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Abstract. The post-fledging period represents a time of considerable energetic constraint and selection pres-
sure for juvenile songbirds. Despite its potential importance for survival, this period remains one of the least
studied stages of the annual cycle. Using radio telemetry and taking advantage of unique topographical character-
istics at three spatially separated study sites, we assessed four hypotheses regarding the function of broad-scale,
landscape-level movements for juveniles: (1) commencement of migration, (2) habitat optimization, (3) selection
of a breeding territory, and (4) formation of a homing target. For the Blackpoll Warbler (D. striata), we found that
movement was directed to the southeast at all three study sites but individuals were also associated with river val-
leys, providing support for the homing-target and habitat-optimization hypotheses. For the Yellow-rumped War-
bler (Dendroica coronata), we found that movement was directed toward and down river valleys, following the
unique orientation of the valleys at each study site, supporting the habitat-optimization hypothesis. Our results
provide important insights into the function of broad-scale landscape-level movements for juvenile songbirds prior
to migration, as well as their relative importance to individuals’ success, both immediate and future.
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Evaluando la Funcion de los Movimientos de Amplia Escala Previos a la Migracion
de Aves Canoras Juveniles

Resumen. El periodo posterior al emplumamiento representa un momento de restricciones energéticas consi-
derables y de presion de seleccion para las aves canoras juveniles. A pesar de su importancia potencial para la super-
vivencia, este periodo sigue siendo uno de los estadios menos estudiados del ciclo anual. Usando radio telemetria
y aprovechando las caracteristicas topograficas unicas de tres sitios de estudio separados espacialmente, evalu-
amos cuatro hipotesis sobre la funcion de los movimientos de amplia escala a nivel de paisaje para los juveniles:
(1) comienzo de la migracion, (2) optimizacion del habitat, (3) seleccion del territorio de cria, y (4) habilidad de re-
gresar al hogar luego de la migracion. Para Dendrocia striata, encontramos que el movimiento fue dirigido hacia el
sudeste en los tres sitios de estudio, pero los individuos también se asociaron con los valles de los rios, apoyando las
hipdtesis de regreso al hogar y de optimizacion de habitat. Para D. coronata, encontramos que el movimiento fue di-
rigido hacia y en direccion descendente de los valles de los rios, siguiendo la orientacion unica de los valles de cada
area de estudio, apoyando la hipotesis de optimizacion de habitat. Nuestros resultados dan una idea importante so-
bre la funcion de los movimientos de amplia escala previos a la migracion que ocurren a nivel de paisaje de las aves
canoras juveniles, y de su importancia relativa para el éxito de los individuos, tanto inmediato como futuro.

be used the following year, such as breeding territories (No-

INTRODUCTION cera et al. 2006, Betts et al. 2008). Thus the post-fledging pe-

For juvenile migratory songbirds, the post-fledging period is
a time of intense selective pressure (Morton 1992). Upon be-
coming independent from adults, but prior to commencing
migration, individuals must locate and access resources to
support metabolic maintenance, thermal regulation, pre-basic
molt, and migratory fattening (Sullivan 1988, Weathers and
Sullivan 1989, Morton 1991) while simultaneously avoiding
predation (Sullivan 1989, Anders et al. 1997, Kershner et al.
2004). Individuals may also begin to prospect for resources to
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riod may have important implications for individuals’ success
and survival in both the short and long term (Anders et al.
1997, Robinson et al. 2004).

Despite the potential importance of the post-fledging pe-
riod to individual success, it is one of the least studied stages
of the annual cycle (Baker 1993, Kershner et al. 2004, Vitz
and Rodewald 2006). Because information regarding the be-
havior and ecology of juveniles is limited, few attempts have
been made to test relevant hypotheses concerning the distinct
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patterns of movement songbirds undertake at this time. For
instance, several studies have documented broad-scale, land-
scape-level movements after fledging (hereafter meso move-
ments, at the scale of kilometers) prior to migration (Morton
1991, Morton et al. 1991, Anders et al. 1998), yet their function
remains poorly understood (Vega Rivera et al. 1998, Kershner et
al. 2004). These movements may enable individuals to find hab-
itat associated with resources needed immediately (e.g., food,
shelter, predator relief); however, they could also function to
determine the location of resources to be used the following year
for breeding. Thus a more direct assessment of post-fledging
meso movements is needed to determine their relative impor-
tance to individuals’ success, both current and future.

