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ABSTRACT
Migration routes of many Nearctic-Neotropical landbirds pass through the most
urbanized regions of North America. Migrants use urban habitat fragments as stopover
sites and commonly occur in cities at exceptional density. Yet, knowledge of migrant
stopover biology and refueling opportunities in such places is severely limited. This
dissertation examined several aspects of migrant stopover biology in the New York
metropolitan area to gain a more holistic understanding of how migratory landbirds
utilize urban stopover sites, and ultimately to assess the quality of urban habitats as
stopover sites. I first generated morphometric predictive models using salvaged bird
specimens to allow me in subsequent studies to noninvasively measure the energetic
condition (fat mass) of migrants in New York City (NYC). Next I compared the refueling
performance of migrants in NYC to that of conspecifics in less-disturbed forests outside
of the city. Blood plasma metabolite profiles indicated that refueling conditions for
migrants were no poorer in NYC than in the non-urban habitats. Further, migrant
refueling rates were comparable to, and in some cases higher than, those reported in the
literature for birds at various non-urban stopover sites. Measures of arthropod biomass
suggested food abundance for insectivorous migrants was also similar within and outside
NYC. I then showed that stopover refueling in NYC often involved substantial increases
in lean mass. This finding carries implications for stopover habitat management practices,
as migrants using these sites will require high-protein foods in addition to the lipid- and
carbohydrate-rich foods that maximize fattening rates. Next, radio-telemetry data from a
small pilot study provided one of the first descriptions of migrant stopover durations
within a city. Stopover durations ranged 1-14 days and were negatively related to fat
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mass, but not lean body mass, upon arrival. A larger-scale telemetry study revealed that
migrant spatial behaviour in NYC was in many ways similar to what has been observed
in passerine migrants in non-urban areas. Movement patterns were indicative of an ability
to search for, locate, and occupy suitable microhabitat, and temporary home ranges
suggested forest size was more than sufficient to meet their area requirements.
Collectively, these studies provide a comprehensive assessment of the quality of urban
habitats as migratory bird stopover sites. Findings indicated that the sites examined are
functioning in the same fashion as less-disturbed, larger forest tracts elsewhere. No
evidence was found to suggest that stopover refueling conditions within one of the
world’s most urbanized landscapes are inadequate for migrating landbirds.

KEYWORDS: Urban habitat, stopover site quality, refueling rate, plasma metabolites,
fat mass, lean mass, spatial behaviour, stopover duration
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CHAPTER I
PASSERINE MIGRATION AND THE USE OF URBAN HABITATS AS
STOPOVER SITES: KNOWLEDGE GAPS AND RESEARCH OBJECTIVES

INTRODUCTION
Each phase of a migratory bird’s life cycle presents its own challenges; yet neither
reproduction nor overwintering periods are perhaps as demanding and carry as great of a
risk of mortality as migration (Sillett and Holmes 2002). Nesting and wintering grounds
of passerine migrants are often separated by thousands of kilometers and successful
movements from one area to the other are complicated by unpredictable and changing
weather, food availability, competition, and predation risk experienced en route (Moore
et al.1995). Unlike the breeding and winter seasons, migration requires birds to
continuously exploit potentially novel and unfamiliar habitats at stopover points along the
way to recover expended energy stores. Substantially more time and energy is spent
during stopovers than during flight (Wikelski et al. 2003, Bowlin et al. 2005) and thus the
conditions experienced at stopover sites largely determine the economy, duration, and
success of migration (Moore et al. 2003). Migration performance not only affects survival
during migration, but may also indirectly affect success in subsequent phases of the life
cycle, which can together limit bird populations (Butler 2000, Sillett and Holmes 2002,
Smith and Moore 2003, Newton 2006).
Stopover site selection processes are poorly understood (Petit 2000), but migrants
are expected to utilize habitats that allow them to refuel most efficiently and remain close
to their migratory schedules while avoiding predation (Lindström and Alerstam 1992).
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Upon landfall, migrants typically explore a new stopover site widely to obtain
information about predation, competition, and resource distribution, and then either
depart that night or select a microsite to occupy for additional days of rest and refueling
(Chernetsov 2005, Chernetsov and Mukhin 2006, Paxton et al. 2008, Chapter VI).
Stopover durations of passerines are highly variable, often lasting only one day but
sometimes lasting more than a week (e.g., Morris et al. 1996, Tsvey et al. 2007, Chapters
V and VI). Stopover duration can be influenced by numerous factors including weather,
predation risk, competition, and distance to final destination (Yong and Moore 1997,
Åkesson and Hedenström 2000, Dierschke and Delingat 2001, Hays 2008). Arrival
condition and refueling ability at the stopover site can also be primary determinants of
how long birds remain at a stopover site (Loria and Moore 1990, Schaub et al. 2008,
Matthews and Rodewald 2010a). Passerines typically migrate with fat stores that
represent 10-50% of total body mass (Child 1969, Spengler et al. 1995, Seewagen 2008),
and during hyperphagic stopover refueling birds can replace mass lost in flight by as
much as 5% of their total body mass per day (Bonter et al. 2007, Seewagen and Slayton
2008). Often stopover refueling includes the deposition of both fat and lean mass
(Karasov and Pinshow 1998, Wirestam et al. 2008, Chapter IV).
Sufficient refueling opportunities, and ultimately the ability to successfully travel
between nesting and wintering grounds is dependent on an availability of quality stopover
habitat (Moore et al. 1995). Widespread habitat loss and fragmentation throughout North
America has reduced the amount of stopover habitat available to Nearctic-Neotropical
migrants and has likely contributed to recent population declines of several species
(Kirby et al. 2008, Carlisle et al. 2009). Identification and preservation of important
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stopover habitat has become an integral component of migratory bird conservation
strategies (McCann et al. 1993, Mehlman et al. 2005, Kirby et al. 2008), but such efforts
have been hampered by an incomplete understanding of migrant ecology and behaviour
during stopovers, and how to best assess stopover habitat quality (Petit 2000, Mehlman et
al. 2005, Carlisle et al. 2009).
Much of the habitat loss, fragmentation, and degradation in the U.S. is attributable
to urbanization and urban sprawl (McKinney 2002). The largest metropolitan areas in the
U.S. are concentrated along North America’s coasts, as are the migration paths of many
Nearctic-Neotropical migratory landbird species. Concentrations of passage migrants
routinely occur in many cities as a result. Although this phenomenon has been welldocumented and brought several city parks recognition as premier bird-watching
locations (Fowle and Kerlinger 2001, Milne 2007), it remains almost entirely unknown
whether these habitats within heavily urbanized landscapes can serve as adequate
stopover sites for migrants. The presence of large numbers of migrants at an urban
stopover site cannot be taken to indicate high quality habitat, as it may simply reflect a
lack of nearby alternatives.
Urban forests are typically small in size and highly fragmented and isolated. They
are characterized by abundant invasive plants and animals, large levels of human
disturbance, multiple forms of pollution, and management practices that emphasize
aesthetic appearance and recreational usage. It follows that urban areas support relatively
low levels of biodiversity (Czech et al. 2000; McKinney 2002, 2006) and are unexpected
to provide high quality stopover habitat for migratory birds (Mehlman et al. 2005).
However, two recent studies of migrant refueling rates in North American cities have
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indicated that urban forests can in fact be suitable stopover sites (Seewagen and Slayton
2008, Craves 2009). Seewagen and Slayton (2008) and Craves (2009) found that multiple
species of landbird migrants were able to gain significant body mass during stopovers
within New York City and Dearborn, Michigan, respectively. A recent study of
Swainson’s thrush (Catharus ustulatus) movement patterns in the city of Columbus, Ohio
also suggested urban habitats met the stopover needs of this migrant landbird (Matthews
and Rodewald 2010b). Although these studies demonstrate that urban habitats have the
potential to be suitable stopover sites, generalization of their findings elsewhere is limited
by variation in habitat characteristics such as forest size, vegetation composition,
predators, food availability, and levels of human disturbance, that likely affect stopover
site quality.

RESEARCH OVERVIEW
The objective of my dissertation research was to comprehensively assess the quality of
urban stopover sites by studying multiple aspects of migratory songbird stopover biology
in and around New York City (NYC), the United States’ largest city. Advancing our
currently limited understanding of migrant behaviour, ecology, and refueling physiology
in urban stopover sites is a necessary antecedent to science-based decision-making about
habitat conservation, restoration, and management for migrating birds in metropolitan
areas.
In Chapter II, I use salvaged bird specimens to generate morphometric predictive
models that allow me in subsequent chapters to noninvasively measure the energetic
condition (fat mass) of living migrants captured in NYC. I also evaluate the performance
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of some common migratory bird condition indices such as visible subcutaneous fat scores
(Dunn 2003). Measurement of fat is central to the study of migration physiology and
ecology, yet the abilities of the most widely used non-lethal techniques to predict true fat
content are seldom validated. I use the predictive model for the ovenbird (Seiurus
aurocapillus) developed in this chapter to examine in Chapter IV what proportion of total
body mass changes during stopovers in NYC is attributable to fat versus lean tissue in
this species. I use the model again in Chapter VI to examine the influence of arrival fat
stores on ovenbird stopover durations, movement patterns, and temporary home range
sizes.
In Chapter III, I assess the refueling conditions provided by three NYC parks that
are well-known for their use as stopover sites by migrating birds. Migrant refueling rate
is the most common measure of stopover habitat quality (Dunn 2000, Guglielmo et al.
2005) and this chapter serves as the centerpiece of my dissertation. I use plasma
metabolites to indicate rates of mass change (Jenni-Eiermann and Jenni 1994, Guglielmo
et al. 2005) and compare the refueling performances of multiple species in NYC to those
of conspecifics in two less-disturbed, non-urban forests outside of the city. Because
plasma metabolites only provide a relative measure of refueling, I use regressions of body
mass and capture time to also obtain quantitative estimates of the actual mass change
rates of migrants in NYC (e.g., Winker et al. 1992, Morris et al. 1996, Carlisle et al.
2005). In this chapter I also measure leaf litter arthropod biomass within and outside
NYC to assess food availability for ground-foraging, insectivorous migrants such as
ovenbirds and thrushes.
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In Chapter IV, I more closely examine migrant refueling in NYC to determine
whether lean tissues contribute to total body mass gains. Fat is the primary fuel used by
birds during migration (McWilliams et al. 2004), and it was at one time believed that fat
was the only tissue to change in mass (Odum et al. 1964). More recently it has become
clear that lean body mass is not homeostatic, but instead fluctuates considerably prior to
and throughout migration (Lindström and Piersma 1993, Karasov and Pinshow 1998,
Bauchinger et al. 2005). Most studies of lean mass dynamics in free-living birds,
however, have focused on long-distance migrant shorebirds or Old World passerines at
major geographical barriers where they are challenged to make the longest non-stop flight
of their migration. Much less is known about lean mass changes in Nearctic-Neotropical
passerine species, or in passerines when stopover habitat is more continuously available
and shorter flights are possible (Ǻkesson et al. 1992, Bauchinger and Biebach 2005). The
role of lean mass in stopover refueling has also yet to be examined in an urban system. In
this chapter I use either quantitative magnetic resonance (QMR) analysis or a predictive
model generated in Chapter II to measure body composition and investigate lean mass
variation among four Nearctic-Neotropical passerine species at two NYC stopover sites.
Understanding the extent to which lean tissues are involved in stopover refueling is
important for identifying the most important nutrient sources that stopover habitats must
provide (Karasov and Pinshow 1998).
In Chapter V, I analyze data from a pilot study I conducted to test the feasibility
of radio tracking birds in an urban setting before proceeding with the larger scale
telemetry study planned for following seasons (Chapter VI). This pilot study was
concurrent with the QMR body composition analyses conducted in Chapter IV. The
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stopover duration and fat and lean body mass data obtained by radio-telemetry and QMR,
respectively, afforded an additional opportunity to examine the relationships among these
variables. I coupled telemetry and QMR data from the eleven migrants used in the pilot
study to examine whether arrival fat and lean body mass affected their stopover
durations. Many studies have shown that arrival fat mass can strongly determine the
amount of time birds remain at a stopover site (e.g., Cherry 1982, Yong and Moore 1997,
Mathews and Rodewald 2010b), but I am unaware of any previous investigation of the
influence of lean body mass on migrant stopover duration. This chapter presents some of
the first data on the stopover durations of migratory birds in a major urban center like
NYC.
In Chapter VI, I examine the movement patterns, temporary home range sizes,
and stopover durations of ovenbirds radio-tracked in Prospect Park, NYC. I use a
predictive model from Chapter II to determine whether arrival fat stores influence any of
these metrics. Several recent studies in non-urban areas have shown landbird migrant
behaviour to involve exploratory, linear movements upon arrival at a new stopover site,
followed by more clustered movements on subsequent days presumably after suitable
microhabitat has been located (Chernetsov 2005, Chernetsov and Mukhin 2006, Paxton et
al. 2008). It is unknown whether migrants in urban stopover sites exhibit this same
“search and settling” behaviour that is characteristic of birds in non-urban settings. If
habitat quality is low and levels of disturbance are high, birds may continuously move
throughout the stopover site without ever settling, and depart when temporal and
energetic costs of the stopover outweigh the benefits. This chapter presents some of the
first detailed information on the spatial behaviour of landbird migrants at an urban
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stopover site (see also Matthews and Rodewald 2010b). Knowledge of migrant habitat
use and stopover behaviours is considered necessary for effective stopover site
management in both rural and urban areas alike (Petit 2000, Mehlman et al. 2005,
Chernetsov 2006, Pennington et al. 2008).
Taken together, these studies are intended to provide a holistic understanding of
how migratory landbirds utilize urban habitats as stopover sites, the quality of urban
habitats as stopover sites, and ultimately how to manage habitats in cities for migrating
birds. Urban habitats seem largely overlooked in migratory bird conservation planning,
possibly because of their inability to support large populations of breeding birds. Yet
areas that are unsuitable for breeding may still function as valuable stopover habitat
(Pennington et al. 2008). By serving as stopover sites, I argue that habitat fragments
within cities that otherwise may be of limited significance to wildlife have the potential to
be of great importance to migrating birds and help facilitate movements of populations on
regional and continental scales. Without further study, however, it will remain largely
unknown whether urban stopover sites are filling this role.
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CHAPTER II
CONDITION INDICES AND PREDICTIVE MODELS FOR NONINVASIVE
ESTIMATES OF LIPID MASS OF MIGRATING LANDBIRDS1

INTRODUCTION
Fat is the primary source of fuel for the energy-demanding flights of migrating birds
(Blem 1990), and the ability of birds to store fat throughout migration is a chief
determinant of their overall migration success (Moore et al. 1995). As such, measurement
of fat is central to the study of avian migration ecology. The quantity of fat in breeding
and wintering birds is often of interest because lipid storage can affect reproduction and
survival during these life history stages (Lima 1986, Rogers 1987, Rowe et al. 1994).
Body condition attained during one season can also affect fitness and survival during
subsequent seasons (Smith and Moore 2003, Studds and Marra 2005).
Lipid mass can be measured via solvent extraction of dead specimens. This
method offers accurate direct measurements, but is time-consuming, costly, and requires
sacrificing birds or acquiring birds that have already died from other causes. Noninvasive
alternative methods are less accurate than chemical extraction, but are advantageous
because they allow repeated measurements on the same individuals and can be used on
species of conservation concern that cannot be sacrificed. Additionally, many
noninvasive methods are inexpensive and can be used quickly and easily in the field
(Krementz and Pendleton 1990, Roby 1991, Rogers 1991, Burger 1997).

1

A version of this chapter has been published (Seewagen 2008) and is presented here with permission from
John Wiley & Sons, Inc.
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Modern noninvasive techniques of measuring fat content, such as magnetic
resonance analysis, dual-energy x-ray absorptiometry (DXA), and heavy water dilution
(Karasov and Pinshow 1998, Piersma and Klaassen 1999, Korine et al. 2004), are
accurate, but remain cost-prohibitive to many. Popular inexpensive noninvasive methods
include visible subcutaneous fat scores (Moore and Kerlinger 1987, Dunn 2003), body
mass (Jones et al. 2002), body mass corrected for structural size variation (Johnson et al.
1985, Winker 1995, Benson and Winker 2005), and predictive regression models built
from live birds with no visible subcutaneous fat (Strong and Sherry 2000).
Some studies have validated the ability of these latter methods to predict true fat
content in passerines (e.g., Rogers 1991, Conway et al. 1994, Spengler et al. 1995).
Method performance, however, may vary considerably among species, and speciesspecific models are needed to obtain accurate estimates of lipid mass (Skagen et al. 1993,
Spengler et al. 1995). I examined relationships between three routinely used indicators of
fat content and actual lipid mass to construct predictive equations and determine
techniques that best estimate fat content in three passerine migrants that I expected to be
among the focal species in subsequent chapters: Swainson’s thrush (Catharus ustulatus),
common yellowthroat (Geothlypis trichas), and ovenbird (Seiurus aurocapillus).

METHODS
Study specimens
The birds used in this study were killed by building collisions during spring and autumn
migrations through New York, New York, and Toronto, Ontario in 2005-2006.
Specimens were salvaged by the Fatal Light Awareness Program (FLAP) and New York
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City Audubon Society (NYCAS) to document the hazards of illuminated skyscrapers and
reflective windows to migrants (Knoepfli and Krajnc 2005, Gelb and Delecretaz 2006).
Due to the manner of specimen collection, the exact time elapsed between death and
collection was unknown, but was estimated to be no longer than six hours (FLAP,
NYCAS pers. comm.). Birds were bagged and stored frozen at -20° C for up to six
months before processing.

Laboratory procedures
Specimens were thawed at room temperature until flexible. Unflattened wing chord was
measured to the nearest 1 mm. Visible subcutaneous fat in the furcular hollow was
ranked on a 6-point scale (Moore and Kerlinger 1987), with the carcass positioned as a
living bird would be positioned during fat scoring. The appearance of the fat was not
noticeably different from that of living birds and I assumed scoring performance was
unaffected by the birds’ state (i.e., dead vs. alive; Krementz and Pendleton 1990). Birds
were weighed to the nearest 0.001 g (Denver Instrument, Denver, CO.). A ventral midline
incision was made to expose the thoracic and abdominal cavities and expedite
desiccation. Birds were then oven-dried to a constant mass at 75° C. Dry carcasses were
re-weighed and homogenized (including feathers) with a household electric blender.
Soluble fat was extracted from duplicate 1 g (± 0.1 g) samples of the homogenate using
petroleum ether in a Soxtec apparatus (FOSS Inc., Laurel, MD). Following extraction,
samples were oven-dried overnight and weighed the following day. Mass losses of
duplicate samples were converted to percentages of original dry sample masses and
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averaged (CV of all duplicates < 15%). The average value (hereafter lipid %) was
multiplied by total dry body mass to yield total body lipid mass (hereafter lipid mass).

Statistical analyses
Pearson’s product-moment correlations were used to measure the relationships between
chemically-determined lipid mass and total wet body mass, wing chord, wet mass/wing
chord, fat score, and percentage water content (wet mass – dry mass/wet mass). Multiple
regression was used to generate partial correlation coefficients and re-examine the
associations of lipid mass with total wet body mass, wing chord, and fat score
individually while controlling the effects of the other variables (Spengler et al. 1995, Zar
1999). The initial Pearson’s correlation tests found percentage water content and mass/
wing chord were highly correlated with the other predictor variables in most cases and
were thus omitted from this regression analysis to avoid multicollinearity (Zar 1999).
I used stepwise multiple regression with forward selection (α = 0.1) to determine
what combination of variables best explained variation in extracted lipid mass in each
species. Equations incorporating every variable and equations including only variables
chosen by forward selection are presented. Following Conway et al. (1994) and Spengler
et al. (1995), I evaluated the predictive ability of each equation with cross-validation
tests. Coefficients of determination were calculated as total sum of squares minus
predicted residual sum of squares divided by total sum of squares. Predicted residuals
from multiple regression were then used to calculate the absolute error (mean of the
absolute value of predicted residuals) and percent error (absolute error/true lipid mass) of
each model (Conway et al. 1994).
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Statistical tests were performed with SYSTAT version 10.0 (SPSS Inc., Chicago,
IL) and SAS version 9.0 (SAS Institute Inc., Cary, NC). Results were considered
significant at α ≤ 0.05.

RESULTS
Lipid %, mean fat score, and percentage water content were comparable across species
(Table 2.1). In all three species, birds with no visible subcutaneous fat (i.e., zero fat
score), on average, possessed considerable quantities of fat ranging from 9.8-19.7% of
total dry body mass (Fig. 2.1).
Body mass, body mass/wing chord, fat score, and percentage water content were
significantly correlated with lipid mass in all species (Table 2.2). Wing chord was not
significantly correlated with lipid mass in any species, and was only significantly
correlated with lean body mass for common yellowthroats (r = 0.45, P = 0.01). Only in
common yellowthroats was there a stronger correlation of lipid mass with size-corrected
body mass than with body mass alone. Lipid mass was correlated with percentage water
content in each species more than any other variable (Table 2.2). After controlling for the
effects of the other indices, body mass and fat score remained significantly correlated
with lipid mass in all three species, and wing chord became significantly correlated with
lipid mass in the common yellowthroat (Table 2.3).
Models that included every predictor variable accounted for 74-88% of the
observed variation in lipid mass (Table 2.4). Forward-selected models explained 69-87%
of lipid mass variation. For each model, the coefficients of determination calculated from
cross-validation tests were lower than those originally produced by multiple regression.
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Figure 2.1. Corresponding mean (± SE) lipid % (subsample lipid mass/dry mass) of
different fat scores (left to right: common yellowthroat, ovenbird, Swainson’s
thrush). Sample sizes above bars.
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Percent errors were lowest for ovenbird and Swainson’s thrush models (14.6% and
18.7%, respectively). Percent error was highest in the all-inclusive model for common
yellowthroats (30.1%). Variables included by forward selection were the same for
ovenbirds and Swainson’s thrushes (fat score and body mass). Fat score was selected for
inclusion in all three species (Table 2.4). The regression model for Swainson’s thrushes
presented by Spengler et al. (1995; Lipid mass = −15.184 + 0.636*Body mass +
0.679*Fat score) overestimated lipid mass of the specimens in my study by an average of
92%.

