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Saving urban-restricted species

Urban environments are arguably among the most suitable targets for conservation
science, as they.represent opportunities to preserve both species and habitats under
threat while,at the same time allowing people to engage with nature. We highlight the
need for conservation within urban environments using species whose recovery is
entirely dependent on effective action within cities and towns. We identified 39 urban-
restricted species in Australia and reviewed the advice guiding their conservation to
address the question, “What does conservation look like when cities are the last chance
for saving species?” We argue that in such circumstances securing land for
conservation purposes cannot be relied upon; instead, species must be protected on
lands not originally intended for conservation and urban communities must be involved
in recovery.actions. Ultimately, to achieve such outcomes, decision makers need to
recognize the.importance of urban ecosystems in the recovery of imperiled species.
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In a nutshell:

e (Cities andtowns can be important sites for conservation and engaging people with nature
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e Urban areas may also represent the last known places in which the populations of certain
threatened taxa persist, and therefore represent the final opportunity to save such species
from extinction

e Conserving urban-restricted threatened species requires looking beyond conventional
conservation reserves and focusing instead on a variety of marginal habitats and land-use
types

e These species also benefit when community members are aware of and engaged in local
conservation-oriented initiatives

e The rolesof urban environments in species conservation is often overlooked, and should

be incorperated into appropriate policy and recovery strategies

The field of conservation biology has progressed considerably from its traditional focus on
“wild” areas that are far removed from human impacts (Soulé 1985; Kareiva and Marvier
2012). It is inereasingly recognized that areas of intensive human land use often coincide
with biodivessity.hotspots, threatened species, and ecosystems of conservation concern (Ives
et al. 2016;Keowarik and von der Lippe 2018; Threlfall and Kendal 2018) and that
conservation‘action in such landscapes is critical (Miller and Hobbs 2002; Dunn et al. 2006;
Blaustein20.13). This need is perhaps most pronounced when a species’ entire global
distribution.is*€ontained within a landscape modified by human activity. For example,
McDonald et al. (2008) predicted that 24 rare species on the IUCN Red List of Threatened
Species — each of which at that time was restricted to a single remaining known population —
would be affected by urban growth by the year 2030.

However, conservation research and action in urban landscapes is still an emerging
field (Shwastz-et.al. 2014; Kowarik and von der Lippe 2018). Given that “urban” is often
considered.to.be.the opposite of “natural”, urban environments suffer from a persistent stigma
(Klaus 2043ssSalomon Cavin 2013; Soanes et al. 2018) and are routinely cast as the antithesis
of wilderness or viewed as a “lost cause” (Miller and Hobbs 2002; Kowarik 2018). This
perception 1s reflected in policies that focus on large, intact, or undisturbed habitat remnants
(Tullocheeral. 2016; Kendal ef al. 2017); in conservation planning exercises that exclude
urban areas fromieonsideration; and in the behavior and attitudes of land managers and the
wider community (Stokes et al. 2010; Olive 2014). Consequently, conservation opportunities
within areas characterized by high-density human populations, built environments, and small

habitat remnants are underexploited and poorly understood. Yet urban environments are
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arguably among the most fitting targets for conservation science, because they provide
opportunities to conserve species and ecosystems under threat while simultaneously offering
people a chance to engage with and benefit from nature (Soulé 1985; Kareiva and Marvier
2012).

Hereywereinforce the importance of urban conservation by highlighting the plight of
urban-restricted threatened species, for which urban environments represent the last chance
for them to'be conserved within their natural range. We identified 39 nationally threatened
species whaese current distribution is wholly restricted to Australian cities and towns (Figure
1) and reviewed.the national advice documents guiding their recovery (hereafter referred to
as “recovery,documents”’; Panel 1; WebTable 1) to address the question, “What does

conservatioft Igoklike when cities are the last chance for saving species?”’

