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Most species of birds form pair-bonds and, until recently, it was
assumed that the male always fertilises eggs laid by his mate. Although
extrapair copulations had been recorded in a number of monogamous
species, most observers dismissed them as abnormal or exceptional
events of no consequence in reproduction. In his discussion of how
natural selection may be expected to act on the sexes, TRIVERS (1972)
suggested that such extrapair copulations could be functional. He argued
that, because sperm are less costly to produce than eggs, males may be
expected to maximize their chances of leaving offspring by inseminating
(and abandoning) as many females as possible. In monogamous species
in which males provide parental care, Trivers predicted that ‘‘a mixed
strategy will be the optimal male course — to help a single female raise
young, while not passing up opportunities to mate with other females
whom he will not aid.”

In spite of the enormous literature on breeding behaviour in birds,
evidence for the existence of such mixed male strategies is scarce. Ex-
trapair copulations have been reported as regular occurrences in several
species belonging to distantly related families (e.g. albatrosses, herons,
gulls, swallows, corvids) (GLapsToNE, 1979) and in some cases they are
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FORCED COPULATION IN WATERFOWL 251

known to be made by paired males during perigds when they could lead
to fertilisation of eggs (McKINNEY e al., in press). But most of these
studies were carried out before the differences between male and female
reproductive interests were fully appreciated, and observers probably
failed to record or report data that could have been relevant to the ques-
tion of paternity. New studies are needed, even on the best known
species, and it will be some time before generalisations can be made
about the incidence of mixed male strategies in monogamous birds.
Forced extrapair copulations (often called ‘‘rapes’’) have been
reported in the literature on waterfowl (family Anatidae) for at least 70
years. They are especially well known in certain dabbling ducks (tribe
Anatini), species that form strong pair bonds and are generally con-
sidered to be monogamous. In this paper we review what is known about
forced copulation in waterfow]l and examine the possibility that some
species have mixed male strategies of the kind envisaged by Trivers.

Material and methods

Most of the research reviewed here was carried out on 15 species of dabbling duck (Anas)
and one goose (Anser). We have observed breeding behaviour in all of these species, in the
field (13 species), in flight pens (9 species), or both (6 species). Our observations on some
of these species are published here for the first time.

Flight pen studies were made at the University of Minnesota's Cedar Creck Natural
History Arca, Bethel, Minnesota. The usual procedure was to introduce 4 full-winged
and strongly-bonded pairs of ducks into cach of 2 adjacent covered pens (cach measuring
97.5x27.5x 3. m) in early spring and to make systematic records of behaviour as the
birds interacted and bred with a minimum of disturbance (McKinney, 1967).

We have relied mainly on the following studies for information on each species.

Mallard (Anas platyrhynchos): WEILMANN (1956), Lesret (1961), Raitasuo (1964) for
chronology of breeding behaviour in unmarked, urban mallards; TiTMaN & LowTHER
(1975) for effects of crowding on a free-flying population of game-farm mallards;
DEsFORGES &« Woop GusH (1976) and CHexG ef af (1979) for effects of selective breeding;
Dzuain (1955, 1969a, b), Titman (1973), TiTMaN & SEYMOUR (1981) for chronology and
characteristics of aenial pursuits in wild mallards and other North American 4nas species,
BARRETT (1973), Burns et al. (1980); CHENG et al (1982, in press) for copulatory behaviour
and sperm competition in captives, our own bservations on wild mallards in Manitoba
and Alberta (F.M.) and North Dakota (S.R.D.), and on urban mallards in the northern
suburbs of Minneapolis and St. Paul, Minnesota (F.M., S.R.D.).

North American black duck (4. rubripes): SToTTs & Davis (1960) on unmarked birds in
Maryland; Seymour & TiTMaN (1978, 1979) on marked birds in Nova Scotia.

African black duck (4 sparsa): SteGFRIED ¢t al (1977), McKINNEY o al {1978), BaLL o
al. (1978) on marked birds near Stellenbosch, South Africa.

Northern pintail (4 acuta): SmiTh (1963, 1968) on unmarked wild birds in Alberta and
captive-raised, marked birds after release at Delta, Manitoba; Derrickson (1977, 1978)
on wild, marked and unmarked birds in North Dakota and wild-caught birds in flight
pens.

Red-billed pintail (d. erypthrorhyncha): observations on unmarked wild birds in South
Africa (Skeap, 1976) and Rhodesia (F.M ), flight pen observations on full-winged birds
captured in South Africa (F.M ).
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252 MCKINNEY, DERRICKSON & MINEAU

Brown pintail (4. georgica), white-cheeked pintail (A. bahamensis), speckled teal (A.
Jlawwrostns)- flight pen observations on pinioned birds obtained from aviculturists in

U.S.A. and on full-winged progeny from these birds (McKinney & Bruaeeks, 1983;
McKinney, ms).

Cape teal (4. capensis): observations on unmarked wild birds in South Alrica and on
wild-caught birds in flight pens (F.-M ; StoLen & McKinney, 1983).

Green-winged teal (d. crecca): observations on marhed birds in flight pens (McKINNEY &
SToLEN, 1982) and ‘on marked and unmarked birds in Alberta (F.M., S.R.D.).

Gadwall (4 strepera): Gates (1962), DUEBBERT (1966), Dwver (1974, 1975j, M. C.
Hammonp (in PaLMer, 1976) on marked and unmarked wild birds; observations on
unmarked wild birds in Alberta (F.M., S.R.D.) and North Dakota (S.R.D.).

American wigeon (4. americana): R. A. WisHART (pers comm.) on behaviour of
marhed birds in Saskatchewan; observations on unmarked wild birds in Alberta (F.M.,
S.R D.) and North Dakota (S.R.D ).

