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Abstract

The global-scale and rapidity of environmental change is challenging ecologists to re-imagine their
theoretical principles and management practices. Increasingly, historical ecological conditions are
inadequate targets for restoration ecology, geographically circumscribed nature reserves are
incapable of protecting all biodiversity, and the precautionary principle applied to management
interventions no longer ensures avoidance of ecological harm. In addition, human responses to global
environmental changes, such as migration, building of protective infrastructures, and land use change,
are having their own negative environmental impacts. We use examples from wildlands, urban and
degraded environments, as well as marine and freshwater ecosystems, to show that human
adaptation responses to rapid ecological change can be explicitly designed to benefit biodiversity. This
approach, which we call ‘renewal ecology’, is based on acceptance that environmental change will
have transformative effects on coupled human and natural systems and recognizes the need to

harmonise biodiversity with human infrastructure, for the benefit of both.

Keywords: social-ecological systems, climate, biodiversity, environmental change, opportunity,

innovation
Implications

i. By accepting environmental change as inevitable and irrevocable, renewal ecology provides

those practicing conservation management greater social license to innovate.
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ii. Irretrievably degraded land and seascapes can provide opportunities to renew biological
function and diversity, in places where attempts to recreate the former natural state would
fail.

iii. Urban and agricultural landscapes largely written off as sites for effective conservation can be
re-imagined as species habitat with enhanced ecological functionality, while delivering co-

benefits for human wellbeing.
Introduction

Rapid climate change, stressed ecosystems and sharp declines in biodiversity are all indicators of the
accelerating pace and global scale of human impacts on the Earth system (Johnson et al. 2017). Such
environmental upheavals, effectively captured in the ‘Anthropocene’ concept (Steffen et al. 2007),
challenge classical approaches to conserving biodiversity such as setting aside protected areas:
nowhere on Earth is now completely isolated from the impacts of human activities (Scheffers et al.
2016). Compounding the myriad of threats to biodiversity are the dynamic human adaptive responses
to environmental change, such as major engineering and infrastructure developments, shifts in
demographic and agricultural patterns, strategies to reduce the impacts of extreme events, and

attempts to improve the security of water, food and energy (Maxwell et al. 2015).

Recognition of the rate, scale and magnitude of the global environmental crisis has triggered debate
about whether existing conservation approaches and intellectual disciplines are adequate (Harmsen
and Foster 2014; Hobbs 2013; Martin et al. 2012; Robbins and Moore 2013; Head 2016) (Box 1). One
important source of intellectual tension concerns the weight placed on historical frames of reference
to define'management strategies and objectives (Rohwer & Marris 2016). In a world where the
physical underpinnings of ecosystems are changing rapidly, a focus on the past as an ideal standard
can be unhelpful in places where it is no longer possible to sustain ecosystems within the range of
known historical variability (Kareiva & Fuller 2016). Conservation biology, restoration ecology and
invasion biology have been criticized as ‘Edenic sciences’, given their common objective of returning
ecosystems to a past, often idealized, state (Stott 1998; Robbins & Moore 2013). Ecosystems in the
Anthropocene may have no historical analog and harbour a range of non-native species, some of

which may be threatened within their historic ranges.
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The emergence of such novel ecosystems (Hobbs et al. 2006) confronts the ‘natural system’ archetype
as the basis of conservation biology (Hagerman & Satterfield 2014). Kareiva & Fuller (2016), for
example, argue that current conservation approaches are inadequately equipped for the challenges of
the Anthropocene due to entrenched risk aversion - codified in the ‘precautionary principle’. There is
certainly concern about assisting the movement of species in the face of climate change (Ricciardi &
Simberloff 2009) and that a focus on novel ecosystems provides an excuse for accepting as inevitable
the loss of natural systems (Murcia et al. 2014). Many, but not all, of those resisting ecological
interventions acknowledge that conservation science needs to be conducted in the face of rapid
climate change. Arguably, urban ecologists have most fully accepted the novel ecosystem concept
(Hobbs et al. 2006) and the blurring of boundaries between natural and human-dominated
ecosystems, recognizing biodiversity values in settings that have been typically considered severely
degraded or otherwise profoundly altered by human activities. Given the enormity of change that all
ecosystems are facing, we suggest that a new approach is required for designing and managing
biodiverse ecosystems and providing human wellbeing in the Anthropocene. Such an approach must
also minimise the collateral damage of human adaptation and development in an anticipatory, pro-

