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ABSTRACT. A growing body of work has emphasized the importance of residential areas to the overall green infrastructure of cities
and recognizes that outcomes related to these areas are best studied using a social-ecological approach. We conducted vegetation surveys
to evaluate yard practices that relate to the state of the yard vegetation, including species diversity and abundance, vegetation structure,
and the percent of green area of yards versus paved areas, at the Río Piedras watershed within the San Juan metropolitan area. We
used concomitant social household surveys to evaluate the association of social-economic and demographic factors at the household
scale with these vegetation characteristics, as well as with landscape-level characteristics related to urban morphology and elevation.
Our results for this tropical site were consistent with studies elsewhere in that a greater number of social factors at the household scale
were more important in explaining the traits related to how green the yards were. On the other hand, we failed to detect the so-called
luxury effect on urban vegetation encountered at many sites. Instead, we found consistent vegetation associations with the age of the
residents, housing ownership, and, most importantly, with yard size. We have discussed the potential reasons for these discrepancies
and the potential consequences of the human–natural links at the household scale to the future dynamics of this portion of the green
infrastructure within this urban watershed.
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INTRODUCTION
There is a growing consensus that urban green areas are just as
necessary as protected areas in the provision of ecosystem services
and in the implementation of conservation strategies worldwide
(Puppim de Oliveira et al. 2010, Colding 2011, McDonnell 2011).
Within urban areas, it has been shown that residential yards can
occupy a significant proportion of the total urban green space
(Dunnett and Qasim 2000, Gaston et al. 2005, Loram et al. 2007).
An increasing number of studies have argued that these spaces,
to the extent that they meet certain attributes, can have important
roles in the provision of a variety of ecosystem services within the
city and, as such, contribute to the ecological infrastructure and
sustainability of the urban environment (Hardy et al. 2000,
Daniels and Kirkpatrick 2006, Goddard et al. 2010). Thus,
evaluating residential yard characteristics in urban areas, and
those factors that may regulate their spatial and temporal
dynamics, has become a research priority (Hope et al. 2003,
Thompson et al. 2003, Cook et al. 2012) and one that can
potentially influence urban planning and design.
A rising interest in the ecosystem services provided by urban green
infrastructure has propelled the development of guidelines or
recommendations by a variety of organizations for the design and
maintenance of urban green areas, whether public or private, such
that these services can be maximized (Town and Country
Planning Association 2004, Benedict and McMahon 2006,
Sustainable Sites Initiative 2009). Many of these guidelines are
also consistent with current views on sustainable gardening
practices and yard management (Cross and Spencer 1996,
Tallamy 2007). For example, biodiversity conservation
proponents argue that sustainable yard practices should promote
plant biodiversity and favor the planting of native over nonnative
plant species (Tallamy 2007) because native plant species can
provide superior food and shelter for wildlife (Tallamy and
Shropshire 2009). Tree planting and maximization of green spaces
1

