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Introduction: Integrated social and ecological processes shape urban plant communities, but the temporal dynamics and potential for change in these managed communities have rarely been explored. In residential yards, which cover about 40% of urban land area, individuals make decisions that control vegetation outcomes. These decisions may lead to relatively static plant composition and structure, as residents seek to expend little effort to maintain stable landscapes. Alternatively, residents may actively modify plant communities to meet their preferences or address perceived problems, or they may passively allow them to change. In this research, we ask, how and to what extent does residential yard vegetation change over time?

Methods: We conducted co-located ecological surveys of yards (in 2008, 2018, and 2019) and social surveys of residents (in 2018) in four diverse neighborhoods of Phoenix, Arizona.

Results: 94% of residents had made some changes to their front or back yards since moving in. On average, about 60% of woody vegetation per yard changed between 2008 and 2018, though the number of species present did not differ significantly. In comparison, about 30% of woody vegetation changed in native Sonoran Desert reference areas over 10 years. In yards, about 15% of woody vegetation changed on average in a single year, with up to 90% change in some yards. Greater turnover was observed for homes that were sold, indicating a “pulse” of management. Additionally, we observed greater vegetation turnover in the two older, lawn-dominated neighborhoods surveyed despite differences in neighborhood socioeconomic factors.

Discussion: These results indicate that residential plant communities are dynamic over time. Neighborhood age and other characteristics may be important drivers of change, while socioeconomic status neither promotes nor inhibits change at the neighborhood scale. Our findings highlight an opportunity for management interventions, wherein residents may be open to making conservation-friendly changes if they are already altering the composition of their yards.
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Introduction

Cities globally are rapidly expanding, with most urban land under human management (Foley et al., 2005; Seto et al., 2011). Management choices in public and private spaces can improve biodiversity outcomes and human wellbeing (Dearborn and Kark, 2010; Hartig et al., 2014). In particular, management of urban plant communities can increase the provision of cultural services, wildlife habitat, and cooling services (Jenerette et al., 2011; Nesbitt et al., 2017). As interest in these ecosystem services grows, understanding how and why urban land managers, including individual residents, incorporate new plant communities or change existing ones will inform ways to increase biodiversity and other service provision in urban areas.

Natural plant communities are dynamic, changing randomly or directionally over time through processes of disturbance and succession, as well as in response to trophic interactions and other environmental drivers (Clements, 1916; Pickett et al., 2009; Pulsford et al., 2016). Urbanization also changes vegetation communities, including through slow, continued species loss over time following the initial effects of land conversion, for example from native desert or forest to a new residential subdivision (Nowak and Walton, 2005; Rogers et al., 2009; Walker et al., 2009; Dolan et al., 2011; Ziter et al., 2017). Changes within urban land uses alter vegetation, as with modifications to greenspace size or shape over time (reviewed in Gaston et al., 2013) or land abandonment and revitalization (Pearsall and Christman, 2012; Johnson et al., 2018). The temporal dynamics of urban tree cover have been well studied relative to other types of vegetation, with declining canopy cover over time recorded in many cities (Nowak and Greenfield, 2012, 2018; Roman et al., 2017, 2018; Guo et al., 2018; Smith et al., 2019). However, the extent to which urban plant communities experience changes in composition outside of land-use conversion effects has rarely been evaluated.

Residential yards compose 25%–40% of land area in cities (Loram et al., 2007; Mathieu et al., 2007), and in the United States, they represent a homogeneous, continental-scale macrosystem with relatively similar biophysical properties compared to natural ecosystems (Groffman et al., 2017). However, individual management decisions made by residents (i.e., homeowners or renters who reside in a home) influence local-scale ecological outcomes, such as plant resources available to support wildlife. Numerous studies have addressed the range of attitudinal and social-economic forces driving land manager decisions in urban, residential, and other private land-management contexts, and the ways these decisions shape existing landscapes (Larson et al., 2010; Drescher et al., 2017; Wheeler et al., 2020). However, the extent to which land manager decisions drive temporally dynamic urban plant communities over time has not been evaluated.

