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Patrons de dispersion sur de longues distances de Parulines azurées mâles
(Dendroica cerulea) mesurés à l’aide d’isotopes stables d’hydrogène
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Raleigh J. Robertson 6

ABSTRACT. Despite the fundamental role played by long-distance dispersal in population dynamics, the
mechanisms promoting or inhibiting dispersal by migratory songbirds are poorly understood. We used
stable-hydrogen isotopes (δD) to evaluate several hypotheses related to long-distance dispersal in the
Cerulean Warbler (Dendroica cerulea), a migratory songbird at the center of considerable conservation
attention. Feather samples were collected from 103 males throughout the breeding range. We assumed
feathers were molted in late summer on the breeding grounds and thus δD values provided an estimate of
breeding or hatching location for the previous year. We used a likelihood-based assignment test to estimate
the origin of birds the previous year and derived expected δD values for the entire Cerulean Warbler
breeding range from precipitation-based maps. Using Bayes’ Rule, we also incorporated a prior probability
of breeding origin based on estimated rates of site fidelity and survival between breeding seasons. We
found that long-distance breeding dispersal by adult male Cerulean Warblers was a fairly common
occurrence with 20 of 71 (28.2%) individuals originating from a region other than the one they were sampled
in. Surprisingly, long-distance natal dispersal was uncommon; only three of 32 (9.4%) second-year birds
were estimated to have hatched in a region outside their capture region. Young males may be using a form
of post-fledging prospecting or conspecific attraction when selecting their first breeding habitats.
Populations on the breeding range periphery, such as Ontario and Tennessee, tended to receive fewer long-
distance dispersers than did other regions but produced more dispersing individuals than did core regions,
suggesting that these areas could act as important sources for other regions. The tendency of a region to
produce dispersing individuals was not significantly related to its relative abundance, implying that
population abundance is not a good indicator of population health for this species. Range-wide variation
in long-distance dispersal patterns may contribute to variation in sensitivity to habitat loss and fragmentation,
further complicating conservation and management efforts for the Cerulean Warbler.

RÉSUMÉ. En dépit du fait que la dispersion sur de longues distances joue un rôle fondamental dans la
dynamique des populations, les mécanismes qui la favorisent ou la freinent sont peu connus chez les
passereaux migrateurs. Nous avons utilisé des isotopes stables d’hydrogène (δD) pour tester plusieurs
hypothèses en rapport avec la dispersion sur de longues distances de la Paruline azurée, un passereau dont
la conservation fait l’objet d’une grande attention. Des échantillons de plumes ont été récoltés sur 103
mâles dans l’ensemble de l’aire de reproduction de l’espèce. Nous présumons que la mue de ces plumes
s’est produite à la fin de l’été sur les sites de reproduction et que les valeurs δD fournissent, par conséquent,
une estimation du lieu de reproduction ou d’éclosion de l’année précédente. Nous avons utilisé un test
d’attribution axé sur la vraisemblance pour estimer le lieu d’origine de l’année précédente des oiseaux et
avons calculé les valeurs δD probables pour l’ensemble de l’aire de reproduction de la Paruline azurée à

1Sedbergh School, 2Vassar College, 3University of Guelph, 4Upper Valley
Humane Society, 5Dept of Geological Sciences and Geological
Engineering, Queen's University, 6Department of Biology, Queen's
University

http://www.ace-eco.org/vol2/iss2/art3/
http://www.ace-eco.org/vol2/iss2/art3/
mailto:jajones@vassar.edu
mailto:rnorris@uoguelph.ca
mailto:robertsr@biology.queensu.ca