are also considered sustainable yard features that may provide
multiple services including temperature regulation, carbon
sequestration, and rain water interception among others (Cross
and Spencer 1996). Reducing the amount of impervious surfaces
in yards is also desirable because these are known to reduce water
infiltration to the soil and increase water runoff and pollution in
urban areas (Frazer 2005). Evaluating the degree to which
residential yard areas within cities maintain sustainable
vegetation practices requires the characterization of yard features,
e.g., tree cover, extent of green space, and number species, and an
assessment of how these vary in relation to each other.
A growing body of work has emphasized the importance of
recognizing that outcomes related to urban green infrastructure
are partly regulated by human decisions and are best studied using
a social-ecological approach (Pickett et al. 2011, Cook et al. 2012).
Such an approach may be very useful not only for understanding
the underlying motivations for variation of green infrastructure
at the household scale (Marco et al. 2010, Cook et al. 2012), but
also for understanding which factors may limit or facilitate the
transition of yard management toward sustainable practices.
Urban biodiversity studies indicate that variation in
socioeconomic factors, which we have used to refer to social,
demographic, and economic criteria, are important drivers of
variation in residential green infrastructure in cities (Cilliers et al.
2012 and references therein). These studies have generated a
variety of competing theories and generalizations about which
socioeconomic factors are most important at generating urban
vegetation variation and under what circumstances (Kendal et al.
2012). Many studies have found positive associations between
plant diversity and abundance and household wealth, a
relationship that has been termed “the luxury effect” (Hope et al.
2003, Melles 2005). Such trends suggest an unequal distribution
in the quality of green infrastructure throughout many cities
(Hope et al. 2003, Martin et al. 2004, Lubbe et al. 2010) that is
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not consistent with most accepted sustainability definitions
(Drexhage and Murphy 2010). Some of the mechanistic
explanations include the migration of wealthy residents to areas
of high biodiversity (Hope et al. 2003) or the higher economic
capacity to plant vegetation by higher income groups (Mennis
2006). On the other hand, not all yard–resident interactions have
had a purely economic basis and instead may reflect social,
demographic, or cultural factors that may vary from place to place
(Marco et al. 2010, Cilliers et al. 2012, Kendal et al. 2012). For
example, in some cities, education level rather than income is a
better predictor of vegetation characteristics in urban
neighborhoods (Heynen and Lindsey 2003, Luck et al. 2009). This
relationship has been attributed to a higher knowledge of the
benefits of vegetation (Luck et al. 2009) or a higher value of
vegetation by the more educated (Lohr et al. 2004). Others factors,
such as demographic stage, family size, and household ownership,
can also be important contributors to vegetation variation in
urban neighborhoods in addition to economic ones. Vegetation
cover may show positive association to home ownership and
resident’s age, which may stem from a higher degree of attachment
to or time to spend on planting activities (Luck et al. 2009).
Biophysical, e.g., yard area, and historical, e.g. housing age,
factors may also interact with socioeconomic factors to influence
biodiversity at the residential scale in urban areas (Grove et al.
2006, Mennis 2006, Kendal et al. 2012). From the point of view
of residential green spaces, the general consensus of urban studies
is that “bottom-up” factors, i.e., household socioeconomic and
demographic factors, dominate the variation generated across
urban households; whereas vegetation traits of public green
spaces tend to be driven by “top-down” ones, i.e., top-down
planning and management processes related to governance
structures, institutions, and political factors (Kinzig et al. 2005,
Heynen et al. 2006, Landry and Chakraborty 2009, Cook et al.
2012). Despite these generalizations, it is clear that a growing
number of studies addressing urban residential areas from a
social-ecological perspective argue that contextual differences
across cities may lead to differences in which bottom-up factors
may be most important at generating inequalities in vegetation
characteristics across urban residential areas, and that the role of
income and education as the most prevalent bottom-up factors
is not universal (Grove et al. 2006, Kendal et al. 2012).
Kendal and collaborators (2012) have cautioned that existing
research on the distribution of urban vegetation and its link to
socioeconomic factors has been limited in its geographic scope,
with most studies conducted in North America, Europe, South
Africa, and Australia and little representation of the urban
tropics. Interestingly, the role of socioeconomic factors as
vegetation drivers within residential yards has been widely studied
in tropical regions within the context of home gardens, which are
typical of rural areas and serve as small-scale production systems
that contribute to the livelihood of families as well as important
ecological functions to the social-ecological system (Fernandes
and Nair 1986, Méndez et al. 2001, Pulido et al. 2008). The state
and dynamics of home gardens, however, do not necessary reflect
the existing condition of private residential yards in the
urbanizing tropics. Indeed, with a few exceptions research on the
links between socioeconomic factors and urban green spaces in
the tropics has primarily focused on public spaces rather than
private ones (Pedlowski et al. 2002, Escobedo et al. 2006, Jim and