Following what we know about individuals’ landscape management choices, residents may manage their yards to maintain structural and compositional consistency over time to align with local norms and individual preferences. Residents overwhelmingly manage yards to maintain a neat, esthetically pleasing appearance (Larson et al., 2009; Nassauer et al., 2009; Larson and Brumand, 2014), which requires regular maintenance such as pruning and replacement of dead plants. Additionally, residents tend to prioritize low-maintenance yard landscaping, suggesting that they may choose to expend minimal effort by maintaining existing vegetation rather than choosing new plants (Martin et al., 2003; Larson et al., 2009; Conway, 2016). If residents manage yards for structural consistency over time and a consistent community composition, they may replace removed plants with the same species or type of vegetation, resulting in little change over time. Normative pressures and regulations that enforce yard conformity with the neighborhood may also prevent major vegetation change and require upkeep of consistent landscaping (Nassauer et al., 2009; Blaine et al., 2012; Hunter and Brown, 2012). These social pressures are particularly influential in the visible front yard, where neighbors are perceived as more likely to view and critique yard management choices (Zmyslony and Gagnon, 1998; Hunter and Brown, 2012). For example, the normatively prescribed residential lawn requires the maintenance of a consistent composition, height, and color (Robbins, 2007; Burr et al., 2018), reducing variability or change.

In addition to normative pressures, neighborhood and resident characteristics may impact the ways in which yard vegetation changes over time. Socioeconomic status is a well-established predictor of residential plant diversity and abundance (Hope et al., 2003; Grove et al., 2014; Avolio et al., 2015; Gerrish and Watkins, 2018; Leong et al., 2018) and is also related to tree survival (Roman et al., 2014; Ko et al., 2015). Neighborhoods with greater financial resources could have less dynamic vegetation because residents are able to maintain consistent plant communities over time. Conversely, they may have more dynamic vegetation, because residents can afford to make potentially expensive changes like adding and removing trees. In older, established neighborhoods, the decisions of previous residents continue to influence present-day landscapes, while in newer neighborhoods developer decisions may be particularly impactful (Larson et al., 2017; Roman et al., 2018). These contextual factors are likely to impact the extent to which vegetation remains static through time.

While residents may manage for consistency, evidence also suggests that yard landscaping experiences significant shifts over time. For example, yards in the Phoenix metropolitan area have changed from lawn-dominated landscape types to low water-use landscapes over the past several decades (Frost, 2016). This change has been gradual compared to a similar transformation in California wherein lawns were removed in response to drought, short-term water restrictions, and lawn replacement programs (Pincetl et al., 2019). Additionally, residential plant communities have changed in response to economic disturbances resulting in home foreclosures and reduced management (Ripplinger et al., 2017). Change over time is also indicated by the increasing degree to which residential yards match resident preferences with longer duration of residence in the home (Kendal et al., 2012a). Research on environmental behaviors and the persistence of habit has identified a window of opportunity for change in the 3 months following residents moving into homes, suggesting the possibility of rapid change in yard characteristics when a home is sold (Verplanken and Roy, 2016). Thus, it is clear that social, ecological, and climatic disturbances are able to provoke change in urban vegetation, as they do in natural landscapes (Collins et al., 2011).

Understanding the ways in which managed urban vegetation compares to dynamic natural communities requires a social-ecological approach. To structure our exploration of how managed urban plant communities change over time, we considered change and disturbance as characterized in two ways: long-term, chronic change (“presses”), and short-term, discrete change (“pulses”), which can include both ecological and social elements (Supplementary Figure S1; Collins et al., 2011). Examples of press disturbances within a residential yard context include shifts in dominant norms and landscape fashion, climate change, and household demographic change. Pulse disturbances include damage from storms or other discrete events, changes in the land manager through home sales or rental turnovers, abrupt shifts in household economic condition or leisure time through changes in employment, and changes in incentive or regulatory structures around residential yard management. All of these disturbances could affect yard plant community composition, either by testing the stability of the landscape if maintained for consistency, or by provoking small management events (e.g., planting or removing a single plant) or large management events (e.g., re-landscaping an entire yard). While ecological disturbance events may act directly on the plant community (e.g., trees blown down during a storm or killed by pests), social disturbances act indirectly through either pulse or press changes in management behavior.

In this paper, we ask four questions about change over time in residential yard vegetation:

1. How much do residents change their yard landscaping?

2. How dynamic are yard plant communities as a result, in comparison to natural plant communities?

3. To what extent does change occur as “pulses” of change in response to discrete disturbances?

4. How do neighborhood-scale characteristics impact yard vegetation dynamics?

To address these questions, we conducted a paired social and ecological survey of residential yards in four neighborhoods of Phoenix, Arizona. We evaluated front yard woody plant community turnover between 2008, 2018, and 2019 to characterize patterns of vegetation change, and compared turnover with resident-reported characteristics. We compared turnover in residential yards to turnover in surrounding desert communities to contextualize our findings within the local natural landscape.



