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ABSTRACT.—Blood, heart, liver, and breast muscle samples from wild Mallard (Anas platy-
rhynchos) hens and their ducklings were analyzed using starch-gel electrophoresis. We found
that 17.4% of the total broods sampled (n = 46) involved observable multiple mating events,
that 25.8% of the sample broods involved multiple mating events when broods that were
unlikely to yield information on multiple paternity were excluded (n = 31), and that a pooled
maximum-likelihood estimate indicated a 60% chance that a particular duckling came from
a brood that was multiply fathered, or at least 48% of broods involved multiple mating events.
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MALLARDS (Anas platyrhynchos) are basically
monogamous, forming new pair bonds before
each breeding season. Most copulations occur
between mates, but copulations have also been
observed between females and males other than
their mates. The behavior associated with pair-
bond and extrapair copulations is very differ-
ent. Copulations between paired individuals are
preceded by head-pumping by both sexes, the
female assumes a prone posture, the male
mounts and bends his tail around the female’s,
and there is an obvious thrust. After a successful
copulation, the male performs characteristic
postcopulatory displays, usually bridling and
nod-swimming (Lorenz 1951). In extrapair cop-
ulations, precopulatory displays are absent, the
male pursues the female in a vigorous chase
and, if he succeeds in grasping her, mounts,
and copulates apparently by force. After an ap-
parently successful copulation, the male usually
departs quickly, sometimes in response to active
defense by the female’s mate, and often without
performing postcopulatory displays. This be-
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havior has been called “rape” (Titman and
Lowther 1975, Barash 1977), but we prefer the
more neutral term “forced copulation” (FC).
Although Heinroth (1911) described FC be-
havior in waterfowl and suggested that male
Mallards were combining pair bonding with
promiscuity via FC, many observers have since
considered FC to be an aberrant behavior caused
by factors such as crowding or urbanization
(Bezzel 1959, Wiist 1960). This and several other
hypotheses have been suggested for the occur-
rence of FC behavior in waterfowl (McKinney
et al. 1983). The most plausible explanation for
FC, however, is that it is a secondary reproduc-
tive strategy of paired males. While their mates
are laying or incubating, these males attempt
to fertilize more eggs by inseminating other
females. This agrees with Trivers’s (1972) pre-
diction that males of monogamous species
should be expected to maximize their repro-
ductive success by helping a single female while
also taking advantage of opportunities to in-
seminate other females that they will not help.
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The hypothesis that male Mallards use a mixed
male strategy of this kind is supported by sev-
eral lines of evidence (McKinney et al. 1983):
(1) the paired status of males involved in FC
attempts has been established in both captive
and wild populations, (2) FCs occur during the
period when eggs are being fertilized and ap-
pear to be directed mainly at fertilizable fe-
males, (3) paired males usually defend their
mates from FC attempts and may force copu-
lation on their mates after they have been sub-
jected to FC, and (4) studies of captives have
shown that females can store viable sperm for
up to 17 days, with full viability maintained for
the first 8 days. In addition, in captive Mallards
sperm from different males compete, and eggs
can be fertilized by sperm delivered during FC
(Burns et al. 1980, Cheng et al. 1983).

That males observed performing FCs are ac-
tually achieving intromission and fertilizing
eggs is a crucial assumption of the hypothesis
that FCs are a reproductive strategy for males.
Using plumage markers in captive Mallards,
Burns et al. (1980) showed that at least 8% of
the progeny of one study group differed from
the expected type and must have resulted from
forced copulations. These proportions cannot
be extrapolated to wild Mallards, however. Our
purpose was to measure the incidence of mul-
tiple paternity in a wild population of Mallards
and thereby to gain some understanding of the
importance of FC activity in wild Mallards.

