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Abstract

Context The conservation value of residential land-
scapes is becoming increasingly apparent in our
urbanizing world. The ecological characteristics of
residential areas are largely determined by the deci-
sions of many individual “managers.” In these
complex socio-ecological systems, it is important to
understand the factors that motivate human decision-
making.

Objectives Our first objective was to quantify wild-
life resources and management activities in residential
landscapes and compare vegetation in front and back
yards. Our second objective was to test three
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hypotheses linked with variation in yards: socioeco-
nomic characteristics, neighborhood design factors,
and perceptions of neighborhood birds.

Methods We conducted surveys of over 900 resi-
dents in 25 Chicago-area neighborhoods to examine
the wildlife resources contained in front and back
yards and the social factors associated with variation
in yards. We used a multi-scalar approach to examine
among-yard and among-neighborhood variation in
residential landscapes.

Results Results indicate that back yards contain
more wildlife resources than front yards, including
greater vegetation complexity, more plants with fruit/
berries, and more plants intended to attract birds.
Furthermore, different hypotheses explain variation in
front and back yards. Perceptions of birds were most
important in explaining variation in back yard vege-
tation and wildlife-friendly resources per parcel, while
neighbors’ yards and socioeconomic characteristics
best explained front yard vegetation.

Conclusions This study demonstrates the impor-
tance of back yards as an unexplored and underesti-
mated resource for biodiversity. In addition, the results
provide insight into the complex factors linked with
yard decisions, notably that residents’ connections
with neighborhood birds appear to translate to on-the-
ground actions.

Keywords Yards - Residential landscapes - Urban

birds - Social-ecological systems - Outdoor cat -
Environmental behavior
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Introduction

Residential landscapes exemplify social-ecological
systems where environmental decisions are made by
many individual “managers” (Gaston et al. 2013).
Residents affect the biophysical template of urban
landscapes via their yard design and management
decisions, such as plant choices, maintenance activ-
ities, and incorporating wildlife-friendly features.
Eighty percent of U.S. households have access to a
yard or garden (U.S. EPA 2012), and the collective
decisions people make in their yards can scale up to
influence ecosystem service provision and biodiver-
sity at much broader spatial scales (Kinzig et al.
2005; Belaire et al. 2014). As Wesley Schultz points
out, “Drivers of phenomena such as climate change,
loss of species’ habitats, and ocean acidification
rarely are the result of malicious intent, but rather
the consequence of the lifestyles of billions of
humans” (Schultz 2011). Indeed, people seem to
have limited understanding of the role their yards
play in urban ecosystems (Clayton 2007; Dahmus
and Nelson 2013). In these types of complex socio-
ecological systems, it is important to understand the
factors that motivate environmental decisions and
ultimately affect ecological outcomes.

Although conventional wisdom regards urban res-
idential landscapes as a homogeneous land cover type,
research has revealed considerable heterogeneity
between yards, neighborhoods, and cities (Cameron
et al. 2012; Harris et al. 2012; Polsky et al. 2014;
Minor et al. 2015). We do not fully understand the
mechanisms driving residents’ decisions about yard
design and management. Recent reviews (Chowdhury
et al. 2011; Cook et al. 2012) suggest that yard
behaviors are influenced by a complex suite of factors,
including aesthetic tastes, socioeconomic characteris-
tics, housing age, formal institutions (e.g., homeown-
ers’ associations), and informal institutions (e.g.,
neighborhood norms). People also make different
decisions or have different preferences regarding front
versus back yards (Larsen and Harlan 2006; Daniels
and Kirkpatrick 2006b), which further complicates
matters. Ultimately, residential yard outcomes repre-
sent the influence of multi-scalar factors. Thus,
different scales of analysis (e.g., household-scale
versus neighborhood-scale) might reveal different
patterns and influences operating simultaneously
(Harris et al. 2012).
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Socioeconomic characteristics appear to be impor-
tant in yard design and management. For example,
income has been positively associated with vegetation
richness in residential neighborhoods (Martin et al.
2004; Minor et al. 2015), whereby people with greater
financial resources choose landscapes with higher
plant diversity (Hope et al. 2003). Perception of social
status and group identity also motivate yard-related
decisions (“ecology of prestige,” Grove et al. 2006).
Some socioeconomic factors may be important for
wildlife-friendly features in yards, such as birdfeeders.
For example, householder age appears to be an
important predictor for bird-feeding, while the role
of income is less clear (Lepczyk et al. 2004; Davies
et al. 2012; Clucas et al. 2014).

