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Urbanization and the Predation
Paradox: The Role of Trophic
Dynamics in Structuring Vertebrate
Communities
JASON D. FISCHER, SARAH H. CLEETON, TIMOTHY P. LYONS, AND JAMES R. MILLER
As the pace and extent of urbanization increase, an understanding of the mechanisms that shape wildlife communities in cities will be essential to their
effective management. Predation could be an important determinant of the structure of these communities, but the research to date suggests a predation
paradox: Vertebrate predator numbers increase with urbanization, whereas predation rates decline. We reviewed studies on predator abundance and
the survival of terrestrial vertebrates in urban and nonurban contexts to evaluate whether the predation paradox is a widespread phenomenon. We
conclude that there is substantial support for it. We discuss hypotheses to explain the paradox and suggest that urbanization has fundamentally altered
trophic dynamics by reducing top-down control through multiple mechanisms and by increasing bottom-up forcing through the greater availability of
anthropogenic foods. The hypotheses are summarized in a conceptual model that generates testable predictions designed to advance our understanding
of trophic dynamics in metropolitan areas.
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rbanization is radically and rapidly altering the Earth,

leading to the formation of unique assemblages of
vertebrate wildlife species in urban environments (Shochat
et al. 2010). These assemblages differ greatly from those
in adjacent undeveloped habitats but tend to be similar to
communities in other cities, even those separated by wide
geographic distances (McKinney 2006). This suggests that
urban communities may be shaped by a set of forces that are
unique to metropolitan areas (Shochat et al. 2006). Given
the extent of urbanization and the predicted rate of urban
expansion, an understanding of these forces is essential to
designing and managing urban environments (Miller and
Hobbs 2002).
Predation could be one of the primary forces shaping
urban communities, because it is one of the fundamental
mechanisms that structure natural communities (Shochat
et al. 2006). Top-down control caused by predation can
limit the population size of prey species below the level that
available resources could otherwise support (Newton 1998).
The effects of such regulation on community structure can
be profound. Diversity may increase where predation limits
the population size of organisms that might otherwise

exclude other species (i.e., keystone predation; Paine 1966).
Conversely, prey populations may be extirpated where
large numbers of one prey species support high densities
of predators that also prey on other, less abundant species
(i.e., hyperpredation; Smith and Quin 1996). Reduced prey
populations might, in turn, release their food sources from
top-down regulation (i.e., trophic cascade; Estes JA et al.
2011). Even the fear of predation can alter demographics
and interspecies interactions through changes in behavior
that minimize the risk of mortality (Bednekoff 2007).
Because of the myriad potential effects of predation,
top-down control is a mechanism frequently invoked to
explain the composition and structure of urban wildlife
communities (Marzluff 2001). However, the research to
date has been polarized along two lines of inquiry that
have yielded seemingly contradictory conclusions (ﬁgure 1;
Shochat 2004). In some behavioral and demographic studies, it has been reported that fearfulness and mortality are
lower in urban settings—a phenomenon referred to as
predation relaxation (also known as the predator refuge or
safe habitat hypothesis)—the implication being that predation rates are also reduced in more developed areas (Gering
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Figure 1. The predation paradox: Reductions in predation
rates (predation relaxation) and increases in predator
abundance (predator proliferation) lead to conﬂicting
predictions regarding differences in top-down control
between urban and nonurban environments.
and Blair 1999, Shochat et al. 2006, Valcarcel and FernándezJuricic 2009, Stracey 2011). Other research has shown that
predator densities are frequently greater in cities than in
rural or natural landscapes (Sorace 2002). This abundance
of predators—here, termed predator proliferation—implies
that predation pressure is actually greater in urban areas.
The apparent contradiction between predation relaxation
and predator proliferation has been called the predation
paradox (ﬁgure 1; Shochat 2004). Since the phrase was
coined, much research has been conducted on predation in
the context of urbanization for a wide variety of vertebrate
species, but it remains unclear whether the predation paradox is a widespread phenomenon. Here, for the ﬁrst time,
we review this body of work to assess whether predation
relaxation and predator proliferation are general features of
terrestrial vertebrate communities in landscapes undergoing
urbanization. We reassess the predation paradox in light of
our conclusions and discuss mechanisms that could produce
the observed patterns. Finally, we offer a new conceptual
model of altered trophic dynamics in urban and nonurban
environments as a means of stimulating and focusing future
research. Throughout the article, we refer to top-down control
in the context of predation. Although other interspeciﬁc
interactions, such as disease and predation, can also limit
population size, we do not discuss them here.
Literature search
Using topic searches in the Web of Knowledge (http://thomson
reuters.com/products_services/science/science_products/a-z/isi_
web_of_knowledge), we reviewed literature on predator numbers and prey survival for terrestrial vertebrates in urban
landscapes. We focused on comparative studies of urban or
suburban sites (hereafter, termed urban) with rural or undeveloped locations (nonurban) to avoid comparing investigations of urban and nonurban areas that were carried out
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under different environmental conditions due to interannual
variation. Studies in which multiple points were examined
along gradients of urbanization were also included, although
these were far less common. Nearly all studies were conducted in North America and Europe, so we restricted our
review to these continents.
All searches for prey survival included the terms urban* and
surviv* (the asterisk is a search wildcard), as well as a broad
taxonomic descriptor such as reptile, bird, or mammal. Based
on the ﬁndings from these articles, more speciﬁc searches
were conducted in association with taxa common in urban
environments, using terms such as nest and rodent. Queries
regarding predators included urban* and taxa-speciﬁc terms
identiﬁed through the survival searches, such as opossum, fox,
coyote, cat, and raptor. The references in relevant articles were
searched for additional sources. Finally, we identiﬁed additional sources by searching the Web of Knowledge for studies
in which articles included in our review were cited.
Predator proliferation
The ﬁrst tenet of the predation paradox is that predators
are more numerous in cities than in the surrounding landscape (Shochat 2004). The variety of vertebrate predators
along the urbanization gradient is high and includes birds,
mammals, and reptiles. Some of these are exclusively carnivores, but many are omnivorous, taking prey opportunistically (Iossa et al. 2010). Responses to urbanization vary by
taxon (Haskell et al. 2001), with some avoiding developed
areas and others reaching peak densities in cities (Rosenﬁeld
et al. 1995). Consequently, changes in the overall number of
predators in metropolitan areas are an amalgamation of the
different responses of species to urban development.
Apex predators found in wildlands are largely absent
from metropolitan environments (Estes JA et al. 2011). These
species, such as mountain lions and black bears, are sometimes seen in urban habitats—particularly at the interface of
wildlands and cities—but the core of their home ranges is
always in areas with minimal human disturbance (Iossa et al.
2010). Such top-level predators generally require extensive
home ranges with adequate numbers of large prey where
human interference is minimal (Beier et al. 2010)—attributes
that do not characterize developed areas. In addition, human
tolerance for predators generally declines with increases in the
predators’ body size, which leads to removals of large species
from cities (Iossa et al. 2010). The loss of the top trophic level
in urban environments could have profound indirect effects
on other wildlife. The lack of top-down regulation on smaller
predatory species could allow populations to increase greatly
in abundance (i.e., mesopredator release; Prugh et al. 2009),
resulting in a trophic downgrading by which middle-rank
predators become the apex consumers of a system (Estes JA
et al. 2011). Such species can reach much higher densities than
large-bodied predators, which creates the potential for greater
predation pressure on urban prey (Prugh et al. 2009).
Mammalian mesopredators (the term used here in reference
to middle-rank predators in wildlands; Prugh et al. 2009)
www.biosciencemag.org
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are a common component of urban wildlife communities (Rodewald et al. 2011). These species are omnivorous,
with the exception of the carnivorous bobcat (Lynx rufus),
although the degree of omnivory varies by species (Iossa et al.
2010). All species will opportunistically consume small birds
or mammals—particularly eggs, nestlings, and young (Iossa
et al. 2010)—and so have the potential to increase predation
pressure on prey species. Whether top-down forcing changes
with urbanization depends in part on how predator numbers
respond to urban development. These responses are speciesspeciﬁc and highly variable (table 1). Predators such as coyotes
(Canis latrans) and gray foxes (Urocyon cinereoargenteus)
frequently make use of urban environments, but they preferentially select habitats to minimize contact with humans (Riley
2006, Gehrt et al. 2009). There tends to be little difference
in the density of such species between urban and nonurban
environments (Iossa et al. 2010). Other mammalian predators,
such as the raccoon (Procyon lotor), make use of a wide variety
of natural and human-disturbed habitats and reach higher
densities in cities (Prange et al. 2003). Mesopredators have
also been introduced into urban environments in the form of
domesticated species such as cats (Felis catus). These species
are closely associated with human development and increase
in abundance with human density (Sims et al. 2008).
Avian mesopredators are also present in cities and are
represented by both carnivores and omnivores (Rodewald
et al. 2011). Like mammalian mesopredators, omnivorous
birds have the potential to affect predation pressure on
other species by opportunistically taking vertebrate prey,
particularly the young. Most of these species are members
of the family Corvidae and generally respond positively to
urbanization (table 1). For example, the black-billed magpie
(Pica pica) routinely reaches its greatest recorded densities in
cities (Jerzak 2001).
The number of carnivorous bird species generally declines
with urbanization (Møller 2011), but species-speciﬁc changes
Table 1. Relative abundance for predators in urban and
nonurban habitats (n = 60).
Higher in urban

