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The use of flooded water bodies by duck broods was studied in one simulated beaver-
pond and eight beaver-influenced ponds. Brood censuses were made both before and
during inundation in these areas, and eight unaffected ponds were used as controls. In
the man-made flowage, the distribution and biomass of wetland plants and the density
of available aquatic invertebrates were studied. In the beaver-influenced ponds, the use
by waterfowl broods was significantly greater during flooding than before inundation;
no changes occurred in the control areas. In the first year of inundation, the simulated
flowage produced a great amount of duck food in the water column — mainly large
cladocerans. The density of benthic invertebrates increased during the second year of
flooding and remained high during the third. The number of emergent insects was
highest in the second year of inundation. The results of the study suggest that in barren
regions beaver ponds, with their prosperous food regime, provide important habitats for
rearing waterfowl broods.

1. Introduction

The ecological role of beaver has received con-
siderable attention in North America (Knudsen
1962, Naiman et al. 1986), where most of the
research has focused on the relationships between
beaver and waterfowl] (e.g. Beard 1953, Speake
1956, Nevers 1968, Renouf 1972, Diefenbach &
Owen 1989) and between beaver and trout (Huey
& Wolfrum 1956, Gard 1961). In Eurasia, only
minor studies have been made on the effect of
beaver on waterfowl (Rudqvist 1977, Nummi
1984).

Much of the earlier work has concentrated on
explaining the importance of cover to waterfowl

broods in beaver ponds and, therefore, there is
not much information about beaver flowages as
producers of invertebrate food for ducks. Protein-
rich invertebrates are important to breeding fe-
males and their broods (Sugden 1973, Krapu
1974, Street 1977, Reinecke & Owen 1980,
Swanson et al. 1985; see also Nummi 1985). Nor
is the timing of the waterfowl brood response to
beaver flooding well documented.

In this paper I shall describe the development
of the vegetation structure, food supplies, and
their use by ducks in a simulated beaver pond
over a three-year period. Against this background,
I shall then test the hypothesis that the use of
natural ponds by duck broods increases after
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damming by beaver. I collected brood data from
the same ponds before and during beaver occu-
pation, and compared these with unaffected con-
trols. Earlier studies have only compared beaver
ponds to other kinds of habitat.

2. Study area and methods

The study was conducted in the barren watershed
area of Evo (61°N, 25°E) in southern Finland and
in Pitkédpohja (61°N, 29°E), a more productive
area in eastern Finland. In these areas, a long-
term study of waterfowl habitat selection is in
progress. The waters under study consist of about
90 small lakes and ponds, which are mostly
oligotrophic; of these, 16 are the main focus of
this work. The most common waterfow] species
nesting in the study areas are the mallard Anas
platyrhynchos (L.), teal A. crecca (L.), wigeon
A. penelope (L.) and goldeneye Bucephala clangula
(L.). The species of beaver living in southern and
eastern Finland is Castor canadensis (Kuhl).

The experimental work at Evo was started in
June 1984 in Saukonoja Creek in two sections
situated 300 m apart. The lower was flooded and
the upper was used as a control. The artificial
damming took place in October 1984 and the
area of the inundated floodplain was 1 ha. The
water level rose about 50 cm.

2.1. Invertebrate sampling

During June, emerging insects were collected in
four floating hood traps from the flowage and
from the control; the hood traps were made of a
ring-shaped plastic tube surmounted by an arch
supporting a net (mesh size 0.5 mm). Each trap
collected insects from an area of 0.5 m*. The hood
traps were emptied with a small vacuum cleaner.
In the flowage in 1985-1987 and in the control
in 1985-1986, the traps were set for 17 days (in
each year the trapping periods were 5x3 days plus
2x1 day). In 1987, the control had only two
trapping periods of one day, and in 1984 the
traps were set for only four periods of one day in
both sections.

Free-swimming invertebrates and species
living on the submerged vegetation were sam-

pled with a sweep net (aperture 177 cm?, mesh
size 0.5 mm) in the littoral portion of the flowage
between 25 June and 2 July in 1985-1987. For
each sample, a water volume of about 33 litres
was swept in the surface layer; four, eight and
twelve samples were taken in 1985, 1986 and
1987, respectively. A core sampler (15.2 cm?)
(Hakala 1971) was used to collect benthic inver-
tebrates in the littoral zone at the flowage at
depths of 5-15 cm from 14 to 25 July. The sam-
ples were sorted with an automatic sieve (small-
est mesh size 0.5 mm) and the animals were then
picked out by hand. Thirty samples were taken
each year (1984-1987).

