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Floaters are sexually mature yet nonbreeding, 
nonterritorial individuals (Smith 1978). They are 
common in many passerine species and avian social 
systems (see Zack and Stutchbury 1992) but relative- 
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ly little is known about them. Floating behavior ul- 
timately arises through an excess of sexually mature 
individuals trying to procure a limited number of 
nesting sites (Brown 1969, Smith and Arcese 1989). 
It has been described as an alternative reproductive 
strategy to territoriality (Austad 1984) and as a be- 
havior based on quality differences among individ- 
uals (Smith and Arcese 1989). Floaters are character- 
ized by their frequent intrusions into occupied ter- 
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ritories to search for nesting sites (Arcese 1987, 
Stutchbury 1991) or to attempt extrapair copulations 
with resident females (Dunbar 1982). In the latter 
case, males potentially could gain reproductive suc- 
cess without the costs of territory defense and pa- 
rental care. However, this latter scenario is thought 
to be unlikely because male floaters typically are 
deemed to be inferior in quality to resident males 
(Brown 1969, Smith 1978). 

Tree Swallows (Tachycineta bicolor) are migratory, 
secondary cavity nesters and are nest-site limited 
(Holroyd 1975). Competition for nesting opportuni- 
ties is intense, and a portion of the population con- 
sists of floaters of both sexes (Stutchbury and Rob- 
ertson 1985, 1987; Barber 1997). Tree Swallows ex- 
hibit a high degree of natal dispersal followed by in- 
tense breeding-site fidelity (Robertson et al. 1992). 
Once established as breeders, males typically use the 
same nest box every year, whereas females usually 
breed in a different nest box within the same study 
site (Barber 1997). 

Although Tree Swallows are socially monogamous 
(both the male and female defend a nest site and feed 
the young) they are not genetically monogamous (Lif- 
jeld and Robertson 1992, Lifjeld et al. 1993, Barber et 
al. 1996). Indeed, in some populations as many as 
87% of the females obtain extrapair fertilizations 
(Dunn et al. 1994), and up to 69% of the young are 
sired by extrapair males (Barber et al. 1996). Resident 
males sire only 20% of all extrapair young (Dunn et 
al. 1994); therefore, the majority of extrapair males 
must be either floaters or birds that breed outside the 

study population. 
Despite this high frequency of extrapair paternity 

(which is among the highest recorded for any pas- 
serine) and the loud, frequent, and conspicuous na- 
ture of within-pair copulations (Venier and Robert- 
son 1991), observations of extrapair copulations by 
Tree Swallows are uncommon (Lifjeld et al. 1993, 
Venier et al. 1993). The purpose of this study was to 
examine the behavior of floater males in a breeding 
population of Tree Swallows and to determine 
which, if any, individuals gained extrapair copula- 
tions and fertilizations with resident females. 

Study area and methods.--In 1992, we studied a nest- 
box population of Tree Swallows breeding in a hay- 
field located on the Hughson Tract of the Queen's 
University Biological Station in southeastern Ontar- 
io, Canada (44ø34'N, 76ø19'W). The study grid con- 
tains 18 nest boxes in which Tree Swallows have been 

breeding since 1976. Nest boxes are set up in five 
rows, with rows 1, 3, and 5 having four nest boxes 
each, all parallel to each other, and rows 2 and 4 hav- 
ing three nest boxes each, also parallel to each other 
(Fig. 1). The even numbered rows are staggered from 
the odd numbered rows such that a box in row 1 is 

40 m away from a parallel box in row 3, and a box in 
row 2 is 28 m away from a diagonal box in row 3. 
Tree Swallows occupied every box in 1992. 

During April and early May, we captured and 
sexed Tree Swallows on the study site and marked 
them with unique acrylic paint codes so that they 
would be easily identified from a distance. Because 
we did not want to influence copulation patterns, we 
stopped capturing birds once the first copulation 
was observed. We conducted daily surveys at each 
nest box to determine residency status of the marked 
individuals. 

