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A B S T R A C T

Wetlands are increasingly being constructed to mitigate the effects of urban stormwater, such as altered hy-
drological regimes and reduced water quality, on downstream aquatic ecosystems. While the primary purpose of
these wetlands is to manage stormwater, they also attract animals whose growth, survival and breeding (i.e.
‘fitness’) may be compromised. Such deleterious effects will be exacerbated if animals are caught in ‘ecological
traps’, mistakenly preferring wetlands with unsuitable environmental conditions. Alternatively, wetlands that
offer suitable habitat conditions for animals could be beneficial, especially in fragmented urban landscapes.
Consequently, a thorough understanding of the potential ecological impacts of stormwater treatment wetlands is
critical for managing unintended consequences to urban biodiversity.

To help facilitate this understanding, we draw upon findings from a four-year research program conducted in
the city of Melbourne in south-eastern Australia as a case study. First, we summarise our research demonstrating
that some stormwater wetlands can be ecological traps for native frogs and fish in the study region, whilst others
likely provide important habitat in areas where few natural waterbodies remain. We use our work to highlight
that while stormwater wetlands can be ecological traps, their effects can be properly managed. We propose the
need for a better understanding of the ecological consequences of changes to wetland quality and their popu-
lation-level impacts across the landscape. We hope that this study will generate discussions about how to most
effectively manage constructed wetlands in urban landscapes and more research for a better understanding of
the issues and opportunities regarding potential ecological traps.

1. Introduction

In 2015, 54% of the world's population lived in urban areas, and this
is predicted to be closer to 70% by 2050 (WHO, 2017). The develop-
ment of infrastructure to support this growth places considerable de-
mand on aquatic ecosystems (Chin, 2006), and changes the nature and
distribution of wetlands around cities (Kentula et al., 2004). Urbani-
sation causes a raft of effects on the biological, chemical and physical
characteristics of aquatic environments (Walsh et al., 2005). One of the
major changes is an increase in stormwater runoff from impervious
surfaces (e.g. roads, buildings) connected to waterways. Stormwater
runoff can alter the hydrological regime in receiving waters with sub-
sequent impacts to stream geomorphology (Vietz et al., 2016b), and
contain a diverse range of pollutants (e.g. nutrients, metals, herbicides
and hydrocarbons: Malaviya and Singh, 2012).

One of the most common methods to manage the impact of urban
run-off on receiving environments is to construct stormwater treatment
wetlands (Malaviya and Singh, 2012), with tens of thousands of these
built in residential, commercial and industrial urban areas throughout
the world (Tixier et al., 2011). These wetlands have been shown to
effectively treat pollutants in stormwater both in specific case studies
(e.g. Al-Rubaei et al., 2017; Schulz et al., 2003) and more general as-
sessments (e.g. for the UK; Lucas et al., 2015). Although not the primary
function of these treatment systems, it is common for animals to colo-
nise stormwater wetlands (Hassall and Anderson, 2015; Tixier et al.,
2011). In some circumstances, stormwater treatment wetlands can be
important habitats (e.g. Holtmann et al., 2018; Holtmann et al., 2017),
especially since one of the major challenges facing animals in urban
landscapes is habitat loss and fragmentation. Recognising the im-
portance of unconventional habitats like these wetlands may be an
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important component of urban biodiversity conservation (Soanes et al.,
In press).

Urban stormwater wetlands can be suitable habitats for some ani-
mals, with comparable biodiversity and community structure to natural
lakes (Stephansen et al., 2016). While the pollutants that accumulate as
part of the stormwater treatment function may not have deleterious
effects on some species (Søberg et al., 2016), they have the potential to
cause a range of lethal and sub-lethal effects for others. For instance,
experiments in the US have shown that exposure to pond sediments
with elevated heavy metal and salt concentrations can kill frog em-
bryos, and cause sub-lethal effects such as reduced size at metamor-
phosis in other species (e.g. Gallagher et al., 2014; Snodgrass et al.,
2008). A recent global assessment indicated that while measures of
abundance and species richness in stormwater wetlands can be com-
parable to natural wetlands, the fitness (i.e. growth, survival, re-
production) of animals is often decreased (Sievers et al., 2018a). There
appears to be a conflict between the engineered purpose of these wet-
lands as stormwater treatment systems, and their incidental use as
habitats by wildlife.

