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Abstract With expansion of urban areas world-

wide, migrating songbirds increasingly encounter

fragmented landscapes where habitat patches are

embedded in an urban matrix, yet how migrating

birds respond to urbanization is poorly understood.

Our research evaluated the relative importance of

patch-level effects and body condition to movement

behaviour of songbirds during migratory stopover

within an urban landscape. We experimentally relo-

cated 91 migrant Swainson’s thrushes (Catharus

ustulatus) fitted with 0.66 g radio-transmitters to

seven forest patches that differed in area (0.7–

38.4 ha) and degree of urbanization within central

Ohio, USA, May 2004–2007. Fine-scale movement

rate of thrushes (n = 55) did not differ among urban

forest sites, but birds in low energetic condition

moved at higher rates, indicating an energetically

mediated influence on movement behaviour. In larger

sites, Swainson’s thrushes (n = 59) had greater

coarse-level movement during the first 3 days and

utilized areas farther from forest edge, indicating

stronger influence by patch-level factors. Thrushes

exhibited strong site tenacity, with only five

individuals (7%) leaving release patches prior to

migratory departure. Movement outside the release

patch only occurred at the smallest forest patches (0.7

and 4.5 ha), suggesting that these sites were too small

to meet needs of some individuals. Swainson’s

thrushes exhibited edge avoidance and apparent area

sensitivity within urban forest patches during stop-

over, implying that conservation of larger patches

within urban and other fragmented landscapes may

benefit this species and other migrant forest birds.

Keywords Columbus, Ohio, USA �
Urban forests � Avian migration � Stopover

behaviour � Radio-telemetry � Swainson’s thrush

Introduction

Migration has been identified as a critical period in

the annual cycle of migratory birds in which up to

85% of annual adult mortality may occur (Sillett and

Holmes 2002). Within migration landbirds spend up

to 90% of their time resting and regaining energy at

stopover sites (Hedenström and Alerstam 1997;

Wikelski et al. 2003), making habitat a key compo-

nent of the migratory process (Chernetsov 2006).

However, within highly fragmented regions, a bird’s

ability to select quality stopover habitat appears to be

limited by the surrounding landscape (Simons et al.
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2000). With the expansion of urbanization world-

wide, migrating songbirds increasingly encounter

landscapes where fragmentation has resulted in small

habitat patches embedded in an urban matrix. How

migrating birds respond to urbanization is poorly

understood, but this information is necessary to

evaluate the conservation importance of urban hab-

itats for stopover migrants.

To understand how migrant songbirds use and are

affected by urban stopover locations, it is important

to consider both patch-level (extrinsic) and individ-

ually-based (intrinsic) components that influence

migrant behaviour. Energy acquisition and migration

timing are important intrinsic tradeoffs that birds

must balance during migration (Hedenström 2008),

and can influence behaviour of individuals within

stopover areas (Jenni and Schaub 2003). Birds with

lower energy reserves typically have high movement

rates and forage more intensively to replenish energy

stores and minimize stopover duration (Moore and

Aborn 2000); such individuals primarily use stopover

areas as foraging and resting habitat. In contrast, birds

that arrive at stopover sites still carrying energy

reserves have less need to refuel before continuing

migration, and may primarily use stopover sites for

resting (Aborn and Moore 1997).

Studies demonstrating the importance of extrinsic

factors in habitat selection indicate that individual

landbird migrants select among available habitats

during an initial period of settlement within a

stopover area (Moore et al. 1990; Chernetsov

2006). A frequently cited extrinsic factor is habitat

structure, and forest birds are known to occur more

frequently in structurally diverse habitats such as

forest edges during migration (Petit 2000; Rodewald

and Brittingham 2004, 2007). Structurally diverse

habitats provide increased cover for birds, and tend to

have higher food availability, which also is positively

associated with migrant abundance (Moore et al.

1995). However, the ability of a migrant to optimize

its energy gain can also be influenced by changes in

behaviour during stopover. For example, birds that

increase their movement rate can have higher prey

encounter rate and energy gain (Hutto 1985), but may

experience an increased risk of predation (Ydenberg

et al. 2004).

