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Abstract: The function of poor and rich breeding habitats of mallards (Anas platyrhynchos) was studied
in an oligotrophic forest lake area in southwestern Sweden during 1975-79. The lakes were ranked according
to an increasing degree of fish competition for food. Mallard pair density during egg-laying was highest in
small lakes lacking fish. From ice breakup until June, adults and larvae of water insects formed abundant
potential food for laying female ducks. However, the number of some invertebrate groups, and especially
their mean individual size, was lower in lakes containing fish. Duckling hatching coincided with the peak
of insect emergence. Experimentally-released young ducklings obtained significantly more food in lakes
without fish. Although the size of the emerging insects increased during the duckling hatching period, flying
insects were significantly smaller in lakes with fish. The size and number of food items for laying females
and small ducklings were reduced because of fish competition. During other phases of reproduction when
the protein demand was lower, the seed and vegetative production was adequate. As a result, there is a shift
between different food resources and the breeding mallard may use two types of lakes, the hatching lake
and the rearing lake. In optimal habitat, breeding mallards adapt well to temporary and fluctuating food
resources in a home range composed of lakes with and without fish. These lakes must be managed in different

ways.
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The mallard is widely dispersed in di-
verse habitats. Spring and summer food
analyses of both adults and ducklings show
a broad selection from vegetative to ani-
mal food items, both in Europe (e.g., Pir-
kola 1966, Tiussa 1966, Toufar 1966, Lees
and Street 1974, Danell and Sjoberg 1980)
and in North America (e.g., Munro 1943,
Chura 1961, Perret 1962, Collias and Col-
lias 1963, Bartonek 1972, Sugden and
Driver 1980). Both juvenile and adult
mallards feed on seeds from many aquatic
plants and on numerous types of aquatic
invertebrates. This varied food intake,
however, hinders the identification of
population-limiting factors.

Invertebrates constitute an important
protein source to egg-laying, dabbling
ducks and their ducklings (Chura 1961,
Sugden 1973, Swanson and Meyer 1973,
Swanson et al. 1974, Krapu and Swanson
1975). Experimental studies have shown
that a high protein diet is important both
for the ducklings (Street 1978) and the
hens (Pehrsson 1982). Such findings re-
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veal critical periods in the reproductive
cycle.

Anderson and Burnham (1976) stressed
an urgent need to identify important en-
vironmental variables and critical periods
in order to achieve proper management
of the mallard. Traditionally, most species
are characterized as having rather cos-
mopolitan diets and “thus, the food factor
seems not to have had any great signifi-
cance in the evolution of species-specific
habitat requirements” (Hildén 1965:56).
However, periods of specialization may be
critical even in a seemingly rather unspe-
cialized species having a broad food niche,
especially in an unpredictable environ-
ment.

In 1975 investigations were started in
an oligotrophic forest lake area in south-
western Sweden in order to analyze the
function of the breeding habitat. The pri-
mary aims were to compare habitats rich
and poor in food supply and to identify
the limiting properties of the available
food to breeding adult mallards and their
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ducklings. Through experimental use of
captive mallard ducklings (Pehrsson
1979), it became possible to evaluate for-
aging habitats for different age-classes. By
using simple sampling methods designed
to reflect the feeding habitats of the ducks,
the occurrence of potential food organ-
isms could be compared among lakes. Fi-
nally, the use of different lakes by wild
mallard pairs could be compared both
with the feeding efficiency of captive
duckings and with food availability. The
experimental and sampling design was ar-
ranged according to the occurrence of fish,
because fish competition for food has
proven to be a limiting factor for the re-
production of other ducks such as the
oldsquaw (Clangula hyemalis) (Pehrsson
1974) and goldeneye (Bucephala clangu-
la) (Eriksson 1979).