Avian Conservation and Ecology - Écologie et conservation des oiseaux 2(2): 3
http://www.ace-eco.org/vol2/iss2/art3/

partir de cartes fondées sur les précipitations. À l’aide du théorème de Bayes, nous avons aussi inclus une
probabilité a priori quant au lieu de reproduction de l’année précédente en se basant sur les taux estimés
de fidélité au site et de survie entre les saisons de reproduction. Nous avons trouvé que la dispersion sur
de longues distances des mâles adultes était assez fréquente : 20 des 71 individus (28,2 %) provenaient
ainsi d’une région différente de celle dans laquelle ils avaient été échantillonnés. Étonnamment, la dispersion
natale sur de longues distances n’était pas fréquente : nous avons estimé que seulement 3 des 32 oiseaux
de deuxième année avaient éclos dans une région différente de celle de leur capture. Les jeunes mâles
pourraient utiliser une forme de prospection post-envol ou d’attraction conspécifique au moment de choisir
leur premier habitat de reproduction. Les régions à la périphérie de l’aire de reproduction, comme l’Ontario
et le Tennessee, ont eu tendance à accueillir moins d’oiseaux qui se sont dispersés sur de longues distances
que les autres régions, mais ont produit plus d’individus qui se sont dispersés que l’ont fait les régions
situées au cœur de l’aire, ce qui semble indiquer qu’elles pourraient agir comme sources importantes pour
les autres régions. La tendance d’une région à produire des individus qui se dispersent n’était pas
significativement liée à l’abondance relative de sa population, ce qui suggère que la taille de la population
ne représente pas un bon indicateur de l’état de santé de la population pour cette espèce. La variation des
patrons de dispersion sur de longues distances dans l’ensemble de l’aire de reproduction peut contribuer à
la variation de la sensibilité à la perte et à la fragmentation de l’habitat, ce qui rend, par ailleurs, les efforts
de conservation et de gestion pour la Paruline azurée encore plus complexes.

Key Words: Bayes’ Rule, long-distance dispersal, feathers, likelihood assignment test, migratory songbird,
stable-hydrogen isotopes

INTRODUCTION

Dispersal is one of the least understood life-history
characteristics (Clobert et al. 2001) despite the fact
that it is a fundamental component of population
dynamics and individual fitness. Determining the
frequency and direction of dispersal is critical for
the conservation and management of species at risk,
especially those with patchy or fragmented
distributions (Macdonald and Johnson 2001). In
birds, there are several hypotheses that attempt to
explain long-distance dispersal patterns related to
age, population, and range dynamics.

First, juvenile birds tend to disperse more frequently
and further than adults (Greenwood and Harvey
1982, Hansson et al. 2002, Blums et al. 2003; but
see Dale et al. 2005). Reasons for this are still not
clear but could be because they are not as
competitive as more site-faithful adults (Greenwood
and Harvey 1982) or because they are avoiding
inbreeding (Johnson and Gaines 1990). For
migratory birds, juveniles returning to the breeding
grounds for their first breeding season might use the
presence of conspecifics as an index of habitat
quality (Ray and Gilpin 1991, Muller et al. 1997,
Stamps 1988, 2001), sort of a “go with what they
know” strategy. Alternatively, relatively short natal

dispersal distances could be construed as evidence
of post-fledging prospecting (Danchin et al. 2001),
sort of a “go with what you know” strategy. The
distance traveled by natal dispersers may also be
related to habitat availability; in regions where
habitats are limited, it is reasonable to expect longer
natal dispersal distances (Hansson et al. 2002).

Second, spatial and temporal fluctuations in
environmental conditions as well as demographic
stochasticity can promote dispersal (Hastings 1983,
Holt 1985, McPeek and Holt 1992, Holt and
McPeek 1996, Johst and Brandl 1999, Holt and
Barfield 2001). In species whose geographic ranges
are restricted by either resource availability and/or
climatic conditions, geographically peripheral
populations tend to experience higher spatial and
temporal variability in environmental conditions
relative to more centrally located populations (Holt
and Keitt 2000, Gaston 2003) and, therefore, should
be expected to produce more dispersing individuals.

Third, source–sink dynamics theory (Levins 1969,
Pulliam 1988, Hanski and Gilpin 1991, Pulliam and
Danielson 1991) predicts a net movement of
individuals down a productivity gradient; simply
put, a population that produces or consists of more
individuals produces more potential dispersers.
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Population abundance alone might not be sufficient
to identify source and sink populations, given that
immigration can “artificially” maintain sink
populations at high levels of abundance (Pulliam
1988); however, quantifying dispersal within the
context of population abundance may provide
important information in the identification of
productive populations.

