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Abstract. Over a 9-yr period, we studied dispersal of young banded Savannah Sparrows
(Passerculus sandwichensis) from their natal nest to the site where they first bred 1 yr later
in a population on an isolated archipelago in the Bay of Fundy, Canada. On a broad
geographic scale, young birds were highly philopatric, returning from wintering grounds
several thousand kilometers away to nest on the same island and often in the same field
where they had hatched the year before. In some cases, birds chose nest sites within a few
meters of their natal nest. The median dispersal distance between a bird’s natal nest and
its first nest as an adult was 228 m, a distance equivalent to about six times the diameter
of an average territory. Nearly three-quarters of the breeding birds in the study population
had been banded as nestlings or fledglings within a 10-ha area on one island, which suggests
that most birds in the population originated within the 127-ha archipelago.

Within the archipelago, males and females dispersed similar distances from their natal
site. There was no correlation between natal dispersal distances of parents and their off-
spring, nor was there a correlation between natal dispersal distances of siblings, which
indicated that natal dispersal has low heritability. Sex, hatching date, fledging mass, and
population densities during the previous and current years were all poor predictors of natal
dispersal distance. Males that were strongly philopatric recruited significantly more off-
spring during their lifetime than males raised outside the study area, although there were
no differences between philopatric and dispersing females.

Birds tended to shift to distinct parts of the island to breed if their parents of the opposite
sex still occupied the territory where they had hatched. Dispersal was not affected by return
of same-sex parents. Distances between nests of siblings raised the same year were farther
apart than expected by chance, based on Monte Carlo simulations. Although many birds
in the population had the opportunity to pair with kin, some mechanism, yet to be deter-
mined, enabled birds to avoid inbreeding: in 1073 nesting attempts involving birds of known
parentage, no individuals were known to have paired with close relatives (coefficient of
kinship >0.125). Because complete inbreeding avoidance occurred in <1% of Monte Carlo
simulations, the absence of inbreeding among Kent Island Savannah Sparrows is unlikely
to be due to chance.

Understanding natal dispersal in birds requires a combination of models: ecogenetic
models at broad geographic scales (e.g., adaptation to local environments), ecological con-
straints and neutral models at smaller spatial scales (e.g., unavailability of territories within
particular habitats), and genetic models (e.g., inbreeding avoidance).

Keywords: Canada, inbreeding; islands; Kent Island; natal dispersal; Passerculus sandwichensis;
philopatry; Savannah Sparrow; scale.

INTRODUCTION

Many migratory birds show a remarkable tendency
to return each year to breed in the same location (Nice
1937, Lack 1954, Haukioja 1971, Greenwood 1980,
Nagata 1993). Models for the evolution of such site
fidelity, or philopatry, fall broadly into three groups:
ecological, ecogenetic, and genetic (Greenwood 1987).
Ecological models assume philopatry is advantageous
because familiarity with a particular area makes a bird
more successful at acquiring food, escaping predators,
locating mates, and reproducing (Hinde 1956, Mayr
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1963, Greenwood 1980, Weatherhead and Forbes
1994). Ecogenetic models emphasize that philopatry
increases the probability of producing offspring that
are well adapted to local conditions in spatially het-
erogeneous environments (Greenwood 1987). Genetic
models of philopatry, which are based on the pre-
sumption that philopatry coupled with random mating
increases the probability of breeding with close rela-
tives, consider inbreeding to be the main function of
philopatry, not a mere consequence, because of the
advantage of mating with genetically similar individ-
uals, preserving co-adapted gene complexes, and re-
ducing the cost of meiosis (Shields 1982, 1987). Most
authors, however, consider inbreeding depression as a
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risk of philopatry (Charlesworth and Charlesworth
1987, Pusey 1987, Harvey and Read 1988, Ralls et al.
1988).

In some cases, philopatry may be unavoidable be-
cause of isolation or saturation of suitable breeding
habitats. If breeding with relatives reduces reproduc-
tive success compared to breeding with nonrelatives,
selection should favor the ability to recognize kin and
avoid mating with them (Harvey and Ralls 1986, Hep-
per 1991, Pusey and Wolf 1996, Pirt 1996). Dispersal
to areas away from kin (i.e., a lack of philopatry, at
least at a local scale) has been interpreted as an ad-
aptation to avoid risk of inbreeding (Greenwood and
Harvey 1982, Bollinger et al. 1993). An alternative
interpretation of dispersal, especially if dispersal away
from relatives of the opposite sex is no greater than
dispersal away from same-sex relatives, is that moving
away from locally high population densities serves to
reduce resource competition (e.g., Lambin 1994).

Natal dispersal and breeding dispersal are generally
considered separately. Natal dispersal, the subject of
this study, refers to the net movement between site of
birth and site of first breeding, whereas breeding dis-
persal refers to the distance between locations of suc-
cessive reproductive attempts by adults (Greenwood
and Harvey 1982). Various studies of vertebrates have
attempted to quantify movement of young away from
their birth site, to interpret its adaptive significance (if
any), and to measure its effect on population age struc-
ture, gene flow between populations, and persistence
of small populations (Greenwood 1980, Fleischer et al.
1984, Lande and Barrowclough 1987, Johnson and
Gaines 1990, Payne 1990, 1991a, Nagata 1993). In a
recent review, Weatherhead and Forbes (1994) showed
that natal philopatry (as measured by proportion of
young banded on a given study area that were seen
there in subsequent years) was less common in migra-
tory songbirds than in resident songbirds, and they
found little support for Shields’ (1982) optimal-in-
breeding hypothesis.

In a growing number of bird populations, genetic
relationships among individuals are known, informa-
tion necessary to determine the frequency of inbreeding
in relation to natal dispersal (Koenig and Pitelka 1979,
van Noordwijk and Scharloo 1981, van Tienderen and
van Noordwijk 1988, Gibbs and Grant 1989, Payne
1991a, Potti and Montalvo 1991, Alberico et al. 1992,
Rowley et al. 1993, Russell and Rowley 1993, Lessells
et al. 1994, Pirt 1996). In this study, we investigated
natal dispersal and inbreeding avoidance by focusing
on a highly philopatric bird population nesting under
natural conditions in an isolated archipelago. Our 9-yr
study of the Savannah Sparrow (Passerculus sand-
wichensis), a native migratory North American bird
species, demonstrates that, in this population at least,
birds of all ages are highly philopatric at the scale of
geographic regions and individual islands. Nonethe-
less, despite numerous opportunities for breeding with
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their parents or siblings, young Savannah Sparrows ap-
peared to avoid incest by dispersing more when their
opposite-sex parents were still alive, and by pairing
exclusively with nonrelatives.

METHODS
Study area

Our main study area was located on Kent Island, an
80-ha island located 9 km south of Grand Manan Island,
New Brunswick, Canada (44°35' N, 66°46’ W), where
we observed all Savannah Sparrows nesting in two
open fields (North [1 ha] and South [6 ha]) separated
from each other by 150 m of spruce-fir (Picea glauca,
P. rubens, Abies balsamea) woods. At least once a year
we censused the rest of Kent Island as well as neigh-
boring Sheep Island (17 ha, 100% open habitat) and
Hay Island (30 ha, 30% open habitat), which lie <0.5
km from Kent Island. Together those islands comprise
an isolated archipelago called the Three Islands. Every
other year we also censused several other small islands
that occur within 3—-6 km of Kent Island. Census in-
volved 3-5 observers spending 2-3 h slowly walking
20-40 m apart, flushing and observing each Savannah
Sparrow using 10X binoculars. We counted ~50-70
individuals per census; the number of birds observed
varied little among years. In 10 yr of censuses on is-
lands surrounding Kent Island, we never found >2
birds/yr that had been banded as nestlings on Kent
Island, and only on a few occasions encountered a
banded bird that had been overlooked in earlier cen-
suses. As a result, more intensive sampling would be
unlikely to turn up many more birds that had dispersed
from Kent Island. Even though a large proportion of
nestlings return to Kent Island as adults (see Results:
Natal philopatry and dispersal), many must also dis-
perse undetected to Grand Manan or to the mainland
of Nova Scotia and Maine, 20 km away.