Neighborhood design can also play a role in yards.
For example, recently-built neighborhoods in Balti-
more had less vegetation cover than neighborhoods
established 40-50 years ago (Grove et al. 2006). In the
Chicago area, however, newer neighborhoods often
retain some existing habitat and thus may be more
vegetated than older neighborhoods (Loss et al. 2009).
In addition, neighborhood housing density affects yard
size (Tratalos et al. 2007), which may affect yard
composition. Although bigger yards may provide
more wildlife resources (Gaston et al. 2007; van
Heezik et al. 2013), some research shows that density
of wildlife-friendly features like birdfeeders increases
with housing density (Fuller et al. 2012). At the scale
of individual yards, residents appear to mimic neigh-
bors in their yard and easement designs (Zmyslony
and Gagnon 2000; Hunter and Brown 2012) and
inspire one another to incorporate wildlife-friendly
features into their yards (Goddard et al. 2013). Social
norms at the neighborhood scale may help explain
spatial similarity between nearby yards (Grove et al.
2006; Nassauer et al. 2009).

Perceptions of and attitudes toward local wildlife
may also explain variation in residential yards. Several
researchers have suggested that neighborhood bird
communities influence garden design and manage-
ment. For example, Head and Muir (2006) noted that
people with both native and exotic plants in their
garden reported enjoying observations of birds so
much that it inspired them to install more native
vegetation. Likewise, Goddard et al. (2013) found that
watching and protecting local wildlife were important
motivators for wildlife gardening activities. Another
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study found that positive conservation attitudes and
“noticing birds at least weekly” helped explain bird
feed expenditures (Clucas et al. 2014). More broadly,
pro-environmental attitudes have been linked with
vegetation structure in yards (van Heezik et al. 2013),
but the relationship between environmental concern
and yard decisions is inconsistent (Larson et al. 2010;
Cook et al. 2012).

Despite the importance of yards for wildlife and
ecosystem services, we still lack a clear picture of the
social drivers of yard design and management deci-
sions. Here we used a social survey instrument to
investigate the social factors explaining variation in
yards for over 900 residents in the Chicago, IL (USA)
metropolitan area. First, we quantified wildlife
resources and management activities in residential
landscapes, and we compared vegetation in front and
back yards. Second, we used a multi-scalar approach
to test several hypotheses that might explain among-
yard and among-neighborhood variation in yards.
Specifically, we examined the following hypotheses:
(H1) Yard composition is driven by residents’ per-
ceptions of birds in their neighborhoods; (H2) Yard
composition is driven by socioeconomic characteris-
tics; and (H3) Yard composition is driven by neigh-
borhood design characteristics.

Methods
Study sites

Cook County, IL is home to the city of Chicago, over
5 million residents, and almost 30,000 ha of forest
preserves. We delineated 25 transects in residential
neighborhoods across Cook County as study sites
(Fig. 1, Belaire et al. 2014). Each transect began at the
edge of a forest preserve and extended 1 km into the
adjacent residential neighborhood. Transects were
located at least 500 m apart to minimize spatial
dependencies.

Data collection

We had two major goals with data collection. First, we
wanted to understand the types of wildlife resources in
residents’ yards and compare vegetation in front and
back yards (Table 1). Second, we wanted to examine
the relative importance of several hypotheses that are

likely to explain variation in yards. To gather infor-
mation about residents’ yards and variables related to
the three hypotheses, we developed a social survey
(following the guidelines of Dillman et al. 1978; full
survey in Appendix S1).

