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ABSTRACT
1. Wetlands are rich in biodiversity, but globally threatened. After a long period of regional extirpation, beavers
have recently returned to many European areas and are now restoring wetlands. The beaver is remarkable
regarding the large impacts it has not only on individual species but on entire communities and ecosystems. In
fact, beavers are referred to as ‘ecosystem engineers’.
2. The facilitative effect of the beaver Castor canadensis on a waterbird community of seven species of waders
and ducks in boreal ponds was studied by using the before–after control–impact method (BACI) and analysing
the effect of the duration of ﬂooding. The before–after setting could be used since beavers had caused
disturbance by ﬂooding several forest ponds during the course of this long-term study (1988–2009). The study took
place in southern Finland, where waterbirds were surveyed four times during the breeding season.
3. The number of waterbird species per pond per year was signiﬁcantly higher during beaver inundation than
before beaver activity, as was the waterbird abundance per survey. Changes were negligible in the controls. The
numbers of all seven species increased during ﬂooding, although the increase was signiﬁcant in only three
species. Common teal Anas crecca and green sandpiper Tringa ochropus showed the most positive numerical
response to ﬂooding. Mallard Anas platyrhynchos and wigeon Anas penelope were new species entering the duck
guild in the ﬂooded wetlands. The beneﬁcial effect of the ﬂood lasted the whole period of inundation, although
the most substantial increase in species number appeared during the ﬁrst two years of ﬂooding.
4. The beaver acted as a whole-community facilitator for waterbirds. It was inferred from previous studies that
this was done by modifying the habitat to make it more productive and structurally favourable. It is concluded that
favouring beavers is a worthwhile tool in restoring wetlands to promote waterbird communities.
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INTRODUCTION
Wetlands are globally one of the most valuable
resources per unit area, with the added value of

harbouring especially high biodiversity (Hansson
et al., 2005). Wetland destruction by humans
started long ago and has accelerated in recent times
(Gibbs, 2000; Amezaga et al., 2002). Apart from
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1997). There are only a few studies where a
vertebrate species facilitates a whole community of
other vertebrates. Some studies have been made on
the effects of beavers and hippopotamuses on ﬁsh,
but in these the possible increase in species number
is usually seen at a stream level; at a patch or reach
level the effect on species richness can be either
positive or negative (Snodgrass and Meffe, 1998;
Collen and Gibson, 2001; Mosepele et al., 2009).
Apart from anecdotal reports – for instance, on
alligators (Finlayson and Moser, 1991) – we know
of only two studies in which a vertebrate species
appeared to be beneﬁcial for a whole community of
others at a patch scale: beavers affecting
amphibians (Dalbeck et al., 2007) and elephants
affecting other herbivores (Valeix et al., 2011).
In general, ecosystem engineers are predicted to
increase species richness if they increase the
productivity of a low productivity patch or if they
decrease the productivity of a high productivity
patch (Wright and Jones, 2004, Figure 1). Ecosystem
engineering by beavers leads to alteration in
hydrology and riparian zone structure of ponds or
streams, which then inﬂuences plant and animal
community composition and diversity (Naiman
et al., 1988; Bartel et al., 2010).
Beavers affect many animals, from invertebrates
(McDowell and Naiman, 1986) to ﬁsh (Collen and
Gibson, 2001), and from amphibians and reptiles
Species richness of
waterbird community

