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Urbanization is thought to depress biodiversity for
many taxa (Kowarik 1995, McIntyre 2000, Marzluff

2001). Humanity’s causative role in this process is poten-
tially straightforward, with a body of literature illuminating
factors both ecological (Marzluff and Ewing 2001, McKinney
2002) and socioeconomic (Hope et al. 2003). But few city-
wide—much less global—assessments of the problem have
taken place, and none have attempted to quantify such changes
in human terms. Moreover, existing, localized studies provide
conflicting clues. Though urbanization is generally found to
depress biodiversity, some studies show peaks of biodiversity
in areas that are inhabited (e.g., suburbs; Blair 1996). The lim-
ited and sometimes conflicting data make it difficult to an-
swer the question of whether, and to what global extent,
urban humans are in fact displaced relative to biological di-
versity. The answer to this question becomes more urgent as
the fraction of humanity living in urban areas surpasses 50
percent and continues to rise (UN 2001). Yet until now data
were insufficient to quantify the displacement of humans
from nature or to assess the global extent of the problem.

To measure biological diversity where people live, we com-
piled human census results and an unprecedented data set of
species distributions (birds and ferns) from five metropoli-
tan areas diverse in age, structure, geographic location (three
continents), and surrounding natural habitats. Figure 1 shows
satellite images of each city—providing a visual context of rel-
ative city size and form—and the boundaries of the data on
species distribution used in this study. These data came from

four urban atlas projects and two citywide breeding bird
survey projects (table 1). Both the atlas projects and the sur-
vey projects surveyed every cell of a regular grid across a
metropolitan area, making it possible to perform a direct
evaluation of the diversity that is present where people live.

We calculated neighborhood diversity (ND) as the total
number of species found in the nine-cell neighborhood (ap-
proximately 9 square kilometers [km2]) surrounding each grid
cell in an urban area. (Cell area in each city was either exactly
1 km2 or within 5 percent of 1 km2.) For all humans in each
study area, we compared the ND where they live to a baseline
level. Our initial analyses used the mean neighborhood di-
versity (MND) of all cells in the study area as a baseline.
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(Later, we used a less conservative baseline.) This compari-
son revealed a systematic pattern of humans living in areas 
of impoverished diversity (table 2). For example, of the 0.5 
million people in the Tucson, Arizona, study area, 71.2 per-

cent live in neighborhoods that have below-average bird di-
versity. Of the 4.4 million people in all four cities with bird
data, 73.2 percent live amid levels of diversity below their city’s
MND. Figure 2 shows the association between human popu-

lation and biodiversity on maps of each city.
We also wondered whether people living in

below-average diversity experience only slightly
lower diversity than the baseline level. To evalu-
ate the magnitude of the decrease in diversity
near people, we compared the numbers of peo-
ple living in neighborhoods with high and low 
diversities. We defined high-diversity and low- 
diversity neighborhoods as those with ND more
than 1 standard deviation (SD) above or below
MND, respectively. SD values were sufficiently
large (generally 20 to 30 percent of the MND) that
neighborhoods whose ND was greater or less
than MND ± 1 SD were meaningfully distant
from the mean. (Florence, Italy, was an exception.
Because of its low SD of 3.6 species, Florence was
assigned a cutoff of MND ± 5 species.) People in
neighborhoods of low biological diversity far
outnumber those in neighborhoods of high bio-
diversity. Of 4.4 million people in all cities with
bird data, 33.1 percent live in low-diversity neigh-
borhoods, while only 8.9 percent live in high-
diversity neighborhoods. In only one case (ferns
in Chiba City, Japan) did the human population
in high-diversity neighborhoods exceed half the
population in those of low diversity (table 2).
Changing the distance of the high and low 
cutoffs from MND did not qualitatively change
results, and in no case did it cause the combined
population of the most diverse neighborhoods to
exceed that of the least diverse.

Urban biotas often possess increased abun-
dances of nonnative species (Marzluff 2001).
When we repeated our analyses using native
species only, the measured displacement of
humans relative to nature became more severe 
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Table 1. Atlas and survey projects used in compiling the urban species distribution data set.

