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Urbanization is intensifying and expanding worldwide. 
Human-dominated urban environments—once considered 
ecological ‘lost causes’—are functioning ecosystems and are 

increasingly recognized as valuable targets for species conservation 
and biodiversity management1–4. Recent research has demonstrated 
that the species inhabiting cities are capable of rapidly changing in 
response to anthropogenic environments5–7. For example, the urban 
heat island effect and urban pollutants have both been implicated 
in driving animals to rapidly evolve adaptations to urban life8–12. 
Additionally, some aspects of plant reproductive biology have also 
been demonstrated to evolve in the urban environment13,14. The 
realization that species are capable of quickly evolving in response 
to urban contexts has driven a flurry of academic and popular inter-
est in urban evolution in recent years7,15–19.

Evolutionary insight offers an untapped opportunity to better 
manage urban biodiversity but also highlights the fact that biodi-
versity is a moving target in the complex, dynamic urban milieu. 
Human activities drive the fastest rates of evolutionary change, 
and those human effects are most pronounced in urban environ-
ments5,20,21. At the same time, there is an increasing realization that 
urban areas are important targets for biodiversity conservation and 
for engaging communities typically underrepresented in the sci-
ences with ecology and evolutionary biology1–4,22. Therefore, conser-
vation, evolutionary biology, and community engagement uniquely 
overlap in urban ecosystems. Given the burgeoning research focus 
on urban evolutionary biology, the time is right to consider how 
evolutionary insights can refine urban biodiversity management 
and conservation efforts.

Conservation and management decisions in urban landscapes 
can and must account for evolutionary processes. Failure to do so is 
likely to hinder biodiversity management efforts or result in unin-
tended consequences that include, but are not limited to, target and 
non-target species declines, wasted funds and labour, or benefits to 
harmful or pest species (Fig. 1)21,23. Here we present a framework 
for categorizing urban biodiversity from a management perspec-
tive. We then discuss a suite of example management tools and 
their potential evolutionary implications, both their opportunities  

for and potential consequences to management. Our aim here is 
to bridge the gap between conservation practice and evolution-
ary biology in urban environments. We hope that this framework 
can serve as a resource for practitioners and academics to integrate 
evolutionary considerations into common management scenarios 
and to guide future research efforts so as to maximize actionable 
insights for urban biodiversity management.

Urban communities
Urbanization is both destructive and constructive. In the process of 
building our cities and suburbs—including constructing green and 
blue infrastructure or habitats—people alter or eliminate existing 
habitats and replace them with novel environments. Urban bio-
logical communities are largely unintentional assemblages of the 
native species that persisted during urbanization and the native 
and non-native species that have since colonized or been intro-
duced (Box 1). This results in unique no-analogue ecological com-
munities: species assemblages that have never existed elsewhere in 
space or time. Similarly, no-analogue communities resulting from 
climate change are predicted to produce novel ecological and evo-
lutionary scenarios, complicating conservation and management 
decisions in protected areas24,25. In urban settings, this difficulty 
in predicting eco–evolutionary outcomes is further exacerbated 
by the myriad novel stressors and human dimensions inherent in 
urban ecosystems.

Populations of management target species are nested within 
broader urban communities; the populations comprising these 
communities may evolve both in response to different urban pres-
sures as well as to each other. Thus, management decisions affecting 
one target species will likely cascade to affect other species in the 
community, but these cascading effects can be difficult to antici-
pate. Therefore, consideration of the evolutionary history of urban 
species assemblages (Box 2) and the evolutionary trajectory of 
urban biodiversity targeted for conservation and management is a 
research priority. Understanding the evolutionary principles under-
girding these interactions and outcomes is the first step in designing 
effective urban management strategies.
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Cities are fully functioning ecosystems and are home to no-analogue communities of species that interact with each other and 
which are subject to novel urban stressors. As such, biodiversity can evolve in response to these new urban conditions, making 
urban species a moving target for conservation and management efforts. An evolving urban biodiversity necessitates integrat-
ing evolutionary insights into management for these efforts to be successful in a dynamic urban milieu. Here we present a 
framework for categorizing urban biodiversity from a management perspective. We then discuss a suite of example manage-
ment tools and their potential evolutionary implications—both their opportunities for and potential consequence to manage-
ment. Urban ecosystems are proliferating but, far from being ecological lost causes, they may provide unique insights and 
opportunities for biodiversity conservation. Determining how to achieve urban biodiversity priorities while managing pest spe-
cies requires evolutionary thinking.
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Management target Management tools and evolutionary scenarios Considerations

Key to evolutionary considerations for managing species and habitat in urban settings:

Locally adapted Favourable for target

Unfavourable for target

Corridor for gene flow

Species Habitat

Locally extirpated

Novel genotypes

Locally maladapted Barrier for gene flow

Locally adapted
pest species

Decrease the population
size of a detrimental

species.