DISCUSSION
Three simple, inexpensive indices and models were identified for accurately estimating
lipid mass in common yellowthroats, ovenbirds, and Swainson’s thrushes. Fat score and
body mass were highly correlated with total body fat in each species. Selection
procedures included fat score in the predictive models for all species, and body mass was
included in two of the three species. Body mass/wing chord was selected over body mass
in the common yellowthroat but not the other two species. The non-significant
correlations between wing chord and lean body mass may be due to variation in lean
tissue mass among birds of equal structural size because fat is not the only tissue to
change in mass throughout migration (Piersma 1990, Scott et al. 1994, Karasov and
Pinshow 1998, Chapter V). It is also possible that wing chord is an unreliable indicator of
structural size in these species (Rising and Somers 1989). Other measurements (e.g.,
tarsus length) could be better for adjusting body mass for body size in ovenbirds and
Swainson’s thrushes, but were not examined in this study.
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The sizable fat loads of birds with no visible fat indicate that fat scoring provides
conservative measures of energy stores. Birds scored as zero are likely to have
intraperitoneal or other unseen metabolically available fat deposits (see also Rogers
1991). In turn, using the body masses of zero fat class birds to estimate lean body mass
for a species (e.g., Dunn 2001, Mulvihill et al. 2004), and subsequently quantify the lipid
content of conspecifics as the difference of that lean body mass and total body mass, will
probably underestimate true lipid mass. The poor resolution at the lower end of the scale
may also make fat scoring insufficient for studies of bird populations with limited energy
stores (Rogers 1991).
Regression equation performance is better gauged by the extent of prediction
error as determined by cross-validation tests than by coefficients of determination
(Conway et al. 1994). Judging models here by their error showed each model to perform
better than suggested by their coefficients of determination. Estimating lipid mass in the
common yellowthroat, the smallest species, was least accurate, as the error represented a
greater proportion of its average fat mass (27.5%) than the other larger species examined.
The forward-selected model for the common yellowthroat may be too weak to detect all
but gross differences in lipid mass among study groups. Conversely, the models produced
for Swainson’s thrushes and ovenbirds had low prediction errors and appear sufficient for
estimating lipid mass of living birds with acceptable accuracy. The models are likely
inadequate, however, for revealing subtle differences in lipid mass such as those of birds
recaptured within the same day.
A previous model for Swainson’s thrushes presented by Spengler et al. (1995)
included the same variables as in my study (fat score and body mass), but had greater
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prediction error (27.3%). Further, the model overestimated the lipid content of the
Swainson’s thrushes I examined by an average of 92%. This large error may be a product
of inter-observer variation during fat scoring (Krementz and Pendleton 1990), or the
drastic differences in body composition between the birds used in each study. The
average lipid content (12.4%) and lean dry body mass (7.7 g) of the birds examined by
Spengler et al. (1995) were considerably lower than those I examined (Table 2.1). This is
likely a consequence of Spengler et al. (1995) examining birds that had just completed
non-stop flights across the Gulf of Mexico, and my use of birds collected in a region
without such formidable geographic barriers. Models built from one set of birds may not
be able to predict lipid mass in entirely different study groups with accuracy. Season and
geographic location are likely to significantly affect regression model performance
(Spengler et al. 1995) and should be considered when estimating lipid mass in this
manner. It should be noted that spring and autumn migrants, as well as individuals of
different sex and age, were combined to obtain sufficient sample sizes when generating
the models presented here. Such combinations likely weaken model accuracy, and
development of models that account for potential variation within these variables is
recommended.
Fat scoring was the best single indicator of lipid mass in two of the three species
examined. Fat score was significantly correlated with lipid mass and was included in
forward-selected models in each species. Body mass was also found to be a strong index
of lipid mass. Modern noninvasive techniques for assessing body composition, such as
magnetic resonance analysis and DXA require costly equipment that makes them
unavailable to many researchers. Traditional simple and inexpensive approaches to
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assessing lipid content such as those examined here are therefore likely to remain
commonplace and useful in field studies of birds.
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Species

Common yellowthroat

Ovenbird

Swainson's thrush

Lean
mass (g)
7.05
± 0.88
12.91
± 1.30
22.00
± 2.23

Wet
mass (g)
9.99
± 1.15
19.12
± 1.52
31.62
± 2.48

8.27
± 0.47

5.10
± 0.25

Lean
dry
mass (g)
2.83
± 0.23

3.77
± 1.69

2.52
± 1.14

1.23
± 0.60

Lipid
mass (g)

29.88
± 10.32

31.84
± 9.78

28.64
± 10.57

Lipid %

96.68
± 3.29

73.95
± 1.99

53.93
± 3.42

Wing
(mm)

2.36
± 1.65

2.90
±1.49

2.63
± 1.22

Fat score

62.1
± 3.8

60.2
± 2.9

59.6
± 3.5

Water
%

Table 2.1. Mean (± SD) values of wet mass, lean mass, lean dry mass, lipid mass, lipid percentage (subsample lipid
mass/dry mass), wing chord, fat score, and water percentage of three species of passerine killed by building collisions
during spring and autumn migration in New York, New York and Toronto, Ontario, 2005-2006.
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Table 2.2. Pearson’s correlation coefficients of lipid mass with predictor variables.
* = P ≤ 0.001, ** = P ≤ 0.0001.
Body Wing Mass/wing
Fat
Water
Species
n
mass chord
chord
score
%
Common yellowthroat

30

0.68**

−0.01

0.73**

0.75** −0.81**

Ovenbird

19

0.81**

−0.15

0.81**

0.75*

Swainson's thrush

22

0.78**

0.29

0.71*

0.85** −0.92**

−0.92**
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Table 2.3. Partial correlation coefficients of lipid mass with body
mass, wing chord, and fat score obtained from multiple
regressions. * = P ≤ 0.05, ** = P ≤ 0.01, *** = P ≤ 0.001.
Species

Body mass

Wing chord

Fat score

Common yellowthroat

0.54**

−0.39*

0.60***

Ovenbird

0.67**

−0.31

0.59**

Swainson's thrush

0.70***

0.01

0.82***

0.88
0.76

Ovenbird
A: LM = −177.323 + 2.304W − 8.555BM + 0.326FS + 665.053MW
B: LM = −6.506 + 0.425BM + 0.312FS
0.77
0.63

0.59
0.62

r2b

0.33 ± 0.09
0.44 ± 0.14

0.25 ± 0.06
0.25 ± 0.08

Absolute
errorb

15.1 ± 5.0
18.7 ± 5.1

30.1 ± 17.0
27.5 ± 10.6

Percent
errorb

Swainson's thrush
0.44 ± 0.17 17.3 ± 11.6
A: LM = 15.297 − 0.235W + 1.067BM + 0.615FS − 73.361MW
0.87 0.82
B: LM = −7.458 + 0.620FS + 0.309BM
0.87 0.84
0.41 ± 0.15 14.6 ± 7.4
a
Regression equations include all of the condition indices (A), and indices selected by forward selection (B).
BM = body mass, W = wing chord, FS = fat score, MW = mass / wing chord.
b
Coefficients of determination and lipid mass prediction errors from cross-validation tests. Error values are
means ± 95% CI.

0.74
0.69

r2

Common yellowthroat
A: LM = 34.090 − 0.665W + 3.397BM + 0.263FS − 170.641MW
B: LM = −1.82 + 0.243FS + 13.027MW

Equationa

Table 2.4. Coefficients of determination (r2, r2b), absolute error (g), and percent error of regression models for
predicting lipid mass (LM).
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CHAPTER III
STOPOVER REFUELING PERFORMANCE OF MIGRATORY LANDBIRDS IN
THE NEW YORK METROPOLITAN AREA2

INTRODUCTION
The amount of fuel long-distance migrant songbirds can carry during migratory flights is
constrained by the need to minimize transport costs as well as the need to maintain the
ability to fly (Berthold 2001). Most species cannot complete migration in one flight and
instead must repeatedly stop to replenish nutrient stores. The availability of adequate
stopover habitat is therefore critical for successful and timely migrations (Moore et al.
1995). As such, widespread human activity and associated habitat loss along migratory
flyways has heightened conservation concern for many migratory species (Mehlman et
al. 2005, Kirby et al. 2008, Carlisle et al. 2009).
In the New World, the principle migration routes of Nearctic-Neotropical bird
species overlap with some of the most densely populated, urbanized regions of North
America. City parks and other urban forest fragments often represent the only stopover
habitat available to landbird migrants crossing expansive metropolitan areas (Brawn and
Stotz 2001, Mehlman et al. 2005, Seewagen 2008). The resulting high concentrations of
migrants in these areas during spring and autumn has been well-documented and has
made many urban parks popular bird-watching destinations (Fowle and Kerlinger 2001,
Milne 2007). Despite recognition of this phenomenon for at least a century (e.g.,
Chapman 1910), it remains largely unknown whether habitats remaining within cities
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provide migrating birds with the resources they need during stopovers. Urban habitats
have the potential to serve as suitable stopover sites that facilitate bird migration but they
also have the potential to be energy sinks, luring birds into poor conditions for refueling.
The high density at which migrants can occur, and the often degraded habitat conditions
in urban parks, may elevate resource competition and constrain the ability of birds to
recover energy and nutrient stores. Conversely, urban habitats may confer advantages to
migrants. In temperate regions, warmer air temperatures in cities caused by heat-island
effects can increase the abundance of terrestrial invertebrates, advance their spring
phenology, and prolong their autumn survival (Johnson 2007, Raupp et al. 2010), thereby
potentially providing rich food sources to insectivorous birds. Other features of urban
habitats may also enhance invertebrate abundance (Kahn and Cornell 1989, Hanks and
Denno 1993, McIntyre 2000, Raupp et al. 2010).
Most studies of landbird migrants at urban stopover sites have examined habitat
associations and patterns of abundance, richness, and diversity (Brawn and Stotz 2001,
Hostettler et al. 2005, Rodewald and Matthews 2005, Pennington et al. 2008). Such
measures could provide misleading information about habitat quality (Van Horne 1983,
Johnson 2007, Cerasale and Guglielmo 2010), particularly in urban landscapes where
migrant stopover site selection is restricted to the little habitat available. High migrant
abundance at an urban stopover site cannot be considered indicative of high quality
habitat, as it may simply reflect a lack of alternative refugia within the surrounding
inhospitable matrix.
A more useful indicator of stopover site quality is the rate at which migrants are
able to refuel (Dunn 2000, Guglielmo et al. 2005). I am aware of only two studies that
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have taken this approach towards evaluating the quality of urban stopover sites.
Seewagen and Slayton (2008) recently provided the first evidence of high-quality habitat
in an urban stopover site when several landbird species were shown to gain significant
body mass in a New York City park. Similarly, Craves (2009) found Catharus thrushes
were able to gain significant body mass during stopovers in the city of Dearborn,
Michigan. These studies demonstrate that urban habitats have the potential to be suitable
landbird stopover sites, but generalization of their findings elsewhere is limited by
extreme variation within and among cities in habitat characteristics that likely affect site
quality for migrants, such as area, vegetation composition, predators, food availability,
and levels of human disturbance. Studies in a diversity of habitats within multiple North
American cities will be necessary to better understand the refueling conditions available
to Nearctic-Neotropical migrants at urban stopover sites. Here, I expanded previous
research in New York City to examine refueling opportunities provided by three urban
parks well-known for their use as stopover sites by migratory songbirds.
I employed both a conventional technique based on capture data and a
physiological method for measuring the refueling rates of wild birds. The conventional
technique examines the relationship between the body mass of single-capture birds and
the time of day at which they were captured (e.g., Winker et al. 1992). A significant,
positive relationship between these variables indicates that birds captured early in the
morning weigh less than those captured later in the day and that diurnal mass gain occurs
at the site. The slope of the regression line provides a numerical estimate of the actual
mass change rate.
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The physiological approach uses blood plasma triglyceride (TRIG) and B-OHbutyrate (BUTY) concentrations to assess the extent to which migrants are replenishing
or metabolizing fat stores, respectively (Jenni-Eiermann and Jenni 1994). Circulating
TRIG rises in concert with increasing nutrient intake, as newly consumed or synthesized
lipids are transported to adipose tissue for storage. Conversely, BUTY concentration
decreases in response to feeding and rises during fat oxidation and mass loss. Hence,
refueling rate is positively associated with TRIG and negatively associated with BUTY,
and both metabolites reflect changes in body mass (Jenni-Eiermann and Jenni 1994,
Williams et al. 1999, Cerasale and Guglielmo 2006). Their rapid response to changes in
feeding rate allows them to indicate migrant refueling performance at the time and
location of sampling (Zajac et al. 2006), thus making metabolite profiling well-suited for
field studies of stopover ecology and stopover habitat quality (Schaub and Jenni 2001,
Cerasale and Guglielmo 2010, Smith and McWilliams 2010).
An important difference between the body mass-time of day regression technique
and plasma metabolite profiling is the former provides a quantitative measure of
refueling rate whereas the latter only provides a qualitative, or relative, measure
(Guglielmo et al. 2005). Metabolite concentrations of migrants using urban stopover sites
are uninformative without reference to birds refueling under different conditions. I
therefore examined plasma metabolite levels of migrants in two nearby, but less
disturbed, non-urban habitats north of New York City for direct comparison to
conspecific migrants stopping over within the city. Similar metabolite profiles between
areas would indicate that the urban habitats provide equivalent stopover refueling
opportunities as habitats within less modified, suburban areas outside of the city. In
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addition to measuring refueling performance, leaf litter arthropod biomass was measured
at all sites to assess food abundance for ground-foraging, insectivorous species, such as
the ovenbird (Seiurus aurocapillus), which I expected to be one of the most common
species captured in this study.

METHODS
Study sites
New York City (NYC) is the most populous metropolitan area in the United States (US
Census Bureau 2000) and is crossed by four major bird migration routes (Rappole et al.
2000). Large concentrations of migrants regularly occur each spring and autumn in many
of the city’s parks (Fowle and Kerlinger 2001, Mittelbach and Crewdson 1998). I studied
migrants during stopovers in Prospect Park, Inwood Park, and Bronx Park (Fig. 1). These
sites were selected with city park officials based on the feasibility of conducting the
necessary field research, personal safety, potential for equipment theft and vandalism,
potential interference from park visitors and dogs, and habitat similarity (mature, eastern
deciduous forest). Each park is an isolated habitat island within heavily urbanized
surroundings (Fig. 1).
Prospect Park is a 213 ha public recreational space in the borough of Brooklyn
(Kings County) that is visited by more than 6 million people per year (Wells 1998). The
park includes mowed lawns and other grassy, open areas, woodland, artificial water
bodies, an ice rink, a small zoo on its eastern edge, and a network of asphalt walking
paths and official-use roads. Mature deciduous forest represents approximately half of
the park’s total area (Wells 1998). I captured birds in the area known as “The Ravine”
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Figure 3.1. Canopy cover and study site locations in New York City and
Westchester County, New York, USA.
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(40° 39’ 49” N, -73° 58’ 12” W) within the 100 ha forest in the center of the park
(Mittelbach and Crewdson 1998). The Ravine contains an artificial stream, a mature tree
community primarily composed of black cherry (Prunus serotina), red oak (Quercus
rubra), tulip poplar (Liriodendron tulipifera), and willows (Salix spp.), and a woody
understory of mostly arrowwood viburnum (Viburnum dentatum) and shadbush
(Amelanchier humilis).
Inwood Park is 80 ha in area and located on the northwestern corner of
Manhattan (New York County). The western edge of the park is atop the Hudson River
ridge, and then to the east, sharply transitions down into a valley containing mostly tulip
poplar (Liriodendron tulipifera, Mittelbach and Crewdson 1998, Horenstein 2007). Nonforested recreational facilities are limited to the northeastern corner and encompass
approximately ¼ of the park’s total area; the majority of the remaining area is wooded. I
captured birds in mature deciduous woods along the ridge, east of Overlook Meadow and
west of West Ridge Road (40° 52’ 22” N, -73° 55’ 33” W). Here, the most common trees
are black cherry, chestnut oak (Quercus prinus), and American ash (Fraxinus
americana), and the understory is composed mostly of black cherry seedlings and
saplings, blackberry (Rubus spp.), and arrowwood viburnum (see also Fitzgerald and
Loeb 2008).
The grounds of the Bronx Zoo and New York Botanical Garden collectively
comprise what is known as Bronx Park, located in Bronx County. Bronx Park is a 229 ha
mosaic of natural and partially artificial outdoor animal exhibits, manicured gardens and
exotic flora displays, and remaining native forest. The Bronx River bisects the park as it
descends south from the Kensico Reservoir in Westchester County towards the East
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River. I captured birds in a 4.9 ha section of native forest along the Bronx River on the
eastern side of the Bronx Zoo (40° 51’ 6’’ N, -73° 52’ 28’’ W). This area does not
contain any animal exhibits or holding facilities, and is not accessible to zoo visitors (see
Seewagen and Slayton 2008 for more details).
This site has been examined in earlier studies of migrant stopover ecology
(Seewagen 2006, Seewagen and Slayton 2008). Seewagen and Slayton (2008) used the
body mass-time of day regression technique to measure refueling rates of migrants
captured here 2004 - 2006 and concluded the area represented high-quality stopover
habitat. I chose to include this site in the present study, despite this previous finding,
because migrant metabolite concentrations and measures of invertebrate biomass from an
urban site thought to be high-quality stopover habitat would, in addition to data collected
from the non-urban sites, provide useful context in which to view metabolite
concentrations and invertebrate biomass at Inwood and Prospect Parks.
Non-urban habitats studied for comparison to the NYC sites were Marshlands
Conservancy and Ward Pound Ridge Reservation in Westchester County, New York
(hereafter “Westchester”) (Fig 1.). Westchester has a total land area of 1122 km2,
beginning at the northern border of NYC and extending north to Putnam County, east to
Connecticut and the Long Island Sound, and west to the Hudson River. Human
population density and land cover are strikingly different between Westchester and NYC
despite their proximity. Westchester’s population density (850 people/km2) is only one
twelfth of that of NYC (10 464 people/km2; US Census Bureau 2000), and > 70% of
Westchester’s total land area is forest cover, whereas < 20% of NYC’s land area is forest
cover (Medley et al. 1995, Cadenasso et al. 2007, Nowak et al. 2007). There is little
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difference in forest stand composition, however, between NYC and Westchester
(Cadenasso et al. 2007).
The Marshlands Conservancy is a 57 ha wildlife preserve along an inlet of the
Long Island Sound 12 km northeast of the NYC border. As a designated sanctuary,
recreational activities are limited to trail walking and dogs are not permitted. The
sanctuary contains a mix of salt marsh, shrub/scrub, open field, and mature deciduous
forest habitats (Wells 1998). I captured birds in the forested area behind the welcome
center and east of the large field (40° 57’ 14’’ N, -73° 42’ 8’’ W). Mature American
beech (Fagus grandifolia) and American sweetgum (Liquidambar styraciflua) trees
create a tall, closed canopy and a shaded, open understory. A stream passes through the
area and feeds a nearby pond.
The Ward Pound Ridge Reservation (hereafter “Pound Ridge”) is 1746 ha and the
county’s largest park (Wells 1998). It is 41 km north of the NYC border and spans the
towns of Lewisboro and Pound Ridge. Much of the park is former farmland that began to
succeed into hardwood forest in the 1920’s. Wetlands, marshes, evergreen stands, and
meadows and old fields are also represented. The topography is varied and includes hills,
ridges, stream valleys, and Cross River Mountain. Recreational facilities are limited to
camping shelters, picnic areas, and 50 km of hiking and horseback riding trails (Wells
1998). I captured birds in deciduous woods between Old Schoolhouse and Michigan
Roads, and west of the Michigan Road camping shelters (41° 15’ 1’’ N, -73° 36’ 5’’ W).
The area contains a slow ephemeral stream and moist areas covered in mosses and
eastern skunk cabbage (Symplocarpus foetidus). Highbush blueberry (Vaccinium
corymbosum) is prevalent in the understory and red maple (Acer rubrum), American
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hornbeam (Carpinus caroliniana), and black gum (Nyssa sylvatica) are the dominant
mature tree species.