Chen 2008). Expanding the geographic distribution of urban
studies at the household scale should improve our understanding
of how the contextual variation in social-ecological factors across
cities may indeed shape the relative roles of different social,
economic, and demographic drivers of vegetation in urban
residential spaces.
The San Juan metro area of Puerto Rico is the largest urban center
of this tropical island and one that has undergone significant
demographic, economic, and land-use changes over the past 100
years (Lugo et al. 2011). We used social and vegetation surveys
to evaluate the association of socioeconomic factors with
parameters that describe the overall state of the green
infrastructure of residential yards at Río Piedras watershed
(RPWS) within the context of sustainable yard practices. For our
purposes, we focused on yard traits related to vegetation
characteristics and the extent of yard green space. We were
interested in documenting the “greenness” of yards and whether
“green” yards were equally distributed across the RPWS. Based
on the current “bottom-up control” paradigm of social-ecological
feedbacks at the residential scale (Kinzig et al. 2005), we expected
a strong association between socio-demographic characteristics
and green area characteristics. We also tested the relative role of
household wealth and education versus other socioeconomic
factors at the household scale at driving yard plant diversity and
abundance based on the “luxury effect” hypothesis (Hope et al.
2003) and the “education-level” hypothesis (Heynen and Lindsey
2003, Troy et al. 2007) for urban diversity regulation at residential
areas. These tests also evaluated the relative role of socioeconomic
factors versus biophysical factors that were deemed important for
the RPWS and were easily measurable. For example, island
biogeography theory would predict an increase in species with
increases in area (MacArthur and Wilson 1967). Yard area can
be positively associated with urban vegetation diversity (Mennis
2006). Local state laws in Puerto Rico prescribe a 5-m green buffer
zone along riparian areas but also recommend 100-m buffer zones
to maintain optimal functions of riparian green area (De JesúsCrespo and Ramírez 2011). Thus, we evaluated whether the
distance of households to streams and yard vegetation
characteristics were positively associated with each other. In
addition to the household-level analyses, we also evaluated
whether these yard characteristics were associated with
landscape-level traits related to urban morphology and site
elevation. Overall, we expected weaker associations between yard
traits and landscape-level urban parameters than those related to
social characteristics at the household scale.
MATERIALS AND METHODS
Study area and sampling sites
Study areas were located within the RPWS, the largest watershed
within the city of San Juan with an area of 49 km² (Fig. 1; Lugo
et al. 2011). The watershed is 150 m in elevation at its highest
point and is within a subtropical moist forest zone based on
Holdridge’s life zone system (Holdridge 1947, Ewel and
Whitmore 1973). Mean annual rainfall in the watershed ranges
from 1509 mm on the coast to 1755 mm upland, and mean annual
temperatures for Río Piedras have been reported at 25.7°C (Lugo
et al. 2011). The RPWS also has a land cover gradient that ranges
from a high-density, built-up urban area near the coast, i.e., lower
watershed region, to forest cover around the headwaters, i.e.,
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higher watershed region (Ramos-González et al. 2005). We
sampled 6 monitoring sites across the watershed previously
established for long-term monitoring of residential areas (Fig. 1).
Monitoring sites consisted of circular buffer zones (1 km
diameter) around a central georeferenced point across the
watershed housing density gradient. Site locations were named as
follows: San Patricio, high urban cover and housing density, lower
watershed; Puerto Nuevo, high urban cover and housing density,
lower watershed; Avenida Central, high urban cover and housing
density, lower watershed; La Sierra, intermediate urban cover and
housing density, middle of the watershed; Chiclana, low urban
cover and housing density, upper watershed; and Cupey, low
urban cover and housing density, upper watershed (Fig. 2A-F).
Fig. 1. Six monitoring sites across the Río Piedras watershed in
the San Juan metropolitan area of Puerto Rico.

Design
Within each buffer area, we randomly selected 12 access roads
with a minimum of 10 houses each. Households within streets
were included as a function of resident availability and willingness
to participate. When the minimum of 6 households per street
could not be reached, the sampling area was extended with new
access road on-site selections to include additional houses. This
sampling scheme generated a total of 406 households from singlefamily homes (46 to 80 per circle). Social and vegetation surveys
were conducted at each household from January to July 2011 with

an additional survey in October 2011. In all cases, surveys were
answered by the resident responsible for yard management
decisions at the household. For these surveys, we extracted the
socioeconomic profile of each household based on the following
variables: age, whether the respondent was married or
unmarried, whether the respondent was an owner or renter, level
of formal education of the respondent, the number of people
per household or household size, and average household income.
Vegetation variables analyzed for residential yards focused on
“woody” plants, i.e., trees, shrubs, palms, and tree ferns, and
included the number of woody species, the pooled number of
plant stems, the number of tree stems, the number of native
stems, and, as a measure of vegetation structure, the height of
the tallest yard plant. For each household, we also obtained the
total yard green area and the percent green area of the yard,
calculated as the amount of green space divided by the total yard
area, and the estimated distance of the yard from the nearest
stream using ArcGIS v.9.3 (ESRI 2009).
To evaluate the role of social factors at the household scale on
yard characteristics, we used multiple regression analyses to test
for the contribution of these traits to the variation in vegetation
and yard characteristics. For these analyses, we used the log (N
+ 1) transformation for all count variables, the arcsine (N + 1)
transformation for the percentage of green area of yards, and
the log transformation of yard area to meet normality
requirements. Statistical analyses related to multiple regressions
were carried out using GeoDa 1.4.1 (Anselin et al. 2006) and
followed a 3-step process described in Landry and Chakraborty
(2009) designed to control for spatial dependence within the data.
First, ordinary regression models (OLSs) were constructed for
each vegetation variable, as a dependent variable, with sociodemographic household characteristics (Table 1); biophysical
characteristics, i.e., Log (yard area), the distance of the
household yards to the nearest stream; and the variable site, i.e.,
a dummy variable to control for site effects, as dependent
variables. Second, regression residuals from OLS models were
tested for global spatial autocorrelation using Moran’s I
statistics. Third, when spatial dependence was detected (p values
of I < 0.05), we ran spatial regression to account for spatial
autocorrelation in the data. This was the case only for the variable
Log (yard area), which was also regressed as a function of
household characteristics. To run spatial regression, we
constructed a spatial weight matrix on the basis of the Euclidean
distance between observations, a threshold distance of 105 m,
equivalent to the minimum distance required to ensure that each
location has at least 1 neighbor. We ran both the spatial error
regression (SER) model and the spatial lag regression (SLR)
model and relied on decision rules recommended by Anselin
(2005) to determine whether the SER or the SLR model was
more appropriate. To that effect, we used Lagrange multiplier
test statistics generated from the OLS model to select the most
appropriate spatial regression model and used Akaike
information criterion values to select the best spatial model fit
for the data. In addition to independently evaluating household
yard characteristics, we constructed a yard green infrastructure
(YGI) index that summarized the relative contribution of
households to the green infrastructure of residential areas. To
construct this index, count vegetation variables were first
corrected for yard area and thus were analyzed as density
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Fig. 2. Aerial views of six monitoring areas across the Río Piedras watershed providing a visual assessment of
their urban morphologies. A. San Patricio, B. Puerto Nuevo, C. Avenida central, D. La Sierra, E. Chiclana, F.
Cupey. (enlarge)

