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Urbanization is a major driver of global species loss. While cities with suitable habitats
and conservation policies may support locally-high biodiversity levels, we suspected that
the complexity of managing very large cities might counteract the advantage of large
geographic area, and these cities may be less effective at biodiversity conservation.
To answer this, we examined the relationship between the number of native indicator
wildlife species (mean and maximum) in 112 cities across three metropolitan areas in
Callifornia (Los Angeles, San Diego, and San Jose), with metrics related to scale and
environmental variables. We found that indicator species richness is positively related
to area, income (the luxury effect), and pervious cover—including trees, shrubs, and
grasses. Despite having a high maximum number of indicator species within their
boundaries, the largest cities in our study, Los Angeles, San Jose, and San Diego,
do a relatively poor job compared with smaller cities at distributing native biodiversity
throughout neighborhoods, as measured by their mean species richness. Such variation
in “neighborhood biodiversity” may exacerbate existing inequities in residents’ access
to nature. Using Los Angeles County as a case study, we compared biodiversity
management within the County’s 88 cities of various sizes and characteristics. We
ranked General Plan wording in terms of references to biodiversity and conservation and
created a management metric. We found that municipalities of various sizes that had
high management scores generally had high indicator species richness. This suggests
that robust policies may be able to overcome the challenges posed by city size
and population.

Keywords: urban ecology, scale, distribution, equity, urbanization, urban ecosystem, biodiversity

INTRODUCTION

Globally, metropolitan areas continue to grow in size (Grimm et al., 2015). Los Angeles County
(L.A. County) alone spans over 4,753 miles squared (1.2M ha), a land area equivalent to four
Yosemite National Parks. The City of Los Angeles, by far the largest in L.A. County with four
million people, has set a goal of no net loss of biodiversity by 2050 (https://plan.lamayor.org/targets/
targets_plan.html). It faces major challenges in implementation, including budgetary challenges
and complex governance—a conundrum shared by most cities (Pregitzer et al., 2020). Biodiversity

Frontiers in Conservation Science | www.frontiersin.org 1

October 2021 | Volume 2 | Article 734931


https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org/journals/conservation-science#editorial-board
https://www.frontiersin.org/journals/conservation-science#editorial-board
https://www.frontiersin.org/journals/conservation-science#editorial-board
https://www.frontiersin.org/journals/conservation-science#editorial-board
https://doi.org/10.3389/fcosc.2021.734931
http://crossmark.crossref.org/dialog/?doi=10.3389/fcosc.2021.734931&domain=pdf&date_stamp=2021-10-27
https://www.frontiersin.org/journals/conservation-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/conservation-science#articles
https://creativecommons.org/licenses/by/4.0/
mailto:dan@cooperecological.com
https://doi.org/10.3389/fcosc.2021.734931
https://www.frontiersin.org/articles/10.3389/fcosc.2021.734931/full
https://plan.lamayor.org/targets/targets_plan.html
https://plan.lamayor.org/targets/targets_plan.html

Cooper et al.

Neighborhood Biodiversity

loss shows no sign of slowing (Wilting et al., 2017; McDonald
et al., 2019), and understanding how cities of various sizes and
settings support and manage biodiversity will be key in achieving
conservation goals in the coming decades (Spotswood et al.,
2021). Urban biodiversity often depends on the maintenance
of often overlooked “informal open space,” for example, in
unprotected fragments of undeveloped land behind houses, along
rail lines, highway verges, and vegetated storm drain channels
(Faeth et al., 2011). These areas are now understood to be critical
to conserving biodiversity within urban areas (e.g., Beninde
et al., 2015; Wintle et al., 2019) but are often not addressed in
management plans.

Uchida et al. (2020) presented a framework for understanding
urban biodiversity conservation and management at different
scales. The authors point to the ongoing development of
“novel ecosystems” in highly-urbanized areas which demand
that “alternative management goals should be applied to large
cities that recognize these new dynamic realities.” At the same
time, the biodiversity of cities is strongly influenced by their
ecological setting (Spotswood et al., 2021), making generalizing
across biomes challenging. We suggest that larger cities may
be able to support high levels of diversity, yet may ultimately
fail to protect their own biological resources due to population
pressure overwhelming management resources. This failure to
protect biodiversity in cities robs its populace of the health and
wellness benefits of access to nature (see Panlasigui et al., 2021).

