ECOSPHERE

Boom-bust economics and vegetation dynamics
in a desert city: How strong is the link?

JULIE RIPPLINGER ,1'2'T Scorr L. COLLINS,l'B ABIGAIL M. YORK,4 AND JANET FRANKLIN®

'School of Life Sciences, Arizona State University, Tempe, Arizona 85287 USA
2Department of Botany and Plant Sciences, University of California — Riverside, Riverside, California 92521 USA
®Department of Biology, University of New Mexico, Albuquerque, New Mexico 87131 USA
4School of Human Evolution and Social Change, Arizona State University, Tempe, Arizona 85287 USA
5School of Geographical Sciences and Urban Planning, Arizona State University, Tempe, Arizona 85287 USA

Citation: Ripplinger, J., S. L. Collins, A. M. York, and J. Franklin. 2017. Boom-bust economics and vegetation dynamics
in a desert city: How strong is the link? Ecosphere 8(5):e01826. 10.1002/ecs2.1826

Abstract. In cities, human activities such as supplemental watering and plantings of ornamental species
are thought to decouple vegetation diversity from biophysical processes. Consequently, socioeconomics
may arguably be one of the most important factors influencing the pattern and dynamics of vegetation in
urban ecosystems. Socioeconomic disturbances, like The Great Recession of 2007 to post-2010, disrupt nor-
mal social and economic activity causing changes to the ecology of cities that have yet to be examined.
Using the rapidly growing metropolitan area of Phoenix, Arizona, USA, as a case study, we explored the
dynamics of residential vegetation diversity from before to after The Great Recession. Our findings linked
changing plant community composition and increasing richness with socioeconomics of the housing boom,
(from 2000 to 2006) followed by the Great Recession (from 2007 to post-2010). Specifically, we found that
the housing market boom-bust episode acted as a socioeconomic driver of overall plant community com-
position. However, plant species with annual reproduction strategies were instead linked to the previous
winter’s precipitation and did not respond to socioeconomic disturbance, a behavior expected in native
desert plant communities, but not from constructed and managed urban plant communities. This study
demonstrates how disturbances to socioeconomic components of ecosystems can result in changes to plant
community diversity and dynamics; though, biophysical drivers remain important to short-lived annual
species regardless. Undertakings that aim to maintain or increase urban biodiversity for ecosystem services
and human well-being need to systematically approach the effects of socioeconomic fluctuations on urban
flora. Cross-site comparisons will be key to developing a broader understanding of these coupled dynam-
ics across older and newer, mesic and arid, and growing and shrinking cities.
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INTRODUCTION

As the global human population becomes ever
more urbanized, we are increasingly exposed to
designed and built infrastructure, whether “gray”
infrastructure like roads and buildings or “green”
infrastructure like parks and yards (Childers et al.
2015). The result of this expanding infrastructure
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may be urban ecosystems that are decoupled
from fundamental biophysical processes (Shochat
et al. 2006). Like their non-urban counterparts,
urban ecosystems are highly dynamic (Ripplinger
et al. 2016), and both cultivated and naturalized
species distributions vary widely among cities (La
Sorte et al. 2014, Jenerette et al. 2016). Urban
ecosystems can be extremely biodiverse (Jenerette
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et al. 2016), and landscapes like yards, gardens,
and parks offer residents (sometimes their only)
opportunity to enjoy nature. When people have
positive experiences in nature, they are likely to
be physically (Maas et al. 2006) and mentally
healthier (Mayer and Frantz 2004, Fuller et al.
2007), as well as to engage in sustainable behav-
iors that improve ecosystem health (Tzoulas et al.
2007). Researchers are beginning to understand
preferences and decisions around residential veg-
etation from a socioecological perspective (Larsen
and Harlan 2006, Larson et al. 2009, 2017), and to
apply the concept of ecological disturbance to
urban systems (Pickett and White 1985, Grimm
et al. 2017). Yet to date, there has been little work
on how socioeconomic disturbance might affect
urban vegetation dynamics. Understanding urban
residential diversity and drivers will be impera-
tive to designing resilient and sustainable urban
ecosystems for human and ecosystem health
outcomes.