Increase the population
of a non-native conservation

priority species.

Non-native
conservation priority

Increase the population
size and prevalence

of a conservation
target species. 

Change habitat quality

Decreases the population
by eliminating sources

of food and shelter.

Increase genetic diversity
and maintain population size.

Repeated
introductions

Remediate habitat

Removes environmental
 stressor (for example, pollution)

to preferred conditions that 
may facilitate persistence.  

Decrease gene flow

Genetic clustering informs the
management unit necessary

for active measures and
decreasing gene flow reduces

likelihood of recolonization.

Create corridors and
reciprocal translocations

between donor
populations.

Manage
gene flow

Evolutionary rescue

Introduces novel alleles
to increase diversity
and facilitate local

adaptation.  

Culls

1 2

Rotating culling regimes
results in fluctuating selection,

decreasing the likelihood of
adapting to control efforts.

Determine how populations are
dealing with long-term

urban stressors.

Assess/manage
local (mal)adaptation

Increased connectivity 

May increase genetic
diversity enabling an

adaptive response or dispersal
to more amenable habitats. 

Decrease gene flow
for non-target species

Barriers to gene flow for 
one species may affect 
other species as well, 
resulting in increased 
genetic structure and 

bottlenecks.

Prone to stochastic 
demographic issues if 
introduction is from an

already genetically 
impoverished source.

Too little
genetic variation

Loss of locally
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for another species.
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landscape.
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Locally maladapted
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Bolsters the local
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habitat. 

Assisted colonization

Translocate locally
adapted individuals to

new habitat.

Increased connectivity

Increases gene flow across
environments increasing
adaptive potential in the

longer term.  

Loss of 
local adaptation

Increased gene flow may
result in lower fitness in

the short term. 

1 2

3

Fig. 1 | illustrating potential management tools in multiple evolutionary scenarios for four management targets. The four management targets are: 
conservation priority species that are either locally adapted or maladapted, a non-native conservation priority species, and a locally-adapted pest  
species. Evolutionary insight can guide management decisions that either directly manage populations (for example, various forms of translocations) 
 and/or habitat (for example, enhancing corridors or barriers to gene flow). Initiating an urban management plan can also have evolutionary impacts  
on other species in the urban community that warrant considerations.
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evaluating urban evolution
Evolutionary terminology and concepts (Box 2) are sometimes 
used colloquially but have more restrictive scientific definitions, 
sometimes causing confusion. For our purposes here, we have 
highlighted key evolutionary concepts in two broad research 
approaches: trait-based studies and population genetics. We note, 
however, that other areas of evolutionary research like phylogenet-
ics—the study of evolutionary relationships among species—are 
informative to conservation but are beyond the scope of our dis-
cussion here.

Trait-based approaches. Populations living in urban ecosystems 
often differ from rural populations in morphology (for example, body 
size or limb and head dimensions), physiology (for example, stress 
hormones, metabolism and pollution susceptibility), behaviours  

(for example, phenology, attraction to light, and boldness), repro-
ductive traits (for example, gamete type or quality), and others5,16,26. 
These traits may vary among urban subpopulations or between 
urban and non-urban populations as a result of evolution or pheno-
typic plasticity (Boxes 2 and 3).

Evolution or plasticity? Trait differences have evolved when those 
differences are genetically based and heritably passed on to subse-
quent generations. In contrast, phenotypic plasticity can give rise 
to trait variation when different environmental conditions alter the 
expression of the same genotype—an individual organism’s particu-
lar genetic makeup—in different contexts (Box 3). Unlike evolved 
trait differences, phenotypically plastic trait variation is generally 
not heritable because only the environment, not the genetic under-
pinnings, differs among populations.