We examined how scale interacts with species richness by
characterizing and comparing levels of biodiversity, as measured
by wildlife indicator species richness, in individual cities within
three separate metropolitan areas in the state of California
(Los Angeles, San Diego, and San Jose). Further, we used
municipalities within Los Angeles County as a case study to
demonstrate how scale relates to the management of biodiversity
across cities of different sizes in similar ecological settings, by
examining the General Plans and policies related to biodiversity.
We explored how “success” in biodiversity conservation scales
with city size (area), population, degree of urbanization (as
defined by % pervious cover), and other factors.

MEASURING BIODIVERSITY IN URBAN
AREAS

We used an indicator species framework (Siddig et al., 2015)
of 17 widespread, easily-identifiable native terrestrial wildlife
species characteristic of natural communities of California.
Several of these also occur in suburban and urban settings
with some natural habitat, including in the wildland areas
that surround each of our focal metropolitan regions (refer to
Supplemental Material for list and description of species). We
do not treat non-native species as part of biodiversity, because
they largely do not contribute to global biodiversity in the same
way as native species (Pauchard et al., 2018). We downloaded
confirmed, geo-referenced sightings from the Global Biodiversity
Information Center (GBIF) submitted between January 1, 2016
and April 23, 2021, and overlaid a 1km x 1km grid across
each city in each of three metropolitan areas within the

California Floristic Province, Los Angeles (n = 88 cities; 98,226
observations), San Diego (n = 18 cities; 72,115 observations), and
San Jose (n = 14 cities; 94,433 observations), to calculate both
the mean count of indicator species in each grid cell (within each
city), as well as the maximum count of indicator species for each
city. We term these variables “mean richness” and “maximum
richness” throughout.

SPECIES RICHNESS AND SCALE

Incorporating the “Urban Biodiversity Assessment Framework”
introduced by Li et al. (2019), we used public databases
to assemble independent variables that we hypothesized
would explain patterns of indicator species richness
(Supplementary Table 2). We demarcated four variables
that were associated with “city scale,” including total (city) area,
human population, human population density, and median
income; and five variables that we categorized as “environmental
variables,” including the percent cover of agriculture, water, tree,
shrub/grass, and pervious surface (see Supplementary Table 3
for values of selected variables).

To understand relationships of scale and environmental
variables with mean and maximum richness (dependent
variables), we fitted linear-mixed models, with “County” as
a random effect (random shift in the intercept based on
County status) to account for sources of variation that were
not attributable to our dataset (e.g., political differences among
counties that may influence conservation planning). We assessed
all model assumptions using the “qqnorm” function in the
R statistical software package R Core Team., 2019 and if we
found hump-shaped patterns based on visual inspections of
initial scatterplots, we included a quadratic term. As many of
the metrics were highly correlated (Supplementary Figure 1),
we did not assess multiple variable models due to collinearity
issues. Rather, we fitted univariate models of either scale or
environmental variables against the two dependent variables and
ranked models within a set using AIC (Supplementary Table 4).
This approach enabled us to identify the top predictor scale
and environmental variables. We fitted the linear mixed models
using the “lme4” (Bates et al., 2015) and “ImerTest” packages
(Kuznetsova et al,, 2017), and we created all plots using the
“ggplot2” (Wickham, 2016) and “ggpubr” (Kassambara, 2020)
packages in R.

The top models for explaining maximum richness were the
scale variable Area and the environmental variable Pervious
(Supplementary Table 4). We observed an inflection point
around the 0.10 value of Pervious for both maximum and mean
richness, suggesting that cities should maintain a minimum
of 10% of their land undeveloped to retain high biodiversity
levels. Population Density was the top scale predictor variable
for mean richness, whereas the cover of shrubs and grasses
was the top environmental model explaining mean richness.
Nearly all models we fit had significant slopes, indicating that
a variety of scale and environmental factors influence richness
patterns of indicator species in the cities examined. We report
additional correlations between indicator species richness and
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scale variables in Supplementary Figure 1, including a positive
relationship (quadratic) of both maximum and mean richness
with income, which appears to support the “luxury effect,” where
affluent areas tend to support more vegetation and parks, and
thereby more wildlife (Leong et al., 2018; Schell et al., 2020; Wood
and Esaian, 2020).