2.2. Analyses of vegetation

Two line transects of 70 m and 55 m were laid at
random across the flowage. Between 26 July and
10 August in 1985-1987, records were made at
intervals of 0.5 m along the transects of the fre-
quency of occurrence of macrophytes and of
shrubs under a height of 0.5 m. In this way, a
maximum of 250 sample intervals was measured.

In the years 1984-1987, the above-ground
biomass of macrophytes in the floodplain was
determined by harvesting the plants from 20
quadrats of 0.25 m? selected at random along the
transect. The samples were dried for 1-2 days at
40 °C before the weighing. Leaf litter from trees
in the flowage was also collected in 12 nine-litre
buckets attached to floating boards. Collection
took place in a two-month period from mid-
August to mid-October, and the buckets were
emptied every second or third week. The litter
samples were dried in the same way as the
macrophytes.

2.3. Waterfowl observations

The number of waterfowl broods in the experi-
mental flowage was rercorded during observation
periods of 15 and 60 minutes. These records
were made from an observation tower about every
second day from mid June to early August in
1984-1987 at 0700-0900 hours or 1900-2100
hours, which are active feeding periods of duck
broods in the study area. The number of birds or
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broods seen per hour was then used as an index
describing the use of the area by the birds. Broods
of the same species could be separated quite
reliably on the basis of their age (Pirkola &
Hogmander 1974) and the number of ducklings.

To test whether the use of wetlands by duck
broods is greater after beaver damming, addi-
tional brood counts were made during three-year
periods from eight beaver-influenced ponds in
Evo (seven ponds) and in Pitkdpohja (one pond)
in 1984-1990. In each wetland, either point counts
or round counts were used on all visits (methods
described in Koskimies & Viisidnen 1991). The
wetlands were censused 1—4 times per season in
June and July. The average values of all censuses
were used in comparisons of brood use before (1
or 2 years) and during (1 or 2 years) beaver
occupation. Comparisons were made with
Wilcoxon’s signed ranks test. For each of the
eight beaver ponds, there was one control area
(seven in Evo and one in Pitkdpohja) of the same
habitat type. The habitats used resembled the
beaver areas as much as possible, because bird
densities may vary from year to year in different
kinds of habitats. The controls were the nearest
neighbours of the beaver areas in a principal
component analysis (PCA) gradient representing
eutrophy-oligotrophy. The PCA was based on
vegetation descriptions of all the water bodies
(89) in the study areas (details in Pdysd & Nummi
1992; see also Poysd & Nummi 1990).

To test for species differences in the use of
the beaver ponds, the proportion of teals, mallards
and goldeneyes in the seven beaver-influenced
ponds of Evo was compared to the total brood
data (minus beaver pond data) for those species
in the area.

3. Results
3.1. Experimental pond
3.1.1. Invertebrates

Emerging insects

The number of emerging insects peaked during
the second year of flooding (1986) (Figs. 1 and
2A). Large midges (Chironomidae, Chironomus

spp.) in particular were more numerous than in
the previous two years or the control area. May-
flies (Ephemeroptera) were also abundant in 1986
during their short emergence peak at the begin-
ning of June.

In 1985, the number of emerging midges had
already started to increase. By 1987 the number
of adult midges was again low.

Free-swimming and benthic invertebrates

Invertebrates were most abundant in the water
column (P <0.01, Mann-Whitney U-test) in 1985
(Fig. 2B). During the first year of inundation,
most of the invertebrates (84 %) were water-
fleas (Cladocera) of the relatively large-sized ge-
nus Eurycercus.

The density of bottom-dwelling invertebrates
in the littoral zone did not increase until 1986
(P <0.01) (Fig. 2C). Most of this increase (40 %
of total) was due to water-lice Asellus aquaticus,
but midge larvae had already increased slightly
in 1985. In 1987 the benthic invertebrate density
was at the same level as in 1986. The densities of
invertebrates on the creek bed showed the same
trend as the densities of the littoral macrobenthos
(Nummi 1989).

