. Vingspegeln
41:78-89

Bjorndahl G (1985) Influence of winter harvest on stand structure and
biomass production of the common reed, Phragmites australis
(Cav.) trin. Ex steud. in lake Takern, Southern Sweden. Biomass
7:303-319. https://doi.org/10.1016/0144-4565(85)90069-1

Blindow 1, Andersson G, Hargeby A, Johansson S (1993) Long-term
pattern of alternative stable States in two shallow eutrophic lakes.
Freshw Biol 30:159-167. https://doi.org/10.1111/j.1365-2427.19
93.tb00796.x

Brabrand A (1985) Food of Roach (Rutilus rutilus) and Ide (Leusis-
cus idus): significance of diet shift for interspecific competition
in omnivorous fishes. Oecologia 66:461—467. https://doi.org/10
.1007/BF00379334

Brides K, Wood KA, Petrek SW, Cooper J, Christmas SE, Middleton
J, Leighton K, Grogan A (2019) Moult migration, site fidelity and
survival of British Greylag Geese Anser anser at Windermere,
Cumbria. Ringing & Migration 34:84-94. https://doi.org/10.1080
/03078698.2019.1887673

Buij R, Melman TCP, Loonen MIJJE, Fox AD (2017) Balancing ecosys-
tem function, services and disservices resulting from expanding

Goose populations. Ambio 46:301-318. https://doi.org/10.1007/s
13280-017-0902-1

Chaichana R, Leah R, Moss B (2011) Seasonal impact of waterfowl on
communities of macrophytes in a shallow lake. Aq Bot 95:39-44.
https://doi.org/10.1016/j.aquabot.2011.03.008

Convention on Wetlands (2025) Global Wetland Outlook 2025: Valu-
ing, conserving, restoring and financing wetlands. Secretariat of
the Convention on Wetlands, Gland. https://doi.org/10.69556/G
WO-2025-eng

Cooper CB, Anderson SH (1996) Significance of invertebrate abun-
dance to dabbling Duck brood use of created wetlands. Wetlands
16:557-563. https://doi.org/10.1007/BF03161346

Covich AP, Palmer MA, Crowl TA (1999) The role of benthic inverte-
brate species in freshwater ecosystems: zoobenthic species influ-
ence energy flows and nutrient cycling. Bioscience 49:119-127.
https://doi.org/10.2307/1313537

Dessborn L, Hessel R, Elmberg J (2016) Geese as vectors of nitrogen
and phosphorus to freshwater systems. Inland Waters 6:111-122.
https://doi.org/10.5268/IW-6.1.897

Dosdall R, PreuB3 F, Hahn V, Schliiter R, Schauer F (2018) Decay of the
water reed Phragmites communis caused by the white-rot fungus
Phlebia tremellosa and the influence of some environmental fac-
tors. Appl Microbiol Biotechnol 102:345-354. https://doi.org/10.
1007/500253-017-8582-0

Elmberg J, Nummi P, Poysd H, Sjoberg K (1992) Do intruding preda-
tors and trap position affect the reliability of catches in activity
traps? Hydrobiologia 239:187—193. https://doi.org/10.1007/BFO0
0007676

Engloner Al (2009) Structure, growth dynamics and biomass of reed
(Phragmites australis) — a review. Flora 204:331-346. https://doi
.org/10.1016/j.flora.2008.05.001

European Commission (2007) Interpretation manual of European
Union habitats - EUR27, pp 142

Feige N, van der Jeugd HP, van der Graaf AJ, Larsson K, Leito A, Stahl
J (2008) Newly established breeding sites of the Barnacle Goose
Branta leucopsis in North-western Europe - an overview of breed-
ing habitats and colony development. Vogelwelt 129:244-252

Flemming SA, Smith PA, Kennedy LV, Anderson AM, Nol E (2022)
Habitat alteration and fecal deposition by geese alter tundra inver-
tebrate communities: implications for diets of sympatric birds.
PLoS One 17:€0269938. https://doi.org/10.1371/journal.pone.0
269938

Fox AD, Madsen J (2017) Threatened species to super-abundance: the
unexpected international implications of successful Goose con-
servation. Ambio 46:179—187. https://doi.org/10.1007/s13280-0
16-0878-2