NEIGHBORHOOD BIODIVERSITY

One may think of mean richness as a “neighborhood
biodiversity” variable, as it represents the “saturation” of
indicator species across an entire city. Looking at neighborhood
biodiversity as a function of area, we see that the positions
of the largest three cities in each metropolitan area drop
when compared to their rank in maximum richness to area,
as some smaller and mid-sized ones rise toward the top
(Figure 1). More than 20 cities (of 112 examined) have higher
neighborhood biodiversity scores than the largest city (Los
Angeles) (Figure 1B). Although these cities have high levels
of indicator species in natural areas such as parks, wildlife
preserves, and open space, they also have many “dead” grid
cells in the largest cities—where no indicator species have
been observed, and where few are likely to exist due to low
perviousness and near total lack of native habitat (e.g., South
LA), resulting in unequal distribution of biodiversity. Thus,
one needs to consider both max and mean, because unevenly
distributed biodiversity results in some neighborhoods being
deprived of nature, producing unequal access to the benefits of
biodiversity. From a wildlife perspective, less-evenly distributed
biodiversity may mean lower levels of habitat connectivity, which
would be expected to eventually reduce overall species richness
(Vega and Kiiffer, 2021).

LOS ANGELES COUNTY AS A CASE
STUDY FOR BIODIVERSITY
MANAGEMENT

We selected Los Angeles County as a case study to examine
biodiversity management and scale due to the high variation
in size, population, income level, and land development
characteristics of its cities. We evaluated General Plans and
related policies and ordinances from each city in L.A. County,
and assigned a score based on references to biodiversity and
conservation to create a metric, which we term “biodiversity
management score” (see Nilon et al.,, 2017). The policies and
ordinances we focused on were based on best practices identified
by Los Angeles Sanitation and Environment (LASAN), including
the Conservation and Open Space Elements of the General Plans,
tree ordinances, and landscape ordinances.

We noted the dates of plan approvals as well as any language
related to biodiversity such as “biodiversity,” “nature,” “wildlife,”
“species conservation,” and “native species.” To develop the
biodiversity management score (0-4 points), we first assigned
each city 2 points if these plans made specific reference to
preserving and supporting biodiversity citywide; a score of 1
point if they made only vague reference to citywide biodiversity,

or in cases where such policies were only designed for a portion
of the city (e.g., a single reserve or park); and a score of 0
in cases where plans failed to set forth any policies relating to
biodiversity (mean = 1.55, SE = 0.166). We provide sample
excerpts of this wording in Table 1. In addition, we added single
points in cases where cities had commissioned either a citywide
or specific EIR addressing development (1 point), and if they
had landscaping and/or tree ordinances that promoted native
species (1 point). We note that many “conservation” policies may
not have been driven by supporting biodiversity (e.g., the use
of drought tolerant plants may have a goal of reducing water
use). We also note that a city’s policies may purport to support
conservation, but do not explicitly mention biodiversity, habitat,
or species protection; in these cases, we used our collective
judgment in evaluating whether these would be counted as
promoting biodiversity. For example, Chapter 26 of the City of
West Covinas 1999 Municipal Code defines the main goals of
protecting trees as “preserving the cultural and historic heritage
they represent, as well as promoting beauty, mitigating erosion,
improving air quality and enhancing the city’s environment.” In
this case, biodiversity conservation was not explicitly mentioned
and only implied.

Out of the 88 cities examined in L.A. County, we found
only three that explicitly mentioned the term “biodiversity.” We
found “Biological Resources” sections in some General Plans,
which contained valuable biodiversity policies (notably those of
Westlake Village, Arcadia, and La Verne). We found that several
cities appeared to recognize their rare and endangered habitats
or species as protected/important resources, specifically calling
out the names of species like the Federally Threatened California
Gnatcatcher (Polioptila californica) in the case of Montebello or
the Federally Endangered El Segundo blue butterfly (Euphilotes
allyni) in Redondo Beach. More than a third of the cities in L.A.
County (34 of 88) received biodiversity management scores of
zero, indicating no specific wording related to biodiversity in
their General Plans and related documents.