Equivalent

20

11

9

6

2

11

27

6

13

Mammals
Birds of prey
Corvidsa

Lower in urban

Note: Investigations in which results were reported for more than one
species were included multiple times. Studies of urban gradients in
which results were reported for more than one habitat type within
the categories of urban or nonurban were included if the density or
abundance response to urbanization was linear or if the two response
types did not differ between habitat types within a category. In four
studies not included in the table, the abundance of the burrowing owl
(Athene cunicularia), jackdaw (Corvus monedula), and black-billed
magpie (two studies) exhibited a hump-shaped curve in response to
increasing urbanization. Taxa that were represented by only a single
study were not included in this table (e.g., snakes).
a
Avian species in the family Corvidae.
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in abundance are variable (table 1). Some species, such as the
northern goshawk (Accipiter gentilis), have only recently
colonized urbanized environments, and the relative sizes of
urban and nonurban populations vary by city (Rutz 2008).
Others, such as the red-tailed hawk (Buteo jamaicensis), are
common inhabitants of urban areas, although their densities are lower than those in nonurban habitats (Stout et al.
1998). A few species, including the Cooper’s hawk (Accipiter
cooperii), reach their highest recorded densities in cities
(Rosenﬁeld et al. 1995).
Snakes are common predators of vertebrates in nonurban
landscapes, but species richness and abundance generally
decline with urbanization (Patten and Bolger 2003, Faeth
et al. 2005). Some snakes use natural habitats and edges
adjacent to urban areas (Zappalorti and Mitchell 2008), but
the only terrestrial species that survive within developed
habitats away from riparian corridors are small bodied and
generally do not prey on vertebrates (e.g., Gaul 2008). Larger
species with more extensive home ranges are typically killed
by automotive trafﬁc or people intolerant of their presence
(Akani et al. 2002, Andrews and Gibbons 2008).
Overall, large-bodied carnivores and snakes appear to
decline with increasing urbanization, omnivorous mammals
and raptors exhibit highly variable responses, and introduced
predators and avian omnivores increase in abundance. In
few studies have changes in the overall assemblage of predators been enumerated across a gradient of urbanization, but
the limited research on songbirds suggests that their predators increase with urban development (e.g., Haskell et al.
2001, Sorace 2002). Given that several avian carnivores and
omnivores reach their highest densities in cities, that many
other omnivores and raptors are present in both developed
and undeveloped landscapes, that introduced predators such
as cats exhibit high urban densities, and that large-bodied
predators absent from urban settings naturally occur at low
densities (Mattson 2007), we conclude that vertebrate predator numbers are likely greater in urban landscapes than in
nonurban ones, as was purported in the predator proliferation hypothesis. However, more studies are needed in which
the responses of the entire predator community to urbanization are examined in order to conﬁrm that reductions in the
numbers of snakes, large carnivores, and certain omnivorous
mammals and raptors are compensated for by increases in
the numbers of other predatory species.
Predation relaxation
The second tenet of the predation paradox is that predation
pressure decreases as urbanization increases (Tomialojc 1982,
Gering and Blair 1999, Shochat 2004). In other words, a
smaller proportion of a given population succumbs to predation in more urbanized habitats than in less developed areas
(Shochat 2004). Urban predation has typically been studied
indirectly through changes in survival rates, presumably
because of the difﬁculty in observing actual depredations.
Changes in survival rates reﬂect the collective responses to the
various sources of mortality that organisms face, including
September 2012 / Vol. 62 No. 9 s "IO3CIENCE 
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studies documenting reduced adult mortality in urban versus nonurban areas as we did those that showed no change,
and in only a single investigation was it concluded that adult
survivorship was greater in nonurban settings. The survival
rates for ﬁrst-year songbirds did not differ, regardless of
the degree of urbanization, with few exceptions. Regarding
the nesting stage, the majority of studies showed no difference in urban and nonurban settings—a trend conﬁrmed
by a recent review of avian demography and urbanization
(Chamberlain et al. 2009). However, nearly half of these
investigations were conducted in natural habitat fragments
in which urbanization was deﬁned on the basis of changes in
the landscape surrounding the study sites. When considering
only those projects in which changes in urban development
within study sites were compared, almost twice as many
showed greater survival of nests in more urban environments as those that reported no response to urbanization.
Similar investigations have been conducted for birds of prey,
but no clear patterns have emerged, because of the small
number of studies (table 2).
A number of researchers have gone beyond using survival as a proxy measure for predation by quantifying
sources of mortality or by experimentally manipulating predator
numbers. Predation rates were
Table 2. Changes in survival and predation rates in nonurban and urban habitats
not reported in any investiga(n = 72).
tions of songbird survival at the
Survival
Predation
adult or juvenile stage, but predaHigher
Lower
Higher
Lower
Unimportant
tion was measured in a number
in urban Equivalent in urban in urban in urban or equivalent Unreported
of nest survival studies (table 2).
Songbirds
With few exceptions, predation
rates were lower in urban habitats
Nest
14
20
5
2
10
3
24
than in nonurban ones. Stoate
First year
1
5
2
0
0
0
8
and Szczur (2006) experimentally
Adult
6
3
1
0
0
0
10
assessed the importance of preBirds of prey
dation by manipulating predator
Nest success
3
3
4
0
1
1
8
numbers along an urbanization
First year
2
1
1
0
1
1
2
gradient. In this study, nest surAdult
1
3
0
0
0
1
3
vival for the spotted ﬂycatcher
Mammalsa
(Muscicapa striata) was initially
