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I Introduction
The most important agent of change in the
spatial patterns of much of biodiversity at
present is ultimately the size, growth and
resource demands of the human population
(Vitousek et al., 1997; Sala et al., 2000). This
is giving rise to: (i) levels of global species
extinction largely unprecedented outside
periods of mass extinction (e.g., Lawton and
May, 1995; Pimm et al., 1995; C.D. Thomas 
et al., 2004); (ii) levels of net losses of
populations and individuals which may both
absolutely and proportionately be several
times greater than rates of species loss 
(e.g., Hughes et al., 1997; 1998; Chan, 1998;
Hobbs and Mooney, 1998; Ceballos and
Ehrlich, 2002; Gaston et al., 2003; 
J.A. Thomas et al., 2004); (iii) levels of
dispersal of organisms, associated with the
movements of people and goods, that rou-
tinely overcome long-standing barriers to
natural movement and which in some areas
have become more important than natural
dispersal mechanisms (e.g., Hodkinson and
Thompson, 1997; Pimentel, 2001); and (iv)
humans having become among the greatest
evolutionary forces on Earth, shaping the
tolerances and capacities of numerous organ-
isms (Palumbi, 2001). Such pervasive effects
have led some to term the present era the

‘anthropocene’ (Crutzen and Stoermer,
2000).

While the large ‘ecological footprint’ of
major sectors of the human population is
undoubtedly important, generating pressures
in areas often far removed from where 
the people responsible reside (Rees, 2001;
Wackernagel et al., 2002), the extent of the
conflicts between people and other compo-
nents of biodiversity also depends in large
part on the degree to which the two spatially
co-occur. Nonetheless, until recently, surpris-
ingly little explicit work had been conducted
on the relationships between human popula-
tion size or density in areas and the structure
and dynamics of the ecological assemblages
present. This is now changing rapidly and
in this paper I selectively review these
contributions.

II Species richness
To many, one of the more surprising discover-
ies in recent biodiversity research has been
that, at broad geographic scales, the total
numbers of species in different groups of
organisms occurring in an area tend often to
be positively correlated with the numbers of
people; there is a positive species-humans
relationship. This pattern has been docu-
mented, with varying degrees of statistical
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and biological significance (depending, for
example, on the strengths of the relationships,
and whether spatial autocorrelation, variation
in area and other confounding variables have
been accounted for), for birds and mammals
in different countries worldwide (Kerr and
Currie, 1995), birds in different countries in
Europe (Gaston and Evans, 2004), butter-
flies, amphibians, reptiles, birds and mammals
in North America at an ecoregion scale (Luck
et al., 2004), plants in the USA at a state scale
(McKinney, 2001b), amphibians, snakes, birds
and mammals, separately and summed, in
sub-Saharan Africa at a one-degree resolution
(Balmford et al., 2001b), plants in sub-Saharan
Africa at a one-degree resolution (Balmford 
et al., 2001a), butterflies, amphibians, birds
and mammals in Australia at a one-degree
resolution (Luck et al., 2004), mammals in
Mexico at a half-degree resolution (Vázquez
and Gaston, 2005), birds in South Africa at
quarter-, half- and one-degree resolutions
(Chown et al., 2003; van Rensburg et al.,
2004), plants, reptiles, amphibians and mam-
mals in Europe at a 50 km resolution (Araújo,
2003), mammals in Argentina at a provincial
scale (Real et al., 2003), plants on Southern
Ocean islands (Chown et al., 1998; Selmi and
Boulinier, 2001), and bird and mammal
species in Nepal in different altitudinal bands
(Hunter and Yonzon, 1993). In a similar vein,
the human population has been shown to be
distributed such that more than 1.1 billion
individuals (about a sixth of the global total)
live within the 25 global biodiversity hotspots
which constitute some of the most important
and threatened areas for other forms of life
but which cover only 1.4% of the land surface
(Cincotta and Engelman, 2000; Cincotta 
et al., 2000); the density of people in hotspots
is about 73 per km2, compared with a global
average of 42 per km2.

