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Global wildlife populations are in decline, in part, due to urbanization. However, in
urban landscapes, green infrastructure such as green roofs are being created to provide
habitat for wildlife. Green roof isolation, planting heterogeneity, and size can all influence
wildlife biodiversity, as may the age of a green roof. When new habitat is created, wildlife
use of these new habitats is expected to increase over time. To test this expectation
for birds, we monitored bird activity prior to and after installation of small green roof
plots on six buildings located within New York City parks. Contrary to expectations,
bird activity and bird species richness did not increase after green roof plot installation,
nor did they increase over a period of 4 years following installation. These unexpected
results may reflect the relatively small size of the plots or the fact that the plots were
on buildings located within urban parks. Bird activity and bird species richness varied
widely between roofs, and the composition of rooftop bird species may have been more
influenced by the characteristics of the surrounding landscapes than the presence of
the green roof plots. These findings suggest that small urban green roofs within a larger
and, potentially, higher quality habitat may not provide additional habitat for foraging
birds. Urban green roofs have numerous ecological and environmental benefits, but the
size and characteristics of landscapes surrounding a green roof need to be considered
when installing green roofs as wildlife habitat.
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INTRODUCTION

Wildlife is in decline worldwide (Hallmann et al., 2017; Lister and Garcia, 2018; Rosenberg et al.,
2019; Sánchez-Bayo and Wyckhuys, 2019) due, in part, to urbanization (Guenat et al., 2019; Habel
et al., 2019; Rosenberg et al., 2019; Sánchez-Bayo and Wyckhuys, 2019). Urban green spaces can
help offset urbanization’s negative impacts on wildlife; therefore, understanding the ecological
drivers of wildlife diversity, a measure of individual abundance and taxonomic richness, in urban
green spaces is of particular importance (Oliver et al., 2011; Chiquet et al., 2013; Ferenc et al.,
2013; Braaker et al., 2014; Parkins and Clark, 2015; Partridge and Clark, 2018; Forister et al., 2019;
Leveau et al., 2019).

Wildlife diversity in a green space is influenced by multiple factors, including plant heterogeneity
(Matteson et al., 2008; Hortal et al., 2009), green space size (Watson et al., 2005; Matteson, 2007;
Leveau et al., 2019), isolation from other green spaces (Magura et al., 2001; Prugh et al., 2008), and
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age of the green space (Soga et al., 2014; Ma et al., 2015).
Urban green spaces are generally isolated, of limited size, and
either fragmented habitat relics (Soga et al., 2014) or newly built
(Matteson et al., 2008; Rupprecht and Byrne, 2014; Partridge and
Clark, 2018; Dromgold et al., 2020). Newly built green spaces
include parks (McFrederick and LeBuhn, 2006; Nielsen et al.,
2014), abandoned lots (Gardiner et al., 2013; Bonthoux et al.,
2014), traffic medians (Pećarević et al., 2010), gardens (Vergnes
et al., 2012; Barratt et al., 2015; Burks and Philpott, 2017; Goddard
et al., 2017), and green roofs (MacIvor and Lundholm, 2011;
Partridge and Clark, 2018; Partridge et al., 2020). Unlike in
habitat relics, wildlife communities in newly built green spaces
generally develop from colonization with installed substrates and
plants (MacIvor and Ksiazek, 2015) or from immigration over
time (Schrader and Böning, 2006; Fattorini et al., 2018; Perry
et al., 2020), with age being an important driver of community
composition (McIntyre, 2000). Consequently, the effect of age
on wildlife diversity in newly built green spaces needs to be
better understood.