We delivered surveys to all single-family resi-
dences within 50 m of the transect (n = 1751 resi-
dences) and requested that the survey be completed by
one adult with some responsibility for managing the
yard. Surveys were distributed with the “drop-off/
pick-up” method (Steele et al. 2001; Allred and Ross-
Davis 2011) during July—September 2012, and each
survey included a $1 token financial incentive. After
surveys were collected, we checked for non-response
bias by comparing respondents to non-respondents in
two ways: grass and canopy cover at the parcel scale
(from 0.6 m QuickBird imagery) and socioeconomic
characteristics (comparing survey responses to Amer-
ican Community Survey block group data). These two
methods allowed us to determine if the results are
influenced by lack of response from some segment of
the population (Dillman et al. 1978).

The first portion of the survey focused on residents’
yard composition and contained primarily close-ended
questions. Residents indicated the vegetation types in
their front and back yards and presence of potential
wildlife resources (e.g., bird feeder, bird house). We
also asked about yard activities, such as insecticide
application and whether the home had outdoor pets.
We used the survey responses to characterize vegeta-
tion types, wildlife-friendly features, and management
activities in respondents’ front and back yards. We
calculated the percent of respondents on each transect
whose yard contained each yard element or manage-
ment activity. Lastly, we developed three indices for
both yard- and transect-scale analyses: (1) wildlife
resources per parcel, (2) front yard vegetation, and (3)
back yard vegetation (Table 1). For transect-scale
analyses, we aggregated each response variable by
calculating the average for all respondents on each
transect.

The survey also included two sets of questions to
investigate residents’ perceptions of neighborhood
birds (H1). First, residents were asked to estimate the
number of bird species on their block (open-ended).
When residents estimated a range of species richness
(e.g., 5-10), we retained their lowest estimate. When
respondents estimated greater than 50 species, we
assumed they were estimating abundance instead of
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Fig. 1 Example of a residential neighborhood in study area.
The aerial view (top) shows one neighborhood block, approx-
imately 200 m in length, with front yards visible from the street
and back yards located on the opposite side of the home (out of

richness and excluded their response from analysis.
Second, residents were asked about ways in which
they value or are annoyed by birds in their neighbor-
hood. This portion of the survey was adapted from a
tested set of questions regarding benefits and annoy-
ances of trees (Schroeder and Ruffolo 1996). The
survey included the statement “I value birds in my
neighborhood because...”, which was followed by a
list of 11 positive aspects of birds (e.g., “They have
pleasant songs”). Residents were asked to indicate
their level of agreement with each statement on a
5-point Likert scale ranging from “strongly disagree”
to “strongly agree.” Then the focus shifted to negative
aspects of birds: “I find birds in my neighborhood to be
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view from the street). The street view (bottom) depicts a series of
homes with front yards and sidewalks. (All imagery from
Google Earth)

annoying or problematic because...” This statement
was followed by 10 negative items (e.g., “Their
droppings make a mess on my outdoor furniture, car,
etc.”) and the same 5-point Likert scale. We assigned a
value of 1 to “strongly disagree” and 5 to “strongly
agree” for all positive statements (and vice versa for
negative statements) and calculated the average for all
statements. This resulted in a “bird value score” for
each respondent. For transect-scale analyses, we
calculated the average bird value score and average
estimated bird species richness for all respondents on a
transect (Table 2).

At the end of the survey, we included questions
about the respondent’s socioeconomic characteristics
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Table 1 Yard indices used as response variables for linear regression models in variation partitioning

Yard indices (response
variables)

Description

Number of wildlife resources
. Deciduous tree

. Evergreen tree

. Shrubs or bushes

. Plants with fruit or berries

. Flowers, vegetables, or herbs

. Vegetation planted with goal of attracting birds
. Plants or trees native to the Midwest

. Birdfeeder

. Birdhouse or other nesting structure

O 0 N N L AW N~

10. Water feature (excluding pools/hot tubs)
11. Brush pile or open compost area
Front yard vegetation

Back yard vegetation

Number of the following resources present on a residential lot:

Number of items 1-7 above, plus presence of non-turfgrass ground cover, in resident’s front yard