These pathways for trait variation are not mutually exclusive: trait 
variation among populations can be the product of both evolved 
differences and phenotypic plasticity. One particularly interesting 
research frontier is investigating the extent to which the capacity of 
a trait to be phenotypically plastic may itself evolve in urban envi-
ronments. This scenario has been elegantly demonstrated using ants 
responding to urban heat islands. Acorn ants, regardless of whether 
they are from urban or rural populations, can tolerate higher tem-
peratures if raised in warmer rather than cooler environments (a 
plastic response), but urban ant populations exhibit elevated toler-
ance of extreme urban heat (an evolved difference) and an increased 
plasticity in coping with rapid changes in temperatures (evolved 
plasticity)11,12,27.

Is the trait variation adaptive? Observed trait variation in popu-
lations across urban and rural gradients may or may not confer a 
benefit in the urban environment. A population’s trait expression 
is considered adaptive if it increases the fitness (higher survival, 
more offspring) of organisms in that particular ecological context. 
Trait expression may also be maladaptive, reducing the success of 
organisms in a particular environment. Or, trait variation may sim-
ply be neutral and have minimal positive or negative consequences. 
Critically, both evolved and plastic trait differences can be adap-
tive, maladaptive or neutral28,29. Moreover, continuing environmen-
tal change, including future urban land-use decisions and climate 
change, could change the adaptive, maladaptive or neutral conse-
quences of an urban population’s trait expression, ultimately ren-
dering urban biodiversity management a moving target. Phenotypic 
variation, whether it be genetic or plastic, can have negative or del-
eterious effects to individuals.

Observed trait variation—whether due to evolution or to phe-
notypic plasticity—is sometimes presumed to be adaptive in urban 
areas30. However, we strongly caution against this assumption as, 
untested, it can lead to overestimation of a species’ adaptive capacity 
and, correspondingly, the impact of conservation and management 
actions on that species. It remains one of the foremost challenges 
for urban evolutionary biology research to conclusively determine 
the plastic or evolved mechanisms driving trait differences in urban 
populations, but from a management perspective, the need to con-
clusively distinguish between plastic and evolutionary processes  
is critical.

Population genetics approaches. In contrast to trait-based research, 
population genetics studies focus on understanding the genetic 
composition of and variations in gene / allele frequencies among 
populations. By the numbers, most urban evolutionary studies to 
date have focused on population genetics5,7,31,32. Most urban popula-
tion genetics studies focus on quantifying neutral evolutionary pro-
cesses including, for example, population genetic structure, genetic 
drift, gene flow, inbreeding, genetic diversity and so on (Box 2)31. 
While neutral processes, by definition, do not demonstrate adaptive 
evolution, insight from population genetics studies has important 
implications for managing urban biodiversity.

Box 1 | Urban no-analogue communities

Urban biological communities are comprised of at least five key 
categories of organisms that may or may not be the focus of ac-
tive conservation measures, but whose evolutionary potential 
may be affected by urban processes and management efforts 
(Fig. 1). Some species (for example, coyotes or racoons) may fall 
within more than one category depending on the context.

Native
Desirable, not conservation priorities: we care about these 
species (for example, acorn ants) because we appreciate native 
biodiversity and recognize their roles in biological community 
and ecosystem processes. Studying evolutionary processes can 
be informative to better manage urban ecosystems to favour 
these species over ecologically similar but non-native species.

Conservation priority: these are species (for example, western 
swamp turtle) that are generally of conservation concern 
and whose ranges might be entirely relegated to urban 
environments4. It is critical to determine the evolutionary 
processes affecting populations of conservation priority species 
to tailor management for adaptive states or adaptive processes.

Introduced
Neutral: these species (for example, pigeons or clover) are 
common and typically tolerated. Because we recognize that 
these species probably play important roles, studying the 
evolution of these urban species is necessary for understanding 
the eco–evolutionary processes influencing their roles in urban 
communities and ecosystem processes.

Harmful: these species (for example, rats) represent threats to 
human health and property as well as conservation-priority 
biodiversity. Often our management goals are to minimize the 
impact and persistence of these species. Understanding harmful 
species’ adaptive states and processes could help us manipulate 
habitats and populations to minimize their fitness and aid 
eradication efforts.

