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Abstract. The timing of arrival from spring migration was studied in 4 years for male
Pied Flycatchers (Ficedula hypoleuca) in central Spain. Heritability and repeatability anal-
yses were performed at several levels of familial resemblance and male age in order to
determine whether arrival times are consistent within individuals between years and are
similar between relatives. Oldest males arrived earlier. Arrival time explained much of the
variation in laying time and number of young fledged. Age-independent variation in wing
length also affected arrival date, the males with longest wings settling earlier. Arrival times
were not repeatable within individuals across years and were not similar between relatives
(parents-sons, full-sibs). Although genetic variation may exist in departure dates of long-
distance migrant birds, the close connection of an early arrival to high reproductive success
may have depleted genetic variation in arrival time. In addition, environmental variation
probably is too high to detect significant heritability in arrival times without very large

sample sizes.
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INTRODUCTION

Each year migratory birds must find, occupy,
and defend a breeding territory on their arrival
from winter quarters. Among passerines, a com-
mon pattern is for males to arrive earlier than
females, most likely due to within-sex compe-
tition for access to resources vital for reproduc-
tion, and older birds arrive earlier than younger
ones (Francis and Cooke 1986, Hill 1989, Loza-
no et al. 1996). Early arrival at the breeding sites
increases reproductive fitness through more nest
sites (Potti and Montalvo 1991a) or better re-
sources (Slagsvold 1986, Aebischer et al. 1996),
earlier pairing (Slagsvold and Lifjeld 1988, Potti
and Montalvo 1991a) and, in promiscuous and/
or facultatively polygynous species, greater op-
portunity to attract additional females (Alatalo
et al. 1981, Potti and Montalvo 1993). Early ar-
rival enhances male and female breeding success
which is accentuated by a widespread tendency
for early breeders to have a greater chance to
fledge and/or recruit more offspring (Hochachka
1990, Mgller 1994, Aebischer et al. 1996).
Although much research has been conducted
on intrinsic and extrinsic factors affecting bird
migration, the evolutionary important question
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whether components of migratory behavior in
animals are heritable, and thus capable to re-
spond to selection, has only recently come under
study (Berthold 1991, Dingle 1994). Experimen-
tal work with captive European Blackcaps (Syl-
via atricapilla) has shown that some compo-
nents of the migratory syndrome, such as mi-
gratory restlessness (Zugunruhe) or migratory
direction, are inherited and are probably poly-
genic traits with threshold effects (Berthold
1991, Pulido et al. 1996).

Data on individual (ontogenetic) and familial
variation in migratory behavior in wild bird pop-
ulations are scant (Rees 1989) and hard to ob-
tain, due to high dispersal, low site fidelity, short
life spans, and long-term work required. Here, I
report data on one component of migratory be-
havior, the timing of arrival of males on the
breeding grounds, that were obtained across four
years for a population of Pied Flycatchers (Fi-
cedula hypoleuca). Pied Flycatchers are small
(~ 12 g) long-distance migrants overwintering
south of the Sahara and breeding across the
western Palearctic (Lundberg and Alatalo 1992).
I investigate whether there exist individual con-
sistency or stability (repeatability) and familial
resemblance (heritability) of male arrival time. I
found no clear evidence that arrival date of
males is a heritable trait in this species.
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METHODS

I studied the arrival times of male Pied Flycatch-
ers through the spring and early summer from
1988-1991 in a population breeding in nestbox-
es in a mature deciduous (Quercus pyrenaica)
oakwood in central Spain (Potti and Montalvo
1991a). The area was censused daily from mid
April onwards to document exact arrival dates
and identity of males. Soon after arrival, males
start to sing at one or more nestboxes, making
census of males a relatively easy task. Since
1987 most arriving males were previously color-
banded, allowing their quick identification. The
majority of remaining males only wore a metal
band or were unbanded and were distinguished
until capture by age-distinctive plumage traits
(Potti and Montalvo 1991a), by idiosyncratic
features of their plumage color (Potti and Me-
rino 1995), by the size and form of the white
patch on the forehead (Potti and Montalvo
1991a), or by the position of a metal band put
on them as a fledgling in previous years (since
1984). It is very rare for a Pied Flycatcher to
lose its preferred nestbox to a conspecific or in-
terspecific competitor and, when this occurred,
the same male was usually observed again sing-
ing in a neighbor nestbox. Hence, it is likely that
few errors were made in the a posteriori assign-
ment of arrival times to previously unbanded
birds.