Number of items 1-7 above, plus presence of non-turfgrass ground cover, in resident’s back yard

Table 2 Each of the three hypotheses linked to variation in yards is represented by a set of explanatory variables for yard- and

transect-scale analyses

Hypotheses linked with
variation in yard
composition

Explanatory variables for yard-scale analyses

Explanatory variables for transect-
scale analyses

H1: Perceptions of
neighborhood birds

Estimated bird species richness in respondent’s neighborhood
block®

Bird value score (average level of agreement with values and
annoyances, Appendix S1)*

H2: Socioeconomic 4

characteristics

Age
Income®
Education level®

H3: Neighborhood design
characteristics

Average value of yard composition variable for all respondents
within 200 m of the resident (excluding respondent’s own
yard)'d

Average estimated bird species
richness for all respondents on a
transect®

Average bird value score for all
respondents on a transect®

Average age of respondents®

Median household income®

Average education level®

Median age of homes®

Number of parcels adjacent to
transect (proxy for housing
density)©

% Source Resident survey
® Source American Community Survey data, 20052009, at block group scale

¢ Source Parcel shapefile from Cook County

(H2), including age, income, and education level. For
transect-scale analyses, we averaged survey responses
for education and age, and we used American
Community Survey data from 2005 to 2009 at the
block group scale for median household income
(because many respondents did not provide income
data) (Table 2).

We characterized neighborhood design character-
istics (H3) in several ways (Table 2). For yard-scale
analyses, we summarized yard characteristics of all
respondents within 200 m of each parcel (i.e., the
average number of vegetation types and wildlife
resources in all front and back yards within 200 m)
using the “Generate near table” tool in ArcGIS 10.1
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(ESRI, Redlands, CA, USA). The respondent’s own
yard was excluded from this summary. For transect-
scale analyses, we calculated average age of housing
(from American Community Survey 2005-2009 data
at the block group scale) and number of parcels within
50 m of the transect. Number of parcels served as a
proxy for housing density and was inversely correlated
with average garden size (Pearson’s r = -0.86,
p < 0.0001).

Variation partitioning

To examine the relative importance of the three
hypotheses for yard variation (perception of birds,
socioeconomic characteristics, and neighborhood
design), we used a variation partitioning approach.
Variation partitioning identifies the degree to which
multiple hypotheses are redundant and/or have inde-
pendent explanatory power.

This approach allowed us to decompose yard
variation into eight fractions: the variation explained
by each hypothesis independently (3 partitions), the
variation explained by two hypotheses simultane-
ously (3 partitions), the variation explained by all
three hypotheses jointly (1 partition), and the vari-
ation that cannot be explained by any of the
hypotheses (1 partition). The process involves con-
ducting a series of multiple regressions and comput-
ing fractions of variations from adjusted R? values
(Legendre and Legendre 2012, Sect. 10.5). We
developed linear regression models for each response
variable (number of wildlife resources, front yard
vegetation, and back yard vegetation, Table 1) with
the explanatory variables representing our three
hypotheses (Table 2), at both yard-scale and tran-
sect-scale. We log-transformed the average number
of wildlife resources for transect-scale analysis to
meet assumptions of linear regression. For the yard-
scale analyses, we excluded responses where socioe-
conomic information was not provided by respon-
dents. Variation partitioning analyses were conducted
in the “vegan” package in R (Oksanen et al. 2012).
Tests of statistical significance for the 3 independent
fractions were also conducted in the “vegan” pack-
age, by permuting the residuals of reduced models
(Legendre and Legendre 2012). We used permutation
tests of linear models (in the “ImPerm” package in
R, Wheeler 2010) to test significance of the remain-
ing testable fractions.
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Results
Sample characteristics