The relative influences of extrinsic and intrinsic

factors on movement behaviour of stopover migrants

may differ within urbanized areas. Unlike forest-

dominated landscapes, urban landscapes are more

fragmented, and forests are smaller in area and have

higher abundance of non-native invasive plants,

lower diversity and abundance of arthropods

(McKinney 2002; Chace and Walsh 2006), and shifts

in predator communities (Sorace 2002). Though the

conservation potential of urban stopover habitats is

typically overlooked, even small forest patches

within urban landscapes have potential to provide

important energetic resources for stopover migrants

(Seewagen and Slayton 2008). Although there are

few published studies, evidence indicates that extrin-

sic factors are important in habitat selection within

urban forest systems. For example, within an urban

landscape in Ohio, USA, migrant landbirds had

higher species richness and were more abundant in

upland forests than in riparian forests (Rodewald and

Matthews 2005). Similarly, abundance of spring

migrant landbirds was positively associated with

canopy cover of native trees and patch-width of urban

forests (Pennington et al. 2008). However, to our

knowledge, no published studies have evaluated the

importance of intrinsic factors in shaping the behav-

iour of migrating songbirds within an urban system.

Our research aimed to evaluate the importance of

patch-level (extrinsic) and energetically-mediated

(intrinsic) factors to movement behaviour of stopover

migrant songbirds within an urban landscape and

whether urban areas represent suitable stopover

habitat for migrants. We adopted an experimental

approach by relocating radio-tagged Swainson’s

thrushes (Catharus ustulatus) captured during migra-

tory stopover to seven unique forest patches embed-

ded within an urban landscape. This design allowed

us to investigate how differences among urban

stopover sites, energetic condition, and migratory

date influenced movement and behaviour of migrant

Swainson’s thrushes. From a landscape ecological

perspective this understanding is necessary to build a

strong conceptual framework for investigating the

pattern and process of avian stopover ecology in an

urbanized landscape. From a conservation perspec-

tive, understanding movement behaviour during

stopover can provide insight into favorable patch

and landscape design that can guide conservation

efforts for migratory birds within urban and other

highly fragmented landscapes.
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Methods

Study area

Our study was conducted within the Columbus metro-

politan region of central Ohio, USA (city center;

39�960N, 83�000W), an urbanized landscape with

buildings, roads, and mowed grasses increasing along

a rural to urban gradient (Rodewald and Shustack

2008). We selected seven mature forest sites that were

dominated by deciduous trees[40 cm in diameter-at-

breast height, and varied in area (0.7–38.4 ha) and

degree of urbanization within a 1-km radius of the site

(Table 1, Fig. 1) (Matthews 2008). These seven sites

were selected to capture the range of forest patches

from the broader analysis of migrant abundance across

the Columbus metropolitan region (Rodewald and

Matthews 2005). Minimum distance to the nearest

adjacent site was 2 km and mean minimum distance

among all sites 3.6 km. We digitized aerial photo-

graphs taken in Delaware and Franklin counties in 2002

and 2004 and then calculated nine landscape metrics

(Table 1) within a 1-km radius of the release location.

We selected this radius because it corresponded to

linear distances of daily movement (distance from start

point to farthest location) during stopover for two other

migratory songbirds, the European robin (Erithacus

rubecula; Chernetsov and Mukhin 2006) and summer

tanager (Piranga rubra; Aborn and Moore 1997).

Study species

The Swainson’s thrush is a common Nearctic–Neo-

tropical migratory songbird that spends the non-

breeding season in Central and South American forests

and migrates at night to breeding areas in boreal

coniferous forests of North America (Mack and Yong

2000) and does not breed within the region. During

spring migration the species uses multiple stopover

locations where it is insectivorous and primarily

forages in leaf litter on the ground, but we also

regularly observed both marked and unmarked indi-

viduals foraging in foliage of shrubs, and higher in

trees, at all seven study sites.

Mist netting

We captured 91 Swainson’s thrushes at the Waterman

Farm (12.6 ha) forest site where we operated nine to

thirteen 12 m 9 3 m mist-nets daily from sunrise to

1000 (EDT) between 1 May and 2 June, 2004–2007.

