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ABSTRACT.--Previous observations of forced copulation (FC) in captive Mallards (Anas 
platyrhynchos) showed that most FC attempts were directed at females in prelaying and 
laying condition and that most FC's occurred in the morning when the females were leaving 
their nests after egg laying. In order to determine whether or not there is a physiological 
basis for these observed temporal patterns, sperm competition in captive Mallards was 
examined using artificial insemination and genetic markers. Results indicated that if a female 
was inseminated with two competing doses of semen at different time intervals, the pro- 
portion of progeny from the first and the second inseminations was not significantly different 
if these inseminations were simultaneous, I h, or 3 h apart. There was a preponderance of 
progeny (70%) from the second insemination, however, if the inseminations were 6 h apart. 
Insemination of females less than I h after egg laying resulted in 25% of the eggs laid the 
following morning being fertile. Only I of 179 eggs laid the following morning was fertile 
when the females were inseminated more than i h after egg laying. 

Our experiment demonstrated that there is an insemination "window," a short period 
when new sperm are least likely to meet competition from sperm already in the oviduct and 
from sperm introduced later, and it provided a possible explanation for the observed timing 
of FC attempts. Received 12 May 1982, accepted 3 December 1982. 

PARKER (1970: 527) defined sperm competi- 
tion as "the competition within a single female 
between the sperm from two or more males for 
the fertilization of the ova." Although best 
known in insects (Parker 1970), this phenom- 
enon occurs also in many other animal groups 
(Allison 1977, Bertram 1976, Smith in press). 
Among birds, sperm competition undoubtedly 
occurs in a number of polyandrous species, in 
which one female may copulate with several 
males (Jenni 1974), and probably occurs in a 
number of promiscuous species as well (Wit- 
tenberger 1979). While most species of birds 
are considered to be monogamous (Lack 1968) 
and copulations occur primarily between mates, 
there is evidence that sperm competition may 
occur in some of these species also. For ex- 
ample, paired females have been observed to 
accept or solicit copulations or to be subjected 
to forced copulations (FC) from males other than 
their mates (Gladstone 1979, McKinney et al. 
in press). This paper deals with one duck 
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species (the Mallard, Anas platyrhynchos) in 
which paired females are inseminated by males 
other than the mate during FC, thus providing 
an opportunity to investigate the mechanism 
of sperm competition. 

Earlier papers in this series on captive Mal- 
lards documented that eggs could be fertilized 
by FC (Bums et al. 1980) and described tem- 
poral relations between FC and female breed- 
ing condition and behavior (Cheng et al. 1982). 
In the latter analysis, it was shown that almost 
all FC's were directed at females in the laying 
phase and that most FC attempts occurred in 
the morning hours, especially when females 
were detected leaving their nests. Based on the 
ovulation pattern and sperm-storage mecha- 
nism demonstrated in domestic chickens 

(Compton et al. 1978, Sturkie 1976), Cheng et 
al. (1982) hypothesized that Mallard males were 
attempting FC's at that time of the day when 
their sperm would compete most effectively 
with sperm from pair copulations. 

In studying sperm-storage mechanisms of the 
uterovaginal (UV) glands in chickens, Comp- 
ton et al. (1978) showed that, if hens were 
subjected to artificial insemination (AI) with 
semen from one type of rooster and then re- 
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inseminated 4 h later with an equal amount of 
semen from roosters with a different genetic 
marker, 80% of the progeny resulted from the 
second insemination. If the two types of male 
gametes were mixed in equal proportions be- 
fore AI, however, the resulting phenotypes of 
progeny approximated a 1:1 distribution. Data 
from this experiment suggest that sperm from 
different inseminations sequentially fill the UV 
glands and produce a stable stratification of 
sperm cells, so that the most recently insemi- 
nated sperm stay on top and mixing of sperm 
cells from different inseminations does not oc- 

cur within a gland. Sperm from the top layer 
are also the first released for fertilization 

(DeMerritt 1979), and so most of the progeny 
are sired by the male that performed the most 
recent insemination. If a similar mechanism 

were to exist in the Mallard, then even though 
males were attempting FC on females during 
their laying period, sperm from infrequent FC's 
would be likely to be covered by sperm from 
repeated pair copulations and would not com- 
pete effectively in fertilizing eggs. 