Northern shoveler (4 clypeata): Poston (1969a, b), Sevmour (1974a, b, c), ArTon
(1979) on marked and unmarked wild birds; flight pen studies on wild-caught birds

(McKissey, 1967); observations on unmarked wild birds in Manitoba (F.M.) and North
Dakota (S R.D ).

Blue-winged teal (A discors): Dzusin (1955, 1969a, b), StroHmMEYER (in BELLROSE,
1976), BarLey ef al. (1978), STEWART & TITMAN (1980) on marked and unmarked wild

birds; observations on unmarked wild birds in Manitoba (F.M.) and North Dakota
(S.R.D.).

Chestnut teal {d. castanea): observations on wild unmarked birds at Lara, N.S.W.
Australia (F.M.).

Lesser snow goose (Anser caerulescens caerulescens): MINeau (1978), MiNeau & Cooke

(1979a, b) on color-banded or otherwise indwvidually identiftable wild birds at La Pérouse
Bay, Manitoba.

Mating systems of waterfow!
Monogamy.

Almost all species of waterfow! (family Anatidae) form pair-bonds. In
swans and geese (Anserini), whistling ducks (Dendrocygnini), shelducks
and sheldgeese (Tadornini) these bonds can be long-term, lasting several
years or a life-time, but in most dabbling ducks (Anatini), pochards
(Aythyini) and sea ducks (Mergini) new bonds are formed each year
(HEINROTH, 1910, DELACOUR & MAvYR, 1945; KEar, 1970; JOHNSGARD,
1978). In many migratory duck species, pairs form in flocks away from
the breeding grounds, the females subsequently ‘homing’ to familiar
breeding areas with a new mate each year (SowLls, 1955; BELLROSE,
1976). In non-migratory duck populations, pair-bonds are more likely to
persist or be renewed for more than one breeding season but there have
been few studies to document this for wild birds (e.8. BaLL et al., 1978).
Among perching ducks (Cairinini) and at least one stiff-tail (Oxyurini),
seasonal pair-bonding occurs but several species have different systems
(see below).
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Polygyny.

Magpie geese (Anseranas semipalmata) commonly breed in trios, one male
with two females, all three birds co-operating in rearing a combined
brood (FriTH, 1967). Bigamy and a variety of unusual breeding associa-
tions occurred in captive colonies of black swans (Cygnus atratus)
(BrarTHwAITE, 1981) but these have not been documented in wild birds.
Harem polygyny occurs in the comb duck, Sarkidiornis melanotos melanotos
(StecrriED, 1979) and mixtures of monogamy, promiscuity and perhaps
polygyny seem to be present in some populations of the ruddy duck
(Oxpura jamaicensisy (Cramps & SiMMons, 1977; Gray, 1980). Bigamous
behaviour has been observed in captive Cape teal (once), speckled teal
(twice) and white-cheeked pintails (once) (SToLeEn & McKinnNey, 1983;
McKINNEY, in press; MCKINNEY & BRUGGERs, 1983) but its frequency in
wild populations of these species is not known.

Promiscuity.

Two southern hemisphere stiff-tails, the musk duck (Biziura lobata)
(JoHNsGarRD, 1966, FriTH, 1967) and the maccoa (Oxyura maccoa)
(S1eGFRIED, 1976) have promiscuous mating systems in which solitary
males advertise with conspicuous displays, females approach them, and
‘‘rape-like”’ copulations follow. One perching duck (the muscovy Cairina
moschata) is said to be promiscuous, although HeinroTH's (1910) observa-
tions were made on partly domesticated caplives and STEINBACHER (1953)
was less convinced about the absence of pair-bonds in this species. Both
HEeinroTH and Lorenz (1953) were impressed by the rough way in which
males copulated with females and they described these copulations as
‘rapes’. But female musk ducks and muscovies evidently make advances
toward males and do not always flee when males attempt to mount,
Probably the large size of males in relation to females, the aggressiveness
of males, and the absence of synchronized pre-copulatory displays con-
tribute to the impression of “‘rape-like’’ behaviour in these specices.

Without further evidence, the term ‘‘forced copulation’ seems inap-
propriate here.

Mating systems involving forced copulation.

SiecFRIED (1979) reported forced copulations, apparently by unpaired
males, in the polygynous comb duck but individually marked birds need
to be studied to establish the status of the birds involved. Other species in
which forced copulations have been recorded (Table 2) appear to be
primarily monogamous.
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Copulatory behaviour in waterfowl

Male waterfowl have an intromittent organ, now called a phallus (King,
1981), but often referred to as a *‘penis’’ in earlier literature. During
copulation, the phallus is everted like the finger of a glove and semen
passes along a groove on the outside surface of the coiled organ. To
achieve intromission, the male climbs on the female’s back
(**mounting’’), grasps the feathers on the back of her head or neck in his
bill (*‘grasping’’), adjusts his position by trampling with his feet
(‘‘treading’’), moves his tail to one side of the female’s tail (usually the
left side, McKinNEY, 1961) (‘‘tail-bending’’), and inserts the phallus
with a single firm press of the rear part of his body on the female’s cloacal
region (‘‘thrusting’’).

We distinguish 3 types of copulation in waterfowl: (a) pair copulation
(PC) (by agreement of both mates), (b) forced copulation (FC) (by a male
other than the mate, in spite of female’s resistance), (c) forced pair
copulation (FPC) (between mates, in spite of female resistance).

(A) Pair copulation (PC) is preceded by species-characteristic displays
(Jonnscarp, 1965), the female assuming the receptive prone posture
before or as the male mounts. In some tribes, both sexes perform similar
displays (e.g. head-pumping in dabbling ducks, neck-dipping in geese),
but in other groups (e.g. mergansers, goldeneyes, eiders) the male gives
displays while the female remains prone for some time before mounting
occurs. Either sex can be responsible for aborting a pre-copulatory
sequence and, by not responding 1o the male’s intention movements, a
female can avoid a PC.