Understanding the potential ecological costs and benefits of urban
stormwater wetlands depends on knowledge about how the presence
and fitness of animals that inhabit them varies. If poor fitness outcomes
are associated with occupying certain wetlands, the consequences will
be exacerbated if animals do not avoid these habitats. From an evolu-
tionary perspective, animals should choose habitats where their fitness
is high, but some mistakenly choose habitats where their fitness is re-
duced – a situation known as an ecological trap (Robertson and Hutto,
2006). Many animals use indirect cues associated with likely future
habitat quality to select habitats (e.g. birds use vegetation to predict
future food resources or predator densities; Cody, 1985). Ecological
traps arise when these cues are poor predictors of habitat quality
(Robertson and Chalfoun, 2016; Robertson and Hutto, 2006; Robertson
et al., 2013). Perhaps the clearest example of an ecological trap is when
insects are attracted to polarised light reflected from artificial surfaces
(e.g. street lamps, sides of buildings, roads) (Horvath, 1995; Horvath
et al., 1998).

Ecological traps can also arise as unintended consequences of
management activities and pose a serious but largely unexplored con-
servation risk (Battin, 2004; Hale et al., 2015a; Hale and Swearer,
2017). Traps could cause local extinctions if animals that colonise them
are unable to breed or survive. Traps may also increase the risk of re-
gional extinction by attracting animals away from high quality sites and
into those where their fitness is reduced (Hale et al., 2015b).

There is a strong conceptual basis for predicting that some storm-
water wetlands are ecological traps given the potential conflict between
their intended stormwater treatment purpose and their use by animals
(Hale et al., 2015a; Tilton, 1995). There has, however, been limited
work examining how urban stormwater treatment wetlands function as
habitats for animals, and less on whether they are ecological traps.
Being able to identify wetlands where animals have low fitness and
especially those that are traps is critical if impacts to susceptible ani-
mals are to be managed. It is equally important to know where high
quality wetlands occur to help target conservation and management
efforts, since these wetlands may enhance connectivity and increase
biodiversity in urban areas where few natural waterbodies remain.

It may be possible to plan management activities to prevent ecolo-
gical traps arising in the first place, but in instances when ecological
traps have arisen as unintended consequences of management actions
there are several steps to identify and mitigate their impact (Hale et al.,
2015a). The first step is to assess the risks that management activities
pose to animals (e.g. how will environmental conditions change and
where will changes take place relative to the distribution of animals)
and preventative measures such as alternative treatment systems that
are less likely to attract animals (e.g. biofilters, raingardens, rainwater
tanks) or provide off-line habitat more suitable for animals. The second
step involves testing if an ecological trap has formed, requiring

information about how the fitness of animals is affected by habitat
changes, and the habitat preferences of animals (Robertson and Hutto,
2006). If an ecological trap has formed, the third step is to mitigate its
effects. This could involve improving habitat quality (e.g. remediating
sediments to reduce pollutant loads) or reducing the attractiveness of
habitats (e.g. removing cues, such as particular types of vegetation).

For the past four years, we have been conducting research to test
how stormwater treatment wetlands perform as habitats for native
aquatic fauna around the city of Melbourne, in south-eastern Australia,
and to examine if some might be functioning as ecological traps (step 2,
above). Our aim here is to use our empirical findings to highlight key
considerations for agencies involved in stormwater management in
terms of managing these wetlands for biodiversity outcomes in relation
to steps 1 and 3, above. Given that stormwater wetlands are being
constructed in most cities globally, we hope this case study and the
considerations that have arisen subsequently will fuel discussions and
research on the critical knowledge gaps surrounding the ecological
impacts and opportunities of constructed wetlands in urban landscapes.