active and collaborative way.
Concept definition

We propose the concept of renewal ecology as an organizing principle for conservation management
in the Anthropocene. This concept formally recognizes that rapid environmental change is
unavoidable, necessitating critical planning and action, but also that human modifications of
landscapes for provision of food, fibre and ecosystem services do not necessarily have to come at the
expense of biodiversity. We contend that renewal ecology provides a philosophical license for
ecologists to sustain biodiversity in the Anthropocene through innovation, and represents a channel
for optimistic conservation action in a time of inevitable environmental change. We define renewal
ecology as the science essential for creating and managing ecosystems to maximize both biodiversity
and human wellbeing in the face of rapid environmental change. We intentionally advocate a broad
definition of renewal ecology because, like the concept of ‘biodiversity’, it provides flexibility in
interpretation (Higgs 2003), and is more likely to contribute to ‘creating a shared vision and

vocabulary’ that will bring scientists, practitioners and politicians ‘closer to creating landscapes that
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will sustain human well-being and forecast a more promising future for all species on our shared

planet’ (Chazdon & Laestadius 2016).
Concept examples

Below we illustrate how the renewal ecology concept provides a unifying framework for innovative
conservation practice across environments ranging from aquatic, wildland, agricultural and urban
ecosystems. We briefly describe some examples of how human modifications to land-, freshwater-
and seascapes aimed at reducing the negative impacts of climate change, can, if approached in a
forward-looking and innovative way, provide substantial co-benefits for biodiversity. The salient
feature of these examples is that existing techniques (drawn from a range of disciplines such as
restoration ecology, environmental engineering, agricultural science, forestry, fisheries, conservation
biology and wildlife management) can be combined and applied across a range of environments, land
tenures and spatial scales to improve biodiversity outcomes. Such an approach actively seeks
opportunities to modify engineering, urban and landscape design as well as approaches to agricultural
and land and water management to create more coherence between human societies and economies,
land- and seascapes and biodiversity. Even small interventions can have far reaching impacts on
society and biodiversity which in turn can energise innovation and larger scale transformative
adaptation to global environmental changes. The drivers for these changes may be corporate
innovation seeking environmental sustainability and social legitimacy (Kareiva & Fuller 2016), but can

also occur across sectors in society as a result of government regulation and policy.
Living shorelines to protect coasts

Sea level rise and the associated increased risks of storm surges and coastal flooding are leading to
substantial increases in “hard-engineering” solutions (i.e. seawalls, revetments, breakwaters, groynes,
and barrages) to protect coastal infrastructure from inundation and erosion (Bulleri & Chapman 2010).
These approaches can have substantial negative impacts on coastal ecosystems, including loss of
habitat, disruption of land-sea and long-shore connectivity of organisms and resources, and facilitation

of movement by marine pest species (Bulleri & Chapman 2010).
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A renewal ecology approach to coastal adaptation might instead include the construction of
ecosystems such as coral and shellfish reefs, mangroves and/or saltmarsh to dissipate wave action and
stabilise shorelines (Arkema et al. 2013). The use of ‘living shorelines’ for coastal protection has the
added benefit that these ecosystems can enhance other services such as fisheries productivity and
sequestration of carbon (Barbier et al. 2011). Such land-sea connectivity and access to biodiverse
beaches also provide meaningful experiences to humans, especially for urban shorelines. Where
defence of coasts using hard-engineering structures remains necessary, their deleterious impacts can
be substantially reduced by incorporating important micro-habitats such as tidal pools and crevices,
and constructing them of materials that provide a substrate to support a broad spectrum of marine
and estuarine organisms. In some instances, the positioning of hard-engineering structures in
sedimentary environments may provide important ‘stepping stones’ for hard-substrate dependent

species to overcome dispersal barriers and migrate poleward in response to climate change.
Innovative plantings to reduce fire risk

In environments dominated by temperate forests and shrublands prone to crown-fires, increases in
extreme heat and changed rainfall patterns are increasing the frequency and intensity of wildfires
(McKenzie et al. 2016). Exposure of high value property, such as urban housing, to regular wildfires is
acute in parts of the world such as southern California, Canada, southern Australia and southern
Europe (Moritz et al. 2014). The challenge of coping with the increasing risk to people and property is
compounded by ongoing urban expansion into areas of highly flammable vegetation (Bowman et al.

2017).