direct wetland destruction, climate warming
(McMenamin et al., 2008) and over-exploitation of
beavers (Naiman et al., 1988; Nolet and Rosell,
1998) have indirectly affected the amount and
distribution of wetlands. Landscapes especially in
Europe have been in an unnatural state having very
few beaver-created wetlands. Recently beavers have
dispersed and been re-introduced to their former
range, and as a result have started to restore
European wetlands (Sjöberg and Ball, 2011; Halley
et al., 2012). In North America beavers had
returned to most of their original range by the
1950s (Jenkins and Busher 1979). Beavers affect
their environment in many ways, an important one
being facilitation for other species (Nummi and
Hahtola, 2008; Bartel et al., 2010).
During recent decades, more and more evidence
has accumulated on the importance of positive
interactions in natural communities (Hacker and
Gaines, 1997; Stachowicz, 2001). These positive
interactions include facilitation and mutualism
(Stachowicz, 2001), and they may be mediated
through, for instance, ecosystem engineering
(Jones et al., 1994).
Facilitation takes place when one species has a
beneﬁcial effect on another species (van der Wal
et al., 2000; Machicote et al., 2004). Sometimes a
single species can have a substantial impact on a
whole community, for example on higher plants
(Bruno, 2000; Stachowicz, 2001). One such process
is facilitation through habitat modiﬁcation (Power
et al., 1996), as many organisms modify the
environment to make conditions more suitable for
themselves. This habitat modiﬁcation may facilitate
other species by reducing environmental stress,
by promoting resource renewal, or by modifying
foraging substrates and habitat structure (Dickman,
1992; Bruno et al., 2003). Facilitation may operate
through ecosystem engineering, which implies that
the engineers control the ‘availability of resources to
other organisms by causing physical state changes
in biotic or abiotic materials’ (Jones et al., 1997).
Ecosystem engineers that have a whole-community
impact on other species have so far been described
mostly among plants (Irlandi and Peterson, 1991),
herbivores (Wright and Jones, 2004), and marine
invertebrates (Bruno and Bertness, 2001), especially
intertidal communities (Bertness and Leonard,
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Figure 1. Conceptual model illustrating the effect of ecosystem
engineering on species richness at the patch scale along a gradient of
productivity, in this case expressed as an invertebrate biomass index.
The focus of this study is on the low productivity end of the gradient
(see Introduction). The model is modiﬁed from Wright and Jones
(2004). Invertebrate abundance index 40 is an average of non-beaver
ponds and value 280 is an average of beaver ponds in the Evo study
area (Nummi and Hahtola, 2008), and as a reference, index 1250 is
from eutrophic lakes in eastern Finland (Nummi and Väänänen, 2001).
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(Metts et al., 2001) to birds and mammals (Aznar and
Desrochers, 2008; Nummi et al., 2011). Some general
descriptions have been made of bird communities in
beaver ponds (Grover and Baldassarre, 1995;
Brown et al., 1996; Edwards and Otis, 1999), and
some investigations have compared bird diversity
in active and abandoned beaver ponds with
non-ﬂooded wetlands (Longcore et al., 2006; Aznar
and Desrochers, 2008). However, it is rarely
possible to compare the same patches between
‘before beaver’ and ‘during beaver’ states (Nummi
and Pöysä, 1997; Nummi and Hahtola, 2008).
The objective of this investigation was to study
an assemblage of seven species of boreal waterbirds
comprising ducks (four species) and waders
(three species), all of which use invertebrates
intensively as food during the breeding season
(Batt et al., 1992; Colwell, 2010). These duck and
wader species constitute the whole community of
invertebrate-consuming waterbirds of the study
area. An earlier study of three Anas species found
some indication of increases in species number
(Nummi and Pöysä, 1997), and single species,
especially the common teal Anas crecca, are known
to beneﬁt rapidly from beaver inundation (Nummi
and Hahtola, 2008).
Previous studies have shown that beaver ﬂooding
increases the invertebrate production of boreal
wetland patches (Longcore et al., 2006; Nummi and
Hahtola, 2008). Thus, the above-mentioned model
of ecosystem engineering by Wright and Jones
(2004) predicted that in an area with limited food,
the resource amelioration in beaver ponds will
lead to an increased number of invertebrate-eating
waterbird species, i.e. to facilitation of the whole
community (Figure 1); and, that the greatest difference
can be found between the non-ﬂooded situation and
the beginning of the ﬂood.
MATERIALS AND METHODS
Site description
The Evo study area consists of a system of 51 lakes
and ponds in a 39 km2 boreal catchment in southern
Finland (61°12’N, 25°07’E). All lakes and small
ponds within the area containing water throughout
the summer were included. The shore types of the
Copyright # 2014 John Wiley & Sons, Ltd.