2. Urban stormwater wetlands around Melbourne, south-eastern
Australia

2.1. Study system

Melbourne is the capital city of the state of Victoria in south-eastern
Australia, with a population of 4.85 million people (ABS, 2018), and is
an ideal case study system to examine how stormwater wetlands might
perform as habitats for animals for several reasons. First, as Melbourne
has expanded over the past 30 years, the increase in stormwater wet-
lands has been substantial, from fewer than 50 in the mid-1980s to over
700 currently (Hale et al., 2015a; Sharley et al., 2017). Therefore,
stormwater wetlands are a major feature of the landscape, and one of
the most common habitats available for animals. Second, animals are
found in these wetlands (e.g. Murray et al., 2013). Third, wetlands
range considerably in terms of their likely habitat quality for animals,
and many have sediment pollutant concentrations that are above pub-
lished sediment quality guidelines e.g. heavy metals (Sharley et al.,
2017) and pesticides (Allinson et al., 2015). Stormwater wetlands in
Melbourne have also been built in areas with a diverse range of land
uses including rural, urban growth, residential, industrial and com-
mercial. We therefore predicted that animals could inhabit some loca-
tions that are potentially suitable habitats but also others (e.g. those
that are highly polluted) where deleterious impacts on fitness are likely.

2.2. Are stormwater wetlands ecological traps for native frogs?

Stormwater pollutants can impact amphibians by reducing survival
and impairing growth (Gallagher et al., 2014; Snodgrass et al., 2008),
causing physical abnormalities (Reeves et al., 2010) and changing be-
haviour (Moore et al., 2015). We surveyed amphibian assemblages at
67 urban wetlands spanning gradients in pollutant concentrations, to
determine if frogs were found in highly polluted wetlands where they
likely suffer fitness costs (Sievers et al., In press). The presence of most
frog species was related to emergent and fringing vegetation, which is
consistent with surveys from other urban ponds in the region (Hamer
and Parris, 2011), but contaminant levels were largely unimportant.
Frogs readily inhabited wetlands with concentrations of heavy metals
and pesticides capable of causing lethal- and sub-lethal effects (Sievers
et al., 2018b,c,d).

Our surveys highlighted that some stormwater wetlands may be
ecological traps for frogs, so we experimentally tested if this was the
case (Sievers et al., 2018c), focussing on a species that commonly
breeds in urban wetlands, the spotted marsh frog (Limnodynastes tas-
maniensis) (Ficken and Byrne, 2013; Hamer and Parris, 2011). We
tested if survival and metamorphosis-related measures of frogs differed
within mesocosms that simulated six wetlands with different
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contaminant levels, and if tadpoles raised in more contaminated con-
ditions were less able to avoid cues from predators in laboratory trials.
We paired this work with a field-based oviposition (egg laying) ex-
periment to assess breeding-site preferences. Our results showed that
stormwater wetlands can be ecological traps for frogs: survival was
lower and tadpoles were less responsive to predator cues when raised in
polluted conditions, but adults laid equivalent numbers of eggs across
wetlands (Sievers et al., 2018c).

