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Egg and clutch size in the mallard as related to food quality
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The effect of food quality on egg and clutch size was studied in captive wild-strain and game-farm mallards, Anas
platyrhynchos, and comparisons were made with various wild Sweédish populations from different habitat types. Captive
mallards laid larger eggs than wild birds. In captivity, game-farm ducks laid larger eggs than wild-strain birds, but when they
were exposed to wild conditions the size was reduced. Captive ducks supplied with high-protein food laid larger eggs than ducks
fed low-protein food. In the wild, there was a negative correlation between egg size and population density. Various wild
Swedish populations showed similar egg-size variations among years, indicating some common factor operating outside the
breeding season. In the food quality experiments, clutch size was positively correlated with egg size, but no correlation was found
in wild populations. A negative correlation between clutch size and laying date, obtained in the wild, was not found in captivity.
Eggand clutch sizes were both significantly smaller in a lake with food competition from fish than in an area rich in lakes empty of
fish. When comparing egg characteristics of mallard populations it is important to distinguish between wild, captive wild-strain,
and captive game-farm birds.
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L’influence de la qualité de la nourriture sur la taille des oeufs et le nombre d’oeufs par couvée a été étudiée chez des Canards
colverts, Anas platyrhynchos, gardés en captivité mais provenant de souche sauvage, et des canards d’élevage; les résultats ont
€té comparés avec ceux obtenus chez diverses populations sauvages de différents types d’habitats en Suéde. Les canards en
captivité pondaient de plus gros oeufs que les canards sauvages. En captivité, les canards d’élevage pondaient des oeufs plus gros
que les canards de souche sauvage, mais les oeufs étaient plus petits si les canards étaient exposés 4 des conditions naturelles. Les
canards en captivité nourris & un régime riche en protéines avaient des oeufs plus gros que les canards nourris 4 un régime pauvre
en protéines. En nature, il y avait une corrélation négative entre la taille des oeufs et la densité de la population. Les mémes
variations de taille des oeufs ont été observées a différentes années chez diverses populations sauvages de Suéde, ce qui indique
I’existence d’un facteur commun en opération entre les saisons de reproduction. Dans les expériences sur la qualité de la
nourriture, le nombre d’ocufs par couvée était en corrélation positive avec la taille des oeufs, mais cette corrélation n’a pas été
constatée chez les populations sauvages. Une corrélation négative entre le nombre d’oeufs dans la couvée et la date de ponte,
constatée chez les populations sauvages, n’a pas été observée chez les populations en captivité. Les oeufs se sont avérés
significativement plus petits et les portées significativement moins nombreuses dans un lac ol les poissons entraient en
compétition pour la nourriture que dans une région riche en lacs vides de poissons. Pour comparer les caractéristiques des oeufs
entre les populations de Canards colverts, il importe donc de faire la distinction entre les oiseaux sauvages, les oiseaux de souche
sauvage gardés en captivité et les oiseaux d'élevage gardés en captivité.

Introduction

The quality and quantity of eggs produced by a duck may be
influenced by food resources in its wintering and spring
migration habitats (Korschgen 1977) and (or) its breeding
habitat (e.g., Drobney 1980, 1982; Drobney and Fredrickson
1985). In mallards, Anas platyrhynchos L., the availability of
habitats rich in high-protein invertebrate food is important to
reproductive success (Chura 1961; Perret 1962; Swanson and
Meyer 1973; Krapu 1981; Pehrsson 1984; Swanson et al. 1985).
The amount of available food may differ among habitats
because of various factors such as competition from fish or
variation in nutrient levels between wetlands (Pehrsson 1984).

Batt and Prince (1978) reported that egg weight and clutch
size of mallards are under effective genetic control and are
independent of hen weight. However, egg size and clutch size
may also reflect the body condition of nesting mallard hens and
(or) food availability before and during laying (Krapu and
Swanson 1975; Krapu 1979). Lack (1967) suggested that clutch
size and the relative size of the eggs are inversely related in
waterfowl, inferring that a female with limited food resources
produces either a few large eggs or many smaller ones. This,
however, was not borne out by recent analyses of intra- and
inter-specific comparisons of these traits (Duncan 1987; Rohwer
1988). Batt and Prince (1979) found that eggs of captive
mallards were heavier in larger clutches. However, they also
found that an individual’s egg size increased in smaller renest
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clutches, and speculated that there may be a seasonal “trade-off”
between clutch size and egg size.