Exotic but endangered: Shaffer2 proposed a novel management 
option (‘urban biodiversity arks’) where biologists purposefully 
introduce and sustain endangered species in urban habitats 
outside their native ranges. The composition of urban biological 
communities is often unplanned, however, we have a potential 
conservation opportunity to encourage species of concern (for 
example, red-crowned amazon parrots in Los Angeles).
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For instance, populations with higher genetic diversity should be 
better able to adapt to future environmental changes overall, includ-
ing in cities33. Therefore, if an urban population of conservation 
concern was shown to have high rates of inbreeding and low genetic 

diversity, management efforts may prioritize introducing new indi-
viduals into the population to help bolster that population’s adaptive 
potential against urban stressors. Additionally, understanding rates 
and directions of gene flow illustrates the extent to which popula-

Box 2 | evolutionary concepts for urban biodiversity

Adaptive: when a trait conveys a fitness advantage in a particular 
habitat. Both evolved trait differences (that is, adaptations) and 
plastic trait changes can be adaptive.

Maladaptive: when a trait reduces fitness in a particular habitat. 
Both evolved trait differences (that is, maladaptations) and plastic 
trait changes can be maladaptive.

Local adaptation: higher fitness of local, genetically based 
phenotypes over foreign ones due to different selection pressures. 
An urban population could be locally adapted to the city if urban 
individuals display higher survival/fitness when reared in the city 
compared to non-urban individuals transplanted into the city.

Local maladaptation: higher fitness of foreign, genetically based 
phenotypes over local ones. An urban population could be locally 
maladapted to the city if urban individuals display lower survival/
fitness when reared in the city compared to non-urban individuals 
transplanted into the city.

Absolute maladaptation: when a population’s mean fitness is lower 
than its replacement rate, ultimately leading to population decline.

Relative maladaptation: when a population’s mean fitness is lower 
than another population’s mean fitness. An urban population may 
be relatively maladapted compared to a non-urban population 
but its mean fitness may still be equal to or above its rate of 
replacement, suggesting a relatively stable population.

Phenotypic plasticity: non-genetically based phenotypic variation 
(Box 3). Plastic trait variation could be adaptive, maladaptive or 
neutral. Myriad studies show phenotypic differences between 
urban and non-urban environments; it remains an open question 
as to whether these are genetically based differences or phenotypic 
plasticity.

Developmental plasticity: when a trait’s expression is the 
result of developmental variation among individuals due to  
being reared in different environmental conditions, rather 
than genetic differences. Developmental plasticity is typically 
irreversible.

Phenotypic flexibility: when a trait’s expression can vary throughout 
an individual’s lifetime due to experiencing different environments 
or changes in a single environment. Flexible phenotypes are 
reversible.

Gene flow: the movement of genes or alleles (DNA variants of 
a given genetic region or locus) among populations. Gene flow 
by itself does not directly reflect dispersal because dispersed 
individuals may not breed in their new population and therefore 
do not contribute to gene flow. In urban environments, various 
landscape features may facilitate gene flow (for example, green 
spaces, sewers, subway tunnels and road crossings), while 
others act as barriers (for example, roads and buildings). Gene 
flow may be endogenously regulated by a given species’ natural 
history or exogenously influenced by anthropogenic actions like 
translocations or habitat modification.

Genetic drift: changes in allele frequencies within a population 
due to random chance in survival or reproduction. This differs 
from natural selection which reflects differential survival and 
reproduction between different genotypes in a given environment. 
When there is little or no gene flow among different populations, 
random processes will produce changes in allele frequencies 
between populations by chance; these changes do not represent 
adaptation to each populations’ particular environment.

Urban experimental design: two approaches commonly used 
in assessing urban evolution are common garden and reciprocal 
translocation experiments. Common garden experiments 
take individuals from different populations and rear them in a 
single environmental condition to assess trait heritability and 
phenotypic plasticity. Reciprocal transplants involve rearing 
alternate populations in opposing environmental conditions to 
assess relative adaptation. For example, rearing urban and rural 
populations from embryos or eggs in the lab could examine 
whether an urban trait occurs due to plasticity, evolution, or both. 
Transplanting the populations (from rural to urban, and from 
urban to rural) would provide insight on whether any observed 
trait variability connoted a fitness advantage in either setting. 
Common garden experiments can, however, demonstrate fitness 
benefits if organisms are exposed to an isolated urban stressor like 
pollution or extreme heat as part of the experiment.