Adult rodents
3
2
0
0
2
0
3
higher in residential gardens than
in woodlands, but several years
Adult
3
4
0
0
4
2
1
mesopredators
of predator control led to similar
First-year
2
0
0
0
2
0
0
rates of nest failure in urban and
mesopredators
nonurban sites (Stoate and Szczur
2006). This result suggests that, at
Note: Studies in which low or equivalent predation rates were documented in urban and nonurban
least for this species, predation
habitats (unimportant or equivalent) or in which predation rates were not reported relative to changes in
is the cause of lower nest sururbanization (unreported) are also summarized here. Investigations in which results were reported for
vival in nonurban areas. Another
more than one species or life stage (i.e., nest, ﬁrst year, adult) were included multiple times. Studies of
urban gradients in which results were reported for more than one habitat type within the categories of
study in which the abundance of
urban or nonurban were included if the survival or predation response to urbanization was linear or if the
a particular predator (the blacktwo response types did not differ between habitat types within a category. In two studies not included in
billed magpie) was manipulated
the table, burrowing owl and American crow (Corvus brachyrhynchos) survival exhibited a hump-shaped
showed that productivity in city
curve in response to increasing urbanization.
a
parks was unaffected by magpie
Three comparative studies of survival were found for two large mammal species—two for the black bear
(Ursus americanus) and one on the white-tailed deer (Odocoileus virginianus). These were not included in
numbers for 10 different songthe table because of a lack of additional studies on these taxa.
bird species (Chiron and Julliard

disease, starvation, severe weather, toxins, hunting, collisions
with structures or vehicles, electrocution, and predation
(Newton 1998). Each factor may change with urban development but not necessarily in similar ways (e.g., Gosselink et al.
2007). Nevertheless, predation is often a principal determinant
of overall survival, and in the absence of detailed information
on the cause of death of individuals, changes in survival rates
can serve as a useful proxy for the relationship between predation pressure and development (Stevens et al. 2007).
Most studies of urban survival have been focused on the
various life stages of birds (i.e., in the nest, juveniles, and
adults), particularly of songbirds (table 2). Investigations
in which artiﬁcial nests were used have been particularly
popular, but such studies are not included here because the
utility of this method is questionable in many cases (Faaborg
2010). Research on other taxa has been less common and is
reviewed here in the context of supporting or refuting the
trends observed for songbirds. We also discuss behavioral
experiments that have been used to assess predation pressure
at different levels of urban development.
The survival rates of songbirds typically increase or do not
respond to urbanization (table 2). We found twice as many
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2007), which suggests that this predator may have little
impact on nest survival in urban settings.
Like the songbird studies, comparative investigations of
mammalian mortality generally showed little response or
greater survival with increasing urbanization (table 2). Small
mammals such as the fox squirrel (Sciurus niger) exhibited
lower mortality rates in more urbanized habitats (McCleery
et al. 2008), whereas the survival of other species, such as
the Norway rat, was unaffected by urbanization (Glass et al.
1989). A recent review on the order Carnivora concluded
that urban and rural carnivores generally do not differ in
mortality rates (Iossa et al. 2010). However, some species,
such as the domestic cat and raccoon, have elevated survival rates in cities (Prange et al. 2003, Schmidt et al. 2007).
Where sources of mortality were reported, predation rates
were routinely lower in urban environments (table 2). For
some species, depredation strongly affected rural population
dynamics (e.g., McCleery et al. 2008), whereas other mammals appeared to be more affected by disease and collisions
with automobiles, regardless of the degree of urbanization
(e.g., raccoons; Prange et al. 2003).
An alternative to measuring survival rates is to assess the
changes in predation pressure by documenting antipredator behavior. Organisms respond to the threat of predation with a wide variety of behaviors, including ﬂocking or
schooling, altered habitat selection, and increased vigilance
(Caro 2005). These responses represent a trade-off between
avoiding depredation and engaging in other activities, such
as foraging, social interactions, or care for offspring (Brown
1988). Consequently, if all other factors are equal (e.g., food
availability, social standing, reproductive potential), an
organism should display increased antipredator behavior
where predation pressure is greater (Caro 2005).
Antipredator behavior has been studied experimentally
by quantifying giving-up densities and ﬂight-initiation
distances. The former measures the risk of predation by
focusing on foraging efﬁciency with the assumption that
organisms will consume less food where the chance of
being depredated is greater (Brown 1988). Giving-up density
experiments on songbirds (Shochat et al. 2004) and squirrels
(Bowers and Breland 1996) have shown that urban animals
routinely consume more food than their nonurban counterparts. These results support the notion that the risk of predation is lower in more developed areas. Flight-initiation
distances measure how close an organism is willing to allow
a potential predator to approach before it ﬂees. These distances are generally shorter in more urban areas for songbirds and squirrels (e.g., McCleery 2009, Møller 2009; but
cf. Valcarcel and Fernández-Juricic 2009), which again suggests that the perception of predation risk is lower in more
urbanized settings.
The collective evidence supports the idea that predation
pressure on vertebrate prey is lower for urban populations
than for nonurban ones—or, at the very least, they are
similar. In very few studies were lower survival rates documented in urban habitats. Studies of adult songbird survival
www.biosciencemag.org