lakes range from oligotrophic bog and forest
without emergent plants in the water to more
eutrophic types with lush stands of Equisetum
ﬂuviatile and Typha spp. Apart from beaver
disturbance, the water conditions have only minor
year-to-year variation (Nummi and Pöysä, 1993).
The boreal study area contains oligotrophic waters
in which ducks face resource limitation, i.e. lack of
invertebrate food, and which therefore harbour very
few duck broods (Sjöberg et al., 2000; Gunnarsson
et al., 2004). The waders are assumed to be in the
same situation since aquatic invertebrates also form
an integral part of their diet (Colwell, 2010).
The beaver species in the area is the introduced
North American beaver (Castor canadensis Kuhl.).
As has happened in many countries, the European
beaver (Castor ﬁber L.) was extirpated from
Finland in 1868. When re-introducing the beaver
in the 1930s, North American beavers were also
brought in, and they now occupy wider areas in
Finland (Parker et al. 2012). According to recent
ﬁndings by Danilov et al. (2011), both beaver
species play a similar ecological role along the
waterways; both species have, for example, similar
construction activities such as dam building. Thus,
they should also affect other species similarly.
Beaver ponds in the area are usually formed by a
dam built at the outlet of a natural pond.
Waterbird surveys
As part of a long-term population ecology project
(Nummi and Pöysä, 1993; Suhonen et al., 2011), all
four duck species (dabbling ducks: common teal
(hereafter ‘teal’), mallard (Anas platyrhynchos L.),
wigeon (Anas. penelope L.), and a diving duck:
common goldeneye (hereafter ‘goldeneye’, (Bucephala
clangula L.)), as well as the three waders (green
sandpiper (Tringa ochropus L.), common sandpiper
(Actitis hypoleuca L.), and common snipe (Gallinago
gallinago L.)) consistently breeding in the area
were surveyed from 1988 to 2009. This study took
into account four surveys that were relevant for all
the species: in early May, early June, late June,
and early July all the species are present either as
pairs or broods. In 2009, when only two brood
surveys were made, only one survey was made in
June; in 1988 the early May data were not
Aquatic Conserv: Mar. Freshw. Ecosyst. (2014)
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available, and the mid-July data were included
instead. During each survey, a point count was
ﬁrst conducted from the shore and after that a
round count was carried out in which the lake was
circled by foot or boat (Nummi and Pöysä, 1993).
The method was chosen based on the lake size and
shoreline structure, i.e. visibility to the lake was
optimized (e.g. large lake areas can be viewed
better from a boat, whereas in small lakes good
views can be obtained also from the shore). In the
most densely vegetated beaver ponds all three
methods (point count, circling by foot, and boat)
were combined to provide visibility of the whole
pond area.
Before–after setting created by beavers
Beaver activity formed a natural experiment-like
setting, where ‘before beaver ﬂood’ and ‘during
beaver ﬂood’ situations could be compared and a
before–after control–impact assessment (BACI)
conducted (Stewart-Oaten et al., 1986; Smith,
2002). The aim was to assess whether or not beaver
affects the waterbird community and estimate the
magnitude of the beaver effect (Smith, 2002). The
duration of the effect was analysed separately and
concerned only the ﬂooded lakes.
During the 22 study years, 18 ponds out of the
51 were dammed by the beaver, and 14 of them
provided valid before–after data. Some ponds
were ﬂooded several times, but only the ﬁrst ﬂood
of the study period was taken into account in this
analysis. The averages of bird numbers and
number of species per pond over a period of two
years before beaver occupation were compared
with the corresponding numbers during the ﬁrst
two years of beaver inundation. Two years were
chosen for this approach because most of the
beaver ponds were ﬂooded for at least that period.
In a few cases, data from only one ‘before’ or
‘during’ year were available. Therefore the results
are expressed as number of species per pond per
year, and number (i.e. abundance) of birds of
different species per pond per survey. For ducks
one observation equals one indicated pair or one
brood, and for waders one observation equals one
indicated pair or warning individual later in the
season (no chicks observed).
Copyright # 2014 John Wiley & Sons, Ltd.