Fox AD, Flint PL, Hohman WL, Savard J-PL (2014) Waterfowl habitat
use and selection during the remigial moult period in the Northern
hemisphere. Wildfowl S 4:131-168

Fox AD, Elmberg J, Tombre IM, Hessel R (2017) Agriculture and herbiv-
orous waterfowl: a review of the scientific basis for improved man-
agement. Biol Rev 92:854-877. https://doi.org/10.1111/brv.12258

Gaberscik A, Grasi¢ M, Abram D, Zelnik 1 (2020) Water level fluctua-
tions and air temperatures affect common reed habitus and pro-
ductivity in an intermittent wetland ecosystem. Water 12:2806. h
ttps://doi.org/10.3390/w12102806

Gardner RC, Finlayson C (2018) Global wetland outlook: state of the
world’s wetlands and their services to people. Stetson University
College of Law Research, 2020-5

Gauthier G, Béty J, Giroux J-F, Rochefort L (2004) Trophic inter-
actions in a high Arctic snow Goose colony. Integr Comp Biol
44:119-129. https://doi.org/10.1093/icb/44.2.119

Gezelius L, Axelsson K-M, Bergner A (2022) Arsrapport 2022 fran
Takerns Féltstation, pp 1-53

@ Springer


https://doi.org/10.1007/s13280-017-0902-1
https://doi.org/10.1007/s13280-017-0902-1
https://doi.org/10.1016/j.aquabot.2011.03.008
https://doi.org/10.1016/j.aquabot.2011.03.008
https://doi.org/10.69556/GWO-2025-eng
https://doi.org/10.69556/GWO-2025-eng
https://doi.org/10.1007/BF03161346
https://doi.org/10.2307/1313537
https://doi.org/10.2307/1313537
https://doi.org/10.5268/IW-6.1.897
https://doi.org/10.5268/IW-6.1.897
https://doi.org/10.1007/s00253-017-8582-0
https://doi.org/10.1007/s00253-017-8582-0
https://doi.org/10.1007/BF00007676
https://doi.org/10.1007/BF00007676
https://doi.org/10.1016/j.flora.2008.05.001
https://doi.org/10.1016/j.flora.2008.05.001
https://doi.org/10.1371/journal.pone.0269938
https://doi.org/10.1371/journal.pone.0269938
https://doi.org/10.1007/s13280-016-0878-2
https://doi.org/10.1007/s13280-016-0878-2
https://doi.org/10.1111/brv.12258
https://doi.org/10.3390/w12102806
https://doi.org/10.3390/w12102806
https://doi.org/10.1093/icb/44.2.119
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/avsc.12531
https://doi.org/10.1111/avsc.12531
https://doi.org/10.2307/3802219
https://doi.org/10.1016/s0304-3770(01)00142-5
https://doi.org/10.3389/fpls.2018.01649
https://doi.org/10.3389/fpls.2018.01649
https://doi.org/10.1016/j.aquabot.2016.04.008
https://doi.org/10.1016/0144-4565(85)90069-1
https://doi.org/10.1111/j.1365-2427.1993.tb00796.x
https://doi.org/10.1111/j.1365-2427.1993.tb00796.x
https://doi.org/10.1007/BF00379334
https://doi.org/10.1007/BF00379334
https://doi.org/10.1080/03078698.2019.1887673
https://doi.org/10.1080/03078698.2019.1887673

3 Page 16 of 18

European Journal of Wildlife Research (2026) 72:3

Granéli W, Weisner SEB, Sytsma MD (1992) Rhizome dynamics
and resource storage in Phragmites australis. Wetl Ecol Manag
1:239-247. https://doi.org/10.1007/BF00244929

Graveland J (1998) Reed die-back, water level management and the
decline of the Great Reed Warbler Acrocephalus arundinaceus in
The Netherlands. Ardea 86:187-201

Green AJ, Elmberg J (2014) Ecosystem services provided by water-
birds. Biol Rev 89:105—122. https://doi.org/10.1111/brv.12045

Gunnarsson G, Kjeller E, Holopainen S, Djerf H, Elmberg J, Poysa
H, Soderquist P, Waldenstrom J (2024) The hub of the wheel or
hitchhikers? The potential influence of large avian herbivores
on other trophic levels in wetland ecosystems. Hydrobiologia
851:107-127. https://doi.org/10.1007/s10750-023-05317-0