and giving-up density experiments offer strong support for
predation relaxation, as does the majority of the literature
on ﬂight-initiation distances. The nest survival rates of songbirds are dependent on the scale of urbanization considered;
urban development of the landscape surrounding habitat
fragments does not affect nest failure within the fragments,
whereas development of the habitat itself generally improves
nest survival. Survival of ﬁrst-year birds appears to be unaffected by urbanization. Studies of mammals have produced
more equivocal results. The population dynamics of some
species may not be strongly inﬂuenced by predation, regardless of the degree of urbanization; this is particularly true for
larger mammals. However, where depredations have been
directly documented, the predation rates on bird nests and
mammals are consistently lower in more urban contexts.
Although more research may further clarify how predation
pressure on various taxa changes with urbanization, the
evidence to date suggests that predation relaxation may be
occurring in urban landscapes.
The predation paradox revisited
The weight of evidence to date indicates that overall predator numbers tend to increase with urbanization, whereas
the predation pressure on urban populations may be lower
than that in nonurban areas, which gives credence to the
predation paradox. Trophic linkages between predators and
prey appear to be decoupled such that predator abundance
does not reﬂect the predation levels experienced by urban
prey (Rodewald et al. 2011). This decoupling underscores
a profound difference between urban and natural environments, not only in terms of habitat structure but also in
terms of the mechanisms shaping vertebrate communities
(Shochat et al. 2006). What are the potential mechanisms
that could explain low predation rates in urban areas in
which predator densities are high?
The predation rate of a population is the proportion of
that population killed by predators per unit of time. This
rate is a function of the population sizes of the predators and prey and the average consumption of prey per
predator (Mills 2007). Reductions in predator numbers
or in per capita prey consumption or an increase in prey
abundance can depress predation pressure. Because predator numbers appear to be relatively high in urban habitats,
prey must be hyperabundant or the per capita prey consumption must be drastically lowered in order to account
for reductions in predation pressure. A number of mechanisms, which are not mutually exclusive, could increase
prey abundance or reduce the proportion of vertebrate
prey in predator diets (Stracey 2011). Below, we describe
each potential mechanism as a hypothesis explaining the
predation paradox.
Predator subsidy consumption. Humans import massive

amounts of resources to sustain our urban and suburban
lifestyles (Faeth et al. 2005, Shochat et al. 2006). Fertilizer
and water subsidies sustain plants for a longer period of the
September 2012 / Vol. 62 No. 9 s "IO3CIENCE 
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year, which in turn produces more abundant and predictable
crops of seeds and fruits compared with native vegetation
(Shochat et al. 2006). Many people provide wildlife with
food either directly (e.g., bird feeding; Robb et al. 2008) or
indirectly (e.g., pet food or garbage; Chace and Walsh 2006).
The net effect is a subsidization of natural food resources
that is likely to increase the carrying capacity of urban environments for many species. Nearly all omnivorous predators
(including mammals and birds) consume anthropogenic
food in cities, although the dietary proportion varies by
species (Iossa et al. 2010). Domestic cats take fewer prey as
urbanization increases (Churcher and Lawton 1987), and a
greater availability of anthropogenic food has been associated with higher survival rates for urban raccoons (Prange
et al. 2003). The combination of abundant food resources
and diet shifts could result in much larger populations of
omnivorous predators that consume fewer vertebrate prey
per capita (Chace and Walsh 2006, Rodewald et al. 2011). The
predator subsidy consumption hypothesis proposes that the
change in diet composition is sufﬁcient to reduce predation
pressure on prey species, regardless of increases in the number of omnivorous predators.

native species are likely to be the primary beneﬁciaries of
prey specialization (Roth and Lima 2003). If specialization
does not occur, the hyperabundance of a few species would
probably lead to the population growth of predators and to
more depredations on other prey (i.e., apparent competition;
Bonsall and Hassell 1997).