I wish to thank the Swedish Forestry
Service for granting access to the lakes in
the Svartedalen area and for its assistance
in constructing nesting rafts. Further-
more, | am grateful to B.-1. Henrikson for
sorting and measuring subaquatic inver-
tebrates and to E. M. Ahlund for drawing
the pictures. H. A. Andersson, K. E. Da-
nell, and K. H. Sjéberg kindly commented
on an early draft of the manuscript and
R. I. Smith kindly suggested further im-
provements. The work was supported fi-
nancially by the Natl. Swedish Environ.
Prot. Board (contracts 6-34/75-79 and 7-
98/76), the Swedish Sportsmen’s Assoc.,
and the Faculty of Nat. Sci. of the Univ.
of Goteborg.

STUDY AREA

The fieldwork was performed on 26
lakes in the Svartedalen area (58°N, 12°E)
50 km north of Géteborg and in two ad-
ditional lakes (LS and SS) 10 km farther
north. These 28 oligotrophic lakes, consti-
tuting only a few of the numerous lakes
in the area, are located between 70 and
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150 m above sea level (Table 1) on gneiss
bedrock and are surrounded by coniferous
forest and peat bogs. However, their
shorelines are sparsely vegetated (earlier
descriptions by Stenson 1972 and Pehrsson
1979). During recent decades the fish
populations have declined or disappeared
from many lakes because of their increas-
ing acidity from air pollution (Table 1).

METHODS
Occurrence of Fish

Fish sampling was performed from 1976
to 1978 in all lakes where fish could pos-
sibly occur. Sampling was carried out with
gill nets in which fish of all sizes could be
caught (length: 36 m; depth: 1.5 m; mesh
sequence: 75, 12.5, 33, 22, 43, 16.5, 30,
60, 38, 25, 10, and 50 mm). The nets were
set for at least 24 hours. This fishing meth-
od, however, is not applicable to eels (An-
guilla anguilla).

Subaquatic Food Sampling

Adult mallards primarily search for food
in shallow water and below the surface
(Pehrsson 1979). Because breeding fe-
males need animal food for protein before
and during egg-laying, invertebrates just
below the water surface, in the substra-
tum, or in the vegetation on the shallow
bottom must be of importance. This source
of animal food where organisms are ob-
tained below the water surface is denoted
as subaquatic, contrary to the emerging
and flying insects above the water surface,
although they may belong to the same
species. Subaquatic invertebrates were
sampled in an activity trap similar to the
type described by Whitman (1974). The
traps were made of 11-cm-high, 500-ml
polyethylene pots, in which the 9-cm di-
ameter lid was supplied with a reinforced
polyethylene net (mesh size 1 mm). The
7-cm-diameter bottom was replaced by a
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Table 1.
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Maorphometry and acidity of investigated lakes ordered in four groups according to occurrence of fish and increasing

fish competition: group 1: no fish; group 2: few, solitary, or migrating fish, no reproduction because of acidification; group 3:
planktivorous and predatory fish; and group 4: planktivorous fish only.

Fish occurrence®

Area; Elevation Before

Lake {ha) (m)b pH® 19724 1976-T8
Group 1

As 0.12 (127.5)

No 0.31 124.0 42-48 pe, ee

Ab 0.34 124.0 4.8-5.0 pe

Me (142 (122.5)

Ox .51 (147.5) 4.7-54 pe, ee, pi

Sk 0.61 (127.5) 4.0-4.1

To 0.69 (122.5) 4.3-4.6

N 0.72 (122.5) T-4.8

Nor 1.0 115.8 46-48 pe, ee

LS 1.0 130 57-8.4 g

K 1.5 151.9 4.2-4.4 pe, ee, pi

Ju 2.2 117 4.2-4.6 pe

St 21f 115.8 4.2-46 pe
Group 2

NR& 0.44 (127.5) 4.9 pe, ee £

LN .45 123.0 4,7-4.9 pe, ee, pi &

S 0.52 111.3 43-4.4 pe. ee £

T 0.57 (142.5) 4.3-5.0 pe, pi sp, pe"