In many species, pair copulations begin to occur weeks or months
before egg-laying (PALMER, 1976; Cramp & Simmons, 1977). Although
such early copulations closely resemble PCs during the breeding season
they cannot involve sperm transfer. (The maximum duration of sperm
storage in vivo was 17 days in experiments by ELDER & WELLER, 1954 on
game-farm mallards.) Urban mallards begin to copulate in September in
the northern hemisphere and continue (weather permitting) through the
winter months. During this period, testes are regressed, the phallus is
reduced in size, and spermatogenesis is not occurring (HeinroTH, 1911;
Honn, 1947, 1960; JoHnson, 1961). Presumably these copulations play
roles in mate-choice and/or bond-maintenance.

Data on the frequency of pair copulations are scarce. Captive pairs of
northern shoveler copulated twice during daylight hours in the pre-laying
period at intervals of 2.2-9.7 h (n =8) (McKinney, 1967). In African
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black ducks, several PCs can occur in rapid succession (McKINNEY ¢f al.
1978), but this seems to be unusual in waterfowl.

The occurrence of sudden dives, with the wings open, during PC
sequences can be misleading in giving the impression that the female is
trying to escape from the male. Such crash-diving is a usual component
of the pre-copulatory behaviour of common shelduck (7adorna tadorna)
and Australian shelduck (7" tadornoides) (HEINROTH, 1911), and can occur
in dabbling ducks also (¢.g. African black duck, McKinney et al., 1978).
These dives are like those that regularly accompany vigorous bathing in
waterfowl (‘‘diving play’’, Lesrer, 1948; ‘‘dashing-and-diving’’,
McKinNEy, 19652) in that they do not lead to real attempts to escape
from other birds present. They should not be confused with the true
escape dives associated with forced copulation attempts (p. 276).

Post-copulatory displays, performed by the male or by both birds
immediately after the male dismounts, occur in all waterfowl] tribes
(JoHnsGarD, 1965). Occurrence of these displays (e.g. bridling in
dabbling ducks) is closely linked with sequences that culminate in
thrusting, and they are absent after obviously unsuccessful attempts, It
has generally been assumed that performance of these displays after a PC
attempt is a reliable indication that intromission has been achieved.

(B) Forced copulation (FC) (=forced extrapair copulation, FEPC,
GrapsTone, 1979)!) involves grasping and mounting of a female by a
male other than her mate followed by intromission in spite of her
resistance. In contrast to pair copulations, FC attempts can take place on
land. Many pursuits (aerial, on or under water, on land), often
prolonged and very vigorous, do not end in FC. We distinguish those in
which no contact with the female is made (‘‘male-female chases”) from
those in which the male does achieve bodily contact but fails to copulate
(**FC attempts'’). If mounting occurs but the outcome is uncertain, we
score these observations as ‘‘FC attempts’’ also.

Forced copulation attempts are difficult to observe, especially in the
field. Aerial pursuits of ducks often range widely and the female may be
forced down many kilometers from the starting point. She may try to
escape by diving or hiding in vegetation but, if she is caught, other males
are likely to be attracted and soon she may be buried beneath a pile of
males all struggling to copulate. As a result, it is often impossible to judge
what the outcome has been.

') We no longer usc the word *'rape’” for the reasons given by Estep & BRuce (19813,
GowaTy (1982), and McKINNEY & SToLEN (1982).
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The behaviour of males after dismount may give reliable clues to the
occurrence of intromission and/or ejaculation. Performance of post-
copulatory displays by the male has been used as a criterion for successful
FC in mallards (BarasH, 1977a; CHENG et al., 1979) and lesser scaup
(Aythya affinis) (A. D. ArTon, pers. comm.). However, flight pen studies
on several Anas species (DERRICKSON, 1977; McKINNEY & STOLEN, 1982)
have indicated thar successful FC attempts, as judged by the occurrence
of tail-bend + thrusting + prompt departure by the male after dismount,
are not always followed by post-copulatory displays. In many cases,
when the female’s mate is actively defending her, males may be inhibited
or prevented from performing displays while under attack (as A. D.
AFTON notes also in lesser scaup). In 7! apparently successful FC
attempts in captive mallards (CHENG ef al., 1982), 58 were not followed
by post copulatory displays, including 10 cases in which the female’s
mate did not defend her. Perhaps the linkage between intromission (or
ejaculation) and post-copulatory displays, which appears to be so reflex-
like in many waterfowl species after pair copulations, is weaker after
copulations involving birds that are not paired to one another. Further
research 1s needed to establish reliable criteria for judging FC success,
and these may not be the same for all species.

(C) Forced pair copulation (FPC) has been recorded in mallards
(Rarrasvo, 1964; Bezzer, 1959; BarretT, 1973; BarasH, 1977a) and
several other Anas spcies (p. 275). A male approaches his mate, on water
or on land, and attempts to mount her without giving pre-copulatory
displays. The female does not adopt the prone posture but moves away
and resists the male’s attempt to copulate.

Explanations for forced copulation in ducks

In reviewing the literature we have found six different ways of accounting
for the occurrence of forced copulation in ducks. These are not all

mutually exclusive and the evidence relating to each will be considered in
turn.

