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Age- and sex-dependent spring arrival dates of Eastern
Kingbirds
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ABSTRACT. Among migratory passerines, the first birds to arrive on the breeding grounds are usually older
males. Early arrival by older birds may be driven by experience, age-dependent changes in body condition, age-
dependent access to resources during the nonbreeding period, or latitudinal segregation by age. Males may arrive
earlier than females (protandry) because males maintain better condition due to greater access to resources during
the winter, or because selection favors early arriving males that acquire the best territories or experience enhanced
mating opportunities. During a 4-yr study (2004–2007) in Oregon, we found that older Eastern Kingbirds (Tyrannus
tyrannus), regardless of sex, arrived nearly a week before younger birds and that males arrived about 5 d before
females. Age- and sex-dependent arrival dates do not appear to be related to differences in body condition, social
dominance in winter, or latitudinal segregation, and protandry is unrelated to the ability of early-arriving males to
acquire high-quality territories. Instead, we propose that young birds have less to gain from early arrival because
of their probable inability to displace experienced birds from prime territories and that protandry evolved due to
enhanced mating opportunities for early arriving males that arise from the high rates of extra-pair matings in our
population of Eastern Kingbirds.

RESUMEN. Dependencias de las fechas de arribo durante la primavera del Tyrannus
tyrannus dependen del sexo y la edad

Entre los migrantes paserinos, los primeros individuos en arribar a las áreas de reproducción son usualmente los
machos viejos. El arribo temprano de los individuos viejos puede estar influenciado por la experiencia, cambios en
la condición corporal dependiente de la edad, acceso a recursos durante la época no reproductiva dependiente de
la edad, o segregación latitudinal por edades. El arribo temprano de los machos en comparación con las hembras
(protandria) existe posiblemente porque los machos mantienen una mejor condición debido a un mayor acceso
a recursos durante el invierno, o puede haber evolucionado porque los machos que arriban temprano adquieren
los mejores territorios o presentan incremento en oportunidades de apareamiento. Durante un estudio de cuatro
años (2004–2007) en Oregon, encontramos que individuos viejos del Eastern Kingbirds (Tyrannus tyrannus), sin
importar el sexo, arribaron casi una semana antes que los individuos jóvenes y que los machos arribaron al rededor de
cinco dı́as antes que las hembras. Las fechas de arribo dependientes de la edad y el sexo no parecen estar relacionados
con diferencias en las condiciones corporales, dominancia social durante el invierno o segregación latitudinal y la
protandria no esta relacionada con la habilidad de los machos de arribar tempranamente para adquirir territorios
de alta calidad. En vez, nosotros proponemos que las aves jóvenes tienen menos que ganar con el arribo temprano
debido a la probable inhabilidad de desplazar a los individuos experimentados de los habitas primarios, y que la
protandria evoluciono para incrementar oportunidades de apareamiento de los machos que llegan temprano los
cuales sobresalen por sus altas tasas de copula extra pareja en nuestra población de Eastern Kingbirds.
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Among migratory birds, older individuals
usually arrive on the breeding grounds before
younger ones (Lozano et al. 1996, Stewart
et al. 2002, Smith and Moore 2005), and males
usually arrive before females (Francis and Cooke
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1986, Kissner et al. 2003, Rubolini et al. 2004).
Several nonmutually exclusive hypotheses have
been proposed to explain the earlier arrival of
older birds, including their greater experience
with the migration route or better physical
condition (Whitmore et al. 1977, Francis and
Cooke 1986, Møller 1994). Events during
the migratory and wintering seasons may also
be a factor if older birds overwinter closer to
the breeding grounds (Myers 1981) or if they
occupy higher quality winter territories that
enable them to remain in better condition
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(Parrish and Sherry 1994, Marra 2000) and,
therefore, depart earlier (Marra and Holberton
1998, Marra et al. 1998) or migrate faster
(Cantos and Telleŕıa 1994).