On the other hand, ovulation in chickens 
normally occurs within 15--75 min after the lay- 
ing of the previous egg (Sturkie 1976). The 
ovulated ovum remains fertilizable for only 
about 15 min before albumen is deposited 
around the yolk (Gilbert 1971). If FC attempts 
were so timed that sperm from such insemi- 
nations reached the infundibulum (the site of 
fertilization) at the time of ovulation, they might 
have a good chance of fertilizing the egg that 
would be laid the next morning. Sperm from 
pair copulations later in the day would not be 
in time to compete for fertilization of this par- 
ticular egg. 

The purpose of this study was to determine 
whether or not (1) sperm storage and utiliza- 
tion mechanisms in the Mallard are similar to 

those in the chicken and (2) sperm introduced 
into the female shortly after oviposition can ef- 
fectively fertilize the egg to be laid on the fol- 
lowing morning. 

GENERAL MET•OVS 

In order to determine how sperm from different 
inseminations compete for fertilization of the ova, 
the recessive white plumage gene of the Mallacd 
(Lancaster 1963) was used as a genetic marker. Fe- 
males homozygous for this allele were artificially in- 
seminated with semen from the homozygous dom- 
inant (wild-type plumage) males and recessive (white) 

males. Thus, progeny possessing wild-type plumage 
could be attributed to sperm from wild-type males; 
those with white plumage could be attributed to 
sperm from recessive males. 

Semen was collected from the males by the mas- 
sage method of Cheng and Otis (in prep.), which is 
a modification of the technique developed for A! of 
chickens and turkeys (Burrows and Quinn 1937). 
Fresh undiluted semen was inseminated intravagi- 
nally by everting the oviduct (Kinney and Burger 
1960). Pooled semen samples from a minimum of 
three males of the same genotype were used for all 
inseminations to reduce individual male effect. Fe- 

males with a hard-shell egg in the oviduct at the time 
of insemination were not used. For 14 days after each 
series of inseminations, eggs were collected daily, 
identified by female and date, and stored at 10øC and 
65% humidity (Cheng et al. 1980). They were then 
incubated in a Robbins Model IHA electric forced- 

air incubator and were candied on the 7th, 14th, and 

23rd days to determine embryo viability. Eggs con- 
tailling viable embryos were transferred on the 23rd 
day of incubation to individual hatching baskets lo- 
cated in a hatcher attached to the incubator. At the 

time of the first candling, any apparently infertile 
eggs were broken out and macroscopically classified 
as an early embryonic death or as infertile (Kosin 
1944). Dead embryos detected during the second and 
third candling were also recorded. Because ducklings 
homozygous for the recessive white gene (i.e. those 
ducklings sired by white males) have yellow down, 
while those sired by wild-type males have the typical 
yellow and brown down pattern, paternity could be 
determined for all ducklings at hatching and for em- 
bryos that died after 19 days of incubation. The ex- 
periments were conducted at the facilities of the De- 
partment of Animal Science, University of Minnesota, 
St. Paul, Minnesota. 

EXPERIMENT I 

A pilot study using White Pekings and 
Rouens (domestic breeds of Mallard) was con- 
ducted to develop AI techniques and to obtain 
preliminary data. We inseminated 16 White 
Peking (recessive) females with semen from 
White Peking males and Rouen (wild-type) 
males (and vice versa) at various time intervals, 
and the data collected (Table 1) appeared to 
agree with those reported for chickens (Comp- 
ton et al. 1978). Problems existed with regard 
to the adaptiveness of White Peking females to 
wire-floor cages, however. Because of their 
body weight, some females developed foot 
problems, and eggs were broken as a result of 
females stepping on them. 