Mé 4.2 121.5 4.5-4.6 pe, 10, ee, pi pe’
Group 3

R 0.78 122 5.9-6.2 pe, pi

G 10.6 110.7 4.8-4.9 pe, 1o, ee, pi pe, pi

A 221 69.3 5.0-6.6 pe, pi pe, pi
Group 4

R& 0.32 (127.5) 5.3-5.4 pe, ee pe

55 1.9 135 5.4-7.9 pe, 1o, ee

Li 2.9 111.3 4.8-4.9 pe, ee, pi pe

Ov 3.3 123 5.3-5.4 pe, ee, pi pe

Ti 5.6 123 4.8-4.9 pe, ee, pi pe

A 5.0 112.5 4.9-5.1 pe, 1o, I, ee pe, ru

H 14 85.3 49-5.0 pe

# pe = perch (Perca fluviatilis), ee = eel (Anguilla anguilla); pi = pike (Esox lucius); sp = splake (Salvelinus fontinalis x 5. namaycush),
ro = roach (Leuciscus rutilus); ra = rudd (Seardinius erythrophthalmus).
b Figures within parentheses indicate approximate level between 5-m curves,

¢ Measurements in 1977; LS and S8 from Stenson (1972).

4 R. Schmuul (unpubl. rep., Reg. Agric. Board, Vanersborg, 1973, and own observations).

e After rotenone treatment in 1957-61 (Stenson 1972).
f The investigated part of the lake.
& Fish immigration possible from adjacent lake.

b Experimental introduction before 1975 into the southern, fenced-off half (ST), but later deserting into the northern half (NT).

! Disappearing during the investigation period.

funnel made of the same type of net and
with an opening large enough for Dytis-
cus beetles to enter. In each sampling, 20
traps were fixed with wooden stakes be-
low the water surface, in the upper litto-
ral, and left for 48 hours. The traps were

placed horizontally on the bottom, against
vegetation or other objects, in order to al-
low both swimming and creeping animals
to enter. The dry weight of the different
invertebrate groups was calculated (Smock

1980).
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Flying Insect Sampling

Flying and newly emerged insects on
the shore vegetation are the preferred food
of small ducklings (Pehrsson 1979). The
relative abundance of such food was mea-
sured on sticky traps placed 5 cm above
the water surface along the shoreline. Each
trap consisted of a 6.5-cm-long and 1.5-
cm-wide plastic cylinder covered with Sti-
kem Special® (Michel & Pelton Co., Lan-
dregan, Emeryville, CA 94608). In each
sampling of a lake, 15 such sticky traps
were exposed for 48 hours. Even the larg-
est insects, such as large dragonflies (An-
isoptera), were caught on the sticky traps.
However, in the insect-rich lakes, insect-
remains and feathers in the paste indicat-
ed that Eurasian blackbirds (Turdus me-
rula), white wagtails (Motacilla alba), and
other passerines, could, like wild ducks,
reduce the invertebrate capture rate and
bias the results. Immediately after each
exposure period, the length of each ani-
mal was measured through a measuring
ocular before being removed from the
trap. Of these, only animals longer than
1.5 mm were recorded. The dry weight
of imagines was calculated with the same
constants as for larvae (Smock 1980).

Breeding Pair Observations

During regular visits to the study area
all sightings of mallards were recorded.
All observations from ice breakup until 2
weeks after the start of incubation were
used, and the mean number of males, with
or without females, was presumed to equal
pair numbers. The waiting area of the
male was often the same as the breeding
and feeding lake of the mallard at this
time. During this period mated males
rarely gather with more than one other
male. Observations of captive mallards in-
dicated that mated males may remain to-
gether when their females are incubating
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and may do so until the female of one
male arrives and incites her male to chase
the other away (O. Pehrsson, unpubl.
data).

