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residents (Beecham and Lucke 2015; Donovan and Butry 
2010; Landry and Chakraborty 2009; Mullaney et al. 2015; 
Soares et al. 2011; Turner-Skoff and Cavender 2019; Wolf et 
al. 2020). Additionally, urban street trees can serve as habi-
tats for various species, increasing species biodiversity in 
urban ecosystems (Pataki et al. 2021). While tree health is 
impacted by many abiotic and biotic factors (Hilbert et al. 
2018), herbivory in particular can have large consequences 
for tree growth, success, and survival (Crawley 1989). On 
average, plants suffer greater effects from invertebrates than 
from vertebrate herbivores (Bigger and Marvier 1998). 
While most damage from an individual herbivorous insect 
may be minor, collectively they can have a substantial 
impact, even at low densities (Kozlov and Zvereva 2018). 
Foliar herbivory directly removes tissue, which decreases 
leaf area and limits photosynthetic capabilities, alters 
growth, causes leaf abscission, can induce costly defenses, 
and can make leaves vulnerable to pathogens (Björkman et 
al. 2008; Kozlov et al. 2012, 2014; Marquis and Whelan 
1994; Nabity et al. 2009; Welter 1989; Zangerl et al. 2002). 

Introduction

Street trees are key components of many urban ecosys-
tems. In particular, street trees provide valuable ecosystem 
services to their surrounding environment through envi-
ronmental, economic, and social benefits for their city’s 
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Abstract
Urbanization has increased wealth disparity within the United States, impacting the urban landscape and species interac-
tions. In particular, the interactions between street trees and the arthropod communities that live among them may be mod-
ified by both human population densities across urban to suburban locations, as well as income levels within these areas. 
We examined the effect of land use type (urban vs. suburban) and median household income on variation in leaf damage 
and arthropod abundance of red maples (Acer rubrum) in the District of Columbia metropolitan region. We compared 
these levels of leaf damage to rates observed in a nearby temperate deciduous forest. We predicted leaf damage would be 
positively correlated with urbanization (forested < suburban < urban) and negatively correlated with neighborhood income 
level (low > medium > high). Instead, we observed higher levels of leaf damage on trees in the forest environment com-
pared to the urban and suburban areas. Leaves from urban medium and high-income areas were less likely to exhibit 
herbivore damage than those from suburban areas. Of the leaves with damage, those in urban high-income and suburban 
low-income areas exhibited the most leaf area missing. These trends may be related to specific factors associated with 
urbanization and income level, such as impervious surface coverage and tree coverage. This study highlights differences 
in biotic interactions across individual neighborhoods and the importance of including socio-economic variables when 
examining species interactions in urban environments.
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This damage is further propelled as decreased photosynthe-
sis can lead to reduced bud development and production of 
smaller leaves, creating a positive feedback loop by pro-
viding less support to subsequent buds, resulting in shorter 
shoots the following growing season (Zvereva et al. 2012). 
Thus, understanding the effects of foliar insect herbivory on 
urban street trees is essential for promoting their health and 
long-term maintenance.

Previous research shows conflicting patterns related to 
herbivore abundance and herbivory rates on trees in urban 
settings, with some finding that urban trees experienced 
higher levels of insect herbivory relative to rural habitats 
(Cuevas-Reyes et al. 2013; Turrini et al. 2016), while oth-
ers found decreased herbivory in urban environments (Bode 
and Gilbert 2015; Herrmann et al. 2012; Kozlov et al. 2017; 
Moreira et al. 2019). Thus, there is little evidence for a uni-
versal increase in herbivore abundance or species richness 
along urbanization gradients, although guild-specific trends 
have been identified (Raupp et al. 2010). For example, 
Raupp et al. (2010) found that small arthropods with suck-
ing mouthparts, limited mobility, and multiple generations 
on the same host plant generally increase along an urbaniza-
tion gradient. Although urbanization’s effect on street trees’ 
herbivory have been studied across several cities (Moreira 
et al. 2019), no studies have considered how economic fac-
tors within urban areas may impact herbivory.