To obtain more conclusive evidence on the 
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TABLE 1. Comparison of the phenotypic ratio of progeny following inseminations with two types of semen 
(Peking and Rouen) at different time intervals. 

Number of progeny a 
First Second Time 

Treatment insemination insemination interval (h) White Wild-type Ratio b 

1 Peking Rouen I 6 5 10:12 
2 Rouen Peking I 7 4 

3 Peking Rouen 6 5 11 10:22c 
4 Rouen Peking 6 11 5 

Controls Mixed semen 0 23 26 (23:26) 

Females that did not lay any fertile eggs after the inseminations were not included. 
Ratio of the number of progeny resulting from the first insemination versus the number of progeny resulting from the second insemination. 
X • - 4.50, based on the expected 1:1 ratio, X•005 with 1 df - 3.84. 

relative effectiveness of competing insemina- 
tions at different time intervals, a further ex- 

periment on a larger scale was conducted using 
game-farm (GF) Mallards and domestic white 
(DW) Mallards. These two "breeds" were used 
rather than White Pekings and Rouens because 
of their small body size (adult DW females 
weighed about 1,450 g) and reliably high rate 
of egg production. 

METHODS 

Two hundred 1-day-old DW Mallard ducklings 
were purchased from the Pietrus Hatchery (Sleepy 
Eye, Minnesota) in June 1979. The Pietrus Hatchery 
obtained their stock from a farm in Iowa and has 

maintained a breeding flock of about 300 DW Mal- 
lards for four generations with a male to female ratio 
of 1:5. Although the DW Mallard is a different breed 
from the White Peking, they are homozygous for the 
same white plumage gene. Sixty male GF Mallard 
(wild-type) ducklings were also obtained from the 
Northern Prairie Wildlife Research Center in James- 
town, North Dakota. These GF Mallards were de- 
scendents of wild birds that were captured in 1949 
at the Frost Game Farm in Wisconsin (Frost 1972, 
Cheng et al. 1980). The ducklings were raised to- 
gether under a daily 8-h light schedule in a 12.2-m x 
6.1-m floor pen until the end of January 1980, when 
they were moved to laying cages. 

Females were housed individually in 31-cm wide x 
41-cm high x 46.5-cm deep chicken laying cages. 
Cage-floors were slanted so that eggs laid would roll 
to a trough outside the cage. We kept 50 males of each 
breed, four to a cage, in 76-cm x 92-cm x 76-cm 
cages. The lighting schedule for all birds was in- 
creased to 15 h (0500-2000) of light per day, which 
resulted in most (75/96) of the females commencing 
egg production 10 days after the photoperiod was 
increased. Females were divided into three groups, 
each consisting of 24 experimental females and 6 re- 
serves. The experimental females in each group were 
inseminated according to the scheme shown in Fig. 

1. There were basically four treatments with four fe- 
males in each treatment: (1) females were insemi- 
nated simultaneously with both GF and DW semen 
(8, 16, 20 and 23), (2) females were subjected to se- 
quential AI 1 h apart (6, 7, 9, and 10), (3) females 
were subjected to sequential A! 3 h apart (4, 5, 11, 
and 12), and (4) females were subjected to sequential 
AI 6 h apart (2, 3, 13, and 14). Within Treatment 1, 
females received a single insemination consisting of 
0.2 ml semen from both GF and DW males mixed in 

equal volume. Within each of Treatments 2, 3, and 
4, two of the four females were each inseminated with 
0.1 ml of pooled semen from DW males and re-insemi- 
nated with 0.1 ml of pooled semen from GF males 
(Part A of scheme). The other two females in each 
treatment were first inseminated with semen from 