Study species
Data were collected from several forest-dwelling, nocturnally migrating passerines
commonly found in NYC during spring and autumn. Ten species provided large enough
sample sizes for plasma metabolite comparisons and/or body mass-time of day
regressions: veery (Catharus fuscescens), Swainson’s thrush (C. ustulatus), hermit thrush
(C. guttatus), wood thrush (Hylocichla mustelina), black-throated blue warbler
(Dendroica caerulescens), yellow-rumped warbler (D. coronata), black and white
warbler (Mniotilta varia), ovenbird, Northern waterthrush (Seiurus novaborasensis),
common yellowthroat (Geothlypis trichas), and white-throated sparrow (Zonotrichia
albicollis).
I place emphasis on the ovenbird because this species ultimately had sufficient
sample sizes across study sites in both seasons and allowed for the most robust analyses.
The ovenbird is a long-distance migrant that breeds across much of Canada and the
eastern United States, and over-winters throughout Central America and the Caribbean
islands (Van Horn and Donovan 1994). Ovenbirds inhabit forests during all periods of
their life cycle and are most commonly observed on the ground where they forage for
leaf litter arthropods (Stenger 1958, Van Horn and Donovan 1994, Burke and Nol 1998).
Ovenbirds do not nest in NYC (DeCandido and Allen 2005, NYSBBA 2007) and only
nest in Westchester in relatively low abundance (NYSBBA 2007, Sauer et al. 2008).
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Bird capture and blood sampling
Spring and autumn migrants were passively captured at each study site in 6 - 10 mist nets
during 1-31 May and 8 September-20 October in 2007 and 2008. Nets were operated
from approximately sunrise-11:00 EST for 3-4 days / week in NYC and 5 days / week in
Westchester. Each site in Westchester had its own field crew of two individuals, whereas
two other field crews of two to three individuals each shared coverage of the three NYC
study sites. Capture effort was higher in Westchester because of greater difficulty
obtaining adequate migrant sample sizes.
Nets were checked approximately every 8 min so blood could be collected before
plasma metabolite concentrations significantly responded to a change in feeding state
(Guglielmo et al. 2005, Zajac et al. 2006). Captured birds were assumed to have been in
the net the entire time since the net was last checked (i.e., ~8 min), and thus “bleed-time”
was conservatively measured as the time elapsed between the previous net check and
blood sample collection. Blood was not collected if bleed-time would have exceeded 20
min.
Up to 10 % of calculated total blood volume (Fair et al. 2010) was taken by
brachial veinipuncture with a 26-guage needle and collected into one-step, heparinized
capillary/centrifuge tubes (Sarstedt microvette CB300). Samples were stored in coolers
until nets were closed for the day, and then centrifuged for 5 min. Plasma was transferred
to 0.6 mL cryogenic tubes and stored at -80°C for up to 3 months until analysis.
After blood sampling, birds were marked with a USGS aluminum leg band,
assigned to age and sex when possible (Pyle 1997), measured (unflattened wing length to
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1mm), fat-scored on a 6-point scale (Chapter II), weighed to 0.1g on a digital balance,
and released.

Plasma metabolite analyses
Plasma samples were diluted three-fold with 0.9 % NaCl to increase volume. Metabolites
were measured on a microplate spectrophotometer (Biotec Powerwave X340) following
methods described by Guglielmo et al. (2002, 2005). Briefly, TRIG was determined from
the difference of free and triacylglycerol-bound glycerol concentrations during endpoint
assay (Sigma, Trinder reagent A and B) and BUTY was directly measured by kinetic
endpoint assay (kit E0907979, R-Biopharm). TRIG was analyzed first, followed by
BUTY if sufficient sample volume remained. Samples were analyzed in duplicate and
values were averaged (all CV < 15 %).

Food abundance
Ovenbirds forage almost exclusively on the forest floor (Holmes and Robinson 1988)
and leaf litter arthropod biomass is considered a measure of ovenbird food availability
(Burke and Nol 1998, Strong and Sherry 2000). Other migrants I studied, such as the
thrush species, also often feed on leaf litter invertebrates (Holmes and Robinson 1988). I
collected 0.4 m2 of leaf litter from the surface to the ground within twelve 1m2 plots at
each site. Plots were spaced every 10 m along two, 60 m transects. Transects were
parallel and ~30 m apart. Sampling was conducted between 08:00 and 13:00 EST at the
beginning, middle, and end of a field season. Spring arthropods were sampled during
2007 and 2008; autumn arthropods were sampled during 2008 only.
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Arthropods were extracted from litter samples in Berlese funnels, identified to
order, oven-dried at 60°C for 12 hr, and weighed to 0.0001 g. Individuals that were
difficult to see without magnification (< ~1 mm) were considered negligible and not
processed. Ovenbirds are unselective foragers and all taxonomic orders of arthropods
were assumed to be potential prey (Stenger 1958, Burke and Nol 1998).

Statistical analyses
I used a Chi-square goodness of fit test to compare the number of Nearctic-Neotropical
migratory birds captured between each study site, with the null hypothesis being an equal
distribution. I first adjusted the number of birds captured at each site for site differences
in capture effort (i.e., number of mist nets and hours operated). This was done by
averaging the total number of mist net hours (number of mist nets * total number of
hours operated) at all five sites and then dividing the actual effort at each individual site
by this average to calculate a correction factor. The total number of migrants captured at
each site was divided by the correction factor to correct the absolute numbers for equal
effort. The Chi-square test was then conducted on the corrected values (Swanson et al.
2003).
Migrant body mass was adjusted to body size (wing length) in each species using
a scaled mass model (Peig and Green 2009) unless an initial simple linear regression of
body mass and body size was non-significant (P > 0.05). I used simple linear regression
to examine the relationship between body mass or size-adjusted body mass and capture
time (expressed as hours since sunrise) (Winker et al. 1992, Carlisle et al. 2005,
Seewagen and Slayton 2008). Hourly mass change rate was obtained from the beta
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coefficient. Studies often apply this technique only to species with samples sizes of more
than 50 (Jones et al. 2002) or 100 (Dunn 2002, Bonter et al. 2007) birds, but few species
in this study had such large sample sizes and I chose a lower criterion of n ≥ 30 to allow
more species to be included in the analyses.
I used general linear models (GLM) with a backwards selection (α = 0.1)
procedure to identify variables that contributed to site differences in plasma TRIG and
BUTY concentrations. Variables examined were capture time, body mass or sizeadjusted body mass, Julian date, year, and bleed time. Metabolite concentrations were
compared among sites with analysis of covariance (ANCOVA), with variables retained
by the GLM entered as covariates (Guglielmo et al. 2005). All covariates met
assumptions of equal variance and homogenous slopes. Site differences in metabolites
were tested with analysis of variance (ANOVA) when no covariates were identified.
Combining TRIG and BUTY into a refueling index with principal components analysis
(e.g., Schaub and Jenni 2001, Guglielmo et al. 2005) did not qualitatively change site
comparison results and I therefore only report the results of the aforementioned analyses
of TRIG and BUTY individually. Age and sex could not be considered because sample
sizes at some sites were small, most of the species examined cannot be reliably sexed in
the field, and the ageing and sexing skills of field crew were inconsistent among study
sites.
I tested for differences in invertebrate biomass among sites with repeated
measures ANOVA to account for multiple sampling sessions throughout a season, with
site, time period (early, middle, late), and their interaction entered as fixed factors. Site
differences in biomass during each spring time period were compared individually with
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ANOVA because of a significant interaction between site and time period in the repeated
measures analysis.
Statistical analyses were performed with R version 2.1.0 (R Development Core,
Vienna, Austria) and SPSS version 17.0 (SPSS Inc., Chicago, IL). Results were
interpreted as significant when P ≤ 0.05, with the exception of backwards selection
procedures where variables were retained at P < 0.1. Tukey HSD tests were used for all
post-hoc, pairwise comparisons. Non-normal data were log10 +1 transformed to meet
parametric assumptions. Values are reported as means ± SE.

RESULTS
Relative migrant abundance
Total captures of Nearctic-Neotropical migrants differed significantly among sites during
spring and autumn after correcting for equal effort (Table 3.1); more migrants were
captured in Prospect Park than at any other site. On average, spring and autumn migrants
were captured in NYC at more than triple the rate they were captured in Westchester
(Fig. 2).

Hourly mass change
Eight Nearctic-Neotropical migrant species had a sufficient sample size (n ≥ 30) from at
least one study site during spring or autumn to investigate the relationship between body
mass and capture time. Sample sizes and regression statistics are presented in Table 3.2.
Spring.― In Prospect Park, ovenbirds and black-throated blue warblers gained
0.33 and 0.18 g hr-1, respectively, whereas common yellowthroat, Northern waterthrush,
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Figure 3.2. Capture rates of Nearctic-Neotropical migratory
landbirds at stopover sites in New York City (Bronx,
Inwood, Prospect) and Westchester County (Marshlands,
Pound Ridge), New York, 2007-2008. Capture rate
expressed as number of migratory birds captured per 100
net hours and calculated as (total migrants captured /
total net hours) x 100. One net hour is equivalent to one
mist net operated for one hour.
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and black and white warbler body mass did not significantly change over time. Ovenbird,
yellow-rumped warbler, and common yellowthroat body mass did not change over time
in Inwood Park (all P > 0.24). Ovenbird and common yellowthroat gained mass in Bronx
Park (0.45 and 0.24 g hr-1, respectively); Northern waterthrush did not (Table 3.2).
Autumn.― In Prospect Park, the relationship between body mass and capture
time was non-significant in the veery, Swainson’s thrush, or common yellowthroat, and
approached significance (P = 0.06) in the white-throated sparrow (Table 3.2). Whitethroated sparrow body mass was unrelated to capture time in Inwood and Bronx Parks.
Black-throated blue warbler did not show changes in body mass in Inwood Park, and
Northern waterthrush and common yellowthroat did not show changes in body mass in
Bronx Park (Table 3.2). Mass gain in the yellow-rumped warbler was not significant at
Inwood Park and approached significance (P = 0.07) at Marshlands Conservancy.
Common yellowthroat did not gain significant mass at Marshlands Conservancy (Table
3.2). No other species had adequate sample sizes from Westchester to examine mass
changes.

Plasma metabolites
A sufficient number of blood samples for site comparisons was obtained from six
species: Swainson’s thrush, hermit thrush, wood thrush, yellow-rumped warbler,
ovenbird, and common yellowthroat. Mean metabolite values and sample sizes for all
species sampled are shown in Table 3.3. Variables identified as significant covariates and
controlled for in site comparisons differed among species (Table 3.4). TRIG was
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positively associated, and BUTY was negatively associated, with time of capture in most
species, reflecting the transition from overnight fasting or flight to morning feeding.
Ovenbird TRIG and BUTY concentrations did not differ among sites during
spring (TRIG: F4,128 = 0.5, P = 0.73; BUTY: F4,113 = 1.2, P = 0.32; Fig. 3.3). No other
spring migrants provided a sufficient sample size (n ≥ 5) from at least one non-urban site
to allow meaningful statistical comparisons to the urban sites. Ovenbird TRIG
concentrations were also not different among sites during autumn (F3,68 = 0.5, P = 0.68).
Ovenbird BUTY during autumn differed overall among sites (F3,67 = 3.0, P = 0.04), with
birds at Marshlands Conservancy having generally lower levels than birds in NYC, but
no pairwise comparisons were significant (all P > 0.07; Fig. 3.4). There were significant
site differences in Swainson’s thrush TRIG concentrations during autumn (F4,64 = 2.7, P
= 0.04); in post-hoc tests, TRIG concentrations of birds in the NYC sites and the
Marshlands Conservancy were higher than those of birds at Pound Ridge (all P < 0.04)
but were not different from each other (all P > 0.08; Fig. 3.4). Autumn BUTY levels of
Swainson’s thrush were not different among sites (F4,63 = 0.7, P = 0.60; Fig. 3.4). TRIG
concentrations of yellow-rumped warbler differed among sites during autumn (F3,84 =
4.2, P = 0.01), with concentrations at Inwood Park and the two Westchester sites higher
than at Bronx Park (all P < 0.05) but not different from each other (all P > 0.1; Fig. 3.4).
Yellow-rumped warbler BUTY also differed among sites (F3,80 = 11.7, P < 0.001), with
highest levels at Inwood Park and lowest levels at Pound Ridge (Fig. 3.4). Common
yellowthroat TRIG was not different among sites during autumn (F3,96 = 0.3, P = 0.84),
whereas BUTY was different (F3,92 = 3.0, P = 0.04) and generally lower in NYC than in
Westchester (Fig. 3.4). Autumn TRIG and BUTY concentrations did not differ among
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Figure 3.3. Plasma triglyceride (TRIG) and B-OH-butyrate (BUTY)
concentrations of ovenbirds at stopover sites in New York City
(Bronx, Inwood, Prospect) and Westchester County (Marshlands,
Pound Ridge), New York, during spring 2007-2008. Metabolite
values expressed as least squares means + SE controlling for
covariates (Table 4). Sample sizes reported in Table 3.2.
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Figure 3.4. Plasma triglyceride (TRIG [A]) and B-OH-butyrate (BUTY [B])
concentrations of landbird migrants at stopover sites in New York City (Bronx,
Inwood, Prospect) and Westchester County (Marshlands, Pound Ridge), New
York, during autumn 2007-2008. Metabolite values are least squares means + SE
when covariates were controlled for and means + SE when no covariates were
identified (Table 3.4). Letters indicate significant site differences within a species.
Sample sizes reported in Table 3.2.
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sites in hermit thrush (TRIG: F4,39 = 1.0, P = 0.45; BUTY: F4,37 = 1.4, P = 0.26) or wood
thrush (TRIG: F3,41 = 0.1, P = 0.97; BUTY: F3,41 = 0.7, P = 0.59; Fig. 3.4).

Food abundance
Total arthropod biomass was primarily represented by 11 orders during spring:
Diplopoda (26%), Isopoda (14%), Coleoptera (13%), Lepidoptera (11%), Chilopoda
(10%), Hymenoptera Formcidae (5%), other Hymenoptera (4%), Hemiptera (4%),
Araneae (3%), Lepidoptera larva (3%), and Diptera (2%). During autumn, total
arthropod biomass was primarily represented by 10 orders: Diplopoda (19%), Isopoda
(17%), Coleoptera (16%), Hemiptera (12%), Lepidoptera (9%), Orthoptera (8%),
Araneae (7%), Collembola (5%), Diptera (2%), and Opiliones (2%). The proportion of
most orders was similar among sites (Table 3.5).
Trends in arthropod biomass throughout the spring were highly inconsistent
among sites (site*time period interaction: F8, 345 = 2.8, P = 0.005); at some sites biomass
increased, whereas at others it decreased or remained similar (Fig. 3.5). There were
significant site differences in arthropod biomass early (F4,115 = 2.6, P = 0.04) and late
(F4,115 = 3.4, P = 0.01) in the spring, but not during the middle of the season (F4,115 = 0.8,
P = 0.56). During early spring, biomass in Bronx Park was marginally higher than in
Inwood Park (P = 0.06), but no pairwise comparisons were significant. Biomass was
significantly greater in Inwood Park than in Bronx (P = 0.03) and Prospect Parks (P =
0.05) late in the spring.
During autumn, the effects of the site*time period interaction and time period
were not significant (interaction: F8,165 = 1.6, P = 0.12; time period: F2,173 = 0.8, P =
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Figure 3.5. Mean + SE arthropod dry mass in 0.4m2 leaf litter samples
collected from migratory bird stopover sites in New York City
(Bronx, Inwood, Prospect) and Westchester County (Marshlands,
Pound Ridge), New York, over three time periods during spring
2007-2008. Arthropod dry mass was significantly greater at
Inwood Park than at Bronx and Prospect Parks late in the spring;
no other pairwise comparisons of sites within a time period were
significant.
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Figure 3.6. Mean + SE arthropod dry mass in 0.4m2 leaf litter
samples collected from migratory bird stopover sites
in New York City (Bronx, Inwood, Prospect) and
Westchester County (Marshlands, Pound Ridge), New
York, during autumn 2008. In contrast to spring (Fig.
3.5), data from three sampling periods were pooled
because of a non-significant site*time period interaction.
Letters indicate significant site differences.
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0.47) and sequentially dropped from the model. Average arthropod biomass across all
time periods was significantly different among sites (F4,175 = 2.9, P = 0.02), with biomass
being significantly lower at Pound Ridge than Marshlands Conservancy (P = 0.03) and
Inwood Park (P = 0.05; Fig. 3.6).

DISCUSSION
This is to my knowledge the first application of plasma metabolite profiling and
measures of food abundance to assess the relative quality of stopover sites for passerines
in an urbanized landscape. Many city parks are famous for receiving exceptional
concentrations of migrants (Fowle and Kerlinger 2001, Mehlman et al. 2005, Milne
2007); yet the resources provided by such habitats, and hence their true value as stopover
sites, has been questioned.
Urban ecosystems often support greater terrestrial invertebrate biomass than nonurban habitats because of warmer microclimates and various other habitat characteristics
(Raupp et al. 2010 and references within), which in turn could benefit insectivorous
migratory birds refueling at urban stopover sites. In this study, site differences during
spring were dependent on the time of season, but at no point was there a consistent trend
for higher leaf litter arthropod biomass in the urban habitats than in the non-urban
habitats. There was also no indication that biomass was greater in the urban sites during
autumn, although the site farthest outside NYC, Pound Ridge, had the lowest biomass.
Food abundance for ovenbirds and similar ground-foraging, insectivorous migrants does
not appear to differ overall between habitats in NYC and Westchester.
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Bird capture rates indicated a dramatic difference in the density of landbird
migrants in NYC and Westchester during both spring and autumn. High migrant density
in urban habitats is a common phenomenon in cities along major migration routes and
likely results from the limited habitat availability in urban landscapes. Indeed, the
percentage of forest cover in NYC is less than one third that of Westchester and migrants
become concentrated in its small forest patches. In addition, earlier spring greening and
delayed autumn dormancy of vegetation by as much as two weeks in urban forests due to
heat-island effects (Roetzer et al. 2000, White et al. 2002, Zhang et al. 2004a, b) and
differing phenology of exotic plants that are common to disturbed habitats (Shustack et
al. 2009) may actually attract migrants to urban stopover sites. Vegetation phenology
appears to be an important cue used during stopover site selection by in-flight migrants,
as it can provide information about food availability (McGrath et al. 2009, Strode 2009).
Spring greening was noticeably later, and autumn leaf fall was noticeably earlier in
Westchester than in NYC during the study period (pers. obs.) and possibly contributed to
the disparity in migrant densities.
Resource competition and territory defense have been observed in passerine
migrants during stopover (Rappole and Warner 1976, Bibby and Green 1980, Dierschke
et al. 2005, Buler 2006; but see Fasola and Fraticelli 1990) and mass gain can be densitydependent (Moore and Yong 1991, Kelly et al. 2002, Cerasale and Guglielmo 2010). For
example, Cerasale and Guglielmo (2010) found that food abundance was comparable
between stopover sites with native vegetation and those dominated by exotic salt cedar
(Tamarix spp.) in the western U.S., but Wilson’s warblers (Wilsonia pusilla) were in fact
able to refuel at higher rates in the salt cedar habitats possibly because of lower
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competitor density. In my study, ovenbird TRIG concentrations were not different
between NYC and Westchester during spring or autumn, suggesting equal refueling rates
despite the extreme difference in migrant density and similar food abundance across
sites. Other species also indicated comparable refueling rates in NYC and Westchester
even though competition was likely greater in the urban sites. It is unknown, however,
how food abundance compared among sites for some of these species that have varying
diets and forage at other strata besides the forest floor (e.g., yellow-rumped warbler).
Plasma metabolites of migrants in NYC can be further interpreted through
comparisons to other studies in non-urban areas. Ovenbird TRIG levels in NYC during
spring and autumn were higher than the average TRIG concentrations of ovenbirds overwintering in Jamaica (Brown 2006); presumably, nutrient intake of ovenbirds on
wintering grounds is only what is needed to maintain energy balance, and the higher
TRIG levels of ovenbirds during migratory stopover in NYC indicate energy
accumulation above minimum metabolic requirement. I am unaware of any reports of
TRIG concentrations in migrating ovenbirds. Average TRIG levels of spring migrant
Swainson’s thrushes were higher at Inwood and Prospect Parks than at a stopover site
considered to be of high-quality in Ontario, Canada (Guglielmo et al. 2005). Average
TRIG levels of spring migrant yellow-rumped warblers were two to three-fold higher in
NYC than at a national wildlife refuge in northwestern Ohio (MacDade 2009). During
autumn, yellow-rumped warblers at Bronx and Inwood Parks had comparable average
TRIG levels to conspecifics during stopovers in Rhode Island, and hermit thrushes had
higher average TRIG levels in NYC than in Rhode Island (Smith and McWilliams 2010).
The average TRIG concentration of autumn Swainson’s thrushes at each NYC site was
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higher than or similar to the TRIG concentrations of migrating Swainson’s thrushes in
northern California (Leist 2007). Similar TRIG levels between NYC and these studies in
non-urban areas further indicate the NYC sites offer adequate, and possibly high quality,
refueling conditions for landbird migrants.
In several cases there was no relationship between migrant body mass and time of
day, which may have resulted from inadequate sample sizes. The body mass-time of day
regression technique requires large sample sizes to detect mass change trends because of
the great variation in body mass among individuals at a given time of day (Winker et al.
1992, Dunn 2000), and some studies have therefore chosen to only investigate species
with sample sizes of more than 100 birds (Dunn 2002, Bonter et al. 2007). In this study,
most sample sizes were less than 50 birds. Capturing birds during only the morning
hours may also explain why changes in body mass over time were not always detected.
The regression technique is more often applied to banding data collected over longer
daytime periods (e.g., Dunn 2001, Jones et al. 2002, Morris et al. 2003, Bonter et al.
2007). Mass gain during the short sampling period in this study may have been too subtle
to result in significant relationships between body mass and time of capture. This is
particularly so during autumn when the sampling period was shorter than spring because
of later sunrise times. Species that did in fact have significant relationships between body
mass and time of day in the NYC sites gained mass at comparable, and in most cases
higher, rates as conspecifics in non-urban areas (Winker et al. 1992, Dunn 2001, Bonter
et al. 2007). These mass gain rates were also similar to those measured in Bronx Park in
an earlier study (Seewagen and Slayton 2008).
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The need to recover expended energy stores is perhaps the greatest constraint
faced by en route migrants, and the rate at which migrants are able to refuel is a common
indicator of stopover habitat quality (Dunn 2000, Guglielmo et al. 2005, Seewagen and
Slayton 2008, Cerasale and Guglielmo 2010). In this study, the refueling opportunities
for migrants in the urban sites did not appear to be any poorer than those in the less
disturbed, suburban habitats. Plasma metabolite values indicated comparable refueling
performance of migrants in NYC and Westchester, and measures of arthropod biomass
suggested similar food abundance for ground-foraging insectivores in the two areas
during both seasons. Further, plasma metabolite levels and arthropod biomass in
Prospect and Inwood Parks were similar to Bronx Park, where previous research
suggested high quality stopover habitat is available (Seewagen and Slayton 2008). TRIG
levels in NYC were similar to, or higher than, those reported in the literature for migrants
in various non-urban areas. Regressions also indicated mass gain occurred at rates
comparable to or higher than non-urban habitats elsewhere. Taken together, my results
suggest sufficient refueling opportunities are available in NYC and add to a growing
body of evidence that urban habitats can represent suitable stopover sites for migratory
landbirds (Seewagen and Slayton 2008, Craves 2009, Matthews and Rodewald 2010,
Chapter VI).
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Table 3.1. Total captures of Nearctic-Neotropical migratory landbirds during spring and
autumn 2007-2008 in New York City (Bronx, Inwood, Prospect) and Westchester
County (Marshlands, Pound Ridge), New York. Capture totals were significantly
different between sites after correcting for equal effort (see Methods).