Hansson L-A, Granéli W (1984) Effects of winter harvest on water
and sediment chemistry in a stand of reed (Phragmites australis).
Hydrobiologia 112:131-136. https://doi.org/10.1007/BF0000691
7

Haslam SM (1969) Stem types of Phragmites communis Trin. Ann Bot
33:127-131. https://doi.org/10.1093/0xfordjournals.aob.a084260

Haslam SM (1972) Phragmites communis Trin. (Arundo phragmites
L.,? Phragmites australis (Cav.) Trin. ex Steudel). J Ecol 60:585—
610. https://doi.org/10.2307/2258363

Hayball N, Pearce M (2004) Influences of simulated grazing and
water-depth on the growth of juvenile Bolboschoenus caldwellii,
phragmites australis and schoenoplectus validus plants. Aq Bot
78:233-242. https://doi.org/10.1016/j.aquabot.2003.10.004

Hudec K (1973) Occurence and food of the Greylag Goose (4nser
anser) at the Nesyt fishpond. In: Kvét J (ed) Littoral of the Nesyt
Fishpond. Studie CSAV, 15:121-124

Hwang BC, Metcalfe DB (2021) Reviews and syntheses: impacts of
plant-silica-herbivore interactions on terrestrial biogeochemical
cycling. Biogeosciences 18:1259-1268. https://doi.org/10.5194/
bg-18-1259-2021

Jefferies RL, Rockwell RF, Abraham KF (2003) The embarrassment of
riches: agricultural food subsidies, high Goose numbers, and loss
of Arctic wetlands - a continuing saga. Environ Rev 11:193-232.
https://doi.org/10.1139/a04-002

Jensen TC, Walseng B, Hessen DO, Dimante-Deimantovica I, Novich-
kova AA, Chertoprud ES, Chertoprud MV, Sakharova EG, Kry-
lov AV, Frisch D, Christoffersen KS (2019) Changes in trophic
state and aquatic communities in high Arctic ponds in response to
increasing Goose populations. Freshw Biol 64:1241-1254. https:
//doi.org/10.1111/fwb.13299

Johansson L (1987) Experimental evidence for interactive habitat seg-
regation between Roach (Rutilus rutilus) and Rudd (Scardinius
erythrophthalmus) in a shallow eutrophic lake. Oecologia 73:21—
27. https://doi.org/10.1007/BF00376972

Kitchell JF, Schindler DE, Herwig BR, Post DM, Olson MH, Oldham
M (1999) Nutrient cycling at the landscape scale: the role of diel
foraging migrations by geese at the Bosque Del Apache National
Wildlife Refuge, New Mexico. Limnol Oceanogr 44:828-836. ht
tps://doi.org/10.4319/10.1999.44.3 part 2.0828

Klok C, van Turnhout C, Willems F, Voslamber B, Ebbinge B, Schek-
kerman H (2010) Analysis of population development and effec-
tiveness of management in resident greylag geese Anser anser in
the Netherlands. Anim Biol 60:373-393. https://doi.org/10.1163/
157075610X523260

Kornijéw R, Dukowska M, Leszczynska J, Smith C, Jeppesen E,
Hansson L-A, Ketola M, Irvine K, Noges T, Sahuquillo M, Mira-
cle MR, Gross E, Kairesalo T, van Donk E, de Eyto E, Garcia-Cri-
ado F, Grzybkowska M, Moss B (2021) Distribution patterns of
epiphytic reed-associated macroinvertebrate communities across
European shallow lakes. Sci Total Environ 760:144117. https://d
oi.org/10.1016/j.scitotenv.2020.144117

Koskimies P, Viisédnen R (1991) Monitoring bird populations. Zoo-
logical Museum, Finnish Museum of Natural History, Helsinki

@ Springer

Kulik M, Sender J, Bochniak A, Jazwa M, Ciesielski D (2023) The
influence of mowing frequency on the growth and development
of Phragmites australis. J Nat Conserv 76:126492. https://doi.org
/10.1016/j.jnc.2023.126492

Marklund O, Sandsten H, Hansson LA, Blindow I (2002) Effects of
waterfowl and fish on submerged vegetation and macroinverte-
brates. Freshw Biol 47:2049-2059. https://doi.org/10.1046/j.136
5-2427.2002.00949.x