One control pond of a similar habitat was
established for each of the 14 beaver ponds, which
brings the number of ponds used in this BACI
study to 28. After choosing one control pond for
every beaver-ﬂooded pond, changes in bird
numbers in each of the control ponds were studied
using exactly the same years that were used in the
appropriate beaver ponds. The controls were the
nearest neighbours of the beaver ponds in a
habitat description gradient made in earlier studies
(Nummi and Pöysä, 1997, Suhonen et al., 2011).
The gradient was deﬁned by a principal
component analysis (PCA) based on habitat
descriptions (size, depth and vegetation) of all the
water bodies in the area (n = 51). Habitat
descriptions were made for two years, 1989 and
2009 (Suhonen et al., 2011). Hence, two gradient
values existed for every pond. For this analysis
the average of these values was used to describe the
ponds, but if a pond was dammed in either of the
years, only the value from the year without ﬂood
was used. This was because of the control–impact
setting: control ponds were not allowed to be
ﬂooded during the time they acted as control ponds;
therefore the gradient values of the control ponds
were from their basic, non-ﬂooded state. Beaver
ﬂooding increases the productivity of the lake,
which in turn is seen as an increase in the gradient
value (Suhonen et al., 2011). The pond sizes of the
study varied between 0.3 and 37.1 ha. Mean size
difference between beaver ponds and their controls
was 5.4 ha (ranging from 1.6 ha to 30.6 ha, where
negative values indicate that the beaver pond is
larger than its control, and vice versa).
The development over time of waterbird species
in all of the 18 beaver-ﬂooded ponds was also
studied. For that purpose the yearly ﬂood
situation of every pond between 1988 and 2008
was categorized: (0) no beaver ﬂood, (1) ﬁrst and
second year ﬂood, (2) third and fourth year ﬂood,
and (3) ﬁfth year or older ﬂood. The year 2009
was dropped from the analysis, because unlike in
the BACI analysis, the uneven number of counting
rounds might have biased the results. Category 1
is based on earlier results, which show that the
ﬁrst two years represent the largest increase in the
number of invertebrates (emerging insects and
aquatic invertebrates; Nummi, 1992). The length
Aquatic Conserv: Mar. Freshw. Ecosyst. (2014)
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of the second ﬂood category is artiﬁcial, and was
assigned to be of equal length to the ﬁrst one, i.e.
two years. The mean occupation time of a beaver
colony site at Evo has been found to be 2.6 years
(Hyvönen and Nummi, 2008), which shows that
usually the intensive beaver-affected time is short.
Because of the small sample size, the rest of the
years were placed in category 3: only four ponds
were ﬂooded for ﬁve or more years. The average
age of the ﬂood in category 3 was 12 years.
Statistical analyses
In the BACI analysis the changes in abundance of
birds in different species and number of species
were both analysed by comparing the data from
ponds before and during beaver occupation.
Flooded ponds constituted one group and their
control ponds another group in an analysis using
the Wilcoxon matched pairs signed ranks test for
related samples. In addition, the species-speciﬁc
waterbird abundances in the beaver ponds were
also analysed with the Wilcoxon test for related
samples. Analyses were made with PASW
Statistics 18 (SPSS Inc, 2009).
The effect of the duration of the ﬂood was
analysed with generalized linear mixed modeling
(Bolker et al., 2009, Zuur et al., 2009) by using the
nlme library (Pinheiro et al., 2013) in R 3.0.0
(R Development Core Team, 2013). Yearly
number of species in all of the 18 ﬂooded lakes
was explained by the ﬂood duration classiﬁcation.
The data have a nested structure, and data
exploration (Zuur et al., 2009) exposed a strong
lake effect, but a rather weak year effect. A
random part was therefore included in the model,
and different random effect scenarios were ﬁtted.
The scenarios were: (1) an ordinary linear regression
model reﬁtted using the gls function without random
intercept; (2) a categorical random factor for the lake
effect, and (3) a random intercept and slope model
for the year effect (a continuous covariate) per lake
(a categorical variable). The comparison of AICs of
these three scenarios was made with the Anova
function. Based on the AICs scenario (2) was the
best ﬁt. Because data exploration also exposed
different variances between the ﬂood duration
categories, the random part of the preferred model
Copyright # 2014 John Wiley & Sons, Ltd.