Links between residential vegetation and socioe-
conomic factors are beginning to be well estab-
lished (e.g., Martin et al. 2004, Kinzig et al. 2005,
Luck et al. 2009). Socioecological concepts have
been developed to describe these linkages, like the
“ecology of prestige” which connects residential
tree canopy cover to the capacity of a household to
manage vegetation (Grove et al. 2014). Uneven-
ness in socioeconomic capacity across social strata,
for example, may result in varied preferences, for
example, mature trees, established lawns, or
perennial gardens (Grove et al. 2006, 2014). As a
consequence, the desire of a given household to be
associated with a particular social stratum is mani-
fested in the very public display of their front-yard
vegetation. Indeed, Hope et al. (2003) termed the
positive relationship between household income
and plant diversity the “luxury effect.” The basis
of this correlation is that as socioeconomic status
increases, people choose to occupy or install land-
scapes that incidentally have higher diversity. Such
studies account for the underlying financial capac-
ity of a household to regulate vegetation cover
and diversity in their yards.

Pioneer plant species rely on disturbance for
establishment, have broad physiological toler-
ances, are able to acclimate to a wide range of con-
ditions, and have rapid growth rates (e.g., weedy
annual plants; Rejmanek and Richardson 1996). In
urban systems, when people stop maintaining
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landscapes, weedy species are presented with an
opportunity to increase in abundance both locally
and spatially. For our purposes, the term “weedy”
includes plants sometimes referred to as “volun-
teers” that appear spontaneously in the landscape
rather than having been intentionally planted
there. Volunteers may be native or non-native
annual or perennial plants, or may even be
reverse invaders—native plant species that have
become weedy plants within city boundaries.
Moreover, plants used in urban settings are often
non-native, and though most are not invasive,
some escape from agricultural or horticultural
uses to become nuisances in urban and non-urban
landscapes (Reichard and White 2001). Addition-
ally, successful invaders often go through multiple
introduction events (Gray 1986), and adjacent
landscapes under economic stress may provide a
pool of colonizing species. As a result, coloniza-
tion pressure from annual and introduced species
increases on landscapes with adjacent unmain-
tained landscapes.

Biophysical disturbances to urban ecosystems,
such as floods, fire, and pests, are well studied
and have been shown to alter soil resources (Pick-
ett and Cadenasso 2009), erode urban stream beds
(Walsh et al. 2005), and increase human-wildlife
conflict and destruction of homes by wildfires
(Radeloff et al. 2005). For many such disturbances,
viable engineered solutions exist. For instance,
cities in the U.S. Southwest have had success in
flood management through the installation of con-
structed retention basins and other forms of
designer landscapes (Palmer et al. 2004, Grimm
et al. 2005, Roach et al. 2008). Engineered solu-
tions mitigate many deleterious effects of biophys-
ical disturbances in urban systems, but overlook a
potentially important driver of urban ecosystem
dynamics—socioeconomic disturbance. Anthro-
pogenic disturbance is often defined as a relatively
abrupt, physical impact that is detrimental to the
biophysical environment (e.g., forest clear-cut-
ting). We define socioeconomic disturbance, by
contrast, as a disruption to economic and social
activity causing a measurable change to a social-
ecological system (sensu Pickett et al. 1989). The
example of socioeconomic disturbance we explore
is the change in urban vegetation diversity in
response to a boom-bust episode in the housing
market. We focus here on ecological response to
economic and biophysical drivers, but propose
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that socioeconomic disturbances can be conceptu-
alized similarly regardless of whether the variables
of interest are social, economic, or biophysical.