Study species

Savannah Sparrows winter mainly in southern Unit-
ed States and return to the breeding area in late April
or early May. Adults that have previously bred gen-
erally return to the same territory where they tend to
pair with their mate from the previous year if it is still
alive. The basis on which yearlings select mates and/or
territories is complex and incompletely understood.
Males tend to arrive on the breeding grounds several
days earlier than females, establishing and maintaining
territories through song, displays, chases, and aggres-
sive interactions. Yearling males that fail to attract a
mate or claim a territory sometimes wander incon-
spicuously until they locate an unpaired (and usually
yearling) female, which they mate-guard vigorously;
the new pair may subsequently settle to breed wherever
their presence is uncontested (Wheelwright and Rising
1993). About 30% of males mate with >1 female
(Wheelwright et al. 1992). Females build cryptic nests
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on the ground in fields, in vegetation along the shore-
line, and in other open habitats within their mate’s ter-
ritory, and defend their own, smaller territories against
other females. Population densities can be as high as
15 nesting females/ha. On Kent Island ~30% of fe-
males produce a second clutch, 2-3 wk after fledging
young from the first brood. After they leave the nest
~10 d after hatching, fledglings remain with their sib-
lings and parents within or near their natal territory for
another 10-25 d. As they become independent of their
parents, they join loose juvenile flocks that wander
around the island until, 4-8 wk after independence,
birds depart on their southward migration. Males and
females are reproductively mature at the age of 1 yr,
and virtually all returning adults breed (Stobo and
McLaren 1975, Dixon 1978, Bédard and LaPointe
1984, Wheelwright and Rising 1993, Wheelwright and
Schultz 1994, Wheelwright et al. 1994). Both sexes
forage and use other resources such as shelter in similar
ways, so resource competition (other than for mates)
is not necessarily appreciably greater among individ-
uals of the same sex compared to individuals of the
opposite sex.

Field methods, data analysis, and simulations

Between 1987 and 1995, all adult birds in the study
area were captured in mist-nets and marked with U.S.
Fish and Wildlife Service aluminum bands and a
unique, randomly assigned combination of plastic color
bands (N = 3459 individuals). Throughout the breeding
season, population censuses were conducted every oth-
er day on Kent Island to determine the reproductive
status of individuals, including identity of their mates
and location and fate of all nests (N = 917 nests). Every
nestling that fledged within the study area was banded.
Adults of both sexes could usually be detected within
a few days of arriving on the breeding ground because
of their vigorous territorial and mate-guarding behav-
iors, especially given that the vegetation on Kent Island
remains sparse and low until early June.

The adult female incubating at a nest and later feed-
ing nestlings and fledglings was assumed to be their
mother. The adult male mate-guarding that female, de-
fending the territory around her nest, and later feeding
the same nestlings and fledglings was designated her
mate and the father of the nestlings for the purpose of
this study. DNA fingerprinting (Freeman-Gallant
1996a; J. Sevigny, D. Westneat, and N. T. Wheelwright,
unpublished data) demonstrates that intraspecific brood
parasitism is rare but that extra-pair fertilizations
(EPFs) regularly occur, so our assignment of genetic
fathers was probably inaccurate for as many as 25% of
offspring. However, we believe that the imperfection
of our genealogies does not pose a major problem for
this study, for the following reasons. In terms of study-
ing natal dispersal per se, establishing genetic parent-
age is irrelevant. As for inbreeding avoidance, our
study does not enable us to detect cases where indi-
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viduals mated with relatives produced by EPFs in other
nests. Nonetheless, the absence of matings between
brood-mates is consistent with inbreeding avoidance,
even if brood-mates are not always genetically related,
because nestlings probably use the same criteria for
determining degrees of relatedness that we did—pre-
sumably they identify the birds that brood, feed, and
protect them as their parents, and identify those nest-
lings occupying the same nest and sharing parental care
through the fledgling stage as their siblings (see Hepper
1991). There is no published evidence that birds rely
on genetic markers to recognize close relatives. In any
event, females associated with a particular nest were
in almost all cases the genetic mothers of all male
nestlings in that nest because intraspecific brood par-
asitism is so rare in this population. The absence of
matings between such females and male offspring from
their nests is therefore evidence of inbreeding avoid-
ance, even if EPFs are common.

When nestlings were 7 d old, they were measured
and banded (N = 2316 nestlings; see Wheelwright et
al. 1992 for additional details on capturing, marking,
and measuring birds). Altogether, we measured and
banded 1615 nestlings that had hatched before 1993
and for which the identity of at least one parent was
known (for 1515 nestlings, both parents were known).
Taking advantage of genealogies of marked birds, we
searched for cases of pairing between close relatives:
between full siblings or parents and offspring (coeffi-
cient of kinship ¢ = 0.25), or between half-siblings,
uncles and nieces, aunts and nephews, or grandparents
and grandoffspring (¢ = 0.125) (coefficient of kinship
= 1/2 coefficient of relatedness, r; Greenwood 1987).
Because of low annual adult survival rates and short
life expectancies (Wheelwright and Rising 1993),
chronologically more distant relatives, such as indi-
viduals and their great-grandparents (¢ = 0.068), are
seldom alive at the same time; matings between them
would be expected to be exceedingly rare even if there
were no inbreeding avoidance. In any case, because
our genealogies for distant relatives were less complete
and the magnitude of inbreeding depression due to such
matings likely to be slight (Gibbs and Grant 1989), we
considered only cases of close inbreeding (¢ = 0.125).

The location of all nests was plotted on field maps
(scale 1:1200; accuracy estimated to within 3 m), dig-
itized, and used to calculate distances between nests.
We defined natal dispersal distance as the distance be-
tween an individual’s natal nest and its first adult nest.
We also determined distance between an individual’s
first adult nest and the nest of each of its close relatives
that were alive at the same time.

To evaluate the probability that observed dispersal
patterns and pairings could have occurred by chance,
we used Monte Carlo simulations (Manley 1991). Ev-
ery 1-yr-old Savannah Sparrow in a particular year was
randomly assigned a first adult nest from the pool of
nests actually occupied by 1-yr-old birds that year. Our
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model thus assumed that older birds were dominant
and their nest sites were not available to 1-yr-olds.
However, because there is no obvious spatial relation-
ship between nest site and age (Wheelwright et al.
1993), this assumption did not affect our results. No
nest was used more than once in the simulation. The
distance between the 1-yr-old’s randomly assigned first
adult nest and its actual natal nest was then determined.
Population means (*1 standard deviation) were cal-
culated separately for each simulation of natal dispersal
distances; we also calculated medians to reduce the
disproportionate influence of the few extreme values
(e.g., truncation effects; Payne 1990). Finally, we test-
ed our observed median natal dispersal distances (cal-
culated from actual field observations) against the ex-
pected distribution of medians of 1000 Monte Carlo
simulations to determine exact probabilities. The same
procedure was used to evaluate distances between nest
locations of individuals and their relatives.

To test whether observed patterns of mating could
have happened by chance, we performed additional
Monte Carlo simulations, randomly pairing individuals
with other adults of the opposite sex known to be alive
at the same time. In designing null models, assumptions
about mating status, time of arrival, and other factors
are crucial (Part 1996). In the case of Savannah Spar-
rows on Kent Island, the population is female-biased
and 20-40% of the males attract more than one mate,
regardless of the timing of arrival (Wheelwright et al.
1992). Unlike the case of birds that depend on natural
cavities or artificial nest boxes (Pirt 1996), sites for
the ground nests of Savannah Sparrows are unlimited.
Therefore, in our simulations we allowed males to mate
with more than one female, once all males had at least
one mate (all males are paired in this population;
Wheelwright et al. 1992). The choice of mates in suc-
cessive nesting attempts (first vs. second broods within
a season, broods in different years) is not strictly in-
dependent, because pairs typically remained together
as long as both members of the pair were still alive
(although mate-switching between clutches during the
same breeding season occurred in the case of ~5% of
females; N. T. Wheelwright, unpublished data). There-
fore, as a more conservative test we repeated simula-
tions, selecting only the initial nesting attempt per pair
(N = 548 unique pairs) and omitting subsequent nesting
attempts involving the same pair. Our tests of inbreed-
ing avoidance were also conservative because our sam-
ple did not include individuals that bred outside the
study, even though they were known to have paired
with birds that were unbanded and therefore unlikely
to have been relatives.