Materials and methods


Study area and sample selection

Phoenix, Arizona is located in the Sonoran Desert in the southwestern United States. Annual rainfall is low in this semi-arid region and summer temperatures are high, with an annual average of 20 cm of precipitation and 109 days over 100°F (38°C; NOAA, 2019a,b). The Phoenix–Mesa–Scottsdale metropolitan area is currently among the fastest growing cities in the United States (U.S. Census Bureau, 2019). With rapid population growth has come rapid development, previously on agricultural land but increasingly on newly converted desert. Phoenix has historically been considered an oasis in the desert, with abundant grassy landscaping despite its arid context (Hirt et al., 2008). However, alternative desert-like xeric yards are increasingly common, especially in new developments (Larsen and Harlan, 2006; Walker et al., 2009; Frost, 2016). Due to the changing characteristics of new construction and the rapid influx of people, the city of Phoenix may be more likely to experience landscape change over time than other cities.

We sampled yards within four neighborhoods located along a north-to-south transect in the city of Phoenix (see Larson et al., 2010; Larson and Brumand, 2014; Wheeler et al., 2022a). Neighborhoods were originally selected as part of the Central Arizona-Phoenix Long-Term Ecological Research (CAP LTER) Phoenix Area Social Survey project (Larson et al., 2010, 2017), with boundaries defined by 2000 U.S. Census block groups.

The four neighborhoods used in this study were selected to represent different combinations of socioeconomic status and dominant landscape type. Two sampled neighborhoods had primarily mesic-type landscaping with mowed turfgrass lawns and two were primarily xeric, and in each of these landscape groupings one neighborhood had higher median income and educational attainment and one lower (Table 1, Figure 1). Due to the historic grassy character of Phoenix and the more recent shift to desert-like landscaping, the two mesic neighborhoods are also older than the xeric neighborhoods (Table 1). Notably for this study, one neighborhood (“Historic Palms District”) is a designated historic district, and in the early to mid 1900s was considered the “best and most exclusive residential district in Phoenix… highly restricted… occupied by the more affluent business and professional men” (Nelson et al., 2020). Thus, this neighborhood has a long history of affluence and privilege not shared by the other three neighborhoods. Current historic protections restrict visible architectural change to the homes. Palm trees (Washingtonia spp.) are maintained in the strip of lawn between the sidewalk and road in this neighborhood, but other vegetation is not restricted by the historic designation. However, strong normative pressures to maintain historic character (including lawns) have been observed in this particular neighborhood (Larson and Brumand, 2014).



TABLE 1 2018 social survey respondent demographics by neighborhood, and neighborhood demographics from the 2010 U.S. Census and the 2017 American Community Survey for the most closely overlapping census tract for each sample neighborhood.
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FIGURE 1
 Photos of six yards included in this study, from 2018. (A) Old Hispanic Core mesic yard; (B) Old Hispanic Core bare yard; (C) New Xeric Tracts xeric yard; (D) Historic Palms District mesic yard; (E) Wealthy Mountain Oasis oasis yard; (F) Wealthy Mountain Oasis xeric yard.


Within each selected neighborhood, we randomly chose ~100 parcels to sample using Maricopa County Tax Assessor records. We obtained the construction year and last sale date for each chosen parcel from tax assessor records. We also calculated front yard area for each parcel using ArcGIS to match Tax Assessor-defined parcel boundaries with 2005 aerial photos (0.3 m resolution) and 2009 satellite images from Google Maps. Front yards were manually outlined to calculate yard area (Table 1).

We sampled front yard vegetation in 2008 and 2018 to measure change over a period of 10 years, and again in 2019 to capture the rate of change in a single year. 428 parcels were sampled in 2008 (April–August), 417 of these parcels were resampled in 2018 (May–June) and 100 parcels were sampled a third time in 2019 (September). In 2018, we also surveyed residents to understand their yard management behavior and attitudes. Some parcels were not resampled because they could not be definitively relocated or were inaccessible at the time of sampling.



Resident social survey

To address our first research question, we surveyed residents to understand the extent to which they had changed their front and back yards, relative to their duration of residence in the home. In June 2018, we contacted 425 of the 428 households for which vegetation was surveyed in 2008 (omitting three households with 2008 addresses that could not be uniquely identified). Each household received a printed survey booklet, stamped and addressed return envelope, and cover letter with English on one side and a Spanish translation on the other side. Letters included instructions to request a Spanish language survey. Households were sent a follow-up postcard 1 week after the survey was mailed to thank respondents and remind others to return the survey. As an incentive for participation, 15 $25 Visa gift cards were raffled among respondents, detailed in the cover letter. A total of 105 surveys were completed and returned, yielding a response rate of 25.7% (excluding 16 surveys returned as vacant or undeliverable; Table 2).



TABLE 2 Social and vegetation survey sample sizes by neighborhood.
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In the survey, we asked residents how long they had lived in the home and the extent to which they had made changes to the front and back yard. Responses were (1) I have made no changes; (2) I have made a few changes; (3) I have made a lot of changes; and (4) I have completely redone my yard. We also asked whether residents had planted or removed any trees.