We studied the effect of socioeconomic distur-
bance on the dynamics of plant species richness
and composition in residential landscapes across
the Phoenix metropolitan area, Arizona, USA.
Central Arizona-Phoenix Long-Term Ecological
Research (CAP LTER) program conducted a com-
prehensive survey of urban vegetation composi-
tion in 2000, 2005, and 2010, providing a unique
opportunity to examine changing residential veg-
etation composition in response to extensive
mortgage foreclosures and other effects of the
Great Recession. Species distributions in cities are
markedly influenced by human decisions (Jener-
ette et al. 2016), particularly in highly managed
areas like residential neighborhoods (Knapp et al.
2012). In residential areas, there is a direct connec-
tion between the “land manager” (e.g., a house-
hold or property manager) and the landscaping,
where plants in the residential landscape are there
because land managers do or do not want them
there and landscaping diversity is at the behest of
the manager. However, climate factors have been
shown to broadly regulate urban plant communi-
ties (La Sorte et al. 2014, Avolio et al. 2015), and
desert ecosystems are particularly sensitive to pre-
cipitation variation. Because desert ecosystems
are water limited, supplemental watering and/or
precipitation directly regulate plant productivity
and diversity. These competing drivers have led
to multiple hypotheses of urban plant biodiversity
dynamics.

Our overall objective was to examine the effect
of socioeconomic disturbance factors vs. biophysi-
cal variables on changes in urban plant species
diversity and composition. We expected socioeco-
nomic disturbance to have a stronger influence
than biophysical variables because urban vegeta-
tion has been shown to be structured by house-
hold-level decisions more than by climate or
edaphic factors (Seto and Kaufmann 2003, Cook
et al. 2012). We hypothesized that vegetation
diversity would be negatively affected by the
Great Recession. This outcome would be the result
of a reduction in non-adapted introduced plants,
for example, from reduced supplemental water-
ing. Socioeconomic distress would limit supple-
mental watering and planting of ornamentals,
reducing residential plant diversity. Alternatively,
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vegetation diversity might increase with socioeco-
nomic distress. This outcome would be the result
of expansion of fast-growing, desert-adapted
plants, for example, due to neglect of weed abate-
ment activities. The Great Recession would release
residential landscapes from direct human controls
like herbicides, weeding, and horticultural plant-
ings, such that annual and early-successional spe-
cies, in particular, would increase in abundance
and distribution. This result would increase plant
community diversity and shift composition from
pre- to post-recession. We asked the following
questions: What is the strength of socioeconomic
disturbance (e.g., value of foreclosed housing,
foreclosure density) vs. biophysical drivers (e.g.,
precipitation) in predicting residential vegetation
diversity and composition? How do residential
vegetation diversity and composition change
through a period of economic boom and bust?

METHODS

Study area and data

The Phoenix Metropolitan Area (hereafter
“Phoenix”) consists of the City of Phoenix, Ari-
zona, USA, along with several smaller adjacent
cities, and is home to more than 4 million people.
The CAP LTER study area is 6400 km® and
encompasses the Phoenix Metropolitan Area as
well as surrounding agriculture land and the
Sonoran Desert ecoregion (Fig. 1). The CAP LTER
“Survey 200” used a systematic random design to
distribute ~200 survey plots throughout urban
Phoenix as well as surrounding desert and agri-
cultural areas (Hope et al. 2003). Urban survey
plots occurred in a range of locations, from resi-
dential yards to shopping centers to transporta-
tion corridors. From these, we selected plots that
were classified as residential—roughly 20% of the
200 random plots, enabling a total of 39, 45, and
35 residential surveys from the three survey peri-
ods, respectively, to be included in this study. Plots
were classified as residential if >50% of the plot
was designated as a residential-type land use, for
example, single-family yard or a property with
multi-housing units. Surveys were conducted at
the same plots from year to year, though land-use
change and restricted access resulted in uneven
numbers of residential plots surveyed across
years. Each plot consisted of a single 30 x 30 m
square where vegetation was re-surveyed every
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Fig. 1. Map of CAP LTER study area. Solid circles indicate locations of residential vegetation surveys. Blue star
in inset map (upper left) represents location of CAP LTER in Arizona, USA.

five years (2000, 2005, 2010). Plots were randomly
placed a minimum of 500 m from the nearest
adjacent plot to reduce spatial autocorrelation. At
each plot, all vascular plant species were identified
and the number of individuals was counted. Spe-
cies were assigned to the following growth form
categories: native/non-native, herbaceous annuals,
cacti/succulent, shrubs/hedges, and trees. Data
from the vegetation surveys were used to calculate
the response variables—measures of plant diver-
sity and composition.