Males were captured inside their nestboxes
while feeding nestlings. All birds were individ-
ually marked with color bands and aged as year-
lings or older (Karlsson et al. 1986, Potti and
Montalvo 1991a), and their wing length (flat-
tened chord; Svensson 1992) was measured. Im-
migrant birds aged as *‘older” at first capture
were assigned a minimum age of two years (Pot-
ti and Montalvo 1991b). The laying date of a
particular nest was defined as the day the first
egg in the clutch was laid. Laying dates and
number of young fledged varied across years
and were standardized by using the deviations
of individual values from median annual values
(laying date) or the residuals (deviations from
calculated group averages) of an analysis-of-
variance (ANOVA) in relation to study year
(young fledged). To calculate repeatabilities (see
below) of laying dates in nests of individual
males in different years, I used the entire data
set from my long-term population study, com-
prising breeding records from 1987 to 1995.
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Arrival times were standardized within years
by subtracting data points from median annual
values and then transforming them to z-scores
with 0 mean and unit variance (hereafter stan-
dardized arrival time). I first estimated familial
resemblance in arrival times by calculating the
repeatability. Repeatability is estimated by mak-
ing repeated (annual, in this case) measures of a
sample of individuals and then calculating the
ratio of the among-individual variance to the
sum of both the among-individual and within-
individual variances (the intraclass correlation
coefficient; Zar 1996). Components of variance
are estimated by one-way ANOVA. A high re-
peatability indicates that variation within indi-
viduals is much smaller than among individuals.
If measurements within individuals are very dif-
ferent, repeatability is low.

I used linear regression to compute heritabil-
ity (h?) of the arrival times of sons on those of
their presumptive fathers. Twice the slope of the
regression estimates the heritability (Falconer
1986); the standard error (SE) of the regression
slope also was doubled. Arrival times of full sibs
also were compared using one-way ANOVA, as
in the analysis of repeatability. Heritability was
computed as twice the intraclass correlation co-
efficient (Falconer 1986). In the analyses of par-
ent-son resemblance, when two or more data
points for a particular parent or family (sibships)
were available, I used averages of standardized
data to avoid pseudoreplication.

To estimate the power (Thomas and Juanes
1996, Zar 1996) of heritability estimates, that is,
the probability of correctly rejecting the null hy-
pothesis on absence of heritability given a spec-
ified significance level (alpha = 0.05) and sam-
ple sizes, as well as the sample sizes needed to
detect heritabilities of specified magnitude with
a given power, I used program PS of Dupont and
Plummer (1990) for linear regression (available
as freeware on the Internet; ftp:/ftp.vanderbilt.edu/
pub/biostat/ps.zip). The power of analyses of re-
peatability was estimated by means of the Pear-
son correlation coefficient, using only males
with arrival dates known in two years. Statistical
tests are two-tailed.

RESULTS

The first males arrived on the study area in the
third week of April; successfully pairing males
can arrive as late as 12 June (Potti and Montalvo
1991a). Arrival times of males gradually ad-
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FIGURE 1. Arrival times (means = SE) of male Pied Flycatchers in relation to age. Date 30 is April 30.

Numbers above lines are sample sizes.

vanced with increasing age (Fig. 1), although
significant differences were apparent only be-
tween yearlings and older birds (Tukey a pos-
teriori tests). Standardized arrival times were
earlier for longer-winged males (r = —0.30, n
= 164, P < 0.001), which might be confounded
by age due to the significantly longer wings of
older birds (Alatalo et al. 1984a). However, ar-
rival time was earliest for males with longer
wings even after controlling for the effect of age
(partial correlation, r = —0.21, P = 0.006). This
indicates that the effects of increasing age and
wing size on an earlier arrival date were at least
partially independent.