Prey hyperabundance. One of the general trends to emerge

Predator composition. Stracey (2011) noted that predatory
taxa differ in their impacts on prey populations. She hypothesized that nonurban predators have a strong effect on prey
dynamics (because of high rates of prey consumption) but
are replaced in urban areas by species that exert less topdown control on those prey populations. We found that the
composition of predators does change with urbanization.
For example, species richness of snakes declines with increasing urban development (Patten and Bolger 2003), whereas
exotic predators such as cats are more common in urbanized
habitats (Sims et al. 2008). Snakes are one of the primary
predators of bird nests in nonurban environments, and their
extirpation from cities could lead to a substantial reduction
in predation pressure (Patten and Bolger 2003). Cats, on the
other hand, reach their greatest densities in metropolitan
areas, but their depredations may be insufﬁcient to exert topdown control on avian prey (Sims et al. 2008).

from the many studies of urban community ecology is that
certain prey species increase in abundance with urbanization (McKinney 2006). Some native songbird species reach
higher densities in urban areas than in adjacent native
habitats, and invasive human commensals such as house
sparrows (Passer domesticus) often dominate the urban
fauna in terms of relative abundance (Marzluff 2001). The
hyperabundance of prey could reduce the impact of predation in urban settings if the increase in prey populations is
much larger than concurrent increases in the number of
prey consumed. Bottom-up forcing driven by the availability
of anthropogenic foods in urban environments could support much larger populations of certain prey species than
exist in rural habitats. As a result, prey species may escape
the predation trap of top-down regulation if their densities
remain great enough that predators cannot consume sufﬁcient numbers to limit the prey’s population size.

Prey composition. Shochat (2004) proposed that wildlife
communities in cities may reﬂect the “ghost of predation
past,” whereby urban predators have extirpated all species
that were vulnerable to predation. As a result, the prey species that remain are adapted to city predators and experience lower levels of predation than do nonurban prey. We
are aware of only one study in which the survival rates of
multiple urban and nonurban species have been examined. Møller (2009) compared mortality rates and ﬂightinitiation distances of pairs of related species in which one
had colonized urban environments and the other had not.
He found that the urban species generally had greater adult
survival rates and shorter ﬂight-initiation distances, which
suggests that predation pressure may be lower for urban
birds because of intrinsic characteristics of the species able
to inhabit cities (Møller 2009).

Prey specialization. Carnivorous predators cannot beneﬁt
directly from anthropogenic subsidies, but they may be
affected indirectly. As was previously discussed, the abundance of some prey species may be greater in urban habitats
because of the availability of anthropogenic food. Avian
carnivores exhibit diet shifts in urban habitats and focus
primarily on the most abundant prey species available,
depending on the predator’s body size. For example, Cooper’s
hawks switch from a more generalist diet to one dominated
by medium-sized birds such as European starlings (Sturnus
vulgaris) and dove species (Estes WA and Mannan 2003).
The result of such specialization could be a reduction in
predation pressure on other potential prey. Because the
most abundant species in urban habitats are often exotics,

A way forward: A new conceptual model of urban
trophic dynamics
The apparent existence of the predation paradox creates the
need for a new conceptualization of urban trophic dynamics that reﬂects the complexity of processes shaping urban
wildlife communities. Traditional views of predation and
urbanization are focused on two trophic levels: predator
and prey. The strength of the interaction between the two
is determined by changes in top-down control produced
by increases or decreases in predator numbers (Tomialojc
1982, van Heezik et al. 2010). However, the predation paradox reﬂects a disconnect between predator numbers and
predation pressure, necessitating alternative explanations
for variation in top-down effects (Rodewald et al. 2011).
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The hypotheses proposed to explain the paradox suggest a
variety of mechanisms that could be interacting to inﬂuence urban trophic dynamics. These potential mechanisms
involve altered bottom-up effects on predators and prey, diet
shifts of predators, and changes in the community composition of predators and prey that could interact to mediate
top-down regulation.
We propose a conceptual model that integrates the
hypotheses as a framework for understanding and further
examining trophic interactions and their ramiﬁcations for
community structure in urban environments (ﬁgure 2).
The greater abundance of anthropogenic foods in cities
relative to nonurban areas could support larger populations
of omnivorous mesopredators and could lead to diet shifts
away from vertebrate prey (predator subsidy consumption).
Human-provided foods may also increase the numbers of

prey species to the point that predators can no longer exert
top-down control (prey hyberabundance). Abundant prey
could lead to an increase in the number of carnivorous
mesopredators and their consumption of the most common prey species, thereby reducing predation pressure on
other urban vertebrates (prey specialization). In addition,
predatory species that regulate prey populations in nonurban areas may decline in abundance with urbanization
and may be replaced by other predators that consume fewer
vertebrates (predator composition). The types of prey species may also change with urbanization, such that urban
prey may be less vulnerable to predation than species inhabiting nonurban environments (prey composition). Finally,
the extirpation of top predators from cities could release
mesopredators from top-down control, which might lead
to larger population sizes (mesopredator release; Prugh et al.