We then identified socioeconomic and bio-
physical predictors hypothesized to affect resi-
dential vegetation in a desert city based on the
literature and ecological theory. Our goal was to
assess the relative importance of dynamic socioe-
conomic disturbance and biophysical factors, so
we considered 17 predictors of the diversity and
composition of plant species (see Appendix S1:
Table S1). Selected variables were hypothesized
to be factors affecting urban and residential
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patterns of vegetation diversity, for example,
home value, socioeconomic status (Hope et al.
2003, Martin et al. 2004, Kinzig et al. 2005), legacy
effects of land use (Cook et al. 2012, Johnson et al.
2015), home construction year (Larson et al. 2017),
foreclosure frequency, as well as fundamental cli-
mate and biophysical factors, for example, precip-
itation, soil, minimum temperature (Grace 1999).
Socioeconomic predictors specific to the housing
market boom-bust were taken from publicly
recorded real estate data compiled by The Infor-
mation Market (www.theinformationmarket.
com). Home values and other housing variables
were obtained for foreclosed homes within 500 m
of each plot—a distance selected to prevent over-
lap among plots and to correspond to neighbor-
hood size used in other studies (York et al. 2011).

Statistical analysis

To examine the relative importance of socioe-
conomic and biophysical variables in driving
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residential vegetation diversity over time, we
developed generalized least-squares (GLS)
regression models, ensuring that all model
assumptions were met. Because surveys were
repeated on the same plots over three time peri-
ods and expected to correlate from one survey
year to the next, we included an autoregressive
process of order 1 (AR[1]) to account for tempo-
ral autocorrelation among plots. Species rich-
ness across all plots and survey periods was
modeled as a function of several hypothesized
predictor variables (Table 1). We ran separate
GLSs for species richness of (1) all plant species,
(2) annual species only, (3) introduced species
only, using the “nlme” package version 3.1-128
in R (R Development Core Team 2015, Pinheiro
et al. 2017).

Analyses of change in plant community com-
position were based on abundance data for all
plant species. The constrained ordination tech-
nique, canonical correspondence analysis (CCA;
Ter Braak 1986), was used to relate variation in
plant species composition to socioeconomic and
biophysical variations in the environment. Hier-
archical cluster analysis can be used to identify
compositionally similar groupings of plots.
Groups are identified by calculating ecological
distance between every possible pair of clusters
and merging similar pairs until an ecologically
meaningful number of clusters have been
reached. We chose to use Euclidean distance
which was the most effective when compared to
other distance measures in obtaining separation
among groups of clusters, and Ward’s method to
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minimize between-group variance. Ward’s
method of hierarchical agglomerative clustering
progressively merges clusters to minimize
within-group variance by minimizing sums of
squared error (Ward 1963). Based on species
composition, we identified distinct groups of
plots for each survey year separately. Changes in
the dominant species among groups defined by
clustering over time and cluster membership of
plots between survey years were identified.
Dominant species were defined as the ~ two spe-
cies with the highest count of individuals in each
group defined by clustering (Fig. 2). Composi-
tional analyses were performed using the pack-
ages “vegan” version 2.4-1 and “labdsv” version
1.8-0 in R (R Development Core Team 2015,
Oksanen et al. 2016, Roberts 2016).

To examine trends in diversity from 2000 to
2010, species richness in each survey year was
calculated for plots in three ways: (1) for all
plant species, (2) for annual species only, and (3)
for introduced species only. These subsets of
annual and introduced species allowed us to
explore our hypotheses about their abilities to
respond to management release. To assess
potential sampling bias, species accumulation
curves were calculated; the curves showed satu-
rating behavior, illustrating that the survey plots
adequately represent the potential species rich-
ness in the landscape (Appendix S1: Fig. S1).
Analyses of species diversity were also con-
ducted using Shannon index, but direction of
results were comparable so we report species
richness results.

Table 1. Predictor variables used in best-fit generalized least-squares (GLS) regression of plant species richness;
model selected using Akaike’s Information Criterion (AIC).

