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Forced Copulation in Captive Mallards 
I. Fertilization of Eggs 

JEFFREY T. BURNS, KIMBERLY M. CHENG, AND FRANK McKINNEY 
Department of Ecology and Behavioral Biology, Bell Museum of Natural History, 

University of Minnesota, Minneapolis, Minnesota 55455 USA 

Forced copulation (FC) has been reported in a number of avian families but it is especially well known 
in waterfowl (family Anatidae). Often this behavior has been called "rape" in the bird literature, but we 
feel that it is best to avoid this controversial term. In contrast to pair copulations, which are typically 
preceded by characteristic displays by both sexes, FCs are preceded by active pursuit, grasping, and 
overpowering of the female. Ever since Heinroth (1910, 1911) drew attention to this phenomenon, there 
has been controversy about its significance, especially in the Mallard (Anas platyrhynchos) and other 
dabbling ducks (tribe Anatini). Geyr yon Schweppenberg (1924) thought that it occurs after females start 
incubating and are no longer available to satisfy the sexual urges of males. Christoleit (1929a,b) believed 
that females do not really try to escape but rather encourage males to chase them and to compete for 
copulations, thereby ensuring fertilization by the strongest male. Weidmann (1956) concluded that FC is 
associated with territoriality and is a mechanism whereby a male discourages other pairs from settling 
on his breeding area. Bezzel (1959) and Wrist (1960) doubted that it is common enough in wild birds to 
be of significance, and they attributed its occurrence in parks and zoos to abnormally high densities of 
birds. 

In a key study of wild Pintails (A. acura), Smith (1968) demonstrated that aerial pursuits (including 
FC attempts) peaked in frequency during the egg-laying period, and he suggested that these copulations 
could be related to fertilization of eggs. Reports that male urban Mallards make FC attempts on their 
own mates (Bezzel 1959, Raitasuo 1964) have been confirmed by recent studies, and the occurrence of 
such imposed pair copulations soon after a female has been subjected to FC strongly suggests that sperm 
competition is going on [Barrett 1973, Barash 1977 for Mallards; McKinney 1975, McKinney and Stolen 
in prep., for Green-winged Teal (A. crecca)]. The experiment on captive Mallards by Elder and Weller 
(1954), in which they removed males from their mates and checked the fertility of eggs subsequently laid, 
had already shown that females can store sperm for up to 10 days. Thus, at least in certain species of 
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dabbling duck, FC could be an integral part of the reproductive strategy of paired males (reviewed by 
McKinney, Derrickson and Mineau, in prep.). Until now, however, there has been no proof that FCs 
involve actual sperm transfer or subsequent fertilization. 

To test whether or not eggs can be fertilized by FC, we used Mallards exhibiting the "dusky" trait. 
Dusky males lack the white neck ring and chestnut breast of wild-type Mallards, females have a darker 
than normal plumage, and ducklings are almost entirely black. The dusky trait is recessive (Jaap 1934, 
Lancaster 1963), so that ducklings from dusky x wild-type matings have the familiar yellow and brown 
wild-type down pattern. The dusky Mallards used in our study were genetically seven-eighths wild as 
a result of a 5-yr breeding program involving repeated backcrossing of dusky Mallards from gamefarm 
stock with wild Mallards at the Northern Prairie Wildlife Research Center, Jamestown, North Dakota 
(Lee and Nelson 1972). The wild-type Mallards were offspring of birds taken as eggs from nests of wild 
birds in central North Dakota during the spring of 1976. Because the dusky gene is extremely rare in 
wild populations, we assume that the wild-type individuals used were homozygous for the dominant 
wild-type plumage. 

In August 1977 we established a flock of 10-week-old Mallards comprised of 16 males (8 wild-type, 8 
dusky) and 11 females (all dusky), each marked with a numbered nasal saddle (Sugden and Poston 1968). 
During the winter they were allowed free choice of mates and were examined weekly for signs of pairing. 
On 16 April 1978 eight firmly bonded pairs were selected. Two wild-type male + dusky female (WM 
+ DF) pairs and two dusky male + dusky female (DM + DF) pairs were introduced into each of two 
adjacent flight pens. DM + DF pairs are expected to produce only dusky young, and WM + DF pairs 
should produce only wild-type young. The appearance of both types of young in a single clutch indicates 
mixed parentage, barring mutation and the possible occurrence of heterozygous wild-type males in our 
study flock. With this experimental design we could expect to detect, on average, two out of every three 
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ducklings resulting from FC (i.e. those cases in which the father was of the alternate type to the female's 
mate). 