Inbreeding / outbreeding depression: inbreeding depression 
occurs when reproduction between closely related individuals 
results in reduced genetic diversity and increased susceptibility 
to stochastic processes and future environmental change. The 
opposite of this is outbreeding depression which occurs when 
reproduction between more distantly related individuals increases 
genetic diversity and reduces a population’s mean fitness (local 
adaptation) to its current environmental context.

Population genetic structure: genetic variation across time and/or 
space reflective of dispersal and population boundaries due to physical 
or behavioural barriers. Population genetics assesses differences in 
the frequency of alleles that fluctuate within and across populations 
due to various forces like natural selection, mutation, gene flow and 
genetic drift. Population genetic structure can reflect ecological 
processes and evolutionary history and can influence a population’s 
evolutionary potential and trajectory. In urban environments, 
population structuring may occur at relatively coarse scales (between 
urban and non-urban environments) and also at relatively fine scales 
(within an urban landscape) due to different barriers to movement 
and natural selection to different local pressures.

Translocation: a management strategy aimed at moving 
individuals of a species from one habitat or population to different 
habitats or populations. Translocations should be informed by 
source and destination populations’ evolutionary histories as well 
as possible evolutionary consequences. A translocation could take 
several forms, including stocking to enhance population sizes 
or genetic diversity of a smaller population, colonizing empty 
but putatively suitable habitat, or evolutionary rescue, whereby 
individuals from different populations are introduced to increase 
genetic diversity to enhance a population’s adaptive processes.
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tions are connected. Gene flow can be a population’s ‘double-edged 
sword’: on the one hand, gene flow can help a population main-
tain genetic diversity, but gene flow may also introduce an influx 
of alleles that are poorly suited for a particular environment (see 
Case study 1)23. Understanding the genetic structure of urban popu-
lations is an important step in any conservation and management 
plan because this information can elucidate biologically relevant 
management units within the city (see Case study 2)34–36.

A review of 167 urban population genetics studies found that 
urbanization nearly always affects population genetics parameters, 
but the effects on population genetics are inconsistent across species 
and cities31. While urbanization is often predicted to inhibit gene 
flow, isolate populations and reduce genetic diversity, this is not 
always the case. Roughly one-third of studies suggest genetic diver-
sity of urban populations is enhanced by urbanization, in contrast to 
predictions. For example, urban features like roads or subways can 
sometimes impede and other times increase gene flow, depending 
on the species. Because urbanization does not have a single clear 
population genetics consequence, it is critical for practitioners to 
account for the biology of target species and the heterogeneity in 

local urban environments that might dictate gene flow, genetic drift 
or population genetic structure before engaging in management 
activities.

Understanding within- and among-city population genetics can 
provide crucial context for how urbanization structures biodiversity 
and facilitates or impedes the movement and success of individuals. 
Integrating this area of research into management plans will likely 
enhance the precision and success of urban biodiversity conserva-
tion. It is important to note that population genetics and trait-based 
research are not mutually exclusive. On the contrary, mutual insight 
from both areas of research will likely provide the most informative 
guidance for managing urban biodiversity.

Managing with evolutionary tools
Making an urban management plan should begin with delineat-
ing goals identifying one or more target species, should follow with 
compiling all available information on evolutionary history (genetic 
diversity, gene flow, population structure, local adaptation, pheno-
typic plasticity and so on), and can then be informed by consider-
ations of the intended and unintended evolutionary consequences 
for target and non-target species. Actively managing urban biodi-
versity can involve many approaches4,37,38, including, for example, 
remediating low-quality habitat, adding or protecting putatively 
suitable habitat, or enhancing connectivity among populations 
either through habitat modifications (for example, under/over-
passes or corridors) or via translocations (Fig. 1).

These tools broadly aim to directly manage habitats or popu-
lations, with consequences for a species’ adaptive state and its 
adaptive processes (sensu Derry et  al.23). Managing for an adap-
tive state means maximizing a population’s current fitness and, as 
a consequence, minimizing phenotypic and genotypic variation. 
Such an approach may increase fitness in the short term but mini-
mize a population’s evolutionary capacity for adapting to future 
environmental change. Managing the adaptive process of a popu-
lation means enhancing genetic diversity to promote longer-term  
evolutionary potential. Managing for the adaptive process may 
result in maladaptation to current local urban conditions in the 
short term, but so long as the population is not absolutely mal-
adapted (Box 2), this may be relatively inconsequential for 
longer-term persistence.