Study site

Season
Spring

Bronx
Inwood
Prospect
Marshlands
Pound Ridge

Net hr

Absolute
captures

Corrected
captures

χ24

P

739
798
531
1428
1165

413
557
654
206
37

521
650
1148
135
30

1604

< 0.001

1204
1235
738
2219
2759

534
640
437
267
135

723
845
966
196
80

1131

< 0.001

Autumn
Bronx
Inwood
Prospect
Marshlands
Pound Ridge

White-throated sparrow

Common yellowthroat

Northern waterthrush

Black and white warbler
Ovenbird

Yellow-rumped warbler

Species
Veery
Swainson's thrush
Black-throated blue warbler

Season
Autumn
Autumn
Autumn
Spring
Spring
Autumn
Marshlands Autumn
Prospect
Spring
Bronx
Spring
Inwood
Spring
Prospect
Spring
Bronx
Spring
Autumn
Prospect
Spring
Bronx
Spring
Autumn
Inwood
Spring
Prospect
Spring
Autumn
Marshlands Autumn
Bronx
Autumn
Inwood
Autumn
Prospect
Autumn

Site
Prospect
Prospect
Inwood
Prospect
Inwood
n
46
37
40
39
32
58
48
44
44
41
102
33
35
98
41
57
38
80
32
37
106
41
43

Body mass
(g)
33.6 ± 0.5
31.8 ± 0.5
9.4 ± 0.1
10.2 ± 0.1
13.5 ± 0.2
11.9 ± 0.1
11.8 ± 0.1
11.0 ± 0.1
21.0 ± 0.2
20.0 ± 0.2
20.6 ± 0.2
18.1 ± 0.3
18.6 ± 0.4
18.1 ± 0.2
11.0 ± 0.1
10.2 ± 0.1
11.1 ± 0.1
10.6 ± 0.1
10.2 ± 0.2
10.0 ± 0.1
26.1 ± 0.2
26.0 ± 0.8
24.9 ± 0.3
r2
0.05
0.00
0.05
0.13
0.00
0.01
0.08
0.05
0.20
0.02
0.05
0.04
0.00
0.00
0.14
0.00
0.02
0.01
0.02
0.01
0.01
0.01
0.08
P
0.15
0.97
0.16
0.03
0.91
0.61
0.07
0.14
0.003
0.29
0.03
0.29
0.80
0.79
0.02
0.83
0.48
0.47
0.43
0.60
0.43
0.65
0.06
0.18 ± 0.08

0.41 ± 0.21

1.6

2.2

1.6
0.33 ± 0.15

0.24 ± 0.10

1.0

0.45 ± 0.14

2.5

1.8

g hr-1

0.30 ± 0.16

% mean
mass
hr-1

Table 3.2. Mean ± SE body mass and diurnal mass changes of migratory landbirds during stopovers in New York City
(Bronx, Inwood, Prospect) and Westchester County (Marshlands), New York, 2007-2008. Hourly mass change
rates determined from beta coefficients of linear regressions of body mass and capture time when P ≤ 0.1. Mass
change only examined when n ≥ 30.
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Ovenbird

Yellowrumped
warbler

Wood
thrush

Hermit
thrush

Swainson's
thrush

Species
Veery

Spring

Autumn

Spring

Autumn

Spring

Autumn

Spring

Autumn

Spring

Autumn

Season
Spring

0.85 ±
0.13 (12)
1.65 ±
0.11 (35)

1.86 ±
0.23 (11)

2.53 ±
0.29 (16)
2.43 ±
0.38 (7)
1.30 ±
0.33 (5)

-

2.41
(1)
2.07 ±
0.14 (27)
2.52 ±
0.62 (10)

-

1.54 ±
0.20 (12)
1.03 ±
0.11 (33)

1.07 ±
0.22 (8)

0.37 ±
0.07 (13)
0.53 ±
0.07 (7)
0.88 ±
0.34 (5)

-

0.21
(1)
0.69 ±
0.06 (25)
0.66 ±
0.11 (10)

-

Bronx Park
TRIG
BUTY

1.53 ±
0.11 (31)
1.52 ±
0.09 (34)

3.04 ±
0.25 (27)

3.16 ±
0.53 (8)
1.69 ±
0.15 (13)
1.28 ±
0.14 (14)

-

3.01 ±
0.52 (18)
2.03 ±
0.24 (8)

-

-

1.79 ±
0.17 (31)
0.96 ±
0.09 (29)

1.01 ±
0.12 (20)

0.45 ±
0.12 (7)
0.70 ±
0.10 (11)
0.68 ±
0.06 (14)

-

0.74 ±
0.06 (18)
0.63 ±
0.14 (8)

-

-

Inwood Park
TRIG
BUTY

New York City

1.07 ±
0.18 (6)
1.59
(1)
1.02 ±
0.11 (37)

0.42
(1)
1.67 ±
0.11 (40)

0.50 ±
0.07 (5)
0.71 ±
0.15 (4)
0.67 ±
0.10 (9)
2.05 ±
0.29 (9)

2.12 ±
0.48 (5)
1.65 ±
0.26 (4)
1.12 ±
0.14 (9)

-

0.85 ±
0.15 (9)
0.66 ±
0.07 (16)
0.52 ±
0.06 (35)

1.83 ±
0.39 (9)
2.21 ±
0.32 (16)
2.01 ±
0.13 (35)
-

-

-

Prospect Park
TRIG
BUTY

0.81
(1)
1.20 ±
0.07 (33)
0.85 ±
0.16 (10)

1.75 ±
0.12 (36)
1.48 ±
0.22 (15)

0.71 ±
0.20 (5)
0.68 ±
0.10 (4)
0.55 ±
0.06 (14)

-

0.66
(1)
0.86,
0.93 (2)
0.54 ±
0.06 (7)

-

2.16 ±
0.39 (4)

1.64 ±
0.17 (5)
1.68 ±
0.43 (4)
1.35 ±
0.28 (14)

-

2.16
(1)
2.32 ±
0.30 (3)
2.61 ±
0.65 (7)

-

1.75 ±
0.17 (12)
2.05 ±
0.78 (7)

-

2.17 ±
0.34 (8)
3.42 ±
1.73 (3)
1.06 ±
0.24 (3)

0.81 ±
0.06 (11)
0.60 ±
0.23 (7)

-

0.37 ±
0.07 (8)
0.92,
0.64 (2)
0.77 ±
0.16 (3)

-

0.92 ±
0.16 (4)
0.92,
0.33 (2)
0.69 ±
0.22 (6)

1.41 ±
0.22 (4)
2.05,
3.00 (2)
1.24 ±
0.18 (6)
-

-

-

Westchester County
Marshlands
Ward Pound Ridge
Conservancy
Reservation
TRIG
BUTY
TRIG
BUTY

Table 3.3. Mean ± SE plasma triglyceride (TRIG) and B-OH-butyrate (BUTY) concentrations (mmol L-1) of migratory landbirds
during stopovers in New York City and Westchester County, New York, 2007-2008. Sample sizes shown in parentheses.
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Whitethroated
sparrow

Common
yellowthroat

Northern
waterthrush

Autumn

Spring

Autumn

Spring

Autumn

Spring

Autumn

1.44 ±
0.10 (69)

2.30 ±
0.43 (13)

1.43 ±
0.12 (38)

2.39 ±
0.59 (26)

1.47 ±
0.14 (31)

1.95 ±
0.18 (33)

1.14 ±
0.10 (14)

1.24 ±
0.09 (67)

0.97 ±
0.11 (13)

1.08 ±
0.08 (38)

0.98 ±
0.13 (21)

1.08 ±
0.12 (31)

1.03 ±
0.11 (29)

1.07 ±
0.19 (12)

1.75 ±
0.21 (39)

1.94
(1)

1.48 ±
0.40 (18)

2.56 ±
0.40 (25)

1.28 ±
0.22 (3)

3.76 ±
2.34 (7)

1.33 ±
0.54 (11)

1.66 ±
0.24 (38)

2.17
(1)

1.18 ±
0.14 (16)

1.03 ±
0.15 (17)

1.05 ±
0.17 (3)

1.01 ±
0.27 (6)

1.40 ±
0.29 (11)

1.70 ±
0.14 (36)

1.48 ±
0.23 (4)

1.26 ±
0.12 (21)

1.66 ±
0.14 (28)

1.42 ±
0.18 (20)

1.63 ±
0.09 (57)

1.50 ±
0.37 (21)

1.50 ±
0.16 (33)

2.35 ±
0.65 (3)

1.47 ±
0.12 (19)

1.46 ±
0.21 (20)

1.21 ±
0.13 (20)

1.16 ±
0.09 (52)

1.28 ±
0.17 (21)

1.76 ±
0.21 (4)

1.62
(1)

1.10 ±
0.08 (22)

1.42 ±
0.26 (4)

1.65 ±
0.49 (4)

1.83 ±
0.43 (4)

1.46 ±
0.17 (28)

1.39 ±
0.20 (4)

1.08
(1)

1.63 ±
0.20 (21)

1.12 ±
0.16 (3)

1.19 ±
0.31 (4)

1.12 ±
0.21 (4)

0.94 ±
0.09 (28)

1.31 ±
0.32 (4)

-

0.55
(1)

-

-

-

0.75 ±
0.04 (4)

1.90 ±
0.37 (4)

-

0.97
(1)

-

-

-

1.46 ±
0.29 (4)
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Table 3.4. Variables retained by general linear models with backwards selection and
included as covariates in study site comparisons of metabolites. TRIG =
triglyceride, BUTY = B-OH-butyrate, B = bleed time, D = Julian date, M = body
mass, T = time since sunrise, Y = year. Positive or negative symbols indicate
direction of effect. Ovenbird was the only species with a sufficient sample size to
examine during spring. All species listed were examined during autumn; dashes
indicate that no variables explained significant variation in plasma metabolite
concentration.
Spring
Species
Swainson's thrush
Hermit thrush
Wood thrush
Yellow-rumped
warbler
Ovenbird
Common yellowthroat

TRIG

+T, -Y, +D, -B

BUTY

-T, +B

Autumn
TRIG
BUTY
+T
-T, +Y
+T, -B
+T, +D
+T, +Y, +M
+T, -Y

+M
-T, +D
-T
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Table 3.5. Percentage of total leaf litter arthropod dry mass represented by each
taxonomic order at migratory landbird stopover sites in New York City (Bronx,
Inwood, Prospect) and Westchester County (Marshlands, Pound Ridge), New
York, spring (S) and autumn (A) 2007-2008.

Order
Acari
Araneae
Blattodea
Chilopoda
Coleoptera
Coleoptera
larvae
Collembola
Dermaptera
Diplopoda
Diplura
Diptera
Diptera
larvae
Hemiptera
Homoptera
Hymenoptera
Hymenoptera
formcidae
Isopoda
Isoptera
Lepidoptera
Lepidoptera
larvae
Opiliones
Orthoptera
Pseudoscorpionies
Thysanoptera
Thysanura
Unknown

Bronx
S
A
<1
<1
15
5

4
<1
<1
6

<1
<1
<1
34
<1

Prospect
S
A
<1
5
3
6
14

14

1
2
2

18

<1
<1
3

7

<1

1

1

11

<1
32
<1

10

1

13

4

1

3

16

2

<1

4

24
1
9

22
<1

14

9

14

<1

1

<1

8
16

30

1
28
<1

<1
<1
32

Pound Ridge
S
A
<1
6
37
5
17

4
28

2

2
5
27

7

5

1

4

5

3

12

<1

2

1

<1

3

1

4

42

22

14

7

16

3

6
2
18

15

3

4

2
<1
<1

<1

5

2

25

<1

<1

<1

<1
<1

<1
1

<1
<1

5

<1

8
17

21

<1

<1

<1

5

Marshlands
S
A
<1
<1
2

1

<1
<1
24

<1
<1

Inwood
S
A
<1
5
13
5
15
1
10
7

<1

25
3

<1
<1
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CHAPTER IV
USE OF QUANTITATIVE MAGNETIC RESONANCE ANALYSIS AND A
MORPHOMETRIC PREDICTIVE MODEL TO INVESTIGATE LEAN BODY
MASS CHANGES IN NEARCTIC-NEOTROPICAL PASSERINES AT AN
URBAN STOPOVER SITE1

INTRODUCTION
Most bird species undergo considerable fluctuations in body mass during migration, as
mass is repeatedly lost during energetically-demanding flights and replenished during
stopover refueling. The energy density of fat is several-fold higher than that of protein
and carbohydrates, and birds are unique among vertebrates in their ability to sustain highintensity aerobic exercise primarily with fatty acid oxidation (McWilliams et al. 2004). It
was at one time believed that changes in body mass of migrant birds were due to changes
in fat mass alone (Odum et al. 1964), but more recently it has become clear that lean
tissues can also significantly contribute to total body mass dynamics (Piersma 1990,
Lindström and Piersma 1993, Karasov and Pinshow 1998).
Much of the evidence for lean mass changes during migration comes from
shorebirds that have been shown to lose substantial organ and muscle mass during flight,
which is later restored on stopover (e.g., Piersma et al. 1999). Atrophy of organs that are
not needed during flight, such as digestive tract components, may be an adaptation to
lower power requirements and basal metabolic rate, and in turn, increase energy
efficiency (Jenni and Jenni-Eiermann 1998, Piersma and Gill 1998, Biebach and
1

A version of this chapter has been accepted for publication by the Journal of Comparative Physiology B
(Seewagen and Guglielmo 2010).
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Bauchinger 2003, Landys-Ciannelli et al. 2003), or may simply be a beneficial
consequence of the relatively high turnover rates of these organs (Bauchinger and
McWilliams 2009). Losses in flight muscle mass that accompany decreasing power
requirements throughout a flight as birds become lighter may act to further economize
energy expenditure (Pennycuick 1998, Lindström et al. 2000, Biebach and Bauchinger
2003). The steady supply of citric acid cycle intermediates needed for fat oxidation also
necessitates the catabolism of some protein during flight (Jenni and Jenni-Eiermann
1998). Another potential benefit of protein breakdown is an increased liberation of water
under dehydrating flying conditions (Jenni and Jenni-Eiermann 1998).
A bird’s rate of protein loss during flight is a function of the size of its remaining
fat stores. The rate is greatest when fat stores drop below 5-10% of total body mass
(Jenni et al. 2000, Schwilch et al. 2002). In absolute terms, the amount of protein
catabolized is parallel to the amount of fat catabolized (Bauchinger and Biebach 1998).
Perhaps for these reasons extreme fluctuations in lean body mass are best known in
shorebirds which make exceptionally long non-stop flights and come close to exhausting
fat stores relative to other groups of migratory birds. Passerines, in contrast, migrate in
shorter bouts and likely reach critically low fat stores only when crossing large expanses
of inhospitable habitat such as oceans and deserts. It is these geographical barriers that
push passerine migrants towards maximum capacity on endogenous energy sources, and
therefore, it is at these crossings we would expect to observe the most substantial changes
in passerine lean mass. Indeed, most of the literature on lean mass dynamics in free-living
passerines concerns Palearctic migrants before or after crossing the Sahara Desert (e.g.,
Karasov and Pinshow 1998, Deerenberg et al. 2002, Schwilch et al. 2002, Biebach and
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Bauchinger 2003, Bauchinger et al. 2005). For example, Karasov and Pinshow (1998)
estimated that lean mass accounted for as much as 37% of total body mass gains in
blackcaps (Sylvia atricapilla) refueling after crossing the Sahara. Schwilch et al. (2002)
showed that total lean body mass and individual organ and muscle masses were
significantly reduced in birds that had just crossed the Sahara Desert and Mediterranean
Sea compared to conspecifics migrating through continental Europe. Bauchinger et al.
(2005) similarly found garden warblers (Sylvia borin) that had just crossed the Sahara
had lower organ and muscle masses than garden warblers preparing to cross. Such studies
provide strong evidence that passerine migrants incur significant protein loss during
passage over large geographical barriers, and subsequent stopover refueling includes the
deposition of both fat and lean mass.
Under less demanding situations when stopover habitat is more contiguous,
however, it less certain how much lean tissue passerines catabolize in flight and rebuild
during stopovers (Åkesson et al. 1992, Bauchinger and Biebach 2005). Between the
Great Lakes and Gulf of Mexico, for example, there are no significant barriers impeding
forest-dwelling, Nearctic-Neotropical migratory passerines in eastern North America
(Tankersley and Orvis 2003). Metropolitan and agricultural areas may be thought of as
anthropogenic barriers (Moore et al. 1995, Mehlman et al. 2005), but even the largest
urban and agricultural landscapes are incomparable in size to natural barriers like the
Sahara Desert and the Gulf of Mexico, and usually have several habitat fragments within
that can be used as stopover sites when needed (Swanson et al. 2003, Mehlman et al.
2005, Seewagen and Slayton 2008).
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In this study, I examined lean mass variation in migratory passerines during
stopovers in New York City (NYC), USA, where no major barriers exist immediately to
the north or south, and most migrants arrive with ample fat stores remaining (Seewagen
2008, Seewagen and Slayton 2008). Lean mass dynamics have seldom been studied in
New World passerine species or in passerines at a stopover site that is not in close
proximity to a large geographical barrier. As it has only recently been demonstrated that
migrants can successfully refuel during stopovers in heavily developed, urbanized
landscapes (Seewagen and Slayton 2008, Craves 2009, Chapter III), an additional goal of
this study was to learn whether lean mass contributed to total body mass changes
previously observed in birds at my urban study sites. Determining the extent to which
lean tissues are involved in stopover refueling is important for understanding the most
important nutrient sources that stopover habitats must provide (Karasov and Pinshow
1998).
I used two sources of body composition data to explore lean mass variation in
Nearctic-Neotropical migrants. The first was obtained by quantitative magnetic resonance
(QMR) analysis of birds captured during autumn 2008 in Bronx Park, NYC. QMR
analysis is a fast, accurate, non-invasive technique for directly measuring the fat and wet
lean body mass of small vertebrates (Taicher et al. 2003, Jones et al. 2009, McGuire and
Guglielmo in press), including passerine birds (Guglielmo, Gerson, McGuire, and
Seewagen, unpublished data). The second data set was obtained by using an existing
predictive model (Chapter II) to estimate, based on total body mass and visible
subcutaneous fat score, the fat mass of birds captured during spring 2007-2008 in Bronx
Park and Prospect Park, NYC when the QMR unit was unavailable. With these datasets I
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examined (1) the proportion of variance in total body mass explained by lean body mass,
after controlling for body size, (2) hourly rates of fat and lean body mass change during
stopover refueling, and (3) fat and lean mass changes in recaptured birds.

METHODS
Study sites
NYC is crossed by the Atlantic migration routes of many Nearctic-Neotropical passerine
species and its parks are well-known for receiving large concentrations of passage
migrants (Mittlebach and Crewdson 1998, Fowle and Kerlinger 2001). Bronx and
Prospect Parks are primarily composed of mature, eastern deciduous forest and provide
suitable stopover habitat for migrating passerines (Seewagen and Slayton 2008, Chapter
III, VI). Stopovers at these sites often span multiple days (Chapter V, VI).