The flight pens (McKinney 1967) each measured 27.5 m x 27.5 m x 3.6 m, giving enough room for 
all pairs to establish small territories. Nest scrapes were made by the birds in long grass around the edges 
of the pens, and by watching them go to their nests we determined which females laid which eggs. Eggs 
were collected every second day, labelled, and replaced with dummy eggs. When clutches were complete 
(no new eggs for 2 days), the dummy eggs were removed and the nest destroyed to encourage renesting. 
We stored the collected eggs in a cool room and incubated them in batches set at about weekly intervals. 
Eggs were candled on the 7th, 14th, and 21st days of incubation. At the time of the last candling, dead 
embryos were classified according to phenotype, when possible, and on day 23 all viable eggs were 
transferred to individual hatching baskets in a "hatcher" incubator. Ducklings were typed 1 or 2 days 
following hatching. 

From 17 April to 21 June we made daily 3-h observations, beginning at sunrise, from a blind over- 
looking both flight pens. All major interactions (chases, pair copulations, FC attempts) and the nesting 
activities of each female were recorded. We distinguished "FC attempts" from "FCs" by watching for 
clues indicating whether the male was successful in achieving intromission. FC attempts entailed pursuit 
with grasping in the male's bill of some part of the female (nape, back, wing, or tail), and mounting might 
or might not follow. Our criteria for FC were (1) a pronounced thrust by the male as he bent his tail 
around the side of the female's tail and (2) a deliberate departure by the male after dismounting, usually 
with tail-wagging (apparently to retract the "penis"). After dismounting, the male sometimes performed 
postcopulatory displays (Bridling, Nod-swimming), and sometimes we could see the everted penis, but 
these were not invariable after FC as judged by our two criteria. 

We could identify to type 156 of the 229 eggs laid by the 8 females (3 clutches each). Thirteen (8%) of 
the identified progeny differed from the expected type (Fig. 1). We observed 58 FCs and 309 FC attempts 
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(Fig. 2). Females producing 5 of the 13 eggs yielding FC progeny were subjected to FC from males of 
the appropriate type 1 or 2 days before the laying of the eggs, and FC attempts by males of the appropriate 
type were seen within 2 days before the laying of 2 more of these eggs. 

We could identify 61 ducklings or embryos from first clutches, 45 from second, and 50 from third 
clutches. Of these, 8%, 11%, and 6%, respectively, were FC progeny, suggesting no seasonal trend. Nor 
did there appear to be a trend in relation to the sequence of eggs within a clutch. 

Although the number of progeny from females paired to dusky males (117 eggs, 74 young) and the 
number from females paired to wild-type males (112 eggs, 82 young) were nearly equal, wild-type males 
produced most of the FC progeny (11 of 13, X 2 = 6.63, P < 0.05). We cannot account for this asymmetry, 
and in fact there were more records of FC by dusky males on the mates of wild-type males (26) than of 
the reverse (19). Dusky males had a slightly higher success rate in FC attempts than did wild-type males 
(25% and 19% of contacts leading to FC, respectively). More FCs were recorded in pen 2 (45) than pen 
1 (26), and 9 of the 13 FC progeny were produced by pen 2 birds. 