We compared patterns of maximum and mean richness,
along with top performing models from the mixed-model
analysis, to the biodiversity management scores, using one-
way analysis of variance (ANOVA). If the initial model was
significant, we employed a Tukey-Kramer multiple-comparisons
routine to assess significance among biodiversity management
score categories. As there were 10 comparisons among the five
biodiversity management score categories, we used a Bonferroni
adjusted to the alpha-value (o = 0.05/10 = 0.005) to assess
significance among paired comparisons (see Appendix B for
full results). We found that the degree of development appears
to closely track management score, in that the less-developed
cities (i.e., those with more pervious land) had much higher
management scores than fully-urbanized cities. Further, we
found that maximum and mean richness were higher in
municipalities with a high management score (Figure2; see
Appendix B for ANOVA results).

While the highest-scoring cities were both wealthier and
larger than the lowest-scoring ones, interesting exceptions
were frequent. Several small and urbanized cities appear to
be “punching above their weight” in biodiversity management
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FIGURE 1 | Scatterplot and least-squares fitted line with confidence intervals (gray shaded area) depicting the relationship between city size (Area) and (A) maximum
and (B) mean indicator species richness. Each dot represents a city, and colors denote the county of city origin. The three largest cities of this analysis are marked for
visualization purposes. In (B), we noted that while all three largest cities fall significantly in their ranking in mean species, San Diego lies above the fit line, whereas Los
Angeles and San Jose fall below.

TABLE 1 | Excerpts from General Plans and related elements, Los Angeles County cities.

Positive wording recognizing/promoting biodiversity

La Verne 1998 3 “Establish an open space conservancy...Establish contiguous wildlife corridor...Encourage the
preservation of the existing native plant and heritage resources in our city...Preserve our diversified plant
and animal life”

Rancho Palos Verdes 2018 3 “A number of significant wildlife habitats in Rancho Palos Verdes are directly associated with vegetation

communities. The City established the NCCP/HCP to preserve biodiversity within the City’s boundaries
while allowing for continued public use and economic development.”

South Gate 2009 3 “The City should encourage property owners to landscape their property, and will encourage native
plants, tree planting, and xeriscaping...the City should protect any rare or endangered plants or wildlife
that may be found in the City in the future.”

Walnut 2018 4 “Protect and enhance natural habitat areas that are vital for wildlife, including Coastal Sage Scrub for the
California Gnatcatcher...Habitat restoration work with nonprofit groups and pursue grant funding to help
restore and rehabilitate degraded natural habitat and implement conservation measures that protect
local ecosystems.”

Negative wording diminishing/not addressing biodiversity

Bell Gardens 1995 0 “Urbanization and the channelization of the Rio Hondo and LA Rivers have destroyed native vegetation
and brought in non-native lawn grass, hedges and trees...without the natural environment, native plants
and animal communities are not expected to be present...only small birds and occasional migratory flock
can be spotted”

Hawthorne 2010 0 “Hawthorne’s wildlife population consists of the typical urban menagerie of gophers and mice, insects,
small birds and reptiles and other species that have adapted themselves to urbanization. ‘Displacement
of wildlife” has no real meaning in Hawthorne today.”

San Fernando 1987 0 “Urbanization and the compact size of San Fernando precludes the presence of ecologically important
natural areas containing significant plant of animal life.”

planning, such as tiny Cudahy—a city with the fifth-lowest  surface. Though results are years away, its General Plan has
median income of the 88 cities evaluated, almost no indicator =~ multiple references to the importance of nature and native
species (1 of 17), and no measurable undeveloped pervious habitats, including one of its Open Space and Conservation
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dots represent cities. Some dots appear below the zero value. However, there are no values <0. Rather, we display dots using a “jitter” function to allow visualization
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policies (OSCE 1.16) that directs the city to “Promote and
participate in efforts to restore the riparian environment of
the Los Angeles River and facilitate its use for educational
and recreational uses.” Because the Los Angeles River is
fully-cemented and channelized through Cudahy, we have
categorized such statements as “aspirational,” and feel they
represent an acknowledgment of (lost) biodiversity, are sensitive
to a broader environmental setting, and reflect regional
conservation goals such as restoring the rich riparian and wetland
habitats that once characterized the lower Los Angeles and
San Gabriel river systems (Stein et al., 2010). Our analysis also
highlights cities that are opposite, with high levels of biodiversity
or undeveloped land and lacking in robust statements and
policies. These cities, such as Irwindale, Palos Verdes Estates,
San Marino, and Pomona should be considered at highest risk
of biodiversity loss due to lack of protection for important
habitat areas.