RESULTS
Natal philopatry and dispersal

Of 1615 nestlings whose parentage was known, 180
(11.2%) returned to breed on Kent Island the following
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year. Further evidence of strong philopatry comes from
the fact that none of the >7000 Savannah Sparrows
banded at Kent Island since 1964 was recovered during
the breeding season at a distance >3 km from where
it was first banded (Dixon 1978, Wheelwright et al.
1994, Freeman-Gallant 1996b). Annual censuses of
nearby islands showed that dispersal between islands
was uncommon. On Sheep and Hay Islands (both of
which are within several hundred meters from Kent
Island and accessible by foot at low tide), birds banded
as nestlings on Kent Island never accounted for >2%
of breeding birds in any given year; on the three Green
Islands (3-7 km away), recruits from Kent Island ac-
counted for 0—1% of breeding birds.

During the first two years of the study, the proportion
of new recruits that had first been banded as nestlings
or juveniles was relatively small but then increased
once the study area was expanded and more birds were
marked. Between 1990 and 1995, an average of 73%
of all newly breeding males and 71% of newly breeding
females within the study area were known to have been
1-yr-olds raised within or adjacent to the study area the
previous year (Table 1). The other new recruits were
believed to be yearlings as well (based on wing length
and flight feather shape, as well as the fact that older
birds do not tend to change territories once they have
begun to breed (Wheelwright et al. 1994; N. T. Wheel-
wright and R. A. Mauck, unpublished data). These new
recruits could have originated from the Three Islands
but outside the study area, given the fact that our study
area only covered about half of the available breeding
habitat in the Three Islands.

Although strong philopatry was evident at the scale
of the Three Islands archipelago, within Kent Island
itself yearlings appeared to disperse random distances
from their natal nest and, in some cases, to avoid their
natal area (Fig. 1). The median natal dispersal distance
for yearlings was 228.5 m (N = 143 birds; Table 2)
and did not differ between years of the study (ANOVA.:
P = 0.32). Median natal dispersal distances were
<228.5 m in 82% of the Monte Carlo simulations that
paired actual natal nests with randomly assigned year-
ling nests of the same year. As a second comparison,
we randomly paired nests using all nests from 1988—
1993 (N = 731 nests) and calculated distances between
members of each pair, repeating the simulation 100
times. For each simulation, we calculated median and
mean distances between nests for the population as a
whole. The averages of those simulation statistics were
186.3 m for median and 235.6 m for mean natal dis-
persal distance. Mean distances between two random
nests were less than those observed between actual
natal and first adult nests in 75% of the simulations.
Note, however, that our random nests were restricted
to nests from within our 7.6-ha study area. Had we
used random points from within suitable nesting habitat
anywhere on the Three Islands or just Kent Island, natal
dispersal would appear highly philopatric even at the



April 1998

NATAL DISPERSAL IN ISLAND SAVANNAH SPARROWS

759

TABLE 1. Histories of the population of breeding Savannah Sparrows in the Kent Island study area between 1988 and 1995.
Minimum no. recruits Minimum frequency of

Total no. breeding birds No. new recruits known to be local recruits known to be local
Year Males Females Males Females Males Females Males  Females
1988 48 69 29 40 9 7 0.31 0.18
1989 53 77 30 35 13 12 0.43 0.34
1990 57 73 35 31 22 19 0.63 0.61
1991 62 75 31 35 25 24 0.81 0.69
1992 43 58 22 29 16 18 0.73 0.62
1993 35 54 17 27 11 19 0.65 0.70
1994 39 51 16 25 13 23 0.81 0.92
1995 44 54 21 30 17 23 0.81 0.77
1990-1995 280 365 142 177 104 126 0.73 0.71

Notes: Estimates for number and frequency of new local recruits (recruits known to have been raised in the area, i.e., first
banded as nestlings or juveniles) are minimum because it is likely that the majority of the unbanded new recruits actually
were raised within the Three Islands archipelago but outside the study area, as indicated by low frequencies before 1990
when our marked population was first being established. Therefore, data are analyzed separately for 1990-1995.

scale of Kent Island. As a comparison to natal dispersal,
breeding dispersal by adults was negligible once they
established a territory (median distance between nests
within breeding seasons: 16.9 m, N = 227 females;
between breeding seasons: 31.8 m, N = 173 females

Males

[

800

—

1400

200 400 600 1000 1200 1600

Females

No. Individuals

1

600 800 1000 1200 1400 1600

Natal Dispersal Distance (m)

200 400

Fi1G. 1. Frequency distribution of natal dispersal distances
for male and female Savannah Sparrows.

[N. T. Wheelwright and R. A. Mauck, unpublished
datal).

Natal dispersal distances can also be quantified in
units of territory diameters. The average diameter of
male Savannah Sparrow territories on Kent Island was
38 m (N. T. Wheelwright and R. Rynning, unpublished
data). Therefore, a median natal dispersal distance of
228.5 m represents the traversal of about six territories.
Shields (1982) classified a species as philopatric if me-
dian natal dispersal distance was <10 territory diam-
eters. However, if instead one were to chose as the null
hypothesis that there are advantages to extreme phil-
opatry, an assumption strongly suggested by the fact
that adults scarcely move between breeding attempts
(see also Hinde 1956, Part 1996; N. T. Wheelwright
and R. R. A. Mauck, unpublished data), young birds
would be expected to settle as near as possible to their
natal nest. In this case, one could conclude from the
observed natal dispersal distances that Savannah Spar-
rows avoided selecting a breeding territory too close
to their natal site. Assuming for simplicity that terri-
tories are roughly similar in size and hexagonal in
shape and occupy all available habitat, a given territory
would be surrounded by a ring of six adjacent territories
and beyond that by another ring with 12 territories, and
so forth. Given that 55% of adult males and females
fail to return to reclaim their territory each year
(Wheelwright et al. 1994), at least three of the terri-
tories immediately adjacent to a yearling’s natal site
would be expected to be uncontested by the previous
occupant of the same sex. Six from the next ring, <80
m away from the yearling’s natal nest, should also be
vacant. The probability that a yearling would be have
to go a distance of more than six territory diameters
from its natal nest site to find an unoccupied territory
would be exceedingly small, given the null hypothesis
of preferring to establish a territory as close as possible
to one’s natal territory (see Waser 1985, Payne 1991a).

Sex differences in natal dispersal

Yearling males and females returned in roughly equal
numbers. There were no differences between sexes in
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TaBLE 2. Natal dispersal distance (distance between natal nest and first adult nest) for the
study population of Savannah Sparrows. All birds were uniquely banded as nestlings on Kent
Island and had returned to the island 1 yr later to breed.

Natal dispersal distance (m)¥

Sex Median Mean 1 sp Minimum Maximum N
Males 202.8 261.8 215.6 6 1381 65
Females 248.4 309.0 290.8 7 1540 78
Both sexes

combined 228.5 287.5 259.6 6 1540 143

T Differences in dispersal distances between sexes were not significant (Mann-Whitney U

test: P = 0.62).

the probability of dispersal out of the area, given the
1:1 nestling and juvenile sex ratios in this population
(Wheelwright et al. 1994). On a smaller scale, there
was also no significant difference in natal dispersal
distance between males and females that returned to
the Three Islands. Males dispersed a median of 202.8
m, compared to 248.4 m for females (Table 2). Females
were more likely than males to remain in their natal
field (Table 3), which suggests (given the similarity in
median dispersal distances between the sexes) that if
a female did change from the North to the South field
(or vice versa), she tended to move farther than males
that changed fields (Fig. 1).

Influence of population density, hatching date, and
fledging mass on natal dispersal

If natal dispersal were influenced by competition for
limited territories, one might expect a difference in
dispersal distance between years of low and high pop-
ulation densities, between birds that had fledged early
vs. late, and between heavy and light fledglings (e.g.,
Rabenold et al. 1991). However, we found no relation-
ship between population density and median natal dis-
persal distance for birds that had hatched that year
(Spearman rank test, P > 0.40) or the previous one,
even though population sizes fluctuated by a factor of
two to three between years (Wheelwright and Rising
1993). There was also no relationship between an in-
dividual’s natal dispersal distance and the date it

TaABLE 3. Natal dispersal between fields for (a) male and
(b) female Savannah Sparrows on Kent Island. Numbers
refer to individual 1-yr-old males and females; thus, 19
males changed fields between their natal and first adult nest.