We removed captured birds from mist-nets within

10 min and banded each with a U.S. Geological

Survey aluminum leg band. We recorded date, time of

capture, wing chord (±0.5 mm), tarsus length

(±0.01 mm), and body mass (±0.01 g), and estimated

visible subcutaneous body fat using a 6-point ordinal

scale (0–5) (Helms and Drury 1960). We calibrated fat

scoring estimations and direct measurements among

Table 1 Landscape characteristics of forest stopover sites used for experimental relocation of Swainson’s thrushes within central,

Ohio, USA, May to early June 2004–2007

Landscape characteristics Chadwick

Arboretum

Lazelle

Woods

Woodward

Park

Waterman

Farm

Don Scott

Airport

Rush Run

Park

Highbanks

Metropark

Release patch area (ha) 0.7 4.5 11.9 12.6 15.4 18.4 38.4

Road length (km) 73.5 69.1 89.9 92.9 45.5 74.8 14.6

Distance to city (km) 5.0 18.6 12.1 6.6 15.1 12.5 20.8

Number of buildings 546 2,265 3,690 2,259 439 1,611 246

% Forest 5 2 6 6 6 32 54

% Mowed grass 25 20 9 5 20 16 7

% Agricultural 4 0 0 27 37 0 4

% Scrub/shrub 4 1 1 1 2 0 17

% Residential 0 57 70 48 8 38 7

% Paved 44 13 8 7 22 3 4

Variables include area (ha) of forest release patch, and nine landscape characteristics measured within a 1-km radius of the release

location. Road length was defined as the summed length of the midline of all roads less than 1 km outside the perimeter of each study

site. Percent landcover for each study site does not sum to 100 because we did not include unclassified land and water (maximum of

6% for Rush Run)
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observers during training. After collecting biometric

data, we placed thrushes in a cloth holding bag.

Relocation experiment

We conducted an experimental relocation of migrant

Swainson’s thrushes to examine if differences among

urban forest patches influence movement behaviour.

Because migrant settlement at a stopover site can

occur prior to the day of capture, and it was not

possible to know the arrival date of captured individ-

uals, this approach allowed us to control for any prior

experience with a site. We assigned captured birds to

one of seven predetermined forest study sites

(Table 2) so that sample sizes were similar among

study sites and birds with different fat scores (0–1,

2–3, and 4–5) would be released at each study site.

Thrushes were relocated by automobile to six sites

that were 2–15 km from the Waterman Farm capture

site, which served as a control to test for potential

effects of relocation on thrushes. Birds released at the

control site received the same treatment with respect

to capture, handling, and time held in the cloth bag,

but were not driven to a different release site.

Forest

Open

Agricultural

Residential/Developed

Water

Roads

(C)

(G)

(E)(D)

(A) (B)

(F)

8.5 2.0

2.80.7

15.213.8

0 1 2 sretemoliK5.0

Fig. 1 Landscape

characteristics measured

within a 1-km radius of

forest sites (q represents

center point) used for

experimental relocation of

Swainson’s thrushes within

central, Ohio, USA, May to

early June 2004–2007. Sites

included were: A Don Scott

Airport, B Chadwick

Arboretum, C Waterman

Farm, D Rush Run Park, E
Woodward Park, F Lazelle

Woods, and G Highbanks

Metropark. Arrows indicate

distance (km) from

Waterman Farm to the site

in question. Thrushes were

released at a randomly

selected point 20 m from

the forest edge within each

site
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Radio-telemetry

Upon reaching the release site, we removed birds

from cloth bags and attached a 0.66 g radio-trans-

mitter (model BD-2, Holohil Systems Ltd., Carp,

Ontario, Canada) to back feathers using LashGrip�

eyelash cement (Kenward 2001). Transmitters

weighed approximately 2% of mean thrush body

mass (30.56 g ± 2.7 SD) and had a life span of at

least 14 days. We visually examined each individual

for signs of stress (e.g., bill open, eyelids partly shut,

less alert); three birds that appeared stressed were

released without receiving a radio-transmitter. We

released thrushes (n = 91) within 50–70 min of

initial capture at a randomly selected point 20 m

from the forest edge within each site. We recorded

the behaviour of thrushes upon release, including the

distance flown on initial flight, height of first perch,

and a qualitative assessment of whether the transmit-

ter appeared to interfere with flight behaviour.