GF males and re-inseminated with semen from DW 

males according to the same schedule (Part B of 
scheme). In cases where there was only one insem- 
ination, 0.2 ml of semen was used in order to be 
comparable with cases where two separate doses of 
0.1 ml were given. The common dosage for AI in 
geese is 0.05 ml of undiluted semen (Kinney and 
Burger 1960, Kurbatov et al. 1976). AI dosages rang- 
ing from 0.01 to 0.025 ml of undiluted semen yield 
good fertility in Muscovy ducks (Huang and Chow 
1974), and a dosage of 0.1 ml diluted semen (1 part 
of semen to 3 parts of extender) per insemination 
resulted in good fertility in Peking ducks (Davtyan 
and Starygin 1974). The dosage we were using would 
insure the introduction of adequate sperm numbers. 
It is not known how much semen is normally trans~ 
ferred through natural mating. In our study, the mean 
volume of ejaculate through the massage method was 
0.12 ml (Cheng and Otis in prep.). 

Treatment 1 and the reciprocal order of insemi- 
nations in the two parts of the scheme insure that 
any difference in the effectiveness of competition be- 
tween the two types of semen can be detected and 
controlled. To control further for fertility differences 
and the remote possibility that some GF males used 
may have been heterozygous for the wild-type gene, 
0.2 ml of each pooled semen sample was used to 
inseminate the eight females (1, 15, 17, 18, 19, 21, 
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Fig. 1. Schedule of artificial inseminations. Except where specified otherwise, each female received a 

dose of 0.1 ml of semen per insemination. 

22, and 24) not used in the four treatments. Eggs 
were collected for 14 days after the inseminations 
and then the females were randomly reassigned 
within groups for the next replication. The experi- 
ment was repeated once with all 3 groups of females 
and again with only 2 groups (i.e. altogether 8 rep- 
lications). In total, 2,338 eggs were set for incubation. 

RESULTS 

Fertility and hatchability.--Data collected from 
control females 1, 15, 17, 18, 19, 21, 22, and 24 
of each replication showed that the hatchabil- 
ity of 206 eggs fertilized by DW semen (86%) 

was not significantly different from the hatch- 
ability of those (148) fertilized by GF semen 
(85%). The fertility of eggs from females over 
the 14-day period after insemination with GF 
semen, however, was only 47.4% (148/312) and 
was significantly lower than that of eggs from 
those females inseminated with DW semen 
(61.5%; 206/335) (Cheng and Otis in prep.). 
Apparently, this was mainly caused by differ- 
ences in duration of fertility over the 14-day 
period. Only one of the eggs collected on the 
first day after AI was fertile. Fertility of eggs 
from females inseminated with DW semen was 
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TABLE 2. Comparison of phenotypic ratio of progeny for days 2-7 following sequential AI with genetically 
marked (GF, DW) semen. 

Sequence Time Number of progeny 
Treatment of AI interval (h) White Wild-type 

White vs. First AI vs. 

wild-type second AI 
ratio ratio 

I Mixed 0 52 49 52:49 (52:49) 
2 GF-DW 1 12 12 33:36 33:36 

DW-GF 1 21 24 

3 GF-DW 3 16 21 40:37 45:32 
DW-GF 3 24 16 

4 GF-DW 6 20 5 38:41 23: 56 • 
DW-GF 6 18 36 

13.78, based on the expected 1:1 distribution, X%.ot with I df = 6.63. 

above 80% from day 2 to day 8, while that from 
females inseminated with GF semen was only 
above 80% from day 2 to day 5. Thereafter, 
fertility of eggs from these females declined 
steadily. 

Phenotypic ratio of progeny.--As there were 
no significant differences within each treat- 
ment in the phenotypic ratio of progeny be- 
tween replications, data from all eight repli- 
cations were pooled for analysis. Because of the 
difference in the duration of fertility between 
the two types of males, data for days 2 to 7 and 
days 8 to 14 are summarized separately and 
presented in Tables 2 and 3, respectively. Equal 
weight was given to each individual female in 
calculating the progeny phenotypic ratio. The 
phenotypic ratio of wild-type GF progeny to 
white progeny in all four treatments did not 
differ from the expected 1:1 ratio for the period 
of days 2-7 (Table 2). On the other hand, there 
were significantly more (X '• = 20.3, df = 1, P < 

0.005) white progeny than wild-type progeny 
in the second period (days 8-14, Table 3). This 
is consistent with the observations from con- 

trol females that the duration of fertility was 
longer for DW than for GF semen. 