Location of natal nest

Location of adult nest South field North field
a) Males
South field 43 7
North field 12 3
b) Females
South field 54 11
North field 5 8

Notes: Males showed no tendency to return preferentially
to the field where they had hatched (x? test: P = 0.57); fe-
males, in contrast, showed relative philopatry with respect to
natal field (P = 0.006).

hatched or its mass at 7 d of age (Spearman rank test,
P > 0.10).

Behavioral observations of independent juvenile Sa-
vannah Sparrows suggested that territory selection and
even defense may have begun to take place within 1
mo after hatching. Vigorous chases similar to those
between adult males occurred between juvenile males,
which by 28 d of age were already noticeably longer-
winged and heavier than adult and juvenile females
(Wheelwright et al. 1994). Adult males frequently de-
fended their territories against juveniles in July and
early August. In addition, juveniles were often repeat-
edly captured in mist nets at the same site over a period
of several weeks. As a preliminary test of the hypoth-
esis that juveniles begin to select future territories at
an early age, we compared an individual’s natal dis-
persal distance to the distance between its first adult
nest and the place where it was last observed as a
juvenile. Individuals located their first adult nest closer
to the site of their last sighting as a juvenile the pre-
vious year than to their natal nest (paired ¢ test: males,
P = 0.015; females, P = 0.018).

Heritability of natal dispersal

In the case of 55 yearlings for whom natal dispersal
distances were known, we also knew natal dispersal
distance of at least one of their parents. For 25 year-
lings, only maternal natal dispersal distance was
known; for 20 yearlings, only paternal natal dispersal
distance was known. For 10 yearlings, both maternal
and paternal natal dispersal distance were known; in
the latter case we averaged the two distances to get
mid-parent values. A linear regression of offspring vs.
parent natal dispersal distance had a positive slope but
was not significant, suggesting low heritability of the
trait (slope = 0.36, P = 0.32, N = 55 parent-offspring
pairs) (see van Noordwijk 1984). We repeated the anal-
ysis using each parent only once, regressing individ-
uals’ natal dispersal distances against those of their
mothers or fathers, but there was no significant rela-
tionship in either case (maternal regression: slope =
0.38, P = 0.41, N = 35 mother-offspring pairs, Fig.
2a; paternal regression: slope = —0.08, P = 091, N
= 30 father-offspring pairs, Fig. 2b). Because of the
rarity of intraspecific brood parasitism (see Methods:
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FiG. 2. Regression of offspring vs. maternal (a) or pa-
ternal (b) natal dispersal distances for male and female Sa-
vannah Sparrows (N = 35 and 30 birds, respectively). Open
symbols = female offspring; closed symbols = male off-
spring. The two points at the top of Fig. 2a represent a male
that dispersed 1381 m and a female that dispersed 1540 m;
the point at the top of Fig. 2b represents a female that dis-
persed 1247 m.

Field methods, data analysis, and simulation), maternal
regressions avoided the potential problem of extra-pair
paternity. Low heritability was also implied by the lack
of a correlation between natal dispersal distances of
siblings from the same year (Spearman rank test, P >
0.40, N = 18 sibling pairs).
Natal dispersal in relation to the
location of relatives

If natal dispersal functions chiefly to reduce the like-
lihood of mating with parents (Greenwood 1980, Pusey
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TaBLE 4. Natal dispersal between fields for Savannah Spar-
rows on Kent Island, relative to movements of parent.

Status of Status of
opposite-sex parent same-sex parent
Location of first Did not Did not
adult nest Returned return Returned return
Changed sites 23 11 19 16
Did not change sites 44 61 52 54

Notes: Birds tended to change sites (fields) when their par-
ent of the opposite sex returned and to show relative philo-
patry when their opposite-sex parent did not return (x? test:
P = 0.01). Movements appeared to be independent of the
return of their parent of the same sex (P = 0.73).

1987), males whose mothers returned from migration
might be expected to disperse farther than males whose
mothers had failed to return. The same should be true
for females and their fathers. However, there should
not necessarily be a relationship between dispersal and
return of parents of the same sex (Ralls et al. 1986,
Pusey 1987, Ralls et al. 1988). Alternatively, if natal
dispersal is driven by intrasexual competition for ter-
ritories, food, or mates (local resource competition;
Gowaty 1993), the opposite prediction should hold
true: birds should disperse farther when their same-sex
parents returned than when their opposite-sex parents
returned (Waser 1985). In our study, yearlings were
more than twice as likely to nest in a field other than
their natal field if their opposite-sex parent returned
than if it did not return, but the probability of changing
fields was apparently unaffected by whether or not their
same-sex parent returned (Table 4). The presence of a
parent of either sex did not appear to affect natal dis-
persal distance per se, however (Table 5; Mann-Whit-
ney U test, P > 0.28 for all comparisons).

Birds nested significantly farther from siblings raised
the same year than expected by chance. Distances be-
tween a yearling’s first nest and the nest of its nearest
sibling of either sex were as follows: same year, same
nest (327.9 m [median] and 399.8 * 378.4 m [mean
* 1 sp], 15 sibling pairs); same year, different nest
(338.5 m and 332.4 *= 261.0 m, 21 sibling pairs); dif-
ferent year, different nest 123.9 m and 281.2 * 261.2
m, 18 sibling pairs). Only 8 of 1000 Monte Carlo sim-
ulations produced median distances between all same-
year siblings that exceeded observed values (observed
median = 333 m, expected median = 190 m; P <
0.009, N = 36 pairs of returning siblings). Unaccount-
ably, siblings unfamiliar with each other (those raised
in different years) actually nested closer to each other
than expected by chance (P = 0.014, N = 18 sibling
pairs). The mean distance between the first adult nests
of siblings of the same sex was less than that of siblings
of the opposite sex (274.3 = 147.6 m [N = 15 same-
sex sibling pairs] vs. 517.6 * 445.3 m [N = 13 op-
posite-sex sibling pairs]; one-tailed # test, P < 0.03),
although differences between medians (266.7 m vs.
460.7 m) were not significant due to small sample sizes
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TaBLE 5. Natal dispersal distance for Savannah Sparrows
on Kent Island as a function of whether or not their father
or mother returned that year.

Natal dispersal distance

(m)
Medi-

Sex Status of parents an Mean 1sp N
Males Father returned 214.8 2329 1473 34
Father did not return 183.7 283.5 269.8 30

Mother returned 199.1 252.0 189.6 31

Mother did not return 202.8 264.5 242.0 31

Females Father returned 275.7 340.0 322.6 36
Father did not return 214.8 286.8 263.1 41

Mother returned 250.3 260.9 210.3 37

Mother did not return 238.3 354.6 348.9 40

Notes: Sample sizes vary because the identity of father or
mother was unknown for four birds. The presence of a parent
of either sex did not appear to affect natal dispersal distance
per se in male or female birds (Mann-Whitney U test: P >
0.19; however, see Table 4).

(Mann-Whitney U test, U = 0.09). There is no evidence
that birds from earlier broods interact with their youn-
ger siblings as helpers-at-the-nest or in any other way
(Wheelwright and Rising 1993; see Gowaty 1993,
Komdeur 1996).

Inbreeding avoidance

There were numerous opportunities for individuals
to breed with close relatives. For example, in 1994, a
year in which both parents were known in the case of
57 of the 114 adults in the breeding population, 4 males
and 11 females had parents of the opposite sex still
alive; there were also 12 possible pairings between full
siblings and 9 more between half-siblings. But in 96
breeding attempts that year, and 917 observed from
1987 to 1995, we found no cases of pairing between
full siblings, parents and offspring, half-siblings, un-
cles and nieces, aunts and nephews, or grandparents
and grandoffspring, even though ~20% of adults had
one or more close relatives breeding in the population
at the same time. In 1996, when there were 62 nest
attempts, a male was observed mate-guarding his sister,
but her nest failed at the egg stage and both birds dis-
appeared; in 1997, there were no records of pairing
with relatives in 94 nest attempts. In an independent
sample of >600 nest attempts, C. R. Freeman-Gallant
(unpublished data) found no cases of pairings between
close relatives, and none were reported by Dixon
(1978) in her 4-yr study of the same population. Note
that the results of the present study refer only to social
pairing, which leaves open the possibility of extra-pair
fertilizations between relatives. However, in a separate
study of the Kent Island Savannah Sparrow population
using DNA fingerprinting, Freeman-Gallant (1996a)
found no examples of EPFs involving relatives.

