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Abstract

species identity on homing success and speed.

landscape with higher canopy cover.

are constrained by low canopy cover.

Background: Efficient and safe movement is fundamental for wild birds to thrive in their environments. For arboreal
forest animals, especially birds, canopy cover has a large impact on birds’ daily movements and is a crucial component
of conservation strategies seeking to retain avian population in disturbed or urban habitats.

Methods: We translocated woodland bird species utilizing different forest strata during two non-breeding seasons in
Gainesville, FL, USA. We used linear model and generalized linear model to examine the effects of canopy cover and

Results: Among our study species of Tufted Titmouse (Baeolophus bicolor), Carolina Chickadee (Poecile carolinensis),
and Northern Cardinal (Cardinalis cardinalis), we found that Carolina Chickadees and Tufted Titmice were more likely
to return than Northern Cardinals. Among birds that successfully returned, homing speed is significantly affected by
forest canopy cover and species identity (titmice had higher homing speed than cardinals). Birds return much faster in

Conclusions: This study presented evidence of species identity’s effect on homing success and speed in common
feeder bird species in Southeast US and provided further evidence that bird movements in the suburban land cover

Keywords: Forest bird movement, Forest canopy cover, Homing behaviour, Non-breeding season, Site fidelity

Background

Habitat loss and fragmentation are of central concern for
the conservation of North American forest birds, since
declines in their populations have been associated with
habitat loss and fragmentation (Peterjohn 2003; Valiela
and Martinetto 2007; Pimm and Brooks 2013; Hind-
march et al. 2017). Identifying aspects of habitat change
that have the greatest effects on survival, reproduction,
and movement of forest birds will be informative to con-
servation efforts (Zollner and Lima 2005). For example,
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increased forest edge has been associated with fragmen-
tation and smaller patch size, and it increases the occur-
rence of nest predation and lower reproductive success,
which contributes to bird population declines (Hoover
et al. 1995; Chalfoun et al. 2002). In addition, birds trave-
ling through fragmented landscapes suffer an increase in
energy expenditure and longer travel times due to their
reluctance to cross open areas (Lima 1993; Sieving et al.
1996; Zollner and Lima 2005) and instead prefer to take
detours within forest corridors (St. Clair et al. 1998) to
avoid an increased predation risk. One of the animal
movements that may encounter this reluctance is homing
behavior, which refers to “the ability of certain animals to
return to a given place when displaced from it, often over
great distances.” (The Editors of Encyclopaedia Britannica
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2017). Non-migratory birds have strong winter fidel-
ity, but it is less well-known for canopy cover effect on
homing behavior (Kri$tin and Kanuch 2017). This study
was undertaken to help further understand the homing
behavior of non-migratory birds during a non-breeding
season in an urban environment.

Forest birds are affected in varying degrees by land-
scape changes depending on their physical and behav-
ioral characteristics (Newbold et al. 2013). Identifying
the characteristics of birds most susceptible to habitat
change will also aid conservation efforts (Schlaepfer et al.
2002). A generalist species is able to thrive in a wide vari-
ety of environmental conditions and can make use of a
variety of resources. A specialist species with limited
diet can only thrive in a narrow range of environmental
conditions (Royle 2012; Begon et al. 2014). Birds that are
specialists are more reluctant than generalists to cross
habitat gaps during playback experiments (Sieving et al.
1996; Rail et al. 1997) and demonstrate longer homing
times after translocations due to increased use of detour
routes (Gillies and St. Clair 2008). Individual species also
have varying threshold distances at which they are willing
to cross gaps (St. Clair et al. 1998) and different percep-
tual ranges for which they can perceive the fragmented
landscape (Lima and Zollner 1996). All of these fac-
tors may affect their willingness to, and speed of, travel
through fragmented landscapes.

