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A B S T R A C T   

California’s urban forest is composed of both native and non-native species. These trees improve the quality of 
life of urban residents and mitigate the effects of climate change by buffering local microclimates. A species’ 
native status is often defined at the scale of the state’s political boundaries, which doesn’t reflect its actual native 
range. Here we define the list of 95 tree species native to California, create digital range maps for each species, 
provide native species lists for every city in California, and analyze trends in native tree species in the state’s 
urban areas. We found that California’s urban areas have relatively few tree species that are native within a given 
city’s boundaries. Even though non-natives outnumber natives in all California cities, opportunities for more 
native tree diversity are slim as most cities have less than four native species that aren’t already growing as urban 
trees. California’s cities face a hotter and drier future, threatening existing urban forests and the benefits they 
provide residents. We explore different options for tree selection based on the goal of growing healthy and 
resilient urban forests into the future.   

1. Introduction 

Urban environments are novel ecosystems where a majority of the 
human population lives alongside native and non-native plants and 
animals (Uchida et al., 2021; Marris, 2013). Given climate change pre-
dictions, these environments will become more challenging for humans 
with increased temperatures, frequent extreme weather events, 
increased drought, higher intensity winds, and associated risks like fire, 
air pollution, and disease (Ordóñez and Duinker, 2014). Urban forests 
can help mitigate these environmental challenges by providing a suite of 
ecosystem services such as controlling microclimate, contributing to 
resident energy-savings, reducing hard-surface runoff and water quality, 
creating habitat for biodiversity, reducing particulate pollution, and 
sequestering carbon (Livesley et al., 2016; McPherson and Simpson, 
2002). Although urban forests can mitigate some effects of climate 
change, they are also vulnerable to the stressors associated with climate 
change (Esperon-Rodriguez et al., 2022;Ordóñez and Duinker, 2014). 
Urban forests are designed environments and if planned with climate 
resiliency as a guiding factor can continue to provide sustained benefits 

to future urban residents (Livesley et al. 2016). 
Planting climate resilient urban forests is a goal in many urban 

forestry management plans. Stressors associated with climate change 
such as increased temperatures and drier conditions will create chal-
lenging conditions for urban trees (Ordóñez and Duinker, 2015; San 
Francisco Planning Department, 2014; Dudek, 2018; Abeyta et al., 2013; 
Juzwik et al., 2011; Lesk et al., 2017; Restaino et al. 2016; Jagemann 
et al., 2018; Cavender-Bares et al., 2022). Selecting tree species that can 
survive such stressors is essential for planning resilient urban forests. 
Many factors are considered in species selection including site condi-
tions such as soil and available space, as well as conditions related to the 
species of the tree including its native status, pest susceptibility and the 
overall species diversity of the area (Conway and Vander Vecht, 2015). 
Two common goals cited in urban forest management related to species 
selection are to increase the diversity of trees in the urban forest, and to 
select species that are considered native to the urban forest (Ordóñez 
and Duinker, 2013; Conway and Vander Vecht, 2015; Dudek, 2018; 
Abeyta et al., 2013; City of Los Angeles, 2018; City of Davis, 2002; San 
Francisco Planning Department, 2014; City of El Monte, 2010; Maryland 
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Department of Environment, 2022). Planting a high diversity of tree 
species increases urban forest resiliency by minimizing tree loss to in-
dividual threats like high or low temperatures, specific pests, or storms 
(Huff et al., 2020; Nitschke et al., 2017; Paquette et al., 2021; Raupp 
et al., 2006; Wood and Dupras, 2021). Native species are selected for 
planting in urban forests because they are believed to create better 
habitat for wildlife, are culturally significant, and are thought to be 
better adapted to the environment of the city they are native to because 
they have evolved in that climate and therefore might be more resilient 
than non-native trees (Ordóñez and Duinker, 2013; Conway and Vander 
Vecht, 2015; City of Los Angeles, 2018; Abeyta et al., 2013; Spotswood 
et al., 2017; Tallamay and Darke, 2009a). The strategy of increasing 
diversity has been shown to promote resiliency in many previous studies 
(Dymond et al., 2014; Huff et al., 2020; Nitschke et al., 2017; Paquette 
et al., 2021; Raupp et al., 2006; Wood and Dupras, 2021). However, it is 
unclear if planting native tree species results in urban forests that are 
better adapted for local climates and create better wildlife habitat, as 
there are competing literature and claims about the advantages of 
selecting species based on native status (Ordóñez and Duinker, 2013; 
Dickie et al., 2014; Boshier et al., 2015; Tallamay and Darke, 2009a; 
Spotswood et al., 2017; Frankie et al., 2019; Tallamy and Shropshire, 
2009a,b; Abeyta et al., 2013; Suzi Katz Garden Design, 2022; Carper et. 
al, 2014; Sax, 2002; Wood and Esaian, 2020; Lockwood and Gilroy, 
2004; Wood and Dupras, 2021; Mckinney, 2002). Species selection for 
urban forests is influenced not just by scientific literature, but also often 
by preferences of urban residents, the nursery industry, landscape ar-
chitects, and non-profit organizations including government and insti-
tutional organizations (Avolio et al., 2018; Avolio et al., 2015b; Conway 
and Vander Vecht (2015)). Species selection policies are outlined in 
urban management plans, which are often collaborative efforts that 
synthesize expert opinion and community member input. 