To assess whether the absence of pairing between
relatives was due to chance rather than active inbreed-
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ing avoidance, we simulated random pairing in each
year using all nesting attempts observed through 1995
(N = 917 nests). Only 9 of 1000 simulations produced
zero cases of close inbreeding (¢ > 0.125) as observed
in this study (P < 0.01). Based on the simulations, the
probability of observing fewer than two cases of close
inbreeding if pairing were random was 0.05. As a more
conservative test, we included only a single nesting
attempt involving the same pair. Based on 1000 sim-
ulations, we found that the probability of observing
zero cases of close inbreeding was 0.06. If Savannah
Sparrows chose mates without regard to their relat-
edness, the level of close inbreeding expected would
have been 2.40 * 1.24 cases [mean * 1 SD, range =
0-8 cases].

Natal philopatry and lifetime reproductive success

A common assumption of ecological models of phil-
opatry is that philopatry is adaptive because of advan-
tages of familiarity with a particular location (Hinde
1956). Accordingly, one might expect reproductive
success to be higher in individuals that returned to
breed near their natal site than in birds that dispersed
greater distances. We examined the relationship be-
tween natal dispersal and total number of nests, eggs,
fledglings, and recruits produced over their lifetimes
by individuals that bred in the study area. Birds that
were known to have been raised in the study area (band-
ed on site as nestlings) we considered most highly phil-
opatric. Birds raised near but not in the study area
(banded as juveniles) were considered intermediate in
philopatry. Birds not raised in the study area and pos-
sibly not even nearby (banded as yearlings) were con-
sidered least philopatric. Age at first breeding was the
same (1 yr) for all three groups, based on banding
records, wing length, and feather shape. Males raised
within the study area recruited significantly more off-
spring than those raised outside the study area (P <
0.02). Trends were in the same direction, although not
statistically significant, for other measures of repro-
ductive success (Table 6). Our measure of lifetime re-
productive success did not take into account the pos-
sibility that individuals may have achieved or been the
victim of EPFs (e.g., Freeman-Gallant 1996a). How-
ever, unless for some reason there were a strong re-
lationship between philopatry and the probability of
EPFs, these results would not be affected by including
extra-pair paternity in our measure of lifetime repro-
ductive success. For females, our measure of lifetime
reproductive success was probably quite accurate, giv-
en the rarity of intraspecific brood parasitism. We found
no apparent fitness advantage of natal philopatry for
females (Table 6).

DISCUSSION

Natal dispersal in Savannah Sparrows on Kent Island
can be viewed in different ways, depending upon the
scale of analysis. On the one hand, yearlings showed
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TABLE 6. Lifetime reproductive success (excluding possible extra-pair paternity) in Savannah
Sparrows as a function of natal philopatry, determined by initial banding age.

Age at banding

Lifetime
reproduction Sex Nestling Juvenile Adult P
Total nests Males 3.5 (3.3) 3.2 (1.9) 2.9 (2.3) 0.43
Females 2.5 (1.8) 2.9 (2.0) 2.9 (2.2) 0.39
Total eggs Males 14.8 (14.5) 13.6 (8.0) 11.9 (10.2) 0.34
Females 10.4 (8.0) 12.6 (8.8) 11.1 (9.5) 0.39
Total fledglings Males 9.6 (8.5) 9.2 (5.7) 7.4 (6.6) 0.20
Females 6.7 (5.2) 7.7 (5.5) 6.8 (6.5) 0.64
Total recruits Males 1.1 (1.5) 0.8 (0.9) 0.5 (0.8) 0.02
Females 0.6 (0.8) 0.7 (0.9) 0.6 (1.2) 0.87

Notes: Birds banded as nestlings (N = 86 males, 125 females) located their first adult nests
in one of the two same fields as their natal nests and therefore were presumably most familiar
with the area. The natal nests of birds banded as juveniles (N = 33 males, 33 females) had to
have been from outside the study area but nearby, as juveniles were banded within the study
area shortly after independence. The natal nests of birds first banded as yearlings (N = 61
males, 63 females) also had to have been from outside the study area; the fact that they were
not observed in the study area until the age of 1 yr suggests that they were least familiar with
the area. Data are presented as means = 1 sD and include birds banded 1988-1994 (except
for “‘total recruits” [the number of offspring that were later captured as breeding adults], which
includes only birds breeding in 1988-1993 [banded as nestlings, N = 74 males, 109 females;
juveniles, N = 32 males, 26 females; adults, N = 58 males, 61 females]). P values refer to
results of one-way ANOVA testing the effect of banding age within sexes.

excellent homing abilities and impressive philopatry,
most birds returning from distant wintering grounds to
breed within several hundred meters of their natal nest
(see Able and Able 1996). More than 11% of 7-d-old
nestlings returned to breed on the island, and >70%
of all new recruits into the breeding population were
known to have been raised nearby. Among passerines
11% is considered to be a high rate of survival for the
first year of life beginning at 7 d of age (see references
in Newton 1989). If we were to expand our study site
and band all nestlings on Kent Island and the islands
immediately surrounding it, the fraction of locally
raised recruits would probably be higher. For example,
during the last two years of our study, yearling recap-
ture frequencies increased, at least for females, appar-
ently because the area searched for Savannah Sparrow
nests was expanded when an independent study of Sa-
vannah Sparrows was started (Freeman-Gallant 1996a,
b). In combination, these observations suggest that the
majority of surviving Savannah Sparrows that hatch on
Kent Island subsequently return to breed in the Three
Islands archipelago or on nearby islands. In mainland
populations recapture rates of 1-yr-old Savannah Spar-
rows banded as nestlings are far lower (Ross 1980,
Bédard and LaPointe 1984), which suggests that strong
philopatry may be more common in island populations
(Eliason 1986, Weatherhead and Forbes 1994). Genetic
differentiation and even subspeciation of Savannah
Sparrow populations in insular habitats illustrate the
potential evolutionary consequences of philopatry
(Stobo and McLaren 1975, Zink et al. 1991, Wheel-
wright and Rising 1993, Freeman-Gallant 1996b; see
also Chepko-Sade and Shields 1987). Even at the scale
of Kent Island, young Savannah Sparrows were highly

philopatric, settling disproportionately within the study
area vs. outside of it.

Within the study area, however, Savannah Sparrows
distanced themselves several hundred meters from the
immediate area of their natal site. Because >50% of
adults fail to return each year and Savannah Sparrow
territories on Kent Island are <40 m in diameter, year-
lings should not have had to disperse so far if there
were advantages to choosing a territory as close as
possible to their natal site. There was no difference in
natal dispersal patterns between males and females, as
evidenced by equivalent return rates to Kent Island and
natal dispersal distances within the study area (see also
Ross and McLaren 1981). In this respect, natal dis-
persal in Savannah Sparrows on Kent Island differs
from that of the majority of passerine birds studied thus
far, in which females tend to disperse farther than males
(Greenwood 1980, Greenwood and Harvey 1982, Go-
waty 1993). In the White-crowned Sparrow (Zonotrich-
ia leucophrys), one of the few sparrow species in which
dispersal has been thoroughly investigated, there is a
nonsignificant tendency for females to disperse greater
distances than males (Morton et al. 1991, Morton
1992). The usual explanation for female-biased dis-
persal in birds (in contrast to male-biased dispersal in
mammals) is that female birds searching for prospec-
tive mates benefit by moving away from their natal site
and by assessing a variety of territories and males,
whereas male birds benefit by claiming a familiar ter-
ritory (i.e., one near their natal site) (Greenwood and
Harvey 1982, Johnson and Gaines 1990). The relatively
small size of Kent Island and the fact that Savannah
Sparrows there spend much of their time foraging off
territory in undefended common areas such as the in-
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tertidal zone (Wheelwright and Rising 1993) may allow
females to select among available mates without having
to disperse greater distances than males. Interestingly,
the 1:1 secondary sex ratio in the population (Wheel-
wright et al. 1994) and the lack of a sex bias in natal
dispersal are consistent with the predictions of Go-
waty’s (1993) model of differential dispersal due to
local resource competition.