Biochemical methods of paternity testing have
become an important tool in understanding fer-
tility selection (Siegismund and Christiansen
1985) and mating systems in both plants (Ell-
strand 1984) and animals (e.g. Birdsall and Nash
1973, Anderson 1974, Hanken and Sherman
1981, Ross 1986). These techniques have been
applied to birds only recently and have yielded
valuable insight into reproductive strategies
used by several species. Until recently, parent-
age in apparently monogamous species of birds
was not questioned. Gowaty and Karlin (1984),
however, found that in Eastern Bluebirds (Sialia
sialis) “at least 5% of adult males and 15% of
adult females were caring for at least one off-
spring not their own.” Evidence of extrapair
copulations (EPCs) resulting in multiple pa-
ternity has been found in Bobolinks (Dolichonyx
oryzivorus; Gavin and Bollinger 1985), Indigo
Buntings (Passerina cyanea; Westneat 1987), and
House Sparrows (Passer domesticus; Burke and
Bruford 1987, Wetton et al. 1987). Multiple par-

EVARTS AND WILLIAMS

[Auk, Vol. 104

entage also has been found in two species of
cooperative breeders. Multiple paternity has
been confirmed in two studies of Acorn Wood-
peckers (Melanerpes formicivorus; Joste et al. 1985,
Mumme et al. 1985), and in White-fronted Bee-
eaters (Merops bullockoides) multiple paternity
and maternity both occur as a result of EPCs,
intraspecific egg parasitism, and “quasi-parasit-
ism” (parasitism by a female that was fertilized
by the male attending the parasitized nest)
(Wrege and Emlen 1987). In waterfowl, multi-
ple parentage as a result of extrapair copulations
and intraspecific brood parasitism has been con-
firmed in Lesser Snow Geese (Anser caerulescens
caerulescens; Quinn et al. 1987). We used bio-
chemical techniques for testing paternity in
dabbling ducks, and we present the first con-
crete evidence of multiple paternity in this

group.

METHODS

Mallard hens and their clutches were collected in
the prairie pothole region of southwestern Manitoba.
Males were not collected because of the great in-
vestment of time required to determine which male
was paired to each hen. Samples of blood, heart, liver,
and breast muscle were taken from the hens imme-
diately, and from the ducklings when they were 10
days old; this delay ensured the absence of fetal en-
zymes (Simons 1966). Brood sizes ranged from 3 to
11 ducklings. Originally, clutches of 6 or more eggs
were collected. The smaller brood sizes are a result
of embryo mortality during incubation.

The samples were analyzed using starch-gel elec-
trophoresis (May et al. 1979). The genotype of each
individual was determined at specific genetic loci.
Eight loci had enough variability to be valuable for
the analysis (Table 1): glutathione reductase (GR),
adenosine deaminase (ADA), glycerol-3-phosphate (G-
3-P), aspartate aminotransferase (AAT), a peptidase
(PEP-GL1), isocitrate dehydrogenase (IDH), man-
nosephosphate isomerase (MPI), and phosphoglucon-
ate dehydrogenase (PGD). Histochemical stains were
adapted from Harris and Hopkinson (1976), and gels
were scored blindly with respect to the hypothesis
being tested.

To determine the incidence of multiple paternity
in this population, genotypes of ducklings and hens
were compared for each brood, and a probability model
(Williams and Evarts in prep.) was developed that
used a method of maximum likelihood to estimate
model parameters. The model has two parameters of
interest: ©, the probability of a randomly chosen
duckling having a certain allele (with all other alleles
pooled), and &, the probability that the duckling comes
from a clutch that was multiply fathered. This model
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Allelic frequencies for the 8 loci used in the estimate of concurrent multiple paternity.

Allelic frequency

Enzyme [E.C. no.] 1 2 3 Other=
Glutathione reductase (GR) Hens 0.540 0.439 0.021
[1.6.4.2] Ducklings 0.452 0.524 0.024
Adenosine deaminase (ADA) Hens 0.840 0.140 0.020
[3.5.4.4] Ducklings 0.821 0.156 0.015 0.008>
Glycerol-3-phosphate (G-3-P) Hens 0.970 0.030
[1.1.1.8] Ducklings 0.963 0.026 0.011°
Aspartate aminotransferase (AAT) Hens 0.990 0.010
[2.6.1.1] Ducklings 0.995 0.005
Peptidase (PEP-GL1) Hens 0.880 0.020 0.100
[3.4.11-13] Ducklings 0.864 0.029 0.107
Isocitrate dehydrogenase (IDH) Hens 0.990 0.010
[1.1.1.42] Ducklings 0.997 0.003
Mannosephosphate isomerase (MPI) Hens 0.770 0.140 0.090
[5.3.1.8] Ducklings 0.773 0.133 0.094
Phosphogluconate dehydrogenase (PGD) Hens 0.979 0.021
[1.1.1.44} Ducklings 0.987 0.013

* Alleles with small frequencies were combined.