In the literature, four hypotheses regarding the function
of such meso movements have been commonly suggested;
(1) migration commencement, (2) habitat optimization, (3)
breeding-territory selection, and (4) homing-target formation.
The migration-commencement hypothesis posits that meso
movements represent initial migratory displacements (Rap-
pole and Ballard 1987). The habitat-optimization hypothesis
suggests meso movements enable individuals to discover and
access productive foraging sites (Rappole and Ballard 1987,
Morton et al. 1991) or habitat that provides an optimal ther-
mal environment or shelter from predators (e.g., Walsberg
1986, Rodriguez et al. 2001). The territory-selection hypoth-
esis, applied by Brewer and Harrison (1975) to males only,
suggests meso movements are involved in locating sites for fu-
ture breeding. Last, the homing-target hypothesis posits that
the function of meso movements is to enable the bird to locate
landmarks that it can use to return to the vicinity of the natal
territory the following spring (Wiltschko and Wiltschko 1978,
Baker 1993).

Using radio-telemetry in combination with unique topo-
graphical characteristics at three spatially separated study
sites, we assessed the function of meso movements for juvenile
Blackpoll (Dendroica striata) and Yellow-rumped (D. coro-
nata) Warblers in the boreal forests of insular Newfoundland,
Canada. We predicted that if meso movements represent ini-
tial migratory displacements, these moves should be oriented
to the southwest at each study site, parallel to the known axis
of migration (Richardson 1972). Alternatively, if meso move-
ments serve in locating and accessing optimal habitat, we pre-
dicted movements should be oriented toward and along the
first- and second-order rivers at each study site (i.e., down the
elevational gradient); southeast at the northern site, northeast
and southeast at the middle site, and northeast at the south-
ern site (Fig. 1). We expected this pattern because river val-
leys and low elevations represent the most productive habitat
in terms of insect availability—the Blackpoll Warbler is pre-
dominantly insectivorous during the fall (Hunt and Eliason
1999, Latta and Brown 1999), and the Yellow-rumped prefers
insects to fruit when insects are abundant (Afik and Karasov
1995). They are also likely the most thermally favorable habitats
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FIGURE 1. Digital elevation model and locations (circles) of study
sites in northwestern Newfoundland. Black represents higher eleva-
tions; lighter gray represents lower elevations. White areas represent
lakes and first- or second-order rivers. The black arrow depicts geo-
graphic north.

(lowest winds, warmest temperatures) in the broader land-
scape (Hodkinson 2005, Seagle and Sturtevant 2005, Hogberg
et al. 2006). If meso movements represent males prospecting
for future breeding territories, we expected movement to be
oriented nearly randomly at each site (i.e., to be dispersed
in direction) because potential breeding sites are available
throughout our study area (Taylor and Krawchuk 2006). If
meso movements function to establish a homing target, we
predicted that individuals should move at angles perpendicu-
lar to the known axis of migration. Such an orientation would
increase an individual’s probability of encountering recogniz-
able landmarks during the following spring migration over the
probability of its encountering a parallel target that could be
missed altogether (Baker 1993). Through assessing these hy-
potheses, we provide new insights into the function of meso
movements and their relative importance to both the immedi-
ate and future individual success of juvenile songbirds.

METHODS

STUDY SPECIES

The Blackpoll and Yellow-rumped Warblers are small (13 g)
insectivorous songbirds with similar phenologies. The sub-
species of the Yellow-rumped we studied (D. c. coronata)
breeds from north-central Alberta through to Newfound-
land and south to West Virginia; it winters in the eastern U.S.,
Mexico, and Central America (Hunt and Flashpohler 1998).
The Blackpoll breeds throughout the boreal forest of north-
ern North America and winters in Bolivia, Peru, Colombia,
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TABLE 1. Sample sizes for movement-
orientation analysis (by study site and year)
of juvenile Blackpoll and Yellow-rumped
Warblers during the post-fledging period in
northwestern Newfoundland, 2005-2006.

2005 2006

Blackpoll Warbler

Northern site 6 5

Middle site 8 4

Southern site 1 6
Yellow-rumped Warbler

Northern site 6 5

Middle site 12 6

Southern site 4 6

Venezuela, Guyana, Suriname, and northwestern Brazil (Hunt
and Eliason 1999). During the breeding season both species
commonly forage in the canopies of mature conifers in the
forest interior, riparian edge, forest edge, and, to lesser extent,
open habitats (Hunt and Flashpohler 1998, Hunt and Eliason
1999, Whitaker and Montevecchi 1999). After fledging, juve-
niles of both species are commonly associated with dense un-
derstory and overstory vegetation (Mitchell et al. 2010), and
like adults, commonly forage in the canopies of mature coni-
fers (Mitchell, unpubl. data). Recent evidence suggests that
clearcut forest may represent low-quality habitat for juveniles
of both species (Mitchell et al. 2009).