Being early was advantageous for male fitness
as the number of young fledged was lower for
males that arrived later in the season (r = —0.38,
n = 138, P < 0.001, Fig. 2). There was no cost
in being too early, as indicated by the nonsig-
nificant quadratic regression term (quadratic co-
efficient = —0.002, P > 0.10; Fig. 2).

In order to remove variation in arrival times
due to age, I further standardized arrival times
for familial comparisons by using the residuals
of an ANOVA of standardized arrival time (see
Methods) in relation to male age (hereafter re-
sidual arrival times). Residual scores of arrival
time were normally distributed (Kolmogorov-
Smirnov tests, P > 0.25) and their distribution
did not differ between young and older birds
(Kolmogorov-Smirnov two-sample tests, P =

0.22, n = 31 and 133 birds, respectively), nor
between presumptive fathers and sons within the
subsample of familial data (P = 0.21, n = 22
families).

I obtained repeated records of arrival time for
39 males, 32 of which had 2 records in different,
usually successive years, 4 males had 3 annual
records, and 3 males had 4 records. The repeat-
ability (R) of arrival times was very low and not
significant (R = 0.04; mean number of data per
individual, ny = 2.25, Fy 4, = 1.10, P > 0.30).
The same was true when standardized (R =
0.08; Fyg; = 1.19, P > 0.25) and residual ar-
rival times (R = 0.08; Fyq;, = 1.21, P = 0.27;
power > 0.10) were used. In order to remove
any potential confounding effects of variation in
age and arrival time among males, I selected, for
further confirmatory analysis, repeated records
of arrival only for males 2 or more years old.
The repeatability of residual arrival time in this
data set was again nonsignificant (R = 0.09; n,
= 2.18, Fysss = 1.22, P > 0.25), indicating that
individual adult males are not consistent in the
relative timing of their arrivals on the breeding
grounds as they age.

There were 32 male sons in 22 families for
which one or more arrival times of the sons and
their presumptive male parents were known. Al-
though the relationship was positive, the herita-
bility of residual arrival times did not differ sig-
nificantly from zero (h* = 0.34 = 0.73, P >
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FIGURE 2. Relation between standardized date of arrival of male Pied Flycatchers and standardized number
of young fledged (see Methods for standardized computations). The line is the least-squares regression line

(regression function: y = 0.11—-0.05x).

0.60, n = 22, Fig. 3). However, given the large
variances of arrival dates, the power of this test
at the customary alpha level of 0.05 is very low
(power = 0.07). Furthermore, that value of 42 is
entirely due to the “‘pull” of an outlier (Fig. 3);
when this point is excluded a “‘no sense,” neg-
ative heritability is obtained (h? = —0.50 = 1.00,
P > 0.60, n = 21).

Residual arrival time of son(s)

h? = 0.34,SE = 0.73,P = 0.64

There were 9 families for which the arrival
times of 2 or 3 (presumptive) full-sib males were
known. The heritability of residual arrival dates
calculated on the basis of (presumptive) full-sib
resemblance was h* = 0.08 (n, = 2.25, F;y, =
1.09, P > 0.40).

As there were more data available on laying
dates, which are closely related to male arrival

-2 -1
Residual arrival time of presumptive father

FIGURE 3.

Relationship between standardized arrival times of male Pied Flycatchers and their presumptive

sons (see Methods for standardized computations). The line is the least-squares regression line (regression

function: y = 0.29 + 0.17x).