The age of an urban green space is strongly associated with
taxonomic richness, with richness usually increasing with green
space age (Honnay et al., 1999; Fernández-Juricic, 2000; Ferenc
et al., 2013; Nielsen et al., 2014). For example, the oldest urban
green spaces, relic habitat fragments, have higher insect species
richness and different species assemblages than the oldest built
urban parks, while older built urban parks have higher insect
species richness and abundance than newer built parks (Soga
et al., 2014). Furthermore, older parks have more bird species
than newer parks, with species richness increasing with increased
park age (from 8 years old to over 300 years old) and plant
succession (Fernández-Juricic, 2000). This relationship between
green space age and taxonomic richness holds true in small urban
green spaces, such as gardens that are between 4 and 48 years
old (Burks and Philpott, 2017). Even unmanaged vacant lots can
exhibit rapid increases in wildlife richness with increased age
(i.e., within several years), though the rate of change depends
on site soil conditions and the resulting plant community
(Bonthoux et al., 2014).

While the relationship between green space age and wildlife
diversity is strong in most urban green spaces, this relationship
can be less important than other factors, such as green space
size or isolation from other green spaces. For example, older
relic habitat fragments had lower rodent diversity than newer
fragments (Bolger et al., 1997), presumably due to a higher rate
of local extinctions than recolonization as a result of isolation
(Crooks et al., 2001). Butterfly and bee richness and abundance
in urban gardens were more influenced by in-garden habitat
conditions than garden age (Matteson and Langellotto, 2010).
Furthermore, the relationship between green space age and
wildlife diversity may not hold in habitats which are too small
to host some species (Donnelly and Marzluff, 2004), with small
(<0.5 hectare) green spaces predicted to have little value to highly
mobile taxa, such as birds (Leveau et al., 2019; but see Narango
et al., 2018).

Green roofs, roofs covered with an impermeable membrane,
growing medium, and vegetation (Oberndorfer et al.,
2007), capture stormwater (Gregoire and Clausen, 2011;
Abualfaraj et al., 2018), reduce energy use (Santamouris, 2014;

Alvizuri et al., 2017; Besir and Cuce, 2018), and can act as an
effective tool for increasing wildlife habitat in urban landscapes
(Cunningham and Liebezeit, 2015; Parkins and Clark, 2015;
Ksiazek-Mikenas et al., 2018; Partridge and Clark, 2018;
Dromgold et al., 2020; Partridge et al., 2020). However, most
urban green roofs are small in size, isolated from other green
spaces, and recently built (Stand and Peck, 2015; Treglia et al.,
2018). To design urban green roofs that effectively provide
habitat for wildlife, the ecological drivers of green roof wildlife
communities, such as green roof size, isolation, and age, need
to be better understood (Williams et al., 2014; Ksiazek-Mikenas
et al., 2018).

Wildlife abundance and richness on urban green roofs can
develop quickly following installation, possibly in part due to
successional changes in green roof plant communities (Rowe
et al., 2012; Ksiazek-Mikenas et al., 2018; Zhang et al., 2021)
and substrate (Thuring and Dunnett, 2014). For example,
arthropod abundance and richness increased in the 3 years
following installation of a green roof in New York City, although
arthropod abundance was higher in the year of installation,
presumably due to arthropods being introduced to the roof
with unsterilized and farm-raised Sedum mats (Partridge et al.,
2019). Younger (2 – 3 years old) green roofs have more similar
Collembolan community composition to each other than to
older (10 – 12 years old) green roofs (Schrader and Böning,
2006). Furthermore, arthropod communities on older green roofs
may, over time, become comparable to ground-level arthropod
communities (Dromgold et al., 2020).

If arthropod abundance and richness increase with green
roof age, green roof use by insectivorous birds (Partridge and
Clark, 2018) should also increase over time. In Singapore, bird
diversity increased with roof age, with older green roofs hosting
more bird species than newer green roofs (Wang et al., 2017).
However, as with other urban green spaces, factors such as
size, isolation, and plant heterogeneity may be more important
than green roof age in driving green roof wildlife community
composition. For example, arthropod abundance and richness on
shallow (<20 cm) green roofs in Germany did not increase with
age; instead, green roof size, roof vegetation diversity, and the
amount of surrounding green space were stronger predictors of
arthropod richness than roof age (Ksiazek-Mikenas et al., 2018).
Since urban green roofs can be used by urban avoiding, urban
utilizing, and urban exploiting bird species (Blair, 1996; Johnston,
2001; Fischer et al., 2015; Partridge and Clark, 2018; Archer et al.,
2019), as well as different feeding guilds (Partridge and Clark,
2018), characteristics of the roof and the landscape surrounding
roofs are likely to influence bird community composition.