Residential vegetation surveys

To address our second, third, and fourth research questions, we surveyed front yard vegetation in 2008, 2018, and 2019. Front yards were surveyed from the front sidewalk or from the street where there was no sidewalk. We did not enter the property unless invited by the resident. Vegetation in the strip of ground between the front sidewalk and the street, where present, was not considered as part of the front yard (Supplementary Figure S2). For each yard, we determined the overall yard typology and inventoried yard vegetation. Based on previous research (Larsen and Harlan, 2006; Larson et al., 2009), the yard typologies were broad classes defined as: mostly grass with some trees and other plants (“mesic”), some grass and some crushed rock with or without trees and other plants (“oasis”), mostly crushed rock with desert-like trees and other plants (“xeric”), mostly patio area with trees and other plants in pots (“paved”), and mostly bare dirt with little vegetation (“bare”; Figure 1).

Due to our focus on change over a 10-year period, the difference in seasonal timing of 2019 sampling, and our sidewalk survey method, our sampling focused on perennial vegetation only, omitting herbaceous and grass species as they may be replaced on much shorter time scales (e.g., annual flowers which have often died before our 2008 and 2018 summer sampling period). We included all trees, shrubs, cacti and other succulents, and vines, as well as some perennial subshrubs, such as Asparagus densiflorus, Asclepias subulata, Canna × generalis, and Strelitzia sp. (hereafter, “woody plants”; Supplementary Table S1).

We identified front yard woody plants to the lowest possible taxon from the front sidewalk using gross morphological features and knowledge of locally available horticultural species. Individuals of each species were counted and recorded, which was possible due to the relatively low density of planting in most yards (Figure 1). Field team leaders from 2008, 2018, and 2019 compared plant survey methods to ensure consistency in sampling effort. Although we identified many individuals to species in the field, we conducted analyses at the genus level due to the difficulty of consistently distinguishing common cultivars and hybrids. Some individuals were left as unknowns (4%–5% of woody individuals per year) if they could not be seen well enough to identify, often for plants that were small, recently pruned, far from the front sidewalk, or lacking visible identifying characteristics. Photos of each unknown taxon in 2018 were checked against the 2008 species list for the yard to confirm that they were not any species present in 2008. In 2019, we re-surveyed yards using the 2018 species list in the field and recording species abundance and any changes in composition.

Species nomenclature follows The Plant List (2013), with the exception of the common palo verde tree, which was consistently identified as Parkinsonia sp. although some species are classified in The Plant List as Parkinsonia and some as Cercidium.



Reference vegetation surveys

To contextualize our findings, we used vegetation data from the CAP LTER Ecological Survey of Central Arizona conducted in 2005 and 2015 (Childers et al., 2018). The sampling effort included vegetation surveys in ~200 30 m × 30 m sampling plots distributed in a stratified random pattern across metropolitan Phoenix. We included only plots which were sampled in both years with the same dominant land use type: urban, to evaluate whether the sampled residential yards represent urban land uses more broadly, or native Sonoran Desert, to compare against natural vegetation turnover rates. Urban land uses included residential, industrial, commercial, open (i.e., golf courses, parks, and vacant land), and transportation uses (i.e., highways, roads, and airports). This resulted in a total of 94 plots (37 desert, 57 urban). In each survey, all trees and other perennial vegetation within the plot were identified to species and the number of individuals was recorded.



Residential yard analysis

One parcel with a returned social survey was excluded from the vegetation data due to inability to view the entire front yard. An additional returned survey had no sample ID and so could not be linked with vegetation data. Three yards with returned social surveys could not be resurveyed in 2019. Thus, a total of 100 parcels had the complete dataset of 2008, 2018, and 2019 vegetation data and 2018 social survey responses, 103 parcels had 2008 and 2018 vegetation data with social survey responses, and 416 parcels had vegetation data for 2008 and 2018 (Table 2). All data are available online (Wheeler et al., 2022b). All analyses were conducted in R, version 3.6.1 (R Core Team, 2019).

Survey respondents were primarily homeowners, with relatively high income and education compared to census demographics (Table 1). Therefore, caution should be taken in broadly generalizing resident-reported change. However, front yard vegetation change was measured in a representative sample of the four focal neighborhoods, and thus these measures include a broad range of resident and parcel characteristics (Table 1).