Survey area Grid cell dimensions 
City Taxon Method (km2) (km) Total species Native species Source

Tucson, Arizona Birds Survey 801 1 × 1 134 128 Turner 2003

Washington, DC Birds Survey 186 1 × 1a 91 87 Hadidan et al. 1997

Berlin, Germany
Western Berlin Birds Atlas 482 1.1 × 0.9 91 89 OAGB 1984
Eastern Berlin Birds Atlas 390 1 × 1 88 87 Degen and Otto 1988

Florence, Italy Birds Atlas 102 1 × 1 82 75 Dinetti and Romano 2002

Chiba City, Japan Ferns Atlas 277 1.1 × 0.9 121 121 Murata 1997

Note: A survey project involves one constant-duration visit to one point in each cell of a regular grid. An atlas project involves multiple visits to different
areas within each cell of a regular grid.

a. Initial data for Washington, DC, were on a 0.5 km × 0.5 km grid. We computed species lists for each 1 km × 1 km cell by combining lists of the four
0.5 km × 0.5 km cells within. We included no species more than once in a given 1 km × 1 km cell.

Figure 1. Satellite images (all from 1990 ± 3 years) of five metropolitan 
areas: (a) Tucson, Arizona; (b) Berlin, Germany; (c) Washington, DC; (d)
Florence, Italy; (e) Chiba City, Japan. The scale is constant for all images.
Drawn lines show the boundaries of data used in this study (the actual sur-
vey areas were slightly larger, but the study excludes cells for which fewer
than seven cells in a nine-cell neighborhood were surveyed). Images are
grayscale derivations of Landsat Thematic Mapper imagery and include
infrared information to enhance contrast between development and vege-
tation. Black patches are water and (in Tucson) mountain shadows. In all
areas except Tucson, development shows as darker and vegetation as
lighter shades. In Tucson, development and dense vegetation both show as
lighter shades, with the surrounding natural desert landscape somewhat
darker.
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for every city (see table 2). For example, all six of
Tucson’s nonnative bird species are common, but
they are found more frequently in densely popu-
lated areas (Turner 2003). Removing these species
from the analysis increases the human popula-
tion living below MND from 71.2 percent to 76.0
percent. Initial calculations, although they showed
that most urban residents live amid depressed di-
versity, obscured the fact that some of this urban
diversity—a substantial proportion in cities like
Tucson—comprises species not native to the area.

Mean neighborhood diversity is a conservative
baseline against which to evaluate neighborhood
richness accessible to people, as it makes no attempt
to correct for citywide declines in diversity since de-
velopment began. The species diversity data set is
sound, but it lacks the detailed presettlement data
that could provide a more informative baseline.An
alternative baseline approximates this historical
one by using data from the least disturbed areas in
the existing data set. For two cities, we estimated
historical neighborhood diversity (HND) by 
averaging all neighborhoods whose centers lie in
parks retaining some semblance of natural habi-
tats. Values of HND exceeded the more conserv-
ative MND (28.0 species for HND versus 23.1 for
MND in Tucson; 41.7 species for HND versus
33.6 for MND in Washington, DC). Using HND in-
stead of MND as a baseline, the human population
in neighborhoods below the baseline increased
accordingly (from 71.2 percent to 90.8 percent in
Tucson and from 55.6 percent to 88.8 percent in
Washington). Estimated HND values remain con-
servative, because they include data from developed
areas (few parks themselves cover 9 km2), and be-
cause the adjacent development has indirect effects
on park diversity. In the absence of detailed data on
historical distribution, the degree to which hu-
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Table 2. Human population in neighborhoods with different levels of neighborhood biological diversity, by city.

Percentage of human population
Mean neighborhood diversity Total human in neighborhoods with below-average diversity

City All species studied Native species only population All species studied Native species only Tail ratio

Tucson, Arizona 23.1 19.1 502,684 71.2a 76.0a 4.6
Washington, DC 33.6 29.2 515,785 55.6a 56.5a 2.6
Berlin, Germany

Western Berlin 23.5 22.6 1,870,029 82.4a 82.5a 4.4
Eastern Berlin 22.7 22.0 1,104,530 65.4a 68.6a 2.1

Florence, Italy 49.7 45.5 376,792 77.2a 77.8a 13.3b

Chiba City, Japan 28.7 28.7 880,356 52.6 52.6 1.1

Note: Mean neighborhood diversity (MND) across cells was computed using a 9-km2 neighborhood for each cell. Species studied were ferns in Chiba
City and birds in all other cities. Total human population includes only residents of cells for which sufficient data existed to compute neighborhood diver-
sity (at least 7 of 9 cells surveyed). Tail ratio is the ratio of human population living in low-diversity neighborhoods (diversity below MND – 1 standard
deviation [SD]) to population in high-diversity neighborhoods (diversity above MND + 1 SD).

a. Percentages are significantly greater (P < 0.05) than expected based on 1000 randomizations of cell population values with respect to neighborhood
diversity.

b. Because of a low SD, high and low cutoffs for Florence were set at MND ± 5 species.