Although there are other possibilities (e.g.,
coincidence, disturbance, extinction filters,
geomorphology; see Araújo, 2003; Kühn 
et al., 2004), the most generally accepted
explanation for this pattern of positive covari-
ance is that species richness and numbers of

people both respond positively to levels of
environmental energy availability. Species
numbers often increase with energy (the
species-energy relationship) at a geographic
scale, at least over a wide range of values of
energy availability, for a variety of reasons
(Evans et al., 2005a). But foremost they have
been thought to do so because more energy
enables more biomass and greater numbers of
individuals to be sustained, which enables
more species to maintain viable populations
within an area (the so-called ‘more individu-
als’ hypothesis; Wright, 1983; Rosenzweig
and Abramsky, 1993; Kaspari et al., 2003). If
this mechanism were correct, then one
would expect to find more biomass and indi-
viduals of given taxonomic groups in areas in
which more of their species occur and,
although it is extremely difficult to test, there
is some evidence that this is indeed so
(Kaspari et al., 2000; Gaston and Evans,
2004; Meehan et al., 2004).

Why numbers of people are positively cor-
related with environmental energy availability
at broad geographic scales has been less
well explored, at least in the biodiversity liter-
ature. However, this relationship may exist
because early human populations established
more readily in warm and productive areas,
and perhaps grew more rapidly there, with
present patterns of abundance reflecting
this historical signal – a significant level of
historical consistency in the pattern of human
populations has been assumed in modelling
long-term changes in the influences of those
populations on land use (Klein Goldewijk,
2001), although there are many exceptions
and the relationship is scale-dependent. The
effect may have been enhanced at global
scales by the distribution of wealth and its
consequences for population growth rates,
although the patterns of wealth and its effects
have changed through human history.
Regardless, the similarity of the responses
exhibited by humans and other biota to
energy availability is underlined by numerous
strong parallels between how species richness
and human populations are structured in
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space (Mace and Pagel, 1995; Cashdan, 2001;
Collard and Foley, 2002; Moore et al., 2002;
Manne, 2003), and in how these variables
respond to current environmental change
(Sutherland, 2003).

If positive relationships between numbers
of other species and numbers of people are a
consequence of the two covarying in a similar
way with a third variable (energy availability),
then the puzzling question is how more direct
effects of human density on species numbers
fit into this picture. An intuitive expectation
would seem to be that species richness would
decline when human densities are high, as a
consequence of the loss and fragmentation of
natural habitat, and pressures of exploitation,
pollution and introduced species (with all of
these effects potentially being amplified
through extinction cascades). There are three
possible reasons why this has not been
observed in many (though not all) of the
analyses of relationships between species
richness and human population listed earlier.
First, these analyses have been conducted at
rather coarse spatial resolutions. It may thus
be that even within those areas in which
human densities are high there is still suffi-
cient natural habitat and refuges from other
threatening processes. If this were correct,
then one would predict that at finer spatial
resolutions the relationship between species
richness and human density would be hump-
shaped or possibly negative. There is some
empirical evidence that suggests this is indeed
so (Araújo, 2003; Turner et al., 2004).

In a similar vein, the second possible expla-
nation for why a positive relationship
between species richness and human density
is observed at geographic scales is that human
density per se is not an important determinant
of levels of species richness. Rather, in an
increasingly human-dominated world, species
richness depends much more on the existence
of effective mechanisms for the maintenance
of species numbers (or at least for reducing
impacts upon them) than on the actual num-
bers of people. This suggests that the form of
the observed relationship between numbers

of species and numbers of people will vary
systematically between regions, dependent
on the strength of conservation, and broader
environmental, action (see also Huston,
1993; Margules and Gaston, 1994). This
would be an interesting idea to test.

The third possible reason that a positive
relationship between species richness and
human density is observed at geographic
scales is that there is an effect of human den-
sity on species richness across the full range of
variation in the former, the outcome of which
is to lower the overall slope of the species
richness-human density relationship rather
than simply to invert it or make it hump-
shaped. The potential for such a mechanism is
evidenced by the fact that humans seem to
have caused extinctions, both in palaeonto-
logical and historical times, even when
the densities of people have been rather low
(e.g., Martin and Steadman, 1999; Miller 
et al., 1999; Linnell et al., 2001; Laliberte and
Ripple, 2003; Lyons et al., 2004). Although
the influences of anthropogenic factors on
the observed form of macroecological pat-
terns has not generally been well explored
(Gaston and Blackburn, 2003; Gaston,
2004), there is some evidence that variation
in human densities influences observed
species-energy relationships (Evans and
Gaston, 2005). It also makes a great deal 
of sense, in as much as impacts of humans 
on patterns of species richness are known to
be extremely widespread.