McKee J, Richards AJ (1996) Variation in seed production and ger-
minability in common reed (Phragmites australis) in Britain and
France with respect to climate. New Phytol 133:233-243. https://
doi.org/10.1111/j.1469-8137.1996.tb01890.x

Murkin HR, Abbott PG, Kadlec JA (1983) A comparison of activity
traps and sweep nets for sampling nektonic invertebrates in wet-
lands. Freshw Invertebr Biol 2:99-106. https://doi.org/10.2307/
1467114

Naeem S, Bunker DE, Hector A, Loreau M, Perrings C (2009) Biodi-
versity, ecosystem functioning, and human wellbeing: an ecologi-
cal and economic perspective. Oxford University Press, Oxford

Nilsson L (2002) Numbers of mute swans and whooper swans in Swe-
den, 1967-2000. Waterbirds 25:53—60. https://www.jstor.org/sta
ble/1522334

Nishizawa K, Deschamps L, Maire V, Béty J, Lévesque E, Kitagawa R,
Masumoto S, Gosselin I, Morneault A, Rochefort L, Gauthier G,
Tanabe Y, Uchida M, Mori AS (2021) Long-term consequences
of Goose exclusion on nutrient cycles and plant communities in
the High-Arctic. Polar Sci 27:100631. https://doi.org/10.1016/j.p
0lar.2020.100631

Nudds TD, Bowlby JN (1984) Predator-prey size relationships in
North American dabbling ducks. Can J Zool 62:2002—2008. https
://doi.org/10.1139/284-293

Ojdani¢ N, Holcar M, Golob A, Gabers¢ik A (2023) Environmental
extremes affect productivity and habitus of common Reed in
intermittent wetland. Ecol Eng 189:106911. https://doi.org/10.1
016/j.ecoleng.2023.106911

Ostendorp W (1993) Reed bed characteristics and significance of reeds
in landscape ecology. In: Ostendorp W (ed) Seeuferzerstdrung
und seeuferrenaturierung in mitteleuropa (Limnologie aktuell),
vol 5. Schweizerbart, Stuttgart, pp 149-160

Ostendorp W (1999) Susceptibility of lakeside phragmites reeds to
environmental stresses: examples from lake Constance-Untersee
(SW-Germany). Limnologica 29:21-27. https://doi.org/10.1016/s
0075-9511(99)80035-8

Oteman B, Scrieciu A, Bouma TJ, Stanica A, van der Wal D (2021) Indi-
cators of expansion and retreat of Phragmites based on optical and
radar satellite remote sensing: a case study on the Danube delta.
Wetlands 41:72. https://doi.org/10.1007/s13157-021-01466-x

Packer JG, Meyerson LA, Skalova H, Pysek P, Kueffer C (2017) Bio-
logical flora of the British isles: Phragmites australis. J Ecol
105:1123-1162. https://doi.org/10.1111/1365-2745.12797

Ramsar (2017b) Ramsar Site Information Service, Site 23. https://rsis.
ramsar.org/ris/23. Accessed 13 June 2025

Ramsar (2017a) Ramsar Site Information Service, Site 15. https://rsis.
ramsar.org/ris/15. Accessed 13 June 2025

Reijers VE, Cruijsen PMJM, Hoetjes SCS, van den Akker M,
Heusinkveld JHT, van de Koppel J, Lamers LPM, OIff H, van
der Heide T (2019) Loss of Spatial structure after temporary her-
bivore absence in a high-productivity Reed marsh. J Appl Ecol
56:1817-1826. https://doi.org/10.1111/1365-2664.13394

Sarneel JM, Huig N, Veen GF, Rip W, Bakker ES (2014) Herbivores
enforce Sharp boundaries between terrestrial and aquatic ecosys-
tems. Ecosystems 17:1426-1438. https://doi.org/10.1007/s1002
1-014-9805-1