Managing an evolving urban biodiversity
One goal of urban management is to bolster existing populations 
and increase the prevalence of native species of conservation con-
cern or management interest across an urban landscape. If the target 
species are locally adapted to urban conditions, reducing gene flow 
from non-urban populations or from different types of urban habi-
tats may be helpful to maintain a particular locally-adapted state. 
However, doing so may come at the cost of minimizing genetic 
diversity in urban populations, thereby limiting potential adapta-
tion to future environmental change, urban or otherwise.

Conversely, enhancing gene flow for a locally-adapted popu-
lation might bolster genetic diversity, enhancing the population’s 
adaptive potential, but with the consequence of reducing its cur-
rent adaptive state (Fig. 1; locally adapted conservation priority). 
If the target population is not locally adapted, but is generally 
plastic to environmental conditions, enhancing gene flow either 
through translocations or increasing habitat connectivity among 
urban subpopulations and between urban and non-urban popula-
tions may be beneficial for enhancing the urban population’s adap-
tive potential39. Alternatively, locally maladapted conservation 
priority species (Fig. 1; Locally Maladapted Conservation Priority) 
may require mitigating urban stressors to minimize the degree of 
maladaptation and/or increasing gene flow through population 
manipulations – such as translocating individuals from other pop-
ulations – or habitat modification.

Box 3 | Plastic phenotypes in urban environments

Here, we focus on two forms of phenotypic plasticity: develop-
mental plasticity and phenotypic flexibility41,42. We note that oth-
er forms of phenotypic plasticity exist, for example, epigenetic 
inheritance43,44, but these forms are difficult to identify and are 
beyond the scope of our discussion here.

Distinguishing between developmental plasticity and 
phenotypic flexibility is important for conservation. In particular, 
developmental plasticity is typically not reversible. This means, 
for example, that translocating older individuals from a rural 
population to an urban population may be problematic if the 
phenotype expressed by that individual is better suited for rural 
environmental conditions. If developing in urban conditions 
results in an individual presenting a phenotype that is better 
suited for those specific conditions, then translocations into 
various urban habitats may be more effective if they target 
embryos or young offspring to maximize the chances that 
a plastically developed trait is best matched to local urban 
conditions. Phenotypic flexibility, on the other hand, can be 
reversible and so may facilitate moving organisms at various 
life stages, including older individuals, if a trait (for example, 
physiological or behavioural) can adjust to the new conditions 
at various life stages.

Both forms of plasticity underscore the importance of using 
common garden and/or reciprocal transplant experiments to 
determine whether trait differences in urban settings are evolved 
or plastic (Box 2). Simply measuring trait differences between 
urban and non-urban populations is necessary but insufficient 
to determine whether those differences arise from plasticity 
or evolution, let alone whether that trait variation is adaptive, 
maladaptive or neutral.

Discerning whether an organism’s urban trait arises due 
to environmentally driven plasticity or evolution is critical to 
management. If traits enabling a conservation-priority species 
to persist in the urban environment are due to phenotypic 
plasticity, conservation practitioners perhaps have a greater 
number of management tools at their disposal to facilitate the 
spread and maintenance of that species or to enhance habitat 
connectivity among urban populations (Fig. 1). However, if this 
species persists instead because it is locally adapted to urban 
stressors, then practitioners may be left with fewer management 
options (Fig. 1).
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For pest species, managing both adaptive states and adaptive 
processes are probably key to reducing populations and corre-
sponding detrimental effects (Fig. 1; Locally Adapted Pest Species). 
A pest species that is highly locally adapted to particular local urban 
conditions may be easier to manage than a pest with extensive phe-
notypic plasticity. For the first case, it may be possible to change the 
environment so that population becomes relatively maladapted, but 
the latter may quickly and flexibly adjust to environmental changes.

Identifying corridors and barriers to gene flow as well as popula-
tion genetic structure within cities will be important for identify-
ing tractable management units across the urban landscape and for 
minimizing dispersal that could enhance each subpopulation’s adap-
tive capacity35,36. Understanding gene flow is particularly important 
for determining the best management techniques for pest species.