Of course, these explanations for positive
geographic-scale relationships between
species richness and human density are not
mutually exclusive. For example, at high
human densities, the majority of native
species recorded from an area may be sus-
tained in remnant patches of natural or
semi-natural habitat, protected by conserva-
tion measures, but still markedly depleted in
diversity.

III Threat and extinction 
Even if at broad spatial resolutions species
richness and human population sizes or



densities are typically positively correlated,
this is not to say that at such scales there is no
evidence for adverse effects on biodiversity of
those populations or densities, and the activi-
ties that are associated with them. Thus,
paralleling these relationships, positive corre-
lations have also been documented between
the numbers of species and the proportions of
species in different groups of organisms
occurring in an area that are presently threat-
ened with extinction and the numbers of
people living there. This pattern has been
documented, again with varying degrees of
statistical and biological significance, for
plants, birds and mammals in different coun-
tries (Kerr and Currie, 1995; McKinney,
2001a; 2002a), butterflies, amphibians, rep-
tiles, birds and mammals in North America at
an ecoregion scale (Luck et al., 2004), birds in
Australia at a one-degree resolution (Luck
et al., 2004), mammals in Mexico at a half-
degree resolution (Vázquez and Gaston,
2005), birds in South Africa at quarter-, half-
and one-degree resolutions (Chown et al.,
2003), mammals in the USA at a state scale
(Kirkland and Ostfeld, 1999) and reptiles in
the USA at a county scale (Dobson et al.,
1997); some studies have also found no
marked species-humans relationships for
threatened species in some groups and
regions (e.g., Dobson et al., 1997; McKinney,
2002a; Araújo, 2003).

All else being equal, if overall numbers of
species are higher in areas with greater num-
bers of people, then by chance the numbers of
threatened species would be expected to be
higher. Thus, the observation that the propor-
tions of threatened species are often also
higher is considerably more important. The
logical consequence of heightened numbers
and proportions of threatened species in areas
with higher human population sizes and den-
sities is that extinction rates will also be
greater in these areas. Thus, the number of
scarce plant species that have not been
recorded from areas of Britain since 1970 is 
an increasing function of the human pop-
ulation density of those areas (Thompson 

and Jones, 1999), and the occurrence and
persistence of a number of, predominantly
large-bodied, vertebrate species declines with
human population density and urbanization,
even when these species are in protected
areas and this density is measured in the
surrounding areas (Hoare and du Toit, 1999;
Woodroffe, 2000; Brashares et al., 2001;
Germaine et al., 2001; Parks and Harcourt,
2002; Laliberte and Ripple, 2003; 2004; Liley
and Clarke, 2003; Walsh et al., 2003; Cardillo
et al., 2004; Jędrzejewski et al., 2004; but see
Harcourt et al., 2001; Linnell et al., 2001). Of
course, in the extreme, levels of extinction
may become sufficient to remove, or even
invert, any relationship between the numbers
and proportions of threatened species and the
numbers of people, a form of extinction filter
(Balmford, 1996).

As mentioned earlier, threats to other
species from higher human population sizes
and densities may come from a variety of
directions. Thus, although the interaction
may be modified by social and environmental
context, human population sizes and densities
have been found to be positively correlated
with levels of forest loss and fragmentation
(e.g., Meyer and Turner, 1992; Cohen, 1997;
Laurance et al., 2002; Wikramanayake et al.,
2002; Jędrzejewski et al., 2004), overall land
transformation (e.g., Chown et al., 2003;
Vázquez and Gaston, 2005) and numbers of
introduced species (see below).