STUDY AREA

Our research took place in the northwest of the island of New-
foundland, Canada. This area is vegetated with old-growth
forest interspersed with water courses, ponds, lakes, rocky
outcrops, peatlands, patches of coniferous scrub, and patches

of regenerating clearcuts (logged in 1999 and 2000). Forests
are dominated by balsam fir (4bies balsamea) with lesser
amounts of black spruce (Picea mariana), white spruce (P.
glauca), and white birch (Betula payrifera; Damman 1983,
Thompson et al. 2003). At the time of study, clearcuts covered
6% of the landscape, were irregular in size and shape (20—
100 ha), and were characterized by abundant coarse woody
debris and low densities of both mature white birch and re-
generating balsam fir. Clearcuts were not homogeneously dis-
tributed throughout the landscape; they extended 5 km west
of the northernmost study site (see baseline sampling below),
1.5 km west of the middle study site, and 1.5 km west, 3 km
east, and 3 km south of the southernmost study site. The Hum-
ber River watershed directly south of our study area was also
heavily harvested.

BASELINE SAMPLING

In 2005, we captured 25 Blackpoll and 26 Yellow-rumped
Warblers between 20 July and 5 August. In 2006, we cap-
tured 23 Blackpoll and 22 Yellow-rumped between 26 July
and 7 August (Table 1). All captures were part of a concur-
rent passive mist-netting study examining the movement and
demography of boreal songbirds (Whitaker et al. 2008). Cap-
tures took place at three study sites (northern, middle and
southern; Fig. 1) located approximately 5 km apart along a
north—south axis. Each site had distinctive topography attrib-
utable to river valleys with different orientations (Fig. 1) that
enabled us to compare observed movement orientations and
habitat associations with those we expected under the four
hypotheses regarding the function of post-fledging meso
movements (Table 2).

Upon capture, the birds were aged on the basis of plum-
age criteria (Pyle 1997) and fitted with a unique combina-
tion of three color bands, a numbered U.S. Fish and Wildlife

TABLE2. Hypotheses and predictions used to assess the function of meso movements by juvenile Blackpoll and Yellow-rumped Warblers

during the post-fledging period in northwestern Newfoundland.

Predictions

Hypotheses Orientation®

Distance to river Change in elevation

Migration commencement
the known axis of migration)

Habitat optimization

Breeding-territory selection
(males only)

Homing-target formation

random at each study site

the known axis of migration)

SW at each study site (i.e., parallel to

northern study site, SE middle study site,
SE and NE southern study site, NE (i.e.,
parallel to the orientation of the first-
and second-order rivers at each site)

SE at each study site (i.e., perpendicular to

NAP NA

from actual locations decrease from actual

should be less locations should be
than from random greater than from random
locations locations

NA NA

NA NA

a*With respect to displacement from initial point of capture.
"NA, not applicable.
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Service aluminum band, and a 0.53-g transmitter (Holohil
Systems Ltd., Carp, Ontario; model BD-2N, median battery
life 17 days). Transmitters were affixed to birds with a figure-
eight leg-loop harness (Rappole and Tipton 1991). The total
weight of the harness and radio equaled 0.66 g, 5% of a war-
bler’s body mass. Radio tagging was initiated when family
groups began to break apart and juveniles began to disperse,
as indicated by increased rates of capture of juveniles in the
concurrent netting study; the birds’ exact natal origin was
unknown. All procedures were approved by the Animal Care
Committee of Acadia University in accordance with Cana-
dian Council on Animal Care guidelines and adhered to the
legal requirements of Environment Canada.

RADIO TRACKING

Tracking began 24 hr after the transmitter was attached.
We located the birds via homing (following a signal up to
and observing an individual) as well as through four aerial
telemetry flights. For all tracking, we used TR-4 receivers
(Telonics, Inc., Mesa, AZ) and two- (Telonics) or three-element
(Advanced Telemetry Systems, Isanti, MN) hand-held an-
tennae. Locations were obtained opportunistically between
06:00 and 20:00. We attempted to locate tagged birds every
1 to 3 days, but because of the spatial extent of movement,
there were gaps of more than 3 days between successive lo-
cations for 10% of all observations (median number of days
between locations 1.26, range 0.60—12.91). We recorded lo-
cations with Garmin €Trex Venture Global Positioning Sys-
tem units (Olathe, KS) set to record UTM coordinates (WGS
84, zone 21N). When an individual’s signal was lost (because
of predation, migration, or radio failure), we surveyed the
study area via triangulation from hilltops every 2 to 3 days
for the remainder of the study. A 660-km? area encompassing
our study site was also searched during each aerial telemetry
flight. Tracking took place from initial captures until 25 Au-
gust in 2005 and 27 August in 2006. Birds were tracked until
their radio signal was lost or the individual was found dead
(from exposure or predation; n = 17). In 2006, we stopped fol-
lowing one individual for logistical reasons.