Figure 2. A conceptual model of the differences in trophic dynamics between urban and nonurban habitats and the
hypotheses (in italics) proposed to explain these differences. The lines represent connections among trophic levels, and line
thickness in the urban panel indicates an increase or decrease in the strength of the trophic interaction relative to nonurban
environments. The dashed lines refer to an interaction that does not occur in the urban context. The hypotheses situated
on top of the interaction lines indicate the connections and trophic levels to which a particular hypothesis pertains. Two
hypotheses (predator and prey composition) are located within a particular trophic level to indicate that they refer to
alterations in trophic dynamics that are driven by changes in the identity of the species in nonurban and urban habitats.
See the “Predation paradox revisited” section for more details on the hypotheses. Photographs: Sarah H. Cleeton.
www.biosciencemag.org
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about trophic changes in city centers.
Consequently, the proposed model is
most applicable to a comparison of
rural or natural habitats with urban
Predator subsidy consumption
landscapes that reﬂect a mixture of
The proportion of anthropogenic food in the diet of mesopredators will increase with
residential neighborhoods, commerurbanization.
cial developments, and managed open
Predation rates on vertebrates preyed on by mesopredators will decline with
space (e.g., parks).
urbanization.
From nonurban to urban habitats,
Prey hyperabundance
the hypotheses summarized in the
The proportion of anthropogenic food in the diet of some prey species will increase
conceptual model predict changes in
with urbanization.
community structure and the strength
The abundance of these species will increase with urbanization.
of trophic interactions (box 1). These
The predation rate on these species will decline with urbanization.
predictions can be tested with detailed
Prey specialization
data on the diets and abundances of
The diet of carnivorous mesopredators will be increasingly dominated by a few species
predators and prey along gradients of
with urbanization.
urbanization. Such information is necThese prey species will be hyperabundant within cities.
essary to further support or refute the
The predation rate on prey species that are not hyperabundant will decline with
existence of the predation paradox and
urbanization.
to determine which of the alternative
Predator composition
hypotheses are shaping trophic dynamThe abundance of species of predators with a high proportion of vertebrate prey in
ics in cities. For example, the predator
their diet will decline with urbanization.
subsidy consumption hypothesis preThe abundance of species of predators with a low proportion of vertebrate prey in
dicts changes in diet with urbanization
their diet will increase with urbanization.
for a given predatory species, whereas
Predation rates on vertebrate prey will decline with urbanization.
the predator composition hypothesis
Prey composition
posits that it is the relative abundance
The abundance of species of prey experiencing high predation rates will decline with
of different predators that varies with
urbanization.
development rather than a variance in
The abundance of species of prey experiencing low predation rates will increase with
species-speciﬁc diets. However, most
urbanization.
of the hypotheses are not mutually
Mesopredator release
exclusive and may act synergistically.
The abundance of large-bodied predators will decline with urbanization, whereas the
For example, increasing anthropogenic
abundance of mesopredators will increase.
food in the diets of both mesopredators
See the “Predation paradox revisited” section for more details on the hypotheses.
and prey could contribute to reduced
predation rates and increases in prey
abundance in cities.
The key to testing the predictions derived from the
2009). This last hypothesis was not discussed as an explanahypotheses (box 1) will be investigating multiple predator
tion of the predation paradox because it predicts greater
and prey species simultaneously. Previous work has been
predation pressure in urban areas in contrast to the central
focused on single species (e.g., Estes WA and Mannan 2003),
tenet of predation relaxation. Nonetheless, it could conwhich makes it difﬁcult to understand species-speciﬁc and
tribute to predator proliferation in cities and was therefore
cumulative impacts of different predators on their prey. The
included in our conceptual model.
vertebrates to be investigated will vary by region, but certain
We recognize that our model is a simpliﬁcation of urbancosmopolitan species, such as the domestic cat or the house
ization. Development does not proceed along a linear path
sparrow, will be central to most investigations of trophic
from nonurban to urban but, rather, encompasses a series
dynamics. Gathering multispecies data on diet and abunof processes that result in diverse landscape conﬁgurations
dance will allow for correlative studies that can support
between the extremes of wilderness and highly developed
or refute the proposed hypotheses (box 1). Experimental
city centers (Ramalho and Hobbs 2011). Nevertheless, we
and modeling projects will be crucial to exploring causal
propose that vertebrate communities generally respond to
links between trophic dynamics and community structure.
urbanization in consistent ways, culminating in differences
By manipulating the population sizes of particular predabetween nonurban and urban habitats that are reﬂected in
tors or anthropogenic food availability and by tracking the
the model (ﬁgure 2). It is possible that vertebrate responses
consequent changes in predation rates and abundances
to urbanization change in the most highly developed por(e.g., Stoate and Szczur 2006), the impacts of top-down and
tion of cities (Marzluff 2001), but because limited empiribottom-up factors may be teased apart. Predator exclosures
cal data are available for this habitat, we do not speculate
Box 1. Predictions derived from hypotheses represented in the model of
trophic dynamics of urban vertebrates (ﬁgure 2).
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around nests, dens, burrows, or roosts may also be effective
ways to experimentally reduce species-speciﬁc predation
(e.g., Newhouse et al. 2008). Where such manipulations
are not feasible for ethical and cultural (e.g., introducing
or removing predators; Sims et al. 2008) or practical (e.g.,
convincing homeowners to stop providing food for wildlife;
Jones 2011) reasons, modeling can be used to explore population responses to changing food availability, diet composition, and predator abundance (e.g., van Heezik et al. 2010).
Perhaps the reason such multispecies investigations have
yet to be conducted is the difﬁcult and time-consuming
nature of traditional diet studies. Methods for this type
of research rely on radio tracking or observing prey and
predators to record depredations (e.g., Roth and Lima
2003) or on obtaining diet samples by lethal sampling,
stomach ﬂushes, or fecal analysis (Valentini et al. 2009).
Techniques for recording depredations require a great deal
of time and yield small sample sizes. Processing diet samples
requires expert knowledge to identify dietary components
on the basis of morphology, and the results are often biased
because of the differential digestibility of various food types
(Valentini et al. 2009). Recent technological advances may
make investigations of diet more tractable, however. Stable
isotope analyses can reveal changes in consumption at different trophic levels (including anthropogenic foods) but
generally cannot provide more detailed information on diet
composition (Newsome et al. 2010). DNA barcoding can
give a more complete and accurate taxonomic resolution of
dietary components than can other methods, but assessing
the proportion of different foods in the diet remains a challenge (Valentini et al. 2009). Despite the limitations of these
techniques, they offer the potential to characterize larger
numbers of diet samples more rapidly than would be possible under traditional methodologies.
Conclusions
The evidence to date suggests that a predation paradox may
be occurring in the cities of North America and Europe,
although more research is needed in different climatic zones
throughout the world to determine to what extent predation relaxation and predator proliferation are characteristic
features of landscapes undergoing urbanization. Regardless
of the universality of the paradox, traditional conceptualizations of predation and urbanization are overly simplistic,
and a new research framework is needed to advance the
study of urban trophic dynamics. We believe that the interplay between increased bottom-up forcing and reduced topdown control is key to understanding trophic interactions
in metropolitan environments. Comprehensive studies of
the diets and abundances of predators and prey, coupled
with experimental manipulations and modeling efforts, will
be required in order to assess the relative importance and
interaction of different potential mechanisms that could be
shaping trophic dynamics in cities. Finally, more research
in all the various habitats produced by urban development
is warranted to determine whether the model proposed
www.biosciencemag.org