We radio-located thrushes using a hand-held,

3-element Yagi antenna (150 MHz, Advanced

Telemetry Systems, Isanti, Minnesota, USA) and a

12-channel receiver (Communications Specialists,

Inc., Orange, California, USA). On the initial day of

release, we determined the bird’s geographic location

(hereafter defined as ‘‘location’’) on 3–4 occasions at

2–3 h intervals, with the first location recorded at

least 1 h after release. For each radio-location, we

attempted to make visual contact, slowly approaching

to ca. 25 m if necessary. Because thrushes were often

concealed by vegetation and it was important to

limit observer-induced movement, confirmed visual

contact occurred 20% of the time (ranging from 17 to

24% between sites). Extensive prior training with

beacon tests at 25–30 m under different habitat

conditions and then confirmation of distance esti-

mates when visually confirmed sightings of radio-

tagged birds occurred, strongly suggest that the bird

location could be estimated with limited bias. After

making contact, we recorded observer location and

visually estimated distance and direction from the

observer to the bird, distance and direction of flights

observed, and distance to the nearest forest edge three

times during a 30-min observation period. We used

simple trigonometry to determine the specific loca-

tion of the focal bird. When we were unable to pin

point the bird’s location with confidence (occurred

19% of the time) only an approximate location was

recorded and these points were not used in the

analysis of fine-scale movement. Birds that remained

on site (i.e., did not migrate overnight) for greater

than one day were radio-located at least twice on each

subsequent day, once during the morning (0630–

1230) and once in afternoon (1230–sunset), with

radio-locations separated by at least 4 h. These data

were collected until the bird initiated a migratory

flight or the transmitter fell off the bird (ca. 20% of

individuals). When technicians did not detect a

transmitter signal, they traversed the study site,

spending at least 45 min trying to relocate the bird.

If necessary, we systematically sampled all areas

within a 1.5-km radius using a vehicle with a car-

mounted whip antenna, stopping frequently to use a

hand-held Yagi antenna. We assumed that birds not

radio-located had departed from the study area, but

Table 2 Mean ± SD (and sample size) listed by site for analyses of fine-scale movement (m/30 min) and coarse-level movement

during the first 3 days of stopover (m) for Swainson’s thrushes used in experimental relocations, and the total number of birds

released at each site. Waterman Farm was the control site where birds were locally released (not relocated)

Study sites Fine-scale movement

(m/30 min)

Coarse-scale

movement (m)

Radio-tagged

birds (n)

Chadwick Arboretum (0.7 ha) 26.5 ± 10.9 (5) 117.5 ± 23.2 (6) 12

Lazelle Woods (4.5 ha) 31.1 ± 15.9 (10) 203.4 ± 66.5 (6) 14

Woodward Park (11.9 ha) 38.4 ± 25.6 (9) 314.1 ± 85.9 (9) 14

Waterman Farm (12.6 ha) 38.7 ± 22.5 (9) 271.8 ± 103.7 (8) 11

Don Scott Airport (15.4 ha) 29.9 ± 12.4 (5) 321.3 ± 321.3 (10) 12

Rush Run Park (18.4 ha) 38.7 ± 14.1 (9) 379.4 ± 219.7 (10) 14

Highbanks Metropark (38.4 ha) 37.2 ± 19.6 (8) 456.5 ± 247.6 (10) 14

All individuals 32.4 ± 18.6 (55) 313.0 ± 182 (59) 91
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we checked transmitter frequencies at all sites for the

next 3 days to confirm that birds did not return to any

study site.

Attaching radio-transmitters will influence animals

in some way (Millspaugh and Marzluff 2001), but

data on fine-scale movements of songbirds cannot

presently be obtained with other methods (Bachler

and Schaub 2007). Swainson’s and other Catharus

and Hylocichla thrushes have been used as model

species in migration research since the late 1960s

(e.g., Cochran et al. 1967; Cochran 1987; Wikelski

et al. 2003; Cochran and Wikelski 2005; Bowlin et al.