Animals often respond to environmental changes by altering their
behaviour, which can determine how they cope in changing environ-
ments (Tuomainen and Candolin, 2011; Wong and Candolin, 2015).
Behaviour can be directly linked to fitness, especially in terms of be-
havioural responses to contaminants (Zala and Penn, 2004) and might
serve as a sensitive ‘early warning’ indicators of deleterious effects (Zala
and Penn, 2004). In addition, animals are likely to experience multiple
contaminants simultaneously, and determining how these potential
stressors interact to impact behaviour is critical to understanding re-
sponses under natural conditions (Hale et al., 2017; Halfwerk and
Slabbekoorn, 2015). We exposed spotted marsh frog tadpoles to two
pollutants, copper and imidacloprid, at concentrations observed in
wetlands around Melbourne (Allinson et al., 2015), and conducted la-
boratory choice experiments to document responses to predator olfac-
tory (sense of smell) cues and tail prodding (simulated ‘attack’). Imi-
dacloprid is a neonicotinoid insecticide and whereas exposure to other
neurotoxic insecticides can affect amphibian behaviour (Brunelli et al.,
2009), its effects on frogs have not been investigated. We found (Sievers
et al., 2018b) that tadpoles suffered high mortality rates when exposed
to imidacloprid, and that only tadpoles that were not exposed to either
contaminant avoided predator cues. In addition, imidacloprid and
copper interacted to increase rates of erratic swimming, and exposed
tadpoles were less able to escape simulated attacks. Collectively, we
have shown that frogs are found in many stormwater treatment wet-
lands across Melbourne that vary in terms of the level of pollutants that
are present, and that some wetlands are likely ecological traps for
spotted marsh frogs.

2.3. Are stormwater wetlands ecological traps for native fish?

We tested if stormwater wetlands can be ecological traps for a na-
tive fish, the dwarf galaxias (Galaxiella pusilla), which is listed as vul-
nerable on both the IUCN Red List (IUCN, 2015) and the Australian
Environment Protection and Biodiversity Conservation Act 1999. G. pusilla
is a small (generally < 40mm) fish native to south-eastern Australia
that occurs in slow-flowing or still, shallow habitats (e.g. swamps,
drains, backwaters, wetlands) often containing dense macrophytes and
emergent plants (Coleman, 2014; Coleman et al., 2015). Habitat loss
and invasive species are identified as major threats (Saddlier et al.,
2010). We examined the habitat selection behaviour of G. pusilla, using
laboratory choice experiments to show that fish were not responsive to
a range of cues (e.g. from conspecifics or vegetation), and did not avoid
water from stormwater wetlands (Hale et al., 2018). However, in a field
experiment, survival was lower at stormwater wetlands than paired,
nearby non-stormwater sites, and fish suffered delayed ovarian ma-
turation, potentially due to a lack of food (zooplankton). We also
conducted a series of additional laboratory and field experiments to
examine the effects of the invasive mosquitofish (Gambusia holbrooki),
which commonly occurs with G. pusilla (Coleman et al., 2017) and has
been linked to the decline of numerous native fish and amphibians
(Pyke, 2008). We found that G. holbrooki heavily predated G. pusilla
larvae, and disrupted adult spawning (Brown et al., 2018). Despite
these fitness costs, G. pusilla did not avoid chemical and visual cues
from the invasive G. holbrooki (Brown et al., 2018).

Taken together, these stormwater wetlands (separate to the ones
studied for the frog experiments) may be ‘equal-preference’ ecological
traps for G. pusilla, with fish equally preferring poorer quality options
(Robertson and Hutto, 2006). Our results also suggest that invasive

species in stormwater wetlands can cause ecological traps. G. holbrooki
is frequently observed in high densities within stormwater wetlands
across Melbourne (R. Coleman personal observations). Much of the
work on managing ecological traps has focussed at the site scale such as
improving habitat quality or reducing the attractiveness of poor quality
habitats. Our results illustrate that for species like G. pusilla that are
highly dispersive but not selective about habitats, a whole-of-landscape
approach is necessary. This requires that we consider where wetlands
are constructed relative to existing populations, which may be im-
portant for frogs also.