Strategies to reduce fire risk can provide opportunities and choices for biodiversity within a renewal
ecology framework. For example, treatment of fuel may be more effectively achieved through
permanent modification of natural vegetation close to urban settlements, rather than using
prescribed fire, which is both costly (Penman et al. 2013) and hazardous to the health of residents
through exposure to smoke (Broome et al. 2016). Creation of linear parklands substituting low- for
high-flammability vegetation (e.g. rainforest or Callitris spp. instead of Eucalyptus spp. in Australia)
that separate wildland and urban areas may provide alternative habitats for species and amenity
values for urban residents while at the same time reducing direct exposure of properties to fire risk. In

particular, the opportunities to create a fine-scale mosaic of varied habitats may arise through
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deliberate plantings of vegetation less prone to propagation of crown fires and embers. This may
enhance fine-scale diversity relative to simplification of native vegetation via mechanical clearing or

other forms of repetitive fuel treatment, such as prescribed burning.
Greening to cool cities and connect people to nature

Globally, the number of people living in urban environments already exceeds those outside cities. By
2050, 66% of the world’s projected population of about 9.7 billion is expected to be urban (United
Nations 2015). With rising temperatures, exacerbated by the urban heat island effect, the human
population is expected to spend more time indoors in air-conditioned environments, increasing

energy consumption and reducing connection with nature (Shanahan et al. 2014).

Application of renewal ecology concepts to urban environments starts with biodiversity-sensitive
design, moving beyond existing approaches that focus on preserving remnants, to incorporating
biodiversity into the urban fabric (Garrard et al. in review). Greening urban environments can
generate physical and mental health benefits; reduce energy consumption by buffering microclimates
and reduce the urban heat island effect; store carbon; alleviate the impacts of flooding by reducing
peaks in'storm water runoff; provide shelter from extreme weather; and contribute to biodiversity
conservation, particularly threatened plant and animal species. The design elements that would
characterize a renewal ecology approach to cities could include vegetated roofs and walls and
purpose-designed and built structures that enable safe movements of animals across the landscape,
reducing road-kill and the effects of habitat fragmentation (Laurance et al. 2014). Creating
opportunities for urban residents to engage with nature where they live, work, play and travel can
potentially be achieved through sensitive urban design that integrates both native and non-native

plants and-animals into courtyards, school yards, suburban gardens and transport corridors.
Water to sustain people and species

Freshwater and coastal species are already among the most threatened as a consequence of their
habitats being a focus of human settlements and livelihoods, and because global consumption of
water isincreasing with growing populations and greater wealth. Freshwater ecosystems are

particularly vulnerable to human impacts from activities in water catchments, fragmentation of rivers
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by infrastructure, and from water consumption that alters the quality, quantity and timing of water
flows (Pittock et al. 2015). All these effects are exacerbated by climate change. Many of the most
serious impacts of climate change on people and biodiversity are felt via impacts on water, including
floods, droughts, storms and changes in rainfall distribution (Bates et al. 2008). In addition to the
direct impacts on biodiversity, many human responses to climate change will detrimentally affect
aquatic ecosystems (Pittock 2015). These include mitigation measures that consume more water, such
as many types of biofuel production, and adaptation measures, including increased storage of water in

reservoirs.

A renewal ecology approach to water management would aim to meet human needs while sustaining
aquatic biodiversity. There are a number of existing examples of interventions consistent with this
philosophy that are currently implemented in an ad hoc manner. These include: environmental water
releases that mimic pre-development river flows so as to conserve selected biodiversity; reserving
aquatic refugia that also offer recreational opportunities; adding fish ladders to reservoirs to assist
migration; systematically restoring riparian vegetation to cool rivers, reduce erosion and provide
habitat and opportunities for recreation; and the removal of redundant dams. Integrated
implementation of these established practices can enhance the catchment-scale functioning of

aquatic systems and link urban, agricultural and natural areas.
Biodiversity opportunities from changing agricultural practices

Farmers are modifying agricultural landscapes to remain economically viable in a changing climate
(Nelson'et al. 2014). Relatively simple modifications include adopting land use practices that reduce
water loss (e.g. conservation tillage); adopting geospatial precision farming technologies; and
switching to more heat-tolerant livestock breeds. Where changing conditions make existing
agricultural systems untenable, major modifications are leading to some agricultural systems being

replaced, displaced or abandoned entirely (Rickards & Howden 2012).