We received responses from 924 residents (52.7 %
response rate). Twelve surveys with missing addresses
or incomplete responses were excluded from analysis
(n = 912). Our study sites were primarily in mid- to
high-income neighborhoods; household income ran-
ged from around $45,000 to $191,000 (mean for all
study sites = $106,720, American Community Sur-
vey data 2005-2009). This sample characteristic was
an artifact of selecting sites near forest preserves for a
related study (Belaire et al. 2014) and was not an
intentional design. Thus, our sample population can-
not be considered representative of Chicago-area
residents. Respondents from all age groups were
represented (normally distributed around the mean age
of 55, range = 18-100), and most respondents were
college-educated (69.4 % of respondents). Checks for
non-response bias indicated that residents who did not
respond to the survey did not differ significantly from
those who did respond with respect to yard vegetation
cover (grass cover and canopy cover). Similarly, there
were no significant differences between respondents’
socioeconomic characteristics and those of the Census
block group. We verified survey responses about yards
by assessing two vegetation categories (shrubs and
deciduous trees) in the front yards of 50 respondents,
and found 90 % agreement between survey responses
and our own assessment. This supports our use of
resident-reported data for yard vegetation and wild-
life-friendly features.

Yard composition, features, and management
activities

Yards in our study area contained diverse wildlife
resources (Table 3). A third (33.4 %) of respondents
reported having vegetation native to the Midwest in
their yards, and 25.2 % reported having vegetation
intended to attract birds. Other vegetation types that
support bird diversity, especially plants with fruit or
berries and evergreen trees, were present in the
majority of yards (55.0 and 76.6 %, respectively).
We found substantial variation between transects in
percent of respondents with a particular yard element
or activity. For example, 5.1 % of all respondents
indicated having a cat that spent time outdoors, but this
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Table 3 Percent of respondents with wildlife resources, vegetation types, and management activities in their yards

Yard element

% respondents with this element

Min % on a transect Max % on a transect

Deciduous tree 95.2
Evergreen tree 76.6
Shrubs or bushes 96.9
Ground cover (non-turfgrass) 77.1
Plant with fruit or berries 55.0
Flowers, vegetables, or herbs 92.1
Vegetation intended to attract birds 25.2
Vegetation native to the Midwest 334
Birdfeeder 354
Bird house 332
Water feature 38.0
Brush pile 14.3
Uses insecticide in yard 35.8
Has cat that spends time outdoors 5.1

87.2 100.0
56.3 100.0
86.1 100.0
53.9 96.6
36.5 83.3
83.3 100.0
10.7 583
0.00 41.7
229 50.0
15.4 60.0
17.9 60.0
2.3 66.7
16.7 66.7
0.00 16.7

ranged from 0.0 to 16.7 % between transects. Like-
wise, birdfeeders were present in 35.4 % of respon-
dents’ yards, although this ranged from 22.9 to 50.0 %
across transects (Table 3). Among respondents with
birdfeeders, 35.6 % said they provide food every day,
29.8 % provide food several days per week, 17.5 %
provide food several days per month, and 17.2 %
provide food less than once per month in their feeder.

Front and back yards differed in vegetation com-
position and structure. Respondents reported that their
back yards, on average, contained 4.43 of the 8
vegetation types on the survey (SD = 1.96), while
front yards contained 4.23 types (SD = 1.58), a small
but significant difference (paired-samples ¢ test,
t(911) = —3.42, p = 0.0006). We examined this
result more closely to find whether any vegetation
types were more common in back yards than front
yards. Generally, if a resident had a specific plant type
(e.g., shrubs or bushes) on her lot, it was likely to be in
both her front and back yard (Fig. 2). For example,
78.2 % of respondents had shrubs or bushes in both
front and back yards. But two plant types were more
likely to be in the back yard only—plants with fruit or
berries and vegetation planted to attract birds. Of the
respondents who had plants with fruit/berries
(n = 508), over half (58.3 %) reported them in the
back yard only.

Lastly, we compared yards of residents with
outdoor cats to those of residents without outdoor
cats. A greater proportion of residents with outdoor

cats (n = 47) have yard features intended to attract
birds than residents without outdoor cats (n = 865)
(Fig. 3).

Role of perceptions, socioeconomics,
and neighborhood design in yard composition

We used variation partitioning to test three hypotheses
about yard composition at two different scales. For
yard-scale analyses, our dataset included only respon-
dents who provided socioeconomic information
(n = 479). The transect-scale analyses included all
respondents along 25 transects. For all yard indices at
both scales of analysis, there was some redundancy
among our three hypotheses (Fig. 4) but each had
some significant independent effects.