2005; Tietz and Johnson 2007; White and Faaborg

2008). These studies have attached radio-transmitters

(0.6–2 g) to thrushes and used radio-telemetry to

track nocturnal migratory flight. Given the history of

use of radio-telemetry to study Swainson’s thrushes,

we believe that our use of relatively low-weight

transmitters (0.66 g or ca. 2% of body mass) was less

likely to have strongly influenced experimental birds.

Moreover, our interest was in testing for differences

in movement behaviour across study sites. With the

exception of control birds, all individuals received the

same treatment, so there should have been no

systematic bias in our use of radio-telemetry and

experimental relocation.

Statistical analysis

We performed analyses using Program R 2.8.0 (R

Development Core Team 2008). To adjust for

individual differences in body size, we incorporated

structural measurements and body mass into one

metric of energetic condition (Condition). We used a

principal component analysis on a correlation matrix

of wing and tarsometatarsus lengths. We regressed

scores from the first principal component against

body mass at capture and used the residuals as an

index of energetic condition (Green 2001). We

considered individuals with positive condition scores

(residuals) to be in better than average energetic

condition relative to other thrushes sampled. To

evaluate this index of energetic condition with an

alternate measure of condition (Schulte-Hostedde

et al. 2005), we compared the index with visual

estimates of body fat and found a strong association

(Spearman’s rho = 0.7, P \ 0.05) between the two

indices.

We defined fine-scale movement rate as the mean

distance an individual moved within a 30 min

observation period during the first day of stopover

following relocation. We restricted analysis of fine-

scale movement rate to data collected on the release

day because we were unable to collect as many

locations on subsequent days, and 12 individual birds

migrated after the initial day of release. We defined

coarse-level movement as the summed distances

between successive independent locations collected

during the first 3 days following relocation; to

quantify coarse-level movement, we used radio-

locations collected at least 1 h outside 30 min

observation periods. We defined stopover duration

(Duration) as the difference in days between the

Julian date of initial capture (Date) and day of last

radio-location.

We developed a set of 16 candidate models that

included site of relocation (Site), Condition, Year,

and either Date or Duration as main effects, additive

interactions for each variable, multiplicative interac-

tions for continuous variables (Condition, Duration,

Date), a global model, and the null model (Tables 3,

4). We used an information-theoretic approach to

rank candidate models (Burnham and Anderson

2002) that examined intrinsic and patch-level factors

influencing both fine-scale movement rate and

coarse-level movement. We used Akaike’s Informa-

tion Criterion with a correction for small sample sizes

(AICc) to rank models. We included Site as a factor to

examine how patch-level differences influenced

movement behaviour; we did not include individual

cover variables (e.g., percent cover of residential

area) because these would not properly account for

degrees of freedom due to site-level dependencies

among individuals, and would bias model selection

criteria. We log-transformed fine-scale movement

and coarse-level movement rates to conform to

assumptions of normality.

To quantify area used by thrushes, we pooled

independent bird locations for each individual within

a site. Although this increased variance in bird

locations within sites, it was necessary to maintain

consistency in the number of locations across sites.

Using the Animal Movement Extension (Hooge and

Eichenlaub 1997) in ARCVIEW 3.3, we generated

utilization distributions using fixed-kernel estimates

with least-squares validation (Marzluff et al. 2007).

We used an ANOVA to test for differences in the
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distance to forest edge of individuals across six

stopover sites; the smallest site (Chadwick Arbore-

tum) was excluded from this analysis because it

lacked a well-defined edge. To evaluate edge avoid-

ance at sites, we compared distance to edge for bird

locations to that for 100 random locations using

multiple Student’s t-tests. We used the methods of

Benjamini and Hochberg (1995) to account for false

discovery rates associated with multiple tests. Data

for distance to edge were square-root (?0.5) trans-

formed to conform to normality assumptions (Zar

1999). Finally, we examined whether the proportion

of birds leaving the release patch prior to initiating a

migratory flight differed across sites using Fisher’s

Exact Test (Zar 1999) for a 7 9 2 contingency table.