Securing urban land for conservation is rarely feasible

A central tenet of conservation is to secure critical habitat through protected areas or
conservation covenants, particularly in cases where remaining habitat is scarce. However,
space in citiesisdimited. While securing land for conservation purposes was recommended
for 18 of the,39.urban-restricted threatened species included in our review, this will be
difficult to achieve in the urban realm. Existing green spaces are under pressure from urban
infill (Haalandsand van den Bosch 2015; Hedblom ef al. 2017), whereas those on the fringes
of cities are vulnerable to urban sprawl (Jim 2004; Seto et al. 2011). The recovery documents
for many urban-restricted threatened species acknowledged this reality, noting that the high
development potential (and therefore the possible purchasing cost) of the lands on which the
species occurred placed many sites at considerable risk. Perhaps tellingly, residential and
industrial deyelopments were implicated in the decline of 26 species; the recovery documents
for these species described the loss of entire populations to development, even at sites that
contained,the last known population. The Frankston spider-orchid (Caladenia robinsonii) and
small golden'moths orchid (Diuris basaltica), for instance, were believed to have gone
extinct whensthessites supporting the last known populations at the time were developed, and
at least 15.ether species occur on lands zoned for future development (Panel 2). Although this
seems a dire prognosis for urban-restricted threatened species, conservation actions are not
limited to the formal protection of sites. A suite of approaches are available to enhance urban
environments, provide resources critical to species, and expand the range of suitable habitats
available through the principles of “biodiversity sensitive” urban design or conservation

development (Milder 2007; Ikin et al. 2015; Garrard et al. 2018). If securing land for
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conservation is a luxury that can be extended to only a few urban-restricted threatened

species, then alternative approaches must be embraced in order to prevent their extinction.

Urban land not intended for conservation plays a critical role

Embracing a'broader view of the land types suitable for conservation opens up new avenues
for threatened species recovery in urban environments. Australia’s 39 urban-restricted
threatened species are not limited to remnants of native vegetation or reserves but instead
occur across diverse land-use types (Figure 2), including roadsides (11 species), private land
(10 species),military lands (5 species), schools (4 species), golf courses (4 species), railways
and utility easements (4 species), airports (3 species), cemeteries (1 species), and hospitals (1
species). One of the largest known populations of the spiked rice flower (Pimelea spicata)
persists at a golf'course, while a species of guinea-flower (Hibbertia puberula glabrescens) is
known only from the grounds of an airport. The ongoing survival and recovery of these
species must therefore incorporate actions on lands not originally intended for conservation.
For example, golf course managers are working to conserve the spiked rice flower, enhancing
habitat and raising awareness among golfers and nearby residents. But the potential for
conservation,gains in unconventional landscapes is often unrecognized (Shwartz et al. 2014;
Kowarik and von der Lippe 2018). For many urban-restricted threatened species, sites that
are small, thathave been highly modified, or that no longer support remnant vegetation are
rarely prioritized — yet these are often the areas where species recovery efforts must occur.
Opportunities range from protection and sympathetic management of existing populations to
active habitat enhancement and establishment of new populations. Achieving positive
conservation outcomes without compromising the original use of a space depends on strong
partnerships among a range of stakeholders to balance competing land-use needs and identify
“win—win” scenarios (Rosenzweig 2003; Aronson et al. 2014). Although this can be
challenging,.emerging success stories highlight the potential rewards (eg Colding et al. 2006;
Ramirez-Réstrepo e al. 2017). Conversely, failing to recognize the value of unconventional

spaces can lead:to the degradation and destruction of important habitats (Panel 3).

Engaged communities can provide powerful support

While being close to a large human population can pose many risks to threatened species
inhabiting urban environments (eg Panel 3), such proximity can also be an advantage if the
human community is aware of and engaged in local conservation action. Many of the urban-

restricted threatened species that we identified benefit from community conservation efforts.
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For example, the local community has been instrumental in the management and recovery of
the Frankston spider-orchid, with more than 1300 volunteer-hours invested in improving
habitat for the species’ last known population. Such engagement might not have been
possible, and would certainly have been logistically difficult, had this population occurred in
a more remotelocation. Although most recovery documents (for 29 species) included broad
aims to raise awareness of a species’ plight, simply informing the public is inadequate, and
active measures to increase their sense of ownership, participation, and stewardship are
needed (Andersson et al. 2014). The urban-restricted threatened species presented here have
great potential te.engender community care for their unique threatened species. For example,
the Canberra spider-orchid (Caladenia actensis), Sydney Plains greenhood (Pterostylis
saxicola), and Bomaderry zieria (Zieria baeuerlenii) are all named for the area in which they
occur, and therefore are prime candidates as flagship species to capitalize on community
pride and sense of place through “adoption” by local schools, businesses, or community
groups. In some cases the precise location of a threatened species must be kept secret for its
own protection (Panel 4; Lindenmayer and Scheele 2017), but the potential benefits of
engaging loecal.eofnmunities and inspiring stewardship in species conservation are substantial
(Andersson et al..2014; Shwartz et al. 2014). As one example, a crowd-funding campaign in
2016 to “Save the sexy scented orchids” raised more than AU$18,000 from 144 contributors
to support the eonservation of the urban-restricted sunshine diuris (Diuris fragrantissima) and
small golden moths orchid. Moreover, fostering community stewardship for urban threatened
species may, also serve to increase people’s interest in and experiences with nature, resulting
in improved human health and well-being (Dunn ef al. 2006; Shanahan et al. 2015), which
are often the goal of environmental policy. Finally, a consideration of the perspectives of
Indigenous communities was notably absent: approximately one-half of the recovery
documents (for 18 of the 39 species) identified intent to consult with Indigenous peoples,
while none'described their involvement in existing conservation activities. Formal
recognition"of'the*values, perspectives, and knowledge of Indigenous communities would not
only enrichseonservation outcomes for these threatened species but would also acknowledge
and encourage the inclusion of cultural rights in urban conservation practices (Leiper ef al.