At the transect scale, the three hypotheses were
fairly redundant in their ability to explain yard
composition (Fig. 4). Residents’ perceptions of neigh-
borhood birds (H1) best explained variation in wildlife
resources in yards. This set of explanatory variables —
which included residents’ estimates of bird diversity
and their bird value scores — explained a total of
59.18 % (p < 0.001) of the variation in number of
wildlife resources per parcel (averaged across the
transect). The portion of variation in wildlife resources
explained by perceptions of birds (H1) independently
(when the other two hypotheses were “partialled out™)
was marginally significant considering the small
sample size of 25 transects (9.64 %, p = 0.08)
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Proportion of respondents

1Do not have

B Have in back yard only
[ Hawe in front yard only
W Hawe in both yards

Fig. 2 Distribution of vegetation types between front and back yards. In general, if a resident had a particular vegetation type on her lot,
it was likely to be in both front and back yards (e.g., the majority of residents have shrubs or bushes in both yards). However, back yards
alone are the most likely location for plants with fruit/berries and vegetation planted with the goal of attracting birds

0.5 - Outdoor cats

W No outdoor cats

0.4 -

0.3

0.2 1

Proportion of respondents

0.1 1

Plants intended to Birdfeeder Birdhouse

attract birds

Fig. 3 A greater proportion of residents with outdoor cats
(n = 47) have yard features intended to attract birds than
residents without outdoor cats (n = 865). The comparison for
birdhouses is statistically significant (exact binomial test,
2-tailed p = 0.04)

(Fig. 4). Perceptions of birds also explained the
greatest amount of variation in back yard vegetation
(53.70 % in total, p < 0.001; 9.07 % independently,
p = 0.06), but socioeconomic characteristics (H2)
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were most important for front yard vegetation,
explaining 60.37 % (p < 0.001) of the total variation
and 14.85 % independently (p = 0.02) (Fig. 4).

At the yard scale, the three hypotheses were more
complementary, with each having independent
explanatory power. However, the yard scale models
explained less of the total variation in yard composi-
tion (Fig. 4). As at the transect scale, perceptions of
neighborhood birds (H1) were most important for both
wildlife resources per parcel (17.98 % in total,
p < 0.001; 13.67 % independently, p = 0.005) and
back yard vegetation (15.97 % in total, p < 0.001;
11.37 % independently, p = 0.005) (Fig. 4). But
neighborhood design characteristics (H3)—that is,
the neighbors’ front yards within 200 m—were more
important in explaining front yard vegetation
(10.55 % in total, p < 0.001; 5.80 % independently,
p = 0.005) (Fig. 4).

Discussion
We examined vegetation and wildlife resources in

over 900 yards in the Chicago area. Availability of
ecological resources varied substantially between
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C H1: Perceptions

H2: Socioeconomic characteristics OHS: Neighborhood design

> @ @

(@) wildiife resources

(b) Front yard vegetation

(¢) Back yard vegetation
QH1 Total 0.54*** / Independent 0.09*
H2 Total 0.47***/ Independent 0.10*
OH3 Total 0.41*** / Independent 0.00

Full model R? = 0.75, Adjusted R? = 0.65

(c) Back yard vegetation

Q H1 Total 0.16*** / Independent 0.11***
H2 Total 0.04***/ Independent 0.00

OH3 Total 0.09*** / Independent 0.04***

0
©
o Qm Total 0.59*** / Independent 0.10* QH1 Total 0.49*** / Independent 0.03
"6 H2 Total 0.25** / Independent 0.01 H2 Total 0.60***/ Independent 0.15**
[}
= Ous Total 0.46*** / Independent 0.01 OHs Total 0.59*** / Independent 0.03
©
|: Full model R? = 0.72, Adjusted R? = 0.60 Full model R? = 0.83, Adjusted R? = 0.76
(a) Wildlife resources (b) Front yard vegetation