Results

Energetic condition at capture was most important in

explaining fine-scale movement rates (m/30 min) of

Swainson’s thrushes (�x = 32.4 m ± 18.6 SD;

n = 55 birds; Table 2) on the first day of stopover

following relocation. The top-ranked model included

only energetic condition and contained 55% of the

Akaike weight and was negatively related to fine-

scale movement rate (b = -0.09 ± 0.02 SE,

r2 = 0.14, Table 3, Fig. 2). The second-ranked (Con-

dition ? Date) and third-ranked (Condition ? Year)

models had relatively little support (Akaike weights

19 and 13%, respectively), but did indicate that some

of the variation in movement rates was associated

with temporal factors. There was no support for a

patch-level influence in explaining variation in fine-

scale movement rate because all models containing

Site had a DAICc [ 10 relative to the top-ranked

model (Table 3).

Coarse-level movement during the first 3 days

following relocation was 313 m (±182 SD) and

ranged from 90 to 850 m (Table 2). The top model in

the candidate set (Site ? Condition) carried 66% of

the Akaike weight. Coarse-level movement was

greater in the larger sites and generally declined as

energetic condition increased (multiple regression

Table 3 Competing models examining influences of Condi-

tion, Site, Year, and Date (Julian date of capture) on fine-scale

movement rate (m/30 min) of Swainson’s thrushes during the

first day of stopover following experimental relocation to urban

forest sites in central Ohio, USA, May to early June 2004–2007

Model K Loglik AICc DAICc xi

Condition 3 -34.74 75.95 0 0.55

Condition ? Date 4 -34.64 78.08 2.14 0.19

Condition ? Year 5 -33.78 78.79 2.84 0.13

Condition 9 Year 7 -31.43 79.25 3.31 0.10

Null 2 -39.53 83.29 7.35 0.01

Date 3 -39.48 85.44 9.49 0

Condition ? Site 9 -32.05 86.11 10.16 0

Year 4 -38.75 86.31 10.36 0

Date ? Year 5 -38.64 88.51 12.57 0

Date 9 Year 7 -37.53 91.45 15.50 0

Condition 9 Site 15 -25.15 92.61 16.67 0

Site 8 -38.18 95.49 19.54 0

Date ? Site 9 -38.14 98.27 22.33 0

Year ? Site 10 -37.47 99.93 23.99 0

Date 9 Site 15 -34.43 111.16 35.21 0

Global 31 -2.63 153.52 77.57 0

K is the number of parameters in the model; Loglik is log-

likelihood estimate from the model; DAICc is the difference in

AICc between the top-ranked model and the model in question;

xi is the weight of evidence indicating the relative likelihood

of the model

Table 4 Competing models examining influences of Condi-

tion, Site, Year, and Duration on coarse-level movement during

the first 3 days of stopover for Swainson’s thrushes experi-

mentally relocated to urban forest sites in central Ohio, USA,

May to early June 2004–2007

Model K Loglik AICc DAICc xi

Site ? Condition 9 -32.12 85.92 0 0.66

Site ? Duration 9 -33.11 87.88 1.97 0.24

Site 8 -35.69 90.25 4.33 0.07

Site ? Year 10 -34.36 93.29 7.38 0.02

Site 9 Duration 15 -27.67 96.51 10.59 0

Duration 3 -45.49 97.41 11.49 0

Condition ? Duration 4 -44.36 97.46 11.54 0

Site 9 Condition 15 -29.73 100.63 14.72 0

Duration ? Year 5 -45.14 101.41 15.5 0

Condition 3 -47.78 101.99 16.08 0

Null 2 -49.26 102.73 16.82 0

Duration 9 Year 7 -43.47 103.14 17.22 0

Condition ? Year 5 -47.26 105.65 19.73 0

Year 4 -49.03 106.79 20.88 0

Condition 9 Year 7 -46.49 109.17 23.25 0

Global 31 -21.36 178.21 92.29 0
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adjusted r2 = 0.36; Table 4, Fig. 3). All other models

that showed support (DAICc \ 10) also contained

Site, further emphasizing an extrinsic influence on

coarse-level movement. Mean stopover duration

(3.7 days ± 3.4 SD) was not informative in explain-

ing coarse-level movement (DAICc = 11.5);

however, the second ranked model (Site ? Duration)

indicated a modest increase in distance moved with

duration. Coarse-level movement and fine-scale

movement rates were positively correlated, but the

association was not strong (r = 0.43, P = 0.001).