3. Key considerations for managing stormwater wetlands for
biodiversity

3.1. Stormwater wetlands can be ecological traps

The potential for stormwater wetlands to be ecological traps was
first raised in the mid-1990s (Tilton, 1995), but our research provides
the first empirical evidence that this is the case for both fish and frogs.
Furthermore, the mechanisms causing these ecological traps were dif-
ferent for the two taxonomic groups. Measures of frog fitness (e.g.
tadpole survival) was lower at more polluted sites (Sievers et al.,
2018c), but other environmental characteristics, in particular vegeta-
tion and macrophyte cover, zooplankton (food) densities, and the in-
vasive eastern gambusia were more important determinants of the fit-
ness of G. pusilla (Brown et al., 2018; Hale et al., 2018). This highlights
that stormwater wetland management needs to reduce the unintended
consequences to native animals but also that these requirements will
likely vary between species and life history stages. This is a well-known
part of wetland management (e.g. Hamer et al., 2012) but is not routine
as part of stormwater wetland planning and design.

To gain a better understanding of whether the effects we observed
are widespread, similar assessments are needed at a greater number of
sites. Ideally, these sites would span a range of potentially influential
environmental contexts, such as pollutant levels which vary according
to catchment land-use (Sharley et al., 2017). It is also possible that what
is an ecological trap for one species may be suitable habitat for others.
For instance, there might be variability in how different species are
affected by heavy metals, with some stream invertebrates (Hale et al.,
2014) being more tolerant of heavy metals than frogs (Sievers et al.,
2018c). Clearly there will be pollution levels that adversely affect all
species but impacts on fitness at other levels is likely to be species-
specific.

Only recently have studies attempted to examined inter-specific
variability in the effects of ecological traps (Robertson et al., 2018), and
future work exploring how similar conditions affect the fitness of dif-
ferent species would provide guidance to wetland managers about the
need for targeted interventions for the most susceptible animals (e.g.
those that are rare or threatened, that have very specific habitat re-
quirements, or those of strategic importance such as conservation-listed
species).

3.2. Managing the effects of ecological traps in the context of urban
stormwater wetlands

Management is often based on human perceptions of good habitats
for animals, typically in terms of structural elements such as land cover
or vegetation type (Van Dyck, 2012). Managing ecological traps de-
pends on thinking more about (1) what represents good habitat from
the perspective of animals, as well as (2) if, and how, do animals re-
cognise and prefer good habitats. Therefore, ecological traps can be
managed by using this information to either improve habitat quality or
reduce the attractiveness of habitats.

One of the main aspects of habitat quality in relation to stormwater
wetlands is the accumulation of pollutants, which can have clear de-
leterious effects on frogs (Sievers et al., 2018b; Sievers et al., 2018c)

R. Hale et al. Journal of Environmental Management 233 (2019) 302–307

304



and other animals. To ensure the functionality of stormwater wetlands
for stormwater treatment, a key aspect is to develop schedules for in-
spection and maintenance (EPA, 2009b). The aim of maintenance is to
preserve a desired level of performance and efficiency, and to extend
the life-span of the wetland (Erickson et al., 2013) Determining the
frequency that accumulated polluted sediment must be removed is
important, and this can be based on sedimentation rates and the re-
maining capacity of treatment cells such as inlet sediment pond, or
published guidelines such as the EPA Victoria Industrial waste resource
guidelines for soils and sediments (EPA, 2009a). The frequency of
maintenance is an important decision, given the typically high cost of
sediment disposal (Sharley et al., 2017). Managing wetlands to decrease
the likelihood of unintended consequences to biodiversity may require
increased maintenance regimes, and so a key avenue for future work is
to develop optimal stormwater wetland maintenance regimes that re-
duce the risk of pollutant accumulation to biodiversity i.e. what is the
ideal frequency of maintenance to maintain pollutant levels below
critical thresholds for certain animals? If more frequent maintenance is
required, how do we assess and balance the ecological risks with the
cost of sediment disposal?