(2) was extended by another scenario: (4) different
variances per ﬂood duration category (the VarIdent
variance structure function). This extension gave no
improvement based on the AIC values, and therefore
scenario (2) was used in the analysis. The model of
the ﬂood duration effect on the species number is as
follows:
Species numberij ¼ α þ β  Flood categoryij
þ ai þ εij

(1)

where species_numberij is the number of waterbird
species in lake i in year j, where i = 1, . . . 18, and
j = 1988, . . . , 2008. α is the intercept and β the
coefﬁcient of the ﬂood category. The term ai is the
random effect that indicates the between-lake
variation and is assumed to be normally distributed
with mean 0 and variance σ2a. Term ɛij is the
unexplained error and represents the within-lake
variation. It is assumed to be normally distributed
with mean 0 and variance σ2.

RESULTS
The BACI analysis showed that the mean number
of waterbird species per pond was higher during
beaver ﬂooding than before beaver occurrence
(average 1.48 vs. 0.43 species per pond per year;
Figure 2(A), N = 12 (lake pairs with the same
result were omitted), W = 0, SE = 12.67, P = 0.002,
Wilcoxon matched pairs signed ranks test), as was
their abundance per survey (0.80 vs. 0.14
observations per pond per survey, Figure 3(A)
and 3(B), N = 13, W = 1, SE = 14.31, P = 0.002).
No change was found in the control ponds in either
the number of waterbird species (0.70 vs. 0.54,
Figure 2(B), N = 11, W = 27, SE = 11.18, P = 0.592)
or the number of observations (0.30 vs. 0.20, N = 11,
W = 21, SE = 11.24, P = 0.286).
All seven species of the study seemed to increase
during ﬂooding. Teal and green sandpiper showed
numerically the most positive response to beaver
ﬂooding, but mallard and wigeon were totally
new species entering the duck guild in the
beaver-affected wetland patches (Figure 3(A) and
3(B)). The increases in the number of teals, green
sandpipers and mallards were signiﬁcant (Table 1).
However, wigeon, common sandpiper and common
Aquatic Conserv: Mar. Freshw. Ecosyst. (2014)

P. NUMMI AND S. HOLOPAINEN

Figure 2. Change in the number of waterbird species in 14 beaver ponds (A) and in their 14 control ponds (B), expressed as number of species per year
during the ﬁrst two beaver occupancy years minus number of species per year during the two years before occupancy. Positive bars indicate an increase
in the number of species, and negative bars a decrease. In ponds where ﬂooding lasted for two years, the results are averages for those years and for the
two years before the ﬂood. Parentheses around the ponds indicate situations where there were no waterbird observations before or during the ﬂood.

snipe were observed only rarely and therefore their
results are uncertain.
The ﬂood duration analysis showed that the
number of waterbird species already increased
during the ﬁrst two years of inundation (Table 2,
Figure 4). Moreover, it showed that this increase
continued during the next phases, even though
category 2 (third and fourth year ﬂood) showed
large variation. All the categories of ﬂooding (1–3)
differed signiﬁcantly from the non-ﬂooded category
which was the baseline (category 0, Table 2),
indicating that the number of waterbird species in
the ponds was higher during the ﬂooded years than
in the non-ﬂooded years, and that the duration of
the ﬂood did not change the basic pattern (Table 2).
DISCUSSION
This study showed that the disturbance caused by
beavers led to increased abundance and richness of
a waterbird community within a wetland patch;
this was predicted in a model by Wright and Jones
(2004) for ecosystem engineering that increases
productivity in low productivity areas (Figure 1). In
the case of ecosystem engineering by beavers the
previous community is disturbed, and considerable
amounts of nutrients are released for the use of
invertebrates, which then serve as food for bird
Copyright # 2014 John Wiley & Sons, Ltd.