There was considerable variation in the utilization

distributions (total area used) of birds relocated to the

study sites (Fig. 4). Thrushes used a higher propor-

tion of patch area within smaller sites, a lower

proportion of mid-sized sites (e.g., Waterman Farm

and Don Scott Airport), but then increased the

proportion of patch used in the largest two sites

(60% kernel [ 2 ha). This pattern of forest patch use

corresponded with a significant difference among

sites in distance to the nearest forest edge

(F5,487 = 7.89, P \ 0.001, Fig. 5). Tukey’s post hoc

test indicated that birds at Woodward Park were

located closer to the forest edge than at Rush Run

Park (P \ 0.001), Don Scott Airport (P = 0.001),

Highbanks Metropark (P = 0.01), Waterman Farm

(P = 0.02), and bird locations at Lazelle Woods were

closer to the edge than Rush Run Park (P \ 0.001)

and Don Scott Airport (P = 0.01, Fig. 5). In addition,

birds within patches were located significantly farther

from forest edges than randomly generated points for

three of the six stopover sites, even after controlling

for multiple tests (P \ 0.05, Fig. 5).

Swainson’s thrushes showed high site tenacity

within urban forest stopover locations, with 93% of

birds remaining within the release patch until

Fig. 2 The relationship between energetic condition and mean

fine-scale movement rate (m/30 min) of Swainson’s thrushes

experimentally relocated to urban forest sites in central Ohio,

USA, May to early June 2004–2007. Lines represent the

standard error of the model coefficient

Fig. 3 Coarse-level movement (meters) of Swainson’s

thrushes during the first 3 days of stopover following

experimental relocation to urban forest sites in central Ohio,

USA, May to early June 2004–2007. Each point represents a

relocated individual and its energetic condition (assigned to

three equal classes: low, medium, high). The triangles
represent the back-transformed coefficients of coarse-level

movement per site (in ascending order of size) based on the

top-ranked model in Table 4
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birds were locally released (not relocated). Values in paren-

theses represent area of study sites in hectares
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presumed migratory departure. Only birds relocated

into the smallest patches moved to new locations

within the urban matrix. This included three of eight

birds (37.5%) released at Chadwick Arboretum and

two of 10 birds (20%) released at Lazelle Woods, and

represented a significant difference among sites in the

probability of leaving a patch (Fisher’s Exact prob-

ability, P = 0.004). Individuals that left their release

patch moved between 100 and 1,000 m from the edge

of the patch and settled in hedgerows where they

remained for 1–2 days. None of these thrushes was

observed to have returned to the original release

patch during stopover, nor to have moved between

forest study sites or any other forest patches.

We detected no systematic bias associated with

relocating birds to study sites. For example, there

were no differences among sites for fine-scale

movement rate (ANOVA, F6,48 = 0.49, P = 0.813),

indicating that non-relocated birds at Waterman Farm

(control birds) were similar to individuals relocated

to study sites. Coarse-level movement differed across

sites (ANOVA, F6,53 = 5.06, P = 0.003), but post

hoc pair-wise comparisons indicated that non-relo-

cated birds at Waterman Farm were different from

only Chadwick Arboretum where birds moved sig-

nificantly less (P = 0.04), which is the direction

expected from the broader analysis. We found no

difference in fine-scale movement rates between the

release day and following day (Wilcox Signed-Rank

Test = 469, P = 0.32).