To determine the frequency with which extrapair 
copulations occurred, we conducted extensive 
watches of the boxes from 10 to 26 May between 0530 
and 1200 EST. These 17 days encompassed the pre- 
laying, laying, and incubation stages. Two people 
observed breeding pairs at three different nest boxes 
each for 30 min before rotating through to the next 
three boxes. Thus, between the two observers, one 
complete rotation of observations at all 18 nests took 
1.5 h, with an additional 30-min watch being con- 
ducted to survey the entire grid. We did 2.75 to 3 ro- 
tations every morning, resulting in 5.5 to 6 hour-long 
daily watches. The between-day watches were stag- 
gered such that we started with a different set of nest 
boxes every day over a four-day period. We noted ev- 
ery copulation and attempted copulation (within- 
pair and extrapair) that occurred and also noted the 
participating individuals, the solicitor, the time of 
occurrence, the number of cloacal contacts, and the 
general behavior of the birds involved. By definition, 
a "copulation" occurred when a male made success- 
ful cloacal contact at least once with a female, and an 
"attempt" occurred when a male attempted to alight 
on a female's back while making copulatory sounds 
(Venier et al. 1993), but failed to make cloacal con- 
tact. We observed birds for 192 h (between two peo- 
ple) in the mornings, 5 h one afternoon, and 5.5 h 
during four evenings, resulting in a total of 202.5 h 
of observation. 

We conducted DNA fingerprinting (Lifjeld et al. 
1993, Barber et al. 1996) on 15 families. Unfortunate- 
ly, we were unable to obtain blood from three fami- 
lies whose nests failed (Fig. 1). The first nesting at- 
tempt at box B4 failed when the female disappeared 
early in the incubation period, but the male subse- 
quently renested successfully with another female. 

Nestlings were considered to be extrapair if: (1) 
their band-sharing coefficient (Wetton et al. 1987) 
was less than 0.40 with the social male or female, and 
(2) they had more than four novel bands for both the 
per (Shin et al. 1985) and Jeffreys' 33.15 (Jeffreys et al. 
1985) probes combined (see Lifjeld et al. 1993, Barber 
et al. 1996). All extrapair young were genetically re- 
lated to the social female. 

Results.--We observed 17 extrapair copulations 
and copulation attempts (eight extrapair copula- 
tions, eight extrapair attempts, and one unknown 
whether copulation or attempt) during 202.5 h of ob- 
servation (Table 1, Fig. 1). All but one (male D6 with 
female C7; Table 1) occurred during the female's fer- 
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FIG. 1. Schematic representation of extrapair attempts and copulations in Tree Swallows. Boxes represent 
nest boxes; the percentage of extrapair young is shown in center of each box; the number of extrapair young 
per brood is shown in parentheses in the right-hand corner of box. Arrows indicate extrapair attempts and 
extrapair copulations by floater males (1 and 2), resident males (shown by their nest box), and unidentified 
males with resident females (arrows point to female's nest box) or unidentified females. Unidentified males 
and females were extrapair. Numbers in parentheses by arrows indicate the number of extrapair attempts 
and successful extrapair copulations, respectively. 

tile period (i.e. the period from eight days prior to 
the first egg through laying of the penultimate egg; 
Birkhead 1988). Resident males were no more suc- 
cessful than floaters in gaining actual copulations 
with resident females (4/10 vs. 3/4, respectively; 
Fisher's exact test, P = 0.56). About one-third (5/17) 
of the extrapair copulations and copulation attempts 
were achieved by two floater males (both of whom 
had been marked with a paint code). We believe they 

were floaters because they were sexually mature and 
appeared to be nonterritorial (i.e. they did not reside 
on any of our other study sites). Other floater males 
were seen on the study site but were never observed 
in extrapair matings. Five of the 18 resident males 
accounted for 10 other extrapair copulations/at- 
tempts. The male(s) involved in two of the extrapair 
copulations/attempts could not be identified, but 
they were not the social mates of the resident fe- 
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TABLE 1. Summary of extrapair copulation attempts and successful extrapair copulations observed in Tree 
Swallows in 1992. NSM = not social mate. 