Many of our results parallel those of Payne (1991a,
b), whose long-term study of Indigo Buntings (Pas-
serina cyanea) at a mainland site is one of the few to
quantify dispersal distances against the background of
information on relatedness between birds breeding un-
der relatively natural conditions. Indigo Buntings, mi-
gratory songbirds related to Savannah Sparrows (Sib-
ley and Ahlquist [1990] place both species in the same
subfamily, Emberizinae) with 15% of males being po-
lygynous (Payne 1991b), showed no difference in natal
dispersal distance between the sexes, and males and
females were equally likely to return to breed in their
natal area (Payne 1991a), just as in Savannah Sparrows.
Like Payne (1991a), we found no evidence to support
the idea that young birds disperse because they are
slower to return to the breeding area or are subordinate
to older birds, even at high population densities (social
competition hypothesis). In fact, many yearling Sa-
vannah Sparrows arrived on the breeding grounds as
early as older birds but apparently bypassed opportu-
nities to occupy uncontested territories near their natal
nest. Moreover, the social competition hypothesis pre-
dicts longer natal dispersal distances for birds in poorer
condition or under crowded conditions, but we found
that natal dispersal distances were unrelated to a bird’s
condition at fledging or at the time of territory estab-
lishment, to the date it fledged (often used as a measure
of condition; C. R. Freeman-Gallant and N. T. Wheel-
wright, unpublished manuscript), or to population den-
sity (see also Potti and Montalvo 1991).

In other respects, our results were quite different
from Payne’s (1991a) study. In Indigo Buntings, natal
dispersal was independent of whether a bird’s parents
or its siblings of either sex returned. Moreover, bunt-
ings apparently chose mates without regard to their
degree of relatedness. The behavior of Indigo Buntings
thus seemed most consistent with a neutral model rather
than the social competition or inbreeding avoidance
models (Payne 1991a).

The neutral model is insufficient to explain certain
aspects of natal dispersal and inbreeding avoidance in
Savannah Sparrows on Kent Island. Random move-
ments obviously could not account for strong philo-
patry at the scale of the islands surrounding Grand
Manan Island, the scale of Kent Island, or the scale of
the study area. Nor did the neutral model apply to adult
Savannah Sparrows, given that on average birds moved
less than half a territory diameter between nesting at-
tempts. Presumably, there are benefits for extreme phil-
opatry, even at the scale of the territory. Those same
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benefits may apply to yearlings making decisions about
dispersal from their natal site, but yearlings, which are
far less philopatric than adults, may face constraints
that are different from those of older birds, such as
lower social status or higher risks of close inbreeding.
Alternatively, extreme philopatry may be less of an
advantage for yearlings than it is for birds that have
previously chosen territories and invested in learning
where to forage, display for mates, or hide from pred-
ators.

More interestingly, the neutral model was contra-
dicted in this study by the significantly increased like-
lihood of changing breeding sites when opposite-sex
parents were present. Lambin’s (1994) work on Town-
send’s voles (Microtus townsendii) is one of the few
other studies to show that animals disperse farther when
their opposite-sex parents are alive. Other evidence that
dispersal and pairing in Savannah Sparrows were non-
random include the greater-than-expected distances be-
tween the nests of opposite-sex siblings, the greater-
than-expected distances between the nests of familiar
siblings, and the absence of a single incident of close
inbreeding out of 1073 breeding attempts. The rarity
of inbreeding in the Kent Island Savannah Sparrow
population would have been even more significant if
we were to have included birds of known parentage
that settled outside the study area and were known to
have mated with nonrelatives.

It is important to note that even individuals that dis-
persed several hundred meters from their natal site
tended to be within sight and hearing of at least one
relative, and that about half of the adult birds that sur-
vived from year to year returned to find that their mate
from the previous year had failed to return. Yearlings
were not relegated to peripheral areas; their territories
were interspersed among those of older birds. Conse-
quently, opportunities for pairing with relatives were
common. In many natural populations (Ralls et al.
1986, Gibbs and Grant 1989), random dispersal and
demographic factors (high adult mortality, in particu-
lar) may be sufficient to account for low levels of in-
breeding, but our study seems to implicate active avoid-
ance of mating with kin. In the absence of a single
known event of pairing with a close kin, we could not
estimate inbreeding depression, but presumably breed-
ing with relatives reduces fitness in Savannah Sparrows
as it does in other species (Pusey and Wolf 1996, al-
though see Shields 1982).

A prerequisite for active inbreeding avoidance (vs.
passive inbreeding avoidance by dispersing away from
the natal area) is the ability to recognize relatives. Such
an ability might develop in Savannah Sparrows over
the course of the 10-d nestling period and the 2-3 wk
during which fledglings are fed by their parents on their
natal territory, and become reinforced during the fol-
lowing 1-2 mo that juveniles spend near their natal
territory. Male Savannah Sparrows often sing imme-
diately after feeding their fledglings (N. T. Wheel-
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wright, M. Swett, P. Kane, and D. Kroodsma, unpub-
lished data), which would provide females a mecha-
nism to learn their fathers’ song. If song characteristics
are inherited (genetically or culturally), females might
be able to recognize and avoid mating with siblings
that had hatched in different years. Based on a prelim-
inary analysis, however, the correlation between fathers
and sons in several song characteristics appears to be
low, although males sing the same song throughout
their lives (N. T. Wheelwright, M. Swett, P. Kane, and
D. Kroodsma, unpublished data). The precise criteria
that females use in choosing among males are still not
understood, but philopatry itself appears to play a large
role in determining which male a female ends up pair-
ing with (Eliason 1986; see also Freeman-Gallant
1996a, b).

Observations of chases and fights among juveniles,
as well as the early expression of sexual dimorphism
(Wheelwright et al. 1994) and the proximity of the
location where a juvenile was last seen and where it
ultimately settled as a breeding bird the following year,
suggest that young males may be staking out the lo-
cation of future territories during this period. Alter-
natively, an indirect mechanism to explain inbreeding
avoidance could be that parents that are unlikely to
survive until the following year (e.g., due to poor nu-
tritional condition) may be less likely to drive juveniles
from the natal area during the period when juveniles
are evaluating future territories (R. Payne, personal
communication).

Our behavioral observations provide a mechanism
to explain the results of a concurrent study of Savannah
Sparrows on Kent Island, several neighboring islands,
and the Canadian mainland (Freeman-Gallant 1996b).
Island Savannah Sparrow populations prove to be phe-
notypically and genetically distinct from mainland pop-
ulations and show concordant patterns of morpholog-
ical and genetic variation, as might be expected with
strong regional natal philopatry. Nonetheless, island
populations prove to be no more inbred than mainland
populations based on band-sharing frequencies. Free-
man-Gallant’s (1996b) results are consistent with the
hypothesis that birds that exhibit such strong philopatry
have also evolved mechanisms to avoid inbreeding
(Ralls et al. 1986, Hepper 1991).

If the Savannah Sparrows on Kent Island are rep-
resentative of other isolated populations of passerine
birds with respect to natal dispersal, our study may
give insights about species that are more difficult to
study. Information about dispersal and inbreeding is
lacking for most birds. With the exception of Gibbs
and Grant (1988) and Payne (1991a), the few studies
that exist have focused on species with unusual social
systems (Koenig and Pitelka 1979, Russell and Rowley
1993, Lessells et al. 1994), species that are colonial
and/or cavity-nesting and affected by extreme parasite
loads or limited availability of nest sites (DuPlessis
1992, Brown and Brown 1992), species with abnor-

NATAL DISPERSAL IN ISLAND SAVANNAH SPARROWS

765

mally high population densities due to the provision of
artificial nest sites (van Noordwijk and Scharloo 1981,
van Tienderen and van Noordwijk 1988, Drilling and
Thompson 1988, Nilsson 1989, Lundberg and Alatalo
1992, Piart 1996), or species occupying highly disturbed
or evolutionarily novel habitats (Fleischer et al. 1984).
We know very little about populations from fragmented
habitats, although we do know that island populations
of a variety of species are highly philopatric (Stobo
and McLaren 1975, Eliason 1986, Arcese 1989, Nagata
1993, Piart 1996).