While President Franklin D. Roosevelt’s 1932 New Deal 
program attempted to boost the U.S. economy during the 
Great Depression, it resulted in lasting effects on the racial 
and socioeconomic makeup of communities; redlining 
and restricting people of a certain race or class to specific 
neighborhoods became common (Hillier 2003, Appel and 
Nickerson 2016). Due to historic redlining, communities 
within cities can vary significantly in features and charac-
teristics, including impervious surface cover, green space, 
and the presence and community composition of street trees 
(Burghardt et al. 2023; Chakraborty et al. 2019; Hoffman et 
al. 2020; Hsu et al. 2021; Nardone et al. 2021). These envi-
ronmental differences across income gradients within a city 
suggest that generalizations of plant-herbivore interactions 
across an entire city may not accurately reflect interactions 
within specific neighborhoods, and that a more nuanced 
approach to examining these dynamics across neighbor-
hoods with different income levels may be important.

Red maple (Acer rubrum) is native to and ubiquitous 
across the eastern United States (Walters and Yawney 
1990). Red maple is a popular street tree species planted 
for its generalist nature and ability to grow in a range of 
soil conditions (National Wildlife Federation 2021), and as 
such research on red maples in an urban context is wide-
spread. For example, red maples in North Carolina are nega-
tively impacted by urban warming (Dale and Frank 2014a, 

b) due to increased fecundity, abundance, and survival of 
the gloomy scale (Melanaspis tenebricosa) (Dale and Frank 
2017). However, few studies have examined damage from 
leaf chewing insect herbivores on red maple in urban envi-
ronments, and none in the context of variation in neighbor-
hood income.

In this study, we examined 1800 red maple leaves to 
determine whether herbivory varies along an urbaniza-
tion gradient and across income levels within urbanization 
types in the D.C. metropolitan area. We compared herbivo-
rous insect chewing damage on leaves of red maple in the 
urban District of Columbia and suburban Montgomery 
County, Maryland, with the temperate deciduous forest of 
the Smithsonian Environmental Research Center (SERC) in 
Edgewater, Maryland as a natural reference site. We pre-
dicted that leaf damage would be positively correlated with 
urbanization (urban > suburban > forested). We also exam-
ined whether income level within the urban and suburban 
areas relates to leaf damage or arthropod abundances. We 
predicted a negative relationship between arthropods abun-
dance and neighborhood income levels, with arthropod 
abundance and herbivory being inversely related to income 
(low > medium > high income).

Methods

Study sites

The D.C. Metropolitan area encompasses the District of 
Columbia (D.C.) and surrounding Maryland and Virginia 
suburban areas. Here we focus on sites in the District of 
Columbia, Montgomery County, Maryland and Anne Arun-
del County, Maryland. We selected study sites based on red 
maple presence and then categorized these sites based on 
green space, percent pavement cover, and income (Table 1) 
as urban (District of Columbia), suburban (Montgomery 
County), and the temperate deciduous forest on SERC’s 
campus (Anne Arundel County). D.C. features many com-
mon metropolitan characteristics such as a dense road 
network and many large buildings. Using this anecdotal 
knowledge, we then quantified the difference between area 
types (urban versus suburban) using impervious surface 
and tree coverage (extracted from the National Land Cover 
Database, 2019). Excluding SERC, our study sites with 
more than 50% impervious surface coverage and less than 
50% tree coverage were classified as urban, and vice versa 
for suburban areas. Within the urban and suburban loca-
tions, we chose three neighborhoods to span median house-
hold income levels (Fig. 1; Table 1). We used census data 
(2022) to determine the median household income of each 
census block. We then assigned neighborhoods as high, 
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middle, or low-income based on census-designated income 
brackets typical for each region (Montgomery County, MD 
and D.C.) (Table 1). Within D.C. (urban), we included the 
Anacostia (low-income), Brightwood (middle-income), and 
Georgetown (high-income) neighborhoods. In Montgomery 
County (suburban), we chose the White Oak (low-income), 
Rockville (middle-income), and Travilah (high-income) 
neighborhoods. We used three sites within the 2650-acre for-
ested grounds of the Smithsonian Environmental Research 

Center (Anne Arundel County, Maryland) as a natural forest 
(low-human impact) reference (Fig. 1).

Study species

We chose red maple as a study species, as it is abundant 
across land-use types in the study region and the Northeast 
United States. In July of 2021, we sampled 10 red maple 
trees at each of our 9 study sites (N = 90 trees across all 

Table 1  Table of neighborhood characteristics for each of the six human-dominated study sites
Smithsonian 
Environmen-
tal Research 
Center

Anacos-
tia [Urban, 
Low-Income]

Brightwood 
[Urban, 
Mid-Income]

Georgetown 
[Urban, 
High-Income]

White Oak 
[Suburban, 
Low-Income]

Rockville 
[Suburban, 
Mid-Income]

Travilah 
[Suburban, 
High-Income]