Adapting agricultural landscapes to climate change could potentially exacerbate their already
substantial impacts on biodiversity (Maxwell et al. 2016). Adopting a renewal ecology approach to
adaptation, however, could mitigate and potentially reverse some of these impacts. Heat stress in

livestock can be mediated by establishing tree plantations alongside grazing areas, and biodiversity
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can benefit from such planting if they are made species-rich and permanent (Karki & Goodman 2010).
Shifts to grazing in regions where declining rainfall is making cropping unviable may offer
opportunities for creation of critical habitat for threatened species, enhanced pollination and shelter
services, and potentially pest, disease and weed management services. Finally, abandoned farmland
offers opportunities to reconnect remnant vegetation or to recreate highly threatened ecosystem

types, such as native grassland or grassy woodland (Ceausu et al. 2015; Middendorp et al. 2016).
Cohabitation of species and renewable energy sources

Almost all forms of power generation have the potential to harm biodiversity. For instance, poorly
placed wind generators can harm fauna and unconventional (i.e. coal seam and shale) gas as a lower
carbon ‘“transition fuel’ could reduce biodiversity by increasing access to little developed regions,
increasing habitat fragmentation and polluting freshwater ecosystems (Cook et al. 2013). Carbon
capture and geological storage (Carter 2015), nuclear power, first generation biofuel crops, (CBD
2010; Dalla Marta et al. 2015) and solar thermal power stations (Pittock et al. 2013) all affect
freshwater sources as does planting forests to mitigate emissions by increasing water consumption

rates (Pittock et al. 2013). Hydropower dams also have severe impacts on freshwater ecosystems.

A renewal ecology approach adapts the design of the new systems to minimize losses and maximize
opportunities. For example, the large areas of land and sea occupied by solar and wind generators
offer opportunities for cohabitation with biodiversity, especially where the land has been degraded. In
the sea, offshore wind and wave farms serve as de facto marine protected areas because trawl fishing,
a major source of marine habitat degradation, is excluded (Ashley et al. 2014). The foundations of
offshore energy harnessing infrastructure may be co-designed to serve as artificial reefs, or anchor

points foraquaculture that might otherwise pollute habitats closer inshore (Buck et al. 2004).
Creating positive legacies from abandoned mines

Classically, the objective of post-mining rehabilitation has been to replace destroyed ecosystems,
although this is rarely achieved (Bell 2001). By leveraging off the substantial financial resources and
equipment available for mine site restoration programs, a renewal ecology approach would focus on

the deliberate creation of novel ecosystems and landscapes designed to provide habitat and
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sanctuaries for both native and non-native threatened species (Harris et al. 2013). Examples of post-
mining land that have become biodiversity hotspots demonstrate that this approach is feasible. For
instance, wetlands created from rehabilitated sand-mined areas have provided bird habitat in
southwestern Western Australia (Brooks & Nichols 1996) and the largest known breeding site for

ghost bats in the Northern Territory, Australia (Woinarski et al. 2014).

Conclusions

Growing human populations and associated environmental impacts on the Earth system are driving
ecological degradation and the ongoing extinction crisis. This presents profound challenges to the
principles and practice of applied ecology, with growing acceptance that the future of biodiversity and
the provision of ecosystem services will depend on more radical interventions than have been
previously countenanced, including the intentional creation of novel ecosystems. Engineering and
technological interventions have the potential either to exacerbate or mitigate ecosystem damage.
We argue that ecologists must promote opportunities to integrate ecosystem processes and
biodiversity into landscape-scale interventions, a concept we call ‘renewal ecology’. We provide

examples of this approach in the freshwater, marine and terrestrial environments.

In a period of rapid change all strategies carry risk of failure. We therefore see the potential of
renewal ecology as being additional to existing conservation approaches rather than as a call to
replace them. In this context, the concept espoused by Aplet and Gallo (2012) of a “portfolio
approach” to nature conservation is pertinent. Such an approach across landscapes is based on
different principles and practices ranging from the classic nature reserve to more innovative,
experimental and historical approaches inherent in renewal ecology. This hedges against the failure of
any particular approach to biodiversity protection and human wellbeing. Such plurality of approaches
reduces rather than exacerbates philosophical tensions amongst conservation practitioners.
Importantly renewal ecology can motivate other sectors in the economy to incorporate biodiversity
into their current and future responses to climate change, thereby increasing the economic base and
area for conservation (Rosenzweig 2003). In sum, renewal ecology is a project reconciling humans and

nature, of co-creating a vibrant, diverse world for humans and other species. Though there will