I. Outlet for unsatisfied sexual urges.

Based on observations on mallards in southern England HuxLey (1912)
concluded that *‘... the time during which the males possess the sexual
instinct is extended through the period of incubation. While the female is
actually on the nest, this instinct cannot be satisfied; hence when a female
leaves her nest she is often pursued by a number of unsatisfied males."’
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The same idea was also expressed by GEYR vON SCHWEPPENBURG (1924)
and others. )

This explanation is unsatisfactory in failing to suggest how natural
selection might favor such an overflow of sexual motivation or how the
costs and risks of FC attempts for males are offset. Also, several studics
have shown that males begin FC attempts before their females have
started to incubate (WEIDMANN, 1956; LEBRET, 1961; RAITASUO, 1964;
McKINNEY & STOLEN, 1982; CHENG ef al., 1982).

2. Abnormal behaviour of urban mallards.

Observations on wild mallard and gadwall in southern Bavaria led
Bezzer (1959) and WUst (1960) to doubt that FC occurs with any signifi-
cant frequency under natural conditions. BezzeL saw FC very rarely,
although- aerial chases (which he thouglit were serving as sexual outlets
for males) were common. WUsT attributed the high frequency of FC in
parks and zoos to abundant food, greater safety from pridators, un-
natural sex ratios, and restriction of freedom of movement by the birds.
He thought that wild ducks do not have the time and energy to spare for
FC that is available to urban mallards and that the high incidence of FC
in the latter is abnormal.

FC is certainly very frequent in urban mallards and, because of their
accessability and the tameness of the birds, these semi-domesticated
populations have been studied by many of the observers who have writ-
ten about FC (HeinroTH, GEYR, WEIDMANN, Bezzer, Wust, LEBRET,
Rarrasuo, BarasH). But FC occurs also in wild populations of mallards
(Dzusin, 1955; TiTMAN & SEYMOUR, 1981) and in wild populations of at
least 30 other waterfow! species (Table 2). Apparently the frequency of
FC varies between species and while recent studies support BEzzEL’s con-
clusion that it is uncommon in gadwall (DwvyEer, 1974; TiTMAN &
SEYMOUR, 1981) they indicate that it is frequent in other species (p. 282).
Therefore, FC is a widespread and characteristic component of the
breeding behaviour of many species of waterfowl and it cannot be
satisfactorily explained as a byproduct of urbanization or domestication.

3. Disperses breeding pairs.

WEIDMANN (1956) suggested that FC is a mechanism whereby a male
mallard discourages other pairs from settling on his territory. As the
evolutionary process was envisaged by TINBERGEN (1957), the female
mallard’s dread of being sexually assaulted has been *‘exploited”’ for the
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purpose of dispersing breeding pairs and thereby reducing predation on
nests. Recently, BAiLEY ef al. (1978) have suggested that one of the
benefits of FC-related chasing for male blue-winged teal could be that
intruding pairs are removed from the territory.

Comparative evidence suggests that the primary adaptive function of
FC is not territorial defence. In territorial species of Anas (e.g. northern
shoveler, African black duck), territorial defence appears to be achieved
mainly by threat displays, chasing and fighting on the water surface, and
aerial pursuits by males after intruding pairs (‘‘three-bird-flights’”) that
do not end in FC (SEyMour, 1974b, ¢; McKINNEY ¢! al., 1978; TITMAN &
Seymour, 1981). Conversely, in the northern pintail and green-winged
teal, FC activity is highly developed but males do not defend breeding
territories (SMITH, 1968; Derrickson, 1977, 1978; TiTMAN & SEYMOUR,
1981; McKINNEY & StoLEN, 1982; McKINNEY ¢ al., in prep.). In the
mallard and blue-winged teal, however, males engage in both territorial
defence and FC (Dzusin, 1969a; Titman, 1973; StewarT & TiTMAN,
1980; BaILEY et al., 1978) and chases relating to the two activities are dif-
ficult to distinguish. This has been the source of much controversy in the
literature on aerial pursuits (earlier references in McKinNEY, 1965b).

Therefore, while it is possible that chases relating to FC contribute to
spacing out of nesting females (SMITH, 1968; Dzusin, 1969a), territoriali-
ty is not closely associated with FC within the Anas group as a whole and
it is necessary to consider other sources of selection to explain the evolu-
tion of forced copulation per se.

4. Copulation solicited by females for fertilization of eggs.

CuristoLEIT (1929a, b) suggested that female dabbling ducks provoke
competition among rival males and, when aerial chases end in pro-
miscuous copulation, the female benefits by ensuring fertilization of her
eggs by the strongest male. Others have suggested that FC is probably
important in fertilizing eggs in the northern pintail (SmiTH, 1968),
especially for re-nest clutches after the pair bond has broken (McKinnEY,
1973). Recently, MiLsTeIN (1979) has proposed that renest clutches are
fertilized by FC ‘‘timed by the female'’ in the mallard and its close
relatives.

In theory, forced extrapair copulations that can lead to fertilization of
eggs will usually benefit males unless the costs and/or risks of securing
them are great. For females, however, possible benefits of such copula-
tions (e.g. higher quality sperm via competition between males, genetic
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diversity of offspring sperm at times when a mate is not available) appear
to be offset by the detrimental effects involved (e.g. trauma, physical
damage) and, judging from their behaviour, females try to avoid FC
whenever possible (p. 276). Predation on eggs can be very high in dab-
bling ducks and females commonly lay 1-4 replacement clutches in one
breeding season (BELLrosE, 1976), but available evidence indicates that
pair-bonds re-form, often witht the same mate, for these renest attempts
(e.g. GaTes, 1962; STROHMMEYER, 1967; SMmiTH, 1968; HuMBURG ¢ al.,
1978). Thus eggs in renest clutches are probably fertilized primarily
through pair copulations and, from the female’s viewpoint, FC-
inserninations are not necessary.