We undertook this study to understand how canopy
cover and species identity in an urbanized area affect
birds’ homing success and speed in order to contribute
information concerning urban green space planning. We
had two specific objectives: (1) to characterize variation
in non-breeding season homing propensity (success and
speed of return) among common bird species, and (2) to
test for the effects of canopy cover on the homing success
and speed of translocated birds. Similar to previous stud-
ies, translocating individual birds away from their home
ranges were used to control the motivation to home, the
distance traveled, and the percentage of forest cover in
the homing path (Bélisle et al. 2001; Blumstein and Fer-
nandez-Juricic 2010). Unlike most other studies, however,
translocations were performed during the non-breeding
season because homing propensity in this period was
of particular interest to us (Odum 1941; Benvenuti and
Ioalé 1980). Past studies that conducted homing experi-
ments during the non-breeding season have explored
how age group, spatial memory, species identity, sex, and
forest type influence avian homing behavior (Benvenuti
and loalé 1980; Baccetti et al. 1995; Keiser et al. 2005;
Kristin and Kanuch 2017). However, little is known about
the forest canopy cover effect on avian homing behavior
in an urban environment where urban forests are frag-
mented by large roads and urban developments. Based
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on the contrasting biology of the different species and
previous work, we made some general predictions: (1) All
species (Carolina Chickadee Poecile carolinensis, Tufted
Titmouse Baeolophus bicolor and Northern Cardinal
Cardinalis cardinalis) should demonstrate some level (at
least 30%) of winter homing success because of the ten-
dency toward winter territoriality is a characteristic of
passerines (Tompkins 1933; Salomonson and Balda 1977;
Holmes et al. 1989; Kristin and Kanuch 2017), (2) hom-
ing speed of all species should increase with an increase
in the percentage of forest cover over the homing path
(Bélisle et al. 2001), and (3) Paridae species (chickadees
and titmice, also refer as parid), as foraging generalists
and canopy-foragers, should return faster than Northern
Cardinals (ground-foragers), which are thought to be less
likely to cross gaps (Sieving and Karr 1997; Miller and
Cale 2000; Vergara and Simonetti 2006).

Methods

Study area and trap sites

Six different trap locations were established around
Gainesville, Florida, USA (Fig. 1). Four of the sites were
on the University of Florida campus. One site was located
in a Gainesville neighborhood (4 km NE of campus) and
the other was at the USDA/APHIS Florida Field station
(6 km east of campus). For each capture location, a mini-
mum of two translocation drop-off sites were utilized to
sample a diversity of canopy covers in return paths.

Capture and translocation methods

Three study species, Tufted Titmouse, Carolina Chicka-
dee, and Northern Cardinal were captured and translo-
cated. These common bird species are all resident birds
and maintain territoriality year-round. Birds were caught
using walk-in wire treadle traps on top of platform bird
feeders during non-breeding seasons (September—Febru-
ary) in 2009 and 2011 (same bird feeder were used from
study of Hetrick and Sieving 2012). Then birds were
translocated from 0.3 to 1.6 km away, with the majority
of translocations occurring at 1 km distance. The traps
were baited with safflower and black oil sunflower seeds
and left open for two weeks prior to trapping. Visitation
to feeder traps was monitored during the pre-trapping
periods to ensure that birds were frequently visiting the
feeders. One feeder trap was established in each of six
trapping locations in each year. Once captured, the birds
were marked with unique color band combinations. Birds
were then kept in individual cloth bags, during transport
by car or bicycle, for less than one hour after capture
(typically, times between capture and final release were
less than 20-30 min). Birds were released near canopy
cover to allow for safe perching immediately after release.
The release time were from 8:00 am to 4:00 pm. At the
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for one feeder trap, shows the contrasting translocation paths

Fig. 1 Study location and sampling sites. The left map shows all six feeder trap locations within the city of Gainesville, Florida, USA. The right inset

‘Release Point 2

beginning of translocation experiments, 4 short distance
translocations (200-700 m) were performed to examine
whether birds would return at all. Later, all transloca-
tions were generally longer (1-1.6 km). The known winter
home range sizes of our study species are all less than one
kilometer in width (CACH: 532 m, NOCA: 420 m, TUTI:
914 m; Brewer 1961; Condee 1970; Ritchison and Omer
1990). This winter home range size is based on the maxi-
mum movement distance between two points within a
territory. Thus, our translocation distances ensured that
birds were released in unfamiliar territories.