IV Introductions
The emphasis thus far has been on regional
and local declines in native species numbers
that often follow from human activities.
However, such activities may also lead to
increases in species numbers as a conse-
quence of the introduction of species to areas
in which naturally they would not occur. It is
thus perhaps unsurprising that a number of
analyses have documented positive relation-
ships between the numbers or proportions of
species that have been introduced to an area
and the size of the human population estab-
lished or visiting that area. This pattern has
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been documented for plants in the Azores
and in the USA (McKinney, 2002b; Silva and
Smith, 2004; see also Withers et al., 1998),
plants, insects and mammals on Southern
Ocean islands (Chown et al., 1998; 2000;
Selmi and Boulinier, 2001), plants and fish in
the USA at a state scale (McKinney, 2001b),
plants in national parks in the USA and in
South Africa (Lonsdale, 1999), and plants 
in nature reserves in the Czech Republic
(Pyšek et al., 2002). Such movements of
species have been brought about by a multi-
plicity of routes, including intentional
introduction for cultivation or sport, the
transport of soil and ballast, the connection of
waterways through canals, and the release or
escape of pets. They reflect our choices as
consumers, travellers, gardeners and so on
(Baskin, 2002).

Should these relationships be strong
enough, then, given that at geographic scales
overall species richness tends to be positively
correlated with human density, one might
expect that the numbers of native and intro-
duced species in an area would also be
positively correlated. There is some evidence
that this is so (e.g., Lonsdale, 1999; Stohlgren
et al., 1999; Pyšek et al., 2002; Sax, 2002;
Houlahan and Findlay, 2004; Irz et al., 2004;
but see Case, 1996; Stohlgren et al., 1999;
McKinney, 2001b). Such patterns have
attracted various interpretations, including
that naturally more speciose assemblages are
easier to invade, that native and introduced
species richness respond to environmental
factors (e.g., energy availability) in similar
ways, and that because high numbers of other
species tend to occur where there are large
numbers of people greater numbers of species
will tend to be successfully introduced into
these areas (for discussion see, for example,
Levine and D’Antonio, 1999; Stohlgren et al.,
1999; Duncan et al., 2003; Evans et al., 2005b).
The relative importance of these possibilities
is poorly understood and, despite the numer-
ous weaknesses of such an approach, the
simple existence of a positive relationship
between numbers of native and introduced

species in different areas has at some time
been used to support each of them.

What is the relative balance of decreases
in species richness through extinctions and
increases through introductions? Global bio-
diversity is indisputably in decline, as a
consequence of the global extinction of indi-
vidual species. In contrast, at smaller spatial
resolutions, net biodiversity seems commonly
(though not exclusively) to be increasing,
because the numbers of introductions out-
weighs the numbers of local or regional
extinctions (e.g., Hobbs and Mooney, 1998;
Rosenzweig, 2001; McKinney, 2002b; Sax 
et al., 2002; Sax and Gaines, 2003). This is
despite the fact that introductions themselves
may drive local or regional extinctions
(Williamson, 1996; but see Gurevitch and
Padilla, 2004).

V Predictions for the future
The human population is predicted to grow
by 2 to 4 billion people by 2050 (United
Nations, 2001). While it took until about 1800
to attain a global population of 1 billion people,
a medium projection is that it may take just 13
to 14 years to add another billion to the pres-
ent total (Cohen, 2003). All else remaining
equal, which it seldom does, a number of pre-
dictions would seem to follow from the work
that has been conducted to date on the rela-
tionships between human densities and the
numbers of native species, numbers or pro-
portions of threatened species, and the
numbers or proportions of introduced species.
First, the spatial scale at which relationships
between overall numbers of native species
and human density become hump-shaped or
at least gain marked negative phases seems
likely to increase, even when species numbers
and human density are mapped at a low spa-
tial resolution. Increased human densification
will mean that the maintenance and conser-
vation of tracts of natural or semi-natural
vegetation will become more difficult in areas
of higher human density. 