2018).

Decision makers must be aware of the role of cities in species conservation
Urban environments are not always on the conservation “radar” even when they are essential

to a species’ management and recovery. Research has repeatedly demonstrated that
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biodiversity conservation in urban environments receives insufficient attention in government
policy and municipal planning (Miller et al. 2009; de Oliveira et al. 2011; Olive and
Minichiello 2013). Indeed, we contend that many planners, land managers, and conservation
scientists would be surprised to learn that a threatened species’ distribution could be entirely
urban, or'thatfocusing conservation efforts on unconventional sites is critical to their
persistence! In fact, it was rarely apparent in the recovery documents we reviewed that a
species was urban-restricted. Several species lost key populations because the relevant
authorities or land managers were unaware of either the species occurrence or the importance
of the urban site(Panels 2 and 3). Under these circumstances, the conservation of urban-
restricted threatened species is relegated to the realm of damage control as opposed to
recovery. Péople cannot protect what they are not aware of and will not protect that which
seems unimportant. The widespread lack of awareness of urban conservation issues is a key
factor limiting the .conservation and recovery of urban-restricted species, but this deficiency
could be remedied in several ways. First and foremost, the documents and policy guiding a
species’ recevery should clearly acknowledge the urban nature of its distribution; second, the
presence of speeialist biodiversity conservation staff on planning or local government teams
can improveithe degree to which biodiversity conservation is considered in decision making
(Miller et al. 2009; Stokes et al. 2010). Steps such as these would bring threatened species
recovery into the'urban planning discourse, work to encourage proactive conservation in

future developments, and act as a “red flag” to regulators to prevent further losses.

Conclusions

Urban environments represent the last chance to conserve particular species within their
natural ranges, and therefore are essential pieces of the conservation puzzle. The benefits of
urban conservation are clear: improved outcomes for species protection and recovery in line
with international commitments (de Oliveira ef al. 2011), and improved opportunities for the
growing urbanhiman population to connect with nature (Kowarik 2018). Globally,
opportunitiessforcities to play important roles in threatened species conservation abound. For
example, approximately 22% of occurrences of federally listed endangered plant species in
the US are located in the country’s 40 largest metropolitan areas, which encompass just 8.4%
of the country’s total land area (Schwartz et al. 2002); urban gardens are critical to the
resurgence of endangered Fumaeus butterfly species in Mexico (Ramirez-Restrepo ef al.
2017); and several cities, such as Cape Town, South Africa, and loannina, Greece, contain

biodiversity hotspots and support high species endemism (Rebelo ez al. 2011; Kantsa et al.
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2013). Our review of urban-restricted threatened species in Australia reaffirms that urban
environments not only present opportunities for biodiversity but are also a necessary
component of conservation. Ideally, conservation approaches would consider the importance
of urban landscapes before cities become a species’ last chance, not simply as an emergency
response butraspart of a proactive conservation strategy. However, success depends on
adopting ngvel conservation and urban design strategies, embracing opportunities and
partnerships on unconventional lands, and fostering community stewardship. Ultimately, this
requires clear recognition of the role that urban environments play in a species’ survival and
future recovery at all levels of decision making. When cities are the last chance for saving
species, the eonservation community must stop disregarding the urban environment and start

putting conseryation science into practice in the places where it is most needed.

Acknowledgements

We thank M Stanley, C Threlfall, and L Clews for thoughtful comments on earlier versions
of this manuscript. KS is funded by the Clean Air and Urban Landscapes Hub and Threatened
Species Recevery ' Hub of the National Environmental Science Program; PEL is supported by
an ARC Linkage Project (LP160100439).