here is adequate or must be replaced with a more complex
conceptualization of trophic dynamics.
Acknowledgments
We thank Esteban Fernández-Juricic, Courtney Duchardt,
Paige Warren, Eyal Shochat, and an anonymous reviewer
for their insightful comments, which greatly improved the
manuscript.
References cited
Akani GC, Eyo E, Odegbune E, Eniang EA, Luiselli L. 2002. Ecological
patterns of anthropogenic mortality of suburban snakes in an African
tropical region. Israel Journal of Zoology 48: 1–11.
Andrews KM, Gibbons JW. 2008. Roads as catalysts of urbanization:
Snakes on roads face differential impacts due to inter- and intraspeciﬁc
ecological attributes. Pages 145–153 in Mitchell JC, Jung Brown RE,
Bartholomew B, eds. Urban Herpetology. Society for the Study of
Amphibians and Reptiles. Herpetological Conservation no. 3.
Bednekoff PA. 2007. Foraging in the face of danger. Pages 305–329 in
Stephens DW, Brown JS, Ydenberg RC, eds. Foraging: Behavior and
Ecology. University of Chicago Press.
Beier P, Riley SPD, Sauvajot RM. 2010. Mountain lions (Puma concolor).
Pages 141–155 in Gehrt SD, Riley SPD, Cypher BL, eds. Urban Carnivores:
Ecology, Conﬂict, and Conservation. Johns Hopkins University Press.
Bonsall MB, Hassell MP. 1997. Apparent competition structures ecological
assemblages. Nature 388: 371–373.
Bowers MA, Breland B. 1996. Foraging of gray squirrels on an urban–rural
gradient: Use of the GUD to assess anthropogenic impact. Ecological
Applications 6: 1135–1142.
Brown JS. 1988. Patch use as an indicator of habitat preference, predation risk, and competition. Behavioral Ecology and Sociobiology 22:
37–47.
Caro T. 2005. Antipredator Defenses in Birds and Mammals. University of
Chicago Press.
Chace JF, Walsh JJ. 2006. Urban effects on native avifauna: A review.
Landscape and Urban Planning 74: 46–69.
Chamberlain DE, Cannon AR, Toms MP, Leech DI, Hatchwell BJ, Gaston
KJ. 2009. Avian productivity in urban landscapes: A review and metaanalysis. Ibis 151: 1–18.
Chiron F, Julliard R. 2007. Responses of songbirds to magpie reduction in
an urban habitat. Journal of Wildlife Management 71: 2624–2631.
Churcher PB, Lawton JH. 1987. Predation by domestic cats in an English
village. Journal of Zoology 212: 439–455.
Estes JA, et al. 2011. Trophic downgrading of planet Earth. Science 333:
301–306.
Estes WA, Mannan RW. 2003. Feeding behavior of Cooper’s hawks at urban
and rural nests in southeastern Arizona. Condor 105: 107–116.
Faaborg J. 2010. Suitability of artiﬁcial nests. Science 328: 46.
Faeth SH, Warren PS, Shochat E, Marussich WA. 2005. Trophic dynamics in
urban communities. BioScience 55: 399–407.
Gaul RW Jr. 2008. Ecological observations of the northern brownsnake
(Storeria dekayi) in an urban environment in North Carolina, USA.
Pages 361–363 in Mitchell JC, Jung Brown RE, Bartholomew B, eds.
Urban Herpetology. Society for the Study of Amphibians and Reptiles.
Herpetological Conservation no. 3.
Gehrt SD, Anchor C, White LA. 2009. Home range and landscape use of
coyotes in a metropolitan landscape: Conﬂict or coexistence? Journal of
Mammalogy 90: 1045–1057.
Gering JC, Blair RB. 1999. Predation on artiﬁcial bird nests along an
urban gradient: Predatory risk or relaxation in urban environments?
Ecography 22: 532–541.
Glass GE, Childs JE, Korch GW, Leduc JW. 1989. Comparative Ecology and
Social Interactions of Norway Rat (Rattus norvegicus) Populations in
Baltimore, Maryland, USA. Museum of Natural History, University of
Kansas. Occasional Paper no. 130.

September 2012 / Vol. 62 No. 9 s "IO3CIENCE 

Articles
Gosselink TE, Van Deelen TR, Warner RE, Mankin PC. 2007. Survival and
cause-speciﬁc mortality of red foxes in agricultural and urban areas of
Illinois. Journal of Wildlife Management 71: 1862–1873.
Haskell DG, Knupp AM, Schneider MC. 2001. Nest predator abundance and
urbanization. Pages 243–258 in Marzluff JM, Bowman R, Donnelly R, eds.
Avian Ecology and Conservation in an Urbanizing World. Kluwer.
Iossa G, Soulsbury CD, Baker PJ, Harris S. 2010. A taxonomic analysis of
urban carnivore ecology. Pages 173–184 in Gehrt SD, Riley SPD, Cypher
BL, eds. Urban Carnivores: Ecology, Conﬂict, and Conservation. Johns
Hopkins University Press.
Jerzak L. 2001. Synurbanization of the magpie in the Palearctic. Pages
405–427 in Marzluff JM, Bowman R, Donnelly R, eds. Avian Ecology
and Conservation in an Urbanizing World. Kluwer.
Jones D. 2011. An appetite for connection: Why we need to understand the
effect and value of feeding wild birds. Emu 111: i–vii.
Marzluff JM. 2001. Worldwide urbanization and its effects on birds. Pages
19–47 in Marzluff JM, Bowman R, Donnelly R, eds. Avian Ecology and
Conservation in an Urbanizing World. Kluwer.
Mattson DJ. 2007. Mountain Lions of the Flagstaff Uplands 2003–2006
Progress Report. US Geological Survey. Report no. 2007-1062.
McCleery RA. 2009. Changes in fox squirrel anti-predator behaviors across
the urban-rural gradient. Landscape Ecology 24: 483–493.
McCleery RA, Lopez RR, Silvy NJ, Gallant DL. 2008. Fox squirrel survival
in urban and rural environments. Journal of Wildlife Management 72:
133–137.
McKinney ML. 2006. Urbanization as a major cause of biotic homogenization. Biological Conservation 127: 247–260.
Miller JR, Hobbs RJ. 2002. Conservation where people live and work.
Conservation Biology 16: 330–337.
Mills LS. 2007. Conservation of Wildlife Populations: Demography,
Genetics, and Management. Blackwell.
Møller AP. 2009. Successful city dwellers: A comparative study of the
ecological characteristics of urban birds in the Western Palearctic.
Oecologia 159: 849–858.
———. 2011. Song post height in relation to predator diversity and urbanization. Ethology 117: 529–538.
Newhouse MJ, Marra PP, Johnson LS. 2008. Reproductive success of
House Wrens in suburban and rural landscapes. Wilson Journal of
Ornithology 120: 99–104.
Newsome SD, Ralls K, Job CV, Fogel ML, Cypher BL. 2010. Stable isotopes
evaluate exploitation of anthropogenic foods by the endangered San
Joaquin kit fox (Vulpes macrotis mutica). Journal of Mammalogy 91:
1313–1321.
Newton I. 1998. Population Limitation in Birds. Academic Press.
Paine RT. 1966. Food web complexity and species diversity. American
Naturalist 100: 65–75.
Patten MA, Bolger DT. 2003. Variation in top-down control of avian reproductive success across a fragmentation gradient. Oikos 101: 479–488.
Prange S, Gehrt SD, Wiggers EP. 2003. Demographic factors contributing to high raccoon densities in urban landscapes. Journal of Wildlife
Management 67: 324–333.
Prugh LR, Stoner CJ, Epps CW, Bean WT, Ripple WJ, Laliberte AS, Brashares
JS. 2009. The rise of the mesopredator. BioScience 59: 779–791.
Ramalho CE, Hobbs RJ. 2011. Time for a change: Dynamic urban ecology.
Trends in Ecology and Evolution 27: 179–188.
Riley SPD. 2006. Spatial ecology of bobcats and gray foxes in urban and
rural zones of a National Park. Journal of Wildlife Management 70:
1425–1435.
Robb GN, McDonald RA, Chamberlain DE, Bearhop S. 2008. Food for
thought: Supplementary feeding as a driver of ecological change in avian
populations. Frontiers in Ecology and the Environment 6: 476–484.
Rodewald AD, Kearns LJ, Shustack DP. 2011. Anthropogenic resource subsidies decouple predator-prey relationships. Ecological Applications 21:
936–943.
Rosenﬁeld RN, Bielefeldt J, Affeldt JL, Beckmann DJ. 1995. Nesting density,
nest area reoccupancy, and monitoring implications for Cooper’s hawks
in Wisconsin. Journal of Raptor Research 29: 1–4.