Area (sq mi) 21.3 1.6 0.9 1.1 5.2 0.7 11.9
Population Size1 NA 4,086 11,823 9,495 19,426 3,281 5,800
Median Household 
Income1

NA $53,501 $77,055 $178,756 $104,580 $124,821 $250,001

Percent Below Poverty 
Level1

NA 21.6% 11.6% 8.9% 10.1% 3.9% 1.4%

Tree Coverage2 69% 34% 21% 30% 53% 56% 63%
Impervious Surface 
Coverage2

3% 50% 60% 62% 27% 20% 7%

1American Community Survey 5-year estimates (U.S. Census Bureau 2022)
2National Land Cover Database (Dewitz & U.S. Geological Survey, 2021)

Fig. 1  Map of the greater Washington, DC area with neighborhood 
study sites colored based to income level (yellow, low; medium, 
orange; high, navy blue). Urban sites were all within the Washington, 

DC boundaries, depicted by the black square line. Suburban sites were 
in the surrounding area and the temperate deciduous forest in Edgewa-
ter, Maryland is depicted with a star
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Leaf collection

We collected twenty leaves from each sample tree (N = 1800 
leaves in total), with five leaves collected within each of 
the four quadrants of each tree. We used a 30-foot extend-
able pole pruner, to randomly select leaves from branches at 
various heights and different distances from the tree’s trunk 
to provide a comprehensive sample of each entire tree. To 
ensure the leaves suffered no additional damage after col-
lection, we placed all collected leaves in bags labeled by the 
site/tree number, stored in a cooler for transport to the lab, 
and kept refrigerated until processing.

We recorded percent damage due to herbivory for all 
sampled leaves using the LeafByte application (Getman-
Pickering et al. 2020). We took photos of all leaves within a 
week of collection and uploaded them to LeafByte. In some 
cases, when large sections of the leaf were missing, we made 
an educated guess of the original outlines of the leaf, and the 
percent missing was then calculated with this supplemented 
information. In addition, we took great care to ensure only 
chewing herbivory was considered. We excluded instances 
of tissue loss due to fungal infection, tearing, wind, or sun 
damage from the total percentage using the exclude feature 
in the LeafByte application.

Statistical analysis

We completed all statistics in R version 4.1.3 (R Core Team 
2022). Leaf damage data were continuous, over-dispersed, 
and highly zero-inflated. As such, we conducted two-stage 
mixed-effects models using the lme4 package (Bates et al. 
2015) to examine the effects of (a) land use type, includ-
ing all data from forest, suburban, and urban sites, and (b) 
interactive effects of land use and income for the suburban 
and urban sites only. These two-stage models consisted of 
first examining the probability of observing zero values for 
percent leaf damage using logistic regression with a bino-
mial distribution (Campbell 2021; Young et al. 2022) using 
the lme4::glmer() function, and including either (a) land use 
for models that did not include income (comparing urban, 
suburban, and forest) or (b) land use by income interactions 
for models that did include income (comparing urban and 
suburban neighborhoods) as fixed factors and tree identity 
as a random effect. Then we examined the non-zero con-
tinuous data using a second model using the lme4::lmer() 
function with log-transformed percent leaf damage as the 
dependent variable, land use or land use by income interac-
tions (as described above), as appropriate, as fixed factors, 
and tree identity as a random effect. Damage data were log-
transformed to improve normality of the non-zero values.

Chewing herbivore, piercing herbivore, and preda-
tor count data were over-dispersed and zero-inflated. We 

sites). We selected trees haphazardly, ensuring no directly 
neighboring trees were sampled. Due to differences in land 
use history at each site, there was some variation in tree size 
and age both within and among sites. We attempted to con-
trol for this by choosing healthy, mature trees with no signs 
of signs of disease and fully developed canopies, that were 
at least 10 cm in diameter at breast height (DBH) but with 
lower canopies no more than 8 m from the ground. At the 
rural site, we were more limited in tree selection as trees 
were either very large with inaccessible canopies, or smaller 
than most of the trees sampled in urban and suburban sites. 
Because of this constraint, more of the trees sampled at rural 
sites fell closer to the lower size limit than in urban and sub-
urban sites. For each sample tree, we visually divided the 
canopy into four quadrants for sampling the arthropod com-
munity (urban and suburban sites) and herbivorous insect 
foliar damage (all sites).