Earlier male than female arrival (protandry)
has generally been attributed to male com-
petition for high-quality territories (the rank-
advantage hypothesis; Morbey and Ydenberg
2001). The existence of earlier female arrival
(protogyny) in the relatively few species with
sex-role reversal and female territoriality seem-
ingly provides compelling support for the rank-
advantage hypothesis (Morbey and Ydenberg
2001), but other nonmutually exclusive hy-
potheses have also been proposed to explain
protandry. For example, the social-dominance
hypothesis (Myers 1981), functioning on either
a latitudinal or local-habitat scale, proposes
that male dominance over females during the
nonbreeding season prevents females from oc-
cupying high-quality areas and negatively affects
female departure and arrival dates (Marra et al.
1998, Norris et al. 2004). On the other hand,
the susceptibility hypothesis suggests that later
female arrival is a consequence of females being
less well equipped to endure the costs of early
arrival due to poorer body condition or smaller
body size (Morbey and Ydenberg 2001).

A third alternative, the mate-opportunity hy-
pothesis, posits that male–male competition for
mates in strictly socially monogamous species
favors earlier male arrival because it provides
males with priority access to females which is
especially crucial when male-biased sex ratios
prevent some males from pairing (Morbey and
Ydenberg 2001, Kokko et al. 2006). Equally
important, early arrival by males may also in-
crease opportunities for fertilizations because
early arriving males may experience less sperm
competition early in the season and, by breeding
early, they can later pursue extra-pair copulations
when other females are still fertile (Birkhead and
Møller 1998, Møller et al. 2003). Kokko et al.
(2006) suggested that the mate-opportunity hy-
pothesis was tenable for species with either male-
biased sex ratios or rates of extra-pair paternity
that exceeded 25%.

We studied the spring arrival patterns of
Eastern Kingbirds (Tyrannus tyrannus; hereafter
kingbirds) over 4 yr (2004–2007) in eastern
Oregon to describe and attempt to explain sex-
and age-based differences in arrival patterns and
assess the extent to which individual arrival

date is repeatable. Kingbirds are long-distance
migrants that overwinter in South America and
breed over much of North America as socially
monogamous pairs (Murphy 1996a) where 60%
of males annually lose paternity (Rowe et al.
2001, Dolan et al. 2007). Little is known about
the overwintering behavior of kingbirds, but
reports indicate that they forage and roost in
large mobile flocks (Morton 1980) of up to
20,000 birds (A. McCormick, pers. comm.).
Furthermore, both sexes appear to migrate north
in large flocks (up to 100 birds; Morton 1971)
and simultaneously reach the Gulf Coast during
spring migration (Mabey 2002). Finally, studies
of captive kingbirds suggest that males and
females likely migrate similar distances (Mabey
2002) and, thus, we do not further address hy-
potheses proposed to explain protandry that in-
voke latitudinal segregation of ages or sexes dur-
ing the nonbreeding season (see Myers 1981).

METHODS

Study site. Malheur National Wildlife
Refuge (MNWR; 75,700 ha) is located at
the northern end of the Great Basin Desert
(about 1300 m asl) near Frenchglen (42◦49′N,
118◦54′W) in Harney County, Oregon. The
refuge is dominated by sagebrush/steppe habi-
tat, marshes, and woody riparian areas along
the Donner und Blitzen River (see Redmond
et al. 2007 for a complete description) and our
20 km long main study site extended from Paige
Springs campground to approximately 2 km
north of Krumbo Road. The Center Patrol Road
parallels the river throughout most of our study
area and provided access to most of the study site
because kingbirds nest almost exclusively in the
riparian zone. Little suitable breeding habitat
exists outside our study site and, therefore,
MNWR is an ecological island for kingbirds
(Dolan et al. 2007).

Field methods. From 2004 to 2007, we
began daily surveys of the main study site by
car, foot, and canoe by early to mid-May to
determine arrival dates of kingbirds. A few
breeding areas located away from the road were
surveyed less often, but generally at least once
every other day. Due to intensive banding efforts
of all young and most adults (see Dolan et al.
2007 for details) and because of high natal
and adult return rates (about 25% and 65%,
respectively; Redmond et al., unpubl. data),
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most of the population was individually banded
at the start of each year. Arrival date was recorded
as the first day seen (day 1 = May 1) for
both banded and unbanded birds (N = 217),
but unbanded birds were only included if they
were observed in the same location for several
days. Kingbirds generally settle on territories
on the first day of arrival and change locations
infrequently (Cooper 2008) and, therefore, we
assumed that including unbanded birds in the
sample created little bias. During all years of
the study, some kingbirds of both sexes failed
to breed and remained on the study site as
floaters (Cooper et al. 2008). Because floaters
are difficult to detect and we were not confident
that we could determine their arrival dates, all
birds that failed to breed were excluded from
this analysis.