Of particular concern are certain sparrows and other
grassland birds that have recently been restricted to
island-like habitats (Vickery 1995). To the extent that
their demography and behavior are similar to those of
Savannah Sparrows on Kent Island, the effective pop-
ulation sizes (N,.) of many bird populations could be
appreciably lower than currently believed (Grant and
Grant 1992). N, in Kent Island Savannah Sparrows, for
example, is reduced not only because of strong breed-
ing area philopatry, as shown in this study, but also
because of a skewed (female-biased) population sex
ratio, a polygynous mating system, and large variation
in reproductive success between individuals (Wright
1969, Wheelwright et al. 1992, Wheelwright et al.
1994). For example, Freeman-Gallant (1996b) has used
multilocus DNA fingerprinting data to calculate N, of
only 37 for Kent Island and surrounding islands. Pop-
ulations with small N, are particularly prone to local
extinction through demographic stochasticity, loss of
genetic variability, and increased homozygosity (Soulé
1987). The population density of Savannah Sparrows
on Kent Island appears to have remained relatively sta-
ble over three decades (Dixon 1978, Wheelwright et
al. 1997). If the population had earlier passed through
a “‘bottleneck” that eliminated most deleterious reces-
sive alleles, selection for inbreeding avoidance should
be weak (R. Payne, personal communication). How-
ever, if inbreeding depression is a hazard (e.g., Keller
et al. 1994), differential dispersal away from opposite-
sex relatives and kin recognition could reduce that risk
(Pusey and Wolf 1996). What we do not yet know is
whether incest avoidance is primarily a feature of pop-
ulations with an evolutionary history of relative iso-
lation (although see van Noordwijk and Scharloo 1981,
van Tienderen and van Noordwijk 1988, Gibbs and
Grant 1989), or whether small mainland populations,
newly isolated by habitat fragmentation, can forestall
the loss of genetic variability by avoiding mating with
relatives.

In conclusion, ecological constraints such as terri-
toriality can explain to some extent why birds disperse
from the immediate vicinity of their natal site, and
ecogenetic models such as local adaptation can explain
population-level philopatry. Those models fall short in
accounting for cases such as the present study, which
found that dispersal was nonrandom with respect to the
presence of opposite-sex parents and siblings. A com-



766

bination of ecological, neutral, and genetic models is
necessary to explain the natal dispersal of birds at dif-
ferent scales (Dobson and Jones 1985, Greenwood
1987, Payne 1991a, Weatherhead and Forbes 1994).
The failure to observe a single incident of close in-
breeding over a 9-yr period in the Kent Island Savannah
Sparrow population strongly suggests that some birds
may be more adept at recognizing their relatives than
previously believed. Although natal dispersal may part-
ly explain incest avoidance, it remains to be determined
whether birds are able to recognize relatives and, if so,
the cues they might use.

ACKNOWLEDGMENTS

For field assistance we thank R. Anderson, J. Beagley, J.
Devine, C. Freeman-Gallant, P. Hodum, R. Ingalls, P. Kane,
J. Lawler, B. McKnight, R. Rynning, C. Schultz, J. Sevigny,
M. Swett, G. Trussell, J. Weinstein, and E. and G. Wheel-
wright. C. Freeman-Gallant, T. Grubb, Jr., D. Kroodsma, R.
Payne, B. Riddoch, and J. Smith made helpful comments on
earlier versions of the manuscript. N. T. Wheelwright’s re-
search has been supported by the National Science Founda-
tion and a Fulbright grant at the University of Botswana. This
represents Contribution No. 121 from the Bowdoin Scientific
Station.

LITERATURE CITED

Able, K. P, and M. A. Able. 1996. The flexible migratory
orientation system of the Savannah Sparrow (Passerculus
sandwichensis). Journal of Experimental Biology 199:3-8.

Alberico, J. A. R., J. M. Reed, and L. W. Oring. 1992. Non-
random philopatry of sibling spotted sandpipers Actitis ma-
cularia. Ornis Scandinavica 23:504-508.

Arcese, P. 1989. Intrasexual competition, mating system and
natal dispersal in Song Sparrows. Animal Behaviour 38:
958-979.

Bédard, J., and G. LaPointe. 1984. Banding returns, arrival
times, and site fidelity in the Savannah Sparrow. Wilson
Bulletin 96:196-205.

Bollinger, E. K., S. J. Harper, and G. W. Barrett. 1993. In-
breeding avoidance increases dispersal movements of the
meadow vole. Ecology 74:1153-1156.

Brown, C. R., and M. B. Brown. 1992. Ectoparasitism as a
cause of natal dispersal in cliff swallows. Ecology 73:
1718-1723.

Charlesworth, D., and B. Charlesworth. 1987. Inbreeding
depression and its evolutionary consequences. Annual Re-
view of Ecology and Systematics 18:237-268.

Chepko-Sade, B. D., and W. M. Shields. 1987. The effects
of dispersal and social structure on effective population
size. Pages 287-321 in B. D. Chepko-Sade and Z. T. Halpin,
editors. Mammalian dispersal patterns: the effects of social
structure on population genetics. University of Chicago
Press, Chicago, Illinois, USA.

Dixon, C. L. 1978. Breeding biology of the Savannah Spar-
row on Kent Island. Auk 95:235-246.

Dobson, S. E, and W. T. Jones. 1985. Multiple causes of
dispersal. American Naturalist 126:855-858.

Drilling, N. E., and C. FE Thompson. 1988. Natal and breed-
ing dispersal in House Wrens (Troglodytes aedon). Auk
105:480-491.

DuPlessis, M. A. 1992. Obligate cavity-roosting as a con-
straint on dispersal of green (red-billed) woodhoopoes:
consequences for philopatry and the likelihood of inbreed-
ing. Oecologia 90:205-211.

Eliason, B. C. 1986. Female site fidelity and polygyny in
the Blackpoll Warbler (Dendroica striata). Auk 103:782—
790.

N. T. WHEELWRIGHT AND R. A. MAUCK

Ecology, Vol. 79, No. 3

Fleischer, R. C., P. E. Lowther, and R. FE Johnston. 1984.
Natal dispersal in House Sparrows: possible causes and
consequences. Journal of Field Ornithology 55:444-456.

Freeman-Gallant, C. R. 1996a. DNA fingerprinting reveals
female preference for male parental care in Savannah spar-
rows. Proceedings of the Royal Society of London B 263:
157-160.

1996b. Microgeographic patterns of genetic and
morphological variation in Savannah sparrows (Passercu-
lus sandwichensis). Evolution 50:1631-1637.

Gibbs, H. L., and P. R. Grant. 1989. Inbreeding in Darwin’s
medium ground finches (Geospiza fortis). Evolution 43:
1273-1284.

Gowaty, P. A. 1993. Differential dispersal, local resource
competition, and sex ratio variation in birds. American Nat-
uralist 141:263-280.

Grant, P. R., and B. R. Grant. 1992. Demography and the
genetically effective population sizes of two populations
of Darwin’s finches. Ecology 73:766-784.

Greenwood, P. J. 1980. Mating systems, philopatry and dis-
persal in birds and mammals. Animal Behaviour 28:1140—
1162.

———. 1987. Inbreeding, philopatry and optimal outbreed-
ing in birds. Pages 207-222 in E Cooke and P. A. Buckley,
editors. Avian genetics. Academic Press, London, England.

Greenwood, P. J., and P. H. Harvey. 1982. The natal and
breeding dispersal of birds. Annual Review of Ecology and
Systematics 13:1-21.

Harvey, P. H., and K. Ralls. 1986. Do animals avoid incest?
Nature 320:575-576.

Harvey, P. H., and A. F. Read. 1988. When incest is not best.
Nature 336:514-515.

Haukioja, E. 1971. Short-distance dispersal in the Reed Bun-
ting Emberiza schoeniclus. Ornis Fennica 48:45-67.

Hepper, P. G. 1991. Kin recognition. Cambridge University
Press, Cambridge, UK.

Hinde, R. A. 1956. The biological significance of territori-
ality in birds. Ibis 98:340-369.

Johnson, M. L., and M. S. Gaines. 1990. Evolution of dis-
persal: theoretical models and empirical tests using birds
and mammals. Annual Review of Ecology and Systematics
21:449-480.

Keller, L. E, P. Arcese, J. N. M. Smith, W. M. Hochachka,
and S. C. Stearns. 1994. Selection against inbred song
sparrows during a natural population bottleneck. Nature
372:356-357.