Documenting early successional changes in green roof bird
communities is essential for predicting and assessing bird use of
green roofs and for designing cities that can provide habitat for
birds and other wildlife. To assess the effect of age on urban green
roof biodiversity, we monitored bird communities on six small
(96 m2), newly installed green roof plots in New York City over 4
years. Because the green roof plots in this study were smaller than
the average-sized New York City green roof (334.5 m2) (Treglia
et al., 2018), we also assessed whether small green roof plots can
increase bird habitat like larger green roofs in New York City
(Partridge and Clark, 2018). To understand if small green roof
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plots increase bird habitat, we monitored roofs before green roof
plots were installed and following green roof plot installation, and
we predicted that bird activity and richness would increase on
roofs following green roof plot installation. To understand how
bird communities changed over time, we monitored roofs for 3
of 4 years following installation and predicted that bird activity
and richness would increase on roofs over time.

Understanding how wildlife communities change in the years
following green roof installation is important as most urban green
roofs in the Americas are relatively new. For example, as of 2014,
over half of New York City’s green roof area was installed between
2010 and 2013 (Stand and Peck, 2015). Furthermore, in 2019,
New York City enacted legislation that requires the roofs of most
new construction and building additions to be 100% covered
by green roof plantings or solar panels (Nyc Department of
Buildings, 2019). Consequently, the number of newly built green
roofs in New York City will soon grow rapidly. As the ecological
and environmental benefits of urban green roofs become better
quantified, other cities have already begun, or will soon begin,
requiring installation of green roofs. Therefore, understanding
how wildlife communities on newly built green roofs change over
time is essential, and assessing the value of green roofs to wildlife
is important (Braaker et al., 2017; Mayrand and Clergeau, 2018;
Partridge and Clark, 2018; Filazzola et al., 2019; Partridge et al.,
2019, 2020; Dromgold et al., 2020).

MATERIALS AND METHODS

Site Description and Sampling Season
We monitored roofs on six recreation centers owned by the
New York City Department of Parks and Recreation. The roofs
were located across the five New York City boroughs (Figure 1).
Recreation centers were two to three stories tall, and all roofs
but one (Sorrentino Recreation Center) were located within a
New York City park and surrounded on at least two sides by green
space, which included trees (Figure 1).

FIGURE 1 | Location of six New York City Department of Parks and
Recreation recreation centers used to survey bird activity and bird species
richness before (2010) and after (2011, 2012, and 2014) installation of small,
green roof plots.

FIGURE 2 | Example of green roof plots installed on New York City
Department of Parks and Recreation recreation center roofs in fall of 2010,
consisting of 12 planter boxes measuring 4 m x 2 m, for a total area of 96 m2.
Roofs were surveyed for bird activity and bird species richness in May of
2010, 2011, 2012, and 2014.

We surveyed recreation center roofs during May from 2010
to 2014, excluding 2013. In the northern hemisphere, northward
bird migration occurs in the spring and southward migration in
the fall. In passerine (perching birds) and near passerine birds,
spring migration generally occurs in a shorter amount of time
(3–4 weeks) compared to fall migration which takes place over
several months (Nilsson et al., 2013). To take advantage of the
more compressed timeframe, we used spring migration for this
study (Nilsson et al., 2013). Furthermore, using spring migration
allowed for direct comparison to a previous rooftop bird study in
New York City (i.e., Partridge and Clark, 2018).