In the present study, the effect of breeding-habitat quality on
egg size and clutch size of wild-strain mallards was simulated
experimentally in outdoor pens by providing controlled ad
libitum high- or low-protein food. Comparisons were then made
between the traits of the captive wild-strain birds and those of
various wild mallard populations in Sweden, as well as with
those of game-farm ducks of different types.

Methods

Experiments with captive mallards

Wild-strain mallard eggs, taken from a population on the Swedish
west coast, were hatched in captivity at the University of Gothenburg
(57°41’N, 11°57'E and 57°54'N, 11°43'E) by domestic ducks and
captive mallards from the wild strain used in the experimental studies.
Game-farm mallard eggs were obtained from Oster-Malma (58°57'N,
17°10’E), central Sweden. From 1978 until 1982, rich and poor
breeding habitats were simulated in outdoor pens (Pehrsson 1982) by
manipulating the protein content of the food. Individual pairs of ducks
were kept in separate pens supplied with a nest box. One mallard group
was given a high-protein diet, i.e., turkey food pellets (22% crude
protein, 20.5% pepsin-soluble crude protein, 4.0% crude fat, vitamins,
and essential minerals) ad libitum. This group also had separate access
to oats ad libitum, but this was only sparsely used by laying females.
Another group received only oats ad libitum. The protein content of
oats is 5—10% (Carpenter and Clegg 1956; Swaminathan 1967), there-
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TaBLE 1. Egg-volume indices for various mallard populations

No. of No. of No. of
Year years clutches eges Mean SE Range

Captive ducks

Large game-farm 19811983 3 8 142 1206 1.45  84.8-166.0

Game-farm, Oster-Malma 1979 1 169 113.8  0.79 B87.0-140.5

Captive wild-strain 1976-1983 8 57 543 101.4  0.41 70.3-122.0
Free-living ducks

Game-farm, Boda 19761980 3 14 122 97.0 0.83 69.8-124.1
Wild ducks

Lake Kvismaren 19801985 4 12 86 97.7 0.86 78.4-110.2

Svartedalen 19761985 10 162 1324 96.8 0.19 71.2-125.7

Coastal archipelago 1977-1983 2 5 Sl 94.5 0.85 82.2—-108.0

Lake Milaren 1979—-1985 5) 89 726 93 du 2 S0 16S

fore this low-protein group received less than half as much protein as
the high-protein group. Diets were assigned randomly to females one
year and then switched the following year. To some extent, ducks in
both groups could forage on terrestrial invertebrates, which probably
furnished some vitamins and essential nutrients for egg laying. Both
groups were provided calcium ad libitum. Most of the ducks used for at
least 2 years spent | year in each of the food-quality groups. Captive
ducks were permitted to lay normal clutches undisturbed.

In 1979, eggs from game-farm mallards bred at Oster-Malma were
measured and some large game-farm eggs were selected to start a small
breeding population of large-bodied game-farm ducks. The clutch size
and egg size of these birds were compared with those of both captive
wild-strain pairs and the wild populations.

To include game-farm descendants returning to wild conditions,
eggs were measured in 1979 and 1980 from the remaining birds
released from a previous game-farm population at Boda (61°32'N,
16°53'E). The strain of game-farm mallards bred at Oster-Malma and
Boda was originally obtained from Denmark in 1952. At Boda, no
game farming of mallards was performed after 1976, but the free-living
ducks remained on the game farm throughout the year, utilizing food
given to other birds.

Wild populations

In early spring 1976, 21 nesting rafts were placed in 18 lakes in the
Svartedalen area (58°N, 12°E), 50 km north of Gothenburg, to facilitate
the study of mallard breeding in a sparsely populated oligotrophic
habitat type (Pehrsson 1984). Production of aquatic macrophytes and
seeds was sparse in the area, but the abundance of aquatic invertebrates
available to egg-laying mallards was high in lakes without fish

" (Pehrsson 1984). This area lies 110-150 m above sea level, where

i

mallard nesting starts later than at the University of Gothenburg, near
sea level. As soon as egg laying began, rafts in the area were visited at
least once a week and all eggs were measured and numbered. In this
way the date on which the first egg was laid could be determined by
backdating, assuming that one egg was laid each day. Wild clutches
larger than 13 eggs were deleted from clutch-size comparisons because
they probably included eggs from more than one female.