10
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undoubtedly be missteps and mistakes along the way, this approach promises the possibility of a

world that, while changed, is greener, wilder and happier than today.
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Box 1: Definition of Renewal Ecology and its relationship to related disciplines

There is increasing recognition that classical approaches to conservation and natural resources
management are unable to meet the challenges of the Anthropocene. Martin et al. (2014) provide a
valuable summary (their Table 1) of how existing scientific fields, and proposed new ones, and
associated concepts can contribute to conservation goals and human livelihoods in the face of global
environmental change. Our concept of renewal ecology, defined as “a solutions-focused discipline
aimed at creating and managing ecosystems designed to maximize both biodiversity and human
wellbeing-inthe face of rapid environmental change” builds on these approaches, and below we
briefly outline (in alphabetical order) how renewal ecology differs or enhances some key related fields

and concepts.

Agroecology: Renewal ecology incorporates the argument of Perrings et al. (2006) that understanding
agriculture as an ecological system, where biodiversity plays a critical beneficial role for food
production and provision of ecosystems, is essential given increasing conversion of wildland to

agriculture to feed increasing human populations.

Compassionate conservation: an approach to management of trophic interactions to reduce the need
for lethal control to stabilise wildlife and pest species (Ramp & Bekoff 2015). Such ethical

consideration of the treatment of the non-human world is shared in renewal ecology.

Conservation biology: aimed at reducing the risk of extinction of non-human species and degradation
of their habitats and the services they provide, taking past abundance, composition and/or structure
as an aspirational standard. We propose renewal ecology as more forward-looking than traditional
conservation biology, focusing on adaptation opportunities that provide benefits for biodiversity while

people directly or indirectly adapt to global change.

Conservation science: proposed by Kareiva and Marvier (2012) to make conservation biology more
responsive and relevant to current threats through the ‘application of both natural and social sciences
to the dynamics of coupled human—natural systems’. They argue that human well-being and social

justice must be central to all conservation efforts with a focus on provision of ecosystems services, an
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ethos central to renewal ecology.

Human ecology/Coupled human-natural systems/Social-ecological systems (herein termed ‘human
ecology’): the interdisciplinary and trans-disciplinary study of the relationship between humans and
their natural and built environments. In clearly defined and data-rich systems, methodologies
developed in human ecology can be employed to evaluate likely biodiversity and human benefits
associated with alternative renewal ecology interventions. Such holistic understanding of human —

nature coupling is fundamental to the practice of renewal ecology.

Intervention ecology: Hobbs et al. (2011) outlined the case for steering restoration ecology and land
management towards a more ‘thoughtful experimental approach embedded in adaptive
management’ and have suggested the term ‘intervention ecology’ to capture approach. Renewal
ecology builds on this argument by focusing on the need to design ecosystems consciously and
manage them actively, using targeted interventions in the face of unprecedented environmental

change.

Novel ecosystems: the concept that new assemblages of species (i.e. those that have no historical
precedent) will result from differential responses to global change (Hobbs et al. 2006). These
assemblages may be biodiverse, functional, resilient, and self-sustaining. Renewal ecology is aimed at

managing the trajectory of such novel assemblages to maximize biodiversity and services.

Precautionary principle and biodiversity: The principle of ‘do no harm’” and placing the ‘burden of
proof’ on proponents of environmental change lie at the heart of the precautionary principle. But an
overly cautious approach to undertaking active interventions to save species can, in itself, contribute
to extinction risk (Myers 1993). Renewal ecology argues for bet-hedging, rather than risk aversion

inherentin ‘intervention ecology’ (see above).

Reconciliation ecology: Rosenzweig (2003) presciently recognized that effort should be made to
modify diverse anthropogenic landscapes to create habitat for species, thereby increasing biodiversity.
Renewal ecology embraces this idea but, because of the pervasive effects of global environmental

change, applies it to all natural systems.
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Restoration ecology: has generally been aimed at assisting the recovery of ecosystems that have been
degraded or destroyed to return to a previous, indigenous, state. Renewal ecology recognizes that in
many cases, the rapidity of environmental change means that such an objective is unlikely to be
achieved and instead promotes the creation and/or enhancement of landscapes that support

biodiversity and provide ecosystem services for human communities in the context of change.