To find vegetation community change over time (hereafter “turnover”), we calculated Bray–Curtis dissimilarity for each yard against itself from 2008 to 2018 (10-year dissimilarity) and from 2018 to 2019 (1-year dissimilarity). Dissimilarity was calculated at the genus level for woody plants only, excluding unidentified individuals, and is a conservative estimate of change given that replacement of an individual with a new individual in the same genus would not be considered a change. Results for Bray-Curtis and Jaccard dissimilarity showed comparable trends (Supplementary Table S2); therefore, only Bray–Curtis dissimilarity is reported here. To compare our residential front yards with natural vegetation and broader urban vegetation, we compared trees, shrubs, succulents, and vines at the genus level between reference surveys in 2005 and 2015 and calculated 10-year Bray–Curtis dissimilarity.

We compared the distributions of dissimilarity values for residential front yards between time periods with a two-sample Kolmogorov–Smirnov test using the ks.test function. We also compared the dissimilarity distribution of desert reference plots with urban reference plots and with our residential front yards using a two-sample Kolmogorov–Smirnov test.

In addition to dissimilarity metrics, we calculated the generic richness of each yard as the number of unique woody genera present in order to test for changes in diversity over time. We conducted a Student’s t-test using the t.test function to test whether change in generic richness of yards differed significantly from zero over the 10-year and 1-year periods.

To evaluate the impact of pulse changes and address our third research question, we considered two pulse-type changes that we expect to result in high plant community turnover in residential yards: change in yard typology and change in ownership. Yard typology change came from our field survey classifications and largely reflected change in dominant groundcover type (i.e., lawn, crushed rock, bare dirt, or paving). Change in ownership was obtained from tax assessor most recent sale dates obtained at the time of field surveys in 2018. We compared Bray–Curtis dissimilarity for yards that had or had not changed typology or ownership between 2008 and 2018 using ordinary least squares (OLS) regression. We also compared neighborhoods in this model to test whether vegetation turnover differed by neighborhood, and included an interaction between typology change and neighborhood to determine whether differences in neighborhood dominant typology and socioeconomic status altered the effect of typology change (e.g., typology change may more often correspond with large-scale planting in wealthier neighborhoods). We also compared generic richness by neighborhood and year (2008 and 2018) using a two-way ANOVA with Tukey post-hoc test. OLS model residuals were normally distributed (Shapiro–Wilk test, p = 0.3). We ran a Tukey post-hoc test for pairwise comparisons of neighborhoods following OLS modeling.




Results


RQ1: Reported yard change

Most surveyed residents reported having made at least a few changes to their front yard (~75% of respondents) or back yard (~90%) since moving into their home, and only 6% of respondents reported having made no changes to either the front or the back yard (Figure 2). Respondents who had lived in the home for <5 years had made only slightly fewer changes than the overall sample, with 66% reporting changes to the front yard and 79% to the back yard. Considering the tree community alone, over 60% of respondents had both planted and removed at least one tree since moving into their home, and 16% had neither planted nor removed a tree.

[image: Figure 2]

FIGURE 2
 Reported amount of change made to the (A) front yard and (B) back yard in the time the respondent had lived at their current home (shown by shades of gray). N = 102.




RQ2: Amount of vegetation change in residential front yard and reference plant communities

The mean Bray–Curtis dissimilarity of a front yard with itself between 2008 and 2018 was 0.58 for all woody vegetation (equivalent to 58% turnover; median = 0.60; Figure 3). Only 3 yards (0.7% of sample) had the same vegetation composition in both years, while 33 yards (8% of sample) experienced complete turnover. Measured dissimilarity for yards across 2008 and 2018 was somewhat higher where residents reported having made more changes, though this difference was not statistically significant (Supplementary Figure S3).

[image: Figure 3]

FIGURE 3
 Bray–Curtis dissimilarity of woody vegetation at the genus level in residential yards and in desert and urban plots surveyed as part of the Ecological Survey of Central Arizona. Panels show dissimilarity in (A) residential yards from 2008 to 2018; (B) residential yards from 2018 to 2019; (C) desert plots from 2005 to 2015; and (D) urban plots from 2005 to 2015. Dissimilarity of 1 indicates complete turnover of the woody plant community. Red lines show mean dissimilarity values for each panel. Distributions differ significantly (Two-sample Kolmogorov–Smirnov test; A–B: p < 0.0001; A–C: p < 0.0001; A–D: p = 0.0003; C–D: p < 0.0001; B–C and B–D not tested).


Yard plant richness did not significantly change from 2008 to 2018 (t-test, p = 0.13, N = 416), with a median of seven woody plant genera per yard in both years. There was also no significant change in richness from 2018 to 2019 (t-test, p = 0.09, N = 100), with a median of eight woody plant genera in both years.