species of the newly formed species assemblage
(Naiman et al., 1988; Nummi, 1989; Wright et al.,
2002). The increase in waterbird diversity is linked
to the general relationship between species number
and productivity. At low productivity, species
richness is limited by stress and resource availability,
and resource amelioration should increase species
richness (Roxburgh et al., 2004).
From the invertebrate-eating waterbird perspective,
the beaver acted as a ‘whole-community’ facilitator,
modifying local conditions to create a more
favourable environment (for plants, see Bruno,
2000; Stachowicz, 2001). This facilitation led to a
higher abundance in this group of seven waterbird
species: all seemed to beneﬁt from beaver although
in only three species was the increase signiﬁcant. In
the one previous study showing that beaver was
beneﬁcial for a whole community of other species,
the European beaver facilitated amphibians in
central Europe (Dalbeck et al., 2007). Since that
study did not measure species abundances, the only
result was that all species of the area were present in
beaver ponds, and some only in those ponds. In the
before–after investigation of the 14 beaver ponds in
this study, teal and green sandpiper showed the
most positive numerical response to beaver
ﬂooding. However, mallard and wigeon were
interesting in that they were totally new species
Aquatic Conserv: Mar. Freshw. Ecosyst. (2014)
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Table 2. Estimated parameters of the effect of ﬂood duration on the
number of waterbird species. Flood categories are nominal variables
and represent: 0 – no beaver ﬂood (intercept); 1 – ﬁrst and second
year ﬂood; 2 – third and fourth year ﬂood; and 3 – ﬁfth year or older
ﬂood. The random effect ai representing the between-lake variation is
2
N (0, 1.08 )

Intercept
Flood category 1
Flood category 2
Flood category 3

Figure 3. Average abundance of (A) ducks and (B) waders per survey
for 14 beaver ponds before and during beaver occupancy. Error bars
represent ± SE.

Table 1. Test statistics for the change of the abundance of different
waterbird species in the 14 beaver ponds from before the ﬂood to
ﬂood. Wilcoxon matched pairs signed ranks tests was used. N
represents that number of lake pairs that had a different number of
birds, W is the Wilcoxon test statistic, SE is standard error and P
value is statistical signiﬁcance
Species

N

W

SE

P

Mallard
Teal
Wigeon
Goldeneye
Common sandpiper
Common snipe
Green sandpiper

7
12
3
9
4
3
13

0
4.5
0
10.5
1.5
0
4

5.91
12.70
1.84
8.28
2.69
1.84
14.15

0.018
0.007
0.102
0.103
0.194
0.102
0.003
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Value

SE

t-value

P

2.01
0.97
1.32
1.51

0.26
0.17
0.37
0.34

7.61
5.59
3.59
4.49

P < 0.001
P < 0.001
P < 0.001
P < 0.001

Figure 4. The effect of duration of the beaver ﬂood on the annual
number of waterbird species at 18 beaver ponds during the study
period of 20 years. Categories represent: 0 – years with no beaver
ﬂood (N = 272); 1 – ﬁrst and second year ﬂood (N = 53); 3 – third and
fourth year ﬂood (N = 11); and 4 – ﬁfth year or older ﬂood (N = 42) in
those 18 lakes that were ﬂooded at some point. Circles indicate the
mean and whiskers 95% conﬁdence intervals.