California boasts rich species diversity in both its urban forests and 
natural spaces. California has over 1400 species of trees growing in the 
urban forest and is a biodiversity hotspot with more than 5000 native 
plant species and 95 native tree species (Love et al., 2022; Burge et al., 
2016; Jepson Flora Project, 2022; Myers et al., 2000; SelecTree, 2022). 
California’s native tree species live in a wide range of climates from hot, 
dry deserts to cool, wet, montane environments (Sawyer and Stuart, 
2001). They are some of the most impressive trees in the world, being 
the oldest, tallest, and most massive trees on earth. Nearly 30 % of the 
state is covered in forests, mostly dominated by conifer species in the 
mountainous regions. The topographic diversity leads to many high 
elevation tree-dominated plant communities. California has a Mediter-
ranean climate in which trees must endure hot dry summers (Ritter, 
2018). Many of the state’s trees are found along rivers and waterways 
where they have access to year-round water. Additionally, California has 
high soil diversity and some of the native trees are soil specialists and 
grow, for example, on serpentine soils (Ritter, 2018). Tree species in 
California are considered “native” if they occurred within the political 
boundary of the state naturally, not as a consequence of human activity 
(Jepson Flora Project, 2022). Because California is topographically, 
edaphically, and climatically diverse, not all trees native within the 
political boundary of California will be suitable urban trees for every 
city in the state. Many of California’s major cities are in arid or semi-arid 
climates where expansive forests and woodlands are not naturally 
found, and large trees that are dependent on ample water may suffer in 
urban environments (Avolio et al., 2015a). For example, the state’s 
official tree, Sequoia sempervirens, the coast redwood, currently only 
occurs in the moist, coastal fog belts of central and northern California 
(Griffin and Critchfield, 1976). When planted outside of this range in 
more arid climates, it may suffer from drought stress if not supple-
mentally irrigated. 

Here, we sought to assess the role of California’s native trees within 
the state’s urban forests and to better understand the geographic pat-
terns of California’s native trees. To answer questions about these native 
trees, we first created digital range maps for each species. We then used 

these maps to examine the geographic patterns of native tree diversity 
throughout the state. We address which tree species are native to each 
city in California, what proportion of California native trees are used in 
the urban forest, and finally, what proportion of California’s urban 
forests are comprised of native species. This work contributes to our 
understanding of native tree diversity in California and improves the 
ability of urban foresters to select appropriate species for tree planting in 
their cities. 

2. Methods 

2.1. Defining a tree 

To create a complete list of California’s native trees, we started with 
a list of 249 large woody plants present in CalFlora, a database of in-
formation on species native to California, and all tree species classified 
as native to the state by SelecTree (CalFlora, 2022; SelecTree, 2022). 
Then, we excluded all hybrids, varieties, and subspecies. We also 
excluded large woody plants that grow primarily as shrubs (Appendix 
3). For a large, woody plant species to be defined as a tree, over 90 % of 
the total known or surveyed individuals in the species must mature to a 
height of are over 20 feet (6.1 meters) tall and have a single, dominant 
trunk more than 15 centimeters in diameter at 1.5 m above the ground. 
Shrubs are smaller and shorter than trees and often have many small, 
bark-covered stems rising from near ground level. There are many 
California plants (e.g. Ceanothus and Arctostaphylos) where individuals 
occasionally, satisfy the definition of a tree, including large, iconic 
shrubs like toyon (Heteromeles arbutifolia), islay (Prunus ilicifolia), smoke 
tree (Psorothamnus spinosus), and elderberry (Sambucus mexicana). We 
excluded these species from our list (Appendix 3). Our final list has 95 
species of trees native within California (Appendix 1). 