estimates for the pooled stems, tree stems, and native stems per
household. Then, all 5 yard characteristics, i.e., pooled stem
density, tree stem density, native stem density, plant height, and
percentage of green area, were standardized by dividing each
characteristic’s values by the highest value in the watershed such
that all variables fell within a scale from 0 to 1. For each household,
we then constructed the index by adding the standardized value

for all 5 variables to generate a household YGI index with values
that ranged from the lowest sustainability possible, i.e., 0, to the
highest sustainability possible, i.e., 5. We then used one-way
ANOVA to test for differences in yard characteristics, including
yard area, and YGI index values across watershed sites and used
multiple regressions to test for associations between the YGI index
and socioeconomic factors at the household level. The number of
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households that were sampled across individual sites were as
follows: San Patricio (N = 46), Puerto Nuevo (N = 65), Avenida
Central (N = 80), La Sierra (N = 72), Cupey (N = 77), and Chiclana
(N = 63).
Table 1. Descriptive statistics for social-economic characteristics of
households at the Río Piedras watershed.

A Variable
1. Gender
2. Marital Status
3. Ownership

B Variable
4. Age (yrs)

5. Education (yrs)

6. Household income

7. Household size
(persons/household

Class
Female
Male
Married
Single
Owner
Renter

Descriptive
Statistic
Mean ± SE
Max
Min
Mean ± SE
Max
Min
Mean ± SE
Max
Min
Mean ± SE
Max
Min

Frequency
244
162
244
162
336
70

Value
56 ± 1
96
17
13.7± 0.2
23
3.4
US$32,769.6 ± US$1371.7
US$80,000
US$5000
3.0 ± 1
15
1

To test the potential role of urban morphology and elevation, i.e.,
landscape-level factors, on yard characteristics, we evaluated the
association between average housing density, average population
density, and average elevation per circle versus the average values
of yard characteristics, i.e., six vegetation traits, percentage of green
area of yards, and yard area, using Spearman-rank correlations.
We also tested for among-site differences in yard characteristics
using one-way ANOVA. These analyses were carried out in JMP
Version 7 (SAS Institute 2007).
RESULTS
Household socioeconomic vegetation profiles
Table 1 provides a summary of the socioeconomic profile of the
RPWS households within our sample. Overall, households had a
slight preponderance of respondents that were female, married,
and owners. In our sample, the median age of respondents was 58
years, and their average formal education was 13.7 years. The
median household income and household size were US$25,000 and
3 persons per household, respectively.
Vegetation links with household socioeconomic traits
At the household level, the abundance of plants, i.e., trees and
pooled stems; species richness; abundance of native stems; the
height of the tallest plant in residential yards; the percentage of
green area in yards; and yard area were not related to the
household’s average income; the respondent’s marital status,
gender, or years of formal education; or to the distance of the yard
from the nearest stream (Table 2). However, most yard vegetation