Green roof plots were installed by the New York City
Department of Parks and Recreation on recreation center roofs
in the fall of 2010. Each green roof plot consisted of 12 planter
boxes measuring 4 m x 2 m, for a total area of 96 m2 of each roof
being covered by growing medium and vegetation (Figure 2).
Each planter box was filled with either 10 cm or 15 cm of growing
medium, divided in half, and planted with a subset of species
from two native plant communities found in the New York City
region (for a description of the experimental planting design
see McGuire et al., 2013). We refer to these installations as
“green roof plots,” as the roof area covered with plantings was
substantially smaller than the entire roof area, with an average
of 8.0% (ranging from 3.5 to 18.6%) of the total roof area being
covered by plantings.

Bird Monitoring
We used the same bird monitoring methods as Partridge and
Clark (2018), which also examined bird activity on roofs in
New York City. Bird activity and richness were determined
by recording bird vocalizations using automated acoustic
recorders (Songmeter SM2, Wildlife Acoustics, Maynard, MA,
United States). Recordings were made in the first 2 h of the
day (beginning one-half hour before civil sunrise) in order to
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record during the dawn chorus, the time when most birds peak in
vocal activity (Staicer et al., 1996). Using Audacity R© (1.3 Beta), we
transformed sound files into a spectrogram – a visual depiction of
sound in which the x-axis is time (sec) and the y-axis is frequency
(kiloHertz, kHz). Once in spectrogram format, vocalizations
were identified to species by visually locating bird vocalizations
in the spectrogram and then identifying the vocalization to
species acoustically.

To account for the continuous singing by certain species
(e.g., northern mockingbirds, Mimus polyglottos), individual
vocalizations were counted as those separated by at least
five min. If vocalizations were simultaneous or otherwise
obviously from two different individuals, both vocalizations were
counted. Vocalizations of house sparrows (Passer domesticus)
were not included in this analysis; their ubiquity and frequent
vocalizations made them difficult to quantify acoustically (e.g.,
multiple overlapping vocalizations from different birds).

In addition, we included in our analyses only vocalizations
that were sufficiently loud to produce strong spectrogram
signatures, an indication that the bird was vocalizing near the
acoustic recorder (i.e., on the roof). Vocalizations with relatively
weak spectrogram signatures were not included as they may have
come from birds in nearby ground-level vegetation.

We analyzed recordings from seven morning surveys each
May between 2010 and 2014 (except for 2013) for all six sites
with the exception of Sorrentino Recreation Center which was
only surveyed in 2010 and 2011 due to acoustic recorder failure
in 2012 and limited roof access in 2014. Recordings from every
5 days were analyzed. Days with rain were not included because
rain produces noise interference and prohibits acoustic analysis.
When rain occurred on the fifth day, the closest non-rain day
was used. Bird activity was analyzed by calculating the number
of vocalizations per hour for each species.

We classified bird species by habitat preference (e.g., forest,
shoreline, and open woodland) based on data compiled in the
Birds of North America Online (Poole, 2005). Classifying bird
species by habitat preference allowed us to examine the influence
of the landscape surrounding the roofs. We also classified
bird species by their tolerance of urban landscapes, designating
species as urban dwellers, urban utilizers, or urban avoiders
(Blair, 1996; Fischer et al., 2015) based on Johnston (2001) and
Archer et al. (2019). Classifying bird species by their tolerance
of urban landscapes allowed us to evaluate whether green roof
plots provide habitat for urban bird species or if they can
provide habitat for species that might otherwise be absent in
urban landscapes.

Statistical Analysis
To test for an increase in bird activity and bird richness before
and after green roof plot installation we used a linear mixed effect
model with year as the fixed effect and roof as the random effect
with alpha set at 0.05. We also used a linear mixed effect model
with year as the fixed effect and roof as the random effect to test
for an increase in bird activity and richness on green roof plots
over time. Results are presented ± SE.