To obtain an index of mallard population density in the Svartedalen

breeding arca, which is not visited by passing migrants, the number of

males was counted on about eight occasions on 28 lakes from ice
breakup until the earliest clutch had been incubated for 2 weeks. Male
density was assumed to best represent pair density, since some females
start nesting soon after arrival and may be overlooked in counts. A
population density index was obtained by summing the mean number
of males observed on cach lake.

Mallard eggs from various wild populations were also measured.
Samples were collected from birds breeding (i) on islets in the
archipelago off the Swedish west coast; (ii) on small islands and islets
in the Rid6 archipelago in Lake Milaren (59°30'N, 16°45°E); and (#if)
in the shallow eutrophic Lake Kvismaren (59°10'N, 15°25'E), The last

two areas are located in central Sweden and the first two locations
represent mallard foraging habitats of lower quality than the third.

Measurements

Length and breadth of all eggs were measured (in centimetres) with a
sliding caliper, and an egg-volume index was obtained: length x
breadth®. Some unincubated eggs laid by captive ducks were weighed
to the nearest 0.1 g on a Mettler balance. A density index, @ = egg
weight/egg-volume index, was used to convert egg-volume index to
fresh egg weight (in grams) when comparing different populations and
comparing the densities of eggs from captive birds. With these indices
fresh eggs could be compared with incubated and deserted eggs
irrespective of weight changes, and comparisons could be made with
egg weights in the literature. Differences in egg-volume indices among
mallard populations and between food-quality groups were tested with
two-way ANOVA. Game-farm eggs at Oster-Malma, which were
collected successively for breeding, and eggs in the few clutches in the
food-quality comparisons of large game-farm ducks could only be
treated as independent data points; they were analyzed with a f-test.
Statistical significance was accepted as P = 0.05.

Results
Egg size

In general, captive mallards laid larger eggs than wild
Swedish mallards (Table 1). Game-farm ducks bred at Oster-
Malma had significantly larger (P < 0.001) eggs than captive
wild-strain ducks. Eggs from the free-living game-farm descen-
dants remaining at Boda were significantly smaller (P < 0.01)
than those from captive wild-strain ducks on the high-protein
diet, but did not differ significantly in size from those of the
wild Svartedalen population (P = 0.89). Egg size also varied
with location and strain. Eggs from the islets of Lake Milaren
were significantly smaller than those from the oligotrophic
Svartedalen area (P < 0.001) and from the eutrophic Lake
Kvismaren (P << 0.01). Eggs from the selected large game-farm
ducks from Oster-Malma were significantly larger (P < 0.001)
than those from all other mallard populations studied in
Sweden.

Eggs from captive wild-strain ducks receiving high-protein
food ad libitum were significantly larger (P < 0.001) than those
from ducks receiving low-protein food (Table 2). A correspond-
ing difference (P < 0.001) was obtained between treatments in
two large game-farm hens, although the difference in egg size
between treatments was greater in game-farm ducks (21-27%)
than in wild-strain ducks (8—12%).

In the Svartedalen area, mean egg-volume index of wild birds
differed among years. In 1981, when eggs were smaller (mean