2.2. Species range determination and digitization 

For each species on our list, we created new hand digitized range 
maps using the following sources: Griffin and Critchfield’s “Distribution 
of Forest Trees in California” (1970), Kauffmann (2013), Rundel’s 
"California Desert Plants" (2022), and Little’s “Atlas of United States’ 
Trees” (1971, 1976). We also examined red oak range maps produced in 
recent academic research, as well as records from the Geographic 
Biodiversity Information Facility (GBIF) and iNaturalist research-grade 
points to help determine range boundaries for each of the 95 species 
(Appendix 1) (Hauser et al., 2017; GBIF, 2022; iNaturalist, 2022). After 
assessing discontinuity between sources, we selected the source with the 
most detailed range map available and modified the map where needed 
based on new additional data. For example, the Little range map for 
Washingtonia filifera does not include many populations in southeastern 
California that are well documented with GBIF and iNaturalist records. 
We added populations indicated by those sources into our range maps. 
For some species which have restricted ranges within the state (e.g. 
Populus angustifolia), we visited populations and validated our range 
maps. 

To digitize each range map, a Portable Networks Graphic (PNG) file 
of each range map was copied from a pre-existing map, if one existed 
and completed all operations in ArcGIS Pro (ESRI, 2022). Where spatial 
files didn’t exist, we georeferenced each PNG using and manually digi-
tized the boundary of each range by creating a shapefile. Georeferencing 
was done using latitude and longitude coordinates given on the maps, or 
state and county boundaries where no coordinates were listed. Pop-
ulations from GBIF or iNaturalist were manually drawn in. The sources 
for each of the range maps are available in Appendix 4. After initial 
digitizing, each shapefile polygon was given a value of 1 and was 
smoothed by 0.1 degrees using the Smooth Polygon tool (ESRI, 2022). 
Shapefiles were converted to rasters with a resolution of 50 m2. For each 
species, we calculated the area of the range using the “Area” function 
within “Calculate Field” (ESRI, 2022). 
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2.3. Species diversity heat maps 

To identify diversity hotspots in California, we created tree species 
heat maps by combining sets of rasters together using the “Mosaic to 
New Raster” (ESRI, 2022). We set the mosaic operator to sum, meaning 
our heat maps were created by summing each range map together. We 
created heat maps of 1) all 95 tree species in California, 2) all species of 
Pinus (18 species), 3) all species of Quercus (10 species), 4) and all 
endemic tree species (24 species) (Appendix 1). These genera were 
selected because of their significance to the state. The genus Pinus rep-
resents the genus with the highest number of native tree species in 
California. Oak woodlands dominated by species in the genus Quercus 
are an iconic part of California’s environment, and cover about 10 % of 
the state (Ritter, 2018). We defined endemic status using the Jepson 
eFlora and Little’s range maps (Little, 1976; Little, 1971, Jepson Flora 
Project, 2022). A tree is endemic to California if its native range is 
entirely within the state boundary. This resulted in a gridded map where 
each grid contained the number of native tree species present in that 50 
m2 area. 50 m2 was chosen for visual purposes, the individual range files 
are intended to be used as shapefiles. 

2.4. Creating native species lists for California cities 

In this study we defined the boundaries of 1173 urban areas in 
California using two sources: TIGER Line Census boundaries and a 2014 
CDFW land classification map (U.S. Census Bureau, 2010; LandIQ, 
2017). We started with the TIGER Line Census shapefiles for all 
census-defined places in California. Many census-defined places have 
boundaries that extend outside of urban areas and include agricultural 
or natural areas (e.g., the Angeles National Forest, which is a natural 
area close to the urban areas in Los Angeles County). To focus our study 
on urban areas rather than surrounding more rural areas, we refined the 
boundaries for each census-defined place by restricting them to areas 
classified as urban reserves in the 2014 CDFW land classification map 
(LandIQ, 2017). We did this by cropping the TIGER place file to the 
urban reserves using “Clip” (U.S. Census Bureau, 2010; ESRI, 2022). In 
this paper, when we refer to cities, we are referring to the 
urban-restricted census-defined place boundary as defined above. 

Next, we used our tree species maps to identify the number of species 
native to each city. In this study, our working definition for a species to 
be considered native to a city is if the native range for that species 
overlaps the city boundary. We overlaid our city boundaries with the 
tree species maps to identify native species. Within each city boundary, 
we counted the number of ranges that intersected the boundary. We 
calculated the mean number of tree species native across all of Cal-
ifornia’s cities. Finally, for all cities in California, we created lists of trees 
native to each city. 