 "IO3CIENCE s September 2012 / Vol. 62 No. 9

Roth TC II, Lima SL. 2003. Hunting behavior and diet of Cooper’s hawks:
An urban view of the small-bird-in-winter paradigm. Condor 105:
474–483.
Rutz C. 2008. The establishment of an urban bird population. Journal of
Animal Ecology 77: 1008–1019.
Schmidt PM, Lopez RR, Collier BA. 2007. Survival, fecundity, and movements of free-roaming cats. Journal of Wildlife Management 71:
915–919.
Shochat E. 2004. Credit or debit? Resource input changes population
dynamics of city-slicker birds. Oikos 106: 622–626.
Shochat E, Lerman SB, Katti M, Lewis DB. 2004. Linking optimal foraging
behavior to bird community structure in an urban-desert landscape:
Field experiments with artiﬁcial food patches. American Naturalist 164:
232–243.
Shochat E, Warren PS, Faeth SH, McIntyre NE, Hope D. 2006. From patterns to emerging processes in mechanistic urban ecology. Trends in
Ecology and Evolution 21: 186–191.
Shochat E, Lerman SB, Anderies JM, Warren PS, Faeth SH, Nilon CH.
2010. Invasion, competition, and biodiversity loss in urban ecosystems.
BioScience 60: 199–208.
Sims V, Evans KL, Newson SE, Tratalos JA, Gaston KJ. 2008. Avian assemblage structure and domestic cat densities in urban environments.
Diversity and Distributions 14: 387–399.
Smith AP, Quin DG. 1996. Patterns and causes of extinction and
decline in Australian conilurine rodents. Biological Conservation 77:
243–267.
Sorace A. 2002. High density of bird and pest species in urban habitats and
the role of predator abundance. Ornis Fennica 79: 60–71.
Stevens DK, Anderson GQA, Grice PV, Norris K. 2007. Breeding success of
spotted ﬂycatchers Muscicapa striata in southern England: Is woodland
a good habitat for this species? Ibis 149 (suppl. s2): 214–223.
Stoate C, Szczur J. 2006. Potential inﬂuence of habitat and predation on
local breeding success and population in spotted ﬂycatchers Muscicapa
striata. Bird Study 53: 328–330.
Stout WE, Anderson RK, Papp JM. 1998. Urban, suburban, and rural redtailed hawk nesting habitat and populations in southeast Wisconsin.
Journal of Raptor Research 32: 221–228.
Stracey CM. 2011. Resolving the urban nest predator paradox: The role
of alternative foods for nest predators. Biological Conservation 144:
1545–1552.
Tomialojc L. 1982. Synurbanization of birds and the prey-predator relations. Pages 131–139 in Luniak M, Pisarski B, eds. Animals in Urban
Environment. Proceedings of the Symposium on the Occasion of 60th
Anniversary of the Institute Zoology of the Polish Academy of Sciences.
Polish Academy of Sciences.
Valcarcel A, Fernández-Juricic E. 2009. Antipredator strategies of house
ﬁnches: Are urban habitats safe spots from predators even when humans
are around? Behavioral Ecology and Sociobiology 63: 673–685.
Valentini A, et al. 2009. New perspectives in diet analysis based on DNA
barcoding and parallel pyrosequencing: The trnL approach. Molecular
Ecology Resources 9: 51–60.
Van Heezik Y, Smyth A, Adams A, Gordon J. 2010. Do domestic cats
impose an unsustainable harvest on urban bird populations? Biological
Conservation 143: 121–130.
Zappalorti RT, Mitchell JC. 2008. Snake use of urban habitats in the New
Jersey pine barrens. Pages 355–359 in Mitchell JC, Jung Brown RE,
Bartholomew B, eds. Urban Herpetology. Society for the Study of
Amphibians and Reptiles. Herpetological Conservation no. 3.

Jason D. Fischer (ﬁscher9@illinois.edu) is afﬁliated with the Program for
Ecology, Evolution, and Conservation Biology (PEEC), Sarah H. Cleeton and
Timothy P. Lyons are afﬁliated with the Department of Natural Resources
and Environmental Sciences (NRES), and James R. Miller is afﬁliated
with both the NRES department and PEEC at the University of Illinois,
Urbana–Champaign.

www.biosciencemag.org