In theory, the production of mixed broods by the females we studied could be explained by (1) mutation, 
(2) the presence of heterozygous wild-type males in our experimental population, (3) females laying in 
other females' nests, (4) mate-switches, and (5) fertilizations by FC. We discount the possibility of mu- 
tations, as the rate required would be unrealistically high. All of the females paired to wild-type males 
produced at least one clutch comprised only of wild-type ducklings (of those identifiable), suggesting that 
all of our wild-type males were homozygous. In our daily watches we saw no females laying in other 
birds' nests, and all clutches were consistent in the distinctive characteristics of the eggs they contained 
(size, shape, and color of eggs varying between individual females). No mate-switches occurred during 
the season, and, although females were repeatedly observed copulating with their own mates, they were 
never observed to solicit copulations from males other than their mate. We conclude that these experi- 
ments have demonstrated that FC involves successful intromission and insemination and that this insem- 

ination can result in sperm competition and subsequent fertilization of eggs. 
These findings must be interpreted cautiously. It seems likely that our captive females were subjected 

to more FC attempts than would be wild free-ranging birds. The frequency of FC attempts and the 
proportion of attempts that result in FC in wild Mallards remains an open question. We emphasize that 
additional research is needed to determine the significance of this phenomenon under natural conditions. 

This research was supported by the National Science Foundation under grant BNS 76-02233. We are 
indebted to Forrest Lee, Gary Krapu, and the Northern Prairie Wildlife Research Center, Jamestown, 
North Dakota for supplying the birds; Robert Shoffner and the Department of Animal Science, University 
of Minnesota, St. Paul Campus for providing incubator facilities; Anne Pilli for drawing the figures; and 
George Barrowclough, David Bruggers, and Harrison B. Tordoff for comments on the manuscript. 
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Sexual Development During Winter in Male American Woodcock 

THOMAS H. ROBERTS 

Department of Wildlife and Fisheries, Mississippi State University, Drawer LW, 
Mississippi State, Mississippi 39762 USA 

Recent studies of American Woodcock (Philohela minor) have documented that substantial breeding 
occurs throughout much of the southeastern United States, an area formerly considered to be significant 
only as a wintering ground (Causey et al. 1974, Stamps and Doerr 1977, Roberts and Dimmick 1978). 
Woodcock are among the earliest breeders of North American avifauna, but the chronological pattern 
of their reproductive cycle has not been adequately described. This study was undertaken to delineate 
the sexual development in the male segment of the population during winter and to determine whether 
or not physiological differences exist between adult and subadult males. 

Woodcock were collected from 17 December 1978 to 26 February 1979. Collection sites were south- 
eastern Louisiana, east-central Mississippi, and western Tennessee. Birds were classified as adults or 
subadults according to characteristics of the secondaries (Martin 1964). After measurement and fixation 
in 10% formalin, cross sections of left testes were prepared for histological examination. Sections (6 
were stained with hematoxylin and eosine and examined with a binocular microscope under 100x. Based 
on the degree of gonadal development, males were classified into three groups: Class I--sexually mature 
(spermatozoa present in all seminiferous tubules); Class II--spermatogenesis occurring but not yet sexually 
mature (spermatids present in most tubules; spermatozoa present in some cases but only in a few tubules 
and not in large numbers when present); and Class III--quiescent (only spermatogonia present; no 
evidence of spermatogenesis). 

Forty-seven males were collected during the study. The size of the 43 testes measured ranged from 3.0 
mm to 12.0 min. Considerable variation existed among individuals on any given date, but there was a 
trend toward increasing testis length during the study period (Fig. 1). There was no significant difference 
in the regression equations (P = 0.95) of adults and subadults when evaluated separately. The earliest 
date that spermatogenesis was observed was 19 January, while the earliest individual in Class I was 
collected on 22 January. All birds taken after 1 February (n = 22) were in Class I or Class II; 76% were 
in Class I. The Mann-Whitney u-test (Conover 1971) showed no difference in testis size between 14 adult 
and 14 subadult males collected during February (P > 0.1). Of the subadults shot in February and 
examined histologically, 91% were in Class I. No difference in either testis size or degree of development 
that might be attributable to collection site was apparent in the data. 

Of 39 testes that were examined histologically, 97% of those greater than or equal to 6.0 mm were in 
Class I or Class II, with 76% being in Class I. Only 14% of those less than 6.0 mm (n = 7) were in Class 
II; none was in Class I. All less than 5.0 mm (n = 5) were in Class III. 

Although there was individual variation, the majority of the male woodcock in my sample had attained 
full breeding condition by early February. Recrudescence of gonads began at least as early as mid- 
January, although the small number of samples before that period precluded a more precise determi- 