2.5. Assessing the current native tree species composition in California 
cities 

We assessed the current proportion of native trees in California cities 
with tree inventories using data from the California Urban Forest (CUF) 
Inventory (Urban Forest Ecosystem Institute, 2022; Love et al., 2022) 
https://datastudio.google.com/u/0/reporting/880d448d-de26-48d3 
-b563-0c6317e456e4/page/jWHKB). The CUF Inventory is a database 
of over 7 million individual tree records (including species, size, and 
location) for publicly managed trees in California and is the most 
comprehensive inventory of California’s street trees (Love et al., 2022). 
Trees in the inventory are primarily street trees, although some trees 
planted in urban public parks are included (Love et al., 2022). Although 
uncommon, some arborists include large shrubs in urban forest in-
ventories, such as Heteromeles arbutifolia. Before conducting data anal-
ysis, we removed all shrubs listed in Appendix 1 that were present in the 
CUF Inventory. This removed 18,155 observations from the dataset, 
leaving 7,073,463 trees in the database. We also removed all 

observations where the specific epithet of the tree was not specified, this 
removed 680,719 observations, leaving the final 6,392,744 trees that we 
assessed as native or non-native. For cities with at least 100 trees in their 
inventories (n = 512 cities), we summarized the number of species 
present in each city (species richness) using a spatial join of the tree 
inventory points to our modified cities file. To assess the contribution of 
native species to overall city species diversity, we also used CUF In-
ventory data to calculate the Shannon Diversity Index for each city both 
with and without native species. The Shannon Index (H’) is a metric that 
accounts for species richness and evenness. and is calculated using the 
equation: 

H′ = −
∑S

i=1
pi lnpi (1)  

where S is the number of species and pi is the proportion of total trees in 
each city within species i. We calculated the Shannon Diversity Index 
using the vegan package in R (Oskanen et al., 2022, R Core Team, 2022). 
Because our data was not normally distributed, we compared the two 
independent groups (diversity calculated with and without native spe-
cies) to see if their distributions were significantly different using a 
Wilcoxon rank sum test (W) using the “stats” package in R (R Core Team, 
2023). 

We also calculated what proportion of the trees and species present 
in each city’s inventory were native based on the species lists we 
generated for that city. Species are considered native if their native 
range overlaps that city, otherwise, they are considered non-native. A 
species can be native to the state of California, but not native to the city 
within California where it is planted. Using the native species lists we 
generated for each city, and the number of native species currently in 
that city, we calculated how many species were native to but not planted 
within each city in California. Using water use rankings from SelecTree, 
we assessed the water use rankings of trees planted in California’s urban 
forests that are native to the state (SelecTree. (2022)). These analyses 
were done in R using the sf, dplyr, and data.table packages (Pebesma, 
2018; Wickham et al., 2022; Dowle and Srinivasan (2021); R Core Team, 
2022). 

3. Results 

3.1. Trends in native tree species diversity 

The final species list identifies 95 tree species as native to California 
(Appendix 1). Across the state, there are more species native to higher 
elevation, mountainous areas compared to valleys and deserts (Fig. 1A). 
The highest density of native tree species in California occurs in northern 
California, in Siskiyou County (Fig. 1A), where the ranges of 24 native 
tree species overlap. The highest density of endemic tree species native 
to one area is eight species, occurring north of Santa Rosa, in Robert Luis 
Stevenson State Park, California (Fig. 1B). The highest density of co- 
occurring oak species, Quercus spp., is seven species. This occurs in 
several places throughout the state including west of Pieta (Mendocino 
County), east of Cloverdale (Sonoma County), and northwest of Santa 
Margarita (San Luis Obispo) (Fig. 1C). The highest number of co- 
occurring pines, Pinus spp., is also seven. This occurs in several loca-
tions across California including north of Whitney Portal (Inyo County), 
south of Aspendell (Inyo County), in the Klamath National Forest and 
just east of Mount Shasta in Siskiyou County (Fig. 1D). 

The species with the smallest native range within the state is Hes-
perocyparis stephensonii, occurring in only 0.4 km2 east of San Diego 
(Appendix 1). The species with the largest native range in the state is 
Salix lasiandra, with an area of 183,385 km2 covering most of the 
northwest of the state and all coastal areas (Appendix 1). 