Although we did not evaluate the effects of radio trans-
mitters directly, we have no evidence they had an adverse ef-
fect on the birds” movement or survival. The distances tagged
birds moved were comparable to those reported for other spe-
cies that were not fitted with radio transmitters (e.g., Morton
1991, Morton et al. 1991). Also, Leonard et al. (2008) used the
same attachment method and found no effect of radio trans-
mitters on movement rate or annual survival of adult Black-
polls or Northern Waterthrushes (Parkesia noveboracensis).

DEFINING MESO MOVEMENTS

We defined meso movements of the Blackpoll and Yellow-
rumped Warblers as rates of >898 and >643 m day !, respec-
tively; we termed rates less than these values “residency”
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movements and did not use them in the final analyses. To de-
rive these cut-off values, we used two quantitative and em-
pirical lines of evidence (see Mitchell et al. 2010). First, we
identified “natural breaks” in the distributions of observed
movement rates in plots of the density of these rates. These
breaks are represented by troughs separating adjacent humps
in each density curve (i.e., the second hump represents the
distribution of meso-movement rates), as well as by gaps
in the rug plots beneath each density curve (Fig. 2A, 3A).
These humps appear to be small, but their size is relative to
the number of residency movements, i.e., if fewer residency
movements had been measured, the difference in the humps
would be more apparent. To derive exact cut-off values, we
then examined the differences in the 1% quantile values of
the movement-rate distributions; cut-off values were de-
fined by the 1% quantile value where a large difference in
successive quantiles was followed by a series of small dif-
ferences (Fig. 2B, 3B). Using these criteria, we classified 30
of 48 Blackpolls and 39 of 48 Yellow-rumps as making meso
movements. Of the Blackpolls that made meso movements,
15 individuals made one meso movement and 15 made two or
more. Of the Yellow-rumps that made meso movements, 14
made one meso movement, and 25 made two or more. Only
those individuals that made meso movements were included
in our analyses (Table 1).

STATISTICAL ANALYSIS

All statistical analyses were completed in R 2.8.0 (R Core De-
velopment Team 2006). To assess the function of meso move-
ments, we modeled ORIENTATION (model terms in capital
letters) with spherically projected multivariate linear models
(SPML; Presnell et al. 1998 Scapini et al. 2002). Code for the
SPML models was provided by Scapini et al. (2002). ORIEN-
TATION was based on the trajectory from the point of ini-
tial capture to final location (zero degrees equals north). We
used only these specific points to derive orientation because,
currently, SPML models are not parameterized to account for
random effects (i.e., repeated measures of orientation of indi-
viduals) and because the majority of displacement and thus
displacement orientation can be accounted for by meso move-
ments but not by finer-scale residency movements, which did
not deviate from a uniform circular distribution (Rayleigh
test: residency: P = 0.73; meso: P = 0.02). STUDY_SITE,
YEAR, and the number of observations (NUM_OBS) were
included as predictors. YEAR was included to control for pos-
sible annual differences in movement related to annual vari-
ation in resource distribution (e.g., invertebrate abundance;
Keane and Morrison 1999). NUM_OBS was included to ac-
count for potential differences in orientation between individ-
uals for which we had few observations and those for which
we had many. Sample sizes were too low for interactions be-
tween main effects to be assessed (Table 2). We fitted models
for each species separately.
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FIGURE 2. (A) Density and rug plots illustrating the bimodal dis-

tribution of rates of movement of juvenile Blackpoll Warblers during
the post-fledging period in northwestern Newfoundland, 2005-2006.
Arrow indicates location of the natural break in the distribution dis-
tinguishing residency and meso movements. (B) Difference in 1%
quantile values of rates of movement of juvenile Blackpoll Warblers
for the same values as in (A). Arrow indicates location of the natural
break (large difference followed by series of small differences) in
the distribution distinguishing residency and meso movements.