Previous studies have demonstrated that stable-
hydrogen isotope ratios (δD) in feathers can be used
to estimate geographic origins of birds at the time
of molt (Chamberlain et al. 1997, Hobson and
Wassenaar 1997), and thus could provide insight
into dispersal patterns in migratory birds (Meehan
et al. 2001, Graves et al. 2002, Hobson et al. 2004,
Hobson 2005). Feathers provide an ideal tissue for
stable isotope analysis because they retain an
isotopic signature after growth. Given that most
feathers are only molted once a year, individuals
can be sampled in one season to estimate their
geographic location in the previous year (Mizutani
et al. 1991, Hobson and Clark 1992). The
distributions of stable isotopes vary naturally over
large scales as a result of physiochemical processes,
and these signatures are incorporated into animals
through local food webs. In North America, δD
values tend to be more negative (deuterium
depleted) in the Northwest, and more positive
(deuterium enriched) in the Southeast (e.g.,
Rozanski et al. 1993, Bowen et al. 2005). δD
gradients occur as a result of hydrogen isotopic
fractionation influenced by factors such as
elevation, distance from the coast, and temperature
(e.g., Rozanski et al. 1993).

In this paper, we use stable-hydrogen isotopes (δD)
in feathers to examine long-distance dispersal
patterns in Cerulean Warblers (Dendroica cerulea).
The Cerulean Warbler is a small (8–10 g),
Neotropical migratory songbird that breeds in
deciduous forests of eastern North America and
winters along the eastern slope of the South
American Andes (Hamel 2000). Cerulean Warblers
are experiencing one of the fastest rates of decline
of any migratory songbird; hierarchical analysis of
Breeding Bird Survey (BBS) data from 1966–2006
indicates an average decline of 2.89%/year (J.
Sauer, personal communication). Factors implicated
in their decline include the loss and alteration of
suitable mature forest on breeding and wintering
grounds, and alteration of migratory stopover
habitats (Robbins et al. 1992, Hamel 2000,
Committee on the Status of Endangered Wildlife in

Canada (COSEWIC) 2003). For Cerulean
Warblers, there are only limited data on life-history
characteristics such as dispersal behavior and
philopatry (Hamel 2000, Hamel et al. 2004, Jones
et al. 2004, Veit et al. 2005). The breeding range of
Cerulean Warblers encompasses variation in δD
values found in precipitation (International Atomic
Energy Agency/World Meteorological Organization
(IAEA/WMO) 2001), and thus stable isotope
analysis provides a potential method for examining
movement patterns in this species. Cerulean
Warblers engage molt twice a year, with one
complete molt on their breeding grounds beginning
in mid-July just before migration and one partial
molt on their wintering grounds (replacing crown
and body feathers; Pyle 1997). Tail feathers
collected from Cerulean Warblers early in the
breeding season provide isotopic signatures from
the previous year’s natal or breeding grounds (but
see Norris et al. 2004).

Using δD in feathers, we estimated long-distance
dispersal patterns of adult and juvenile male
Cerulean Warblers and used this information to
evaluate the following hypotheses and predictions.
First, if habitat is a limited resource for Cerulean
Warblers and adult (after-second-year (ASY))
males are dominant over second-year (SY) males,
we predicted higher rates of natal dispersal relative
to breeding dispersal. Alternatively, if habitat is not
limited or if SY males utilize conspecific attraction
and/or post-fledging prospecting to select their first
breeding habitat, we predicted little or no difference
in natal and breeding dispersal rates. Second,
geographically peripheral Cerulean Warbler
populations experience stronger fluctuations in
climatic variables (e.g., actual evapotranspiration)
than do core populations (Jones et al. 2005).
Accordingly, we predicted that peripheral Cerulean
Warbler populations would generate more
dispersing individuals, a prediction that is supported
by genetic evidence that suggests gene flow is
primarily directed from the northern periphery to
more centrally located regions (Veit et al. 2005).
Finally, we hypothesized that Cerulean Warbler
population size is a reliable indicator of population
health and predicted that regions with the highest
relative abundance (estimated from BBS data)
would be the largest sources of dispersing
individuals.
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MATERIALS AND METHODS