Responses

Variables Predictors Total richness Introduced richness Annuals richness
Biophysical Precipitation, winter —0.01627 (0.02627) —0.01108 (0.01801) 0.01416** (0.00806)
Soil type 0.08332 (0.07679) 0.05880 (0.05309) 0.03114 (0.02377)

Survey year (residuals) 0.98498* (0.05390) 0.98277* (0.05940) 1.01986* (0.02531)

Socioeconomic Assessed value at foreclosure 0.00001 (0.00001) 0.00 (0.00) 0.00 (0.00)

Foreclosure density 0.02120** (0.01159) 0.01479** (0.00801) 0.00450 (0.00338)

Time since foreclosure 0.00318 (0.00682) 0.00216 (0.00470) 0.00154 (0.00207)

Time since land-use change 0.04350* (0.02086) 0.03021* (0.01427) 0.00776 (0.00569)

Year built 0.07840* (0.03456) 0.05373* (0.02381) 0.01272 (0.00981)

Notes: Estimated coefficients shown, with standard error given in parentheses. Level of significance denoted by asterisks

(*P <0.05, **P < 0.08).
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Fig. 2. Graphical representation of land-use cluster
transitions from 2000 (left) to 2010 (right) between
plant associations as defined by hierarchical cluster
analysis. The flows (left to right) indicate direction of
plot transitions among plant associations over time.
Number of plots transitioning among clusters across
survey years is represented by width of flows and
inset n-values. Approximate window of housing mar-
ket bubble is denoted by black horizontal arrow at
top-center, and bottom of housing market crash is
denoted by black vertical arrow at top-right. Uneven
plot numbers across years (39 in 2000, 45 in 2005, and
35 in 2010) resulted from access limitations.
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Biophysical and socioeconomic drivers of
residential vegetation diversity

After excluding highly correlated variables
(Pearson’s correlation >|0.6]), the following predic-
tors were included in regression models: assessed
value at foreclosure, density of foreclosures
nearby, soil type, time since foreclosure, winter
precipitation, year home was built, and time since
plot changed to residential land use (Table 1).
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For total plant species richness, we compared
models with and without temporal autocorrela-
tion structures and found considerable improve-
ment in model explanatory power with the
inclusion of a first-order autoregressive process
(AR[1]) in the model and partialing to control for
survey year (lower Akaike’s Information Criterion
[AIC] = A96). Foreclosure density, time since
land-use change, and year built had a significant
positive effect on total species richness (Table 1).
For introduced species (lower AIC = A80), fore-
closure density, time since land-use change, and
year built had a significant positive effect on total
species richness, while winter precipitation had a
non-significant negative effect (Table 1). For annual
species richness, a model with temporal autocor-
relation was again selected (lower AIC = A253)
and winter precipitation was the only significant
explanatory variable (Table 1).

Impact of biophysical and socioeconomic factors
on community composition

Plot species composition differed significantly
from year to year (P < 0.01). Inter-annual compo-
sitional variation was structured by home value,
winter precipitation, density of nearby foreclo-
sures, time since foreclosure, and year built
(Fig. 3). Plots were arrayed along the x-axis of
the CCA plot by the negatively correlated

e 2000
N 2005
A 2010
Home value
o -
Forecl densi
A Winter precip
T A‘ A
A A
Surv year A
]
| T T T T T T
-3 -2 -1 0 1 2

Fig. 3. Canonical correspondence analysis of resi-
dential survey plots as structured by biophysical and
socioeconomic disturbance variables.
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variables of increasing winter precipitation and
decreasing foreclosure density and time since
foreclosure. Along the y-axis, plots were arrayed
by the negatively correlated variables of increas-
ing value of home value and decreasing survey
year. In 2000, community composition was dri-
ven by low winter precipitation and low foreclo-
sures. Year 2005 plots were more often associated
with high-value foreclosed homes, low density of
nearby foreclosures, and high winter precipita-
tion. The composition of plots in 2010 was
strongly structured by lowest home values.