To avoid the bias caused by the difference 
in the duration of fertility between the two 
types of semen, only data collected during the 
period from 2 to 7 days postinsemination were 
considered in estimating the proportion of 
progeny resulting from sequential AI. As shown 
in Table 2, the phenotypic ratio of progeny re- 
sulting from AI with mixed semen (Treatment 
1) and inseminations 1 h apart (Treatment 2) 
approximated the expected 1:1 ratio and was 
consistent with the observations made in the 

pilot study. Furthermore, the 1:1 ratio was 
maintained even when the inseminations were 

3 h apart (Treatment 3). Following sequential 
inseminations 6 h apart (Treatment 4), how- 
ever, significantly more progeny (70.9%) were 

TABLE 3. Comparison of phenotypic ratio of progeny for days 8-14 following sequential AI with geneti- 
cally marked (GF, DW) semen. 

Number of progeny White vs. 
Sequence Time wild-type First AI vs. 

Treatment of AI interval (h) White Wild-type ratio a second AI ratio 

I Mixed 0 18 16 18:16 (18:16) 
2 GF-DW 1 6 8 

13:23 15:21 
DW-GF I 7 15 

3 GF-DW 3 12 8 36:15 32:19 
DW-GF 3 24 7 (8.65)** 

4 GF-DW 6 33 7 66:15 
40:41 

DW-GF 6 33 8 (32.11)** 
Total 133: 69 

(20.28)** 

(in parentheses) based on the expected 1:1 distribution; ** P < 0.01• 
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TABLE 4. Fertility of eggs from inseminations timed with egg laying. 

3O7 

Number of 

eggs laid Number of 
Time of insemination Groups next morning eggs fertile 

More than 1 hour after laying 

Less than 1 hour after laying 

Expt. 1 168 1 
Expt. 2 

Control 7 0 
Re-insemination 4 0 a 

Total 179 1 

Expt. 2 
Treatment 1 13 3 
Re-insemination 7 5 a 
Treatment 2 12 1 
Re-insemination 4 0 a 

Total 36 9 

Number of eggs fertilized by sperm from last insemination. 

attributed to the second of the two insemina- 

tions. 

EXPERIMENT 2 

Most females laid eggs between 0500 and 0900 
each day. In Experiment 1, the first insemina- 
tion was carried out at 1000, which would be 
an hour or more after egg laying for most fe- 
males. Of the 168 eggs collected on the morn- 
ing following the day of inseminations, only 
one egg was fertile. The purpose of Experiment 
2 was to determine whether or not eggs laid 
the morning following the day of insemina- 
tions could be fertilized if females were insem- 

inated within an hour after laying. 

METHODS 

Fifty DW females that had been laying infertile 
eggs (i.e. females that had not been subjected to AI 
within a 2-week period) were used. These birds were 
under the same 15-h light schedule as those in Ex- 
periment 1. Laying time for each female was record- 
ed in the morning, and 20 females were individually 
inseminated within 1 h after laying with 0.2 ml of 
pooled semen from DW males (Treatment 1). Another 
20 females were inseminated with 0.2 ml of pooled 
semen from GF males, also within 1 h after laying 
(Treatment 2). The remaining 10 females were used 
as controls and were inseminated during the period 
between 1-2 h after their laying. 

Three days after the first set of inseminations, lay- 
ing times for these females were again recorded. Fe- 
mmes that had been inseminated with DW semen 3 

days previously (Treatment 1) were re-inseminated 
with GF semen and females in Treatment 2 were re- 

inseminated with DW semen within 1 h after laying. 

RESULTS 

The results of Experiment 2 are summarized 
in Table 4. Fourteen of the 20 females insemi- 
hated with DW semen in Treatment 1 laid in 

the morning following the day of AI, and 3 of 
the 14 eggs were fertile. Subsequent data 
showed that one of the females did not lay any 
fertile eggs during the 1-week period after the 
inseminations, and her record was excluded 
from the summary of data. Therefore, in effect, 
3 of 13 eggs (23.1%) were fertile. 