Secondly, the numbers and proportions of
threatened species in different areas will tend
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to increase. McKee et al. (2003) have used
existing relationships between numbers of
threatened species and numbers of people in
different areas to predict the consequences
for biodiversity of continued increases in the
human population. They found that the num-
ber of threatened bird and mammal species
across 114 continental nations is expected to
increase in the average nation by 7% by 2020
and 14% by 2050, on the basis of human pop-
ulation growth alone. Such aggregate
estimates provide no indication of precisely
what this is likely to do for the overall propor-
tion of species that are globally threatened
with extinction, but these increases can only
serve to increase the 12% of bird species and
the 23% of mammals currently listed as such
(IUCN, 2003). Likewise, the proportion of
species that have become globally extinct will
increase.

Thirdly, the numbers and proportions of
introduced species in different areas will tend
to increase. Comparable analyses to those
conducted by McKee et al. (2003) could also
be conducted to predict the consequences for
species introductions of continued increases
in the human population. To my knowledge,
this has not been done. However, the conclu-
sions seem likely to be qualitatively, if not
quantitatively, similar.

In combination, the loss of native species
to extinctions and the establishment of
nonnative species through accidental or
intentional introductions leads to biotic
homogenization, the reduction in the 
spatial variability of assemblage composition
(McKinney and Lockwood, 1999; Rahel,
2000; Lockwood and McKinney, 2001; Olden
et al., 2004). Albeit the relationship between
biodiversity and human population growth is
complex (Cohen, 1997), it is clear that, along-
side other motivations for so doing, limiting
this growth is essential for biodiversity con-
servation and management. Moreover, the
explicit incorporation of spatial variation in
the human population should come closer to
the fore in schemes for prioritizing areas for
that conservation and management (for

examples see Fjeldså and Rahbek, 1998;
Chown et al., 2003; Luck et al., 2004; 
van Rensburg et al., 2004).
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and Jędrzejewski, B. 2004: Habitat variables associ-
ated with wolf (Canis lupus) distribution and
abundance in northern Poland. Diversity and Distribu-
tions 10, 225–33.

Kaspari, M., O’Donnell, S. and Kercher, J.R.
2000: Energy, density and constraints to species rich-
ness, ant assemblages along a productivity gradient.
American Naturalist 155, 280–93.

Kaspari, M., Yuan, M. and Alonso, L. 2003: Spatial
grain and the causes of regional diversity gradients in
ants. American Naturalist 161, 459–77.

Kerr, J.T. and Currie, D.J. 1995: Effects of human
activity on global extinction risk. Conservation Biology
9, 1528–38.

Kirkland, G.L. and Ostfeld, R.S. 1999: Factors influ-
encing variation among states in the number of
federally listed mammals in the United States. Journal
of Mammalogy 80, 711–19.

Kevin J. Gaston 245



Klein Goldewijk, K. 2001: Estimating global land use
change over the past 300 years: the HYDE database.
Global Biogeochemical Cycles 15, 417–33.

Kühn, I., Brandl, R. and Klotz, S. 2004: The flora of
German cities is naturally species rich. Evolutionary
Ecology Research 6, 749–64.

Laliberte, A.S. and Ripple, W.J. 2003: Wildlife
encounters by Lewis and Clark: a spatial analysis of
interactions between native Americans and wildlife.
BioScience 53, 994–1003.

— 2004: Range contractions of North American carni-
vores and ungulates. BioScience 54, 123–38.

Laurance, W.F., Albernaz, A.K.M., Schroth, G.,
Fearnside, P.M., Bergen, S., Venticinque, E.M.
and Da Costa, C. 2002: Predictors of deforestation
in the Brazilian Amazon. Journal of Biogeography 29,
737–48.

Lawton, J.H. and May, R.M., editors 1995: Extinction
rates. Oxford: Oxford University Press.

Levine, J.M. and D’Antonio, C.M. 1999: Elton revis-
ited: a review of evidence linking diversity and
invasibility. Oikos 87, 15–26.

Liley, D. and Clarke, R.T. 2003: The impact of urban
development and human disturbance on the numbers
of nightjar Caprimulgus europaeus on heathlands in
Dorset, England. Biological Conservation 114, 219–30.

Linnell, J.D.C., Swenson, J.E. and Andersen, R. 2001:
Predators and people: conservation of large carnivores
is possible at high human densities if management policy
is favourable. Animal Conservation 4, 345–49. 