Changes in residential vegetation through the
housing boom—bust cycle

Combined across all years, residential vegeta-
tion surveys included a total of 611 plant species
(Appendix S1: Table S2). The total number of
species found in each survey year (gamma diver-
sity of the residential landscape) trended upward
from 2000 to 2005 to 2010 (Fig. 4). Site-level
annual species richness peaked in 2005, while
total and introduced species richness increased
each survey year (Fig. 4).

Richness (mean)
15 20 25

10

—— All
=< Introd
B Annuals
2000 2005 2010
Year

Fig. 4. Site-level plant species richness of growth
forms by provenance and longevity. Points are mean
species richness values of residential plots. Values
given for periods representing pre-recession (2000),
housing boom (2005), and post-recession (2010). Error
bars show 95% confidence intervals.
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Cluster analysis of plot composition in 2000
(PERMANOVA R = 0.073, P = 0.357, 999 permu-
tations) resulted in a group of “desert oasis”
plots, the largest group (n =27) identified by
clustering. This group of plots was dominated by
Washingtonia spp., a widely planted ornamental
palm (of a genus that is native to the region), and
introduced ornamental fruit trees (Citrus spp.;
Fig. 2). The “showy garden” group (n = 8) was
dominated by common ornamental garden spe-
cies, like roses (Rosa spp.) and lavender (Lavan-
dula spp.). Finally, a third group of “desert
ornamental” outlier plots (1 = 4) was dominated
by prickly pear cactus, Opuntia spp., a native
genus that is also used in landscaping, and the
introduced horticultural flower, Crocus spp.

Cluster analysis of plot composition in 2005
(PERMANOVA R = 0.027, P = 0.153, 999 permu-
tations) generated a “desert oasis” group (n = 31)
dominated by the small, native horticultural tree,
Acacia farnesiana, and the weedy introduced herba-
ceous forb Plantago sp. (Fig. 2). In 2005, the “desert
oasis” group incorporated five plots that had been
members of the “showy garden” group in 2000
(Fig. 2). Also in 2005, the “showy garden” group
incorporated seven plots that had been members
of the “desert oasis” group in 2000. The “showy
garden” plots (n = 10) were dominated by Leuco-
phyllum frutescens and Nerium oleander, both intro-
duced perennial species with horticultural value
and long-lived flowers. This group primarily com-
prised plots that had been associated with the “de-
sert oasis” and “desert ornamental” groups in
2000. Finally, a small group of “desert ornamen-
tal” outlier plots (n = 4) was dominated by the
native but often weedy shrub Isocoma acradenia.

For cluster analysis of 2010 (PERMANOVA
R =0.036, P=0.126, 999 permutations), most
plots remained in their 2005 cluster groupings,
but the dominant species that characterized these
groups changed (Fig.2). The “desert oasis”
group (n = 25) was dominated by Atriplex ele-
gans, a native but weedy saltbush shrub, and the
introduced ornamental tree/shrub, N. oleander.
The “showy garden” group (n = 6) was domi-
nated by Aloe vera and Lantana camara, both pop-
ular introduced ornamental species, and also
Nolina microcarpa, a native perennial related to
agaves that is often used as an ornamental.
Finally, the “desert ornamental” cluster consisted
of the same small group of plots (n = 4) as in
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Fig. 5. Plant species richness of growth forms for plant associations defined by hierarchical clustering.
Changes in plant species richness shown for (a) annual plant species only and (b) introduced species only. Values
given for periods representing pre-recession (2000), housing boom (2005), and post-recession (2010). Confidence

intervals (95%) shown by error bars.

2005, but dominants changed to the introduced
ornamental shrub Natal Plum Carissa macrocarpa,
and the native ornamental tree Palo Verde
Parkinsonia aculeata.

To assess how richness of annual plants and
introduced species changed through time, we
plotted the distribution of site-level species rich-
ness for groups defined by clustering for each
survey year (Fig. 5). Clusters 1 (desert oasis) and
2 (showy garden) included the majority of sur-
vey plots each year, with Cluster 3 (desert orna-
mental) consisting of fewer than five plots in
each year. For annual species (Fig. 5a), all groups
defined by clustering had peak richness in 2005,
where change in Cluster 3 was relatively small
compared to the majority of survey plots, and
annual species richness in this small group was
relatively stable across survey years. For intro-
duced species (Fig. 5b), richness in Clusters 1
and 2 again increased across survey years, while
introduced species richness in Cluster 3, the
small group of outliers, had extremely high vari-
ance, thus resulting in no significant trend over
time.