Sampling Locations

We collected feather samples (outer right retrix; n
= 103) from male Cerulean Warblers (CERW)
during May–July of 2001, 2002, and 2003 from five
regions (four states and one province) across the
breeding range (Fig. 1) located within four North
American Bird Conservation Initiative Bird
Conservation Regions (BCRs): Lower Great Lakes/
Saint Lawrence Plane (BCR 13), Eastern Tallgrass
Prairie (BCR 22), Mississippi Alluvial Valley (BCR
26), and Appalachian Mountains (BCR 28). The
BCRs are ecologically defined regions in North
America that share habitats, bird communities, and
resource management issues. We chose to use these
BCRs as our analytical units as they are becoming
the standard organizational unit for avian
conservation in North America.

We captured males in mist nets, luring them with a
combination of song playback and model
presentation. Females were not included in this
study as they rarely respond to playback. We
sampled individuals from populations sequentially
from south to north to avoid catching migrating
birds. No individuals were sampled after mid-July
to ensure sampling occurred before the annual pre-
basic molt; none of the captured individuals showed
evidence of molt. In addition, we are confident that
molt-migration of flight feathers is minimal. This
assertion is supported by observations at banding
stations and by field observations of adults molting
flight feathers while feeding non-independent
fledglings on the breeding grounds in late July and
early August (Jones, personal observation; Robert
Mulvihill, personal communication). Although
there are one or two records of Cerulean Warblers
molting body feathers in Panama during fall
migration (Gabriel Colorado, personal communication),
there are no records of flight feather molt. We aged
individuals as either SY or ASY birds based on
plumage coloration (Pyle 1997), tail shape, and molt
limits (Mulvihill 1993). Feather samples were
stored in glycine or paper envelopes until isotopic
analysis.

Isotope Analysis

Stable-hydrogen isotopic ratios are expressed in
delta notation in units of ‰ where δ = [(Rsample/
Rstandard)-] x 1000, and Rstandard is the hydrogen

isotope ratio of the international standard, Vienna
Standard Mean Ocean Water (VSMOW). We
washed feathers in a 2:1 chloroform:methanol
mixture to remove surface contaminants, and left
them to air dry under a fumehood for 72 h. Because
a fraction of the hydrogen in feathers rapidly
exchanges with ambient moisture (Wassenaar and
Hobson 2000), feathers were equilibrated with local
atmosphere for 72 h to ensure that all samples had
an equal opportunity to exchange with the local
atmosphere (Norris et al. 2006). Based on controlled
experiments, we found only a small proportion of
exchangeable hydrogen (3%–5%) in tail feathers
(Girvanet al., unpublished data). To control for
potential seasonal differences in the atmospheric
moisture of δD values in the laboratory, all analyses
were performed within a span of 2 months. We cut
0.10–0.15 mg from each feather, loaded each
sample separately into silver capsules and heated
them at 100°C for 24 h to remove potential surface
water. After the capsules were crushed with metal
tweezers, they were loaded into a reduction furnace
(Finnigan TC/EA) at 1450°C, and introduced on-
line to an isotope ratio mass spectrometer (Finnigan
MAT Delta Plus XL). Within each run of 20–22
samples, we ran three different standards (brucite,
Georgia kaolinte clay, and an in-house keratin
standard of domestic chicken (Gallus gallus)
feathers) ensuring that at least one standard was run
after every five samples (Norris et al. 2006).
Previous work with these standards, as well as
repeated measurements of feathers, indicates that
δD values were reproducible to ±3‰ (Norris et al.
2006).