Data collection
Data were collected from spring and autumn migrants mist-netted from sunrise until
approximately 11:00 EST, 1-31 May and 8 September-20 October, 2007-2008. All birds
were weighed to the nearest 0.1g and fat-scored on a 6-point scale (Chapter II).
Unflattened wing length was measured to 1 mm and birds were banded with aluminum
USGS leg bands.
The body composition of birds captured in Bronx Park during autumn 2008 was
determined by QMR analysis as follows. Conscious birds were scanned within 45 min of
capture and banding in a QMR unit (Echo-MRI, Echo Medical Systems, Houston, TX)
housed in a customized mobile laboratory (Glendale Recreational Vehicles, Strathroy,
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ON) at the study site. Birds were scanned in duplicate on the ‘small bird’ and ‘twoaccumulation’ settings of the Echo-MRI software, yielding measures of fat mass and wet
lean body mass to 0.001 g. Total scanning time was ~4 min per individual. Raw QMR fat
mass data were transformed using calibration equations for small birds developed with
house sparrows (Passer domesticus) and zebra finches (Taeniopygia guttata) in a
laboratory validation study (Guglielmo, Gerson, McGuire, and Seewagen, unpublished
data). Validation indicated the relative error for predictions of fat and wet lean mass were
± 11% and ± 1.5%, respectively. It should be noted that in QMR analysis, wet lean body
mass does not include non-fat components such as skeleton or feathers and in this way
differs from fat-free body mass provided by traditional chemical extraction. However, the
two are highly correlated.

Study species
I analyzed QMR data from the gray catbird (Dumetella carolinensis), hermit thrush
(Catharus guttatus), and white-throated sparrow (Zonotrichia albicollis) because these
were the migratory passerines that provided the largest sample sizes (n >20). Sample
sizes of all other species were < 10 birds which I considered inadequate for statistical
analyses.
Gray catbird is a widespread migrant that breeds across most of the U.S. and
winters from the coastal mid-Atlantic U.S. to the Neotropics (Cimprich and Moore 1995).
The white-throated sparrow’s breeding range spans the U.S.-Canada border east of the
Rocky Mountains and its wintering range extends from New England to Florida and
Texas (Falls and Kopachena 2010). Eastern populations of the hermit thrush breed
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throughout the northeastern U.S. and the majority of Canada south of the tree-line, and
primarily over-winter from New Jersey and the mid-Atlantic states to southern Florida
(Jones and Donovan 1996). Although gray catbirds nest and white-throated sparrows
over-winter in NYC (pers. obs.), I assumed all of the individuals in our samples were on
migration. There were no between-season or between-year recaptures of the gray catbirds
or white-throated sparrows used in this study, nor were any individuals recaptured within
the autumn 2008 season which increased my confidence they did not remain in the study
site to nest or over-winter.
I used the predictive model to study body composition changes in ovenbirds
(Seiurus aurocapillus). The ovenbird is a long-distance Neotropical migrant that breeds
across much of Canada and the eastern U.S., and over-winters throughout Central
America and the Caribbean islands. Ovenbirds do not nest or over-winter in NYC (Van
Horn and Donovan 1994, DeCandido and Allen 2005). I used this species because it had
the largest sample sizes of the species with an available model for estimating the fat mass
of living birds and it gained total body mass during stopovers in Bronx and Prospect
Parks.

Data analyses
I used SPSS 17.0 (SPSS Inc., Chicago, IL) for all analyses and accepted significance at P
≤ 0.05. All data met normality assumptions.
Fat, lean, and total body mass data that were significantly correlated with wing
length were size-adjusted using a scaled mass index (Peig and Green 2009). The scaled
mass index, unlike multiple regression with a size measurement included as an additional
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independent variable, allowed me to control for the effects of body size on both the
independent and dependent variables. Another attractive characteristic of the scaled mass
index is that, unlike mass-length residuals (Green 2001), it retains original units of
measurement.
QMR measurements.─ After controlling for structural size, I regressed fat and
lean body mass against total body mass to determine the proportion of the variation in
total body mass explained by these two components (Piersma and Jukema 1990, Piersma
and Van Brederode 1990, Wirestam et al. 2008). I used major axis (MA) type II
regression to find the line of best fit through the data because the independent variable
likely contained error, variables were measured in the same units, and the slope of the
line was of foremost interest (Sokal and Rohlf 1981, Warton et al. 2006). This and similar
regression approaches to body composition data have received criticism for
overestimating the influence of lean mass on total body mass variation (Lindström and
Piersma 1993, van der Meer and Piersma 1994) and are also unable to determine whether
lean body mass differences among birds at a stopover site are due to preexisting
differences upon arrival, or increases in lean mass during the stopover period. I therefore
conducted the following additional analyses to determine whether migrants gained lean
mass during stopover refueling at my study sites.
First, I used linear regression to relate fat and lean body mass to time of capture
(expressed as hours since sunrise). A significant, positive relationship between lean body
mass and capture time would indicate that birds captured early in the morning have lower
lean body mass than those captured later in the day, and diurnal lean mass gain occurs at
the site. This is analogous to the widely used technique of measuring total body mass
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changes in passerines during stopover, whereby a regression of total body mass and time
of capture is used to estimate an hourly mass gain rate (e.g., Dunn 2000, 2001; Carlisle et
al. 2005; Bonter et al. 2007, Seewagen and Slayton 2008).
Second, I calculated net changes in the fat and lean body mass of birds that were
recaptured one day or more after their initial capture and that had gained at least 1 g of
total body mass between captures.
Predictive model.─ I used a predictive model (Chapter II) to estimate, based on
total body mass and visible subcutaneous fat score, the fat mass of ovenbirds captured
during spring research seasons at Bronx and Prospect Parks when the QMR unit was
unavailable. Simple linear regressions of estimated fat mass and total body mass against
time of capture were then used to quantify hourly rates of fat and total body mass gain;
the difference between the slopes was taken to represent the contribution of lean mass to
gains in total body mass.

RESULTS
I captured and analyzed with QMR 31 gray catbirds, 21 hermit thrushes, and 40 whitethroated sparrows (total body mass of one sparrow was not recorded due to scribe error)
during autumn in Bronx Park. With the predictive model I estimated the fat mass of 43
and 102 ovenbirds captured during spring in Bronx and Prospect Parks, respectively. Fat
mass as a percentage of total body mass upon capture was on average 13% in gray
catbirds, 9% in hermit thrushes, and 11% in white-throated sparrows during autumn in
Bronx Park, and 15% in ovenbirds in both Bronx and Prospect Parks during spring (Table
4.1).
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Fat and lean contributions to total mass variation
Fat and lean body mass were significantly related to total body mass in the gray catbird
(Table 4.2). Regression coefficients were weak, however, leading to poor slope estimates
for fat and lean that illogically sum to far greater than 1. Stronger relationships of fat and
lean body mass with total body mass were found in the hermit thrush and white-throated
sparrow (Table 4.2). Fat and lean body mass respectively increased 0.50 and 0.53 g per 1
g of total body mass in the hermit thrush. Regression slopes indicated that white-throated
sparrows increased 0.42 g in fat mass and 0.48 g in lean body mass per 1 g increase in
total body mass (Table 4.2). Fat and lean slopes in these species also do not sum to
exactly 1 which I assume is due to error surrounding QMR measurements and/or sizeadjustment procedures.

Hourly mass changes
The relationship between lean body mass and capture time was significant in the gray
catbird (r2 = 0.21, df = 1, 29, P = 0.010) and marginally significant in the white-throated
sparrow (r2 = 0.09, df = 1, 38, P = 0.058), and indicated rates of lean body mass gain of
1.123 g h-1 and 0.320 g h-1, respectively. Lean body mass was unrelated to capture time in
the hermit thrush (r2 = 0.02, df = 1, 19, P = 0.49). Fat mass was not related to capture
time in any species (gray catbird: r2 = 0.08, df = 1, 29, P = 0.13; white-throated sparrow:
r2 = 0.01, df = 1, 38, P = 0.59; hermit thrush: r2 = 0.08, df = 1, 19, P = 0.22).
Ovenbird total body mass was significantly related to time of capture at Bronx
Park (r2 = 0.20, df = 1, 41, P = 0.003) and increased 0.45 g h-1. Fat mass was also
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significantly related to capture time (r2 = 0.17, df = 1, 41, P = 0.006), increasing 0.29 g h1

and accounting for 64% of the increase in total body mass. At Prospect Park, ovenbird

total body mass and fat mass were significantly, yet weakly, related to time of capture
(total body mass: r2 = 0.05, df = 1, 100, P = 0.029; fat: r2 = 0.06, df = 1, 100, P = 0.018).
Total body mass increased 0.33 g h-1, of which an estimated 0.17 g h-1 (52%) was fat.

Recaptured birds
Eight migrants were recaptured and reanalyzed with QMR. Four of these birds (3 hermit
thrushes and 1 ovenbird) refueled and gained at least 1 g of total body mass between
captures. One hermit thrush gained mostly fat, whereas the other two had increases in
lean mass that accounted for 28% and 65% of their total body mass increase (Table 4.3).
The ovenbird gained 1.831 g of lean body mass between captures which represented 44%
of its total body mass increase.

DISCUSSION
A wealth of evidence indicates that lean tissues are dynamic during bird migration.
However, studies of lean mass changes in free-living migrants have been primarily
limited to long-distance migrant shorebirds and Palearctic passerines at the Sahara Desert
where they are challenged to make the longest non-stop flight of their migration. Much
less is known about lean tissue changes in Nearctic-Neotropical passerine species, or in
passerines when stopover habitat is more continuously available and shorter flights are
possible (Åkesson et al. 1992, Bauchinger and Biebach 2005). In this study, I observed
lean mass changes in Nearctic-Neotropical migratory passerines that had likely flown
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only a few hours prior to arrival. Each of the four approaches suggested lean mass was
considerably variable and migrants were building lean tissue during stopovers.
The relationships of fat and lean body mass with total body mass were weak in
the gray catbird and did not yield informative estimates of the contributions of each tissue
to variation in total body mass. However, regression analyses indicated that in hermit
thrushes and white-throated sparrows, lean mass accounted for 48-53% of the differences
among individuals in total body mass once body size was controlled for. Lean body mass
was related to time of day in the gray catbird and white-throated sparrow, indicating
accumulation of lean mass during stopover refueling at Bronx Park. Marsh (1983)
similarly noted that gray catbird lean mass was greater in the evening than in the morning
at a stopover site. Total body mass of ovenbirds in Bronx and Prospect Parks increased at
a greater rate than fat mass, suggesting that lean mass accounted for 36-48% of the added
total body mass. Despite a small sample size, the recaptured birds perhaps most clearly
and conclusively illustrate the extent to which migrants deposited lean mass during
stopovers, with lean mass accounting for 28-65% of the total body mass gained in three
of the four individuals. The hermit thrush that gained mostly fat was the thrush with the
highest lean body mass at first capture, suggesting that lean mass upon arrival may be a
primary determinant of how much lean versus fat mass a bird gains during stopover.
The contributions of lean tissue to total body mass variation that I found are
comparable to similar field studies of both passerines and shorebirds. For instance, lean
tissue accounted for 37% of changes in total body mass in blackcaps refueling after
crossing the Sahara Desert (Karasov and Pinshow 1998). Garden warblers lost (and
presumably later recovered) up to 50% of their organ and muscle mass during flights
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across the Sahara (Bauchinger et al. 2005). Piersma and Van Brederode (1990) estimated
that shorebird species preparing to depart African wintering grounds gained 25-45% of
their total body mass in the form of lean mass. Lean mass accounted for half of the total
body mass increases of bar-tailed godwits (Limosa lapponica) staging in the Wadden Sea
(Piersma and Jukema 1990). Red knots (Calidris canutus islandica) gained 22% of their
total body mass as lean mass during stopovers in Iceland (Piersma et al. 1999).
Laboratory studies of exercised or fasted at-rest birds have found that lean mass
accounts for similar proportions of total body mass changes as those observed in wild
birds. For example, captive garden warblers lost and regained 27% of their body mass as
lean mass during fasting and a subsequent recovery period (Klaassen and Biebach 1994).
Klaassen et al. (2000) showed that an average of 17% of the mass recovered by a thrush
nightingale (Luscinia luscinia) following flights in a wind tunnel consisted of protein.
Wirestam et al. (2008) found that increases in total body mass exceeded increases in fat
mass in a laboratory study of four Palearctic passerine species, and attributed the
remaining 36-67% of total body mass accumulation to lean tissues.
Interestingly, the lean body mass of gray catbirds and white-throated sparrows in
my study was related to time of day, but fat mass was not. This may reflect a necessary
recovery of digestive tract mass lost en route to the stopover site before efficient nutrient
assimilation and fat deposition could occur (Klaassen and Biebach 1994, Hume and
Biebach 1996, Lindström et al. 1999, Piersma et al. 1999). Among the recaptured hermit
thrushes, the bird recaptured after only 3 days had a higher relative contribution of lean
mass to total mass gain than the birds recaptured after 4-5 days, which also suggests some
degree of biphasic mass gain (sensu Carpenter et al. 1993). Digestive organs often
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undergo the most substantial fluctuations in mass throughout migration (Piersma and Gill
1998, Biebach and Bauchinger 2003), as they are of little functional value during in-flight
fasting, but are of utmost importance during stopover refueling. Digestive organs are also
likely to decrease in mass early into a flight and ahead of other lean tissues because of
their relatively short carbon retention times and high turnover rates (Bauchinger and
McWilliams 2009). Hence, digestive organs may represent the most variable lean tissues
in short-distance passerine migrants such as hermit thrushes and white-throated sparrows.

CONCLUSION
Although my study sites are not near a geographical barrier, most migrants arrive in NYC
with fat stores remaining, and I examined mostly temperate, short-distance migrant
species, each of the approaches suggested lean mass changed considerably en route to or
at my study sites. It is unlikely that large changes in lean mass of passerines are limited to
times when birds are forced to make relatively long non-stop flights, when fat stores near
depletion, or when energy contributions from other sources are necessary. The use of
amino acids for Krebs cycle intermediates and gluconeogensis causes some protein
breakdown regardless of flight duration or size of the fat stores (Jenni and JenniEiermann 1998), and may account for the lean mass variation I observed. Further, protein
catabolism may actually occur at greater rates during short-distance than long-distance
flights (Jenni-Eiermann and Jenni 1991, Jenni and Jenni-Eiermann 1992) because costs of
upregulating the mechanisms needed to fuel high intensity aerobic exercise with fat may
not be economical for only short time periods (Jenni and Jenni-Eiermann 1998) and there
is less urgency to conserve lean tissues (Bauchinger and Biebach 1998). Fast natural
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turnover rates of gastrointestinal organs (Bauchinger and McWilliams 2009) should also
cause birds to lose lean mass even during short periods of active fasting.
Studies of protein usage in bird migration have been limited by the impossibility
of killing a bird twice. QMR analysis represents a fast and accurate means of obtaining
repeated body composition measurements of individuals and holds great promise for
improving our understanding of lean mass fluctuations in both captive and free-living
migratory birds. Despite a small sample size, the recaptured birds in this study provided
perhaps the most clear quantitative information on lean body mass changes and I
encourage application of QMR technology in field studies with the potential to recapture
large numbers of passage migrants.
Lean body mass changes of migrants in NYC indicate that birds using these urban
stopover sites will require high protein foods along with the high lipid and carbohydrate
foods that are preferred for rapid fattening (Barlein 1998, Karasov and Pinshow 1998).
Habitat restoration and management practices should ensure adequate dietary protein
sources are available to landbird migrants.

91
LITERATURE CITED
Åkesson S, Karlsson L, Pettersson J (1992) Body composition and migration strategies:
a comparison between robins (Erithacus rubecula) from two stop-over sites in
Sweden. Vogelwarte 36: 188-195.
Bairlein F (1998) The effect of diet composition on migratory fuelling in Garden
Warblers Sylvia borin. Journal of Avian Biology 29:546-551.
Bauchinger U, Biebach H (1998) The role of protein during migration in passerine birds.
Biol Cons Fauna 102: 299-305.
Bauchinger U, Biebach H (2005) Phenotypic flexibility of skeletal muscles during long
distance migration of garden warblers: muscle changes are differentially related to
body mass. Annals of the New York Academy of Sciences 1046: 271-281.
Bauchinger U, Wohlmann A, Biebach H (2005) Flexible remodeling of organ size during
spring migration of the garden warbler (Sylvia borin). Zoology 108: 97-106.
Bauchinger U, McWilliams S (2009) Carbon turnover in tissues of a passerine bird:
allometry, isotopic clocks, and phenotypic flexibility in organ size. Physiological
and Biochemical Zoology 82: 787-797.
Biebach H, Bauchinger U (2003) Energetic savings by organ adjustment during long
migratory flights in Garden Warblers (Sylvia borin). Pp. 269-280 in: Avian
migration (Berthold P, Gwinner E, Sonnenschein E, eds). Springer-Verlag, Berlin.
Bonter DN, Donovan TM, Brooks EW (2007) Daily mass changes in landbirds during
migration stopover on the south shore of Lake Ontario. Auk 124: 122-133.
Carlisle JD, Kaltenecker GS, Swanson DL (2005) Stopover ecology of autumn landbird
migrants in the Boise foothills of southwestern Idaho. Condor 107: 244-258.

92
Carpenter FL, Hixon MA, Beuchat CA, Russell RW, Paton DC (1993) Biphasic mass
gain in migrant hummingbirds: body composition changes, torpor, and ecological
significance. Ecology 74: 1173-1182.
Cimprich DA, Moore FR (1995) Grey Catbird (Dumetella carolinensis). No. 167 in: The
birds of North America (Poole A, Gill F, eds). Academy of Natural Sciences,
Philadelphia, and American Ornithologists Union, Washington D.C.
Craves JA (2009) A fifteen year study of fall stopover patterns of Catharus thrushes at
an inland, urban site. Wilson Journal of Ornithology 121: 112-118.
DeCandido R, Allen D (2005) First confirmed nesting of the Pine Warbler (Dendroica
pinus) in New York City. Kingbird 55: 328-334.
Deerenberg C, Biebach H, Bauchinger U (2002) Spleen size variation during long
distance migration in a passerine. Avian Science 2: 217-226.
Dunn EH (2000) Temporal and spatial patterns in daily mass gain of Magnolia Warblers
during migratory stopover. Auk 117: 12-21.
Dunn EH (2001) Mass change during migration stopover: a comparison of species groups
and sites. Journal of Field Ornithology 72: 419-432.
Falls JB, Kopachena JG (2010) White-throated Sparrow (Zonotrichia albicolis). No. 167
in: The birds of North America (Poole A, Gill F, eds). Academy of Natural
Sciences, Philadelphia, and American Ornithologists Union, Washington D.C.
Fowle M, Kerlinger P (2001) The New York City Audubon Society guide to finding
birds in the metropolitan area. Cornell University Press, New York.
Green AJ (2001) Mass/length residuals: measures of body condition or generators of
spurious results? Ecology 82: 1473-1483.

93
Hume ID, Biebach H (1996) Digestive tract function in the long-distance migratory
Garden Warbler, Sylvia borin. Journal of Comparative Physiology B 166: 388395.
Jenni-Eiermann S, Jenni L (1991) Metabolic responses to flight and fasting in night
migrating passerines. Journal of Comparative Physiology B 161: 465-474.
Jenni L, Jenni-Eiermann S (1992) Metabolic patterns of feeding, overnight fasted
and flying night migrants during autumn migration. Ornis Scandinavica 23:251259.
Jenni L, Jenni-Eiermann S (1998) Fuel supply and metabolic constraints in migrating
birds. Journal of Avian Biology 29: 521-528.
Jenni L, Jenni-Eiermann S, Spina F, Schwabl H (2000) Regulation of protein breakdown
and adrenocortical response to stress in birds during migratory flight. American
Journal of Physiology and Regulatory Integrative Comparative Physiology
278:1182-1189.
Jones AS, Johnson MS, Nagy TR (2009) Validation of quantitative magnetic resonance
for the determination of body composition of mice. International Journal of Body
Composition Research 7:67-72.
Jones PW, Donovan TM (1996) Hermit Thrush (Catharus guttatus). No. 261 in: The
birds of North America. Academy of Natural Sciences, Philadelphia, and
American Ornithologists Union, Washington D.C.
Karasov WH, Pinshow B (1998) Changes in lean mass and in organs of nutrient
assimilation in a long-distance passerine migrant at a springtime stopover site.
Physiological Zoology 71:435-448.