entering the duck guild in the 14 beaver-affected
wetland patches. They are not new species for the
area, but are usually found at the more eutrophic
end of the gradient of lakes in the area; this
ﬁnding is especially true for wigeon (Nummi and
Pöysä, 1993). Within the boreal ponds of the
study area, the frog Rana arvalis was present only
in beaver ponds (Vehkaoja and Nummi,
unpublished data). Beaver ﬂooding typically
increased lake vegetation richness in the area, and
elevated the position of the ﬂooded lake in the
habitat gradient (Suhonen et al., 2011).
Aquatic Conserv: Mar. Freshw. Ecosyst. (2014)
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In general, the composition of the regional
species pool is likely to have a large effect on the
composition and richness of modiﬁed patches
(Wright and Jones, 2004). In some studies in
North America, 15 species of waterbirds, and eight
waterfowl species alone, have been found in
beaver-inﬂuenced waters (Beard, 1953; Longcore
et al., 2006). In this study, all seven species of the
regional species pool were present also in the
beaver pond species pool.
When the goal of an ecological study is to
determine the factors restricting the distribution of
a species, identifying the limiting life history stage
is often crucial (Bruno, 2000). In this study,
distribution of birds was observed at the local/
patch scale at a critical stage of a species’ life
cycle, the breeding period. In this boreal setting,
the patterns at patch scale may be observed also at
a landscape level; for example, for teal the
landscape-level brood production is concentrated
on the beaver ponds (Nummi and Pöysä, 1995;
Suhonen et al., 2011). It is likely that the duckling
or chick stage limits the occurrence of waterbirds
in boreal wetlands, as suggested by the higher
survival of teal broods in beaver ponds (Nummi
and Hahtola, 2008) and the increased survival of
mallard ducklings in boreal ponds where food was
added (Gunnarsson et al., 2004). Experimental
studies strongly suggest that duck broods are
resource limited in boreal lakes (Nummi et al.,
2000; Sjöberg et al., 2000), and growth of wader
chicks has also been linked to the high
invertebrate abundance along the edges of wet
features (Eglington et al., 2010). The increase of
invertebrate food in beaver ponds is probably an
important factor in the increase of all the species
in the study. In the study area, the invertebrate
abundance index in beaver ponds is about
seven-fold compared with that of non-beaver
ponds (280 vs. 40, Nummi and Hahtola, 2008, see
also Figure 1). Most of the species certainly
beneﬁted, too, from the change in habitat structure,
i.e. from the increase of shallow water in beaver
ponds, which ameliorates foraging possibilities for
birds (Beard, 1953; Longcore et al., 2006). In the
study area the average water depth measured from
the shore is 23 cm in beaver ponds and 64 cm in
non-beaver ponds (Nummi and Hahtola, 2008).
Copyright # 2014 John Wiley & Sons, Ltd.

Thus, with reference to the conceptual model of
facilitation by Bruno et al. (2003), we think that at
least resource enhancement and habitat amelioration
took place when beavers modiﬁed waterbird habitats.
Wright and Jones (2004) stated that their
engineering model would be more likely to give
successful predictions of species richness if the
resources modiﬁed by an ecosystem engineer had
similar effects on the species comprising the
assemblage studied, e.g. the effect on birds of an
invertebrate increase. Of the species studied here,
teal and green sandpiper could be seen as
disturbance species that readily colonize newly
formed beaver ponds (Nummi and Pöysä, 1997).
For teal this has been closely linked to its diet,
which includes cladocerans, the ﬁrst invertebrates
to bloom in the ponds (Nummi, 1993). Likewise,
mallard is found in high densities in ﬂooded
temporal and seasonal wetlands of North
American prairies (Kantrud and Stewart, 1977).
Goldeneye adults and older ducklings, on the
other hand, typically thrive in stable ponds and
dive for their food (Cramp et al., 1986); their
numbers, too, were found to increase upon ﬂooding.
Studies also show that invertebrate density increases
in the deeper parts of beaver ponds after ﬂooding
(Nummi, 1989).
There is little information on habitat use and diet
in the breeding grounds of the waders in this study,
but they are known to use a wide variety of aquatic
and terrestrial insects, including chironomids,
which are numerous in beaver ponds (Nummi,
1989). Waders forage in shallow water (Isola
et al., 2000; Eske Holm and Clausen, 2006), and
probably beneﬁt, as mallards do, from drowning
terrestrial invertebrates in the early phases of
ﬂooding (Swanson et al., 1985). The shallow
shores of beaver ponds in the study area provided
the waders as well as duck broods with a more
suitable foraging habitat than that of more than
60 cm in undisturbed lakes (Isola et al., 2000;
Nummi and Hahtola, 2008). On wintering
grounds, waders usually feed in water less than
20 cm deep (Rehﬁsch, 1994). Common snipe
prefers open marsh habitat (Cramp et al., 1985),
which was not present in most of the beaver ponds
in this study; that is probably why, unlike in
North America (Longcore et al., 2006), the
Aquatic Conserv: Mar. Freshw. Ecosyst. (2014)