Canopy cover measurements

The percent of canopy cover associated with the differ-
ent homing paths was determined using Google Earth
TM. We used the map image (year 2009) at 4 km eye
altitude and overlaid a circle surrounding the translo-
cation path with the same diameter as the straight-line
path between the capture and release sites (Visual illus-
tration in Additional file 1: Figure S1). The circular areas
were overlaid with a grid containing the same density of
squares (incomplete squares are not used). The number
of squares within the circular area that had visible tree
canopy were counted and divided by the total number
of gridded squares to obtain % canopy cover. We used
a circular area rather than a straight-line path to better
predict the canopy cover of possible homing routes since
birds were not tracked during their movement home and
were likely to wander from the straight line (Duhl et al.
2012).

Measure homing success and speed

Each feeder trap was equipped with a motion sensitive
camera (Audubon Bird Cam TM or Reconyx Rapidfire
TM) that displayed the time and date on each picture,
which allowed each homing bird to be identified by its
unique markings following return to the feeder. We

recorded whether an individual successfully returned
or not (1, 0) by checking photos of birds at the capture
feeder until a maximum of 800 h (33 days) had passed
since release at the translocation site. If the individual
was not photographed in that time, then it was counted
as not returned (0). We utilized the time and date of
release at the translocation site and the time and date of
the first detection of the bird at the home feeder by the
motion sensitive camera to determine the homing speed
in hours. This method may underestimate both the num-
ber of birds that returned to capture sites, and their hom-
ing speeds, due to hesitancy to revisit the feeder where
they were captured. However, given that high percent-
age of birds (66%) clearly revisited the feeder’s post-
translocation within 1 or 2 days of initial capture, we
do not think that the returning proportion is seriously
underestimated (given the long grace period we used)—
even trap-shy birds would have had time to recover. For
more precise return measurement, combinations of
cameras, radio-tracking with automated receivers, mist-
netting, and systematic observational efforts utilizing
territorial and mobbing playbacks at capture locations
could enhance precision (Castellon and Sieving 2006;
Desrochers et al. 2011; Villard and Haché 2012; Volpe
et al. 2014; Jones et al. 2017; Kristin and Kanuch 2017).
Our method minimized impacts on the well-being of the
birds (of interest to us) over these other methods, and
our methods were standardized across sites and species.
In any mark recapture methodology, precision is at issue.
While we do not know how well our method performed
relative to others, a methodological study of civet cap-
ture—recapture found that the use of camera traps with
lures did not change animal movement patterns but did
increase the number of captures over un-baited camera
traps (Gerber et al. 2012). Perhaps, habituating the birds
to a food lure prior to translocation insured a high prob-
ability of recapture detection post translocation. In any
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case, standardized methods of detection for three species
that habitually visit feeders allowed us to make relative
comparisons among species and return path conditions;
precise homing frequencies were not the goal.

Data analysis

Statistical analyses using linear model (LM) and general-
ized linear model (GLM) were run in R (version 4.0.2).
We ran two types of models: (1) to test how canopy cover,
translocation distance, species identity, and release time
influence homing success of our study species; (2) to
test how those predictors influence homing speed of our
study species. We used GLM-binomial for the homing
success model and LM for the homing speed model. The
homing speed variable (hours to return) in LM was log
transformed to fit a normal distribution.

Results

A total of 71 translocations were performed of 3 differ-
ent species (summarized in Table 1). An average of 66%
of all birds were re-sighted at feeders in their home ter-
ritory or capture site within 33 days. We found that
Northern Cardinals were less likely to return than Car-
olina Chickadees (Coef=1.847, SE=0.932, p=0.048;
Table 2) and Tufted Titmice (Coef=1.718, SE=0.648,
p=0.008; Table 2). Among individuals returned to the
capture sites (n=44), the percentage of canopy cover did
influence homing speed; birds translocated in areas with

Table 1 Summary of homing translocations
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higher tree canopy cover returned much faster (Coef=-
0.531, SE=0.196, p =0.010; Table 2), and Tufted Titmice
returned much faster than Northern Cardinals (Coef=—
1.100, SE=0.440, p=0.017; Table 2).