The genera that experienced the greatest decline in abundance from 2008 to 2018 were all common garden plants found in the area: Carissa (all Carissa macrocarpa, natal plum), Nerium (all Nerium oleander, oleander), Leucophyllum (multiple species and cultivars), and Bougainvillea (Bougainvillea spectabilis and cultivars, bougainvillea) all declined by more than 100 individuals in 2018 compared to 2008 (Supplementary Figure S4). The genera that increased most in abundance were typical of xeric, low water use landscaping, with at least 100 more Aloe and Agave individuals in 2018 compared to 2008.

In a single year, yards experienced 18% turnover on average, significantly lower than over a 10-year period (Two-sample Kolmogorov–Smirnov test with 100 resampled yards only, D = 0.66, p < 0.0001; Figure 3). However, few yard plant communities remained exactly the same between 2018 and 2019, with only 7% of yards experiencing no change in woody plant composition (Figure 3). Meanwhile, 5% of yards experienced over 50% turnover during this single year.

Urban reference sites experienced 73% woody vegetation turnover in a 10 year period on average, significantly higher than our measured residential yards (Two-sample Kolmogorov–Smirnov test; D = 0.30, p = 0.0003; Figure 3). Desert reference woody plant communities had only 30% community turnover in a 10-year period, significantly lower than both urban reference plots (Two-sample Kolmogorov–Smirnov test; D = 0.75, p < 0.0001; Figure 3) and our sampled residential yards (Two-sample Kolmogorov–Smirnov test; D = 0.52, p < 0.0001).



RQ3: Influence of pulse changes

Out of our sample of 416 yards, 138 were sold between 2008 and 2018 and 98 experienced a change in yard typology (based on dominant ground cover type). 27% of yards that were sold also changed typology, and 38% of yards that changed typology were also sold (37 yards with both changes). Vegetation turnover was higher in yards that experienced these “pulse” changes than in those that did not (Table 3, Figure 4). Yards with changes in typology (e.g., mesic lawn to xeric or bare) experienced significantly higher turnover of woody vegetation compared to yards that did not change typology (OLS; p = 0.002), and homes that had sold in the period from 2008 to 2018 also experienced greater turnover (OLS; p < 0.0001).



TABLE 3 Predictors of Bray–Curtis dissimilarity for front yard vegetation communities from 2008 to 2018, including interactions between neighborhood and typology change.
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FIGURE 4
 Bray–Curtis dissimilarity of woody vegetation at the genus level for front yards from 2008 to 2018 that have or have not changed ownership or typology from 2008 to 2018. Panels show yards that experienced (A) neither a change in ownership nor a typology change; (B) change in ownership but not typology; (C) change in typology but not ownership; and (D) change in both ownership and typology. Red lines show mean dissimilarity values for each panel.




RQ4: Neighborhood comparisons

Turnover differed by neighborhood, with greater vegetation community dissimilarity over time in the two older and primarily grassy neighborhoods (Old Hispanic Core and Historic Palms District) compared to the newer and primarily xeric neighborhoods (Table 3, Figure 5). Paired neighborhoods with the same dominant landscape type but different socioeconomic characteristics (i.e., Old Hispanic Core vs. Historic Palms District, and Wealthy Mountain Oasis vs. New Xeric Tracts) did not differ significantly in vegetation turnover (Figure 5). Change in yard typology resulted in significantly less vegetation turnover in the Old Hispanic Core compared to the Wealthy Mountain Oasis (OLS; p = 0.008; Table 3).
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FIGURE 5
 Change in Bray–Curtis dissimilarity of woody vegetation at the genus level by neighborhood from (A) 2008 to 2018 and (B) 2018 to 2019. Annotations above boxes indicate significant differences in dissimilarity between neighborhoods, as determined by Tukey test following OLS modeling. Box colors show the neighborhood dominant typology, either mesic (lawn-dominated) or xeric (desert-like). Neighborhood median income increases along the x-axis.


While genus richness did not change over time, it was significantly lower in the two lower-income neighborhoods (Old Hispanic Core and New Xeric Tracts) compared to the two higher-income neighborhoods (Two-way ANOVA with Tukey post-hoc test; Figure 6; Supplementary Table S4).

[image: Figure 6]

FIGURE 6
 Woody generic richness by neighborhood in 2008 and 2018. Annotations below boxes indicate significant differences in richness between neighborhoods and years, as determined by Tukey test following two-way ANOVA (Supplementary Table S4). Neighborhood median income increases along the x-axis.





Discussion

The residential yard plant communities compared in this study experienced high rates of change relative to natural landscapes, with residents altering even the long-lived woody components of their yards on a decadal and annual time scale. Nearly all residents reported making changes, even those who had not lived in the home for very long, and the measured woody plant communities in their front yards showed the impact of this active management. In a 10-year period, the front yard woody plant communities experienced nearly twice as much turnover as natural desert communities. While previous literature has highlighted the importance of normative pressures and desires for low maintenance in resident landscaping decisions, which we expected to result in low turnover, we did not find static plant communities over time. Instead, we found highly dynamic communities.