3.2. Native tree species in urban areas 

Of the 95 trees species recognized here, only 76 of them have ranges 
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that overlap with California’s cities. The remaining 19 species occur at 
high elevations, such as the bristle cone pine (Pinus longaeva), or outside 
the population centers of the state, like numerous rare cypress species 
(Hesperocyparis spp.). The 76 native species are not evenly distributed 
throughout California. Generally, most large urban centers are in low-
land valleys and flat areas, and fewer native tree species occur in these 
areas relative to the surrounding mountainous areas (Fig. 1A, Fig. 2). In 
the Bay Area, Sacramento, and Greater Los Angeles Area, the sur-
rounding mountains have higher numbers of native tree species than 
urbanized areas (Fig. 2). Across California’s cities, the mean number of 
tree species native to a city’s geographic area is 6.9 species with a 
standard deviation of 4.9 species (Fig. 3 A). The highest number of 

native trees in urban areas is 23 and occurs in two cities, Cobb (Lake 
County) and Woodside (San Mateo County), California (Fig. 2 A). 18 
cities have zero trees native to their area, and 67 cities have only one 
species of native tree, for 50 out of those 67 cities that species is black 
willow (Salix gooddingii). 

In general California’s urban forests are comprised of fewer native 
than non-native species (Fig. 3C, Fig. 4B). While 95 species are native to 
the state, over 1307 non-native trees have been inventoried in the state. 
Of the 76 native species found within the geographic range of Cal-
ifornia’s cities, 75 have been planted in the urban forest. In total, 78.9 % 
(75/95) are found within the urban forest. When we look at all cities 
with at least 100 inventoried trees (516 cities total), we find that on 

Fig. 1. Heat maps representing the number of species of trees native across the state, including (A) all 95 native tree species and cities with tree inventories 
containing over 100 records, (B) California’s 24 endemic species, (C) the 10 tree oak species (Quercus spp.) and (D) the 18 pine species (Pinus spp.). Areas with 
warmer tones have higher numbers of species, while cooler tones have fewer. Areas within California with no native trees are light gray. 
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average they were composed of 3.2 % of native species and 96.7 % non- 
native species with a standard deviation of 4.7 % native species 
(Fig. 3C). California’s urban forests are also composed of fewer native 
individual trees than non-native trees (Fig. 3B, Fig. 4A). When assessing 

every individual tree in the CUF Inventory as native or non-native, as 
opposed to the species, we found 12.5 % of all inventoried trees are 
native to the state, but only 5.8 % were native to the city where they 
were planted. On average, at least 100 inventoried trees (516 cities 

Fig. 2. Number of native species of trees in California’s major urban areas. (A) The Bay Area and Sacramento. (B) Southern California. The grey hash marks depict 
the urban centers. In these areas, there are more native tree species outside of the urban centers. The cities with the highest number of native trees, Cobb and 
Woodside, CA are marked with black points (A). 

Fig. 3. (A) The distribution of the number of tree species native to California’s cities (n = 1173 cities). The vertical line indicates the mean number of species native 
to cities (6.9 species) with a standard deviation of 4.9 species. (B) The distribution of the percentage of individual trees that are native to the city where they are 
planted (n = 6,372,744 trees in CUFI inventory, n = 516 cities). The vertical line indicates the mean of 7.7 % of trees in a city’s inventory being native with a 
standard deviation of 12.6 %. (C) The distribution of the percentage of species that are native to the city where they are planted (n = 1377 species, n = 516 cities). 
The vertical line indicates the mean of 3.2 % of species in a city’s inventory being native with a standard deviation of 4.7 %. (D) The distribution of the number of 
species native to a city that are not currently planted in that city’s urban forest. The vertical line indicates the mean of 3.8 of species with a standard deviation of 2.6 
(n = 516 cities). All inventory data comes from the CUF Inventory (Love et al., 2022). 
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total), were composed of 7.7 % individual native trees and 92.3 % non- 
native individual trees with a standard deviation of 12.6 % (Fig. 3B). On 
average, cities in California have less than four species native to their 
city that are not already growing as urban trees with a standard devia-
tion of 2.6 species (Fig. 3D). When comparing the Shannon Index scores 
for cities with and without native trees included using a Wilcoxon rank 
sum test, we found no significant difference between the distributions of 
the groups (W = 134039, p-value = 0.8). 

Quercus agrifolia is the native tree species most commonly found in 
urban environments within its native range (Table 1). California’s native 
tree species mostly have medium water use rankings (Fig. 5A). Of the 95 
native trees species, 17.9 % (17/95) are very low water use, 24.2 % (23/ 
95) are low water use, 44.2 % (42/95) are medium water use, and 13.7 
% (13/95) are high water use species (Fig. 5A). Of the individual trees in 
the CUF Inventory that are native to the state, 2.7 % are very low water 
use, 37.6 % are low water use, 22.1 % are medium water use, and 37.6 % 
are high water use (Fig. 5B). 