94
Klaassen M, Biebach H (1994) Energetics of fattening and starvation in the long-distance
migratory garden warbler, Sylvia borin, during the migratory phase. Journal of
Comparative Physiology B 164:362-371.
Klaassen M, Kvist A, Lindström Å (2000) Flight costs and fuel composition of a bird
migrating in a wind tunnel. Condor 102:444-451.
Landys-Ciannelli MM, Piersma T, Jukema J (2003) Strategic size changes of internal
organs and muscle tissue in the bar-tailed godwit during fat storage on a spring
stopover site. Functional Ecology 17:151-159.
Lindström Å, Piersma T (1993) Mass changes in migrating birds: the evidence for fat and
protein storage re-examined. Ibis 135:70-87.
Lindström Å, Klaassen M, Kvist A (1999) Variation in energy intake and basal metabolic
rate of a bird migrating in a wind tunnel. Functional Ecology 13:352-359.
Lindström Å, Kvist A, Piersma T, Dekinga A, Dietz M (2000) Avian pectoral muscle size
rapidly tracks body mass changes during flight, fasting, and fuelling. Journal of
Experimental Biology 203:913-919.
Marsh RL (1983) Adaptations of the Gray Catbird Dumetella carolinensis to long
distance migration: energy stores and substrate concentrations in plasma. Auk
100:170-179.
McGuire LP, CG Guglielmo. Quantitative magnetic resonance: a rapid, noninvasive body
composition analysis technique for live and salvaged bats. Journal of
Mammalogy, in press.
McWilliams SR, Guglielmo C, Pierce B, Klaassen M (2004) Flying, fasting, and feeding

95
in birds during migration: a nutritional and physiological ecology perspective.
Journal of Avian Biology 35:377-393.
Mehlman DW, Mabey SE, Ewert DN, Duncan C, Abel B, Cimprich D, Sutter RD,
Woodrey MS (2005) Conserving stopover sites for forest-dwelling migratory
landbirds. Auk 122:1281-1290.
Mittelbach M, Crewdson M (1998) Wild New York: A guide to the wildlife, wild
places, and natural phenomena of New York City. Random House, New York.
Moore FR, Gauthreaux SA, Kerlinger P, Simons TR (1995) Habitat requirements during
migration: important link in conservation. Pp 121-144 in: Ecology and
management of Neotropical migratory birds: a synthesis and review of critical
issues (Martin TE, Finch DM, eds). Oxford University Press, New York.
Odum EP, Rogers DT, Hicks DL (1964) Homeostasis of nonfat components of migrating
birds. Science 143:1037-1039.
Peig J, Green AJ (2009) New perspectives for estimating body condition fro mass/length
data: the scaled index as an alternative method. Oikos 118:1883-1891.
Pennycuick CR (1998) Computer simulation of fat and muscle burn in long-distance
bird migration. Journal of Theoretical Biology 191:47-61.
Piersma T (1990) Pre-migratory “fattening” involves more than fat alone. Ringing and
Migration 11:113-115.
Piersma T, Jukema J (1990) Budgeting the flight of a long-distance migrant: changes in
nutrient reserve levels of bar-tailed godwits at successive spring staging sites.
Ardea 78:315-337.
Piersma T, Van Brederode NE (1990) The estimation of fat reserves in coastal waders

96
before their departure from northwest Africa in spring. Ardea 78:221-236.
Piersma T, Gill Jr RE (1998) Guts don’t fly: small digestive organs in obese bar-tailed
godwits. Auk 115:196-203.
Piersma T, Gudmundsson GA, Lilliendahl K (1999) Rapid changes in the size of
different functional organ and muscle groups during refueling in a long-distance
migrating shorebird. Physiological and Biochemical Zoology 72:405-415.
Schwilch R, Grattarola A, Spina F, Jenni L (2002) Protein loss during long distance
migratory flight in passerine birds: adaptation and constraint. Journal of
Experimental Biology 205:687-695.
Seewagen CL (2008) Lipid content of Nearctic-Neotropical migratory passerines killed
during stopovers in a New York City park. Northeastern Naturalist 15:87-96.
Seewagen CL, Slayton EJ (2008) Mass changes of migratory landbirds during stopovers
in a New York City park. Wilson Journal of Ornithology 120:296-303.
Seewagen CL, Guglielmo CG (2010). Quantitative magnetic resonance analysis and a
morphometric predictive model reveal lean body mass changes in migratin
Nearctic-Neotropical passerines. Journal of Comparative Physiology B, in press.
Sokal RR, Rohlf FJ (1981) Biometry, 2nd ed. WH Freeman and Company, San
Francisco.
Swanson DL, Carlisle HA, Liknes ET (2003) Abundance and richness of Neotropical
migrants during stopover at farmstead woodlots and associated habitats in
southeastern South Dakota. American Midland Naturalist 149:176-191.
Taicher GZ, Tinsley FC, Reiderman A, Heiman ML (2003) Quantitative magnetic

97
resonance (QMR) method for bone and whole-body-composition analysis.
Analytical and Bioanalytical Chemistry 377:990-1002.
Tankersley Jr R, Orvis K (2003) Modeling the geography of migratory pathways and
stopover habitats for Neotropical migratory birds. Conservation Ecology [online]
7:7.
Van Horn MA, Donovan TM (1994) Ovenbird (Seiurus aurocapillus). No. 182 in: The
birds of North America (Poole A, Gill F, eds.). Academy of Natural Sciences,
Philadelphia, and American Ornithologists Union, Washington D.C.
van der Meer J, Piersma T (1994) Physiologically inspired regression models for
estimating and predicting nutrient stores and their composition in birds.
Physiological Zoology 67:305-329.
Warton DI, Wright IJ, Falster DS, Westoby M (2006) Bivariate line-fitting methods for
allometry. Biological Reviews 81:259-291.
Wirestam R, Fagerlund T, Rosèn M, Hedenström A (2008) Magnetic resonance imaging
for noninvasive analysis of fat storage in migratory birds. Auk 125:965-971.

98
Table 4.1. Total body mass (TBM), lean body mass (LBM), and fat mass (FM) of
migratory landbirds during stopovers in Bronx Park (BP) and Prospect Park (PP),
New York City, USA, spring and autumn 2008. TBM measured by digital
balance. FM of ovenbirds estimated with a predictive model (see Methods); FM
and LBM of other species measured with quantitative magnetic resonance
analysis. Values are means ± SE.

Gray catbird

Season
Autumn

Site
BP

n
31

TBM (g)
40.5 ± 2.8

LBM (g)
30.802 ± 2.597

FM (g)
5.435 ± 2.397

Hermit thrush

Autumn

BP

21

31.2 ± 2.0

24.450 ± 1.514

2.763 ± 1.078

Ovenbird

Spring
Spring

BP
PP

43
102

21.0 ± 1.2
20.6 ± 1.7

Autumn

BP

39

25.9 ± 2.2

White-throated
sparrow

3.2 ± 0.7
3.0 ± 1.0

19.719 ± 1.344

2.887 ± 1.260
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Table 4.2. Relationships of fat and lean body mass with total body mass in
migratory landbirds during autumn 2008 stopovers in Bronx Park, New
York City, USA. Slopes (b) obtained by major axis type II regression
represent the changes in fat and lean body mass (g) per 1 g of total body
mass, after controlling for body size.
Tissue
Fat
Lean

r2
0.21
0.18

F
7.8
6.7

df
1, 29
1, 29

P
0.009
0.017

b
0.84
1.01

Hermit thrush

Fat
Lean

0.63
0.27

32.2
7.0

1, 19
1, 19

< 0.001
0.016

0.50
0.53

White-throated sparrow

Fat
Lean

0.43
0.53

27.4
42.2

1, 37
1, 37

< 0.001
< 0.001

0.42
0.48

Gray catbird

Hermit thrush
Hermit thrush
Hermit thrush
Ovenbird

Species

First capture
TBM
FM
LBM
29.5
1.981 23.798
31.9
1.850 25.278
28.4
2.058 21.669
18.3
1.068 15.149
3
4
5
8

Days

Recapture
TBM
FM
LBM
31.1
2.766
24.834
33.8
3.705
25.318
31.2
3.904
22.446
22.5
3.835
16.982

Change
∆TBM ∆FM ∆LBM
1.6
0.785
1.036
1.9
1.856
0.040
2.8
1.846
0.777
4.2
2.767
1.833

% as LBM
65
2
28
44

Table 4.3. Changes in total body mass (TBM; measured by digital balance), fat mass (FM) and lean body mass (LBM;
measured with quantitative magnetic resonance) of 4 passerines recaptured during stopovers in Bronx Park, New
York City, USA, autumn 2008. All mass data expressed in grams.
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CHAPTER V
EFFECTS OF FAT AND LEAN BODY MASS ON LANDBIRD STOPOVER
DURATIONS IN AN URBAN HABITAT: A PILOT STUDY1

INTRODUCTION
Migrating landbirds require several stopovers for rest and refueling, as most are incapable
of completing their migration in a single flight. Time and energy spent during stopover
periods greatly exceeds that spent aloft (Wikelski et al. 2003, Bowlin et al. 2005), and
behaviour of birds at stopover sites can greatly influence their overall migration success.
Factors that govern a bird’s decision to terminate a stopover and begin the next flight
have received much attention, particularly through development of theoretical models of
optimal migration strategies (Alerstam and Hedenström 1998, Houston 1998). There is
evidence that fuel stores, refueling rate, distance from final destination, date, predation
risk, and weather conditions can individually, or in some combination, influence a bird’s
length of stay at a given stopover site (Wang and Moore 1997, Ǻkesson and Hedenström
2000, Danhardt and Lindström 2001, Dierschke and Delingat 2001, Schaub et al. 2008).
Field studies of the effects of intrinsic and extrinsic factors on stopover duration
are hampered by the difficulty of knowing when birds arrive at, and depart from, the site
of interest. Several studies have measured stopover duration using mark-recapture data,
while assuming birds were marked upon arrival and final recapture occurred on their
actual departure date (e.g., Cherry 1982, Wang and Moore 1997, Morris and Glasgow
2001). The latter assumption can be especially tenuous, as migrants may learn to avoid
1

A version of this chapter has been published (Seewagen and Guglielmo 2010) and is presented here with
permission from the Wilson Ornithological Society.
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mist nets (MacArthur and MacArthur 1974) or move beyond the coverage area within the
stopover site (Chernetsov and Mukhin 2006, Tsvey et al. 2007). This method also relies
on the condition and behaviour of the small proportion of birds that are recaptured to
represent the majority, when recaptures may be biased towards individuals in poor
condition that remain at the site for a relatively long time (Guglielmo et al. 2005, Morris
et al. 2005, Hays 2008). More recently, survival analyses and other probabilistic models
have been used to relax these assumptions and improve accuracy of stopover duration
estimates based on mark-recapture data (Schaub et al. 2001, 2008), although large sample
sizes are generally needed (Schaub 2006). Radio tracking offers another approach for
measuring stopover duration that does not rely on recaptures and allows knowing
departure date with near certainty (Chernetsov and Mukhin 2006, Tsvey et al. 2007).
Examining the effect of energetic condition on stopover duration is complicated
by the need for accurate, non-lethal measurements of body composition. Commonly used
condition indices (e.g., body mass, size-corrected body mass, visual fat scores) can
potentially provide reliable estimates of fat content (Conway et al. 1994, Spengler et al.
1995, Chapter II). However, their accuracy may be species-specific (Skagen et al. 1993,
Spengler et al. 1995, Chapter II) or weakened by inter-observer variation (Krementz and
Pendleton 1990), and they do not provide separate, direct measures of fat and lean body
mass. Quantitative magnetic resonance analysis (QMR; Taicher et al. 2003, Tinsley et al.
2004) in contrast provides accurate, objective, and direct measures of the fat and lean
body mass of small birds (Guglielmo, Gerson, McGuire, and Seewagen, unpublished
data).
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I attached radio transmitters on 11 migrant songbirds in New York City during
autumn 2008 in a pilot study to test the feasibility of radio tracking birds in an urban
setting before proceeding with the larger-scale telemetry efforts presented in Chapter VI.
I used a QMR body composition analyzer on all captured migrants for a concurrent study
of body composition dynamics during stopover refueling (Chapter IV). The stopover
duration and body composition data obtained by radiotelemetry and QMR, respectively,
afforded an additional opportunity to examine relationships between these variables. I
coupled the telemetry and QMR data to examine if arrival fat and lean body mass
affected the stopover durations of these 11 migrants in an urban habitat.

METHODS
Study site and data collection
I captured birds during autumn 2008 on the grounds of the Bronx Zoo. The Bronx Zoo is
107 ha and within Bronx Park in Bronx County, New York, USA. My study site was a
4.9-ha fragment of riparian forest on the eastern edge of the zoo that does not contain
exhibits and is not open to visitors (40° 85’ N, 73° 87’ W). Red oak (Quercus rubra),
sweet gum (Liquidambar styraciflua), swamp dogwood (Cornus foemina), and willows
(Salix spp.) are the dominant tree species in the area. Previous research has suggested this
site offers suitable refueling conditions for landbird migrants (Seewagen and Slayton
2008, Chapter III).
Birds were captured in mist nets from sunrise until ~12:00 EST during 4
September to 22 October. Captured birds were marked with a U.S. Geological Survey
aluminum leg band, measured (unflattened wing length to 1 mm), and weighed on a
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digital balance to 0.1 g. Approximately 75 µl of blood was collected by brachial
veinipuncture for a separate study (Chapter III). Fat and lean body mass were then
measured to 0.001g by QMR analysis as described in Chapter IV.

Radiotelemetry
I radio-tagged each Swainson’s thrush (Catharus ustulatus), hermit thrush (C. guttatus),
and ovenbird (Seiurus aurocapilla) captured beginning 3 October until all 11 transmitters
were deployed. These species were used because they are relatively common migrants in
the area, body masses are amenable to radiotelemetry, and they are focal species of other
chapters. The 0.5-g transmitters (A2415, Advanced Telemetry Systems, Isanti, MN,
USA) were affixed after QMR scanning with eyelash adhesive directly to a cleared area
of skin in the interscapular region (adapted from Raim 1978). Birds were held in bags for
~15 min to allow the adhesive to dry and released within 50 m of where originally
captured.
I could not be certain birds were captured and marked upon arrival. Eight of 11
birds were marked on days when migrant capture rates were high (~double) relative to
the 2 previous days. This increased my confidence these individuals were new arrivals
and marked during their first day at the stopover site (sensu Tsvey et al. 2007). However,
I use the term ‘minimum stopover duration’ hereafter because of this uncertainty.
I checked for presence/absence daily at sunrise, noon, and sunset using a handheld
Yagi antenna and receiver (R4500S, Advanced Telemetry Systems, Isanti, MN, USA)
from within the study site. I searched for birds from other points throughout the zoo
including roofs of two three-story buildings if I initially failed to detect a signal from
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within the study site. I assumed birds had left the area permanently and resumed
migration if they were undetected for at least 4 consecutive days. I considered a stopover
of 1 day as the initial capture of a bird at the site in the morning and departure any time
that night.

Statistical Analyses
I used standardized residuals from linear regressions of lean body mass and wing length
to correct lean body mass for body size variation. I could not adjust fat mass in the same
manner because fat mass was not significantly related to wing length. I instead divided
fat mass by total body mass and arcsine-root transformed the proportions (Zar 1999,
Gotelli and Ellison 2004).
I used backwards selection multiple regression with adjusted fat and lean body
mass as predictor variables, and number of days of stopover as the response variable, to
examine the effect of body composition on stopover duration. Collinearity did not occur,
as fat and lean body mass were not significantly correlated. I performed the analyses on
ovenbird data alone and on data from all three species combined.
Age and gender were not considered because sample sizes were small and not all
birds could be confidently assigned to age or sex classes. All variables met normality
assumptions. I conducted tests with SPSS 16.0 and interpreted results as significant when
P < 0.05. Mean (± SD) values are reported.
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RESULTS
I radio-tagged two Swainson’s thrushes, two hermit thrushes, and seven ovenbirds.
Swainson’s thrushes were marked on 2 and 6 October, and hermit thrushes were marked
on 10 and 11 October. Four ovenbirds were marked on 3 October and three were marked
on 6 October.
Minimum stopover durations ranged from 1 to 14 days (Table 5.1). Three
individuals departed within 1 day and the remainder stayed for at least 2 days. Initial fat
content ranged from 6 to 8% of total body mass in Swainson’s thrushes, from 5 to 12% in
Hermit thrushes, and from 6 to 18% in ovenbirds. An ovenbird was recaptured on the
eighth day of its 14 day stopover; total body mass (measured by digital balance)
increased 4.2 g and fat and lean body mass (measured by QMR) respectively increased
2.767 g and 1.833 g, as reported in Chapter IV.
The initial fat loads of birds that stayed at the site for only 1-2 days (n = 5)
averaged 14 ± 3% of total body mass, whereas the initial fat loads of birds that stayed for
the longest periods (7, 8, and 14 days; n = 3) averaged 6 ± 0.5% of total body mass.
Ovenbird stopover duration was unrelated to lean body mass (r2 = 0.02, F2, 4 = 0.36, P =
0.58), and significantly and negatively related to fat mass (r2 = 0.74, F1, 5 = 13.95, P =
0.013). The same relationships were found when data from all three species were
combined to increase sample sizes (lean: r2 = 0.03, F2, 8 = 0.00, P = 0.98; fat: r2 = 0.56,
F1, 9 =11.31, P = 0.008; Fig. 5.1). The relationship between fat and stopover duration
appeared non-linear, and I explored the fit of an exponential model to the data a
posteriori. The exponential model was also highly significant (r2 = 0.71, F1, 9 = 22.08, P =
0.001; Fig. 5.1).
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Figure 5.1. Relationship between arrival fat content (arcsine-root transformed
g fat/g total body mass) and minimum stopover duration of Swainson’s
thrushes (squares), hermit thrushes (triangles), and ovenbirds (circles)
captured during autumn migration in New York City, USA. Solid and
dashed lines represent linear (r2 = 0.56, F1, 9 =11.31, P = 0.008) and
exponential (r2 = 0.71, F1, 9 = 22.08, P = 0.001) models, respectively.
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DISCUSSION
To my knowledge this is the first combination of magnetic resonance technology and
radiotelemetry to examine the influence of both fat and lean body mass on stopover
duration. I believe this is also the first description of autumn stopover durations of
migrants within a major urban center.
Fat mass upon presumed arrival date appeared to strongly influence how long
birds remained at the stopover site. This is consistent with other findings that lean birds
stop over longer than fatter birds (Cherry 1982, Loria and Moore 1990, Wang and Moore
1997, Matthews 2008; but see Safriel and Lavee 1988, Salewski and Schaub 2007,
Chapter VI). The arrival fat content of individuals that stayed for only 1 day was at least
11% of total body mass, whereas all individuals with fat content < 6% of total body mass
remained for no fewer than 4 days, suggesting a possible threshold fat level for departure.
However, how much additional fat birds acquired between capture and departure is
unknown.
Lean tissues can contribute significantly to total body mass dynamics during
stopovers (e.g., Karasov and Pinshow 1998, Chapter IV). Thus lean body mass upon
arrival should influence stopover duration when refueling includes the deposition of lean
tissues, as shown in Chapter IV. Yet in this study I did not find any relationship between
lean body mass and minimum stopover duration. It is possible a type II error occurred
due to the small sample size of only eleven birds. However, the findings of Fusani et al.
(2009) also suggest that lean mass does not influence departure decisions of passerine
migrants. Further study on the relationship between lean body mass and stopover
duration is needed.
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Fuel load is not the only variable that can influence stopover duration; weather,
predation risk, and date are also factors that possibly govern a bird’s decision to depart a
stopover site. The small sample size of 11 birds prohibited including additional predictor
variables in the analyses and I cannot assess any effect they may have had on stopover
duration. However, the birds were marked on 5 days over a span of only 9 days; thus,
they probably experienced similar predation risk and temporal pressure, and were
exposed to comparable weather conditions. Arrival body composition likely differed
among the individuals we studied more so than any of these potential extrinsic influences.
The recaptured ovenbird may illustrate how multiple variables can affect stopover
duration. This bird appeared to have stored sufficient fat to resume migration by its
eighth stopover day, yet it remained at the site for 6 additional days. Overnight wind
direction following recapture was primarily from the south until the night the bird
departed when winds came from the north, the preferred direction of southbound
passerines (Gauthreaux 1991). It is possible this bird was energetically prepared for
departure by the eighth day but waited 6 additional days for more favorable overnight
flying conditions. Six of the other birds similarly departed on nights with northern winds;
the remaining four departed during eastern winds.
My sample size was small, but arrival fat mass had a clear and strong effect on
time birds remained at the stopover site. Similar relationships between stopover duration
and some measure of energetic condition have been documented previously (Cherry
1982, Loria and Moore 1990, Wang and Moore 1997, Matthews 2008), but the
contributions of fat and lean mass were not addressed individually. Quantitative magnetic
resonance scanning allowed me to separately examine how each tissue affected stopover
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duration. Arrival fat mass at the study site affected migrants’ decisions to leave whereas
lean body mass did not. Thus, the conditions for increasing or maintaining fat stores
provided by this site and possibly other similar urban habitats can affect the migration
timing of birds using them. My results demonstrate quantitative magnetic resonance
analysis can be useful under field conditions, and that combining it with telemetry and
other approaches will improve our ability to understand the stopover biology of birds.
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Table 5.1. Means ± SD and ranges of total body mass, fat mass, lean body mass, and
minimum stopover durations of three species of migratory landbirds radiotracked
during autumn stopovers in New York City, USA.