We found that large cities were more likely to have multiple
plans specifically related to environmental issues/conservation
(e.g., Pasadena boasts an “urban wildlife management plan”
related to co-existence with coyote Canis latrans and black bear
Ursus americanus). By contrast, we found that many of the
smaller, more urbanized cities lack biodiversity policies, often
claiming to not support natural habitats or rare/endangered
species, or any significant wildlife at all in some cases. While
this may be true for some small urbanized cities (e.g., Bell,
Huntington Park, and Commerce), other small cities may
actually have sensitive species and habitats, yet have not
committed resources to surveying or protecting them, in contrast

to neighboring cities with similar and often contiguous habitat
(cf. Hermosa Beach and Redondo Beach). Hermosa Beach
makes little reference to sensitive species or habitat restoration
whereas Redondo Beach has numerous specific references, e.g.,
“Revegetate the bluffs with native plants and reintroduce the
Federally Endangered species, the El Segundo Blue Butterfly
(Euphilotes bernardino allyni).”

In addition to examining L.A. County, we also reviewed the
policies and plans for the largest cities of each of the three
counties we studied to determine if there was a difference
in management in San Diego that might account for the
much higher mean richness as compared to Los Angeles
and San Jose (referenced in the Species Richness and Scale
section, above). The City of San Diego is notable for its
pioneering multi-species conservation planning, specifically the
Natural Communities Conservation Plan (https://wildlife.ca.gov/
Conservation/Planning/NCCP/Plans/San-Diego- MSCP), one of
the first of its kind in the nation. While the City of
Los Angeles has a growing biodiversity program in the
Bureau of Sanitation and Environment (LASAN; https://www.
lacitysan.org), it does not share this long history of more
comprehensive species conservation. The City of San Diego
also lacks the areas of fully urbanized flats that characterize
the City of Los Angeles, and to a lesser extent San Jose,
which may also account for differences in mean richness. We
cannot conclude definitively whether high species richness is
a result of conservation plans in place, or simply a result
of ecological context and conditions that existed before plans
were conceived.
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DISCUSSION

Should we care more about maximizing biodiversity within
cities (maximum richness), or distribution (mean richness)?
This question recalls the perennial “single large or several
small (SLOSS)” debate in conservation, and is simply not
resolvable. Both are important for different reasons. We argue
that the growth of cities has implications for the equitable
distribution of biodiversity, which is particularly concerning with
the continued global population expansion into urban areas
United Nations Department of Economics Social Affairs, 2018.
Given the propensity of cities with limited pervious surfaces
(i.e., lacking in undeveloped open space) to have very few
indicator species and scores of zero in our ranking of biodiversity
management policies, it seems likely that urbanization and
species loss becomes something of a self-fulfilling prophecy.
Policy-makers and the public view urbanized areas of the city
as ecologically “irredeemable” and resist efforts to conserve and
restore elements of nature that would have outsized relevance to
(human) residents of such neighborhoods, many of whom are
economically and socially marginalized, and frequently excluded
from discussions around conservation science (Evans, 2021).
This feedback loop denying the importance of natural systems
while permitting more development (and less land conservation)
is evident in the language of certain cities’ plans (Table 1).

Many cities we evaluated claimed to have no open space or
protected species, and thus had no provisions for wildlife and
habitat preservation. Most General Plans, and many open space
elements, did not acknowledge the existence and importance of
“informal open spaces” that stand in contrast to the expanses
of residential and commercial landscaping characteristic of
many California cities which are often comprised of globally-
widespread taxa and often provide a vector for invasive species.
Infill development or small sliver development and accessory
dwelling unit (ADU) development, while useful in reducing
other impacts like commute emissions, represent a threat to
biodiversity in urban areas as they diminish and degrade the
pockets of habitat that boost neighborhood biodiversity, and
sever the habitat connectivity that species depend on to persist
in and move through cities. We argue that species in these
interstitial fragments will require robust city biodiversity policies
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