Figure 2. Maps revealing an inverse relationship between urban human
population and the neighborhood diversity (ND) of (a) birds in Tucson,
Arizona; (b) birds in Berlin, Germany; (c) birds in Washington, DC; (d)
birds in Florence, Italy; and (e) ferns in Chiba City, Japan. Increasing in-
tensities of red and blue represent increasing human population density
and increasing ND, respectively (expressed as a rank among all grid cells
for a city). Black cells have low values for both variables; white cells have
high values for both; and shades of gray show linearly covarying values for
both. The widespread presence of intense red and blue, and the general
absence of white, illustrate a lack of co-occurrence of people and diversity.
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mans experience depressed biodiversity in urban environ-
ments is likely to be underestimated.

Perhaps we have defined neighborhoods too narrowly. If
humans experience nature over broader areas than the cells
immediately around their residences, the number of people
classified as living amid low diversity may be lower. We tested
this hypothesis by varying the size of the neighborhood over
which we computed ND. Changing neighborhood size did al-
ter the fraction of the population living below MND. In
Washington, DC, as neighborhood size increased from 1 to
13 km2, fewer people were classified as living in neighborhoods
below MND (the percentage below MND decreased mono-
tonically; figure 3). Chiba City showed the same qualitative
change. But Florence changed little, while Tucson and Berlin
went in the opposite direction. For example, with the same
change in neighborhood size as in Washington, the portion
of Tucson’s population living below MND increased mo-
notonically from 63.4 percent to 71.6 percent (figure 3).

Why do different cities change in opposing directions?
The answer may lie in the spatial layout of higher-diversity 
areas within cities. The variation in species composition and
diversity in Tucson occurs at relatively broad spatial scales.
Tucson’s more diverse subdivisions and its diverse natural
parks are restricted exclusively to the city’s periphery (see 
figure 2a). Over a large region of central Tucson, increasing

neighborhood area is not likely to include any such diverse 
areas. In contrast, several natural parks lie within Washing-
ton, DC, and bring diversity within short distances of large
numbers of residents (see figures 1c, 2c). Even in some heav-
ily urbanized portions of Washington, an increased neigh-
borhood size may include a diverse park. An alternative
(though not mutually exclusive) explanation exists: Urban sites
harbor more homogenous sets of species than do natural ones
(Blair 2001). Urban expanses without natural parks may thus
have reduced beta diversity, resulting in fewer new species 
being added with increasing area.

It is likely that most of Earth’s urban human population lives
in biological poverty. Even using the conservative MND base-
line, this pattern holds over cities diverse in age, size, location,
and surrounding habitats. There is little reason to doubt that
it applies to other cities worldwide. Viewed in the context of
shifting baselines (Pauly 1995) and the related concept of
environmental generational amnesia (Kahn and Friedman
1995, Kahn 2002), our findings have troubling implications.
If the baselines by which humans assess ecological health 
diminish as new generations are exposed to poor ecological
conditions (Kahn 2002), the fact that the greatest numbers of
people live below MND virtually guarantees the future decline
of these baselines. This problem will be exacerbated by the pro-
jected increase in urbanization in coming decades (UN 2001).

Human health (Rohde and Kendle 1994), child develop-
ment (Kellert 2002), and human appreciation of nature—and
thus the conservation of nature everywhere (Gould 1991)—
may depend on finding and implementing solutions to the 
dissociation of urban humans from nature. It has been shown
that even some fairly simple natural systems, including indi-
vidual trees, can provide benefits to human well-being 
(Kaplan and Kaplan 1989). But whether less biodiverse 
systems can replace all the psychological and social benefits
lost with the disappearance of diversity is an open question.
Native biodiversity, for example, can contribute to sense of
place and belonging; loss of biodiversity may thus negatively
affect both well-being and community identity (Horwitz et
al. 2001). Likewise, appreciation and understanding of bio-
diversity are more likely to flourish with greater diversity
close to home and to suffer with greater separation of humans
from nature (Hough 1995). For example, reducing the sep-
aration between individuals and natural features can foster hu-
man concern for such features (Schultz 2001), and children
who play in wild environments show more favorable per-
ceptions of such environments later in life (Bixler et al. 2002).