variables, excluding the abundance of native stems, showed strong
significant and positive associations with yard area. Excluding
the abundance of native stems, all vegetation variables showed
significant and positive associations with the age of the
household’s respondent (Table 2). Larger yards and older
respondents were associated with yards that had more species,
more trees, more plant stems, and taller vegetation. The
abundance of species, plants, and tree stems was also positively
associated with house ownership. Households occupied by
owners had more species, plants stems, and tree stems in their
yards than those occupied by renters. In all cases, vegetation
associations were always stronger with yard area than with the
resident’s age or house ownership (Table 2). The site variable
yielded significant, although weak, regression coefficients only in
2 out of 5 vegetation variables, but in all 5, the spatial dependence
of residuals disappeared by including this variable in the
regression model. Overall, the regression models based on
socioeconomic characteristics explained between 26% and 42%
of the variation in vegetation (Table 2).
Yard management activities
Yard size was positively associated only with years of formal
education. None of the remaining socioeconomic factors were
able to explain variation in yard area across households (Table 2).
The variation in the percentage of yard that was green, i.e., not
built, was partially explained by the household respondent’s age
and home ownership (Table 2), but more so by yard area.
Households with larger yards had a larger fraction of green space
than smaller ones. Similarly, there was more green space
percentage-wise within households with older respondents and
occupied by owners (Table 2). Values for the YGI index ranged
from 0 to 3.64 out of a maximum possible of 5, with an average
value for the watershed of 0.94 (± 0.52 SD). At the household
scale, variation in the YGI index was also strongly influenced by
yard area, but also partially influenced by the age of the household
respondent and the ownership status of the household respondent
(Table 2). Households with older respondents and with owners,
rather than renters, had greener yards, and larger yards were
greener. None of the remaining socioeconomic factors were
significantly associated with the YGI index.
Yard characteristics and yard management versus landscape-level
metrics
Vegetation characteristics and yard management characteristics
showed significant differences among sites (Fig. 3). For some
variables, these differences were consistent across sites, but not
for others. The Cupey and Chiclana households at the upper part
of the watershed had the largest yards and the tallest plants (Fig.
3). In contrast, households at the Puerto Nuevo and Avenida
Central sites at the lower part of the watershed had the smallest
yards, the lowest percentage of green area, the shortest plants,
and the lowest tree density (Fig. 3). San Patricio at the lowest
portion of the watershed and La Sierra at the central portion of
the watershed presented intermediate values for some variables
and values that were above average for others (Fig. 3). La Sierra
had the highest density of native stems in yards relative to all other
sites, although overall the density of native stems was low across
the watershed (Fig. 3). When compared to landscape-level
metrics, average household yard area per site was negatively
correlated with population density and positively correlated with
elevation (Table 3). Other traits showing positive associations with
average elevation were the average percentage of green area in
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Table 2. Regression coefficients for coefficients for ordinary least squares (OLS) and spatial-lag (SLR) multiple regression using yard
vegetation variables as a function of household socioeconomic and physical variables. Spatial regression models were applied following
significant tests for spatial autocorrelation in the data (as indicated by significant Moran’s I values). The log (N+1) transformation was
used for all count variables and for yard area while the arcsine was used for the percentage of green area. Households with missing data
were excluded from this analysis yielding a total N = 363.
Independent Variables
Dependent
Variable

Average
Income

Ownership Gender

Age

Civil Household Years of
Status
Size
Education

Site

Yard Distance
Area
from
stream

#Species
#Stems
#Trees
Stems
Plant
Height
#Native
Stems
% Green
Area
Green
Index
Yard Area†

6.2*10-0.007
7.1*10-0.007
4.7*10-0.008

0.13b
0.21b
0.19b

0.02
-0.02
-0.005

0.006a
0.009a
0.005b

0.03
0.04
0.01

-0.008
-0.02
0.0004

-4.0*10-0.006

0.51

0.05

0.04b

-0.04

-1.2*10-0.007

0.009

-0.05

-0.001

4.8*10-0.007

0.08c

0.04

5.2*10-0.007

0.14b

0.04

2.9*10-0.007

0.06

0.002
0.008
-0.005

0.04b
0.07a
0.01

0.48a
0.76a
0.74a

0.28

-0.05

-0.12

-0.007

-0.007

-0.002

0.002b

-0.02

-0.02

0.002

0.006b

-0.007

-0.01

0.0004

0.005

0.01

0.09c

-0.002 -0.001

AIC/R²

FOLS

0.0001
-0.009
0.006

258.2/0.38
524.0/0.42
420.1/0.37

20.4a
23.7a
20.9a

7.5a

0.01

2134/0.25

13.1a

-0.007

0.04

-0.003

-145.9/0.26

1.6

-0.024b

0.42a

-0.007

193.0/27.1

12.3a

-0.0009

0.47a

-0.002

466.2/0.21

8.7a

-0.003

NA

NA

301.4/0.39

NA

a

Significant at or below 0.001 level.
b
Significant at the 0.05-0.005 levels, respectively.
c
Significant at the 0.06-0.1 levels, respectively.
†
Spatial-lag regression model.