Of the 20 females assigned for Treatment 2, 
we were able to observe laying time for only 
18 on the morning of AI. Therefore only 18 fe- 
males were inseminated with semen from GF 

males. Of the 13 eggs collected the morning 
after, only 1 was fertile. One female in this 
group was infertile, and her record was ex- 
cluded (i.e. in effect, 1 of the 12 eggs (8.3%) 
was fertile). 

Seven control females were inseminated more 

than an hour after their laying, and none of the 
eggs laid the following morning was fertile. 

For re-inseminations 3 days later, we were 
able to record laying time for 14 of the 20 fe- 
males from Treatment 1 (females inseminated 
with DW semen). Eight eggs were collected 
from the 14 females inseminated with GF se- 

men. One egg was from the infertile female, 
and we hatched out 5 wild-type ducklings and 
2 white ducklings. Sperm from this later in- 
semination fertilized 5 of the 7 eggs laid the 
morning after AI despite the presence of sperm 
from previous inseminations in the UV glands. 

Time of laying was recorded for 12 females 
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from Treatment 2. These females were re-in- 

seminated with DW semen and five eggs were 
collected the following morning. One embryo 
died within the first week of incubation, there- 

by precluding determination of its phenotype. 
Of the remaining four eggs, all produced wild- 
type ducklings. None of the four eggs was fer- 
tilized by sperm from the last insemination. In 
total, with semen from previous insemina- 
tions already present in the oviduct, sperm from 
the last insemination fertilized 5 of the 11 eggs 
(45.5%) laid the following morning. 

Five of the control females were re-insemi- 

nated between I and 2 h after laying. Of the four 
eggs collected and hatched, none was fertilized 
by the last insemination. 

Combining the data from both treatments and 
all inseminations, it was found that sperm in- 
seminated within an hour after laying fertil- 
ized 9 of 36 eggs (25%) laid the morning after 
the day of AI (Table 4). 

DISCUSSION 

Some birds with large clutch sizes (e.g. 
chickens and turkeys) have sperm-storage 
glands in the oviduct, in which the functional 
capacity of the sperm is prolonged and from 
which sperm are released (Lorenz 1966, Comp- 
ton and Van Krey 1979). Poultry breeders have 
known for a long time that sperm competition 
can take place in chickens and turkeys, and a 
good deal of experimentation on this topic has 
been carried out in conjunction with maximiz- 
ing fertility by AI (e.g. Allen and Champion 
1955, Payne and Kahr 1961, Reinhart and Je- 
rome 1971, Lake 1975, Classen and Smith 1975, 
Compton et al. 1978, DeMerritt 1979). Many 
studies indicated that, in general, the most re- 
cent of competing inseminations is likely to be 
the most effective in fertilizing eggs, not only 
because fertility declines with the age of sperm 
in the UV glands but also because of the way 
these glands are filled and how sperm are sub- 
sequently released. Domestic Mallard females 
can store viable sperm for up to 17 days (Elder 
and Weller 1954, Ash 1962), and data from four 
domestic and semi-domesticated breeds of 

Mallard in our study showed that sperm com- 
petition also takes place in this species in a way 
similar to that in chickens and turkeys. Sperm 
from the more recent of two competing insem- 
inations as close as 6 h apart fertilized 70% of 
the eggs laid subsequently. Sperm from insem- 

inations I h and 3 h apart probably mixed in 
the oviduct before entering the UV glands and 
resulted in an equal probability of fertilizing 
ova in subsequent ovulations. 