A mechanistic view of animal behaviour can help identify man-
agement levers that can be used to modify behaviour and ultimately
population-level processes (Blumstein and Berger-Tal, 2015). Under-
standing the habitats animals prefer and why, is an important knowl-
edge gap to prevent ecological traps, but habitat selection behaviour of
animals is not routinely considered in stormwater wetland management
(Sievers et al., 2018a). Principles from cognition have been proposed as
a useful tool to manipulate problematic behaviours by animals (Greggor
et al., 2014) based on identifying the cue that animals use, and the
cognitive processes underpinning this behaviour, before targeting those
processes, within the constraints of the animal and the cue, and this
approach may be fruitful for managing stormwater wetlands that are
ecological traps.

If we can identify the specific elements of habitats that animals
respond to, it may be possible to decrease the attractiveness of habitats
to ameliorate ecological traps. For example, Robertson (2012) devel-
oped a set of management prescriptions to disarm an ecological trap for
the Olive-sided fly catcher (Contopus cooperi) based on understanding
which habitat features this species responds most strongly to. Alter-
natively, we may be able to attract animals into suitable habitats by
changing characteristics of the environment to alter habitat selection
behaviour. For example, playbacks from calling conspecifics can be
used to attract birds and amphibians to breeding sites (Ward and
Schlossberg, 2004). This may be difficult to implement on a broader
scale but could be useful at particular wetlands. At broader scales, other
measures such as planting or removing certain types of vegetation in
and around the wetland may be more feasible.

Stormwater wetlands are often constructed as a series of ponds
(CSIRO, 2005), with inlets initially leading to deeper sediment ponds
where many pollutants settle before water moves through a series of
other pools containing vegetation. Pollutant levels are likely to vary
spatially throughout this series of ponds, so one possibility is to attract
animals into areas where exposure to pollutants is reduced. This has
been proposed as an option at landscape scales to reduce animals using
particular wetlands (Sharley et al., 2017) but may also be possible
within the wetland treatment train. For example, by minimising
emergent or fringing vegetation or substituting it with alternative ve-
getation (e.g. deep submerged) it may discourage wildlife occupation
(Sievers et al., In press) without compromising the performance of the
wetland. This increased flexibility in wetland design is worth further
investigation.

3.3. Better understanding the ecological consequences of changes to
wetlands

While our work shows that some stormwater wetlands can be

ecological traps, most studies examining how animals respond to
changes in wetland quality rarely collect information about fitness and
behaviour (Sievers et al., 2018a). Community and population-level
metrics that are commonly used to assess wetlands provide information
about whether animals are present but not whether they are able to
survive, grow and reproduce. Community and population metrics are
also likely to be less sensitive than measures of individual fitness
(Sievers et al., 2018a). While previous work has shown that species
richness and the abundance of animals can be high in stormwater
wetlands (e.g. Holtmann et al., 2018), there is a need to also assess the
fitness of these animals i.e. to understand the potential short-term
versus long-term benefits or impacts.

Stormwater wetlands can contain a suite of different pollutants, as
two recent studies from Melbourne demonstrate. In the first, Allinson
et al. (2015) collected sediment samples from 24 wetlands and screened
for 90 different pesticides, with 23 of these detected at least once. In the
second, Sharley et al. (2017) collected sediment samples from 98
wetlands, with 13 metals recorded at all sites, and petrochemical hy-
drocarbons recorded at 94% of sites. Almost a third of sites had zinc
values above published sediment quality thresholds. There has been
extensive research on the ecotoxicology of stormwater pollutants and
more work in this area is needed, especially in terms of potential in-
teractions between different stressors, and also less studied chemicals.
We observed lethal effects of imidacloprid at concentrations well below
published LC50 values, and showed that exposed tadpoles did not avoid
cues from predators (Sievers et al., 2018b). More research is needed to
understand the effects of pollutants on a wide range of species, life
history stages (we might predict early stages like eggs and larvae to be
more susceptible for example) and potential endpoints (e.g. mortality
vs. sub-lethal effects like changes in behaviour). Given that pollutants
co-occur at wetlands and could interact in complex ways (e.g. Piggott
et al., 2015), looking at potential interactive effects between stressors is
also critical.