Urban ecology: the study of the relationships and interactions between all organisms —human and
non-human — within this most anthropogenic of landscapes. This discipline can be regarded as a

fundamental component of renewal ecology.
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Abstract

The global-scale and rapidity of environmental change is challenging ecologists to re-imagine their
theoretical principles and management practices. Increasingly, historical ecological conditions are
inadequate targets for restoration ecology, geographically circumscribed nature reserves are
incapable of protecting all biodiversity, and the precautionary principle applied to management
interventions no longer ensures avoidance of ecological harm. In addition, human responses to global
environmental changes, such as migration, building of protective infrastructures, and land use change,
are having their own negative environmental impacts. We use examples from wildlands, urban and
degraded environments, as well as marine and freshwater ecosystems, to show that human
adaptation responses to rapid ecological change can be explicitly designed to benefit biodiversity. This
approach, which we call ‘renewal ecology’, is based on acceptance that environmental change will
have transformative effects on coupled human and natural systems and recognizes the need to

harmonise biodiversity with human infrastructure, for the benefit of both.

Keywords: social-ecological systems, climate, biodiversity, environmental change, opportunity,

innovation
Implications

i. By accepting environmental change as inevitable and irrevocable, renewal ecology provides
those practicing conservation management greater social license to innovate.

ii. Irretrievably degraded land and seascapes can provide opportunities to renew biological
function and diversity, in places where attempts to recreate the former natural state would
fail.

iii. Urban and agricultural landscapes largely written off as sites for effective conservation can be
re-imagined as species habitat with enhanced ecological functionality, while delivering co-

benefits for human wellbeing.

This article is protected by copyright. All rights reserved.



Introduction

Rapid climate change, stressed ecosystems and sharp declines in biodiversity are all indicators of the
accelerating pace and global scale of human impacts on the Earth system (Johnson et al. 2017). Such
environmental upheavals, effectively captured in the ‘Anthropocene’ concept (Steffen et al. 2007),
challenge classical approaches to conserving biodiversity such as setting aside protected areas:
nowhere on Earth is now completely isolated from the impacts of human activities (Scheffers et al.
2016). Compounding the myriad of threats to biodiversity are the dynamic human adaptive responses
to environmental change, such as major engineering and infrastructure developments, shifts in
demographic and agricultural patterns, strategies to reduce the impacts of extreme events, and

attempts to improve the security of water, food and energy (Maxwell et al. 2015).

Recognition of the rate, scale and magnitude of the global environmental crisis has triggered debate
about whether existing conservation approaches and intellectual disciplines are adequate (Harmsen
and Foster 2014; Hobbs 2013; Martin et al. 2012; Robbins and Moore 2013; Head 2016) (Box 1). One
important source of intellectual tension concerns the weight placed on historical frames of reference
to define management strategies and objectives (Rohwer & Marris 2016). In a world where the
physical underpinnings of ecosystems are changing rapidly, a focus on the past as an ideal standard
can be unhelpful in places where it is no longer possible to sustain ecosystems within the range of
known historical variability (Kareiva & Fuller 2016). Conservation biology, restoration ecology and
invasion biology have been criticized as ‘Edenic sciences’, given their common objective of returning
ecosystems to a past, often idealized, state (Stott 1998; Robbins & Moore 2013). Ecosystems in the
Anthropocene may have no historical analog and harbour a range of non-native species, some of

which may be threatened within their historic ranges.

The emergence of such novel ecosystems (Hobbs et al. 2006) confronts the ‘natural system’ archetype
as the basis of conservation biology (Hagerman & Satterfield 2014). Kareiva & Fuller (2016), for
example, argue that current conservation approaches are inadequately equipped for the challenges of
the Anthropocene due to entrenched risk aversion - codified in the ‘precautionary principle’. There is
certainly concern about assisting the movement of species in the face of climate change (Ricciardi &
Simberloff 2009) and that a focus on novel ecosystems provides an excuse for accepting as inevitable
the loss of natural systems (Murcia et al. 2014). Many, but not all, of those resisting ecological
interventions acknowledge that conservation science needs to be conducted in the face of rapid
climate change. Arguably, urban ecologists have most fully accepted the novel ecosystem concept
(Hobbs et al. 2006) and the blurring of boundaries between natural and human-dominated