* Most likely paternal alleles. These loci did not contribute to the minimum estimates of multiple paternity.

is an extension of two allele models used by Arnold
(1981) and Arnold and Morrison (1985) to estimate
allele probabilities. The data used for the model are
the number of each mother’s offspring that are homo-
zygous for the allele of interest, heterozygotes, or
homozygous for the pooled other alleles. This is rep-
resented symbolically by a progeny vector n = (n,, n,,
n,) for each mother, where n, is the number of prog-
eny homozygous for the pooled other allele, 7, is the
number of progeny heterozygous for the allele of
interest, and 7, is the number of progeny homozygous
for the allele of interest. The mother’s allelic contri-
bution is recorded by y, which equals the number
of copies of the allele of interest carried by the moth-
er. If the mother is singly inseminated, the father’s
allelic contribution is recorded similarly by y,, while
under double insemination y, and y, record the allelic
status of the first and second male, respectively. The
variables y,, y,, and y, have values of 0, 1, or 2.
Using this notation, the probability of observing a
particular progeny array n, given y, 0, and &, is:

P(n|®, ®) = (1 -~ &) X P(n|y,)P(y,|0)

y,=0

+@ X P(n|y)P(y|©)

(Williams and Evarts in prep.), where y equals either
{Yo, v1} or {y,, y,, y,}, and the probabilities P(n|y,),
P(y,|0), P(n|y),and P(y | ©) are determined from Men-
delian segregation ratios. This expression can then be
used to form the likelihood of the sample, on which
the method of maximum likelihood is based.

The maximum-likelihood estimates were computed

on a locus-by-locus basis, and standard errors were
estimated by jackknifing (Efron 1983) across loci.

REsULTS

Some instances of multiple paternity for a
brood can be detected directly by examining
the genotypic information from the mother and
her progeny array. For example, in one brood
the mother had a 11 genotype at the PEP locus,
while the genotypes 11, 12, and 13 occurred
among her progeny. This could happen only if
more than one male mated with the mother.
Among the 46 broods there are 8 such directly
observable cases of concurrent multiple pater-
nity (hereafter CMP). Thus, 8 of 46 (17.4%) sam-
ple broods must have involved multiple mating
events. Nine of 298 (3.0%) ducklings appeared
to have been fathered by a male other than the
female’s mate, assuming in each case that the
largest collection of compatible genotypes in a
brood were associated with her mate.

CMP was observed only in broods of six or
more ducklings, however, largely because it is
unlikely that CMP would be detected in small
broods (Akin et al. 1984). When only broods of
six or more ducklings were considered, 8 of 31
(25.8%) of the sample broods involved multiple
mating events, and 9 of 238 (3.8%) ducklings
appeared to have been fathered by a male other
than the mate.



600

These percentages are most likely underes-
timates because of two sources of error in es-
timating CMP. These errors could arise where
a second father has a genotype with alleles al-
ready present in the mother and first father,
and when allelic diversity in multiple fathers
is not seen because of small brood size.

To improve upon the empirical estimates of
CMP, we decided to estimate the actual amount
of CMP that occurred in this sample by calcu-
lating the probability that a randomly chosen
duckling came from a brood that involved CMP.

Maximum-likelihood estimates of CMP prob-
ability at each of the eight loci were found using
three methods (likelihood plots, steepest ascent,
and iteratively reweighted least squares). Three
loci (AAT, IDH, and PGD) had allele probabil-
ities too close to 1 to yield information about
the probability of CMP. The estimates for the
other five loci were pooled, and the combined
estimate of CMP for all five loci was 0.60 (SE =
0.066). That is, there was a 60% chance that a
particular duckling came from a brood that was
multiply fathered. The percentage of broods that
had CMP events does not necessarily equal 60%
because of differential brood sizes in the sam-
ple. By putting 60% of the total ducklings into
the largest broods, we obtain a minimum esti-
mate of 48% for the broods that involved CMP.