Fat mass (g)

Lean body mass
(g)

Stopover
duration
(days)

27.3, 30.1

1.700, 2.410

22.760, 26.119

4, 5

2

30.2, 34.6

1.570, 4.000

27.103, 29.089

2, 7

7

20.0 ± 1.3
18.3-21.7

2.461 ± 1.069
1.068-3.911

17.009 ± 0.795
15.713-18.145

4.3 ± 5.0
1-14

n

Total body
mass (g)

Swainson’s thrush

2

Hermit thrush
Ovenbird

Species
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CHAPTER VI
SPATIOTEMPORAL BEHAVIOURS OF PASSERINE MIGRANTS AT AN
URBAN STOPOVER SITE: MOVEMENT PATTERNS, STOPOVER
DURATIONS, AND THE INFLUENCE OF ARRIVAL CONDITION1

INTRODUCTION
Migration for most landbird species involves long-distance nocturnal flights followed by
stopover periods when energy stores are replenished before continuing towards their
ultimate destination. More time and energy is spent during stopovers than during flight
(Wikelski et al. 2003, Bowlin et al. 2005) and the behaviour of birds in stopover habitats
significantly influences the economy, duration, and overall success of their migration.
This is particularly so during spring when males face pressure to arrive on their breeding
grounds early enough to secure a territory and the energetic condition of both sexes upon
arrival can affect reproductive performance (Sandberg and Moore 1996, Kokko 1999,
Smith and Moore 2003).
Migrants are expected to select stopover habitats that allow them to refuel with
maximum efficiency and remain close to their migratory schedules (Lindström and
Alerstam 1992). Upon landfall birds must familiarize themselves with novel habitat and
assess food availability, competition, and predation risk before selecting a particular area
to occupy (Chernetsov 2006). This early phase of stopover is referred to as ‘search and
settling’ and may include behavioural as well as physiological adjustments (Alerstam and
Hedenström 1998, Karasov and Pinshow 2000). Distribution patterns suggest landbird
1

A version of this chapter has been published (Seewagen et al. 2010) and is presented here with permission
from Elsevier.
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migrants favor particular habitat characteristics (e.g., Rodewald and Brittingham 2004,
2007; Strode 2009) and such preferences usually reflect differences in refueling
opportunities (Simons et al. 2000, Buler et al. 2007, Tietz and Johnson 2007, Ktitorov et
al. 2008, Cerasale and Guglielmo 2010).
Widespread anthropogenic alterations to the North American landscape have
degraded and reduced the amount of habitat available for use as stopover sites by
Nearctic-Neotropical migrants (McCann et al. 1993, Mehlman et al. 2005, Carlisle et al.
2009). Many species’ migration routes follow the Atlantic or Pacific coasts where the
largest human population centers of the United States are located and urbanization is a
predominant land cover type. Migrants encountering metropolitan areas and in need of
stopover habitat will usually be limited to small woodlots and forest fragments within
city parks. The resulting occurrence of migrants in urban habitats, often at high densities,
has been documented and recognized for quite some time (Chapman 1910, Griscom
1923, Brawn and Stotz 2001, Fowle and Kerlinger 2001). Yet, the potential value of
urban habitats to migrants has been largely disregarded until recently (Matthews 2008,
Pennington et al. 2008, Seewagen 2008, Seewagen and Slayton 2008) and knowledge of
migratory bird ecology and behaviour in such places remains severely limited.
Radio telemetry studies in non-urban areas have shown migrant songbird
behaviour to often consist of exploratory, linear movements upon arrival at a new
stopover site, followed by more aggregated movements on subsequent days presumably
after a suitable microhabitat has been encountered (Chernetsov 2005, Buler 2006,
Chernetsov and Mukhin 2006, Paxton et al. 2008). It is unknown whether the movement
patterns of migrants in urban stopover sites fit this trend. If urban habitat quality is
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marginal and levels of disturbance are great, birds may move widely within the site
without ever settling, and depart when the energetic and temporal costs of the stopover
begin to exceed the benefits.
I examined the fine-scale movements of a common Neotropical migrant
passerine, the ovenbird (Seiurus aurocapillus), within an urban stopover site to learn
whether birds exhibited the search and settling behaviour characteristic of birds studied in
less developed and disturbed, non-urban settings. I additionally measured stopover
durations and temporary home range sizes, and how arrival condition and season
influenced each of these metrics. Taken together, these investigations elucidate how
landbird migrants are utilizing urban habitats as stopover sites in space and time. Detailed
knowledge of migrant habitat use and stopover behaviour is needed for effective stopover
site conservation and management in rural and urban areas alike (Petit 2000, Mehlman et
al. 2005, Chernetsov 2006, Rodewald and Brittingham 2007, Pennington et al. 2008,
Carlisle et al. 2009).

METHODS
Study species
The ovenbird is a common forest-dwelling passerine that breeds across much of Canada
and the eastern United States, and over-winters throughout Central America and the
Caribbean islands. Ovenbirds are most often found on the forest floor where they forage
for insects in the leaf litter (Van Horn and Donovan 1994). I selected ovenbirds as a focal
species because they are long-distance migrants that do not nest or over-winter in New
York City (Van Horn and Donovan 1994, DeCandido and Allen 2005), they are common
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enough during migration to provide adequate sample sizes, and their body mass is
sufficient for carrying radio transmitters (Bayne and Hobson 2001, Brown 2006, Buler
2006). In addition, ovenbird movement patterns in a non-urban stopover site have been
described (Buler 2006) which provides useful context in which to interpret my findings.

Study site
I studied ovenbird stopover behaviour in New York City’s Prospect Park (Fig. 6.1). New
York City is the United States’ largest city (US Census Bureau 2010) and is located at the
nexus of four major migration routes (southeastern U.S. route, circum-Gulf route, transGulf route, and Caribbean island-western North Atlantic route) that over 100 species of
birds follow each year (Rappole et al. 2000). Prospect Park is a 213 ha public park in the
center of the borough of Brooklyn (Kings County). Brooklyn has a human population of
approximately 2.6 million and a total land area of 183 km2, equaling a population density
of 13,970 people/km2 (US Census Bureau 2010). More than 6 million people visit
Prospect Park each year (Wells 1998). The park is a highly isolated habitat island
surrounded by heavy urbanization and contains the last remaining eastern deciduous
woodland in Brooklyn. Aside from neighboring Greenwood Cemetery, the nearest
significant greenspace (>100 ha) is approximately 7 km northeast in the borough of
Queens. Exceptional concentrations of landbird migrants routinely occur in Prospect Park
due to its geographic position and expansive inhospitable surroundings (Wells 1998,
Fowle and Kerlinger 2001).
Prospect Park is a mosaic of landscaped meadows and lawns, athletic fields, manmade water-bodies, and remaining natural forests and wetlands. Approximately half
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Figure 6.1. Natural areas (>100 ha) remaining within New York City, USA
(indicated in dark gray). New York City includes Brooklyn, Bronx,
Manhattan, Queens, and Staten Island. Ovenbird stopover behavior was
studied in Prospect Park, Brooklyn. Reproduced with permission from
DeCandido et al. (2004: p.244).
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of the park is mature deciduous forest (Wells 1998). I captured birds in ‘The Ravine’
section (40° 39’ 49” N, -73° -58’ -12” W) of the ~100 ha forest in the center of the park
that represents the majority of the park’s wooded area (Mittelbach and Crewdson 1998).
Its northern and southern edges are bordered by a two-lane road (closed to public
vehicular traffic at most times of day) and the eastern and western edges are bordered by
a long recreational field and a lake, respectively. The forest is heavily fragmented by
meandering, paved walking trails ~5m wide. The tree community is dominated by black
cherry (Prunus serotina), red oak (Quercus rubra), tulip poplar (Liriodendron tulipifera),
and willows (Salix spp.), and the woody understory is primarily composed of arrowwood
viburnum (Viburnum dentatum) and shadbush (Amelanchier humilis). The area is actively
managed to control the spread of exotic invasive plants and promote the growth of native
flora.

Capture and radio-tagging
Spring and autumn migrants were passively captured in 8-10 mist nets daily during 5-18
May and 9 September-1 October, 2009. These dates correspond with the peak spring and
autumn passage periods of ovenbirds through NYC. Nets were opened at sunrise and
checked for birds every 20 min for approximately three hours. Captured ovenbirds were
banded with USGS aluminum leg bands, weighed to 0.1g on a digital balance, measured
(unflattened wing length to 1mm), assigned to age and sex when possible, and fat-scored
on a 6-point scale (Moore and Kerlinger 1987, Chapter II). I attempted to increase the
likelihood radio-tracking began on a bird’s first stopover day by radio-tagging birds on
mornings when it appeared a new wave of migrants had arrived, following one or two
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previous mornings when relatively few migrants were present in the park (Chernetsov
and Muhkin 2006). Nevertheless, I could not be certain birds were tagged on the morning
of arrival. Measures of stopover duration may be conservative and I hereafter use the
term “minimum stopover duration” (MSD) because of the uncertainty.
Birds were radio-tagged by trimming a few feathers in the interscapular region
and affixing the transmitter (model A2426, Advanced telemetry Systems, MN, USA)
with eyelash adhesive (American International Industries, CA, USA) directly to the
exposed skin (adapted from Raim 1978). Birds were wrapped in a cotton bag for ~10 min
while the adhesive dried and then released at their capture location. Transmitters had a
battery life of 21 d and a measured range of ~100 m in the forested study area.
Transmitters weighed < 3% of each bird’s body mass (Gaunt et al. 1997) and I assumed
they did not adversely affect the birds’ condition or mobility (Brigham 1989, Sykes et al.
1990, Naef-Daenzer 1994, Rae et al. 2009). Direct observations of radio-tagged birds
throughout stopovers provided no indication the transmitters were altering their
behaviour. Radio-tagged birds were commonly observed foraging normally and no birds
were seen attempting to pull off their transmitter. Other telemetry studies have also
reported no noticeable adverse reactions of ovenbirds to radio transmitters (Brown 2006,
Buler 2006).

Radio tracking
Birds were located every 45-60 min following release until twilight using a Yagi antenna
connected to a R-1000 (Communications Specialists, CA) or R4500S (Advanced
Telemetry Systems, MN) receiver. Birds that were still present on subsequent days were
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located every 45-60 min between sunrise and twilight. This sampling rate was chosen to
allow birds ample time to move from one end of their home range to another and increase
the independence of observations (White and Garrott 1990, Chernetsov and Mukhin
2006).
Bird positions were determined by homing (White and Garrott 1990, Bayne and
Hobson 2001, Paxton et al. 2008) and birds were approached to within an estimated 10 m
to avoid disturbance from the observer (Paxton et al. 2008). It was determined a bird was
~10 m away based on visual observation or signal strength. When a signal could not be
detected from a bird’s last known position, observers expanded outward at approximately
50 m intervals on foot or by bicycle until either the bird was found or it could be
concluded the bird was no longer present anywhere in the park. Birds were assumed to
have resumed migration if they were undetected for at least two consecutive days after
last contact. No birds ever reappeared following a day of no detection.
Bird locations were recorded with a handheld Global Positioning System (model
GPS 12, Garmin, KS) at an average accuracy of ±9 m during spring and ±10 m during
autumn. During spring, coordinates were recorded as degrees, minutes, and seconds. It
was later decided higher resolution coordinates would be more appropriate for the smallscale movements of ovenbirds observed during spring, and coordinates during autumn
were therefore recorded in UTM format.

Movement characteristics and home range estimation
I calculated three movement parameters to characterize daily spatial behaviour:
movement rate, displacement distance, and a linearity index (Chernetsov 2005, Buler

124
2006, Chernetsov and Mukhin 2006, Paxton et al. 2008). Movement rate (m hr-1) was
calculated as the sum of the distances between each successive location in a day divided
by total tracking time. Displacement (m) was calculated as the linear distance between a
bird’s locations at sunrise (or release) and twilight. The linearity index was calculated as
displacement distance divided by the sum of all distances between successive locations
within a day. The linearity index is a measure of aggregation, with values ranging from 0
(indicating clustered movements) to 1 (indicating linear movements). Distances between
points were measured using the Hawth’s Tools extension (Beyer 2004) in ArcMap
version 9.2 (ESRI, Redlands, CA).
I used Hawth’s Tools to measure fixed kernel home range sizes of birds tracked
for at least two days (and with ≥ 18 known locations), with least squares cross validation
smoothing parameters (Seaman et al. 1999, Borger et al. 2006) calculated with Animal
Movement version 2.0 (Hooge and Eichenlaub 2000) in ArcView version 3.2 (ESRI,
Redlands, CA). Home range estimates for birds with more sampling locations were not
inflated, as I found no significant effect of location sample size on home range area
among birds that stayed two or more days. I report fixed kernel home ranges measured
with 50, 90, and 95% isopleths because the 95% isopleth is most commonly used, but it
may overestimate home range size and more conservative isopleths of 50-90% have been
recommended (Borger et al. 2006). Lastly, I used the site fidelity test in Animal
Movement 2.0 to determine whether birds (tracked at least two days) occupied defined
areas or moved at random. The site fidelity test uses a Monte Carlo simulation to
compare the parameters of a bird’s actual movements to 1,000 randomly generated paths,
starting from the bird’s first location.
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Statistical analyses
Non-normal data were log10 +1 transformed to achieve normality and non-parametric
tests were used when transformations failed to normalize data. I used SPSS version 17
(SPSS Inc., Chicago, IL) for all analyses and accepted significance at P ≤ 0.05. Age and
sex were not considered because total sample sizes were small, spring birds could not be
sexed with sufficient confidence, and exploratory analyses revealed no significant
differences during autumn between juvenile and adult movement parameters, MSD, or
home range sizes. All data are reported as means ± SE.
I used multivariate analysis of variance (MANOVA) to examine daily changes in
movement parameters, with days since radio-tagging (stopover day) as the independent
variable and movement rate, displacement distance, and the linearity index as response
variables. When overall differences among days were significant, I ran a univariate
analysis of variance (ANOVA) with Tukey’s HSD post-hoc tests for each individual
movement parameter. Movement data collected after the fourth day of a stopover were
combined into the category 5+ because few birds stayed at the site more than five days in
either season. First-day movement parameters of birds that stayed at the stopover site for
only one day were compared to those that stayed multiple days with MANOVA, with
stopover length (i.e., one day or more than one day) as the grouping variable and first-day
movement rate, displacement distance, and linearity index as dependent variables.
Spring and autumn MSDs were non-normal and compared with a Mann-Whitney
U-test. MSD was measured as days elapsed between the morning of initial capture and
the evening of last contact. Spring and autumn 95% fixed kernel home range sizes were
compared with a Student’s t-test. Fat mass upon capture was estimated with a predictive
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model (Chapter II) and compared between spring and autumn birds with a Welchcorrected t-test. Differences in GPS format resolution during spring and autumn
precluded direct seasonal comparisons of the more fine-scale movement parameters.
I used simple linear regression or Spearman rank correlation to examine the relationship
between arrival fat mass and first-day movement parameters, total home range size
(95%), and MSD.

RESULTS
Spring
I radio-tagged 33 ovenbirds during spring. The first bird was tagged 5 May and the last
tagged bird left the site 21 May. Transmitters fell off six birds before departure, resulting
in incomplete movement data and indeterminate stopover durations for these individuals.
In addition, first-day movement data from two birds were omitted due to poor GPS
accuracy, providing a final sample size of 25 individuals for the first-day movement
parameter analyses.
MSD averaged 3.0 ± 0.5 d and ranged 1-10 d. (n = 27). Thirteen birds (48%)
departed the first night following their capture. Most birds remained close to where they
were captured and released throughout their stopover. Maximum linear distances birds
traveled from their release point averaged 236 ± 30 m (range = 47-715 m). Ovenbirds did
not spend time in non-forested areas, but birds that moved far from their release location
usually crossed park roads or the large recreational field bordering the study site in doing
so.
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Overall differences in movement parameters among days were significant (Wilk’s
λ = 0.62, F12, 156 = 2.63, P = 0.003; Fig. 6.2). There were no daily differences in
movement rate (F4, 61 = 0.67, P = 0.62), whereas there were significant daily differences
in linearity (F4, 61 = 2.97, P = 0.026), and daily differences in displacement distance that
approached significance (F4, 61 = 2.35, P = 0.06). Displacement distances and linearity
indices beyond the fourth stopover day were significantly lower than on previous days
(Tukey’s HSD post-hoc tests; displacement: P = 0.038; linearity index: P = 0.024; Fig.
6.2). During the first stopover day, the movement parameters of birds that departed that
night were not significantly different from those of birds that stayed additional days
(Wilk’s λ = 0.77, F3, 21 = 2.05, P = 0.14).
Fifteen birds provided enough locations for home range estimates. Home range
size differed greatly depending on the isopleth (Table 6.1) and individual variation was
high (range = 1.0-13.3 ha at 95%). On average, ovenbirds occupied 4.8 ± 1.1 ha when
measured with the commonly used 95% isopleth. Site fidelity tests suggested 53% of
these birds exhibited non-random, area-restricted movements (all P < 0.02).
Few ovenbirds (n = 2) were considered lean (<10% fat) upon capture. Estimated
fat stores averaged 3.1 ± 0.1 g and most birds’ fat stores represented 14-20 % (mean =
14.8 ± 0.5%) of their total body mass. There was no significant relationship between fat
mass and first-day movement rate (r2 = 0.12, F1, 23 = 3.14, P = 0.09), displacement
distance (r2 = 0.00, F1, 23 = 0.05, P = 0.82) or linearity (r2 = 0.00, F1, 23 = 0.05, P = 0.83)
on the day of arrival, total home range size (r2 = 0.00, F1, 13 = 0.00, P = 0.97), or MSD (rS
= -0.01, P = 0.96).
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Figure 6.2. Daily changes in three movement parameters of ovenbirds during spring
(left) and autumn (right) 2009 stopovers in Prospect Park, Brooklyn, New York.
Box plot whiskers show value ranges and boxes show median values and the 25th
and 75th percentiles. Sample sizes are shown above bars. Individual days that
differed significantly from the first day are indicated by shading; days represented
by the same type of box (i.e., open, shaded) did not differ from each other
(Tukey’s HSD post-hoc tests).
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Autumn
Twenty-four ovenbirds were radio-tagged during autumn and transmitters fell off two
birds before their departure. The first ovenbird was tagged 10 September and the final
tagged ovenbird left the site 4 October. Birds stopped over for an average of 2.9 ± 0.7 d
(n = 22). Eleven (50%) birds departed the first night after their capture and the longest
stopover lasted 14 d. Durations of spring and autumn stopovers did not differ (Table 6.1).
Autumn migrants also remained close to their capture/release location. The
farthest that birds moved from their release point at any time during the stopover
averaged 238 ± 35 m (range = 54-778 m). As in spring, birds were not found in nonforested areas but some individuals crossed park roads or open fields to reach other
wooded sections of the park.
Overall, ovenbird movement behaviour significantly differed from day to day
(Wilk’s λ = 0.28, F12, 166 = 8.47, P < 0.001; Fig. 6.2). In independent analyses, differences
in movement rate among days were not significant (F4, 65 = 0.93, P = 0.45), whereas there
were significant daily differences in displacement distance (F4, 65 = 4.8, P = 0.002) and
linearity (F4,65 = 10.5, P < 0.001). Displacement distances beyond the fourth stopover day
were significantly lower than on previous days (Fig. 6.2). Linearity declined more rapidly
than during spring stopovers, with index values from day two onwards being significantly
lower than on the first day (Fig. 6.2). Ovenbirds moved more broadly and in a straighter
direction on day one than on any other day. Movement parameters on the first stopover
day did not differ between birds that departed that night and those that remained
additional days (Wilk’s λ = 0.87, F3, 18 = 0.94, P = 0.44). Most birds moved widely
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throughout the site on their arrival day and then either resumed migration or settled into a
more defined area for the remainder of their stopover.
Thirteen birds were tracked long enough to quantify area usage. Individual
variation was high, with estimates ranging 0.7-15.8 ha (at 95%). Seven birds (54%)
showed significant site fidelity and moved non-randomly (all P< 0.04). Home ranges
during autumn averaged 23% smaller than during spring, but the size difference was nonsignificant (Table 6.1).
More ovenbirds (10 of 24) were considered lean and there was more individual
variation in fat mass during autumn, but overall, average autumn fat mass (13.3 ± 1.2 %
of total body mass) was not significantly different from spring (Table 6.1). In contrast to
spring, some first-day movement behaviours during autumn were associated with fat
stores. Fat negatively influenced first-day movement rate (r2 = 0.25, F1, 20 = 6.5, P =
0.019) and displacement distance (r2 = 0.24, F1, 20 = 6.2, P = 0.022); fatter birds moved
more slowly and remained closer to their capture location than leaner birds. As in spring,
fat content during autumn was unrelated to first-day linearity index (r2 = 0.06, F1, 20 =
1.24, P = 0.28), total home range size (r2 = 0.11, F1,11 = 1.28, P = 0.28), and MSD (rS = 0.06, P = 0.79).