Table 3. Spearman correlations coefficients between traits and
landscape level parameters. Numbers in parentheses indicate p
values.
Yard Variable

Average Yard Area
Average Percentage of
Green Area
Average Pooled Stem
Density
Average Tree Stem Density
Average Density of Natives
Average Plant Height

Landscape Variable
Housing
Density

Population
Density

Elevation

0.65(0.16)
-0.42(.40)

-0.82 (0.04)
-0.49(0.33)

0.82 (0.04)
0.94(0.005)

0.31(0.54)

0.09(0.87)

-0.09(.87)

-0.54(0.27)
0.14(.79)
-0.60(.20)

-0.77(0.07)
-0.09(.87)
-0.71(0.11)

0.65(0.16)
0.31(0.54)
0.94(.005)

yards and the average plant height in yards. These yard variables,
however, were not correlated with housing or population density.
The density of tree stems was negatively associated with population
density and not associated with average elevation or average
housing density (Table 3). For the remaining variables, i.e., average
pooled stem density and average density of native plants, there were
no significant associations with housing density, population
density, or elevation (Table 3). Overall, YGI index values were
smallest at the Puerto Nuevo, Avenida Central, and San Patricio
sites and highest at the Cupey, Chiclana, and La Sierra sites (Fig.
4). When compared to average landscape metrics, average yard
sustainability indexes per site were positively correlated with
average site elevation and uncorrelated with average housing
density and population density (Table 3).

Fig. 3. One way-ANOVA results for yard characteristics across
six watershed sites (AC = Avenida Central, CU = Cupey, CH =
Chiclana, LS = La Sierra, PN = Puerto Nuevo, SP = San
Patricio). A) Stem density B) Tree stem density, C) Native stems
density, D) Height of tallest plant, E) Percentage of yard green
area, F) Yard Area. Dashed lines represent the grand mean of
all values for the watershed and bars represent standard errors
around the site means.
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Fig. 4. Differences in average yard green infrastructure (YGI)
index across sites within the Río Piedras Watershed. One-way
ANOVA results were F5, 386 = 12.5, p < 0.001. Bars represent
standard errors around the site means and different letters
denote significant differences at the p = 0.05 level using Tukey’s
post-hoc test.

DISCUSSION
At the household scale, residents are the primary makers of
decisions about front- and backyard landscaping. Consistent with
this premise, a variety of studies have shown that socioeconomic
characteristics of households are major drivers of their yard
characteristics (Cook et al. 2012, and references therein). Our
results showed that ownership status and the resident’s age indeed
appeared to be important influences on vegetation and yard
characteristics within the RPWS once variation in yard size was
taken into account. A number of mechanistic explanations can
be proposed for how these household variables may interact and
translate into yard management variation across the watershed.
For example, it has been suggested that positive associations
between household ownership and vegetation could reflect a
greater attachment to property or a greater motivation by home
owners to invest in their private gardens (Grove et al. 2006, Luck
et al. 2009). However, the lack of an income effect that we observed
would suggest that an attachment hypothesis is more likely.
Increased time spent gardening by retired people and older
residents has been reported in at least two studies (Dunnet and
Quasim 2000, Bhatti 2006) and may explain observed positive
associations between residents’ age and yard vegetation
characteristics. Likewise, positive associations between education
level and yard area vegetation cover or species diversity may result
from increased knowledge on the benefits and services of
vegetation or a higher valuation of vegetation (Lohr et al. 2004,
Luck et al. 2009).
Even though regression results failed to show significant
association between vegetation characteristics and education
level, our results are not necessarily inconsistent with an