Sekercioglu CH, Wenny DG, Whelan CJ (2016) Why birds matter -
Avian ecological functions and ecosystem services. The Univer-
sity of Chicago Press, Chicago


https://doi.org/10.1016/j.jnc.2023.126492
https://doi.org/10.1016/j.jnc.2023.126492
https://doi.org/10.1046/j.1365-2427.2002.00949.x
https://doi.org/10.1046/j.1365-2427.2002.00949.x
https://doi.org/10.1111/j.1469-8137.1996.tb01890.x
https://doi.org/10.1111/j.1469-8137.1996.tb01890.x
https://doi.org/10.2307/1467114
https://doi.org/10.2307/1467114
https://www.jstor.org/stable/1522334
https://www.jstor.org/stable/1522334
https://doi.org/10.1016/j.polar.2020.100631
https://doi.org/10.1016/j.polar.2020.100631
https://doi.org/10.1139/z84-293
https://doi.org/10.1139/z84-293
https://doi.org/10.1016/j.ecoleng.2023.106911
https://doi.org/10.1016/j.ecoleng.2023.106911
https://doi.org/10.1016/s0075-9511(99)80035-8
https://doi.org/10.1016/s0075-9511(99)80035-8
https://doi.org/10.1007/s13157-021-01466-x
https://doi.org/10.1111/1365-2745.12797
https://rsis.ramsar.org/ris/23
https://rsis.ramsar.org/ris/23
https://rsis.ramsar.org/ris/15
https://rsis.ramsar.org/ris/15
https://doi.org/10.1111/1365-2664.13394
https://doi.org/10.1007/s10021-014-9805-1
https://doi.org/10.1007/s10021-014-9805-1
https://doi.org/10.1007/BF00244929
https://doi.org/10.1111/brv.12045
https://doi.org/10.1007/s10750-023-05317-0
https://doi.org/10.1007/BF00006917
https://doi.org/10.1007/BF00006917
https://doi.org/10.1093/oxfordjournals.aob.a084260
https://doi.org/10.2307/2258363
https://doi.org/10.1016/j.aquabot.2003.10.004
https://doi.org/10.5194/bg-18-1259-2021
https://doi.org/10.5194/bg-18-1259-2021
https://doi.org/10.1139/a04-002
https://doi.org/10.1139/a04-002
https://doi.org/10.1111/fwb.13299
https://doi.org/10.1111/fwb.13299
https://doi.org/10.1007/BF00376972
https://doi.org/10.4319/lo.1999.44.3_part_2.0828
https://doi.org/10.4319/lo.1999.44.3_part_2.0828
https://doi.org/10.1163/157075610X523260
https://doi.org/10.1163/157075610X523260
https://doi.org/10.1016/j.scitotenv.2020.144117
https://doi.org/10.1016/j.scitotenv.2020.144117

European Journal of Wildlife Research (2026) 72:3

Page 17 of 18 3

Sherfy MH, Kirkpatrick RL (2003) Invertebrate response to snow
Goose herbivory on moist-sol vegetation. Wetlands 23:236-249.
https://doi.org/10.1672/3-20

Silver CA, Thompson JE, Wong AS, Bayley SE (2012) Relation-
ships between wetland macroinvertebrates and waterfowl along
an agricultural gradient in the boreal transition zone of Western
Canada. Northwest Nat 93:40-59. https://www.jstor.org/stable/2
3259631

Skog M (2020) Changes in the fish community in Lake Tékern, Swe-
den — a comparison between 1978-1979 and 2019. MSc thesis,
Department of Physics, Chemistry and Biology, Link6ping Uni-
versity, Sweden. https://www.diva-portal.org/smash/record.jsf?pi
d=diva2%3A1510867&dswid=-1518

Smart J, Gill JA, Sutherland WJ, Watkinson AR (2006) Grassland-
breeding waders: identifying key habitat requirements for man-
agement. J Appl Ecol 43:454—463. https://doi.org/10.1111/j.136
5-2664.2006.01166.x

Tombre IM, Brunner A, D’Hondt B, Diittmann H, Enzerink R, Fox A,
Feige N, Heldbjerg H, Herraro B, Huysentruyt F, Kostiushyn V,
Maénsson J, McKenzie R, Mensink G, Meyers E, Midtgaard L,
Nilsson L, Nolet B, Petrovych O, Post K, Scallan D, Terdvdinen
M, Uldal C, Westebring M, Hgj Jensen G (2019) An overview of
the management measures for geese in range States of the Euro-
pean Goose management platform. EGMP Publication No. 10,
Bonn