Discussion

Canopy cover positively influenced homing speed but
not homing success. This suggests that a slower and
more tortuous return necessitated by lower canopy cover
(Bélisle et al. 2001) does not lessen the commitment
to return. However, increased tree canopy cover does
enhance the probability of crossing urban area for forest
birds, which implied that higher canopy cover provides
safer habitat for bird’s movement (Shimazaki et al. 2017).
Less forested landscapes present abundant high contrast
boundaries and gaps containing ‘hostile’ matrix for forest
animals (Lima 1993; Sieving et al 1996, 2004; Desrochers
and Hannon 1997) where predation risk is higher (Cor-
nelius et al. 2017). Birds may choose to move through
habitat corridors, rather than across open gaps in the
forest, even when a path through corridors significantly
increases the distance of travel (St. Clair et al. 1998; Cas-
tellén and Sieving 2006). With increased distance comes,
an increase in the cost of movement through increased
risks from predation and energy expenditure (Baker and
Rao 2004). Our findings are consistent with the exist-
ence of a trade-off between detouring through corridors
and crossing gaps, but our study design did not allow

Species N % Canopy cover Translocation distance % Return Hours to return
CACH Il 42 (32-73) 1096 (1000-1500) 82 199 (23-508)
NOCA 29 55 (26-73) 1091 (240-1500) 45 248 (11-705)
TUTI 31 50 (24-73) 1090 (240-1620) 81 90 (4-763)
Summary 71 51(24-73) 1092 (240-1620) 66 154 (4-763)

N represents the total number of translocations; % Canopy cover represents the percentage of tree canopy cover for each translocation path; % Return represents the
percentage of translocated individuals returned to capture sites. Values of % Canopy cover, Translocation distance, and Hours to return in the table are mean values
with the minimum and maximum range in (). CACH represents Carolina Chickadee, NOCA represents Northern Cardinal, and TUTI represents Tufted Titmouse

Table 2 Summary of model outputs of homing success model and homing speed model

Variables Homing success model (GLM) Homing speed model (LM)
Coef Std. error p value Coef Std. error p value

Intercept -0.278 0416 0.503 4.842 0.361 <0.001
Species CACH 1.847 0932 0.048 -0.228 0.589 0.700
Species TUTI 1.718 0.648 0.008 -1.100 0.440 0.017
% Canopy cover 0.116 0.321 0.717 -0531 0.196 0.010
Translocation distance -0.554 0316 0.080 0.047 0.208 0.824
Release time 0.142 0313 0.651 0.303 0.202 0.141

Coef. represents the estimated coefficients of each variable. Std. error represents standard error. % Canopy cover represents the percentage of tree canopy cover for
each translocation path. Intercept represents Northern Cardinal, CACH represents Carolina Chickadee, and TUTI represents Tufted Titmouse
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detailed description of behaviors actuating this trade-off.
In this study we tested for forest cover effects within the
potential return areas, and we could not test for effects of
finer-scale configuration (e.g. corridor width or tortuos-
ity; Bélisle et al. 2001; Gillies et al. 2011) of paths used
by the birds. However, studies testing specific aspects of
actual return paths in relation to homing success could
yield very specific and useful prescriptions for configur-
ing ‘street tree’ plantings within urban areas to lessen
resistance to urban bird movements (Shimazaki et al.
2017; Wood and Esaian 2020).