706 JAIME POTTI

and pairing dates (Potti and Montalvo 1991a), I
investigated whether laying times for 142 males
with 2-6 breeding records were repeatable. The
repeatability was —0.00 (Fy427 = 099, P >
0.50) after standardizing the data set for signif-
icant variation with respect to year and female
and male ages by using residuals of a factorial
ANOVA. I also correlated the average residual
laying dates in nests of sons with those of their
presumptive male parents. The resemblance in
laying date in nests of male parents and male
offspring was nil (r = —0.01, n = 74, P > 0.90;
power = 0.05) and the same was true when the
comparison was made with average residual lay-
ing dates of their mothers (controlling for sig-
nificant variation of laying date with female age;
r = —007, P > 0.70, n = 103 males in 71
families; power = (0.06). Hence, there is no ev-
idence that arrival and laying times may be both
repeatable or heritable in male Pied Flycatchers.
However, the chances to correctly reject the null
hypothesis of no heritability of male arrival and
laying dates were very low (power = 0.05-
0.12).

DISCUSSION

I have presented what to my knowledge are the
first data obtained on familial resemblance in
timing of arrival to the breeding sites in a long-
distance migrant passerine. The estimates were
not confounded by the social environment (Rees
1989) because Pied Flycatchers live solitary
lives after they become independent of their par-
ents, and they migrate alone (Lundberg and Ala-
talo 1992). Using a large data set, Rees (1989)
showed that arrival and departure times of win-
tering social Bewick’s Swans (Cygnus columbi-
anus [bewickii]) had a slight heritability (h* =
0.10-0.19), although in this case the estimate
could to some degree be confounded by the so-
cial habits of swans and their tendency to mi-
grate in groups, hence cultural, not genetic trans-
mission. This problem did not exist in my study,
and I still was unable to find evidence for ge-
netic variation in the arrival times from spring
migration in male Pied Flycatchers.

One may argue that lack of father-son resem-
blance in arrival dates may be due to genetic
analyses being plagued by a high frequency of
extra-pair fertilizations (EPF), which are known
to occur in the Pied Flycatcher at variable rates
(Lifjeld et al. 1991, Gelter and Tegelstrom
1992). No DNA fingerprinting estimates of ge-

netic parentage are available for my population
and, unfortunately, the method to compute EPF
rates on the basis of differences in heritability
estimates of morphological traits using mother-
and father-on-offspring regressions (Alatalo et
al. 1984a) has proven unreliable to that end
(Hasselquist et al. 1994, Potti and Merino 1994).
However, misassigned parentage is not a prob-
lem for repeatability estimates, which indicated
an overall inconstancy of male arrival and laying
dates, and hence a likely absence of detectable
genetic variation (Boake 1989). Checking for
the existence of repeatability is a first step in
proposed protocols to detect genetic variation
because repeatability sets an upper limit to the
heritability of a trait, which cannot be larger than
the former (Falconer 1986, Boag and van
Noordwijk 1987). In addition, because genetic
variation within individuals is absent, EPFs are
not a confounding factor in the computations of
repeatability, although they certainly are a prob-
lem for the quantification of heritability. In spite
of this, the consistency of nonsignificant repeat-
ability and heritability estimates in this study in-
dicates that, whatever may be the rate of EPFs
in my population, genetic variation for arrival
time, if present, must be low.

There are, however, further reasons to be cau-
tious about the absence of genetic variation, be-
cause it may exist but be masked by genotype-
environment interactions, which are likely to be
present in such a complex “trait” as arrival date.
Arrival times must depend to some degree on
distances migrated and departure dates from
winter quarters, which in turn depend upon en-
vironmental variables, including photoperiod
and weather conditions there. In addition, the
predictably high environmental variation met by
the birds while on passage in their migratory
journey, and the likely important roles played in
migration performance by bird age and previous
experience with both the migration route and the
area (Montalvo and Potti 1992, Cantos and Tel-
leria 1994), may sum up to a high stochastic
variance in timing of arrival (Aebischer et al.
1996). Body condition (Arvidsson and Neergard
1991), including lack of infection by hemato-
zoan parasites (Ritti et al. 1993), and body size
(wing and first primary lengths; Alatalo et al
1984b, Potti and Montalvo 1991a) also are re-
lated to early arrival in at least some bird spe-
cies. For instance, male flycatchers with the lon-
gest wings arrived earlier independently of their



age, which may be interpreted as evidence that
a size constraint may operate on migration speed
and counters the argument that late arrivals by
young, small-winged birds are due to their rel-
ative inexperience with the migratory journey.