H1 Total 0.18*** / Independent 0.14*** H1 Total 0.07*** / Independent 0.04**
[}
8 H2 Total 0.03***/ Independent 0.01* H2 Total 0.05***/ Independent 0.01
(7]

H3 Total 0.05° ndependent 0. H3 Total 0. ndependent 0.
'E Total 0.05*** / Ind dent 0.02*** Total 0.11*** / Ind dent 0.06**
©

Full model R? = 0.22, Adjusted R? = 0. Full model R? = 0.17, Adjusted R?= 0.15

> 2= 0.2 2= 0,21 2=, 2= 0

Fig. 4 Results of variation partitioning analyses at the transect
scale (fop) and at the yard scale (botfom) for a number of
wildlife resources, b front yard vegetation, and ¢ back yard
vegetation. The three circles in each figure represent the three
hypotheses related to variation in yard composition. The area of
each circle is approximately proportional to the variation

neighborhoods and between front and back yards.
Furthermore, different factors explained variation in
front and back yards. Perceptions of birds were most
important for back yard vegetation and wildlife-
friendly resources, while neighbors’ yards and socioe-
conomic characteristics best explained front yard
vegetation.

Resource heterogeneity in residential landscapes

Residential landscapes around Chicago provide a
surprising number of resources for wildlife in the

Full model R? = 0.23, Adjusted R? = 0.22

accounted for by that component (Micallef and Rodgers 2014,
eulerAPE drawing tool); however, note that circle sizes are not
sized proportionately for making comparisons between the two
spatial scales. Asterisks indicate statistical significance
(*p < 0.10; **p < 0.05; ***p < 0.01)

“matrix” between forest preserves and other remnant
habitat. However, there were large differences in
adoption rates of wildlife-friendly features and vege-
tation types across transects. Studies of wildlife
resources in yards across the U.S. and Europe have
also noted substantial variation in adoption rates
within a single city (Gaston et al. 2007) and between
cities (Loram et al. 2008; Lepczyk et al. 2012). This
heterogeneity has important implications for land-
scape connectivity. Yards and neighborhoods with
more wildlife resources may offer relatively little
resistance to moving organisms, which can reduce the
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effective isolation of existing habitat patches (Rudd
et al. 2002; Vergnes et al. 2012). The importance of
yards for urban biodiversity is becoming increasingly
apparent (Daniels and Kirkpatrick 2006a; Lerman and
Warren 2011; Goddard et al. 2013; Belaire et al.
2014), suggesting that residential matrix management
is a viable conservation strategy in urban areas
(Cooper et al. 2007).

Back yards in particular may represent an under-
estimated resource for urban biodiversity. Most
research in urban areas has excluded back yards,
because they aren’t visible from the street or easy to
access. We found that back yards contained more
vegetation types and were more likely to contain
important wildlife resources (namely, plants with
fruit/berries and vegetation planted to attract birds).
Research in Australia also demonstrates differences
between front and back yards, with front yards
containing more “showy” plants and back yards
containing more vegetables, fruits, and herbs (Daniels
and Kirkpatrick 2006b). Back yards are where
residents’ preferences and desires are more likely to
be realized (Larsen and Harlan 2006; Larson et al.
2009), probably because they are less visible to
neighbors and less subject to constraints from formal
and informal institutions (e.g., homeowners associa-
tions, neighborhood norms).

We were especially interested in the unexpected
differences between residents with and without out-
door cats. Residents with cats outdoors were more
likely to have a birdfeeder, birdhouse, and plants
intended to attract birds. Similar results have been
reported for residents in Michigan and Arizona
(Lepczyk et al. 2012), suggesting a broader trend. In
general, pet owners report greater fondness for
animals than people without pets (Bjerke et al.
2003), which may explain why they want to attract
or support local birds. Although the negative effects of
cats on wildlife have been documented in scientific
literature (e.g., Stracey 2011; Loss et al. 2013) and
public media outlets (e.g., “Cats kill up to 3.7 billion
birds annually,” USA Today 30 Jan. 2013 and “The
Evil of the Outdoor Cat,” New York Times 21 Mar.
2014), outdoor cat owners may not believe that their
own pets harm birds or other species (McDonald et al.
2015), or they may believe that their cats are “just
doing what’s natural” (Conniff 2014). Residents may
also be unaware that the mere presence of cats can
harm birds through indirect effects (e.g., birds reduced
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food delivery to nestlings after a domestic cat model
was placed nearby, Bonnington et al. 2013). Previous
work in our study area suggests that cats have an
overriding negative effect on bird richness (Belaire
et al. 2014), despite the fact that outdoor cats are also
associated with resources such as birdhouses and bird
feeders (Fig. 3).