RESULTS

We found no changes in bird activity or richness in the season
following the installation of green roof plots (F1,5 = 0.007,
p = 0.94, and F1,5 = 0.07, p = 0.79, respectively), nor did we
find a difference in bird activity (F1,13.1 = 1.79, p = 0.20) or
bird species richness (F1,13 = 1.35, p = 0.31) on roofs in the
years following green roof plot installation. In 2010, before green
roof plots were installed, bird activity on the six roofs averaged
7.95 ± 1.49 vocalizations/hour (Table 1). After green roof plots
were installed, average bird activity ranged from 6.51 ± 0.96
vocalizations/hour in 2012 to 8.27 ± 1.50 vocalizations/hour in
2014 (Table 1). Before green roof plots were installed, the number
of bird species on the six roofs averaged 6.0 ± 0.80 species/roof.
After green roof plots were installed, the average number of bird
species ranged from 5.83 ± 1.44 species/roof in 2011 to 6.6 ± 0.95
species/roof in 2013 (Table 1).

Species composition varied by roof pre- and post-installation,
but urban dwellers were most common on all roofs, accounting
for 38 to 85% of all activity on roofs (Figure 3). Urban utilizers
accounted for 11 to 62% of activity, while urban avoiders were
the least active on roofs, accounting for 0 to 4% of activity
(Figure 3). European starlings (Sturnus vulgaris), an urban
dweller, dominated vocalizations on all roofs except for St.
Mary’s Recreation Center, both before and after green roof plot
installation (Table 2). The next most common species was also
an urban dweller, chimney swift (Chaetura pelagica), with the
exception of Sorrentino Recreation Center, which was the only
roof not located within a green space and was dominated by Larus
gull species (Table 2). Species’ habitat requirements also varied by
roof, but the majority of bird activity was due to species that used
urban or edge/urban habitats, with the exception of Sorrentino
Recreation Center, which was dominated by species which use
shoreline habitats. At all sites other than Sorrentino Recreation
Center, the next most active species required open woodland
habitat (Figure 3).

TABLE 1 | Average bird activity (vocalizations/hour) and bird species richness on six roofs in New York City prior to, and 3 of 4 years after, green roof plot installation.

Year

2010 2011 2012 2014 F p

Activity (Vocalizations/hour) 7.95 ± 1.49 8.00 ± 1.22 6.51 ± 0.96 8.27 ± 1.50 1.79 0.20

Species richness 6.00 ± 0.80 5.83 ± 1.11 6.60 ± 0.95 6.20 ± 1.08 1.35 0.31

Birds were monitored in May of each year using acoustic recorders for a total of 154 days. Recordings from the first 2 h of each day (beginning one-half hour before civil
sunrise) were analyzed for bird vocalizations. Bird activity was not different between years.
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FIGURE 3 | Composition of bird species on six New York City Department of Parks and Recreation recreation center roofs during May of 2010, 2011, 2012, and
2014 based on tolerance to urban landscape and habitat requirements. Species’ urban tolerance was determined using (Johnston, 2001; Fischer et al., 2015;
Archer et al., 2019). Habitat requirements for each species was determined using the Birds of North America Online (Poole, 2005).

Saint Mary’s Recreation Center and Lyons Pool Recreation
Center had the highest species richness across all years (10
species each), while Lost Battalion Hall Recreation Center had

FIGURE 4 | Average bird activity (vocalizations/hour) and bird species
richness on roofs on six New York City Department of Parks and Recreation
recreation center roofs. Roofs were monitored before (2010) and after (2011,
2012, and 2014) green roof plot installation. Sorrentino Recreation Center was
only monitored in 2010 and 2011. JRRC, Jackie Robinson Recreation Center;
SORC, Sorrentino Recreation Center; SPRC, Sunset Park Recreation Center;
LPRC, Lyons Pool; LBRC, Lost Battalion Hall Recreation Center; SMRC, St.
Mary’s Recreation Center.

the lowest (six species) (Figure 4). Bird activity and richness
varied between individual roofs resulting in roofs having a strong,
but not significant, influence on bird abundance and richness
(Z = 1.50, p = 0.06 and Z = 1.51, p = 0.06, respectively, Figure 4).