4. Discussion 

4.1. Summary 

In this study, we compiled a list of the 95 species of trees native to 
California, created digital range maps, and examined trends in tree di-
versity across the state. Using our range maps, we created city-specific 
native tree species lists for cities in California. We found that the 
average number of native species for cities in California is 6.9 species, 
but ranges from a high of 23 to a low of zero native trees. There were 18 
cities with no native trees in their geographic footprint. For cities with 
tree inventories present in the CUF Inventory, we determined what 
proportion of each city’s current urban forest is composed of native or 
non-native species and found that while non-natives trees are more 
common in California’s urban forests, and that there are few native 
species that are not already being used in urban plantings. 

4.2. Patterns in California’s native trees 

California has 95 species of trees that grow natively throughout the 
state. Although California is a biodiversity hotspot with a high diversity 
of plants, it does not have a higher number of native tree species 
compared to other states like Texas (222 trees) or Florida (262 trees) 
(Myers et al., 2000; Simpson, 1999; Little, 1978). Some of these states’ 
tree statistics include species we would classify as shrubs, which has 
inflated their species counts slightly. 

4.3. Patterns of native trees in California’s urban areas 

Diverse urban forests are resilient urban forests because diversity 
minimizes the risk of tree loss to individual threats like pests, diseases, or 
climate change (Huff et al., 2020; Nitschke et al., 2017; Paquette et al., 
2021; Raupp et al., 2006; Wood and Dupras, 2021). In California, urban 
areas have been developed in areas that naturally have low numbers of 
native tree species compared to surrounding mountainous areas 
(Fig. 1A). The average number of tree species native within a California 
city’s boundaries is 6.9 species (Fig. 3A). When comparing the Shannon 
Index scores for cities with and without native trees, we found no sig-
nificant difference between the two distributions. This suggests that the 

Fig. 4. (A) The number of species currently growing in California’s most populous cities that are native to that city. (B) The number of individual trees currently 
growing in California’s most populous cities that are native to that city. (C) Of the total number of species of trees native to a city, species represented by the CUF 
Inventory are shown in yellow. Blue areas represent the number of native species not planted in that city. 

Table 1 
The top ten most commonly inventoried trees growing within their native range. 
Number of cities indicates the number of cities the tree occurs in within its native 
range.  

Rank Species Number of Trees 
Inventoried 

Number of Cities 
inventoried in  

1 Quercus agrifolia 152,594  287  
2 Platanus racemosa 87,871  180  
3 Quercus lobata 48,212  161  
4 Sequoia 

sempervirens 
15,831  40  

5 Pinus torreyana 8001  7  
6 Fraxinus velutina 7602  29  
7 Populus fremontii 7484  108  
8 Washingtonia 

filifera 
6946  10  

9 Quercus douglasii 6091  64  
10 Alnus rhombifolia 4928  59  
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native trees currently planted in cities do not significantly contribute to 
overall urban forest diversity. This is to be expected given the few native 
species found in each city (mean of 6.9 species per city). Of California’s 
95 native species, over half are medium or high-water use species. As 
water conservation continues to put urban forestry under pressure to 
conserve water, species with higher water use rankings will be inap-
propriate for future planting (Botkin and Beveridge, 1997). Of the native 
species we select for planting in California’s urban forests, 37.6 % are 
high water use. Those species are less likely to be selected for future 
planting where water conservation is prioritized. Only 76 of the 95 
possible tree species are native to urban centers in California. Major 
urban centers in California, like San Francisco, were built in areas that 
were not originally forested, but rather dominated by shrublands 
including coastal scrub and chapparal communities (Fig. 2) (San Fran-
cisco Planning Department, 2014). 

Los Angeles is an example of a major city in California where trees 
and forests were not historically dominant across the broader landscape, 
but they are now because of the development of the urban forest. Los 
Angeles is built in part on a large salt marsh, remnants of which exist in 
Ballona Creek. The city of Los Angeles has a higher number of native tree 
species than many cities in California, with 15 native species (Appendix 
2). Of those 15, seven are riparian trees (high water use), and many 
don’t occur widely across the entire landscape of the city. For example, 
the California Bay Laurel, Umbellularia californica, only occurs at the 
very edge of the city boundary in the Santa Monica Mountains, and its 
distribution does not extend into the basin in which most of Los Ange-
les’s urban environment lies. Currently, the city of Los Angeles has over 
650 species represented in their public tree inventory (Urban Forest 
Ecosystem Institute, 2022). Of those species, 14 of the 15 native species 
are represented in Los Angeles’s urban forest. Those 14 species represent 
only ~2 % of the total diversity found in Los Angeles (Fig. 4C). 
Increasing native tree plantings in Los Angeles could expand the 
planting of the seven riparian trees, although this might be unpopular 
for water restrictions, or could plant the one native tree not currently 
inventoried with the city, (Pseudotsuga macrocarpa – the big cone 
Douglas fir). The native tree palette for Los Angeles is very limited even 
though it has more native trees than most cities in the state. 