3.1.2. Vegetation

Biomass of herbaceous plants and dead leaves

Before flooding in 1984, the biomasses of herba-
ceous plants and leaf litter from the flood plain
trees were both about 190 g/m? (Fig. 3). The
standing crop of herbaceous plants decreased
considerably during the first year of inundation
and this is reflected in the total biomass of veg-
etative matter. The amount of autumnal leaf lit-
ter, however, was still about 120g/m? in 1985.

Occurrence of herbaceous plants and shrubs

In 1985, there were few sections without plant
contact (18 %) on the transect lines. In 1986, the
number of open sections increased slightly (27
%), but plants were evenly distributed throughout
the flowage (Nummi, unpubl.). In 1987, the
vegetation became sparser (41 %), in spite of the
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Fig. 1. The number of emerging insects (mean +1 SE)
in June in the experimental flowage (open columns)
and in the control section of the creek (shaded columns)
during 1985-1987 (for each column, n = 4). The creek
was dammed in October 1984.

fact that fallen willows added more contacts in
1987 than in 1985 or 1986.

3.1.3. Waterfowl

The number of waterfow] broods recorded per
hour was greatest during the first and second
years of flooding (Table 1). During the third
year, the pond was used less by broods than
during the first two years (P < 0.05, y -test), but
more than in the year before flooding (P < 0.01).
Because of the small size of the flowage, the
actual number of broods using it was small:
probably four in 1985 and six in 1986 and 1987.
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Fig. 2. The number of invertebrates (mean + SE) in the
experimental flowage during 1984-1987. Flooding was
done in October 1984. — A. The mean number of
emerging insects per day during 17 days in June (in
1984 only during 4 days) (hood traps, 7 collections,
n = 4 for each collection; in 1984 only 2 collections).
— B. Density of free-swimming invertebrates in sweep
net samples between 25 June and 2 July in 1985
(n=4),1986 (n=8) and 1987 (n = 12). — C. Density
of benthic invertebrates in mid-July during 1984-1987
(yearly sample size 30).

Teal broods were seen most often in the
flowage. During the first year of flooding, when
18 records were made of teal broods, there were
only three each of mallards and goldeneyes (P <
0.01). Teal ducklings also seemed to remain in
the flowage until fledging.

3.2. Waterfowl in beaver-influenced ponds

After damming by beaver, the use of the eight
ponds by waterfowl broods was significantly
higher than before inundation (P < 0.005,
Wilcoxon’s signed ranks test; Table 2). In the
controls, the use by broods did not change
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Fig. 3. Biomass of leaf litter fall in autumn (open area,
yearly sample size = 12) and macrophytes (ruled area,
yearly sample size = 20) per square meter during
1984-1987 in the experimental flowage, flooded in
October 1984.

(P > 0.10) during the same period (Table 2). Half
(51 %) of the broods in beaver ponds were teals,
over one third (38 %) goldeneyes and 11 %
mallards (Table 3). The proportion of teals in
beaver ponds was higher (P < 0.01, G-test) than
in the area of Evo in general (31 %).

4. Discussion

Waterfowl broods seem to use intensively bea-
ver-influenced ponds as well as man-made
flowages. In the following discussion I will
specify the factors that are responsible for the
rapid response of broods to the creation of inun-
dated wetland. Although there was only one rep-
licate of the experimental work (for more de-
tailed information on e.g. invertebrates, see
Nummi 1989), other studies have shown similar
trends in such processes as thinning of
macrophyte stands (Danell & Sjoberg 1982,
Murkin & Kadlec 1986) and colonization by in-
vertebrates (Smirnov 1962, Sjoberg & Danell
1983).

4.1. Colonization by invertebrates and their
use as duck food

During the first year of flooding, the inverte-
brates (mainly water-fleas) in the simulated bea-
ver pond were produced mainly in the water
column (Fig. 2b). The food items were relatively
small, which is typical of the first phase of inver-
tebrate succession in flowages (Britton 1982).
Young ducklings are able to take invertebrates
from the water surface (Chura 1961, Sugden 1973,
Pehrsson 1979, Nummi 1985). Water-fleas, nu-
merous in the simulated pond in the first year of
inundation, are known to be the customary food
of young ducklings (Collias & Collias 1963,
Bengtson 1971). Even relatively small fledged
teals eat large amounts of water-fleas (Nummi
1990). The foraging behaviour of adult teals also
suggests great use of free-swimming inverte-
brates; teals feed much more often at a depth of
0-5 cm than, for example, mallards (Poysd 1983).
In experimental conditions, blue-winged teals
Anas discors feeding solely on water-fleas have
survived and even reproduced (Swanson et al.
1974).