Kingbirds cannot be reliably aged using either
plumage or morphological characters, but, from
banding records, most birds (71%) were known
to be either second-year (SY; first potential
breeding season) or after-second-year (ASY; at
least second potential breeding season) birds.
Because of high site fidelity and because most
adults were banded at the end of each season,
we assumed that all unbanded birds were new to
the population. With rare exceptions (e.g., Dale
et al. 2004), natal dispersal is more extensive
than breeding dispersal in birds (Greenwood and
Harvey 1982) and, because of the isolated nature
of our study site, we assumed that unbanded
recruits were SY birds. This undoubtedly over-
estimated the true number of SY birds, but, for
comparison of arrival dates of SY and ASY birds,
errors in assignment to age class would produce
conservative results because it would result in
misclassifying ASY birds as SY individuals and
make detection of differences between age classes
more difficult.

Data analysis. We tested for age- and sex-
based differences in arrival using an analysis of
variance (ANOVA) with both age and sex as
factors. To remove the effect of yearly variation
in arrival date, we standardized arrival dates by
subtracting the yearly mean arrival date from
each individual’s arrival date (relative arrival
date). Individual repeatability of arrival date was
computed by comparing arrival dates of indi-
viduals seen in multiple years (Lessels and Boag
1987), where cell sizes (i.e., average number of
observations/individual) averaged around 2.3.
We performed all statistical analyses using SPSS

(2006), and report means ± 1 SD. Pearson’s
correlation coefficients (r) are reported as a
measure of effect size when using t-tests (Field
2005).

RESULTS

Age- and sex-based patterns of arrival.
The earliest and latest first arrival dates were
10 May (2007) and 20 May (2006), respectively.
Arrival date varied with both age class (ANOVA:
F 1,213 = 26.8, P < 0.001, r2 = 0.112) and sex
(F 1,213 = 14.1, P < 0.001, r2 = 0.062), but the
age class by sex interaction was not significant
(F 1,213 = 0.5, P = 0.47; full model, F 3,213 = 15.6,
P ≤ 0.001, R2 = 0.18). Separate examination
of the sexes confirmed that older birds arrived
earlier than younger birds. ASY males arrived
5.0 ± 1.7 d earlier than SY males (t 107 = 2.9,
N = 109, P = 0.004, r = 0.27), whereas ASY
females arrived 6.7 ± 1.5 d earlier than SY
females (t 106 = 4.5, N = 108, P < 0.001, r =
0.40; Fig. 1). Males, regardless of age, arrived

Fig. 1. Male and female standardized arrival dates
(“relative arrival dates”; see the Methods section)
for second-year (SY) and after second-year (ASY)
Eastern Kingbirds in Oregon from 2004 to 2007.
Boxes represent the interquartile range (25th to 75th
percentile), whiskers represent the range of values,
and darkened lines signify the median. Potential
outliers (closed circles) are values 1.5 times higher
or lower than the interquartile range.
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an average of 4.5 ± 1.1 d earlier than females
(t 215 = 4.1, N = 217, P < 0.001, r = 0.27).
Protandry was more pronounced for SY than
ASY birds, with SY males arriving 5.1 ± 2.15 d
earlier than SY females (t 66 = 2.4, N = 68, P =
0.021, r = 0.28) and ASY males arriving 3.4 ±
1.2 d earlier than ASY females (t 147 = 2.9, N =
149, P = 0.004, r = 0.24).

Repeatability of arrival date. Arrival
dates were available for 2, 3, and 4 yr for 20,
6, and 4 males, and 20, 4, and 2 females,
respectively. Individual male arrival date was not
repeatable (F 27,38 = 1.6, cell size [n0] = 2.35,
P = 0.093, r = 0.05), but female arrival date
was repeatable (F 25,35 = 2.1, n0 = 2.3 P =
0.012, r = 0.23). Age may have confounded
estimates of repeatability because of age-based
patterns of arrival, but, even after exclusion of SY
arrival dates, arrival date for ASY males was not
repeatable (F 19,27 = 1.6, n0 = 2.3, P = 0.14, r =
0.05). On the other hand, repeatability of arrival
date for ASY females increased after eliminating
SY females (F 18,26 = 3.6, n0 = 2.4, P = 0.002,
r = 0.39).