Lockwood, J.L. and McKinney, M.L., editors  2001:
Biotic homogenization: the loss of diversity through
invasion and extinction. New York: Kluwer Acade-
mic/Plenum Publishers.

Lonsdale, W.M. 1999: Global patterns of plant invasions
and the concept of invasibility. Ecology 80, 1522–36.

Luck, G.W., Ricketts, T.H., Daily, G.C. and Imhoff,
M. 2004: Alleviating spatial conflict between people
and biodiversity. Proceedings of the National Academy
of Sciences, USA 101, 182–86.

Lyons, S.K., Smith, F.A. and Brown, J.H. 2004: Of
mice, mastodons and men: human-mediated extinc-
tions on four continents. Evolutionary Ecology
Research 6, 339–58.

Mace, R. and Pagel, M. 1995: A latitudinal gradient in the
density of human languages in North America. Proceed-
ings of the Royal Society, London B 261, 117–21.

Manne, L.L. 2003: Nothing has yet lasted forever: cur-
rent and threatened levels of biological and cultural
diversity. Evolutionary Ecology Research 5, 517–27.

Margules, C.R. and Gaston, K.J. 1994: Biological
diversity and agriculture. Science 265, 457.

Martin, P.S. and Steadman, D.W. 1999: Prehistoric
extinctions on islands and continents. In MacPhee,
R.D.E., editor, Extinctions in near time, New York:
Kluwer Academic/Plenum, 17–55.

McKee, J.K., Sciulli, P.W., Fooce, C.D. and Waite,
T.A. 2003: Forecasting global biodiversity threats
associated with human population growth. Biological
Conservation 115, 161–64.

McKinney, M.L. 2001a: Role of human population size
in raising bird and mammal threat among nations.
Animal Conservation 4, 45–57.

— 2001b: Effects of human population, area, and time
on non-native plant and fish diversity in the United
States. Biological Conservation 100, 243–52.

— 2002a: Why larger nations have disproportionate
threat rates: area increases endemism and human pop-
ulation size. Biodiversity and Conservation 11, 1317–25.

— 2002b: Do human activities raise species richness?
Contrasting patterns in United States plants and
fishes. Global Ecology and Biogeography 11, 343–48.

McKinney, M.L. and Lockwood, J.L. 1999: Biotic
homogenization: a few winners replacing many losers
in the next mass extinction. Trends in Ecology and
Evolution 14, 450–53.

Meehan, T.D., Jetz, W. and Brown, J.H. 2004: Ener-
getic determinants of abundance in winter landbird
communities. Ecology Letters 7, 532–37.

Meyer, W.B. and Turner, B.L. II 1992: Human popula-
tion growth and global land-use/cover change.
Annual Review of Ecology and Sytematics 23, 39–61.

Miller, G.H., Magee, J.W., Johnson, B.J., Fogel,
M.L., Spooner, N.A., McCulloch, M.T. and
Ayliffe, L.K. 1999: Pleistocene extinction of Genyor-
nis newtoni: human impact on Australian megafauna.
Science 283, 205–208.

Moore, J.H., Manne, L., Brooks, T.M., Davis, R.,
Hansen, L.A., Rahbek, C., Williams, P.H. and
Balmford, A. 2002: The distribution of biological
and cultural diversity in Africa. Proceedings of the
Royal Society, London B 269, 1645–53.

Olden, J.D., Poff, N.L., Douglas, M.R., Douglas,
M.E. and Fausch, K.D. 2004: Ecological and evolu-
tionary consequences of biotic homogenization.
Trends in Ecology and Evolution 19, 18–24.

Palumbi, S.R. 2001: Humans as the world’s greatest
evolutionary force. Science 293, 1786–90.

Parks, S.A. and Harcourt, A.H. 2002: Reserve size,
local human density, and mammalian extinctions in U.S.
protected areas. Conservation Biology 16, 800–808.

Pimentel, D. 2001: Agricultural invasions. In Levin,
S.A., editor, Encyclopaedia of biodiversity, vol. 1, 
San Diego: Academic Press, 71–85.

Pimm, S.L., Russell, G.J., Gittleman, J.L. and
Brooks, T.M. 1995: The future of biodiversity.
Science 269, 347–50.
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