Prior to fitting models, we assessed the circular normal-
ity of observed orientations for each study site and year (o0 =
0.10) with Watson’s test for the von Mises (circular normal)
distribution by using the CircStats package (Lund and Agosti-
nelli 2009). This same package was used for the Rayleigh test
described above. Where models contained two factors (e.g.,
STUDY_SITE and YEAR), we assessed additivity (parallel-
ogram rule; Scapini et al. 2002) visually prior to fitting the
model by plotting the parameter estimates (x, y coordinates)
of each factor-level mean simultaneously. Model selection was
based on an information-theoretic approach (Akaike informa-
tion criterion, AIC), where models were retained in the final
set if the difference between AIC values for the best-fit model
(i.e., the model with the lowest AIC value) and the model in
question was <2 (Burnham and Anderson 2002). We considered
all subsets of the models (range of predictors 1-3) in the selec-
tion procedure because of their biological feasibility. To assess
the possibility that the largest models in the final sets for each
species were over-fit (see Guthery et al. 2005), we also used
likelihood-ratio tests (LRTs) to assess the contribution of each
term to the reduction in the model’s overall deviance. Like
the AIC approach, LRTs balance the reduction in the model’s
deviance with the number of parameters fit in the model by
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FIGURE 3. (A) Density and rug plots illustrating the bimodal

distribution of rates of movement of juvenile Yellow-rumped War-
blers during the post-fledging period in northwestern Newfound-
land, 2005-2006. Arrow indicates location of the natural break in
the distribution distinguishing residency and meso movements. (B)
Difference in 1% quantile values of rates of movement of juvenile
Yellow-rumped Warblers for the same values as in (A). Arrow indi-
cates location of the natural break (large difference followed by se-
ries of small differences) in the distribution distinguishing residency
and meso movements.

applying a penalty for each additional parameter estimated
(Murtaugh 2009). Terms were deleted in order of significance
of parameter estimates, the least significant terms being de-
leted first. When terms were deleted, we examined the sign,
magnitude, and significance of the model’s other terms to en-
sure they did not change.

To assess the foraging-optimization hypothesis further,
we used randomization tests to compare the median distance
from the closest river-valley bottom and the mean absolute
change in elevation between locations bounding meso move-
ments for both actual and randomly generated locations. This
procedure enabled us to assess the extent to which the ob-
served metric (distance and change in elevation) was a product
of chance. We used median distance when assessing distance
to the closest river-valley bottom because the distribution of
distances was skewed toward lower values and means were
not accurate measures of central tendency. We derived both
distance to the closest river-valley bottom as well as change in
elevation in R 2.8.0 (R Core Development Team 2008) with a
digital elevation model based on 1:15 840 aerial photographs
produced by the Newfoundland and Labrador Department of
Natural Resources (last updated in 2000).
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We selected random locations by using actual displace-
ment distances for movements from the location of each
bird’s initial capture but in directions randomly chosen (from
a uniform distribution) relative to the capture location. This
procedure allowed us to bound the distribution of random dis-
placement distances and the ultimate location of random points
realistically. Each random placement of locations (Yellow-
rumped: n =39, Blackpoll: n =30) was repeated 10 000 times.
Values for these randomization tests are reported as P-values
in the results.

RESULTS

For 2005 and 2006 pooled, we recorded 301 and 330 locations
for the Blackpoll and Yellow-rumped Warblers, respectively.
In neither the number of observations per individual nor dis-
placement distance did the species differ (Blackpoll, me-
dian number of observations 6, range 2-20; Yellow-rumped,
median number of observations 8, range 2—-18; Wilcoxon

Blackpoll
mean = 122
rho = 0.64 0
n=11
c
—
2
= 270 90
]
Z
180
mean = 155
rho = 0.60 0
n=12
Q
3 270 90
=
180
mean = 131
rho =0.43 0
n=7
c
—_
2
5 270 90
@]
w
180
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rank-sum test; W = 698.50, P = 0.17; Blackpoll, displace-
ment distance 3076 m, range 131-16 082 m; Yellow-rumped,
displacement distance 4071 m, range 377-9468 m; Welch
two-sample 7-test log of displacement distance: r=0.73, df =
65.48, P = 0.47). For five individuals overall displacement
distances were <1000 m, and for three of these (1 Blackpoll
and 2 Yellow-rumped) they were <800 m. Of this subset, one
individual of each species made a meso movement west of
its capture location and subsequently moved back toward
its capture location before contact was lost (GWM, unpubl.
data). The other Yellow-rumped Warbler drifted east and
made two meso movements to the west but was still located
east of its initial capture location (GWM, unpubl. data).
Nine other Yellow-rumps and 10 Blackpolls also made meso
movements west of their capture location, but six and four of
these, respectively, made subsequent meso movements back
east of their initial capture location. Seventy two percent of
the remaining meso movements (n = 138) were directed to
the east (Fig. 4).