education-level hypothesis, and most likely, education level
represents a major influence on yard vegetation through more
complex interactions. Education level was the only householdlevel factor associated with yard area. In turn, yard area was the
most important driver of residential vegetation within the Río
Piedras and was by far the most important factor influencing
vegetation in private gardens. One possibility is that more
educated residents may be choosing to live in houses with larger
yards. On the other hand, the distribution of yard area is not
uniform across the Río Piedras, with larger yards occurring more
frequently in the upper portions of the watershed where highdensity housing developments are less common.
On the issue of what household-level characteristics had the most
influence on yard characteristics, our results presented another
important trend. We failed to detect a positive association between
the income of the household and yard greenness, based on
vegetation abundance and structure. In urban studies, this
association, often referred to as the luxury effect (Hope et al.
2003), has been documented repeatedly at the household or
neighborhood scale, mostly within nontropical cities in developed
countries (Chicago: Iverson and Cook 2000; Vancouver: Melles
2005; Phoenix: Hope et al. 2003, Martin et al. 2004; and Tasmania:
Kirkpatrick et al. 2007) and at least one in a subtropical urban
city of a developing country (Bujumbura: Bigirimana et al. 2012).
Several studies, however, have cautioned that the luxury effect is
not necessarily universal, and that under certain circumstances,
factors such as the level of formal education, immigration status
variation, neighborhood, or housing age may become more
relevant than income in determining vegetation management
decisions in residential areas (Grove et al. 2006, Luck et al. 2009,
Kirkpatrick et al. 2011, Kendal et al 2012). The combined studies
argue that the contemporary association between specific
socioeconomic factors and urban vegetation at the household
scale is necessarily influenced by city-specific socioeconomic
conditions. Across-site differences in social-ecological contexts
may be the basis for the absence of a luxury effect on the San Juan
residential vegetation. From an ecological standpoint, climate
and water availability could be major externalities differentiating
the social-ecological systems and some of the previously
mentioned nontropical urban sites from the city of San Juan. For
example, an arid city like Phoenix would face limited water
resources, a condition that may in turn create inequalities in the
amount of household funds that are dedicated to yard
maintenance. Because San Juan is a moist tropical site, households
within the city of San Juan may be spared the need to water as
often or replant as often as in temperate sites. Water usage
estimates suggest that outdoor water use may indeed be lower in
Puerto Rico than in the United States where on average 30% of
the water consumed is used for outdoor activities (WaterSense
2008). This percentage is much higher in the Phoenix area, an arid
site, where up to 75% of the domestic water is used for outdoor
activities (Balling and Gobber 2007). For Puerto Rico, the
residential water consumption for outdoor purposes is estimated
at only 20% (Molina-Rivera and Gómez-Gómez 2008). Viewed
from a socioeconomic standpoint, the degree of income
inequality among cities may also determine the conditions by
which household income becomes an important predictor of
residential vegetation (Kendal et al. 2012). Households within the
city of San Juan would be more similar to cities from developed
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countries given San Juan’s per capita annual gross domestic
product (GDP) of US$24,753 (UNdata 2010). Indeed, reported
maximum household incomes at the RPWS in our surveys were
within the range of those surveyed in the city of Phoenix by Hope
et al. (2003) where most of them were below US$100,000. In
contrast, expected household incomes in the city of Bujumbura,
where per capita GDP in Burundi is US$150, the lowest in the
world (UNdata 2010), should be much lower. In this case, a much
wider gap between the low-income and high-income groups in
Bujumbura relative to those in San Juan may lead to a luxury
effect on household biodiversity in Bujumbura despite its more
appropriate climate for plant growth. In that city, the high cost of
plants, and especially trees, at nurseries was cited as one important
explanatory factor for the observed differences between highincome and low-income households (Bigirimana et al. 2012).
A limited number of yard traits did show strong associations with
landscape-level factors related to elevation and urban
morphology, i.e., housing density and population density. Yards
with larger percentages of green cover and taller trees were more
frequent at higher elevations, i.e., upper watershed, but these
patterns could also be explained by the fact that larger yards were
also more frequent at higher elevations. Tree density is reduced in
areas of high population density. The fact that yard area was not
correlated with population density suggests that the association
between tree density and population density may stem from
interactions between people and nature that would need to be
explored more rigorously.
Based on our general YGI index, yards are on average
considerably below the maximum possible, suggesting that from
a planning perspective there is a lot of room for improvement.
Based on the patterns of variation of different traits across sites,
the greener yards were located at the upper portion of the
watershed, and the least green ones were located at the lower
potion. These patterns are consistent with spatial differences in
yard size, the relative amount of green space, and average plant
height across an elevation gradient. Like all vegetation
characteristics measured, the YGI index was most influenced by
yard area. Spatial differences in yard area across residential sites
are most likely related to historical differences in urban residential
developments and potential differences in the rate of residential
green area loss across the watershed. The lowest portion of the
watershed contains the oldest residential sites. The Puerto Nuevo
residential project was the first massive and modern residential
development in Puerto Rico and the one that started the current
model of urban dispersion in which developers seek undeveloped
agricultural areas that can be turned into residential projects
(Sepúlveda-Rivera 2004). Developed in 1948, the Puerto Nuevo
residential area was originally designed with very small dwelling
sizes (250-300 m²; Sepúlveda-Rivera 2004) in comparison with
the average dwelling sizes by today’s standards. This site has also
experienced significant losses of residential green areas through
conversion of green spaces to built ones (Rodríguez-Meléndez
2012) and at rates that are much higher relative to other residential
areas across the lower watershed (Ramos 2012). At the same time,
neighborhoods at the upper portion of the RPWS are a mixture
of recent residential developments and lower density housing
resulting from subdivisions of old farms among relatives. Yard
areas in such subdivisions were on average much larger than those
in high-density residential developments (unpublished data). The