Komdeur, J. 1996. Facultative sex ratio bias in the offspring
of Seychelles warblers. Proceedings of the Royal Society
of London B 263:661-666.

Koenig, W. D., and F A. Pitelka. 1979. Relatedness and
inbreeding avoidance: counterploys in the communally
nesting acorn woodpecker. Science 206:1103-1105.

Lack, D. 1954. The natural regulation of animal numbers.
Clarendon, Oxford, UK.

Lambin, X. 1994. Natal philopatry, competition for re-
sources, and inbreeding avoidance in Townsend’s voles
(Microtus townsendii). Ecology 75:224-235.

Lande, R., and G. E Barrowclough. 1987. Effective popu-
lation size, genetic variation, and their use in population
management. Pages 87-123 in M. E. Soulé, editor. Viable
populations for conservation. Cambridge University Press,
Cambridge, UK.

Lundberg, A., and R. V. Alatalo. 1992. The Pied Flycatcher.
T. and A. D. Poyser, London, UK.

Manley, B. 1991. Randomization and Monte Carlo methods
in biology. Chapman and Hall, New York, New York, USA.

Mayr, E. 1963. Animal species and evolution. Belknap, Cam-
bridge, Massachusetts, USA.

Morton, M. L. 1992. Effects of sex and birth date on pre-
migration biology, migration schedules, return rates and



April 1998

natal dispersal in mountain white-crowned sparrows. Con-
dor 94:117-133.

Morton, M. L., M. W. Wakamatsu, M. E. Pereyra, and G. A.
Morton. 1991. Postfledging dispersal, habitat imprinting,
and philopatry in a montane, migratory sparrow. Ornis
Scandinavica 22:98-106.

Nagata, H. 1993. The structure of a local population and
dispersal pattern in the Styan’s grasshopper warbler, Lo-
custella pleskei. Ecological Research 8:1-9.

Newton, 1., editor. 1989. Lifetime reproduction in birds. Ac-
ademic Press, London, UK.

Nice, M. M. 1937. Studies in the life history of the Song
Sparrow. I. Transactions of the Linnaean Society of New
York, New York, New York, USA.

Nilsson, J. A. 1989. Causes and consequences of natal dis-
persal in the marsh tit, Parus palustris. Journal of Animal
Ecology 58:619-636.

Pért, T. 1996. Problems with testing inbreeding avoidance:
the case of the collared flycatcher. Evolution 50:1625-
1630.

Payne, R. B. 1990. Natal dispersal, area effects, and effective
population size. Journal of Field Ornithology 61:396-403.

1991a. Natal dispersal and population structure in

a migratory songbird, the indigo bunting. Evolution 45:49—

62.

1991b. Indigo Bunting (Passerina cyanea). In A.
Poole and E Gill, editors. The birds of North America.
Number 4. Academy of Natural Sciences, Philadelphia,
Pennsylvania, USA.

Potti, J., and S. Montalvo. 1991. Return rate, age at first
breeding and natal dispersal of Pied Flycatchers Ficedula
hypoleuca in central Spain. Ardea 79:419-428.

Pusey, A. E. 1987. Sex-biased dispersal and inbreeding
avoidance in birds and mammals. Trends in Ecology and
Evolution 2:295-299.

Pusey, A., and M. Wolf. 1996. Inbreeding avoidance in an-
imals. Trends in Ecology and Evolution 11:201-206.

Rabenold, P. P, K. N. Rabenold, W. H. Piper, and D. J. Min-
chella. 1991. Density-dependent dispersal in social wrens:
genetic analysis using novel matriline markers. Animal Be-
haviour 42:144-146.

Ralls, K., J. D. Ballou, and A. Templeton. 1988. Estimates
of lethal equivalents and the cost of inbreeding in mam-
mals. Conservation Biology 2:185-193.

Ralls, K., P. H. Harvey, and A. M. Lyles. 1986. Inbreeding
in natural populations of birds and mammals. Pages 36-56
in M. E. Soulé, editor. Conservation biology: the science
of scarcity and diversity. Sinauer, Sunderland, Massachu-
setts, USA.

Ross, H. A. 1980. The reproductive rates of yearling and
older Ipswich Sparrows, Passerculus sandwichensis prin-
ceps. Canadian Journal of Zoology 58:1557-1563.

Ross, H. A., and I. A. McLaren. 1981. Lack of differential
survival among young Ipswich Sparrows. Auk 98:495-502.

Rowley, L., E. Russell, and M. Brooker. 1993. Inbreeding in
birds. Pages 304-328 in N. W. Thornhill et al., editors. The
natural history of inbreeding and outbreeding: theoretical
and empirical perspectives. University of Chicago Press,
Chicago, Illinois, USA.

NATAL DISPERSAL IN ISLAND SAVANNAH SPARROWS

767

Russell, E. M., and 1. Rowley. 1993. Philopatry or dispersal:
competition for territory vacancies in the splendid fairy
wren, Malurus splendens. Animal Behaviour 45:519-539.

Shields, W. M. 1982. Philopatry, inbreeding, and the evo-
lution of sex. State University of New York, Albany, New
York, USA.

—. 1987. Dispersal and mating systems: investigating
their causal connections. Pages 3-24 in B. D. Chepko-Sade
and Z. T. Halpin, editors. Mammalian dispersal patterns:
the effects of social structure on population genetics. Uni-
versity of Chicago Press, Chicago, Illinois, USA.

Sibley, C. G., and J. E. Ahlquist. 1990. Phylogeny and clas-
sification of birds. Yale University Press, New Haven, Con-
necticut, USA.

Soulé, M. E., editor. 1987. Viable populations for conser-
vation. Sinauer, Sunderland, Massachusetts, USA.

Stobo, W. T., and I. A. McLaren. 1975. The Ipswich sparrow.
Proceedings of the Nova Scotia Institute of Science 27:1-
105.

van Noordwijk, A. J. 1984. Problems in the analysis of dis-
persal and a critique on its heritability in the great tit.
Journal of Animal Ecology 53:533-544.

van Noordwijk, A. J., and W. Scharloo. 1981. Inbreeding in
an island population of the Great Tit. Evolution 35:674—
688.

van Tienderen, P. H., and A. J. van Noordwijk. 1988. Dis-
persal, kinship and inbreeding in an island population of
the Great Tit. Journal of Evolutionary Biology 2:117-137.

Vickery, P. D. 1995. Ecology and conservation of grassland
birds. University of Massachusetts Press, Amherst, Mas-
sachusetts, USA.

Waser, P. 1985. Does competition drive dispersal? Ecology
66:1170-1175.

Weatherhead, P. J., and R. L. Forbes. 1994. Natal philopatry
in passerine birds: genetic or ecological influences? Be-
havioral Ecology 5:426-433.

Wheelwright, N. T., J. J. Lawler, and J. H. Weinstein. 1997.
Nest-site selection in Savannah sparrows: using gulls as
scarecrows? Animal Behaviour 53:197-208.

Wheelwright, N. T., and J. D. Rising. 1993. Savannah Spar-
row (Passerculus sandwichensis). In A. Poole and E Gill,
editors. The birds of North America. Number 45. Academy
of Natural Sciences, Philadelphia, Pennsylvania, USA.

Wheelwright, N. T., and C. Schultz. 1994. Age and repro-
duction in Savannah sparrows and tree swallows. Journal
of Animal Ecology 63:686-702.

Wheelwright, N. T., C. B. Schultz, and P. Hodum. 1992.
Polygyny and male parental care in Savannah sparrows:
effects on female fitness. Behavioral Ecology and Socio-
biology 31:279-289.

Wheelwright, N. T., G. C. Trussell, J. P. Devine, and R. An-
derson. 1994. Sexual dimorphism and sex ratio in juvenile
Savannah Sparrows (Passerculus sandwichensis). Journal
of Field Ornithology 65:520-529.

Wright, S. 1969. Evolution and the genetics of populations.
Volume two. The theory of gene frequencies. University
of Chicago Press, Chicago, Illinois, USA.

Zink, R. M., D. L. Dittman, and S. W. Cardiff. 1991. Mi-
tochondrial DNA variation and the taxonomic status of the
large-billed Savannah Sparrow. Condor 93:1016-1019.