One potential explanation for high turnover in the residential plant community compared to native desert is higher plant mortality in cities compared to native ecosystems. Higher urban mortality may be due to the combination of residents’ actions and urban conditions. The unique stressors of the urban environment—such as compacted soil, overwatering, and increased prevalence of disease (Scharenbroch et al., 2005; Tubby and Webber, 2010; Cook et al., 2012; Roman et al., 2014)—can lead to heightened mortality, which could lead residents to replace plants. In addition, urban work has documented relatively short lifespans for trees, especially for street trees (Roman and Scatena, 2011; Widney et al., 2016; Smith et al., 2019). In other studies, residents who removed trees most often reported that the reason to do so was that the tree was dead or in poor health (Conway, 2016; Avolio et al., 2018). Thus, while we did not track individual plant mortality, we expect high mortality of urban woody plant communities is likely a key driver of turnover.

High turnover could also result from residents choosing to plant or remove vegetation regardless of plant health, in response to local norms, personal preferences, or conflict with the desired use of a space (Larson et al., 2009; Kendal et al., 2012b; Kirkpatrick et al., 2013; Conway, 2016). In Phoenix, xeric landscaping is broadly replacing lawns in support of water conservation (Frost, 2016). Thus, the observed removal of typical landscape shrubs like natal plum and oleander, and increase in succulents like aloe and agave, likely reflects a shift in overall landscape trends. While all four of the declining shrubs are drought tolerant and grow well in dry Phoenix landscapes, they are often found in mesic, grassy landscapes as well as more xeric ones. Likewise, aloe species and many agave species planted are not native to the Sonoran Desert, but as succulents may better fit residents’ imagined desert palette for low water use, low maintenance landscapes. The reduction in common shrubs and increase in select succulent genera suggests a slow shift in landscaping fashion over time. Further research should explore the relative importance of mortality and resident choice as mechanisms to explain the high turnover observed.

The pulse events of home sale and yard typology change each increased vegetation turnover in residential yards, supporting the idea that social-ecological pulse events can drive change over time. Additionally, a small number of yards experienced high turnover in a single year, suggesting the occurrence of a pulse of management. This evidence shows the importance of pulse events as another driver of the overall high turnover observed. We also expect that ecological pulse disturbances such as severe storms would result in increased turnover (Conway and Yip, 2016). The impact of pulse disturbances indicates a window of opportunity for yard change, wherein conservation messages such as encouraging residents to plant drought-tolerant or biodiversity-supporting vegetation may be more impactful if aligned with disturbances such as home sales.

Residential vegetation turnover was high, but yard diversity did not significantly change over the year or decade. The relative stability of total genus richness in combination with the observed community turnover suggests that replacement of plants with different taxa is most common, with a similar level of diversity maintained over time in most yards. While yards have not become more diverse over time, they also have not lost species. Thus, inequitable distributions of urban biodiversity throughout an urban area, such that lower income communities are often associated with lower biodiversity, may persist over time in spite of high turnover, at least on a decadal time scale (Clarke et al., 2013).

We found that turnover patterns can be partially explained by neighborhood characteristics, such as dominant landscape type and neighborhood age, but the mechanisms driving change in different neighborhoods deserve more study. The two older, lawn-dominated mesic neighborhoods in our study had higher vegetation turnover than did the two newer, xeric neighborhoods. Neighborhood contexts, including home age and local governance, have often been identified as important predictors of vegetation diversity, density, and cover (Hope et al., 2003; Lowry et al., 2012; Clarke et al., 2013; Aronson et al., 2014). In this study, dominant neighborhood landscape type and neighborhood age covaried, and either factor could drive the observed higher turnover in the mesic, older neighborhoods. One explanation of higher turnover in the mesic-style neighborhoods could be greater planting of species that match the lush character of the landscaping but are unsuitable for the desert climate, leading to high mortality. Alternatively, neighborhood age could drive the observed turnover pattern if replacement of older, outdated landscaping or oversized vegetation leads to greater vegetation change (Kirkpatrick et al., 2013). Regardless of the mechanism, higher turnover in these grassy neighborhoods indicates that the normatively prescribed consistent management of residential lawns does not extend to static management of woody plant communities in these yards. Similarly, the historic restrictions on change in the Historic Palms District did not prevent turnover in the woody plant community. Additional research to distinguish the factors driving change would clarify whether these mechanisms both contribute to turnover or whether one is dominant.