ecosystems, recognizing biodiversity values in settings that have been typically considered severely
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degraded or otherwise profoundly altered by human activities. Given the enormity of change that all
ecosystems are facing, we suggest that a new approach is required for designing and managing
biodiverse ecosystems and providing human wellbeing in the Anthropocene. Such an approach must
also minimise the collateral damage of human adaptation and development in an anticipatory, pro-

active and collaborative way.
Concept definition

We propose the concept of renewal ecology as an organizing principle for conservation management
in the Anthropocene. This concept formally recognizes that rapid environmental change is
unavoidable, necessitating critical planning and action, but also that human modifications of
landscapes for provision of food, fibre and ecosystem services do not necessarily have to come at the
expense of biodiversity. We contend that renewal ecology provides a philosophical license for
ecologists to sustain biodiversity in the Anthropocene through innovation, and represents a channel
for optimistic conservation action in a time of inevitable environmental change. We define renewal
ecology as the science essential for creating and managing ecosystems to maximize both biodiversity
and human wellbeing in the face of rapid environmental change. We intentionally advocate a broad
definition of renewal ecology because, like the concept of ‘biodiversity’, it provides flexibility in
interpretation (Higgs 2003), and is more likely to contribute to ‘creating a shared vision and
vocabulary” that will bring scientists, practitioners and politicians ‘closer to creating landscapes that
will sustain human well-being and forecast a more promising future for all species on our shared

planet’ (Chazdon & Laestadius 2016).
Concept examples

Below weillustrate how the renewal ecology concept provides a unifying framework for innovative
conservation practice across environments ranging from aquatic, wildland, agricultural and urban
ecosystems. We briefly describe some examples of how human modifications to land-, freshwater-
and seascapes aimed at reducing the negative impacts of climate change, can, if approached in a
forward-looking and innovative way, provide substantial co-benefits for biodiversity. The salient
feature of these examples is that existing techniques (drawn from a range of disciplines such as
restoration ecology, environmental engineering, agricultural science, forestry, fisheries, conservation
biology and wildlife management) can be combined and applied across a range of environments, land
tenures and spatial scales to improve biodiversity outcomes. Such an approach actively seeks
opportunities to modify engineering, urban and landscape design as well as approaches to agricultural

and land and water management to create more coherence between human societies and economies,
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land- and seascapes and biodiversity. Even small interventions can have far reaching impacts on
society and biodiversity which in turn can energise innovation and larger scale transformative
adaptation to global environmental changes. The drivers for these changes may be corporate
innovation seeking environmental sustainability and social legitimacy (Kareiva & Fuller 2016), but can

also occur across sectors in society as a result of government regulation and policy.
Living shorelines to protect coasts

Sea level rise and the associated increased risks of storm surges and coastal flooding are leading to
substantial increases in “hard-engineering” solutions (i.e. seawalls, revetments, breakwaters, groynes,
and barrages) to protect coastal infrastructure from inundation and erosion (Bulleri & Chapman 2010).
These approaches can have substantial negative impacts on coastal ecosystems, including loss of
habitat, disruption of land-sea and long-shore connectivity of organisms and resources, and facilitation

of movement by marine pest species (Bulleri & Chapman 2010).

A renewal ecology approach to coastal adaptation might instead include the construction of
ecosystems such as coral and shellfish reefs, mangroves and/or saltmarsh to dissipate wave action and
stabilise shorelines (Arkema et al. 2013). The use of ‘living shorelines’ for coastal protection has the
added benefit that these ecosystems can enhance other services such as fisheries productivity and
sequestration of carbon (Barbier et al. 2011). Such land-sea connectivity and access to biodiverse
beaches also provide meaningful experiences to humans, especially for urban shorelines. Where
defence of coasts using hard-engineering structures remains necessary, their deleterious impacts can
be substantially reduced by incorporating important micro-habitats such as tidal pools and crevices,
and constructing them of materials that provide a substrate to support a broad spectrum of marine
and estuarine organisms. In some instances, the positioning of hard-engineering structures in
sedimentary environments may provide important ‘stepping stones’ for hard-substrate dependent

species to overcome dispersal barriers and migrate poleward in response to climate change.
Innovative plantings to reduce fire risk

In environments dominated by temperate forests and shrublands prone to crown-fires, increases in
extreme heat.and changed rainfall patterns are increasing the frequency and intensity of wildfires
(McKenzie et al. 2016). Exposure of high value property, such as urban housing, to regular wildfires is
acute in parts of the world such as southern California, Canada, southern Australia and southern
Europe (Moritz et al. 2014). The challenge of coping with the increasing risk to people and property is
compounded by ongoing urban expansion into areas of highly flammable vegetation (Bowman et al.