DISCUSSION

Contrary to our predictions, neither bird activity nor bird
species richness increased following installation of green roof
plots. Bird activity on the six roofs (ranging from 6.51 ± 0.96
vocalizations/hour in 2012 to 8.27 ± 1.50 vocalizations/hour in
2014) was comparable to bird activity on isolated New York
City green roofs in an earlier New York City green roof study
(averaging 5.77 ± 1.50 vocalizations/hour) (Partridge and Clark,
2018); however, this comparable activity was largely due to
two common urban dweller species dominating roofs in this
study (European starling and chimney swift), and neither species
increased activity on roofs following green roof plot installation.

Unlike bird activity, bird richness following green roof plot
installation in this study (ranging from 5.83 ± 1.44 to 6.60 ± 1.44
species/roof) was substantially lower than the average bird
richness on other green roofs in New York City (19.50 ± 4.3
species/roof) (Partridge and Clark, 2018). Unexpectedly, bird
richness on the green roof plots in this study was actually
comparable to the average bird richness on conventional (non-
green) roofs in New York City (7.75 ± 1.8 species/roof)
(Partridge and Clark, 2018). Because bird richness did not
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TABLE 2 | Bird species composition, activity (vocalizations/hour), and percent activity (percent of the total activity on each roof) on six New York City Department of
Parks and Recreation recreation center roofs during May of 2010, 2011, 2012, and 2014.

Roof Species (urban tolerance) Habitat Activity % Roof Species (urban tolerance) Habitat Activity %

St. Mary’s Northern Mockinbird (U) Edge/Urban 1.70 26 Lyons Pool European Starling (D) Urban 4.38 38

European Starling (D) Urban 1.43 22 Chimney Swift (D) Urban 3.88 34

American Crow (U) Open woodland 1.21 19 House Finch (D) Urban 1.23 11

Chimney Swift (D) Urban 0.98 15 Northern Cardinal (U) Open woodland 0.57 5

Northern Cardinal (U) Open woodland 0.72 11 Herring Gull (U) Shoreline 0.54 5

American Goldfinch (A) Open woodland 0.18 3 Mourning Dove (U) Open woodland 0.34 3

Red-tailed Hawk (U) Open woodland 0.14 2 American Robin (U) Open woodland 0.30 3

Northern Flicker (A) Open woodland 0.04 1 Black-capped Chickadee (U) Forest 0.16 1

Black-throated Green Warbler (A) Forest 0.02 <1 Tufted Titmouse (U) Forest 0.11 1

Yellow-rumped Warbler (A) Forest 0.02 <1 White-breasted Nuthatch (U) Forest 0.04 <1

Jackie Robinson European Starling (D) Urban 2.21 38 Sorrentino European Starling (D) Urban 4.18 34

Chimney Swift (D) Urban 1.38 24 Herring Gull (U) Shoreline 3.00 24

American Crow (U) Open woodland 0.97 17 Laughing Gull (U) Shoreline 2.47 20

American Robin (U) Open woodland 0.70 12 Ring-billed Gull (U) Shoreline 1.75 14

Mourning Dove (U) Open woodland 0.36 6 Rock Pigeon (D) Urban 0.50 4

Common Yellowthroat (A) Scrub 0.13 2 American Crow (U) Open woodland 0.47 4

Canada Warbler (A) Forest 0.02 <1 Great Black-backed Gull (U) Shoreline 0.04 <1

Magnolia Warbler (A) Forest 0.02 <1

Sunset Park European Starling (D) Urban 2.09 43

Lost Battalion European Starling (D) Urban 4.34 57 Chimney Swift (D) Urban 1.56 32