Arthropod collection

Within the urban and suburban sites, we used a 
91.44 × 91.44 cm beat sheet to collect arthropods from each 
of the four quadrants of each sample tree. We used a 30-foot 
pole to beat the branches in each quadrant for 15 s (1 min 
total per tree). Sampling in quadrants allowed us to ensure 
that the beat sheet was under the area of tree being beaten, 
without disturbing other areas of the canopy before they 
could be sampled. Arthropods that fell from the tree were 
collected from the beat sheet using an aspirator and placed 
into labeled collection tubes. Total arthropod abundance per 
tree was based on the summing of abundances found in each 
quadrant. Arthropods were not sampled from the forest sites 
due to the general smaller size of these trees, as we could 
not collect a full sample of each quadrant without disturbing 
the entire tree.

We sorted arthropods into leaf chewing vs. piercing her-
bivores and predators based on broad taxonomic groupings 
using protocols developed by the Herbivory Variability 
Network (The Herbivory Variability Network et al. 2023). 
Chewing herbivores identified included: grasshoppers/
crickets/katydids (Orthoptera), caterpillars (Lepidoptera), 
and herbivorous beetles (Coleoptera: Chrysomelidae, Elat-
eridae). Piercing herbivores identified included: hoppers 
(Hemiptera: Cicadellidae, Membracidae), aphids (Hemip-
tera: Aphidae), thrips (Thysanoptera), mirids (Hempitera: 
Miridae), whiteflies (Hemiptera: Aleyrodidae), mealybugs 
(Hemiptera: Pseudococcidae), and scale insects (Hemiptera: 
Coccoidea). Predators identified included: wasps (Hyme-
noptera), spiders (Araneae), assassin bug (Hemiptera: Red-
uviidae), and predatory beetles (Coleoptera: Coccinellidae, 
Staphylinidae).
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1.23% ± 0.12%). Despite these average trends, urban and 
suburban leaves were more likely to experience very high 
levels of leaf damage (Figs.  2 and 8 urban leaves and 13 
suburban leaves experienced greater than 20% damage, 
compared to only 4 forest leaves with such high damage val-
ues). However, the small sample size of leaves with extreme 
damage makes this trend difficult to statistically compare.

When considering only the urban and suburban sites, 
income significantly interacted with land use to impact per-
cent leaf damage (Fig. 3). Specifically, a significantly higher 
probability of no damage was observed for urban leaves in 
medium and high-income neighborhoods than urban low-
income neighborhoods, and suburban low and high-income 
neighborhoods were less likely to have no damage leaves 
than urban neighborhoods of any income level (Fig.  3; 
x2 = 10.66, df = 2, p = 0.005). When considering leaves with 
damage, leaves from suburban high-income and urban low-
income neighborhoods had significantly greater damage 
than leaves from all other neighborhoods (Fig. 3; x2 = 37.41, 
df = 2, p < 0.001; means ± standard errors were as follows, 
Suburban Low: 0.78% ± 0.13%, Suburban Medium: 0.59% 
± 0.10%, Suburban High: 1.56% ± 0.25%, Urban Low: 
1.83% ± 0.35%, Urban Medium: 0.70% ± 0.16%, Urban 
High: 0.54% ± 0.13%).

Arthropods abundance by area type and income

Across the urban and suburban sites, there was a signifi-
cant interactive effect of land use and neighborhood income 
on invertebrate chewing herbivore (Χ2 = 19.32, df = 2, 
p < 0.001), invertebrate piercing herbivore (Χ2 = 217.00, 

analyzed these data for the suburban and urban sites only 
using the glmmTMB::glmmTMB() function (Brooks et al. 
2017), including land use by income interactions as fixed 
factors, tree identity as a random effect, either chewing 
herbivore, piercing herbivore, or predator abundance as a 
dependent variable, and using a single zero-inflation param-
eter and a negative binomial distribution (Payne et al. 2018).

Results

Leaf damage by area type and income

Roughly 35% (635 of 1800 leaves) of leaves sampled expe-
rienced no damage. Land use significantly affected the 
incidence of leaf herbivory, with a significantly higher prob-
ability of no damage on urban leaves than suburban leaves 
and the lowest probability of no damage on forest leaves 
(Fig.  2; x2 = 227.24, df = 2, p < 0.001). Of the leaves with 
any damage, most damage values were low, with 45% (526 
leaves) of damaged leaves having less than 1% damage and 
an additional 53% (614 leaves) of damaged leaves having 
between 1 and 20% damage. When considering leaves with 
damage, urban and suburban leaves had significantly lower 
average percent damage than forest leaves (Fig. 2; x2 = 8.07, 
df = 2, p = 0.018; means ± standard errors were as follows, 
Urban: 0.89% ± 0.12%, Suburban: 0.93% ± 0.09%, Forest: 