Our findings suggest that while wealthier neighborhoods and residents may have more plant diversity, as expected based on the luxury effect (Hope et al., 2003; Gerrish and Watkins, 2018), a wide range of neighborhoods experience high vegetation turnover. Thus, change is not dependent on residents making expensive updates to their yard landscaping, nor does it arise primarily through neglect and natural turnover. However, similar rates of change may obscure different types of change. For example, typology change in the Old Hispanic Core neighborhood was often of lawn to bare dirt as lawns were allowed to die, which could result in death of other nearby vegetation as well. Meanwhile, in the Historic Palms District, typology conversions were usually of lawn to xeric landscaping, which likely included planting of new desert species. Both instances involve high vegetation turnover, but for different reasons and with different outcomes. Further characterization of the types of change that are dominant in different urban contexts and whether they lead to meaningful shifts in plant community function or ecosystem service provision is an important next step in describing vegetation dynamics in urban spaces.

In this study, we considered only vegetation in residential front yards. However, we expect that patterns of vegetation turnover may be higher in private back yards. Most of our survey respondents reported having made changes to the front yard, but even more had changed the back yard. Management in front and back yards may differ due to the influence of normative pressures and resident use of public front compared to private back yards (Larsen and Harlan, 2006; Nassauer et al., 2009; Larson and Brumand, 2014; Locke et al., 2018; Ossola et al., 2019), which could affect vegetation turnover if dying plants are more quickly removed or replaced in the front, or if desired changes can be more freely made in the back. Additionally, front yards may be constrained by formal regulations, especially for yards regulated by homeowners’ associations (Martin et al., 2003; Harris et al., 2012; Turner and Stiller, 2020). While we did not specifically address the effect of normative constraints or formal regulations in this study, future work comparing front and back yard rates of vegetation change would be well suited to explore the effects of social norms and front yard regulations that may alter vegetation management behavior.

We examined vegetation turnover in a single, semi-arid city and over one long and one short time period, but suggest that these results may be broadly generalizable. Cities in a more mesic environment may see vegetation turnover rates more similar to their respective natural environments, if the urban environment is less extreme in terms of temperature and water availability. However, a study of tree mortality in Boston rural forests compared to urban street trees found much higher mortality among street trees (Smith et al., 2019) and another study estimated average street tree lifespan across a range of cities at 28 years (Roman and Scatena, 2011). These findings suggest that urban vegetation in a variety of climates experiences stressors leading to greater mortality rates. Our study was conducted from 2008 to 2018, a time period corresponding with a major economic downturn (2008–2009). Other research in this region showed vegetation responses to this large-scale event and linked vegetation change to changing economic conditions (Ripplinger et al., 2016, 2017). While we expect that this economic event also influenced our sample sites, we further show non-zero turnover in the year from 2018 to 2019, revealing that vegetation change is not a unique feature of the 2008–2009 period of economic instability. Thus, we suggest that the dynamic community we observed is not unique to this time and place, although further research in other contexts should seek to validate these conclusions.


Research implications

To date, few studies have investigated change over time in urban vegetation outside of urban forestry and land use change. This study highlights fruitful avenues for future work, including exploring how home sales and other major management changes drive turnover in urban plant communities; investigating shifts in urban plant composition over time toward native plants or plants that are perceived as locally appropriate; the role of plant mortality and urban conditions in shaping community dynamics; the generality of the patterns in turnover observed here across climates and types of urban land use; and the impacts of high vegetation turnover on urban ecosystem service provision.

Further research into the drivers of the high plant turnover observed here will help guide actions to harness vegetation change for positive outcomes. Techniques to reduce turnover caused by mortality from poor management, such as educational campaigns and young tree care assistance, can promote increased canopy cover and ecosystem service provision by larger, older trees (Roman et al., 2015). Resident interest in biodiversity support and habitat creation could be put into action through educational and normative efforts to direct change toward expanding ecosystem service provision (van Heezik et al., 2020; Larson et al., 2022). Further research distinguishing the mechanisms driving change and the qualitative nature of changes made over time should inform future incentives, regulations, and programming aimed at driving change in residential landscapes (Pincetl et al., 2019; van Heezik et al., 2020).

In continued research on residential yards, particular attention should be paid to historically disadvantaged communities that may live in neighborhoods with less vegetation, may hold differing values or preferences for yard vegetation, and may be underrepresented in sampling efforts (Landry and Chakraborty, 2009; Yue et al., 2012; Heberlein, 2013; Kirkpatrick et al., 2013). External factors such as plant cost and availability, incentivization programs, and local regulations interact with internal drivers including social norms, personal values, and personal capabilities to shape the paths from preferences to outcomes. With a better understanding of these pathways, conservation measures can direct resident behaviors toward positive change for biodiversity and human wellbeing outcomes, including equitable access to the benefits provided by urban vegetation.
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