Yellow-rumped

mean = 131
rho = 0.58 0
n=12
270 90
180
mean = 95
rho = 0.58 0
n=17
270 90
180
mean = 40
rho =0.48 0
n=10
270 90
180

FIGURE 4. Circular histograms illustrating orientation of final locations by species and study site for juvenile Yellow-rumped and Blackpoll
Warblers during the post-fledging period in northwestern Newfoundland, 2005-2006. Mean direction is in degrees relative to north (0°),
p represents relative strength of orientation or an assessment of circular dispersion (i.e., 0 =random orientations, 1 = all observations in same

direction), and n represents sample size.
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TABLE 3.

Top movement-orientation models from AIC model-selection procedure and results of likelihood-ratio test

(LRT) for the largest model within this set for juvenile Blackpoll and Yellow-rumped Warblers during the post-fledging
period in northwestern Newfoundland, 2005-2006. Models are presented in order of increasing AIC value. Order of pre-
dictors for LRT represents the order in which terms were considered on the basis of the significance of parameter esti-
mates. Parameter estimates are not provided because they lack biological meaning, given the bivariate nature of spherical
distribution, i.e., two parameters representing coordinates on the distribution are estimated for every predictor or factor

level considered.

Rank Model AIC n(B) df
Blackpoll Warbler

1 NUM_OBS 87.44 4 26

2 STUDY_SITE + YEAR + NUM_OBS 89.03 10 20

3 YEAR +NUM_OBS 89.37 6 24
Yellow-rumped Warbler

1 STUDY_SITE 128.31 6 33

2 STUDY_SITE + YEAR 129.87 8 31
Predictor Difference of likelihood Difference of df P(LRT)
Blackpoll Warbler

YEAR 476 2 0.09

STUDY_SITE 5.65 4 0.22

NUM_OBS 10.54 2 <0.01
Yellow-rumped Warbler

YEAR 2.44 2 0.30

STUDY_SITE 10.11 4 0.04

For the Blackpoll, all three final models indicated that
movement orientation varied significantly with number of ob-
servations: individuals with fewer observations had a more
north-easterly orientation than did individuals with a larger
number of observations (Table 3, 4). Furthermore, the number
of observations was the only term common to all three final
models and was the only predictor that resulted in a significant
increase in the models’ deviance when removed (3, =9.1, P<
0.01; X24 LRT =10.54, P < 0.01; Table 3). Thus both AIC and
the LRTs most strongly supported the model containing num-
ber of observations as the only predictor. Conversely, for the
Yellow-rumped, both final models indicated that orientation
of movement from the middle and southern sites differed (Fig. 4;
Table 3); orientation of movement mirrored the orientation
of river-valley bottoms at each site: southeast at the northern
site, southeast to east-northeast at the middle site, and north-
east at the southern site (Fig. 1, 4). Furthermore, study site was
the only term common to both final models and was the only
predictor that resulted in a significant increase in the models’
deviance when removed (3= 2.9, P = 0.09; %, LRT = 11.9,
P =0.04; Table 3). Thus both AIC and the LRTs most strongly
supported a final model containing only the term study site.
A backward step-wise approach yielded the same results for
both species. For the Blackpoll, the results of these analy-
ses were unchanged when the individual with a displace-
ment distance <800 m was removed from the dataset. For the
Yellow-rumped, when the two individuals with displacement

distances <800 m were removed from the analyzed dataset,
AIC specified the model containing only study site as the
best, and the sign and magnitude of the parameter estimates
remained unchanged. But the LRTs suggested that deleting
study site resulted in a marginally insignificant increase in
model deviance (y%, likelihood-ratio test = 7.9, P = 0.10).

For both species, median distance to the closest river-
valley bottom was closer for observed than for random loca-
tions (probability of median value being less than or equal
to the median distance for actual locations: Yellow-rumped,
P < 0.01; Blackpoll, P = 0.03). Median distances of observed
locations from river-valley bottoms were 981 and 1015 m for

TABLE 4. Summary statistics describing how
orientation varied with the number of observa-
tions of juvenile Blackpoll Warblers during the
post-fledging period in northwestern Newfound-
land, 2005-2006. Mean direction is in degrees rel-
ative to north (0°), p represents relative strength
of orientation (i.e., 0 = random orientations, 1 =all
observations in same direction), and » represents
sample size.