5. Reproductive strategy of unpaired males.

BarasH (1977b) speculated that ‘‘rapists among ducks should be more
likely to come from the ranks of unmated males who have little to lose
and much to gain, as opposed to mated males whose options are exactly
reversed.’’ Other authors also have assumed that unpaired males are
mainly responsible for FC (JoHNsGARD, 1975; WITTENBERGER, 1981), but
there is little evidence to support this for any waterfowl species.

Among dabbling ducks, adult sex ratios are typically unbalanced in
favour of males (BELLROSE ¢! al., 1961) and unpaired males are present on
the breeding grounds. In an intensive study of individually marked
North American black ducks, SEyMour & TiTMAN (1979) observed that
17 unpaired males courted females and tried to establish pair-bonds, but
none of them was seen to attempt FC. Studies of unpaired male
behaviour in wild gadwall (DwyERr, 1974), northern shoveler (Poston,
1974; Sevymour, 1974a), northern pintail (SmiTH, 1968; DERRICKSON,
1977, 1978) and American wigeon (R. A. WisHART, pers. comm.) indi-
cate a similar interest in courtship rather than FC attempts. Unpaired
male blue-winged teal have been recorded joining in FC attempts, but
their primary objective was judged to be pair-formation and no FC
attempts were successful (BAILEY ef al., 1978). Similar behaviour was
noted in game-farm mallards by TitMAN & LowTHER (1975). To date,
there seem to be no records of apparently successful FC by an unpaired
male in any dabbling duck species. In the lesser snow goose colony at La
Pérouse Bay, only 3% of 116 FC attempts were made by yearlings, which
were almost certainly unpaired males (MiNEau, 1978). In lesser scaup,
A. D. Arron (pers. comm.) found that most FCs and FC attempts were
made by paired males but 5 of 7 instances of FC by unpaired males were
made by 3 marked males that had been paired in previous years with
females breeding on the study area.
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6. Secondary insemination strategy of paired males.

HemrotH (1911) reported that FC occurs in many waterfow! and he
discussed its significance in the mallard. He noted the extreme enlarge-
ment of the mallard testes in spring and related it to the promiscuous
tendencies of males. He contrasted the mallard pattern with the swans,
geese and shelducks in which the male is tied down by his role of assisting
the female in caring for the young. He noted that the male duck
“‘attempts to reproduce itself in any possible manner but the female is
faithful, since her possibility for reproducing is not increased by
associating with many males. However she has the advantage of living
with a mate, since he defends her, at least to a certain degree, against
dangerous nearby solicitors, and sees to her security especially during the
time in which she is laying her eggs when she must be almost continually
looking for food.”’

In summary, HEINROTH suggested that (a) the male mallard combines
pair-bonding with promiscuity via FC, (b) females do not benefit by
being inseminated forcefully by many males and they may be damaged in
the process, and (c) this breeding system is possible only in species where
the male is emancipated from a major co-operative role in brood-care. It
is remarkable that little attention was paid to this clearly-stated explana-
tion for forced copulation in waterfow! until a few years ago.

SMiTH’s (1968) discovery that pursuit flights by paired males in
northern pintail are directed mainly at females in pre-laying and laying
condition led him to conclude that *‘...promiscuous copulations occurring
in conjunction with pursuits are important in the fertilization process’’.
But it was not until Trivers (1972) presented his ideas on the conflicting
reproductive interests of males and females that HeiNROTH's interpreta-
tion was re-examined and the search for mixed male strategies in water-
fowl began.

Recent intensive field studies on marked birds of known status have
supported the general belief among observers of urban mallards (e.g.
HEeinroTH, 1911; WEIDMANN, 1956) that FC attempts are made by paired
males. There are records of paired males attempting FC in northern
pintail (Derrickson, 1977), North American black duck (SEymour &
TitMaN, 1978), blue-winged teal (BAILEY ef al., 1978), American wigeon
(WisHarT, pers. comm.), northern shoveler (SEymour, 1974c), and
green-winged teal (McKINNEY et al., in prep.). Involvement of paired
males in vigorous aerial pursuits with FC as a probable objective have
been recorded also in gadwall (DwyEr, 1974) and wild mallards (Dzusin,
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1969a, b; TiTMAN & SEYMOUR, 1981). Paired males attempted FC in all
species we have studied in flight pens (mallard, northern pintail,
northern shoveler, red-billed pintail, brown pintail, white-checked
pintail, green-winged teal, speckled teal, Cape teal). In the lesser snow
goose colony at La Pérouse Bay, 84% of 77 FC attempts, where the
male’s status was known, were made by paired, territorial males, and
13% were by adult males presumed to be paired (Mineau, 1978).

Experimental proof that eggs can be fertilized by sperm from FCs was
obtained for mallards in flight pens by use of a genetic plumage marker,
the “‘dusky’” trait (Burns et al., 1980). Of 156 eggs identifiable to type, 13
eggs (8% ) were fathered by a male of the type other than the female’s
mate. Seventy-six apparently successful FCs were recorded and, in the
case of 7 of the 13 eggs, FC of the female in question by a male of the
appropriate type had been seen during the 2 days before they were laid.
Because of the experimental design it was possible to identify only 2 of
every 3 FC-progeny present. Therefore about 12% of the ducklings
produced under these conditions resulted from FC inseminations.

Although the dusky mallards used in this experiment were genetically
seven-eighths wild (produced by repeated back-crossing) and they were
trim in body proportions, agile in the air and on land and water, these
results cannot be extrapolated to wild populations of mallards. In the
pens, territories were greatly compressed and the pairs were in constant
view of one another. Therefore, the frequency of FC attempts and the
proportion that succeeded were probably higher than would be usual in
wild birds.