DiscussioN
We investigated the relative impact of the Great
Recession boom-bust episode and biophysical

drivers on urban residential plant communities.
We found that neighborhood foreclosure rates
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increased plant species richness, particularly for
introduced species (Table 1), consistent with our
predictions for socioeconomic mechanisms of resi-
dential vegetation dynamics. In contrast, annual
plant diversity responded positively only to ante-
cedent winter precipitation (Table 1), revealing
that annual plants as a functional group are not
decoupled from biophysical drivers. Foreclosures
and home value played a strong role alongside
winter precipitation in structuring overall compo-
sition of residential plant communities (Fig. 3).
We also found that composition and species rich-
ness shifted over the course of the housing boom
(pre-2000 to 2006) to housing bust cycle of the
Great Recession (2007 to post-2010; Figs. 2-5).
Our findings help resolve issues with predic-
tions of urban biodiversity under both socioeco-
nomic and biophysical pressures. Here, both
mechanisms act to structure urban plant commu-
nities, but differently among plant growth forms.
Socioeconomics have been shown to increase
urban vegetation diversity (Hope et al. 2003,
Grove et al. 2014), and while our study supports
those findings for total and introduced species
richness, they also show that its influence is com-
plex. For example, annual plant species were
greatly influenced by precipitation, and legacy
effects of land use and urbanization reflect the
potential for other socioeconomic or cultural vari-
ables to influence patterns of urban biodiversity.
Still, the contrasting responses among vegetation
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growth forms to socioeconomic and biophysical
drivers suggest that urban vegetation remains
coupled in surprising ways to ecosystem processes
in structuring plant distributions and dynamics.

Our study provides an example by which
socioeconomic disturbance can affect urban plant
diversity. However, rather than the Great Recession
driving residential vegetation change, we found
that the biggest vegetation change detected came
with the housing bubble rather than the bust. A
lag in response time required for the vegetation to
change could account for a smaller-than-expected
recession signal in the 2010 survey (Essl et al.
2015), so future surveys might reveal new patterns
of vegetation change following the boom-bust
cycle. Notably, the housing bubble rather than the
recession appeared to have a stronger effect on
plant community diversity and composition. The
foreclosure rate in 2010 was 39%, as contrasted
with average foreclosure rate of ~5% in previous
years (https://asunow.asu.edu/content/final-phoe
nix-area-foreclosure-numbers-2011), the result
being a more apparent “luxury effect” (Hope
et al. 2003) of the housing bubble, than the eco-
logical release of pioneer species we predicted to
occur when the bubble burst. Shifts in economic
and cultural factors accompanying the housing
bubble produced numerous land-use transitions,
reflecting preferences for lush desert oasis and
showy garden plants in landscape management
activities (Fig. 2). In response to the housing
boom, in 2005, a number of plots transitioned
from the “desert oasis” aesthetic to the “showy
garden” aesthetic and also from “showy garden”
to “desert oasis.” The plots that transitioned to or
remained in the “showy garden” cluster were
generally newer homes (built ~1988-1990 vs.
~1974-1978) with higher home value (A$106K
higher) and larger home size (A650 ft* larger)
than plots in the “desert oasis” cluster in 2005.
These results suggest an increasing disparity in
landscaping vegetation, separating smaller,
lower-value homes with less yard biodiversity
from larger, higher-value homes with more yard
biodiversity (Figs. 2 and 5).