The species assemblages inhabiting urban ecosystems are 
largely comprised of the species that persisted during urbanization 
or have since colonized these environments. Outside of planted 
species, urban biological communities are largely unplanned spe-
cies assemblages. One management option to consider would be 
to “rewild” cities by intentionally reintroducing native species 
to potentially suitable urban habitats. Doing so would offer an 
opportunity to experimentally test whether native species that are 
currently absent from cities are not present because they cannot 
migrate into built landscapes, because they cannot tolerate urban 
conditions (e.g. chemical, light or sound pollution) even if they 
could penetrate cities, or both. For example, experimental work 
in exurban ponds demonstrated that ponds where wood frogs 
(Rana sylvatica) are currently absent can adequately support these 
amphibians, suggesting that the developed terrestrial landscape 
currently limits their colonization of these urbanized ponds55. 
Carefully choosing source populations to rewild cities and sub-
urbs would allow biologists to track the ecology and evolution of 
those populations that persist. Doing so could enable conserva-
tion practitioners to “adaptively” manage urban biodiversity by 
tracking their changing adaptive states and adaptive processes. To 
our knowledge, rewilding is not actively employed in urban land-
scapes – at least not with fauna – but may offer great potential for 
enhancing native biodiversity in cities.

Shaffer2 recently proposed taking a rewilding approach one 
step further, treating cities and suburbs as “urban arks”, i.e. spaces 
that can help to bolster threatened and endangered species outside 
their native ranges. Selecting urban ark species (Fig. 1; Non-native 

Conservation Priority) requires careful consideration about the 
capacity of these taxa to plastically adjust or rapidly adapt to urban 
contexts, the likelihood of becoming maladapted (Box 2) to certain 
urban environments, and if continued introductions or transloca-
tions between replicate introduction cities or between urban sub-
populations are necessary to maintain adaptive processes.

Considering the consequences
As with most management activities, manipulating populations 
or habitat for one target population likely reshapes the ecological 
and evolutionary processes acting on other members of the com-
munity. For instance, improving habitat connectivity to increase 
gene flow for a target species may also create corridors for intro-
duced pest species to invade new urban habitats (Fig. 1; consider-
ations). This increased connectivity may also have the unintended 
consequence of eliminating genotypes that have become locally 
adapted to particular local urban stressors. Additionally, habitat 
management to minimize dispersal of an introduced pest could 
have consequences for gene flow in a non-target native species 
(Fig. 1; considerations).

If a population is locally adapted to a particular urban habitat 
feature and management remediates this urban stressor, are the 
consequences for the locally adapted population positive, nega-
tive or neutral? The answer to this question is likely specific to a 
target organism’s natural history, the particular urban stressor, and 
mechanism (for example, physiological or behavioural) experienc-
ing natural selection. In urban stormwater ponds, if amphibians are 
locally adapted to urban contamination (Case study 1), what hap-
pens if pollution entering ponds is cleaned up? Are there costs to 
being evolved to a contaminant that is no longer present (Fig. 1)? 
Remediating contamination may ultimately have neutral conse-
quences for the target population; while the urban population may 
be adapted to contamination relative to non-urban populations, its 
fitness living in polluted urban water may still be reduced relative 
to living in the absence of the contaminant. Additionally, while this 
target species may have persisted in the city because it adapted to 
contamination, other species may have previously been absent in 
the city because they were unable to adapt to the contamination. 

Case study 1 | Pollution and urban frogs

Consider amphibians inhabiting urban stormwater ponds. These 
ponds are designed to collect stormwater runoff from urban sur-
faces, and, as such, concentrate myriad contaminants that are 
harmful to amphibians45–48. Nevertheless, research shows that 
a number of amphibian species—including species of conser-
vation concern—use these ponds regularly, often as readily as 
they use natural ponds45,49–52. One common goal of urban habitat 
management is to increase green space and connectivity among 
populations. Yet, in the case of urban stormwater ponds, increas-
ing connective greenspace between ponds may connect a popu-
lation of a conservation priority amphibian species that is locally 
adapted to the chemical pollutants in its pond to a rural popula-
tion or different urban subpopulation that is not adapted to the 
pollution. The greenspace could thus unintentionally introduce 
maladapted genes into the pollution-adapted urban amphibian 
population, to its detriment. However, if amphibians in these 
communities exhibit plastic responses to pollutants, then in-
creasing connectivity among urban amphibian populations will 
likely have little impact on pollution susceptibility.