Proof that paired birds are involved (for several species) and that eggs
can be fertilized by FC (for ! species in captivity) provide promising
support for HEeINROTH’s hypothesis. Indirect evidence related to this
hypothesis (timing of FC'’s, behaviour of males and females, and the
distribution of FC within the family) will be assessed here. Rigorous
testing of the hypothesis calls for field studies to prove the occurrence of
FC-fertilizations in wild birds and to assess their significance in enhanc-
ing male reproductive success. Such studies have not yet been attempted.

Behavioural predictions

If FC is favoured by natural selection because, on average, paired males
that attempt FC fertilize more eggs than paired males that do not, logical
predictions are that:

(1) paired males direct FC attempts at females in pre-laying or laying
condition;
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(2) paired males have tactics tending to increase their effectiveness in
inseminating fertilizable females by FC;
(3) paired males have tactics to protect their genetic paternity.

1. FC and the reproductive condition of females.

Many variables need to be kept in mind in attempting correlations be-
tween FC and the chronology of egg-laying. Northern hemisphere water-
fow! have discrete, annual breeding seasons but egg-laying periods vary
greatly in length, even within the same species, depending on latitude
(BELLRrOSE, 1976; PALMER, 1976; CRAMP & SiMMONs, 1977; JOHNSGARD,
1978). In the southern hemisphere, some species have discrete breeding
seasons but others have laying dates spread over the whole year (FriTH,
1967, SiecrrIED, 1974). Weather conditions can influence the timing of
annual breeding seasons from year to year and, for some species in
Australia and Africa, breeding begins only after irregular rainfall when
there is a flush of invertebrate food. Furthermore, since many dabbling
ducks renest repeatedly (SowLs, 1955; STROHMEYER, 1967; BELLROSE,
1976), opportunities for FC-fertilizations occur unpredictably throughout
the period when clutches are initiated.

Female mallards can store sperm for up to 17 days but sperm viability
declines after one week (ELDER & WELLER, 1954). If mates copulate daily
during pre-laying and laying periods (McKinNeY, 1967), sperm
delivered during FC is unlikely to compete effectively unless introduced
at optimum periods in the female’s reproductive cycle. In theory, females
that are pre-laying, laying or in the renest interval should be the prime
targets for FC.

The seasonal occurrence of FC and associated aerial pursuits cor-
responded closely to the egg-laying season in four studies on urban and
wild mallards. In Holland, FC pursuits were recorded in the periods
March 14-May 20, 1957 (n = 13), March 16-June 10, 1958 (n = 24) (egg-
laying early March to June) (Lesrer, 1961); in Finland, FC attempts
occurred from early March to early June (n=100+) (egg-laying late
March to late June) (Rarrasvo, 1964); in Austria, FC attempts occurred
exclusively in spring, starting at about the same time as nest-site selection
(mid-February) and continuing until April (most egg-laying early March
to early June) (WEIDMANN, 1956); in southern Canada, most FC pursuits
occurred in May and June (egg-laying mid- or late April to mid- or late
June) (Dzusin, 1969a, b; pers. comm.).

There are a few reports of FC attempts as early as January and
February in certain urban mallard populations (WEiDManN, 1956;
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Barash, 1977a; HaiLman, 1978) and HaiLmaN has pointed out that these
cannot be related to the fertilization of eggs. It is possible, however, that
the birds involved in these ‘‘winter rapes’’ were derived from game-farm
and/or domestic stocks (both commonly represented in urban popula-
tions) and their behaviour was atypical. Game-farm mallards tend to
have longer laying seasons than wild mallards (CHENG et al., 1980) and,
in one population of game-farm origin, TITMAN & LowTHER (1975)
recorded FC attempts throughout the laying season which was about two
months longer than that of wild mallards at the same latitude. In
domestic Aylesbury ducks, DesrorcEs & Woop-Gusy (1976) found that
the distinction between pair copulations and FCs broke down.

Attempts to forcibly mount females were reported during courtship on
the wintering grounds (January-March) in American wigeon (SOUTIERE
et al., 1972). This species does not begin egg-laying until May (BELLROSE,
1976). R. A. WisHART (pers. comm.) has observed 5 such incidents in
this species in British Columbia in January-February, in all cases during
vigorous competitive courtship involving groups of males. Males were
seen to briefly mount the females but cloacal contact was not achieved.
One female made repeated brief dives in attempts to escape harassment
and, in one incident that took place on land, several males fought
vigorously, WIsSHART reports that overt aggression is common in court-
ship groups of this species and, as well as chasing and fighting one
another, males are often aggressive toward the female, making grabbing
chases after her or nipping at her rump feathers. Further study is needed
to determine relationships between these apparent FC attempts during
winter courtship and those that occur during the breeding season. This is
the only species in which this type of behaviour has been reported during
the non-breeding season.

Evidence on the status of females involved in FC attempts is scarce for
wild ducks. Of 5 marked female northern pintails observed in FC
attempts in North Dakota, 3 were pre-laying and one was incubating
(DErricksoN, 1977). One FC attempt on a marked green-winged teal
female in southern Alberta took place when she was laying, about 5 days
before incubation started (McKINNEY ef al., in prep.). Of 3 marked blue-
winged teal females observed in FC atempts, one was egg-laying and 2
had been incubating for 3 days (STEwWART & TrT™MAN, 1980). In American
wigeon, one FC attempt was made 3 days before the female’s clutch was
complete, 4 were on incubating females (R. A. WisHART, pers. comm.).
Among 8 pairs of green-winged teal in flight pens, only one FC attempt
was seen while fenales were selecting nest-sites but they became frequent
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from the first day on which eggs were laid (McKINNEY & StoLEN, 1982).
In a flight pen study of 8 pairs of mallards which renested persistently,
almost all FC auempts that proceeded to the mounting stage occurred
when birds were laying (CHENG ¢t al., 1982). Harassment of female
mallards with ducklings was noted by Rarrasuo (1964) but no FCs were
reported.