In the second year of inundation, the number
of free-swimming invertebrates was much lower.
Conversely, the number of emerging insects and
the density of benthic invertebrates had increased
(Figs. 1 and 2A, 2C). As in the study by Sjoberg
& Danell (1983), the first benthic invertebrate to
attain high densities was Asellus. Emerging in-
sects are an important part of the nutrition of
downy young (Bengtson 1975, Street 1977,
Sjoberg & Danell 1982). Ducklings of older age
classes subsist mainly on benthic invertebrates,

Table 1. Number of observations of waterfowl per hour
before and after damming in the experimental flowage
area during 1984—1987 (observation periods of 15 min
and 60 min).

Year Effort Broods Observations / hr

hrs observ. broods adults ducklings
1984 12.8 1 0.1 0.1 0.5
Dam
1985 14.3 24 1.7 1.7 8.8
1986 13.0 24 1.8 2.0 9.8
1987 18.8 19 1.0 1.5 5.9
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e.g. isopods and amphipods, midge larvae and
snails (Chura 1961, Sugden 1973, Krapu &
Swanson 1977, Danell & Sjoberg 1980). These
also constitute a substantial part of the diet of
adult ducks in the breeding season (Krapu 1974,
Swanson & Meyer 1977, Swanson et al. 1979,
Reinecke & Owen 1980).

As an impoundment becomes older, its value
for young ducklings decreases. However, older
birds which feed by up-ending still benefit from
the benthic invertebrates produced in the rela-
tively shallow water of flowages (Danell &
Sjoberg 1982, Nummi 1984, Diefenbach & Owen
1989).

4.2. The role of vegetation as invertebrate food

The high production of invertebrates in the
flooded area may be attributed to the presence of
inundated macrophytes and leaf litter (Kadlec
1962, Mundie et al. 1973, Whitman 1976, Murkin
& Kadlec 1986). The invertebrates feed on the
litter itself and on the microbes, fungi and
epiphytic algae that live on it (Andersson & Sedell
1979, Moss 1980, Nelson & Kadlec 1984). In-
vertebrates that live in open water or among
stands of vegetation can also benefit from accu-
mulations of litter. During decomposition, the
litter becomes a source of fine particulate organic
matter, which collector invertebrates can filter
from the water (Nelson & Kadlec 1984).

In my experimental pond, the autumnal input
of leaves (Fig. 3) may have played an important
role in the production of invertebrates. Flowages

surrounded by trees also receive additional in-
puts from the canopies also during other parts of
the year, e.g. woody debris, pollen and flower
parts (Anderson & Sedell 1979). The biomass of
herbaceous plants was high only before the
flooding in 1984 (Fig. 3). Many of the plants
initially flooded decay fairly rapidly: 50-100 %
in one year, 30-80 % in half a year (Mason &
Bryant 1975, Hodginson 1975, Danell & Sjoberg
1979, Danell & Andersson 1982).

4.3. Beaver ponds and beaver-influenced ponds
as feeding habitats for ducklings

Although the biomass of herbaceous plants de-
creased rapidly, the vegetation was evenly dis-
tributed throughout the experimental pond in the
first years of inundation (Nummi, unpubl.). Thus,
the young ducklings had good opportunities to
chase insects on the vegetation — also some
distance from the shore line. Pehrsson (1979) has
suggested that a well-vegetated shore line is in
fact a dangerous habitat for ducks because of the
terrestrial predators, but that ducklings move
along the shore vegetation because of the abun-
dant food resources available there. In open wa-
ter, however, ducklings can be detected by rap-
torial birds. In newly flooded ponds, canopies of
shrubs and trees are often present and give pro-
tection from raptors. The use of beaver ponds by
wood ducks Aix sponsa has been associated with
abundant shrub cover (Hepp & Hair 1977, Brown
& Parsons 1979). In my experimental pond, both
the birches and willows were in good leaf in

Table 2. Average number of broods in beaver-influenced ponds and unaffected controls before and after

damming. Number of censuses in parenthesis.