The model assumes that if a brood is multiply
fathered, then it is doubly fathered; that Men-
delian laws apply when a brood is singly fa-
thered, and if doubly fathered, then random
sperm mixing occurs; and that random mating
occurs. Cheng et al. (1983) showed that for Mal-
lards, the proportion of progeny from two dif-
ferent artificial inseminations was not signifi-
cantly different if the two inseminations
occurred simultaneously, 1 h apart, or 3 h apart.
If competing doses of sperm were administered
6 or more hours apart, however, significantly
more progeny were attributed to the second of
the two inseminations. Because this does not
agree with the second assumption, we per-
formed a Chi-square test of goodness of fit on
the 5 loci used in the CMP estimation. The fit
(df = 3) for 3 of the loci was good (ADA: x* =
4.47,P = 0.213; G-3-P: x> = 3.39, P = 0.335; PEP:
x2 = 2.87, P = 0.414), and the fit for GR (x* =
7.18, P = 0.065) was fair. The null hypothesis
was rejected at the MPI locus (x2 = 10.14, P =
0.017), however. We concluded that the overall
pattern is acceptable. Furthermore, given that
competing doses of sperm seem to mix random-
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ly if inseminations are less than 6 h apart, that
both forced and pair copulations are most fre-
quent in the morning (Cheng et al. 1982), and
that mates are more likely to attempt forced pair
copulations within 1 h after a forced copulation
attempt has occurred (Barrett 1973), we feel the
model is useful in providing an estimate of the
probability of CMP.

DiscUSSION

Multiple parentage occurred in at least 17-25%
of the Mallard clutches examined, and we be-
lieve this resulted from copulations between
females and males other than their mates. There
is no evidence that female Mallards solicit cop-
ulations from other males, and when they are
approached by these males they fly long dis-
tances, dive repeatedly, and struggle constantly
to get away (Titman 1973). Females that have
been victims of repeated copulation attempts
may be injured or even killed as a result (Huxley
1912, Titman and Lowther 1975), and often hide
in cover or crouch when other Mallards ap-
proach or fly over (Titman 1973). This strongly
suggests that the copulations are forced, rather
than solicited by females.

In theory, however, there is another possible
source of this observed multiple parentage: in-
traspecific brood parasitism. If this were the case,
two predictions follow. First, supernormal
clutches should be found. Supernormal clutch-
es are common in Wood Ducks (Aix sponsa; Grice
and Rogers 1965), Redheads (Aythya americana;
Weller 1959), and Common Goldeneyes (Bu-
cephala clangula; Andersson and Eriksson 1982),
which show a relatively high frequency of in-
traspecific brood parasitism. No supernormal
clutches have been reported for Mallards nest-
ing under dispersed conditions, and none were
found in the clutches we collected. Wild Mal-
lard clutch sizes average 9 eggs but range up to
14 eggs (Coulter and Miller 1968, Dzubin and
Gollop 1972). In the clutches collected for this
study the average clutch size was 9.2, and
clutches ranged up to 12 eggs.

Second, hens should visit other nests or fol-
low other hens back to their nests. This behav-
ior is known to occur in hole-nesting and over-
water nesting birds in which brood parasitism
is common (e.g. Wood Ducks and Redheads;
Weller 1959, Grice and Rogers 1965). Such be-
havior has not been reported in Mailards, whose
nests are usually quite dispersed (e.g. 2.3-2.6
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pairs/km? Drewien and Springer 1969, Dueb-
bert 1969). Presumably, dispersed nests are dif-
ficult to find and make brood parasitism im-
practical for hens of this species.

The evidence for a relatively high incidence
of multiple paternity in wild Mallards, com-
bined with a lack of evidence for brood para-
sitism, strongly indicates that forced copulation
isan important secondary reproductive strategy
of paired males in this species. Indeed, the max-
imum-likelihood estimate of CMP in our sam-
ple indicated that at least half of the females in
the population were involved in multiple mat-
ing events. This raises interesting questions on
the tactics males use to achieve FCs and to max-
imize their effectiveness, and how males com-
promise between FC activities and minimizing
the likelihood of being cuckolded.
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