DISCUSSION

Age-based arrival patterns. Arrival dates
of kingbirds on the breeding grounds were
strongly dependent on age and sex, with ASY
birds generally returning before SY birds and
males before females. Age-based differences in
morphology resulting in energetic constraints
on migration speed (Ellegren 1993) or stopover
time (Yong et al. 1998) have commonly been
invoked to explain the later arrival of SY birds
(Stewart et al. 2002), but, with the exception
of tail length, no consistent morphological dif-
ferences (including body mass and wing chord)
exist between age classes in breeding kingbirds
(Murphy et al. 2008). Age-based differences in
arrival date almost certainly cannot be ascribed
to age-related changes in morphology, although
other age effects, perhaps experience, might still
play a role. For example, in species that maintain
winter territories, dominant birds (usually older
males) often occupy the highest quality habitats
(Stutchbury 1994, Wunderle 1995, Marra and
Holmes 2001), resulting in earlier departure
dates (Marra et al. 1998), better condition
during migration, and, in turn, earlier arrival
dates (Marra et al. 1998, Norris et al. 2004).
Kingbirds, however, are not territorial during

the winter, but form large flocks (Morton 1980).
Flocking species may exhibit dominance ranks
that affect condition (Krams 1998, Schubert
et al. 2007), but kingbirds apparently move
extensively and do not occupy fixed areas during
winter. High mobility does not preclude the
existence of dominance ranks within flocks,
but highly structured dominance ranks seem
unlikely when such large numbers of individuals
(up to 20,000 birds; Aidan McCormick, pers.
comm.) interact irregularly over extensive land-
scapes. Nonetheless, until more information is
available on the behavior and body condition of
kingbirds during the winter period and during
migration, we cannot eliminate the possibility
that flock dynamics or other age-related factors,
such as experience, may play a role in driving
age-based differences in spring arrival dates.

Although the later arrival of SY birds of
both sexes seems unlikely to be related to a
physical inability to arrive earlier, SY birds may
delay their arrival because they have less to
gain from early arrival than ASY birds (Stewart
et al. 2002). Previous work with kingbirds at
MNWR indicates that early arrivers and older
birds obtain the highest quality territories, but
that weather conditions in early to mid-May are
unpredictable and potentially life threatening
because of sparse food supplies and frequent
periods of low temperatures (Cooper 2008). Be-
cause of high between-year breeding site fidelity
in kingbirds (Murphy 1996b) and the resulting
benefits of previous ownership that ASY birds
may experience (Stamps 1987, Morrison et al.
2008), SY birds may be unlikely to obtain
high-quality territories regardless of arrival date.
Moreover, by arriving later, SY birds miss (by at
least a few days) the period when the probability
of poor weather is highest, and avoid the early
season agonistic interactions when older and
possibly dominant birds first establish territo-
ries that SY birds likely have little chance of
obtaining (Hill 1989).

Protandry in Eastern Kingbirds. The
4.5 d earlier arrival of males at our study site
corresponds closely with the 3.8 d difference
between male and female kingbird arrival dates
in Ontario, Canada (Kissner et al. 2003). Male
and female kingbirds appear to cross the Gulf
of Mexico simultaneously (Mabey 2002), sug-
gesting that both sexes depart for the breeding
grounds at about the same time, and that
protandry is, therefore, not a consequence of
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events on the wintering grounds. Interestingly,
male arrival date was not repeatable in our
population, but female arrival date was. Low
repeatability suggests little heritable variation
underlying population variability, which is ex-
pected for traits under strong directional selec-
tion (Merilä and Sheldon 1999, Futuyma 2005,
Pulido 2007). Stronger selection for earlier
male than female kingbird arrival is consistent
with Mabey’s (2002) finding that the timing
of migratory restlessness (zugunruhe) of captive
male and female kingbirds was identical, but
that males exhibited higher levels of nightly
activity. This suggests longer nightly flight times
(Gwinner and Czeschlik 1978, Gwinner 1990),
faster migration by males once they have crossed
the Gulf of Mexico (Mabey 2002), and, as we
observed, earlier male arrival on the breeding
grounds.