Valkama E, Lyytinen S, Koricheva J (2008) The impact of reed
management on wildlife: a meta-analytical review of European

studies. Biol Conserv 141:364-374. https://doi.org/10.1016/j.bio
con.2007.11.006

van den Wyngaert 1JJ, Wienk LD, Sollie S, Bobbink R, Verhoeven JTA
(2003) Long-term effects of yearly grazing by moulting Greylag
geese (Anser anser) on Reed (Phragmites australis) growth and
nutrient dynamics. Aq Bot 75:229-248. https://doi.org/10.1016/S
0304-3770(02)00178-X

van der Putten WH (1997) Die-back of Phragmites australis in Euro-
pean wetlands: an overview of the European research programme
on Reed die-back and progression (1993—-1994). Aq Bot 59:263—
275. https://doi.org/10.1016/s0304-3770(97)00060-0

Vermaat JE, Bos B, Van Der Burg P (2016) Why do Reed beds decline
and fail to re-establish? A case study of Dutch peat lakes. Freshw
Biol 61:1580-1589. https://doi.org/10.1111/fwb.12801

Vickery J (1999) Goose populations of the Western Palearctic. A
review of status and distribution. J Appl Ecol 36:843-844. https:/
/doi.org/10.1046/j.1365-2664.1999.04463.x

Voslamber B, Vulink JT (2010) Experimental manipulation of water
table and grazing pressure as a tool for developing and maintain-
ing habitat diversity for waterbirds. Ardea 98:329-338

Wang H, Garcia Molinos J, Heino J, Zhang H, Zhang P, Xu J
(2021) Eutrophication causes invertebrate biodiversity loss and
decreases cross-taxon congruence across anthropogenically-dis-
turbed lakes. Environ Int 153:106494. https://doi.org/10.1016/;.
envint.2021.106494

Weisner SEB, Granéli W (1989) Influence of substrate conditions on
the growth of Phragmites australis after a reduction in oxygen

@ Springer


https://doi.org/10.1016/j.biocon.2007.11.006
https://doi.org/10.1016/j.biocon.2007.11.006
https://doi.org/10.1016/S0304-3770(02)00178-X
https://doi.org/10.1016/S0304-3770(02)00178-X
https://doi.org/10.1016/s0304-3770(97)00060-0
https://doi.org/10.1111/fwb.12801
https://doi.org/10.1046/j.1365-2664.1999.04463.x
https://doi.org/10.1046/j.1365-2664.1999.04463.x
https://doi.org/10.1016/j.envint.2021.106494
https://doi.org/10.1016/j.envint.2021.106494
https://doi.org/10.1672/3-20
https://www.jstor.org/stable/23259631
https://www.jstor.org/stable/23259631
https://www.diva-portal.org/smash/record.jsf?pid=diva2%3A1510867&dswid=-1518
https://www.diva-portal.org/smash/record.jsf?pid=diva2%3A1510867&dswid=-1518
https://doi.org/10.1111/j.1365-2664.2006.01166.x
https://doi.org/10.1111/j.1365-2664.2006.01166.x

3 Page 18 of 18 European Journal of Wildlife Research (2026) 72:3

transport to below-ground parts. Aq Bot 35:71-80. https://doi.org
/10.1016/0304-3770(89)90068-5

Wood KA, O’Hare MT, McDonald C, Searle KR, Daunt F, Stillman
RA (2017) Herbivore regulation of plant abundance in aquatic
ecosystems. Biol Rev 92:1128-1141. https://doi.org/10.1111/brv
12272

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/0304-3770(89)90068-5
https://doi.org/10.1016/0304-3770(89)90068-5
https://doi.org/10.1111/brv.12272
https://doi.org/10.1111/brv.12272

	﻿Grazing effects of greylag goose ﻿Anser anser﻿ – a short-term exclosure experiment in beds of common Reed ﻿Phragmites australis﻿ in lake Tåkern, Sweden
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿The study site
	﻿Field exclosure experiment
	﻿Experimental design
	﻿Reed sampling
	﻿Aquatic macroinvertebrate sampling


	﻿Waterfowl counts
	﻿Statistics
	﻿Results
	﻿Reed height, density, expansion and biomass
	﻿Number of taxa and abundance of aquatic macroinvertebrates

	﻿Discussion
	﻿﻿Appendix
	﻿References