The best data on this topic for wild ducks have been gathered recently
by A. D. AFTON (pers. comm.) on a marked population of lesser scaup.
He reports that 59% of 233 FCs and FC attempts were directed at fer-
tilizable females (in late prelaying and laying phases).

TasLe 1. Frequency of FC attempts in groups of white-cheeked pintails
in flight pens (total 17 pairs studied in 1979 and 1980), in relation to
reproductive condition of target female

Female in laying or Female not in laying or
pre-laying condition pre-laying condition
Number bird-days 144 (41.4%) 204 (58.6%)
Number FC attempts 208 (73.5%) 75 (26.5%)

Flight pen data on the chronology of FC attempts in white-cheeked
pintails (Table 1) showed a significant difference between the number of
attempts directed at (a) fernales that were laying or were in the pre-laying
phase (as judged by the occurrence of persistent quacking, pair-flights,
and/or exploration of cover) and (b) females that showed no reproductive
behavior or were incubating or leading broods (x?=120; df=1;
p <0.005).

Of 54 FC attempts in the lesser snow goose, 10 were on laying females,
the others being on females that had begun to incubate. The conflict of
interest between mate-guarding and FC may be critical for males of this
colonial species, in which egg-laying is highly synchronous among
neighbouring pairs, and males have few opportunities to inseminate
* fertilizable females because they do not begin FC attempts until their
own females are non-fertilizable (see Mineau & Cookg, 1979a).

The time of day when inseminations occur could be important in
sperm competition. Dabbling ducks usually lay one egg each day in the
morning (Sowts, 1955; BeLLrosE, 1976). In chickens, ovulation normal-
ly occurs within 15 to 75 minutes after the laying of the previous egg
(Sturkig, 1976) and the ovulated ovum remains fertilizable for about 15
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minutes before albumen is deposited around the yolk (GiLserT, 1971).
Artificial insemination experiments on mallards (CHENG et al., in press)
indicate that the timing of these events is similar in dabbling ducks.
Sperm introduced within an hour after egg-laying fertilized 9 of 36 eggs
(25%) laid the following morning but when females were inseminated
more than one hour after egg-laying only 1 of 179 eggs (0.6 %) was fertile.

Flight pen data on 8 pairs of mallard (CHENG et al., 1982) indicated that
males were more successful in FC in the morning (sunrise to noon) than
in the afternoon (from noon to sunset). Of 83 male-female chases in the
morning, 14 resulted in FC; only 1 FC was recorded from 59 chases in
the afternoon (x2 = 8.4, df = 1, P<0.005). During the same observation
periods, there were 3 pair copulations in the morning and 10 in the after-
noon. Males were 21 % successful in those chases that began as a female
left her nest, compared to less than 10% success in all other situations.
These findings are preliminary and relationships between time of day,
behaviour of the female, FC activity or success of males, and production
of FC-progeny need to be investigated more thoroughly. A. D. Arron
(pers. comm.) found that 60% of 272 FCs and FC attempts seen in
daylight in lesser scaup occurred in the morning.

2. FC tactics of males.
Locating females.

The ways in which male dabbling ducks locate the females on which they
attempt FC have not been carefully studied but observations on several
species provide some indirect evidence. During the laying of the first half
of the clutch, male gadwalls (Dwver, 1974) and northern pintails
(Derrickson, 1978) usually remain on or near the pair’s ‘‘activity
center’’ (1 or 2 wetlands near the nest) while the female is at the nest, but
during the second half of the laying period paired males become more
mobile, spending part of the day away from the activity center, often
associating with other males in small groups. Similar groups of 2 or 3
rales have been noted in wild mallards beginning during the initial peak
of egg-laying in early spring (Dzusin, 1969b). Possibly males gather in
places where females are likely to be encountered.

When a male mallard alights near a waiting male on his activity center
Juring the period when the waiting male’s mate is laying, the intruder is
likely to be threatened and chased off (TiTman, 1973). However, in
urban mallards a visiting male may persist in associating with a waiting
male, resulting in tense encounters, with bouts of bill-up rab-rab
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threatening, prolonged parallel swims, and repeated preening on the
back and wings (F.M.). Similar behaviour during temporary associations
between paired males has been seen in wild mallards (A. Dzusin, pers.
comm.) and wild red-billed pintails (F.M.), and twice in the latter species
aerial pursuits were seen to start when femnales arrived near such groups.
These observations suggest that visiting males are waiting for females 10
return from their nests to join their mates.

At times, the behaviour of waiting males suggests conflict between
tendencies to guard their mates and to seek FC opportunities. Wild
northern pintails (S.R.D.) and red-billed pintails (F.M.) have been seen
performing long bouts of pre-flight intention movements while escorting
their mates, then eventually leaving them to visit other wetlands. While
the female is at the nest, waiting males frequently adopt erect postures
and give bursts of contact calls, and sometimes they make short flights
over the vicinity of the nest, as though anxious to reestablish contact with
her (gadwall, DwyEr, 1974; northern pintail, S.R.D.; urban mallard,
F.M).

\ales have been observed deliberately searching for females but possi-
bly these instances all involved specific females that were knowns to be in
the area. Urban mallards were seen flying over and walking into vegeta-
tion in areas where females were nesting (HEINROTH, 1910; Gevr, 1961;
WEIDMANN, 1956; LEBRET, 1961; T1TMAN & LOWTHER, 1975). Males of
blue-winged teal (BaILEY et al., 1978) and North American black duck
(SEvmour & TiTman, 1978) swam along parallel to shorelines peering
into vegetation at the edge, after a female had eluded them. Similar
searching has been seen in captive green-winged teal, white-cheeked
pintail, red-billed pintail, brown pintail and speckled teal (F.M.,
S.R.D)).