development of environmental indicators such as the YGI index
can be attractive because they can relay information from a variety
of sources in a simplified manner to policy makers that can also
be used in decision making and environmental monitoring
(Niemeijer and de Groot 2008). However, they are not without
limitations and should be evaluated before they are adopted. We
used the YGI index as a potential indicator of the contribution
of yards to the city’s green infrastructure as an initial step to
develop metrics that may be useful for planning and management
purposes. All traits used to develop the YGI index were treated
equally, whereas in practice management goals for the different
vegetation metrics are likely to differ. The use of this metric,
however, may obscure important social-ecological interactions
that would not be obvious unless individual variables are
evaluated. For example, the number of native plants was generally
low and not related to any household-level yard trait. However,
when we examined site differences in the density of native plants,
La Sierra yards had a higher density of native stems relative to
other sites. At this site, there is a coalition of neighborhoods that
is engaged in the active planting of trees along the Arboretum of
Cupey. This urban riparian forest was developed and initiated by
La Sierra neighborhoods in 1999 and in 2010 was incorporated
into the San Juan Ecological Corridor, a protected urban forest
under Law 206 of 2003 (Office of Legislative Services 2004).
From a social-ecological perspective, social characteristics at the
household scale, i.e., bottom-up factors, had dominant roles in
the variation of yard characteristics relative to urban factors that
emerged at the landscape scale, i.e., top-down factors, within the
RPWS. This is consistent with current models on the role of
governance structures at different scales on urban green areas
(Kinzing et al. 2005). We observed that this was even more
apparent when existing state laws that require a 5-m minimum
buffer zone of green space along riparian areas have not resulted
in positive associations between yard vegetation abundance or the
amount of green space and the distance to the nearest stream even
when a number of yards were next to streams. Regardless of the
mechanisms driving the observed interactions between the social
and natural components of the RPWS at the household or
landscape scales, their proper identification may allow us to
understand past and future dynamics within this tropical
watershed. The island of Puerto Rico has experienced dramatic
demographic changes that may lead to changes in the green state
of yards given our observed links between social and yard factors.
For example, Puerto Rico’s population of individuals 55 years
and older increased 6.1% from 2000 to 2010 (U.S. Census 2000a,
2010a). If these trends were to continue, one would expect more
species, trees, stems, and green spaces within yards. On the other
hand, in the city of San Juan, home ownership has decreased from
55.6% to 54.6%, and the city has lost 39,048 residents in the past
10 years (U.S. Census 2000b, 2010b) through a reduction in
fertility rates and high rates of emigration off-island (Marxuach
2012). Ownership changes may lead to reductions in the number
of plants at the household scale, and changes in population
density may in turn lead to reductions in average species densities
per household at the watershed scale if emigration trends were to
continue. When examined simultaneously, variables like
respondent’s age, household ownership, and housing density may
influence some vegetation aspects, but in opposite directions. This
emphasizes the need to evaluate the mechanisms behind these
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associations to be able to make informed predictions regarding
the effects of demographic changes on yard characteristics.
CONCLUSION
The range of variation in overall sustainable yard practices as
defined by vegetation quality, quantity, and green cover at the
residential scale on this tropical watershed was ample, but most
yards fell on the low end of the YGI index. Our results suggest
that yard characteristics are highly related to household
demographic profiles but not to household income status. The
lack of a household income effect is a major contrast with
observations from many other urban sites. These findings are
consistent with recent studies that argue that contextual
differences in the natural and economic environments across cities
may eliminate the luxury effect and emphasize the need for crosssite comparisons. Yard size was an important determinant of
vegetation diversity and quality at this urban site, but it is a trait
that may in theory be influenced by the combined effects of factors
that are internal as well as external to the household socialecological system. Clearly, understanding what processes
influence yard dimensions as well as the relative roles of different
socio-demographic associations on yard traits would require a
full evaluation of the mechanisms that generate them and
measuring how the different combinations of yard traits translate
into actual social-ecological services. Only then can we begin to
understand the predictive power of those associations that we
have encountered and use this information more effectively
toward the planning and development of the urban green
infrastructure of this watershed.

Responses to this article can be read online at:
http://www.ecologyandsociety.org/issues/responses.
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