References

Andersson E, Barthel S, Borgstrom S, ef al. 2014. Reconnecting cities to the biosphere:
stewardship of green infrastructure and urban ecosystem services. Ambio 43: 445-53.

Aronson MF, La Sorte FA, Nilon CH, ef al. 2014. A global analysis of the impacts of
urbanization on bird and plant diversity reveals key anthropogenic drivers. P Roy Soc B-
Biol Sci 281:20133330.

Ballantyne M and Pickering C. 2012. Ecotourism as a threatening process for wild orchids. J
Ecotourism Al1: 34-47.

Blaustein R¥2013: Urban biodiversity gains new converts: cities around the world are
conservingsspecies and restoring habitat. BioScience 63: 72-77.

Colding J, Jsundberg J, and Folke C. 2006. Incorporating green-area user groups in urban
ecosystem management. Ambio 35: 237-44.

de Oliveira JP, Balaban O, Doll CN, et al. 2011. Cities and biodiversity: perspectives and
governance challenges for implementing the Convention on Biological Diversity (CBD)

at the city level. Biol Conserv 144: 1302—13.

This article is protected by copyright. All rights reserved



Department of the Environment and Energy. 2015. Threatened Species Strategy. Canberra,
Australia: Department of the Environment and Energy.

Department of the Environment and Energy. 2017. Species Profile and Threats (SPRAT)
database. Canberra, Australia: Department of the Environment and Energy.
wwwienvironiment.gov.au/cgi-bin/sprat/public/sprat.pl. Viewed 3 Oct 2018.

Dunn RR, Gavin MC, Sanchez MC, et al. 2006. The pigeon paradox: dependence of global
conservation on urban nature. Conserv Biol 20: 1814-16.

Garrard GE; Williams NS, Mata L, ef al. 2018. Biodiversity sensitive urban design. Conserv
Lett 11: el12411.

Haaland C and van den Bosch CK. 2015. Challenges and strategies for urban green-space
planning in’cities undergoing densification: a review. Urban For Urban Gree 14: 760-71.

Hedblom M, Andersson E, and Borgstrom S. 2017. Flexible land-use and undefined
governance: from threats to potentials in peri-urban landscape planning. Land Use Policy
63: 523-27.

Ikin K, Le Roux DS, Rayner L, et al. 2015. Key lessons for achieving biodiversity-sensitive
cities andstowfis. Ecol Manag Restor 16: 206—14.

Ives CD, LentiniPE, Threlfall CG, et al. 2016. Cities are hotspots for threatened species.
Global Ecol Biogeogr 25: 117-26.

Jim CY. 2004.Green-space preservation and allocation for sustainable greening of compact
cities. Cities 21: 311-20.

Kantsa A, Tscheulin T, Junker RR, et al. 2013. Urban biodiversity hotspots wait to get
discovered: the example of the city of loannina, NW Greece. Landscape Urban Plan 120:
129-37.

Kareiva P and Marvier M. 2012. What is conservation science? BioScience 62: 962—69.

Kendal D, Zeeman BJ, Ikin K, et al. 2017. The importance of small urban reserves for plant
consetvationBiol Conserv 213: 146-53.

Klaus VH. 20913uUrban grassland restoration: a neglected opportunity for biodiversity
conservation:'Restor Ecol 21: 665—69.

Kowarik L.2018. Urban wilderness: supply, demand, and access. Urban For Urban Gree 29:
336-47.

Kowarik I and von der Lippe M. 2018. Plant population success across urban ecosystems: a

framework to inform biodiversity conservation in cities. J Appl Ecol 55: 2354-61.

This article is protected by copyright. All rights reserved



Leiper I, Zander KK, Robinson CJ, et al. 2018. Quantifying current and potential
contributions of Australian Indigenous peoples to threatened species management.
Conserv Biol 32: 1038—47.

Lindenmayer D and Scheele B. 2017. Do not publish. Science 356: 800—01.

McDonald'RIyKareiva P, and Forman RTT. 2008. The implications of current and future
urbanization for global protected areas and biodiversity conservation. Biol Conserv 141:
1695-703.

Milder JC.2007. A framework for understanding conservation development and its
ecological implications. BioScience 57: 757—-68.