Nesting Observations

At the start of the investigation, 21 ar-
tificial nesting rafts were placed in the dif-
ferent types of lakes to obtain observations
on egg-laying and hatching. Such obser-
vations otherwise would be almost impos-
sible in this sparse mallard population.
Timber rafts (2 X 2 m) were supplied with
two simulated nests and covered by heath-
er tussocks and other vegetation found on
the shore. The nesting rafts were visited
weekly or once every 10 days until nesting
was started and later when the clutch
should have been finished. The start of
egg-laying was estimated by backdating 1
day per egg, although sometimes eggs may
be laid at 2-day intervals. In a similar way,
the day of hatching was defined as the
25th day after laying of the last egg. This
date may be biased by 1 or 2 days in the
same way.

Feeding Efficiency of Ducklings

The occurrence of suitable duckling
food in different lake types was measured
by using captive mallard ducklings that
were released for about 1 hour and ob-
served at close quarters to record success-
ful feeding efforts (Pehrsson 1979). The
feeding efficiency, the feeding success and,
consequently, the quality of different lakes
as feeding habitats could be determined
numerically. The released broods were
guided by wing-clipped, tame, wild-strain
mallard hens.

RESULTS
Lake Characteristics

The lakes were divided into four groups
with increasing degrees of food competi-



1), 10 lakes out of 12 in group 1 are found
above the curve and 5 out of 6 in group
4 are found below. The pair density was
0.56 + 0.11 (SE)/ha in 17 fishless lakes
compared with 0.09 £+ 0.04 (SE) in 9 fish
lakes (P < 0.001, Mann-Whitney U test).
This indicates that the pairs preferred the
smaller fishless lakes for nesting. Fishless
lakes smaller than 1 ha may be character-
ized as more optimal breeding habitats.
In lake H males gathered towards the
end of the egg-laying period and, there-
fore, the early arrival of these males may
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Fig. 1. Mean male density in relation to lake size. Dots de-

note fishless lakes (lake groups 1, 2) and circles fish lakes
(lake groups 3, 4). Letters refer to lakes listed in Table 1. Lake
R& is without mallard observations and is excluded in fitting
the curve.

tion from fish (Table 1). No fish were re-
corded in the first lake group, and ducks,
therefore, lacked fish competition. In the
second lake group the water was too acid
to permit fish reproduction, although sol-
itary specimens from a disappearing pop-
ulation could be found and fishes could
enter from adjacent populated lakes. The
third lake group contained both planktiv-
orous and predatory fish, meaning that in-
vertebrate feeding fish density may be
lower because of predation than in the
fourth lake group with planktivorous fish
only. Thus, competition for food common
to both ducks and fish is assumed to be
highest in the last lake group. Lakes of the
first two groups (the fishless lakes) were
smaller (P < 0.01) and situated at higher
elevations (P < 0.03) than those lakes with
reproducing fish populations (the fish
lakes). The pH levels were significantly
higher (P < 0.001) in the fish lakes.

Lake Use During Egg-laying

During egg-laying the pair or male
density of mallards was highest in the
small fishless lakes. If an exponential curve
is fitted to the density observations (Fig.

have biased the value of this lake as a
breeding lake. During the investigation
period no mallard was observed in the
smallest fish lake (R$). A high mean num-
ber of pairs and males in large lakes (A
and St) partly depends on the earlier ap-
pearance of open water compared to the
later ice breakup of smaller lakes. The
early open waters become staging areas
for pairs not breeding in the lake, before
their own smaller breeding lakes are ac-
cessible, thus giving an upward bias to
large lakes. Most bias effects tend to coun-
teract the big difference between the ex-
treme lake types. One or 2 weeks after
hatching, the broods returned with the fe-
males to accessible larger lakes and were
usually not observed in the small lakes af-
ter becoming half grown.

Food Abundance for
Laying Females

The potential food for laying mallards
was measured using the subaquatic activ-
ity traps. To some extent, however, a trap
capture was a function of the activity of
the invertebrates, an activity which may
depend on both increasing water temper-
ature and increasing day length (date). In
the insect-rich lake No (Fig. 2), the mean
dry weight of Coleoptera was more highly
correlated to water temperature (r = 0.79,
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