Beaver-influenced ponds: brood number higher after damming (P < 0.005, Wilcoxon’s matched-pairs signed ranks

test).

Pond nr. 1 2 3
Before - - (8 -
After 180 (5) 1.75 (4) 0.88 (8)

0.25
1.13

Unaffected control ponds: brood numbers do not differ between the two periods (P > 0.10).

Pond nr. 1 2 3

Before - (2) 025 (8) -1
After - (5 - @) 025 (8)

4 5 6 7 8
(4) - ® - (4 025 (4 10 (4)
(8) 075 (4 063 (8) 075 (8) 1.25 (8)
4 5 6 7 8
0.63 (8) - (49 10 (4 025 (4)
- (8) - (4 - (8 325 (8) - (8
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1985 and in 1987 the willows were still in good
condition (Nummi 1989).

Young ducklings chasing insects on the veg-
etation move rapidly because the insects attempt
to escape. Each duckling, therefore, requires an
undisturbed feeding patch. In an evenly vegetated
flowage, the brood can advance on a wide front.
Beaver-affected areas could, indeed, be a better
feeding habitat for ducklings than the narrowly
vegetated shores typical of oligotrophic areas,
even if the invertebrate densities in these habitats
do not differ.

During cold weather, when new insects are
not emerging, small ducklings can also benefit
from emergent vegetation. Adult midges, for ex-
ample, are captured easily on the shoots when
their mobility is reduced by low temperatures
(Sjoberg & Danell 1982). The canopies of trees
growing in the flowage can act in the same man-
ner. Mason & MacDonald (1982) have shown
that the number of invertebrates falling into a
stream from trees is substantial; the peaks of
invertebrate input were usually associated with
stormy weather.

4.4. Impoundments and waterfowl production

In areas of low productivity and stable water levels,
one of the major factors regulating duck populations
is the lack of suitable food for broods (Patterson
1976). In these areas breeding pairs tend to use a
large part of the available water area, whereas the
broods are concentrated in more eutrophic waters
(Patterson 1976, McNicol et al. 1987), where in-
vertebrate production is high (Talent et al. 1982,
Pehrsson 1984). Both beaver-affected areas and
man-made flowages provide this kind of eutrophic
habitat. Teals in particular start to use them rapidly

Table 3. The number of broods of different waterfowl
species (wigeon omitted because of scarcity of data) in
beaver ponds of Evo and in the area in general (minus
beaver pond data). The two distributions differ from
each other (P < 0.01, G-test).

Teal Mallard  Goldeneye
Beaver ponds 24 5 18
Evo area 28 29 62

(Table 3, see also Sjoberg & Danell 1983), and
seem able to complete their whole development in
asingle flowage; the sedentary nature of teal broods
has also been noted in peatlands (Fox 1986).

Impoundments are known to remain produc-
tive for 3—6 years (Kadlec 1962, Nevers 1968,
Danell & Sjoberg 1982, Nummi 1984). This means
that in oligotrophic areas beaver ponds often do not
become unproductive because the beavers usually
deplete their food resources during that time and
move away (Lahti & Helminen 1974, pers. obs.). In
impoundments created by man, however, the pro-
duction will eventually decrease and a water-level
drawdown is needed (Whitman 1976).

As regards the size of man-made flowages, it
may be more profitable to create a number of
small impoundments instead of a large one —
especially if they can be spaced relatively far
apart among oligotrophic lakes, and, if they have
good connections with other waters. At least two
advantages could be gained in this way. First, as
many breeding hens as possible would have ac-
cess to good feeding sites during spring without
harassment (see McKinney 1965, Patterson 1976,
Hill 1984). Second, after hatching the broods
would not have to travel long distances in order
to find a suitable habitat. The highest duckling
mortality occur before the ducklings are two
weeks old (Talent et al. 1982), and overland
movements can have an adverse effect on duck-
lings (Keith 1961, Ball et al. 1975). Impoundments
should probably not be under 0.5 ha in size — even
though the pair densities might be higher in smaller
water bodies (Dzubin 1969, Lokemoen 1973) —
because broods do not favour very small ponds
(Lokemoen 1973, Hepp & Hair 1977). However,
beaver population management has been shown to
be much more economical than the creation of
man-made impoundments (Ermer 1984).
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