Miller JR and Hobbs RJ. 2002. Conservation where people live and work. Conserv Biol 16:
330-37¢

Miller JR, Groom M, Hess GR, ef al. 2009. Biodiversity conservation in local planning.
Conserv Biol 23: 53-63.

Olive A. 2014, Urban awareness and attitudes toward conservation: a first look at Canada’s
cities. App! Geogr 54: 160—68.

Olive A and;Mini€hiello A. 2013. Wild things in urban places: America’s largest cities and
multi-scales.of governance for endangered species conservation. Appl Geogr 43: 56—66.

Ramirez-Restrepo L, Koi S, and MacGregor-Fors 1. 2017. Tales of urban conservation:
Eumaeus butterflies and their threatened cycad host plants. Urban Ecosyst 20: 375-78.

Rebelo A, Holmes P, Dorse C, et al. 2011. Impacts of urbanization in a biodiversity hotspot:
conservation challenges in metropolitan Cape Town. S Afr J Bot 77: 20-35.

Rosenzweig ML. 2003. Reconciliation ecology and the future of species diversity. Oryx 37:
194-205.

Salomon Cavin J. 2013. Beyond prejudice: conservation in the city. A case study from
Switzerland. Biol Conserv 166: 84—89.

Schwartz MW, Jutjavcic NL, and O’Brien JM. 2002. Conservation’s disenfranchised urban
poor. BioSéience 52: 601-06.

Seto KC, Fragkias M, Giineralp B, ef al. 2011. A meta-analysis of global urban land
expansion. PLoS ONE 6: €23777.

Shanahan DF;Luin BB, Bush R, et al. 2015. Toward improved public health outcomes from
urban nature. Am J Public Health 105: 470-77.

Shwartz A, Turbé A, Julliard R, et al. 2014. Outstanding challenges for urban conservation
research and action. Global Environ Chang 28: 39-49.

This article is protected by copyright. All rights reserved



Soanes K, Sievers M, Chee YE, et al. 2018. Correcting common misconceptions to inspire
conservation action in urban environments. Conserv Biol; doi.org/10.1111/cobi.13193.

Soulé ME. 1985. What is conservation biology? BioScience 35: 727-34.

Stokes DL, Hanson MF, Oaks DD, et al. 2010. Local land-use planning to conserve
biodiversity=planners’ perspectives on what works. Conserv Biol 24: 450—60.

Threlfall CG and Kendal D. 2018. The distinct ecological and social roles that wild spaces
play in urban ecosystems. Urban For Urban Gree 29: 348-56.

Tulloch AlgAuerbach N, Avery-Gomm S, ef al. 2018. A decision tree for assessing the risks
and benefits,of publishing biodiversity data. Nature Ecol Evol 2: 1209-17.

Tulloch AIT, Barnes MD, Ringma J, ef al. 2016. Understanding the importance of small
patches/f habitat for conservation. J Appl Ecol 53: 418-29.

Supporting Information

Additional, web-only material may be found in the online version of this article at

Figure captions

Figure 1. The location of urban-restricted threatened species across Australia. The number of
species per location is indicated in parentheses. Selected examples have been illustrated,
including (counterclockwise from top left) fringed keraudrenia (Keraudrenia exastia;
critically endangered); western swamp tortoise (Pseudemydura umbrina; critically
endangered); Carbunup king spider-orchid (Caladenia procera; critically endangered);
Kilsyth South spider-orchid (Caladenia sp Kilsyth South; critically endangered); Milford
leek-orchid (Prasophyllum milfordense; critically endangered); Ginninderra peppercress
(Lepidium ginninderrense; vulnerable); Nielsen Park she-oak (Allocasuarina portuensis;
endangered); downy wattle (Acacia pubescens; vulnerable); and angle-stemmed myrtle

(Gossia genoclada; endangered). Artwork by E Pirtle.

Figure 2. Urban=restricted threatened species rely on a variety of land-use types, such as
airports (Hibbertia puberula glabrescens; top left), golf courses (spiked rice flower, Pimelea
spicata; top right), railway verges (sunshine diuris, Diuris fragrantissima; bottom left), and

roadsides (seaforth mintbush, Prostanthera marifolia; bottom right). Artwork by E Pirtle.

Figure 3. Caley’s grevillea (Grevillea caleyi), an endangered urban-restricted species,

continues to experience incremental population losses due to development.
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Photo credit:
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SPS: please‘insert Figure 3 into Panel 2
Figure 4. For many years, Angus’s onion orchid (Microtis angusii) was known from only a
single roadside in Sydney, yet this has not prevented the site from being subjected to various

disturbances.