ECOSYSTEM ENGINEER INCREASES WATERBIRD DIVERSITY

increase of this species after beaver ﬂooding was
not more distinctive.
From the viewpoint of biodiversity management it
is interesting that the number of waterbird species
still increased after the two ﬁrst years of ﬂooding.
After three to four years of ﬂooding, diversity
remained more or less at the same relatively high
level. This pattern is rather different from that
found in some other groups: the diversity of
herbaceous plants is highest in ponds 11 to 40 years
old (Ray et al., 2001), and that of ﬁshes in ponds
9 to 17 years old (Snodgrass and Meffe, 1998).
For invertebrate-eating waterbirds beaver-ﬂooded
ponds offer beneﬁcial circumstances (i.e. abundant
food), and as mobile animals birds ﬁnd them
quickly (Nummi and Pöysä, 1997). There were
only seven species of invertebrate-eating waterbird
species in this study, all of which found the beaver
ponds relatively quickly. Community-level beneﬁt
is then maintained for the whole period of
ﬂooding, at least when ﬂooding is brief as it often
is in the Evo study area.
Wetlands and their associated species, such as
amphibians and bats, have been in drastic decline
(Amezaga et al., 2002), even in protected areas
(McMenamin et al., 2008). This is true also for
waders (Colwell, 2010). It is therefore worthwhile
considering the promotion of beavers in wetland
restoration and to reintroduce them to areas where
they have been extirpated in the past (Nolet and
Rosell, 1998; Jones et al., 2009). Much of wetland
management has been motivated by an interest in
improving the habitats of hunted waterfowl
(Colwell, 2010), but for conservation it is essential
that apart from waterfowl beavers also beneﬁt
waders. When considering beavers as restoration
agents it is important to notice that patch
modiﬁcation by beaver is less stochastic compared
with abiotic disturbances. When beavers are
present, new ponds are created from time to time,
the rate depending on the population dynamics of
the animal (Johnston, 1995; Wright et al., 2004;
Nummi and Kuuluvainen, 2013). It should be
noted, however, that when large predators are
absent beaver densities might become too high to
beneﬁt biodiversity (Ritchie et al., 2012).
In conclusion, the ﬁndings of this study emphasize
the key role of beavers in facilitating individual
Copyright # 2014 John Wiley & Sons, Ltd.

waterbird species and waterbird communities in
boreal wetlands. In habitat conservation and
restoration, it is sometimes wise to identify probable
keystone species or ecosystem engineers and focus
on their management (Ebenman and Jonsson, 2005;
Byers et al., 2006). In areas where beavers are
difﬁcult to manage it is feasible to imitate their
ﬂooding with man-made actions, as has been done
in many restoration and conservation programmes
(Danell and Sjöberg, 1982; Chovanev, 1994;
Mazerolle et al., 2006; Eglington et al., 2010).
However, man-made wetlands are more costly to
manage than dam-building beavers (Brown and
Parsons, 1979).
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