Ultimate explanations for protandry must,
therefore, be sought in the benefits of early
arrival. The rank-advantage hypothesis proposes
that the advantages of early arrival are greater
for males than females because territories are
occupied in order of best to worst and the first
males to arrive secure the best sites. However,
breeding site fidelity is often strong in males and
they regularly return to previously used sites even
when other potentially better sites are available
(Murphy 1996b). Further, as with males, female
kingbirds may fail to acquire a territory and be
precluded from breeding (Cooper et al. 2008),
and acquisition of a high-quality territory is
probably more important for female kingbirds
because their reproductive success depends only
on the young produced from their nest, whereas
male reproductive success is a function of both
within- and extra-pair fertilizations. For king-
birds, the latter is independent of territory qual-
ity, but is correlated with size and song perfor-
mance (Dolan et al. 2007). The higher rates of
breeding dispersal by female kingbirds (Murphy
1996b) are also consistent with the hypothesis
that territory quality is more important for
females than males. Thus, the rank-advantage
hypothesis predicts equally strong selection for
early arrival in both sexes and, therefore, is an
unlikely explanation for protandry in kingbirds
(see also Kokko et al. 2006).

The susceptibility hypothesis proposes that
sexual differences in the ability to endure the
stress of the early arrival period favor delayed
female arrival. However, we have no reason to

suspect that female kingbirds are less capable
of enduring the early season conditions because
males and females do not differ significantly
in body mass or most measures of body size
(Murphy 2007). In addition, periods of poor
weather (below freezing temperatures and snow)
in the early breeding season when both sexes
are present have never resulted in differential
mortality of the sexes (Murphy, pers. observ.).
Therefore, the susceptibility hypothesis is an
unlikely explanation for protandry in kingbirds.
However, protandry may have still evolved in
response to the condition needs of females. For
example, Mabey (2002) showed that migrating
female kingbirds carry more fat than males,
and suggested that females may migrate more
slowly to arrive on the breeding grounds in
prime breeding condition. However, the earliest
arriving kingbirds at MNWR often wait 3 or
4 weeks to begin breeding (Cooper 2008),
suggesting that slower migration by females to
reduce energy expenditure is unlikely.

The mate-opportunity hypothesis posits that
enhanced mating opportunities for early arriving
males favor protandry. This applies most directly
to populations with male-biased sex ratios be-
cause, although nearly all females are likely to
reproduce, there is a high probability that late-
arriving males will not acquire a mate (Kokko
et al. 2006). Higher male survival in many
species (Donald 2007) and the presence of male-
only floaters in others (Newton 1992, Marra and
Holmes 1997) suggest that population sex ratios
may indeed be male-biased in some species. This
does not appear to be the case for kingbirds at our
study site, however, because males and females
have similar survival rates (Redmond, unpubl.
data) and both sexes are equally common in the
floater population (Cooper et al. 2008). Thus,
we feel confident in rejecting the hypothesis that
protandry evolved as a response to competition
for a limited supply of females.

Migration distance is positively correlated
with the frequency of extra-pair paternity in
birds (Spottiswoode and Møller 2004), and if
extra-pair paternity provides an opportunity for
sexual selection, as in kingbirds (Dolan et al.
2007), then sexual selection acting through
extra-pair mating patterns can act strongly on
male arrival date (Rubolini et al. 2004, Coppack
et al. 2006). Spottiswoode et al. (2006) showed
that arrival dates of species with high rates of
extra-pair paternity have advanced to a greater
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extent in response to climate change than
arrival dates of species that infrequently exhibit
extra-pair paternity, supporting the argument
that sperm competition through extra-pair mat-
ing opportunities, an extension of the mate-
opportunity hypothesis (Kokko et al. 2006),
can influence arrival times. Kingbirds migrate
long distances and their high rates of extra-
pair paternity (60% of nests and about 50%
of young; Rowe et al. 2001, Dolan et al. 2007)
far exceed the value (25%) cited by Kokko et al.
(2006) as critical for the evolution of protandry
under the mate-opportunity hypothesis. More-
over, early breeding male kingbirds and males
that sing earliest in the day are typically the
earliest arrivers (Cooper 2008) and both of
these qualities are correlated with a male’s extra-
pair success (Dolan et al. 2007). Although it is
difficult to separate the direct benefit of early
arrival in terms of extra-pair success from the
inherent properties of early arriving males that
may make them attractive as extra-pair sires, our
results suggest that protandry in kingbirds is
probably best explained by enhanced extra-pair
mating opportunities for early arriving males.
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