DISCUSSION
Movement patterns
Radio-tracking ovenbirds in the United States’ largest city provided some of the first
detailed information on how landbird migrants utilize stopover habitats within heavily
urbanized landscapes (see also Matthews and Rodewald 2010a, b). My study site was a
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highly isolated habitat fragment located in one of the most densely populated, urban areas
of North America. Yet, the spatial behaviour of ovenbirds in Prospect Park was in many
ways similar to what has been consistently observed in passerine migrants at non-urban
stopover sites. Specifically, bird movements upon arrival were characteristic of
exploration and searching, and then became more localized within defined areas later in
the stopover period. Ovenbirds showed this same pattern during spring stopovers in nonurban forests of coastal Mississippi, USA (Buler 2006). There, ovenbirds exhibited
exploratory, linear movements on the first day of a stopover, followed by relatively arearestricted movements the next day. Migrant summer tanagers (Piranga rubra) on a
barrier island off the Mississippi coast behaved similarly (Aborn and Moore 1997).
Paxton et al. (2008) documented increasingly aggregated movements of Wilson’s
warblers (Wilsonia pusilla) during the course of spring stopovers in southwestern
Arizona, USA, and Chernetsov (2005) and Chernetsov and Mukhin (2006) found this
trend among European robins (Erithacus rubecula) on the Baltic Coast of Russia. I am
aware of only one previous investigation of migrant songbird spatial behaviour in an
urban area (Matthews and Rodewald 2010a). Matthews and Rodewald (2010a) measured
movement rates of radio-tagged Swainson’s thrushes (Catharus ustulatus) in Columbus,
Ohio, USA during spring migration but did not examine daily displacement or linearity.
Movement rates on the first two days of stopover did not differ from each other, but it
cannot be determined from this information alone whether or not birds ever settled into
defined areas.
Differences in GPS format resolution prevented legitimate statistical comparisons
of movement parameters between seasons, but generally, ovenbird settling in Prospect

132
Park occurred more slowly during spring than autumn. During spring, movement
linearity did not significantly decrease until the fifth stopover day, whereas during
autumn, exploratory behaviour appeared to cease by the second day. Chernetsov (2005)
and Chernetsov and Mukhin (2006) found an opposite pattern, where European robins
settled slightly faster during spring than autumn. Why search and settling times would
differ between seasons is unclear. In my study, it is possible the energetic needs of spring
and autumn migrants differed, with the greater temporal constraints and faster pace of
spring migration (Berthold 2001, Stutchbury et al. 2008) requiring spring ovenbirds to
forage more widely throughout the site to meet energy demands. Plasma triglyceride
levels of ovenbirds sampled in Prospect Park 2007-2008 indicated more rapid refueling
during spring than autumn stopovers (unpublished data) but it is unknown whether this
exclusively reflects seasonal differences in foraging effort. Another explanation is that
the greater density of migrants in the park during spring than autumn (based on capture
rates) increased competition and it took ovenbirds longer to find unoccupied areas.
Stopover territory defense by landbird species, including ovenbirds, has been observed
(Rappole and Warner 1976, Bibby and Green 1980, Dierschke et al. 2005, Buler 2006,
but see Chernetsov and Mukhin 2006) and it is possible newly arrived individuals were
being displaced by established birds. Lastly, the more distinct patterns found in autumn
may have simply resulted from the higher resolution GPS coordinate format used to
record bird locations. The resolution in spring may have been too coarse to detect true
differences in fine-scale movements between the first few stopover days.
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Stopover duration
There was a wide range of MSD during both seasons, with many birds departing within
one day and some others remaining for nearly a week. High intraspecific variation in
stopover duration at a given site is common among passerine migrants (e.g., Morris et al.
1996, Tsvey et al. 2007, Hays 2008). The stopover durations of ovenbirds in Prospect
Park were comparable to those of ovenbirds elsewhere in New York City (Chapter V)
and Swainson’s thrushes in urban forests of Ohio, USA (Matthews and Rodewald
2010b). Stopover durations were also similar to those of spring migrant ovenbirds in nonurban habitats along the Gulf of Mexico (Moore and Kerlinger 1987, Buler 2006) and the
coast of Maine (Morris et al. 1996).
Stopover periods of ovenbirds in Prospect Park did not differ between seasons.
Autumn stopovers are usually longer than spring stopovers in passerine migrants (e.g.,
Rguibi-Idrissi et al. 2003, Stutchbury et al. 2008) for several suspected reasons (Berthold
2001, Bauchinger and Klaassen 2005), but the pattern is only general and not always
found (Morris and Glasgow 2001, Chernetsov and Muhkin 2006).

Home range
Individual variation in home range size was high during both seasons. Average area
usage by ovenbirds in Prospect Park during both seasons was generally greater than what
has been reported for passerine migrants elsewhere; although, inconsistent sampling and
home range estimation methodologies, which can produce dramatically different results,
hinder comparisons between telemetry studies (Kernohan et al. 2001, Borger et al. 2006).
Buler (2006) measured area usage of spring migrant ovenbirds in Mississippi on their
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first stopover day and subsequent days separately; 95% fixed kernel home range size
averaged 1.5 ha during the first day and 0.6 ha on following days. European robins on the
Baltic Coast had mean 95% fixed kernel home ranges of 0.4 ha during spring and autumn
(Chernetsov and Mukhin 2006). Minimum convex polygon home ranges of Swainson’s
thrushes during autumn stopovers in northern California averaged 1.9 ha (Tietz and
Johnson 2007). Mean 50% fixed kernel home ranges of Swainson’s thrushes in various
urban forest fragments of Columbus, Ohio ranged approximately 0.4 – 3.0 ha during
spring (calculated from Fig. 4 in Matthews and Rodewald 2010a) and in some cases
appeared constrained by patch size. In this study, even the largest 95% fixed kernel home
ranges of ovenbirds during spring and autumn represented only 16% and 13% of the 100
ha forest area, respectively, suggesting forest size in Prospect Park exceeds the area
requirements of individual migrant ovenbirds.

Influence of arrival condition
Stopover behaviour is expected to be largely condition-dependent. A scenario in which
lean birds must forage widely and intensively at the expense of increased predation risk
while fatter birds with little need to refuel can remain sedentary and less exposed to
predators as they await departure (Chernetsov 2006) has intuitive appeal. Indeed, lean
ovenbirds and other passerine migrants moved faster, more frequently, and/or covered
greater distances than fatter conspecifics during spring stopovers along the Gulf of
Mexico (Loria and Moore 1990, Aborn and Moore 1997, Buler 2006). Similarly, lean
Swainson’s thrushes during spring stopovers in Ohio, USA had higher movement rates
than fatter thrushes (Matthews and Rodewald 2010a). However, an alternative and
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converse scenario is also plausible. In this scenario, lean birds cannot afford temporal and
energetic costs of prolonged exploration and choose to acquire resources from a small
area encountered early, while fatter birds invest time and energy in extended searching
for the most optimal habitat (Chernetsov 2006). First-day movement patterns of
ovenbirds in Prospect Park were not influenced by their condition (i.e., fat mass) during
spring, but during fall, fatter birds moved at a slower rate and were closer to their capture
location at the end of the day than leaner birds. Chernetsov and Mukhin (2006) found
European robin spatial behaviour was not associated with fat stores during spring or
autumn stopovers on the Baltic Coast. Wilson’s warblers also showed no relationship
between their arrival condition and movement patterns during spring stopovers in
Arizona, USA (Paxton et al. 2008). Inconsistencies between studies may be due to the
possible occurrence of both scenarios (Chernetsov 2006) or differing influences on bird
movements from other factors (e.g., predation risk, weather, resource distribution).
Many studies have shown passerine migrant stopover durations to be mediated by
energetic condition upon arrival; lean birds tend to remain at stopover sites longer than
fat birds (Cherry 1982, Loria and Moore 1990, Yong and Moore 1997, Matthews and
Rodewald 2010b; but see Salewski and Schaub 2007). Ovenbirds previously studied in a
different New York City park clearly fit this trend (Chapter V). Arrival condition of
ovenbirds in Prospect Park, however, did not significantly influence their departure
decisions during either season. On the Gulf of Mexico, it was weather and prey
availability, and not energetic condition that most significantly affected ovenbird
stopover duration (Buler 2006). Refueling rate, distance from final destination, time of
season, and predation risk can also influence the length of time passerine migrants spend
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at a stopover site (Yong and Moore 1997, Åkesson and Hedenström 2000, Danhardt and
Lindström 2001, Dierschke and Delingat 2001, Hays 2008, Schaub et al. 2008). Other
such factors likely contributed to ovenbird departures from Prospect Park more so than
arrival condition.

CONCLUSION
Decreasing daily exploration by ovenbirds in Prospect Park suggests they eventually
encountered and occupied suitable stopover habitat. More broadly, the similarity of their
spatial behaviour to that of passerine migrants studied at other stopover sites implies they
are utilizing this urban stopover habitat in a similar fashion as less-disturbed, larger forest
tracts elsewhere. My findings do not support the speculation that urban stopover habitats
likely offer poor conditions for landbird migrants and are only used abruptly in times of
urgency when alternatives are unavailable (Mehlman et al. 2005). Indeed, at least half of
the birds I studied stopped over for multiple days during spring and autumn, and bird
movements during both seasons were indicative of an ability to search for, locate, and
occupy adequate habitat patches. These results are consistent with earlier suggestions that
habitats remaining within human-dominated landscapes can in fact represent suitable
stopover sites for migrating landbirds (Seewagen and Slayton 2008, Matthews 2008,
Craves 2009).
It is now widely recognized that meeting the habitat requirements of migration is
integral to successful migratory landbird conservation strategies which at one time
focused only on issues concerning breeding and over-wintering areas (McCann et al.
1993, Mehlman et al. 2005). However, identifying important stopover sites and setting
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conservation priorities have been slowed by an incomplete understanding of migrant
stopover habitat selection processes and migrant ecology and behaviour at stopover sites
(Petit 2000, Mehlman et al. 2005, Carlisle et al. 2009). Much progress has been made in
recent years towards filling these knowledge gaps, but even the most basic information
on migrant use of urban stopover habitats is still lacking. Further study is needed to allow
land managers in metropolitan areas who strive to provide quality stopover habitats for
landbird migrants to make more science-based decisions.
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Table 6.1. Fat mass, minimum stopover duration (MSD), and fixed kernel
home range size (measured at three isopleth levels) of ovenbirds
radio-tracked during spring and autumn 2009 stopovers in Prospect
Park, Brooklyn, New York do not differ between seasons. Seasonal
differences in fat mass and MSD tested with a Welch-corrected t-test
and Mann-Whitney U-test, respectively. Spring and autumn 95%
home range sizes compared with a Student’s t-test. Values are means
± SE.

Fat (g)
n

Spring
3.1 ± 0.1
33

Autumn
3.0 ± 0.4
22

df
27

P
0.70

MSD (d)
n

2.8 ± 0.5
27

2.9 ± 0.7
22

1

0.92

95% home range (ha)
n

4.8 ± 1.1
15

3.7 ± 1.2
13

26

0.48

90% home range (ha)
50% home range (ha)

3.6 ± 0.8
0.9 ± 0.2

2.8 ± 0.9
0.7 ± 0.2
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CHAPTER VII
CHAPTER SUMMARIES AND CONCLUDING REMARKS

The above studies have shed new light on the stopover biology of migrants in urban
ecosystems. Collectively they have provided a comprehensive assessment of the quality
of these unique habitats as migratory bird stopover sites. Refueling rates, biphasic mass
gains, stopover durations, area usage, and search and settling behaviours of migrants in
New York City indicated the urban habitats examined are functioning in the same fashion
as larger, less-disturbed, stopover sites elsewhere. I found no evidence to suggest that
stopover refueling conditions within one of the world’s most urbanized landscapes were
inadequate for migrating landbirds.

RESEARCH SUMMARY
In Chapter II, I showed that condition indices commonly used in field-studies of birds can
provide accurate measures of fat content. I developed models that can be used to simply
and noninvasively quantify the fat mass of avian migrants based on their total body mass
and amount of visible subcutaneous fat. These models allowed me in subsequent chapters
to show that migrants gained lean body mass in addition to fat mass during stopover
refueling, and most spatial behaviours of migrants were uninfluenced by the size of their
arrival fat stores. Other, more sophisticated techniques of measuring body composition,
such as the QMR method used in Chapters IV and V, are often cost-prohibitive or
otherwise unavailable to many researchers. Condition indices and predictive models
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provide estimates of fat mass with simplicity and accuracy that justifies their continued
use in field studies of birds.
Chapter III presented the first application of plasma metabolite profiling and
measures of food abundance to assess the quality of stopover sites for passerine migrants
in an urban landscape. Many city parks are famous for receiving exceptional
concentrations of migrants (Fowle and Kerlinger 2001, Milne 2007), but the resources
provided by these habitats, and their ultimate value as stopover sites, has been uncertain
(Mehlman et al. 2005). I showed that refueling conditions for migrants in NYC were no
poorer than those in the less disturbed habitats examined outside of the city. Plasma
metabolite values of multiple species indicated comparable refueling performance
between NYC and Westchester County, and measures of arthropod biomass suggested
similar food abundance for ground-foraging insectivores in the two areas during both
seasons. Migrant refueling rates, as indicated by triglyceride concentrations, in NYC
were in some cases higher than those reported in the literature for conspecifics at various
non-urban stopover sites. The body mass-time of day regression approach also suggested
mass gain occurred in NYC at rates comparable to, or higher than, non-urban habitats
elsewhere. These findings are consistent with those of Seewagen and Slayton (2008) and
Craves (2009), which provided earlier indications that migrants can successfully increase
their body mass during stopovers in urban habitats.
In Chapter IV, QMR body composition analyses and a predictive model
developed in Chapter II revealed that part of the total body mass gained by migrants in
NYC consisted of lean mass. Lean mass contributed to at least 30% of the individual
variation in total body mass or the total body mass gained during stopover refueling.
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These findings extend what has been well-established in shorebirds and Old World
passerines at geographical barriers to New World passerines and passerines migrating in
shorter bouts over more continuously available stopover habitat. Thus protein usage
during bird migration appears to be common across broad taxonomic groups, migration
systems, and flight distances.
The lean body mass changes observed among migrants in NYC highlight the
importance of dietary protein sources, and carry implications for stopover habitat
restoration and management practices. To meet their nutrient needs, migrants using these
sites will require high-protein foods in addition to the lipid- and carbohydrate-rich foods
that maximize fattening rates (Barlein 1998, Karasov and Pinshow 1998). Surveys in
Chapter III showed that macroinvertebrate biomass was similar between the urban and
non-urban stopover habitats, indicating sufficient protein sources are available to
passerine birds in NYC.
In Chapter V, I utilized a small dataset acquired during a pilot study in Bronx
Park to examine the influence of arrival fat and lean body mass on stopover duration. The
time birds stayed at the stopover site was strongly and negatively related to their arrival
fat mass. This result is unsurprising and consistent with several other studies that have
shown arrival condition to be a primary determinant of stopover duration (e.g., Cherry
1982, Yong and Moore 1997, Mathews and Rodewald 2010a, Goymann et al. 2010). It is
intuitive that birds arriving with small fat stores would remain at a stopover site to refuel
for longer periods than birds with larger arrival fat stores. By extension, lean body mass
upon arrival should also influence stopover duration when refueling includes the
deposition of lean tissues (as shown in Chapter III). Yet I found no relationship between
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lean body mass and stopover duration among the migrants radio-tracked in Bronx Park. It
is possible a type II error occurred due to the small sample size of only eleven birds.
However, Fusani et al. (2009) found that a measure of lean body mass did not affect the
migratory restlessness of captive birds, which also indicates lean mass does not influence
departure decisions. Further study is needed to clarify how changes in lean body mass
affect migrant stopover duration and overall migration time.
In Chapter VI, ovenbirds radio-tracked during spring and autumn stopovers in
Prospect Park revealed that migrant behaviour at an urban stopover site was similar in
many ways to that of migrants in larger, less disturbed habitats elsewhere. During both
seasons birds exhibited a tendency to explore the stopover habitat widely upon arrival
and then either resume migration that night or settle in to more defined areas on
subsequent days. Migrant movements were indicative of an ability to search for, locate,
and occupy suitable microhabitat, and temporary home ranges suggested forest size in
Prospect Park is more than sufficient to meet the area requirements of migrating
ovenbirds. Matthews and Rodewald (2010b) similarly found that most forest fragments in
the Columbus, Ohio metropolitan area were of adequate size for migrating Swainson’s
thrushes. Most spatiotemporal behaviors of ovenbirds were not condition-mediated in
Prospect Park and it is likely other factors such as weather were more influential than
arrival condition.
The similarity of the stopover biology of migrants in NYC to that of migrants at
other stopover sites implies that migrants are using urban habitats in the same fashion as
larger forest tracts elsewhere. My findings do not support previous speculation that
migrants only use urban habitats as stopover sites briefly and possibly to moderately
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refuel when more suitable alternatives are unavailable (Mehlman et al. 2005). Indeed,
migrants (1) often remained in NYC for multiple days, (2) refueled at comparable, and in
many cases higher, rates as birds in non-urban areas, (3) increased lean body mass, and
(4) exhibited spatiotemporal behaviours that were characteristic of the searching and
settling patterns of passerine migrants observed in non-urban sites. These results are in
line with the few previous studies of urban stopover biology (Seewagen and Slayton
2008, Craves 2009, Matthews and Rodewald 2010a, b) and add to a small but growing
body of evidence that urban habitats can represent suitable stopover sites for migratory
landbirds.
There are several potential explanations for why migrants can have successful
stopovers in highly disturbed, urban habitats such as those of NYC, and they need not be
mutually exclusive. First, although urban forest fragments are typically isolated and
surrounded by heavy development, it is possible they retain enough of the natural
properties of larger, intact forests to provide the resources passerine migrants need most
from stopover habitats. Second, it is possible the behavioural plasticity of birds during
migration simply enables them to exploit even the most unfamiliar, atypical habitats
(Parrish 2000) and cope with the disturbances and other unique conditions experienced at
urban stopover sites. Third, it is possible that urban heat island effects have altered
ecosystem processes in ways that are beneficial to migrants and that compensate for the
types of degradation commonly associated with urban habitats (e.g., increased edge, soil
compaction and erosion, pollution, invasive species). Warmer air temperatures in cities
can potentially increase the abundance of terrestrial invertebrates, advance their spring
phenology, and prolong their autumn survival (Raupp et al. 2010, Johnson 2007), and in
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turn, enhance food sources for insectivorous migrants. Heat island effects also often lead
to early spring leaf-out and delayed autumn dormancy of vegetation relative to cooler
areas outside of the city (Roetzer et al. 2000, White et al. 2002, Zhang et al. 2004), which
may be what initially attracts large numbers of migrating birds to urban habitats
(Matthews 2008). Urban habitats could present an interesting model to study the
influence that phenological shifts associated with global climate change will have on
migratory bird stopover biology.
Regardless of what allows migrants to have successful stopovers in NYC,
sufficient stopover conditions appear to be available and costly habitat restoration efforts
on behalf of migrating songbirds are not necessarily needed. Resources intended to
benefit migrating birds in NYC should be directed at maintaining the stopover sites
studied, and others like them, in their present state.

CONCLUDING REMARKS
Breeding birds have been well-studied in cities (Marzluff et al. 2001) and nearly all
discussion in the scientific literature about how to manage urban habitats to benefit birds
concerns the nesting period exclusively (e.g., Marzluff and Ewing 2001). Migration has
been comparatively overlooked. It is telling that in lengthy review articles on the effects
of urbanization on birds (Chace and Walsh 2006) and habitat management for birds in
urban areas (Marzluff and Ewing 2001), the word “stopover” does not appear once.
Most bird migration studies in cities have examined levels of richness, diversity,
and abundance (Brawn and Stotz 2001, Hostettler et al. 2005, Rodewald and Matthews
2005, Pennington et al. 2008). Without discounting the value of the knowledge gained by
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such studies, little can be inferred from these metrics about absolute habitat quality (Van
Horne 1983, Johnson 2007) because migrant stopover site selection is severely
constrained by limited habitat availability in cities. High migrant abundance, diversity, or
richness at a given stopover site does not necessarily indicate high quality habitat
because migrants may be forced to use poor quality habitats when habitat availability is
low. More studies of migrant refueling rates and movement patterns are encouraged to
identify high quality and important stopover habitats in urban landscapes.
Stopover biology studies in urban areas can present unique logistical difficulties
of which, based on my personal experiences in NYC, I recommend potential researchers
be mindful. There are many conveniences of conducting field research in cities compared
to more remote settings, but there are many constraints and challenges as well.
Personal safety concerns often restrict the locations and times of day at which
research should be conducted, and working alone is usually unwise. Field equipment is
also prone to vandalism and theft and cannot be left unattended without risk. Setting up
and taking down mist nets at each site each day was not practical in my studies. Nets
remained at the sites overnight and were at times vandalized (particularly at the
beginning of a new field season). I was informed by park officials that homeless people
living in the study sites were likely responsible for the vandalism as retaliation for any
intrusion or displacement they incurred from my research activities. Reaching out to
people living in the parks by explaining to them the research being conducted and
inviting them to observe helped curb incidences of vandalism.
Local political bureaucracy, special interest groups and stakeholders active in
public park policy, and competing usages of limited park space can make it difficult to
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obtain permission to conduct non-passive bird research in city parks. Outspoken ethical
concerns over mist-netting and banding from stakeholders such as local birding
communities can add controversy and limit research opportunities, and should be
expected. Open communication with local birders and birding organizations, and
invitations to become involved in research activities are recommended at the proposal
stage as preemptive means to assuage potential resistance and opposition.
Dog walkers are stakeholders whose interests can easily interfere with studies of
birds in city parks. Throughout my field seasons, leash laws were poorly obeyed or
enforced, and dog walkers often sternly denied my requests to keep their dogs on walking
trails and out of wooded areas. Several mist nets were destroyed by dogs running through
them, and at times bird capture rates were likely reduced by dogs flushing birds out of the
area. Fencing that separates trails and recreational spaces from interior woodlands where
mist nets would be placed is a recommended criterion for study site selection. However,
fenced areas are usually fenced because they are regenerating or particularly sensitive,
and gaining access to such restricted areas can be all the more difficult.
These are only some of the difficulties that researchers may encounter during
studies of urban stopover biology and each city likely presents its own set of challenges.
Ample time should be allotted to address such matters before studies are targeted to
begin. Pilot studies are beneficial and recommended before larger-scale efforts are
undertaken.
Prior to the research presented in this dissertation, knowledge of migratory bird
stopover biology and stopover habitat quality in urban ecosystems was limited to only a
few studies (Matthews 2008, Seewagen and Slayton 2008, Craves 2009). Here, I have
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substantially added to our understanding of the ecology and behaviour of migrants in
urban areas and provided a more holistic assessment of the quality of urban habitats as
migratory bird stopover sites.
My findings are encouraging from a conservation standpoint, as they indicate that
small and highly disturbed habitats that may otherwise be of little significance to wildlife
have the potential to be valuable stopover sites for migrating birds. However, these
results can only be generalized elsewhere with much caution due to the large variation
within and among cities in intrinsic and extrinsic habitat characteristics that likely
influence site quality. It is hoped that my studies in NYC will encourage investigation of
migrant stopover biology and stopover habitat quality in other metropolitan areas of
North America and around the world, and ultimately promote more science-based
decision-making in cities with regard to migrating birds. It is important to recognize that
the conclusions drawn here are not intended to advocate urbanization or other forms of
habitat loss without concern for migratory birds. Instead my results should highlight the
importance of conserving and effectively managing natural areas even within humandominated landscapes such as cities. Ω
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