Statistical Analysis

We used a likelihood-based assignment test to
estimate the origin of birds during the previous
breeding season (Royle and Rubenstein 2004,
Norris et al. 2006). To do this, we first derived
expected mean and standard deviation (SD) δD
values from an equal-area grid (North American
Lambert Equal-Area projection) of long-term
average growing season δDp (growing season =
mean temperature >0°C; Bowen et al. 2005) for each
BCR region within the Cerulean Warbler breeding
range (BCRs: 13, 22, 23, 24, 26, 27, 28, 29). We
then adjusted according to isotopic discrimination
between δD in feathers (δDf) and δDp (-13‰; see
Norris et al. 2006 for details). Because some of the
mean δD values for each region (denoted as δDBCR

(i)) were similar, we chose to amalgamate some that
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Fig. 1. Location of sampling locations (red circles) relative to Bird Conservation Region boundaries.
(Source: www.nabci-us-org.)

were in close geographic proximity (combined 13
and 23, 22 and 24, 26 and 27, 28 and 29, 30), leaving
us with five total regions. For each of these regions,
we also obtained regional abundance values from
the BBS website (http://www.pwrc.usgs.gov/BBS/
); these relative abundance values represent a
standardized index of the average number of birds
detected per route across all routes detecting a given
species in a given time frame (Table 1).

Given mean and SD values for each BCR
(considered here as occurring in year t-1), we then
calculated the likelihood-based assignments for
each individual sampled on the breeding grounds in

year t (δDCERW). The estimated probability
distribution of y (where y = δDBCR(i) and BCR(i) 
corresponds to the amalgamated BCR regions:
BCR13–23, BCR22–24, BCR26–27, BCR28–29, BCR30)
for each region can be expressed by f (y | BCR(i)).
An individual CERW sampled on the breeding
grounds in year t yields a value of y* (where y* =
δDCERW) and the likelihood of it originating from a
given conservation region can be evaluated by f (y* |
BCR(i)). Assuming that δDCERW is normally
distributed, the likelihood corresponding to y* can,
therefore, be written as:
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Table 1. Stable-hydrogen isotope values (δD) and BCRmax of Cerulean Warbler breeding origins based
on δD values from precipitation and the prior probability of site fidelity (see Methods). Values to left of
slash are number of adult (ASY) males, values to right of slash are number of young (SY) males.

Most likely assignments to BCR regions (BCRmax)

Capture Region
(year t)

Feather
δD values
(mean ‰)

BCR 13/23 BCR
22/24

BCR
26/27

BCR
28/29

BCR
30

Totals Relative abund
ance

BCR 13 (ON) -89/-88 14/8 0/0 0/0 0/0 1/0 15/8 0.08

BCR 22 (IL) -78/-78 5/0 11/1 0/0 2/0 0/0 18/1 0.12

BCR 28 (PA) -76/-77 2/0 1/0 0/0 9/7 0/0 12/7 0.01

BCR 28 (WV) -68/-71 0/0 2/0 4/2 7/6 0/0 13/8 0.48

BCR 26 (TN) -59/-61 0/0 1/0 10/7 0/1 2/0 13/8 0.12

Totals 21/8 15/1 14/9 18/14 3/0 71/32

(1)

 
Using this approach, a probability of origin for each
individual in each BCR can be calculated. For each
individual, we considered the most likely breeding
origin in year t-1 as the one that had the largest f
(y* | BCR(i)). However, we can also consider that
each individual sampled in year t had a prior
probability of originating from the region where it
was originally sampled in year t-1. This is because
we have information on the return rates of Cerulean
Warblers, at least from one site in Ontario (54% of
birds return to breed at the same site they bred the
year before; Jones et al. 2004). In this case, f (BCR
(i)) may be considered a prior probability. That is,
in the absence of any information about δDBCR(i), the
probability that a random individual originates from
the same BCR region it was sampled can be
estimated as 0.54. Making a conservative estimate
that half the birds that do not return have died, we
assumed a prior probability of 0.23 (0.446/2) that a
given bird will disperse to another BCR region in
year t. The probability of dispersing to another BCR
region is likely also related to geographic distance
from the sampling site, but as BCR regions are
irregularly shaped, we chose to leave the remaining

regions as “flat” priors. Using the conditional
probability f (BCR(i) | y*), f (BCR(i)) can be
incorporated into the assignment test as a prior
probability using Bayes’ Rule:

(2)

 
Where f (y) is a normalizing constant:

(3)

 
Here, f (y | BCR(i)) is the likelihood assignment
outlined above and f (BCR(i)) is the probability of
returning to that region (which is a function of where
it was originally sampled). For each individual, the
assignment test generates probabilities of origin for
each region, where the most likely origin (denoted
hereafter as BCRmax) is the breeding region with the
largest f (BCR(i) | y*). For the 103 males included
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in our analyses, the mean assignment test
probability was 0.75 ± 0.21 SD.