An analytical problem in this study was the
low power of statistical tests to detect significant
heritability (Falconer 1986, Arnold 1994). Pow-
er calculations indicate that very large sample
sizes are necessary to detect a low heritability
with the sample variance observed. For exam-
ple, to detect a low heritability of, say, 0.10 (re-
gression slope = 0.05) with a reasonably high
(Thomas and Juanes 1996) power of 0.80 (that
is, an 80% chance of getting a significant result
given that the null hypothesis of no heritability
is false), it would be necessary to have data on
arrival dates for 641 families, implying about 32
years of data collection at the current recruit-
ment rate in my population (Potti and Montalvo
1991b). If heritability of arrival date was larger,
say 0.50 (a common heritability for morpholog-
ical traits, Boag and van Noordwijk 1987), then
335 father-son pairs (about 17 years of field
work) would have to be sampled to detect it at
alpha = 0.05 and power = 0.80. Similar com-
putations for detecting a low (h? = 0.10) heri-
tability of ‘“‘male laying dates” result in un-
wieldly figures (> 13,000 and > 295,000 data
pairs, using laying dates of mother and father
Pied Flycatchers, respectively).

The fact that male arrival time in spring is
closely connected to male fitness in the Pied Fly-
catcher (Fig. 2) might be taken as a priori evi-
dence in support of a predictable absence of ge-
netic variation in this characteristic. Genetic
variance might have been depleted by the close
association of early breeding to fitness due to
strong and constant selection, with all remaining
variation being environmentally caused (‘‘Fish-
er’s fundamental theorem;” Mousseau and Roff
1987). The evidence presented here and back-
ground information on this population are con-
sistent with this interpretation. An early date of
breeding is the most important determinant of
recruitment in this population (Potti and Mon-
talvo 1991b; unpubl. data), imposing a strong
selection pressure to settle and breed early. Al-
ternatively, as discussed above, low heritability
of arrival date may be due to the predominant
importance of environmental variables affecting
it (Price and Schluter 1991), i.e., arrival times
may be subject to all the variation in the traits
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that affect it plus additional environmental vari-
ation, such that a low heritability is to be ex-
pected (Price and Schluter 1991). For instance,
wing length seems to retain genetic variance in
this population (around 0.50; unpubl. data),
whereas corresponding variation in arrival time,
one of its correlates, is almost undetectable. This
illustrates that the link from genes to wing
length to a life-history trait such as arrival date
is long: much environmental variance is added
at each step in the path of morphological to life-
history traits, so that even though there may be
a genetic component to arrival date via its con-
nection with heritable body traits, this must be
very small (Price and Schluter 1991, Roff 1997).
It is not possible to distinguish between the “‘ex-
haustion of genetic variance hypothesis” and the
“environmental noise hypothesis” with the data
at hand and, most likely, both may be true.

Genetic variation may underlie the proximate
control of departure dates in long-distance mi-
grants, as well as in birds migrating shorter dis-
tances (Berthold 1991), but still be undetectable
with arrival times to the breeding grounds. In-
dividuals may not be consistent in their time of
arrival from one year to another because com-
plex interactions between environmental factors
affecting arrival date and migration perfor-
mance. Demonstrating among-population genet-
ic variation in major traits, such as circannual
rhythms (Berthold 1991, Pulido et al. 1996), can
help to explain within- and between-species
variation in the urge to migrate and hence on
departure dates to breeding or wintering areas
(Ellegren 1990). However, environmental vari-
ation will likely make it difficult to demonstrate
within-population genetic variation in arrival
times of migrant birds in natural settings.
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