No. No. No. Offspring sired by 
Male Female attempts successful cloacal contacts extrapair male? 

Floater 1 B4 3 3 17 No data (nest B4 failed) 
Floater I C3 1 Unknown Unknown No 
Floater 2 C5 • 1 0 0 No (interrupted by social male) 
C5 D6 1 1 3 No 
D2 E3 1 0 0 No 
D6 NSM b 1 0 0 Unknown 
D6 C7 b 1 0 0 No 
E5 NSM 1 0 0 Unknown 

E7 E5 a,• 4 3 10 No data (nest E5 failed) 
E7 NSM • 1 0 0 Unknown 
NSM C7 1 1 2 No 
NSM D4 1 0 0 No 

Copulation was solicited by female. 
Female was unreceptive (snapped at male or flew away); females cooperated in all other cases. 

males. Similarly, two females could not be identified 
but were residents on the study site. 

Floater 1 obtained at least three and maybe four 
extrapair copulations, whereas Floater 2 did not suc- 
ceed in his one extrapair attempt (Table 1). Floater 1 
was successful in copulating with two of the resident 
females. He did not, however, sire either of the two 
extrapair young in the C3 brood (band-sharing co- 
efficients of the two extrapair young with Floater 1 
were 0.17 and 0.16, and the numbers of novel bands 
were 15 and 15, respectively). Unfortunately, the 
nesting attempt of the other female with whom he 
copulated (B4) failed, so we could not determine if 
he gained paternity in this brood. Floater 1 eventu- 
ally settled at box C1 (paired with the resident fe- 
male) after the resident male disappeared, but only 
after numerous fights with the B2 male, who also 
"wanted" this nest box in addition to his own. The 

C1 female had just laid her fourth egg when Floater 
1 settled. She laid her fifth egg three days later, but 
the nest failed during hatching. 

Of the five resident males observed attempting or 
actually procuring extrapair copulations, the most 
successful male, E7, accounted for half (5/10) of 
these observations; he also had no extrapair young 
in his own brood (Fig. 1). We were unable to deter- 
mine whether he sired young in his extrapair mate's 
nest (E5) because it failed during incubation owing 
to the disappearance of one of the residents. The 
male from C5 also had an extrapair copulation with 
the female at D6, but he did not gain paternity 
through it (band-sharing coefficients of the three ex- 
trapair young with this male were 0.22, 0.28, and 
0.25, and the numbers of novel bands were 19, 18, 
and 16, respectively). The C5 male sired all of the 
young in his own brood (Fig. 1). The male from D2 
attempted an extrapair copulation with the female 
residing at E3 but did not achieve cloacal contact. His 
own nest eventually failed. Extrapair young were 

present in E3, but it is unknown if they were sired by 
the D2 male because we were unable to obtain blood 

from him. The D6 male made two different attempts 
at extrapair copulations but was unsuccessful; 60% 
of his own brood consisted of extrapair young. 

The number of observed extrapair copulations and 
copulation attempts varied from 0 to 4 for females 
and from 0 to 5 for males, but the distribution was 
not significantly skewed for either sex (tested against 
Poisson distribution; females, X 2 = 0.72, df = 1, P = 
0.40; males, X 2 = 2.74, df = 1, P = 0.10). Of the res- 
ident females that did not attempt or engage in ex- 
trapair copulations during our observations, 50% (4/ 
8) still had extrapair young within their broods (Fig. 
1). Surprisingly, the C7 female was observed engag- 
ing in one successful extrapair copulation and re- 
jecting another such attempt (Table 1), yet she did not 
have any extrapair young in her brood (Fig. 1). 