RESULTS

The δD values of tail feathers varied by ~30‰
across the Cerulean Warbler breeding range (Table
1). The assignment tests revealed several interesting
patterns. First, long-distance dispersal by breeding
adult male Cerulean Warblers was a fairly common
occurrence (Table 1): 20 of 71 (28.2%) breeding
adult males lived in a location geographically
different than their capture site the year before their
capture. Second, long-distance natal dispersal was
quite uncommon; only three of 32 SY birds
originated (i.e., hatched) in a region outside their
capture region (Table 1). Third, populations varied
in the number of individuals they receive as
immigrants (Fig. 2), ranging from 4% in Ontario to
38% in West Virginia. Fourth, the number of
individuals contributed to other populations also
varied among BCR regions (Fig. 2), ranging from
13% of dispersers in BCRs 28–29 and 30, to 30%
of dispersers in BCRs 13–23. The tendency for a
BCR region to act as a source of dispersers was not
significantly correlated to the relative abundance of
Cerulean Warblers in the region, as estimated from
BBS data (r = -0.46, P = 0.43).

DISCUSSION

Due to the inherent difficulties in following
migratory birds between seasons, most dispersal
studies have relied predominantly on mark-
recapture data (Drilling and Thompson 1988,
Lebreton et al. 1993, Powell et al. 2000, Cilimburg
et al. 2002). This approach cannot differentiate
mortality from dispersal, and may result in an
underestimation of survival rates, an important
component in monitoring demographic changes
(Cilimburg et al. 2002, Jones et al. 2004).
Additionally, the ability to detect long-distance
dispersal events is often limited by the size of study
area, particularly in mobile organisms such as birds
(Baker et al. 1995, Cilimburg et al. 2002). Our
isotope-based estimates suggest that as many as
28% of ASY males disperse between breeding
seasons. These results imply that relying on return
rates to estimate male Cerulean Warbler survival
(Jones et al. 2004) likely results in substantial
underestimates.

Previous studies have used stable isotopes to
estimate rates of dispersal (e.g., Hobson et al. 2001,
2004, Graves et al. 2002, Møller et al. 2006), but,
to our knowledge, our study is the first to use
isotopes to assign individuals to source regions
across their breeding range. We also incorporate a
prior probability of breeding origin into the
likelihood-based assignment tests to estimate
dispersal. Admittedly, our estimate of prior
probability is somewhat crude (i.e., it is based on a
single population’s return rate estimate and assumes
that half of non-returning birds have dispersed
elsewhere) but our results suggest that the
incorporation of a prior probability can have an
important effect on the posterior distribution.
Assignment tests based on likelihood alone
identified 51 (49%) potential long-distance
dispersal events (unpublished data), as opposed to
the 23 (22%) identified incorporating the prior
probability. From an analytical perspective, the
difference between the outcomes of these two
approaches is potentially due to the fact that δD
values between some regions were relatively
similar. Therefore, birds with δD values that fell
within the mean and SD of more than one region
could have been assigned to the wrong region. This
is the disadvantage of using an intrinsic marker that
does not have perfect resolution. The incorporation
of site fidelity as a prior probability essentially had
the effect of assigning birds that were on the isotopic
boundary between two regions to the region in
which it was originally sampled. Incorporation of a
prior probability, therefore, provides a more
conservative estimate of dispersal frequency when
used in conjunction with stable isotopes. Another
advantage of this approach is that probabilities can
be readily improved and updated as life-history data
are collected from other breeding populations. We
felt that this conservative approach to the
assignment tests was also appropriate given our
relatively low site-specific sample sizes.