We reported significant effects of species identity on
homing success and speed. Among the species we sam-
pled, titmice and chickadees returned more frequently
compared to cardinals and they also return faster than
cardinals. All three species are thought to be highly sed-
entary as adults and permanent residents on all purpose
territories they defend in winter. However,cardinal win-
ter movements in large flocks of cardinals may be more
fluid than those of the parids in winter (Halkin and Lin-
ville 2020; Ritchison et al. 2020). In the center of the spe-
cies’ collective range, mass movements of both cardinals
and parids may occur in response to winter weather pat-
terns. Perhaps the biggest difference between cardinals
and parids in winter mobility and philopatry derives
from their microhabitat affiliations. Near-ground dwell-
ing birds (e.g. cardinals) are more sensitive to fragmenta-
tion due to their ground-dwelling habits compared with
titmice and chickadees (Sieving et al. 1996; Sieving and
Karr 1997; Stratford and Stouffer 1999). Cardinals in our
study concentrate their activities near-ground and the
homing success was not greater than 50%. The transloca-
tion paths we used led through complex and fragmented
suburban landscapes that likely presented a variety of
obstacles (e.g. Walmart parking lot) and alternative
resources for cardinals (feeders) resulting in overall lower
return success and speed. In a breeding season transloca-
tion study of 10 cardinals moved similar distances (~1.6
km; Evans et al. 2017) cardinal returns were 80%, but
return speeds were comparable to what we detected in
similar suburban (heavily treed) habitat but were much
longer in more intensely urban landscapes. In breeding
season, birds should be more strongly tied to territory, so
it is reasonable that return successes were higher in that
study than ours.

We found that when translocated across complex
suburban landscapes, common bird species consist-
ently returned to their home territories, indicating that
permanent resident forest birds can exhibit strong site
fidelity during the non-breeding season. Familiarity with
resources and local predators in a bird’s home territory is
thought to confer sufficient benefit to warrant the costs
of non-breeding season homing (Desrochers et al. 1988;
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Yoder et al. 2004). Non-breeding season conditions can
magnify the value of stable or familiar food resources
for year-round resident bird species (Berner and Grubb
Jr 1985). Despite the fact that non-breeding season con-
ditions in Northern Florida may seem relatively mild by
comparison to the northern reaches of the study species’
ranges, a productive territory is likely just as valuable
for these birds. Especially in urban areas, predation risk
is likely to be severe due to significant reductions in tree
canopy density (Patterson et al. 2016) and a simultane-
ous influx of Sharp-shinned Hawks (Accipiter striatus), a
common winter visitor that is absent the rest of the year
(Roth et al. 2006; Farley et al. 2008; Contreras and Siev-
ing 2011). Moreover, previous work in the study areas
suggests that urban Accipiters may be more highly spe-
cialized on adult feeder birds (Malone et al. 2017) than
rural hunting hawks. Finally, given the extended breed-
ing season of southern birds, including 1-2 more broods
per year than in the north, territory ownership in non-
breeding season likely minimizes intra-specific aggres-
sion experienced by resident birds during pairing and
breeding season initiation, and this should also encour-
age non-breeding season homing behavior in displaced
individuals (Brown 1963). Therefore, the advantages of
keeping a stable and familiar non-breeding season ter-
ritory with abundant resources for feeding and known
escape locations for avoiding specialist predators should
be significant for resident birds. The provision of reliably
well-stocked feeders (food supplement), almost certainly
enhanced the value of the territories to our study indi-
viduals, helping to overcome any energetic benefits of
remaining near the release sites (Roth and Vetter 2008).
However, we used feeder-birds specifically so that their
motivation to home could be standardized in some way
to enhance the comparison of relative propensity to
home range. Whether or not feeders altered non-breed-
ing season homing strength in our study would be worth
addressing with further research utilizing non-supple-
mented birds.