Number of

observations Mean direction P n
2-4 106.04° 0.42 10
4-8 147.42° 0.53 11
8-20 147.20° 0.82 9
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FIGURE 5. Change in elevation between locations bounding meso

movements of juvenile (A) Blackpoll Warblers and (B) Yellow-
rumped Warblers during the post-fledging period in northwestern
Newfoundland, 2005-2006. Circles represent observed differences in
elevation. Trends illustrated with locally weighted regression lines.

the Yellow-rumped and Blackpoll, respectively. For random
locations, the median distances from river-valley bottoms
were 1104 and 1096 m for the Yellow-rumped and Blackpoll,
respectively. Furthermore, changes in elevation during meso
movements resulted in greater decreases in elevation rela-
tive to randomizations for the Yellow-rumped (P < 0.01; Fig.
5b) but not the Blackpoll (P = 0.28; Fig. 5a). Mean change in
elevation for observed locations was —24 m for the Yellow-
rumped and —9 m for the Blackpoll, while the mean change
in elevation for random locations was —7 m for the Yellow-
rumped and —4 m for the Blackpoll.

DISCUSSION

Our results demonstrate that post-fledging movements of the
Blackpoll and Yellow-rumped Warbers are similar in their as-
sociation with river valleys, but we found species-specific dif-
ferences as well. At all three study sites Blackpoll Warblers
maintained a southeasterly orientation as they traversed the
landscape and were closely associated with river-valley habitat,
although the birds did not follow the exact trajectory of the river
valleys they encountered. In contrast, at each study site Yellow-
rumped Warblers moved both toward and along river valleys,
moving down the elevational gradient of the rivers. The clear
orientation of both species toward the east fails to support our
predictions for either the migratory-commencement hypoth-
esis (southwest) or the breeding-territory-selection hypothesis
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(random). However, the association of the Blackpoll with river
valleys as well as its population-level movement at an angle
perpendicular to the axis of migration is consistent with our
predictions for both the habitat-optimization and homing-
target-formation hypotheses, respectively, while the close as-
sociation of the Yellow-rumped with river valleys and continued
movement down an elevational gradient is consistent with our
predictions for the habitat-optimization hypothesis.

The post-fledging period is a time of considerable ener-
getic constraint and predation risk (Sullivan 1988, Weathers
and Sullivan 1989, Anders et al. 1997). Although we did not
evaluate the hypothesis directly, we posit that river-valley
habitat in the boreal forest, particularly at low elevations,
might mitigate these stresses. For example, lower elevations
can be correlated with significantly higher productivity and
in turn prey availability (Bormann et al. 1970, Seagle and
Sturtevant 2005, Hogberg et al. 2006). During fall migra-
tion, the Blackpoll forages primarily on insects (Parish 1997,
Latta and Brown 1999). Similarly, although the Yellow-
rumped feeds on fruit during the fall, insects are thought to
be its preferred prey (Malmborg and Willson 1988, Afik and
Karasov 1995). As both species appear to forage preferen-
tially on insects, river valleys may represent optimal forag-
ing habitat. Alternatively or additionally, low-elevation sites
may offer an optimal thermal environment in terms of tem-
perature and shelter from wind, helping the birds maintain a
positive energy balance (Walsberg 1986, Hodkinson 2005).
Unfortunately, we were unable to quantify habitat-specific
predation risk or broad-scale patterns of predator distribu-
tions, as both variables may have also influenced the pat-
terns we observed. For example, in a previous analysis, we
found that at the stand level the Yellow-rumped (but not the
Blackpoll) is associated with dense overstory cover (Mitch-
ell et al. 2010). If a denser overstory in river valleys or at
low-elevation sites provides more cover from predators, this
might also explain the Yellow-rumped Warbler’s close as-
sociation with low elevations. Future research should assess
which of these habitat characteristics are most important for
survival.

The Yellow-rumped appeared to respond to river-valley
habitat more strongly than did the Blackpoll. Although Black-
polls were located in the vicinity of river valleys, they did
not move downslope continuously, as we found in alternative
analyses of habitat use (Mitchell et al. 2010). Such behavior
may reflect an ability of the Blackpoll to increase its fat load
more efficiently than can the Yellow-rumped (Holberton and
Dufty 2005), resulting in less dependence upon the most pro-
ductive habitat available and with the consequent freedom to
explore habitat away from river valleys for other purposes. Al-
ternatively, as discussed above, lower elevations may be as-
sociated with some other habitat feature (e.g., temperature/
shelter; see above) that is important to the Yellow-rumped but
less so to the Blackpoll. Again, further research is needed to
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determine how the availability of river-valley habitat influ-
ences these species.