Long-distance natal dispersal was less common than
breeding dispersal in male Cerulean Warblers; this
result needs to be viewed with some caution given
the relatively low numbers of SY individuals
captured. Low levels of natal dispersal imply that
several mechanisms may be at play, including post-
fledging prospecting, which may allow young birds
to assess habitat availability before southward
migration in the fall (Danchin et al. 2001), and
conspecific attraction following northward migration
in the spring (Stamps 1988, 2001). More research
is needed to differentiate between these two options;
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Fig. 2. Percentage of immigrants originating from outside a BCR region (white bars) and the percentage
of dispersers contributed by a BCR region (black bars) from BCRmax values (see Methods). The BCRs
are arranged in an approximately North–South direction from left to right.

however, for either to be responsible for the
observed low rates of long-distance natal dispersal,
Cerulean Warbler breeding habitat cannot be
limiting at a local scale. Additional evidence of natal
site philopatry is available from banding data from
an Ontario Cerulean Warbler population. Although
sample sizes are small, return rates suggest natal site
philopatry may be relatively high in this species; a
total of 20 Cerulean Warbler nestlings have been
banded on the Ontario study plot at the Queen’s
University Biological Station, of which three have
returned to the study site in subsequent years (Barg
et al., unpublished data). Data for other Dendroica 
warblers imply far lower rates of natal philopatry
(e.g., Black-throated Blue Warblers, Holmes
(1994)).

In general, mechanisms promoting long-distance
adult breeding dispersal are not well understood.
Variables thought to promote high rates of breeding
dispersal include poor reproductive success
(Doligez et al. 1999, Daniels and Walters 2000,
Sedgwick 2004), high predation risk (Weisser
2001), individual quality (Ims and Hjermann 2001),

and low territory quality (Montalvo and Potti 1992,
Stanback and Rockwell 2003). In many songbirds,
reproductive success increases with age, thus
Cerulean Warblers may show relatively high natal
site fidelity but, if unsuccessful in their first breeding
attempt, may disperse to other regions as ASY
adults. Our samples from Ontario came from a
population of Cerulean Warblers that have been
intensively studied for the last 12 years at the
Queen’s University Biological Station (QUBS) in
southeastern Ontario. Each season, researchers have
attempted to band all males holding territories on a
23-ha study plot and surrounding forest patches.
Despite these yearly intensive banding efforts,
between 40%–70% of ASY males found on the
study plot each spring were not banded (Jones et al.
2004). Results from this study suggest that most of
these unbanded birds may represent relatively local
recruitment at a spatial scale too narrow to be
detected from δD analysis, and that only a few (one
in this study) are long-distance immigrants. Given
the tendency of adult Cerulean Warblers to cluster
their breeding territories (Robbins et al. 1992, Roth
and Islam 2007), it is likely that conspecific
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attraction is also used by adults when selecting new
breeding habitats.

As predicted, populations on the periphery of the
breeding range, such as Ontario and Tennessee, are
acting as sources of dispersing individuals for
populations in the core of the range. This finding
has two main implications. First, it supports
observations that peripheral environmental conditions
are somewhat distinct from and may be more
variable than those in the core of the range (Jones
et al. 2001, 2005). Second, it counters earlier
findings suggesting that the Ontario population was
not reproducing at replacement levels and was likely
not a source population (Jones et al. 2004); the
results of our current study indicate that Jones et al.
(2004) significantly underestimated adult male
survival due to breeding dispersal. Taken in
combination, these observations underscore the
potential importance of conserving peripheral
populations (Hunter and Hutchison 1994, Lesica
and Allendorf 1995) and of adopting regional
population models for Cerulean Warblers (Rogers
2006).

Finally, the tendency of a population to act as a
source was not positively related to relative
abundance, contrary to our predictions. Even with
our limited sample of breeding populations, this
suggests that Cerulean Warbler population
abundance is not a good indicator of population
health or habitat quality, thereby limiting the utility
of population abundance as a metric of success for
management and conservation strategies. If
individuals are using the presence of conspecifics
as habitat-selection cues, a possibility raised by our
estimate of low natal dispersal, regions of high
population abundance have the potential to act as
ecological traps for dispersing Cerulean Warblers,
particularly in the core of the breeding range.

Responses to this article can be read online at:
http://www.ace-eco.org/vol2/iss2/art3/responses/
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