3.4. Considering landscape context in wetland management

Although it is important to demonstrate where ecological traps are
present, evaluating their population level consequences is pertinent for
the sustained management of urban stormwater wetlands for wildlife.
For example, do ecological traps mean populations of native animals
are less likely to persist? Presently, this question has been addressed
mainly using models (e.g. Delibes et al., 2001; Hale et al., 2015b) rather
than empirical data collection. To evaluate the ultimate ecological costs
and benefits of stormwater wetlands, it is necessary to explore whether
observed fitness costs affect the likelihood of species persistence.

From a regional biodiversity perspective, it is critical to understand
whether the presence of stormwater wetlands within urban landscapes
(that may be polluted, poor quality habitats) provides greater benefits
than no or few aquatic habitats. This is an important question across
cities where habitat loss and fragmentation commonly occur. Poor
quality habitats may still play an important role in terms of providing
connectivity to better quality habitats throughout the landscape or
maintaining a persistent but sub-optimal metapopulation. It is im-
portant to understand the local-scale effects of stormwater wetlands
(i.e. if animals colonise them, can they survive and breed?) but also
how individual wetlands contribute to landscape connectivity (i.e. do
they provide dispersers that can move elsewhere?). Conservation
priorities are often based on the contribution of individual patches to
landscape connectivity (Rubio et al., 2015), and it is important to
consider stormwater wetlands in this regard. Simulation modelling has
demonstrated that if habitats vary temporally in terms of quality, it is
possible that regional populations can persist even if all patches are of
low quality overall (population growth rate < 1) i.e. all patches are
low quality when considered over longer time scales but at any one
time point there is sufficient variability so that some are suitable
(Schreiber, 2010). This could be important for stormwater wetlands,
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where pollutant loads may be higher after rainfall events (Walsh et al.,
2016).

For species that are highly dispersive, it will also be important to
consider where stormwater wetlands are located relative to other ha-
bitats while considering the movement capacity and behaviour of dif-
ferent species. For instance, G. pusilla are highly dispersive and appear
to have low habitat selectivity (Hale et al., 2018). Should we therefore
consider building alternative high-quality habitats nearby to storm-
water wetlands for the persistence of this nationally significant species?
Or avoid building stormwater wetlands when possible in areas where
this species occurs?

Landscape context is also an important management consideration.
For example, catchment land use is likely to be a key determinant of the
pollution levels within wetlands (Sharley et al., 2017), so actions un-
dertaken at the catchment-scale to address the underlying causes of
stormwater run-offmight be more effective than actions at the site level
(Vietz et al., 2016a). While such catchment-scale management attempts
are rare and require interdisciplinary collaborations that consider the
complex social-ecological aspects of urban catchments, some examples
do exist (e.g. Walsh et al., 2015). For example, retaining more water in
the upstream catchment (e.g. via water sensitive urban design methods
such as biofilters, raingardens and rainwater tanks to reduce and treat
run-off) reduces stormwater pollutant loads into wetlands. Alter-
natively, diversifying the types of wetlands that are built to include
adjacent offline habitats for animals that are less likely to accumulate
pollutants for animals when designing stormwater treatment wetlands.

4. Conclusions

Stormwater run-off is a major environmental issue for aquatic eco-
systems in urban areas, and stormwater treatment wetlands can be an
effective pollution management tool. However, stormwater wetlands
are often used incidentally as habitats for animals. This can be bene-
ficial for the persistence of some species in fragmented urban en-
vironments. However, we have demonstrated that there is the potential
that animals that colonise these wetlands suffer deleterious impacts
such as from accumulated pollutants or the presence of invasive species.
To guide planning and maintenance decision-making, we have high-
lighted some of the key issues and management options for these
wetlands so that impacts to biodiversity may be reduced. We ac-
knowledge the preliminary nature of these recommendations and
strongly advocate for a deeper understanding of the benefits and im-
pacts of urban stormwater treatment wetlands across a broader suite of
animals across both site- and regional-scales.
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