Pursuit of females.

The aerial pursuits of dabbling ducks are thought to be related to three
different activities — courtship, territory-defence, and FC (LEBRET,
1961; Dzusin, 1957, 1969b; TiTMAN & SEymMour, 1981).

Courtship flights (involving a group of males and one female) are
associated with social courtship on the water surface and include noisy
calling by the males as they maneuver to compete for the female’s atten-
tion. Courtship flights are especially frequent before the breeding season
begins.

Territory-defence flights occur in certain species only (see p. 279).
They usually involve only 2 or 3 birds (the chasing male and an intruding
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pair or individual) and are associated with localized intolerance by a
paired male toward conspecifics intruding on his activity center. Expul-
sion flights tend to be brief, the chasing male returning promptly to his
starting place.

Pursuit flights related to FC may begin with only 2 or 3 birds (the
chasing male and the female, with or without her mate) but other males
may join in. FC flights are fast and vigorous, chasing males appear to be
pressing close to the female and she makes energetic attempts to avoid
them (Fig. 1). Although proof of the intent of the pursuing males often
cannot be obtained (when the birds alight out of sight), FC attempts on
land or water have been seen to follow such flights (e.g. TiTMAN &
Sevmour, 1981).

In mallard and northern pintail, FC flights are frequent and con-
spicuous because the birds fly high and range widely. Mallard FC flights
may attract as many as 39 males (A. Dzusin, pers. comm.) and northern
pintail flights have been timed to last 36 minutes (DerrICcKsON, 1977) or
more than 1 hour (SMmrTH, 1968) before being lost to view. In some Anas
species, FC flights are less often seen, perhaps because males infrequent-
ly attempt FC (e.g. northern shoveler, McKinnEY, 1967, SEYMOUR,
1974b; blue-winged teal, STEwART & TiT™MAN, 1980) or because females
tend to fly low when pursued (e.g. green-winged teal, McKINNEY ¢t al., in
prep.). Although mallard and northern pintail males have been seen to
grab at the female in flight (TiTmaN, 1973; SmiTH, 1963; DERRICKSON,
1977), and once TiTMaN (1973) saw a male hit and grasp a female so that
she fell about 5 m to the ground, it is uncertain whether FC flights usual-
ly end because the female (a) has been physically forced down, (b) is
exhausted or (c) decided to alight voluntarily.

The vigour and duration of FC flights varies and, in species where
males behave territorially as well as attempting FC (e.g. northern
shoveler, blue-winged teal, mallard), it is often difficult to decide whether
chasing males are really intent on FC. In non-territorial species (e.g.
northern pintail, green-winged teal), however, males frequently force
females to fly or pursue them in the air for short distances and then
abandon the chase (SmritH, 1968; Derrickson, 1977; McKINNEY &
StorEN, 1982). The significance of these low intensity or aborted flights is
unknown, but it is possible that they allow males to assess the female’s
reproductive condition and influence decisions on when to make vigorous
FC attempts (see Discussion).
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FC attempts. .

In dabbling ducks, FC attempts may occur on land or water (Figs 2, 3).
The site was usually on land in North American prairie populations of
mallard (most of 13 attempts; Dzugin, pers. comm.) and northern pintail
(20 of 24 attempts; DERRICKSON, 1977) but in blue-winged teal 8 FC
attempts were all on water (BalLeY o al., 1978) as were 4 of 5 FC
attemnpts in wild green-winged teal (MCKINNEY ¢l al., in prep.).

Many factors probably influence the number of males participating in
FC attempts (e.g. density of the local population, duration and height of
the pursuit flight). In mallards, Dzusin (pers. comm.) noted that short
flights (2-5 min) usually included only 3-4 males, while longer flights
attracted 10 or more males. In northern pintails, 24 FC atempts
involved 1-9 males (excluding the female’s mate) (mean 3.2, SE = 0.4)
(DERRICKSON, 1977). In blue-winged teal, 4 attempts were made by single
males; multi-male attempts included 2, 3, 7 and 8 males (BaiLEY o al.,
1978). In green-winged teal, 4 attempts were madc by single males, one
by 2 males (McKInnEY e al., in prep.). Neither of these teal species
engage in prolonged, high-altitude FC flights and fewer males are likely
to be attracted.

The behaviour of the participants in FC attempts has not been
analysed in detail in any species of waterfowl. Brief descriptions have
been published for mallard (WEIDMANN, 1956; Lesrer, 1961), North
American black duck (Seymour & Titman, 1978) blue-winged teal
(BAILEY e al., 1978) and green-winged teal (McKinney & StoLEN, 1982)
and the behaviour of other dabbling ducks is basically similar.

The first male to make contact with the female dashes at her and grasps
some part of her plumage in his bill (often the feathers on her back or
neck). He then tries to mount her, securing her below him by firmly grip-
ping her nape feathers and adjusting his position on her back by treading
movements. Male mallards and northern pintails often drop their wings
on each side of the female's body, perhaps to help maintain balance. The
treading movements of the male’s feet appear to help him become secure-
ly balanced on the female’s back and WEIDsann (1956) suggested that
they produce a reflex-like raising of the female’s tail. Next the male tries
to move the rear part of his body around the left side of the female’s tail
and, if this is accomplished, intromission is suddenly attempted by a
deliberate thrust. In some FC attempts on land in northern pintails
(SMiTH, 1963) and green-winged teal (McKiINNEY & StoLen, 1982),
unusually prolonged thrusts have heen noted, the male continuing 1o
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