Discussion

During migratory stopover, movements of Swain-

son’s thrushes in an urban landscape were influenced

by a combination of patch-level effects and body

condition. Patch-level effects were seen in the coarse-

level movement of Swainson’s thrushes over a 3 day

period with thrushes in smaller urban sites having

lower coarse-level movement than birds in larger

sites. Thrushes also tended to occur farther from

forest edges, especially within the larger study sites,

indicating a degree of edge avoidance. In contrast,

Swainson’s thrushes showed an energetically-medi-

ated behavioural response that was independent of

forest sites, despite the differences in area and

surrounding urbanization of sites. Thrushes in lower

energetic condition at capture exhibited higher fine-

scale movement rates, presumably to increase forag-

ing activities to improve their energetic condition

within urban forest patches.

Interpretation of movement behaviour requires

consideration of the temporal scale in which Swain-

son’s thrushes responded to forest study sites. Fine-

scale movement rates likely reflect behaviours such

as foraging, and indicate short-term, intrinsic

responses to energetic reserves. This result is consis-

tent with Moore and Aborn (2000) who found that

summer tanagers were more active during stopover

when they had lower fat reserves than when they had

higher reserves. Fine-scale movement rate and

coarse-level movement were positively associated in

our study, but likely represent different components

of behaviour. Movements of a stopover migrant over

several days more likely reflect searching and settle-

ment within a patch in response to extrinsic factors

such as food availability (Tietz and Johnson 2007).

During migration, the trade-off between energy

acquisition and time spent at a stopover location must

be balanced to meet short-term energy needs in a

timely manner so that individuals are not delayed in

their migratory schedule (Chernetsov 2006). If the

initial stopover location selected does not provide

adequate resources, then birds still carrying energetic
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locations and Swainson’s thrushes experimentally relocated to
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reserves may resume migration (Jenni and Schaub

2003) or attempt local resettlement (Moore et al.

1995). In our study, Swainson’s thrushes using urban

forest stopover locations rarely moved outside the

release site except for several thrushes that were

relocated to the two smallest study sites. Many

species of nocturnal migrant landbirds make morning

flights, a behaviour that should allow migrants to

locate better foraging opportunities within the land-

scape (Moore et al. 1995). However, these move-

ments may be costly in time and energy, and could

increase predation risk (Chernetsov 2006), especially

within urban landscapes where forest patches may be

isolated by housing or other urban development.

Given these potential costs, the exodus of several

individual thrushes from the smallest sites (0.7 and

4.5 ha) suggests that some urban forest sites were too

small to meet the stopover needs of some individuals,

and that Swainson’s thrushes may be area-sensitive

during stopover. It is important to note that unmarked

Swainson’s thrushes were regularly observed at all

forest sites, indicating that our relocation of thrushes

to the smallest sites did not represent an unusual

stopover event for Swainson’s thrushes. Future

research on how urban landscapes may mediate

area-sensitivity of stopover migrants should examine

additional species of migratory birds.

Previous research has reported that the abundance

of Swainson’s thrushes and other migrant songbirds

was not associated with the degree of urban develop-

ment in the surrounding landscape (Rodewald and

Matthews 2005; Pennington et al. 2008). Results from

our study indicate that the relationship of migrant

songbirds to urbanization is more complex because

small urban forest patches restricted coarse-level

movements of Swainson’s thrushes within patches.

Small forest patches could limit the ability of migrant

birds to locate habitats with sufficient food resources,

and this may be problematic for species less likely to

engage in morning flight behaviour during migration

(e.g., Catharus thrushes; Wiedner et al. 1992).

However, Swainson’s thrushes in our study exhibited

some variability in their fine-scale movement rate

which could allow them to increase energy gain

within urban forest patches if they encounter areas

with low availability of arthropod prey.

An important remaining question is how use of

urban landscapes may affect rates of fuel deposition.

If urban stopover migrants experience low food

availability, it will be important to determine whether

potentially lower energetic status may carry-over to

future stopover locations, or whether plasticity in

foraging strategies can compensate for potential

differences in stopover conditions. Ultimately, stop-

over habitat selection and movements vary according

to a species’ migratory strategy, habitat affinities, and

energetic needs (Chernetsov and Mukhin 2006).

Nonetheless, conservation of urban stopover habitats

that provide adequate foraging opportunities and

minimize the need for resettlement should increase

the value of urban forests for Swainson’s thrushes

and potentially similar species during migration.
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