Fig. 3  Distribution of leaf damage values observed across land use 
types stratified by neighborhood income level. Lowercase letters along 
the bottoms of the distributions represent significant differences in the 
probability of occurrence of zero leaf damage among neighborhoods, 
while uppercase letters along the tops represent significant differences 
in the mean percent damage of leaves where damage was observed. 
N = 200 leaves per category. See Table 1 for median household income 
for each neighborhood

 

Fig. 2  Distribution of leaf damage values observed across land use 
types. Lowercase letters along the bottoms of the distributions repre-
sent significant differences in the probability of occurrence of zero leaf 
damage among neighborhoods, while uppercase letters along the top 
represent significant differences in the mean percent damage of leaves 
where damage was observed. N = 600 leaves per land use type
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potentially overcrowding of arthropods on individual trees 
(Mullu 2016). Similarly, habitat fragmentation and physical 
barriers (buildings) may make it difficult for many arthro-
pod species to migrate among trees in urban environments 
(Fenoglio et al. 2021). For example, Penone et al. (2013) 
found that mobile Orthopterans were more sensitive to 
increased impervious surface cover (barriers between habi-
tat fragments) compared to sedentary species. These factors 
could result in increased competition between urban-dwell-
ing arthropods if fewer habitats are present and accessible 
(Harrison and Bruna 1999; Nee and May 1992; Wilson et 
al. 2016), while a higher number and density of trees in the 
suburbs could promote arthropod survival and abundance.

In addition to reduced habitat availability, habitat qual-
ity may also be lower in urban areas compared to the sub-
urbs. Streets and sidewalks confine urban street trees into 
small regulated grids that reduce nutrient and water uptake 
by limiting space and increasing soil compaction (Dale and 
Frank 2014b). This nutrient and water stress impacts street 
tree health, including reduced gas exchange rates, increased 
xylem embolism, and subsequent cavitation within vascular 
tissue (Savi et al. 2015; Sperry and Tyree 1988). Changes in 
tree quality may in turn impact the herbivorous insects feed-
ing on them. For example, armored-scale insect survival and 
abundance declines with increasing water stress on street 
trees (Cockfield and Potter 1986; Hanks and Denno 1993). 
Altogether the increased number of herbivorous insects on 
street trees in suburban areas compared to urban areas in our 
study might be due to underlying drivers of habitat quantity 
(impervious surface coverage and tree cover) and quality.

We found that the incidence of leaf damage on street 
trees was significantly lower than in the nearby temper-
ate deciduous forest, with more non-damaged leaves in 
urban > suburban > forest areas. This result is consistent 

df = 2, p < 0.001), and predator abundances (Χ2 = 124.69, 
df = 2, p < 0.001). Specifically, chewing herbivore abun-
dances were lowest in the urban areas, intermediate in the 
suburban low and medium-income neighborhoods, and 
highest in the suburban high-income neighborhood (Fig. 4). 
Piercing herbivore abundances were lowest in the urban 
and suburban low-income neighborhoods, intermediate in 
the urban medium and high-income neighborhoods, and 
highest in the suburban medium and high-income neigh-
borhoods (Fig. 4). Predator abundances were lowest in the 
urban low-income neighborhood, intermediate in the urban 
medium and high and suburban low and medium-income 
neighborhoods, and highest in the suburban high-income 
neighborhood (Fig. 4).

Discussion

Overall, we found higher abundances of arthropods, 
including chewing and piercing herbivores and predators, 
in suburban locations than in urban areas, indicating that 
urbanization might decrease arthropod abundance. One 
might say there are more “bugs in the ‘burbs” (in the United 
States, burbs is a colloquial term for suburban areas and 
by bugs we mean specifically chewing herbivores). Our 
research adds to the literature, which demonstrates conflict-
ing patterns of insect abundances across urbanization gra-
dients, with guild specific trends (Raupp et al. 2010). One 
factor that may have impacted herbivore abundance in our 
study is the difference in habitat availability between urban 
and suburban locations. Our suburban sites had almost two 
times the tree coverage compared to the selected urban 
areas (Table 1). The lower tree coverage in the urban sites 
may have resulted in decreased habitat availability, and 