Assessing what trees are native to the place of planting can help 
foresters plan for appropriate tree plantings rather than depending on a 
list of California natives. Knowing what trees are locally native is 
important since these are the species desired for their ability to tolerate 
and survive local conditions within a city, although local adaptation has 
limitations in the face of climate change (Bontrager et al., 2020). Here, 
we provide a list of all native species for each city so urban planners can 
be more targeted when native trees are appropriate for urban plantings. 

Relatively few of the trees planted in California’s urban forests are 
native. California’s urban forest contains over 1400 species of trees, 
many more species than the 95 that are native (Urban Forest Ecosystem 
Institute, 2022). This is different from many parts of the U.S. For 
example, in the northeast, cities are often built in areas that are naturally 
forested. Across the U.S., 46.5 % of trees in urban forests are native to 
the state the tree is planted in (McCoy et al., 2022). The number of trees 
native to the state growing within urban forests varies from 0.5 % to 
87.4 %, with cities in wetter, cooler climates having higher percentages 
of native trees (McCoy et al., 2022). Cities in the eastern U.S. tends to 
have higher percentages of native trees than in the western U.S., possibly 
due to being built in more heavily forested areas (McCoy et al., 2022; 
Little, 1977). California has lower percentages of individual trees that 
are native within cities than the average for the U.S., (11.3 % versus the 
46.5 % country average) (McCoy et al., 2022), and only 4.6 % of indi-
vidual urban trees are native to the city in which they are planted (Fig. 4, 
Appendix 2). This low number is partially explained by the low numbers 
of trees that occur natively within California cities. There is little op-
portunity in California to expand the number of native tree species 
planted within cities’ urban forests; on average, cities only have 3.9 
species that are native to their city, but not already planted in the urban 
forest (Fig. 3D). Those species may be further limited by nursery avail-
ability. To add a higher number of new species to California cities urban 
forests, non-native species must be considered. 

4.4. Urban forest species selection 

In urban forestry in California, with fewer species of native trees to 
select from, the two strategies to increase urban forest resilience, either 
through diversification or through native-focused plantings, can un-
necessarily come into conflict (Marris, 2013; Love et al., 2022; Dickie 
et al., 2014). California is a biodiversity hot spot full of rare plant species 
(Myers et al., 2000). Planting, promoting, and celebrating these native 
species in our cities is important. Our work helps to make that possible in 
a science driven way by directing communities to the species that are 
native to the local area. However, we caution about advocating for 
native-only planting since few native trees perform well in urban areas 
and doing so will decrease tree species diversity in cities so drastically as 
to be detrimental to most urban forestry goals. 

Planting native trees is promoted because native trees are thought to 
support more wildlife biodiversity, functional diversity, are culturally 
significant and are thought to be more climate and drought resilient 
(Ordóñez and Duinker, 2013; Conway and Vander Vecht, 2015; City of 
Los Angeles, 2018; Abeyta et al., 2013; Spotswood et al., 2017; Tallamy 
and Darke, 2009a; Tallamy and Shropshire, 2009b; Suzi Katz Garden 

Fig. 5. (A) The water use ratings for the 95 trees native to California. Most native trees are rated medium water use. Water use ratings were obtained from SelecTree 
(SelecTree, 2022). (B) The water use ratings of the 800,752 inventoried trees native to California from the CUF Inventory. Most native street trees have high or low 
water use ratings. 
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Design, 2022). However, many of these reasons are specific to certain 
locations or species, and should not be applied as general rules. 
Although some studies have found native plants to support higher levels 
of wildlife in insect diversity, these studies were conducted in temperate 
ecosystems of the East Coast of the US, not California (Tallamy and 
Shropshire, 2009b; Burghardt et al., 2009). Other studies have found 
similar or higher wildlife biodiversity on non-native relative to native 
trees, and some wildlife utilizes non-native trees for habitat and foraging 
(Sax, 2002; Wood and Esaian, 2020; Carper et al., 2014; Shapiro, 2002; 
Lockwood and Gilroy, 2004). This suggests that the inclusion of 
non-native tree species creates and supports interactions that increase 
the ecological functional diversity of California urban forests, although 
our study does not test this directly (Carper et al., 2014; Sax, 2002; 
Wood and Esaian, 2020; Lockwood and Gilroy, 2004; Shapiro, 2002). 