At northern latitudes breeding is more synchronous than
at lower latitudes, limiting birds’ opportunities to prospect
for future breeding habitat at currently active nests (Nocera
et al. 2006). By developing a homing target in the fall, birds
may be able to return promptly the following spring to an area
for which they have a measure of breeding success, albeit that
of their natal territory and territories immediately adjacent,
(Baker 1993, Dale et al. 20006), facilitating rapid territory es-
tablishment and commencement of breeding. For example,
Dale et al. (2006) observed second-year male Ortolan Bun-
tings (Emberiza hortulana) attempting to establish breeding
territories at or around their natal territories in early spring. If
these males were unsuccessful, it was only then that they be-
gan dispersing more broadly throughout the landscape. Also,
Whitaker et al. (2008) found that in our study area between-
year apparent survival of the Yellow-rumped Warbler was
lower than that of the Blackpoll, suggesting that either disper-
sal distances were greater or that survival was lower for the
Yellow-rumped. This is the result expected if Blackpolls are
better able to home to a specific area in the landscape the fol-
lowing spring via formation of a homing target, provided that
both adults and juveniles follow similar behavioral processes
during the post-fledging period.

The pre-formative molt of the Blackpoll Warbler does
not differ by sex (Pyle 1997). Therefore, we were unable to
reliably sex the individuals we studied, although presumably
females constituted about 50% of our sample. In migratory
species, natal dispersal of females is generally greater than
that of males (Clark et al. 1997, Winkler et al. 2005), so is it
reasonable to infer that female Blackpolls are also forming a
homing target? We present two reasons why we believe this
to be a reasonable inference. First, although distances of fe-
males’ natal dispersal may be larger, the extent of these dif-
ferences is usually only several kilometers (e.g., Winkler et
al. 2005), meaning that individuals are returning to the gen-
eral area of their natal territories. If females inherit local and
regional adaptations (e.g., timing of breeding) to a particular
area, forming a homing target to return to that area to breed
the following year could maximize fitness (Caro et al. 2009).
Second, there may be no cost associated with returning to the
same area, if, for example, first-year birds are able to recog-
nize relatives (e.g., Wheelwright and Mauck 1998).

We assessed four hypotheses regarding the function of
post-fledging meso movements. As evidenced by our results,
our predictions for the habitat-optimization and homing-
target-formation hypotheses were not mutually exclusive, nor
were they necessarily mutually exclusive of the migration-
commencement hypothesis. However, aside from these non-
independent hypotheses, our predictions, based on a specific
set of assumptions about our study system, were independent.
If this basic set of assumptions is changed, however, some of

our predictions become confounded. For example, instead of
prospecting for future breeding territories in habitat across
the broader landscape, juveniles may prospect for territories
only in the most productive habitat available (i.e., river valleys
at low elevations). Under this scenario, our predictions for the
habitat-optimization and breeding-territory-selection hypoth-
eses would be similar. This scenario further assumes, how-
ever, that first-year males are not usurped by older dominant
conspecifics the following year, eliminating any benefit asso-
ciated with prospecting in these areas (e.g., Hill 1988, Holmes
et al. 1996). Further research on the pre-breeding movements
of first-year males is ultimately needed for this possibility to
be assessed definitively.

Another assumption of our study was that homing tar-
gets are oriented perpendicular to the axis of migration (Baker
1993). Again, if this assumption is incorrect, some of our pre-
dictions become confounded. For example, birds might use
river valleys as a target for homing, as rivers constitute a large
landscape feature that presumably could be recognized easily
(Bingman et al. 1992), confounding the habitat-optimization
and homing-target-formation hypotheses. Alternatively, if birds
can detect latitude (e.g., by using the earth’s magnetic field
Fransson et al. 2001), a north—south-oriented homing target to
which a bird could turn once it reaches an appropriate latitude
may make sense (Baker 1993), confounding the migration-
commencement and homing-target-formation hypotheses.
Although the latter possibility may be moot, as we did not find
support for the migration-commencement hypothesis, the for-
mer might have important implications for the interpretation
of our results. For example, during the spring, Yellow-rumped
Warblers migrating from the south will likely encounter at
least one river associated with the watershed in which they
hatched, which could facilitate homing to the natal area. If
this were the sole function of association with river valleys,
however, we should expect meso movements to be directed
both up and down the elevational gradient, yet we observed
downslope movement only, suggesting that regardless of our
assumptions in this particular case, our results still support
the habitat-optimization hypothesis.

In conclusion, our assessment of meso movements dur-
ing the post-fledging period provides important insights into
their function and relative importance for both immediate
and future success of juveniles. In our study region, both spe-
cies were associated with river valleys, suggesting the impor-
tance of this habitat for meeting immediate resource needs.
The Blackpoll, however, also appeared to form a homing tar-
get, suggesting the importance of resources (e.g., local land-
marks) that are not necessarily linked to immediate metabolic
demands. Further research is needed to determine the mecha-
nisms behind the close association of these warblers with river
valleys and low-elevation habitat and whether or not this be-
havior influences an individual’s current survival or its future
success.
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