Fig. 4  Distribution of (left) chewing herbivore, (center) piercing herbi-
vore, and (right) predator abundance values observed across land use 
types stratified by neighborhood income level. Lowercase letters rep-

resent significant differences in the insect abundances across neighbor-
hoods. Note the differences in scale of the y-axis across panels. N = 10 
trees per category
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forest trees, especially considering that wooded areas sur-
round the neighborhood. High herbivory rates may stem 
from a “spillover effect” of herbivorous insects from nearby 
forested areas (Blitzer et al. 2012). Although residents in the 
urban low-income site have the lowest median household 
income in our study, their neighborhood has the highest tree 
coverage and lowest impervious surface of the three urban 
D.C. sites (Table 1). The urban low-income site in our study 
has multiple parks within and adjacent to the neighborhood, 
making it similar to the suburban high-income site. This 
green space could explain the similarity in rates of herbiv-
ory on street trees between the urban low-income and sub-
urban high-income site, as the same mechanism of spillover 
could be responsible.

Street trees play important roles in urban and suburban 
areas and variations in herbivory can impact the ecosystem 
services street trees provide humans. Urbanization results in 
more buildings and paved roads, contributing to the urban 
island heat effect (Arnfield 2003; Freedman 1995; Oke and 
Maxwell 1975; Price 1979) and increased runoff of pol-
lutants (Haughton and Hunter 2004). Vegetated areas with 
plants and street trees help lower temperatures (Armson et 
al. 2012) and absorb runoff (Bolund and Hunhammar 1999). 
Considering all the benefits urban street trees provide resi-
dents, especially to those in low-income neighborhoods, it is 
important to understand the ecology of street trees in subur-
ban and urban ecosystems. While the scope of our study and 
results are restricted to the D.C. metropolitan area, our work 
contributes to a growing body of literature demonstrating 
that urbanization, neighborhood income, and related factors 
(e.g., impervious surface and tree canopy coverage) may 
influence plant-insect interactions. Future research should 
expand on this work and consider how the unique landscape 
characteristics of cities that are driven by income disparities 
impact arthropod abundance and herbivory. Understanding 
the specific mechanisms driving differences in plant-herbi-
vore interactions across income levels in urban ecosystem 
can help better inform street tree management in the future.
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with recent research (Bode and Gilbert 2015; Herrmann et 
al. 2012; Kozlov et al. 2017; Moreira et al. 2019; Schuel-
ler et al. 2019), which has found decreased insect herbivory 
with increasing urbanization, thus contributing to a grow-
ing body of literature that contradicts past findings that 
herbivory increases with urbanization (Cuevas-Reyes et al. 
2013; Dreistadt et al. 1990; Raupp et al. 2010). Further, the 
lower incidence of leaf damage in urban areas compared to 
suburban areas in our study correlates with our observed 
decreases in chewing herbivores in our urban sites com-
pared to our suburban sites.

The low levels of herbivory in urban areas in our study 
might be attributed to bottom-up controlling factors com-
mon to urban environments. Irrigation and pruning result 
in foliage with increased nitrogen and decreased secondary 
defense compounds (Raupp et al. 2010), while increased 
carbon dioxide and nitrogen levels are associated with 
lower defense levels (Moreira et al. 2019). Fossil fuel pol-
lution from transportation, runoff due to high impervious 
surface coverage (e.g., middle-income urban site and high-
income urban site with around 60% impervious surface 
cover), or direct fertilizer application all lead to increased 
nitrogen content of plants (Nikula et al. 2010; Searle et al. 
2011, 2012). Counterintuitively, this increased leaf qual-
ity in urban areas may lead to lower levels of herbivory, as 
herbivores can each consume less per capita and still fulfill 
their nutritional needs (Kozlov et al. 2017; La Pierre and 
Smith 2016).

Our study adds a layer of complexity to the existing liter-
ature by investigating the impacts of neighborhood income 
on leaf damage and arthropod abundances. In addition to 
differences across the urbanization gradient, we observed 
significant interactive effects of neighborhood income with 
urbanization for both insect abundance and leaf damage. 
Specifically, we found the fewest chewing and piercing 
herbivores in low-income areas (urban and suburban), fol-
lowed by urban medium- and high-income areas, and finally 
suburban medium- and high-income areas had the highest 
herbivore abundances. Similarly, the fewest predators were 
found in urban low-income areas and the most in suburban 
high-income areas. While we found more non-damaged 
leaves in the urban medium and high-income areas, when 
excluding zero-damage leaves, we surprisingly found simi-
lar average amounts of damage across the income spectrum: 
suburban high-income and urban low-income areas both 
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