158 CAN. ]. ZOOL. VOL. 69, 1991

TaBLE 2. Egg-volume indices for captive mallards fed high- or low-protein food

Protein No. of No. of
level clutches eggs Mean SE Range
Groups of wild-
strain females High 21 213 1044 0.60 78.3-120.0
Low 13 96 93.0 0.87 70.3-109.6
Individual females
Atta, game-farm High 1 24 1432 2.18 119.2-157.6
Low & 40 112.9 212 93.4-166.0
Daisy, game-farm High | 20 1227 3.16 99.0-141.7
Low 1 8 90.7 1.62 91.6-106.8
egg-volume index 93.3) than in any other year, the population %r \\
density in the Svartedalen area was higher than in any other o8 T~ y=1128-105 x
year. The mean egg-volume index was negatively correlated : 7 - 0} =077
with population density (Fig. 1). =l e p< 005
In a comparison of egg size among years and localities, 2 g 8
including all wild duck populations and the free-living ducks at &g W = &2
Boda (Table 1), a significant difference (P = 0.03) was ob- = e
tained among years (GLM for unbalanced ANOVA; SAS Institute sl st b
Inc. 1985). No significant difference (P = 0.14) was obtained E al ey
when data from the captive wild-strain ducks were added. This & - "\‘\
indicates that some external factor, affecting all wild or 1wk 4 \w
free-living Swedish populations but not captive birds, was i .
mvolved. % e
Based on an analysis of egg-laying activity per day, egg 3 9 95 9% R ) 39

laying in the Svartedalen area could be divided into two periods,
a first laying period and a relaying period, before and after a
mid-date that varied between 26 April and 16 May (Table 3).
Since nest predation on the rafts was usually not observed until
the end of the first period, it is assumed that eggs laid during the
relaying period were to compensate for clutches lost during the
first laying period. With all years lumped, no significant
difference in size (P = 0.49) was found between eggs laid by
first layers and those laid by relayers.

Egg weight

There was no significant difference between the mean density
index (Q) of eggs from captive wild-strain ducks (0.554 +
0.0006 (SE), N = 151) and those from game-farm ducks from
Oster-Malma (0.555 + 0.0015, N = 161), but the mean Q value
of eggs from large game-farm ducks (0.560 = 0.0014, N = 58)
was significantly larger than that of eggs from both captive
wild-strain and game-farm ducks from Oster-Malma (P <
0.001 and P < 0.05, respectively). The mean fresh-egg weight
of completed clutches ranged between 61.3 (N = 9) and 46.7 g
(N = 9) in the Svartedalen area and between 59.7 (N = 12) and
46.6 g (N = 11) in the Lake Milaren archipelago.

Clutch size

The mean clutch size of captive wild-strain mallards was
10.1 = 0.29 (N = 36). Mean clutch size in the low-protein
group (8.9 + 0.52, N = 8) was significantly less (P < 0.05)
than in the high-protein group (10.4 + 0.49, N = 16). In the
combined treatments, clutch size was positively correlated with
egg size (r, = 0.59, P <0.001, N = 37); thus, both egg size
and clutch size are apparently reduced in response to a decrease
in food quality. There was no correlation between clutch size
and mean laying date of the clutch in any treatment.

The selected large game-farm mallards laid considerably
larger clutches (17.8 = 6.3, N = 8; maximum 24 eggs) and

MEAN EGG SIZE

FiG. 1. Mean mallard egg size (index) in relation to population
density (index) in the Svartedalen area for the years 1977-1983.

started their first clutch earlier than both wild and captive
wild-strain mallards. During 1982, when spring was earlier than
normal, game-farm ducks laid their first egg 2 weeks earlier
(6 March) than wild-strain ducks (20 March). The first egg in
the Svartedalen area was not laid until almost 2 weeks later
(2 April).

The most common clutch size in the Svartedalen area was 10
eggs (10.1 = 0.14, N = 94). Clutch size was inversely related te.
the mean laying date (r, = —0.35, P < 0.001, N = 97). There
was no correlation between clutch size and egg size (r, = 0.11,
P=10.27,N = 101).

In Lake Milaren, mean clutch size (8.6 = 0.31, N = 36) was
significantly smaller than for captive wild-strain and wild
Svartedalen mallards (P < 0.001). However, there was no
significant difference in clutch size between the Lake Milaren
group and the experimental low-protein group (P = 0.70).
There was no correlation between clutch size and egg size in the
Lake Milaren population.

Discussion

Egg size

The feeding experiments show that mallard egg size is
affected by food quality, notably protein content, in agreement
with other findings in both mallards (Krapu 1979; Eldridge and
Krapu 1988) and northern pintails (Anas acuta) (Duncan 1987).
Egg size of wild-strain birds, however, did not increase as much
as that of game-farm ducks when the birds were fed high-
quality, synthetic food. Game-farm ducks may be better
adapted to this type of food or may have been selected for
improved food utilization over several decades (Oster-Malma).