American Crow (U) Open woodland 1.18 16 American Robin (U) Open woodland 0.66 14

Rock Pigeon (D) Urban 1.13 15 House Finch (D) Urban 0.48 10

Chimney Swift (D) Urban 0.91 12 American Crow (U) Open woodland 0.05 1

Blue Jay (U) Forest 0.02 <1 Scarlet Tanager (A) Forest 0.02 <1

American Goldfinch (A) Open woodland 0.02 <1 Killdeer (U) Grassland 0.02 <1

Species presence and activity data were collected using acoustic recorders for 2 h (beginning one-half hour before civil sunrise) across all years. Sorrentino Recreation
Center was only surveyed in 2010 and 2011. Habitat requirements for each species are based on the Birds of North America Online (Poole, 2005). Species’ urban
tolerance is indicated in parentheses following the species’ name: D, urban dweller; U, urban utilizer; A, urban avoider (based on Johnston, 2001; Fischer et al., 2015;
Archer et al., 2019).

increase following installation of green roof plots and because
roofs had bird species richness similar to conventional roofs in
New York City, the installation of green roof plots in this study
likely did not provide a measurable habitat benefit to birds.

These results, which found that bird activity and richness
did not increase with green roof plot age, are in contrast
to the majority of studies that found older green roofs have
higher species richness than younger roofs (Schrader and Böning,
2006; Wang et al., 2017; Dromgold et al., 2020), albiet the
older roofs in these studies were much older than the 4 year
old roofs examined in our study. The unexpected lack of
increase over time in bird activity and richness in this study
is similar to the results of a survey of arthropods on shallow-
substrate urban green roofs (Ksiazek-Mikenas et al., 2018)
which found that arthropod abundance and richness was not
strongly influenced by green roof age but, rather, was more
strongly influenced by green roof size, vegetation diversity, and
surrounding green space.

The only study of which we are aware that examined the
influence of green roof age on bird richness found that older
green roofs (up to 28 years old) hosted more species than younger
roofs (Wang et al., 2017). Perhaps surveying the green roof plots
in this study for only 4 years after installation was not sufficient
time to lead to a measurable increase in bird richness. However,
in other urban green roof studies, bird activity and richness
increased immediately after green roof installation. For example,
following the installation of a large 27,316 m2 green roof in

New York City, both bird activity and species richness increased
in the 3 years following installation (Partridge et al., 2019).

The unexpected results of this study might also reflect the
relatively small size of the green roof plots which, at 96 m2, were
smaller than the average-sized (334.5 m2) New York City green
roof (Treglia et al., 2018). In addition, the green roof plots in this
study were only 6.4 to 19.2% of the size of green roofs used in a
previous study in New York City that found green roofs provide
higher quality habitat for birds than conventional roofs (Partridge
and Clark, 2018). Many bird species, because of their habitat
requirements, generally do not use small green spaces (Tilghman,
1987; Donnelly and Marzluff, 2004), and the green roof plots in
this study may have been too small to provide additional habitat
for birds (Leveau et al., 2019). Thus, our results suggest that, on
small urban green roofs or green roof plots, size may also be a
strong driver (or limiter) of bird activity and richness.

To further understand bird activity and richness on green
roofs, roof isolation from other green spaces and characteristics
of the surrounding landscape must also be considered. The
isolation of an urban green space is an important driver of wildlife
diversity in urban environments, with decreased isolation usually
associated with increased species richness (Fernández-Juricic,
2000; Lizée et al., 2012; Chang and Lee, 2015). However, all but
one of the roofs used in this study were located inside larger
urban green spaces, and most roofs in this study were at low
enough elevation that nearby tree canopies were taller than the
roofs (Figure 2). Given these factors, and considering that green
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roofs are generally of lower quality habitat than ground-level
green space (MacIvor and Lundholm, 2011; Braaker et al., 2014;
Williams et al., 2014; Parkins et al., 2016; Ksiazek-Mikenas et al.,
2018; Dromgold et al., 2020), the green roof plots in this study
likely had limited habitat benefit to birds.