Logically, there are two options for reducing the displace-
ment of humans from biodiversity: Either move humans to
nature, or bring nature to humans. The first class of solu-
tions—moving people to nature—involves spreading urban
development more thinly over the earth. Some previous stud-
ies found diversity peaks in lower-density suburban devel-
opment (e.g., Blair 1996). Perhaps this finding could be
interpreted to support the idea of designing broader urban
areas with lower-density development. But other work sug-
gests that such approaches result in substantial environmen-
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Figure 3. Plots of the relationship between neighborhood
area (in square kilometers) and the percentage of human
population living in areas with levels of neighborhood di-
versity below mean neighborhood diversity (MND) show
differences among cities. Values reveal increasing dissoci-
ation of humans and diversity as neighborhood area in-
creases in Tucson, Arizona (solid line), and the opposite
pattern in Washington, DC (dashed line). The dotted line
indicates 50 percent, roughly the value expected if hu-
mans and biodiversity were randomly distributed relative
to one another.

Neighborhood area (km2)
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tal damage (e.g., harm to species [Robinson et al. 1995] and
ecosystem processes [Keeley and Fotheringham 2001] re-
quiring large, undisturbed areas; urban sprawl [Benfield et al.
1999]). Moreover, the findings of the present study suggest
that simply having more lower-density suburbs in a city may
not result in a citywide reduction in the displacement of
people from diversity. For example, Tucson, perhaps because
of its comparatively recent growth in the automotive age, has
extensive, low-density suburbs. Yet we found that the dis-
placement of people from diversity in Tucson was more se-
vere than in areas with much greater total population or
overall population density, such as eastern Berlin (see table
2). This may be attributable, in part, to the fact that more
densely populated areas, other things being equal, contribute
more to total population. Tucson’s extensive suburbs thus
bring a disproportionately small fraction of the population
closer to nature. Furthermore, it remains unknown whether
the peaks of diversity observed in some suburbs are main-
tained internally or only through proximity to undeveloped
outside areas. If diversity depends on proximity to undevel-
oped areas, more expansive development of any kind—
including suburbs—may aid little in supporting biodiversity.

This could change, however, if development itself changes.
The alternative to moving people to nature is to bring nature
closer to people. Previous evidence (Rosenzweig 2003), and
our findings of a few areas of high diversity in close proxim-
ity to high human population density, indicate that 
opportunities exist to sustain biodiversity in and around 
urban areas. Indeed, a growing cadre of individuals and 
organizations are exploring the biological interactions between
urbanization and biodiversity and are investigating means to
make urban development more compatible with diversity (e.g.,
Kowarik 1995, McIntyre 2000, Marzluff 2001). Given the
troubling findings of this study, these efforts must be redou-
bled, and they must focus on higher-density developments and 
existing urban lands in addition to new, low-density devel-
opment. Research must also extend the work of Hope and col-
leagues (2003) in addressing the demographic and economic
factors underlying urban land use and vegetation patterns.
Equally important, the number and variety of people aware
of and participating in the integration of biodiversity with
cities must grow. This problem cannot be addressed suc-
cessfully without the education and participation of the myr-
iad residents, landowners, and other stakeholders necessarily
involved in management of urban areas.

The task of redesigning millions of inhabited parcels of
land for greater compatibility with biodiversity may seem
daunting. But the benefits of meeting this task are profound.
Moreover, some tools to begin the process of sustaining bio-
diversity in urban areas already exist, and their implemen-
tation may not be as costly as one might think (see, e.g.,
Rosenzweig 2003). Methods may differ, depending on the
context: In some areas, entire inhabited landscapes may 
sustain wildlife, while in other, more densely populated 
areas, more defined urban parks may prove the only feasi-
ble option. In either case, if our findings spur people to 

sustain nature in urban areas, future studies may reveal an
increase in, rather than continued erosion of, the biological
diversity present where humans live.
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