Discussion.--Whether males were residents or 

floaters did not affect the frequency with which they 
obtained extrapair copulations with resident fe- 
males. This result is somewhat surprising given that: 
(1) past studies of various species typically have con- 
sidered floaters to be lower in quality or subordinate 
compared with residents (Brown 1969, Smith 1978), 
and (2) floaters have not been observed engaging in 
extrapair copulations (Buitron 1983, Arcese 1987, 
Morton et al. 1990). Additionally, detectable differ- 
ences among residents and floaters have been noted. 
Smith and Arcese (1989) found that floater male Song 
Sparrows (Melospiza melodia) typically were first-year 
breeders. Similarly, a significantly higher proportion 
of younger (i.e. second-year) male Red-winged 
Blackbirds (Agelaius phoeniceus) were present in the 
"deep floater" group (i.e. males who replaced the re- 
placement males) than in the owner or replacement 
male groups (Shutler and Weatherhead 1991). Barber 
et al. (1998) found that a significantly higher pro- 
portion of floater male Tree Swallows were new to 
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the study site than were resident males. Floaters also 
had significantly smaller wing chords than the early 
settling resident males, suggesting that they were 
younger. 

The two floater males made many intrusions into 
territories throughout the course of the breeding sea- 
son and appeared to actively seek nest sites, not just 
access to fertile females. It is unlikely that these 
males nested in nearby natural cavities. Floater 1, af- 
ter intrusions into various territories, eventually pro- 
cured a nest box, settled, and paired with the resi- 
dent female. In an experimental study where male 
resident Tree Swallows were removed from their 

nest box immediately before the female fertile period 
(Barber et al. 1998), floater males rapidly filled the 
vacancies and paired with the resident females. Be- 
cause all floaters settled at a vacant nest box when 

given the opportunity, floating behavior in Tree 
Swallows does not appear to be an alternative strat- 
egy to residency in nest cavities. 

Presumably, floating behavior is costly to overall 
reproductive success. In male Song Sparrows, float- 
ers had low reproductive success over their lifetime 
(Smith and Arcese 1989). Tree Swallows are esti- 
mated to have an annual mortality rate of 40 to 60% 
(Chapman 1955, De Steven 1980), resulting in a high 
loss of reproductive success for any year in which 
they do not breed. Nevertheless, floater males would 
be able to increase their reproductive success if they 
obtained extrapair fertilizations with resident fe- 
males. 

Despite suggestions that floater males engage in 
effective extrapair copulations with resident females 
(Flood 1985, Weatherhead and Boag 1995), no such 
evidence has existed. We observed floater male Tree 

Swallows engaging in extrapair copulations with 
resident females, although these copulations did not 
result in fertilizations. Our sample size was small, 
and it remains possible that floater male Tree Swal- 
lows are responsible for at least some of the as yet 
unassigned extrapair young. Our results clearly 
show that floater male Tree Swallows do gain sexual 
access to resident females (at least occasionally) and 
also suggest that floaters are not necessarily the in- 
ferior individuals they were once thought to be. 
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Brood parasitism is a common feature of the 
breeding biology of many precocial birds like water- 
fowl (Eadie et al. 1988, Rohwer and Freeman 1989, 
Sayler 1992), yet relatively little is known about how 
host females respond to parasitic eggs. Two poten- 
tial responses are to remove them from the nest (Ea- 
die 1989) or displace them to the clutch periphery 
(Mallory and Weatherhead 1993). Although such re- 
sponses have been relatively well documented in 
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passerines (Rothstein 1975) and in one precocial spe- 
cies (Ostrich [Struthio camelus]; Bertram 1979), most 
reports of discrimination against the eggs of brood 
parasites by waterfowl hosts are anecdotal (e.g. Wel- 
ler 1959). The few studies that looked for host re- 
sponses reported potentially conflicting results. 
Canvasbacks (Aythya valisineria) did not remove Red- 
head (A. americana) eggs from their nests or displace 
them to the outside of the clutch (Sayler 1996, Soren- 
son 1997). In contrast, parasitic eggs were lost sig- 
nificantly more often in both naturally and experi- 
mentally parasitized goldeneye (Bucephala sp.) nests 
(Eadie 1989). However, within goldeneye clutches, 
parasitic eggs were, if anything, more likely to oc- 