Case study 2 | Native and introduced pests

In black widow spiders—a venomous native pest in the south-
western United States—within-city genetic diversity is higher 
than diversity in rural areas, gene flow and population connec-
tivity is higher among populations within cities, and population 
genetic differentiation is lower within cities relative to rural ar-
eas53. Perhaps most importantly, particularly urban subpopula-
tions of black widows act as highly connected hubs that facilitate 
the spread of urban individuals54. In addition to common popu-
lation and landscape genomic methods, such a network analysis 
approach may be useful for identifying regions of the city that are 
central to a pest’s persistence and dispersal. While black widow 
movement may be facilitated generally in cities, identifying and 
targeting management towards these key hubs may minimize the 
spread of these pests. For introduced pests, like brown rats, popu-
lation genetics research has demonstrated substantial within-city 
variation in population structure, genetic diversity and gene 
flow34–36. This work identifies management units that can be used 
to focus eradication efforts and identify potential dispersal cor-
ridors. Reducing urban habitat quality may also minimize local 
adaptation, and varying culling techniques across space and time 
(for example, using different poisons or trapping methods) can 
also help limit local adaptation in urban populations.
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Remediating contamination may facilitate these other species colo-
nizing urban ponds, perhaps increasing competition with the target 
species of conservation concern. Under such a scenario, adapting 
pollution tolerance may facilitate a target species’ persistence, in 
part because doing so minimized competition with other species 
that could not adapt.

towards urban evolutionary management
How do we integrate evolutionary insight into urban biodiversity 
management? Ideally, managers would define urban management 
goals and could explore the evolutionary processes that have and 
continue to shape their target species. This would include assess-
ing genetic diversity, gene flow (rather than just migration), genetic 
bottlenecks and population genetic structure. This also includes 
identifying the urban stressors that could limit their target popula-
tion’s success and experimentally testing the adaptive state of the 
target population to these stressors. Managers could then formulate 
plans to manage adaptive states or processes in light of the potential 
evolutionary consequences. Given limitations on time and money, 
comprehensive genetic and experimental analyses may not be fea-
sible on management-relevant timescales. Even so, a thought exer-
cise (for example, scenarios in Fig. 1) that considers the potential 
evolutionary processes shaping biodiversity can help identify which 
urban management decisions would likely help maximize the man-
agement success of target populations given uncertainty in existing 
adaptive states and processes.

Considering evolutionary processes provides a relatively 
untapped opportunity to improve urban biodiversity management. 
Sometimes evolution can be useful, facilitating how we manage spe-
cies of conservation concern and even pests. In other instances, evo-
lutionary dynamics can make management more challenging. We 
can use evolutionary insight in our urban management practices 
but doing so entails accurately understanding and communicating 
the various evolutionary processes shaping the species living in our 
cities and suburbs. Evolution is also not a conservation panacea: 
some species will never have the chance to adapt to urban environ-
ments, and conservation practitioners may not have the opportu-
nity to assess the evolutionary biology of target species. Considering 
evolutionary processes offers new opportunities for maximizing 
outcomes and minimizing unintended consequences for urban bio-
diversity management.

Using evolutionary ideas to manage urban biodiversity is no 
small task. Survey research has identified contrasting familiarity 
with evolutionary principles between conservation practitioners 
and evolutionary biologists as one of the biggest barriers to effec-
tive, evolution-informed conservation40. Similarly, academic scien-
tists are unlikely to have the same degree of practical experience as 
conservation practitioners in urban planning and managing biodi-
versity and habitat. Effective evolution-informed urban conserva-
tion will require a cross-disciplinary approach integrating expertise 
from conservation practitioners with evolutionary biologists, ecolo-
gists, urban planners, social scientists and geographers.

Managing biodiversity in our cities and suburbs necessitates 
working on many parcels of private property and in relatively dense 
human communities. This presents numerous challenges but also 
exciting opportunities for deputizing neighbours into conserva-
tion efforts and for tangibly illustrating evolution unfolding right in 
their backyards. Urban evolutionary biology has not only become 
a research interest but it has also captured broad popular inter-
est18,19. By drawing on evolutionary insights, we have the opportu-
nity to simultaneously improve urban biodiversity management and 
engage communities with a richer understanding of the evolution-
ary rules of life.
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