For an urban forest to provide ecosystem services to local commu-
nities, the trees need to be healthy (Livesley et al., 2016). Urban forests 
will experience stress as our climate gets warmer and drier, and native 
trees may or may not do well in urban forests as adaptational advantages 
they previously held weaken (Boshier et al., 2015; Bontrager et al., 
2020; Esperon-Rodriguez et al., 2022). Of the trees native to the state 
planted as street trees in California’s urban forest, 37.6 % represent high 
water use species (Fig. 5B) (SelecTree, 2022). Planting such a large 
proportion of high-water use species is ill advised in the face of the 
predicted future drier climate for most of California (Bedsworth et al., 
2018) (Fig. 5A). 

4.5. Caveats and limitations 

This study focuses on the issue of nativity for trees in California’s 
urban forest. California, which has many cities in arid or semi-arid cli-
mates, was not naturally forested in many large urban areas (Avolio 
et al., 2015a). In cities with similar climates, urbanization increases the 
number of trees overall (Avolio et al., 2015a). Other states also have 
higher numbers of native species of trees, like Texas (222 trees) or 
Florida (262 trees), meaning they have a broader and more diverse 
species palette of natives (Myers et al., (2000); Simpson, 1999; Little, 
1978). In urban centers with few native species to select from, this study 
highlights that urban foresters and managers need to think critically 
about prioritizing native plantings when aiming to increase diversity 
and resilience. 

As the climate changes, the native range of many species is expected 
to shift (Corlett and Westcott, 2013). Many plant species will not be able 
to migrate fast enough to maintain populations within the climates they 
can tolerate (Corlett and Westcott, 2013). In a species’ native ecosystem, 
the advantages species had due to local adaptation are expected to 
decrease (Boshier et al., 2015; Bontrager et al., 2020). In the urban 
forest, both native and non-native species that tolerate the current cli-
mates may not be appropriate in the future (McBride and Laćan, 2018). 
Work that tests a species’ ability to handle future climates, similar to 
work such as Climate Ready Trees at the University of California, Davis, 
will be an important factor in selecting species for future urban forests 
(McPherson et al., 2016). 

Our research suggests that native trees do not represent a large 
proportion of the species diversity of California’s urban forests; how-
ever, it is possible they contribute significantly to the structural func-
tional diversity of the urban forest. Functional diversity measures how 
species traits contribute to their ecosystem. For example, a study done in 
Quebec City predicted that planting more conifers, due to differences in 
structure and traits from deciduous trees, would reduce pollution, 
reduce storm-water runoff and reduce heating needs for urban residents 
(Wood and Dupras, 2021). Increasing urban forests functional diversity 
can make them more resilient to change (Paquette et al., 2021). This 
study was designed to assess patterns in species diversity, not functional 
diversity, and whether native species increase functional diversity in 
California’s urban forests is unknown. However, because cities in Cali-
fornia are comprised of an average of 92.3 % non-native individual 

trees, it is unlikely that native species contribute significantly to 
increasing the functional diversity of urban forests in the state. 

4.6. Accessing the data 

This research created spatial files for each of California’s 95 native 
tree ranges as well as city-specific native species lists for every city in 
California. These data can be accessed at https://calpoly.maps.arcgis. 
com/apps/webappviewer/index.html?id=3c4233d842a64e41ac9cf37 
13848a481. City-specific native species lists, though better than native 
lists at a state level, are still a broad level for defining a species as native. 
This tool allows urban foresters to access range maps and determine 
where within their city a species is native. Within the web application 
and in Appendix 2, users can also view the percent of the inventoried 
urban forest for their city that is currently native. 

4.7. Conclusion 

Urban forests can help make cities comfortable and livable by 
providing ecosystem services to residents. As the climate changes, urban 
forests are at risk. Future species selections must be resilient to drought 
and climate changes for urban forests to be healthy and continue to 
provide ecosystem services to residents. In California, our study found 
that native tree diversity hotspots occur outside of California’s urban 
areas. Many of California’s cities were built in areas that were originally 
non-forested. Across California’s cities there is an average of 6.9 native 
tree species. California’s urban forests are among the most diverse for-
ests in the world. Our study found that California’s urban tree species 
diversity is dominated by non-native trees, likely because of the limited 
options for native species compared to non-native species. The results 
from our analyses demonstrate that prioritizing native-only species se-
lections could result in urban forests with lower species diversity 
because of the limited number of species to select from in each city. 
Consequently, this could impact the resilience of California’s urban 
forests. Instead, urban forest managers should prioritize planting species 
with traits such as drought and heat tolerance that will ensure their 
survival as the climate changes, which may be native species or not. 
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