Possible fates of the relatively small proportion of
individuals that were not re-sighted in this study likely
include the following. (1) Birds may encounter sufficiently
high-quality resources on the return path to cause them
to forsake returning to the original territory. For exam-
ple, Northern Cardinals translocated with radio-trans-
mitters in Illinois during winter largely did not return to
their capture sites but stayed the winter at feeders they
encountered close to their release sites (MP Ward, per-
sonal communications). (2) Birds may have been killed
by predators on the route to their home territory. An
abundance of passerine predators occurs in winter sub-
urban habitats in Florida, from Red-shouldered Hawk
(Buteo lineatus) and two Accipiter species to free-ranging
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domestic cats. (3) Some birds may have returned but
remained undetected by us. (4) The status of a species’
pair- and family-bonds in the non-breeding season may
have influenced birds’ motivation to return. For example,
Paridae species maintain close year-round pair bonds
and share winter territories with mates and extended
family groups (Weisman 2007). In addition, we have
observed close multi-year associations between marked
titmouse and chickadee pairs at feeders, suggesting long-
term interspecific flock associations. These strong social
bonds that parids maintain could help explain why they
returned so rapidly and consistently in our study com-
pared to cardinals. Cardinals on the other hand are not
known to maintain year-round pair bonds (Halkin and
Linville 2020). (5) We did not attempt to precisely age the
study individuals, in part because of the variance in relia-
bility of available methods among our study species (Pyle
1997). Therefore, some translocated individuals could
have been hatch-year birds that were either too inexpe-
rienced at navigating to get home and/or motivated to
use the translocation as an opportunity to initiate natal
dispersal. We note that at least two hatch-year titmice
known to us did return quickly and successfully to their
natal territories, suggesting that hatch-year birds are
already good navigators by their first winter, but we have
no estimate of the proportion of young birds translocated
overall. (6) Sex may also influence homing behavior by
various mechanisms (sex-biased dispersal, hormonal
variation, etc.) but with the exception of cardinals, none
of our species were easily identifiable as to sex. We cur-
rently have DNA-based data suggesting that body size is
not a precise indicator of Paridae sex in Florida (KE Siev-
ing, unpublished data) therefore we refrained from using
that to test for sex effects. (7) Personality-based varia-
tion such as exploratory behavior may have accounted
for homing speed and propensity variation within (Cor-
nelius et al. 2017) or between species (Huang et al. 2016).
(8) Cognitive and perceptual abilities may affect homing
success and speed as well. In sum, we cannot estimate
the relative importance of these alternatives (1-8) given
our study design, but all are quite possible, and it is likely
that interspecific and inter-individual variability in hom-
ing behavior was caused by multiple factors. The relative
importance of all of the above influential factors, how-
ever, will be of interest in future determinations of how
behavioral connectivity interacts with landscape change
(Crooks and Sanjayan 2006; Koen et al. 2017).

Conclusions

We found that responses to translocation vary strongly
by species, and Tufted Titmice and Carolina Chicka-
dees were more likely to return than cardinals. Among
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birds returned, titmice also showed much higher hom-
ing speed than cardinals, which indicates the higher
sensitivity to fragmented landscape from cardinals.
Given the significant travel costs in fragmented land-
scapes, small additions in forest cover can significantly
reduce the time needed for critical movements by for-
est-dwelling birds. Addition of forest cover at the scale
of single land-owners in urban-suburban landscapes
(Hostetler 2001), where most of our study species are
abundant, could significantly improve conditions for
non-breeding season home-range movements. Con-
siderations of vegetative cover in urban and suburban
landscapes should be made in conservation planning,
not only for provision of movement habitat, but for
provision of natural foods and functional nesting sites
(Jokimaki and Huhta 2000; Castellon and Sieving
2006; Lopez-Flores et al. 2009). Future studies could
productively focus on identifying whether there are
threshold levels of vegetative cover or connectivity that
define hard limits on animal movement (Metzger and
Décamps 1997; With and King 1999). Such landscape
level measures could be useful for planning boards
and developers of large tracts of land seeking sustain-
able ecological designs (Leitao and Ahern 2002). Habi-
tat loss has repeatedly been shown to affect breeding
movements (Norris and Stutchbury 2001), dispersal of
young birds (Baguette and van Dyck 2007), and we have
shown that non-breeding season movements of perma-
nent resident birds are similarly affected.
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