During wet years in water-limited desert sys-
tems, increases in precipitation typically lead to
increases in productivity. However, previous
research has shown that managed vegetation can
be decoupled from the influence of precipitation
(Buyantuyev and Wu 2012). We found that
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socioeconomic factors successfully predicted total
and introduced plant species richness, but impor-
tantly, winter precipitation was an equally strong
predictor of annual plant species richness
(Table 1). This increase in richness was evident
across all site types, regardless of cluster associa-
tion (Fig. 5a). Rather than coupling with the hous-
ing boom-bust cycle, annual plant species were
instead highly correlated with antecedent precipi-
tation, much like behaviors of native desert
annual communities. In urban settings, wet condi-
tions that otherwise increase abundance of weeds
likely lead to efforts to suppress them (e.g., Bac-
charis sarothroides, Cynodon dactylon, Lactuca ser-
riola; Appendix S1: Figs. S2 and S4), promoted
rapid reproduction of annual plants in response
to the short-term pulse of precipitation. High sea-
sonal precipitation that occurred in the months
prior to the 2005 field survey (Appendix S1:
Fig. 52) could promote an increase in vegetation
productivity and diversity (Hall et al. 2011, Mul-
house et al. 2017). In our study, an increase in
annual plant species richness corresponded to the
high precipitation period surveyed in 2005. This
increase in richness was evident across all site
types, regardless of cluster designation (Fig. 5a).
Annual plants are adapted to reproduce quickly
giving them the ability to respond to short-term
pulses in precipitation.

Higher diversity of annual species in 2005 could
also be due to the housing bubble (Appendix S1:
Fig. S3). The bubble provided additional eco-
nomic resources for landscape plantings of orna-
mental annuals, but also provided opportunities
for weedy annuals in neighborhoods cleared for
development with individual properties in vari-
ous stages of construction. Alternatively, an
increase in annual weeds could have been due to
lots being cleared for development during the
housing boom. However, the diversity of intro-
duced species did not increase over the same time
period (Fig. 5b), nor did total plant species rich-
ness (Fig. 4). Instead, environmental and eco-
nomic conditions resulted in richness gradually
increasing from 2005 into 2010 for all species and
for introduced species (Fig. 4), with the lowest
total and introduced species richness occurring on
plots classified as outliers for their species compo-
sition (Fig. 5b). This could have resulted from
yard preferences or homeowner’s association
rules and norms, though this explanation is less
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likely for household preferences (Larsen and Har-
lan 2006, Yabiku et al. 2008, Larson et al. 2009).
Also, in a stable or booming human-managed sys-
tem, increases in spontaneous vegetation due to
high precipitation likely result in increases in
management activities like weeding, causing
lower-than-expected introduced species richness
(Fig. 4) and lower abundance of select weedy spe-
cies (Fig. 3).

Faeth et al. (2011) suggested that households
may prefer to include a wide variety of plants in
their yards, regardless of provenance of the plant
species, so underlying preferences may in fact
tend toward greater diversity rather than native
diversity. We found, however, that plant com-
munity composition during the housing boom in
2005 was most similar to vegetation found at
affluent outlier clusters—clusters whose compo-
sition was dominated by ornamental plants
native to the Sonoran Desert. One possible
explanation for this finding is that personal pref-
erences tend toward yards with more native
ornamentals, with households able to afford
native ornamentals in 2005, but not in 2000 and
2010 when boom-time economics were not in
play. Future research into landscaping prefer-
ences among various neighborhoods and demo-
graphic groups would further clarify this finding
(e.g., Uren et al. 2015).

Here, we have shown that although people
heavily manage and design urban landscapes, a
socioeconomic disturbance—like the recent hous-
ing boom-bust of the Great Recession—can be a
socioeconomic driver of changes in plant com-
munity richness and composition. Additionally,
in an arid urban ecosystem, precipitation remains
important to annual species abundance, reinforc-
ing the premise that urban vegetation diversity is
partially coupled to biophysical drivers despite
human constraints on biophysical processes of
cities. Undertakings that aim to maintain or
increase urban biodiversity for ecosystem ser-
vices and human well-being need to systemati-
cally approach the effects of socioeconomic
fluctuations on urban flora. A key direction in
our continued efforts to build urban ecological
theory and develop a broader understanding of
urban vegetation dynamics will include testing
these findings across globally distributed cross-
site comparisons in older and newer, mesic and
arid, and growing and shrinking cities.
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