The results of this study are also consistent with those of
Washburn et al. (2016) which found that bird activity and
richness on a large green roof at Chicago O’Hare International
Airport was comparable to a nearby conventional roof. The
roofs in both this study and the roof in Washburn et al. (2016)
were partially surrounded by green space which could have
resulted in reduced bird use of the green roofs. The landscape
surrounding a green space is a strong driver of wildlife in urban
areas (Fernández-Juricic, 2000; Pennington and Blair, 2011), and,
thus, the landscape surrounding the roofs in this study and in
the Washburn et al. (2016) study was more likely the driver of
local bird activity and richness. Consequently, green roof and
green roof plot installations did not measurably increase local
bird habitat and did not result in increased bird use of those roofs.

Green roofs that provide habitat for birds in New York City
have bird communities that are more similar to other green
roofs than nearby conventional roofs (Partridge and Clark, 2018).
But in this study, bird species composition on roofs appears
to have been strongly influenced by surrounding landscapes.
The composition of bird species in this study, based on habitat
requirements and their response to urban landscapes (Johnston,
2001; Fischer et al., 2015; Archer et al., 2019), likely reflected the
local habitat surrounding the roof (Figure 3). For example, the
Sorrentino Recreation Center is not located in a park but is less
than one km from a coastal park and one km from Jamaica Bay
National Wildlife Refuge, which largely consists of open water
and saltmarsh; not surprisingly, the recordings from this roof
were dominated by gull species. In contrast, St. Mary’s Recreation
Center is set within a 35-hectare wooded park, and the recordings
from this roof consisted largely of forest species (Table 2 and
Figure 3). Bird communities in urban green spaces are influenced
by surrounding habitats (Fernández-Juricic, 2000; Pennington
and Blair, 2011), with bird community composition in small, new
green spaces being driven by landscape conditions (Fernández-
Juricic, 2000). Thus, bird species composition on roofs in this
study was likely more strongly associated with characteristics of
the green spaces in the surrounding landscape than the presence
of the green roof plots.

Another factor that may have resulted in the relatively low
species richness recorded on the roofs in this study could be that
we analyzed recordings for only 2 h on sample days, beginning
one-half hour prior to civil sunrise. Our results did not include
any birds that vocalized on the roofs later in the day. As noted
earlier, the dawn chorus is when the majority of passerine
birds are most vocal (Staicer et al., 1996). However, while bird
vocalization activity is high during the dawn chorus, movement

and foraging are low, with foraging activity increasing with
increasing daylight (Kacelnik, 1979; Berg et al., 2006). Birds in
this study may have been vocalizing in the surrounding habitats
during the dawn chorus and foraging on the roofs later in the day;
however, we would not have recorded later foraging birds, and,
consequently, their presence or activity would not be captured
by our methods. Furthermore, our study only examined bird
activity on roofs during spring, and it is possible that the small
green roof plots in this study provide habitat for foraging birds
during the summer, like other green roofs in New York City
(Partridge and Clark, 2018).

The results of this study highlight the need for additional
research to examine the influence of green roof size as well
as surrounding habitat on urban green roof bird communities.
Previous research demonstrated that isolated urban green roofs
can be a useful tool for bird conservation (Partridge and Clark,
2018), and if the green roof plots in this study were installed in
isolation, they may have been more useful to birds as the only
green space available. Alternatively, if the green roof plots in
this study were larger and designed to have a habitat similar to
the surrounding green spaces, they may have been more heavily
used by birds. Our findings suggest that, despite the numerous
environmental and ecological benefits urban green roofs provide,
small urban green roofs that are built in, or immediately adjacent
to, larger green spaces may not provide additional habitat for
birds if the green roof habitat is of lesser quality than the adjacent
larger green space.
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