Photo credit:
M Macrae

SPS: please insert Figure 4 into Panel 3

Figure 5. The.wavy-leaved smokebush (Conospermum undulatum) is now restricted to the

city of Perthy but.ts precise location is kept secret.

Photo credit:
M Brundrett

SPS: please insert Figure S into Panel 4
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Panel 1. Australia’s urban-restricted threatened species

To identify urban-restricted threatened species in Australia, we downloaded all point records
for species listed as threatened (“vulnerable”, “endangered”, and “critically endangered”)
under the Australian Environment Protection and Biodiversity Conservation Act 1999 (as of
February2016)from the Atlas of Living Australia website (www.ala.org.au). These points
were cross+checked against polygons representing 99 Australian towns and cities with
populations of >10,000 people and for which the land character is predominantly described as
“urban” (for details, see Ives et al. [2016]). This allowed us to create a short-list of species for
which all points;zecorded after the year 2000 fell within or close to the boundary of an urban
area. We then verified the validity of these records based on (1) the associated spatial
uncertainty/(eg the observer or source), (2) descriptions of the species’ distribution presented
in the Australian Government’s Species Profiles and Threats Database (Department of the
Environment and Energy 2017), and (3) spatial data provided by the Australian Government
representing the “known” ranges of the species (described in Ives et al. [2016]). This resulted
in a list of 39 urban-restricted species (37 plants and two animals) that occurred in only one
or two Australian/cities or towns (WebFigure 1; WebTable 1). We then reviewed the suite of
documents used.to guide the conservation for each species (referred to as “recovery
documents”; accessed through the Department of the Environment and Energy 2017) to
ascertain the degree to which policy guidance supports their conservation within urban
environments and to identify key themes guiding urban conservation. A full description of the
documents reviewed for each species is available in WebTable 1. Urban-restricted species
covered a range of taxonomic groups that included orchids, flowering shrubs, large trees, a
tortoise, and a snail. The most commonly identified threats were urbanization and habitat loss

(89%), invasive weeds (88%), and altered fire regimes (76%).

Panel 2. Urban.environments are critical to meeting conservation commitments

The threat 6ffuture development to conservation is exemplified by the case of Caley’s
grevillea (Grevillea caleyi; Figure 3), an urban-restricted threatened species targeted for
recovery bys2020 in the Australian Government’s Threatened Species Strategy (Department
of the Environment and Energy 2015). To date, more than 85% of this species’ habitat has
been cleared for urban growth, with many remaining populations occurring on land zoned for
development. Key challenges identified in the recovery documents include the high

development value of the land on which the species occurs, a lack of awareness of the
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species’ existence, and a lack of consultation among relevant authorities prior to

development, resulting in the incremental loss of G caleyi populations.

Panel 3. A series of unfortunate events

Conservifnig threatened species on land not intended for conservation can be challenging, with
entire populations seemingly one poor decision or stroke of bad luck away from extinction. A
roadside in'northern Sydney that supported the only known population of Angus’s onion
orchid (Mierotis angusii; Figure 4) was subjected to numerous events that threatened the
species’ persistence. In 1989, the entire orchid population was covered with 10 metric tons of
sand when a,utility company used the area to dump their construction fill, and mitigation
attempts inyolyed a bulldozer and a high-pressure hose. Later, the site was used to
accommodate a telephone company’s portable toilets. In 1999 the site was also heavily
grazed during the flowering season, and, later in 2007, sprayed with herbicide. The future
survival of urban-restricted threatened species depends on collaboration and communication

among key stakeholders to avoid preventable incidents such as these.

Panel 4. Loved,to death?

A unique challenge for many urban-restricted threatened species is the threat of being “loved
to death”. One-quarter of the species on our list had been subjected to or were at risk of
illegal collection or deliberate destruction. Negative side effects of eager naturalists seeking
rare plants in urban reserves include trampling, disturbing plants or microclimates while
attempting to obtain photographs, and even removing entire plants (Ballantyne and Pickering
2012). In such cases, urban conservation must strike a balance between raising awareness to
promote conservation (Tulloch ef al. 2018) and maintaining secrecy to protect specific
locations (Lindenmayer and Scheele 2017). For example, the recovery documents for the
wavy-leayed,smokebush (Conospermum undulatum; Figure 5) highlight actions to promote
awareness through an education campaign but also recommend that the location of the

species be keptsecret from the general public.
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