Observations of captive Mallards showed that 
the frequency of apparently successful FC was 
low compared to the frequency of pair copu- 
lations (Cheng et al. 1982). Therefore, a dose 
of semen from FC probably has to compete with 
more than one dose of semen from pair copu- 
lations during the prelaying and laying period 
of the female. Near the time of ovulation, how- 
ever, recently inseminated sperm can traverse 
the UV junction and reach the infundibulum 
within a few minutes (Mimura 1939, Bobr et 
al. 1964, Howarth 1971). This is the only time 
when sperm transport in the oviduct is not ob- 
structed by the presence of an egg (Morzenti 
et al. 1978). Data from Experiment 2 showed 
that sperm from 9 of 36 (25%) inseminations 
administered within an hour after laying were 
successful in fertilizing the egg to be laid the 
next morning. Although the percentage of suc- 
cess was not high, this result showed that there 
is an insemination "window," a short period 
when new sperm are least likely to meet com- 
petition from sperm already in the oviduct and 
from sperm introduced later. 

There is some evidence to suggest that male 
Mallards are timing their FC attempts in rela- 
tion to this especially favorable period. In a 
flight-pen study, most FC attempts occurred 
during the morning hours (when eggs are laid), 
and they were directed especially at females 
leaving their nests (Cheng et al. 1982). The time 
intervals between laying, ovulation, and de- 
parture from the nest have not been studied in 
ducks, but there is some information on the 

total time spent at the nest on the days when 
eggs are laid. Northern Shovelers (Anas cly- 
peata) studied by Afton (1977, 1980) spent 94- 
107 min on the nest during laying of the first 
three eggs of the clutch, but thereafter they 
spent increasingly longer periods on the eggs 
(3-4 h for the 4th and 5th eggs, up to about 12 
h on the day the last eggs were laid). On three 
occasions, Afton (1977) flushed a female 1-2 h 
after her arrival at the nest and found that a 

new egg had already been laid, suggesting that 
laying occurs soon after the bird arrives. Data 
for Mallards for the last half of the laying pe- 
riod (Caldwell and Cornwell 1975) suggest a 
similar pattern of increasing duration of nest 
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attendance during laying. These findings sug- 
gest that, when males are successful in forcing 
copulation on females leaving the nest, these 
inseminations might coincide with the favor- 
able postovulation "window" only on the first 
few days of laying. This possibility deserves 
further study. 

If FC is an evolved strategy and is effective 
in fertilizing eggs, mate-guarding to forestall 
FC attempts would be expected as a counter- 
adaptation. We do know that males attempt to 
defend their mates by fighting or trying to dis- 
lodge males attempting FC (McKinney et al. in 
press), but, when many males are involved in 
FC attempts on the same female simultaneous- 
ly, this is not always effective in preventing 
FC. Whether the mate has additional strategies 
to reduce the probability of eggs being fertil- 
ized by sperm deposited by FC is largely an 
unexplored question. Such strategies could re- 
volve around the frequency and timing of pair 
copulations (PC). There is no good informa- 
tion, however, on the timing and frequency of 
PC in relation to female reproductive physiol- 
ogy in Mallards. Paired males frequently solicit 
copulation from their mates, but few are suc- 
cessful. Observations of Mallards (Barrett 1973, 
Barash 1977) and several other dabbling ducks 
(McKinney et al. in press) indicate that paired 
males sometimes force copulation on their own 
mates after they have been subjected to FC as- 
saults. Our findings on sperm competition 
suggest that a prompt "forced pair copulation" 
(FPC) would be especially advantageous for the 
paired male if FC had occurred during the 
postovulation period when fertilization takes 
place. At other times, however, the mate might 
benefit more by waiting and performing PC 
after an interval of several hours. Apparently 
FPC's are not invariably performed after FC's, 
and, if the female resists, the attempt to mount 
is often aborted. 

Our experiments demonstrated that sperm 
competition can take place in Mallards and 
provided a physiological basis for a possible 
explanation of some of the temporal patterns 
of FC behavior observed in our flight pens. 
These experiments raise interesting questions 
about the degree to which behavioral strategies 
of males are "finely tuned" to the reproductive 
physiology of females, and, in particular, they 
lead to predictions that can guide future be- 
havioral studies of PC, FC, and FPC. 
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