Our results showed that between-yard variation is
more challenging to explain than between-neighbor-
hood variation. The yard-scale models had rather poor
fit (R? of 0.17-0.23), which suggests individual yard
decisions are governed by a more complicated and
obscure mix of factors. Our analysis at the transect
scale “averages away” the complex drivers of indi-
vidual yard variation—at this scale, our models
explained substantially more variation (e.g., full
model R? of 0.71—0.83). Recent work suggests the
degree of heterogeneity in residential landscapes
depends on scale of analysis (Harris et al. 2012). This
result also points to multi-scalar drivers of residential
yard decisions, ranging from individual desires up to
municipal policies or regional economic influences
(Cook et al. 2012).

Importance of human-nature interactions for yards
(and beyond?)

Perceptions of neighborhood birds explained signifi-
cant variation in wildlife resources and back yard
vegetation at both individual yard scale and neigh-
borhood scale (Fig. 3). Our results align with recent
research in the U.K. suggesting that wildlife strongly
motivates yard activities. In that study, residents
expressed satisfaction and pride that their yards
attracted wildlife, and some felt responsibility to
protect local species; in some cases, passion for
wildlife could override social pressures related to yard
neatness (Goddard et al. 2013). In addition, several
studies have pointed to the positive feedback or reward
mechanism that occurs when residents notice wildlife
in their yards, leading them to further improve the
wildlife resources in the yard (e.g., Head and Muir
2006; van Heezik et al. 2012; Cosquer et al. 2012;
Goddard et al. 2013).

These results highlight the potential for human-bird
interactions to catalyze stewardship activities. In
general, people find birds easy to like and connect
with (Bjerke and Ostdahl 2004), and people who feel
more connected to nature may be more likely to
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engage in ecologically-friendly behaviors (Mayer and
Frantz 2004). Previous research has shown that yard
behaviors do not necessarily reflect people’s broader
environmental values (Larsen et al. 2010; Cook et al.
2012), but local birds may represent a more relatable
facet of the environment to which people can develop
attachments. Dickinson et al. (2013a) suggested that
people’s strong emotions about birds and other
organisms may motivate environmental stewardship.
For example, framing climate change in terms of
potential harm to birds significantly increases people’s
interest in carbon-footprint reducing activities (Dick-
inson et al. 2013a). Our results suggest that birds may
motivate stewardship, in that values for birds appear to
translate into on-the-ground effects on yards.

As our global population grows, the collective
decisions of many individuals will increasingly drive
environmental conditions in ways we are only
beginning to understand. Ultimately, conservation
requires that we understand and harness the power
of people and the choices they make (Balmford and
Cowling 2006; Schultz 2011). Yards represent a real
opportunity to “imagine human actors as a force for
environmental good” (Head and Muir 2007). Front
yards, which are governed more by variables related
to status, could become increasingly wildlife-
friendly over time with shifting descriptive norms
(observable behavior patterns that indicate what is
typical or normal, Cialdini et al. 1990) in a
neighborhood. Norms have been strongly correlated
to pro-environmental behaviors such as recycling
(Schultz 1999) and energy conservation (Nolan et al.
2008), and their potential to shift yard-related
behaviors has been suggested by several researchers
(e.g., Nassauer et al. 2009; Dickinson et al. 2013b).
The conservation potential of back yards seems
especially promising, since people tend to incorpo-
rate more vegetation types in their back yards,
especially plants that support birds and other
wildlife.
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