2017).
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Strategies to reduce fire risk can provide opportunities and choices for biodiversity within a renewal
ecology framework. For example, treatment of fuel may be more effectively achieved through
permanent modification of natural vegetation close to urban settlements, rather than using
prescribed fire, which is both costly (Penman et al. 2013) and hazardous to the health of residents
through exposure to smoke (Broome et al. 2016). Creation of linear parklands substituting low- for
high-flammability vegetation (e.g. rainforest or Callitris spp. instead of Eucalyptus spp. in Australia)
that separate wildland and urban areas may provide alternative habitats for species and amenity
values for urban residents while at the same time reducing direct exposure of properties to fire risk. In
particular, the opportunities to create a fine-scale mosaic of varied habitats may arise through
deliberate plantings of vegetation less prone to propagation of crown fires and embers. This may
enhance fine-scale diversity relative to simplification of native vegetation via mechanical clearing or

other forms of repetitive fuel treatment, such as prescribed burning.
Greening to cool cities and connect people to nature

Globally, the number of people living in urban environments already exceeds those outside cities. By
2050, 66% of the world’s projected population of about 9.7 billion is expected to be urban (United
Nations 2015). With rising temperatures, exacerbated by the urban heat island effect, the human
population is expected to spend more time indoors in air-conditioned environments, increasing

energy consumption and reducing connection with nature (Shanahan et al. 2014).

Application of renewal ecology concepts to urban environments starts with biodiversity-sensitive
design, moving beyond existing approaches that focus on preserving remnants, to incorporating
biodiversityinto the urban fabric (Garrard et al. in review). Greening urban environments can
generate physical and mental health benefits; reduce energy consumption by buffering microclimates
and reduce the urban heat island effect; store carbon; alleviate the impacts of flooding by reducing
peaks in storm water runoff; provide shelter from extreme weather; and contribute to biodiversity
conservation, particularly threatened plant and animal species. The design elements that would
characterize a renewal ecology approach to cities could include vegetated roofs and walls and
purpose-designed and built structures that enable safe movements of animals across the landscape,
reducing road-kill and the effects of habitat fragmentation (Laurance et al. 2014). Creating
opportunities for urban residents to engage with nature where they live, work, play and travel can
potentially be achieved through sensitive urban design that integrates both native and non-native

plants and animals into courtyards, school yards, suburban gardens and transport corridors.
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Water to sustain people and species

Freshwater and coastal species are already among the most threatened as a consequence of their
habitats being a focus of human settlements and livelihoods, and because global consumption of
water is increasing with growing populations and greater wealth. Freshwater ecosystems are
particularly vulnerable to human impacts from activities in water catchments, fragmentation of rivers
by infrastructure, and from water consumption that alters the quality, quantity and timing of water
flows (Pittock et al. 2015). All these effects are exacerbated by climate change. Many of the most
serious impacts of climate change on people and biodiversity are felt via impacts on water, including
floods, droughts, storms and changes in rainfall distribution (Bates et al. 2008). In addition to the
direct impacts on biodiversity, many human responses to climate change will detrimentally affect
aquatic ecosystems (Pittock 2015). These include mitigation measures that consume more water, such
as many types of biofuel production, and adaptation measures, including increased storage of water in

reservoirs.

A renewal ecology approach to water management would aim to meet human needs while sustaining
aquatic biodiversity. There are a number of existing examples of interventions consistent with this
philosophy that are currently implemented in an ad hoc manner. These include: environmental water
releases that mimic pre-development river flows so as to conserve selected biodiversity; reserving
aquatic refugia that also offer recreational opportunities; adding fish ladders to reservoirs to assist
migration; systematically restoring riparian vegetation to cool rivers, reduce erosion and provide
habitat and opportunities for recreation; and the removal of redundant dams. Integrated
implementation of these established practices can enhance the catchment-scale functioning of

aquatic systems and link urban, agricultural and natural areas.
Biodiversity opportunities from changing agricultural practices

Farmers are modifying agricultural landscapes to remain economically viable in a changing climate
(Nelson et al. 2014). Relatively simple modifications include adopting land use practices that reduce
water loss (e.g. conservation tillage); adopting geospatial precision farming technologies; and
switching to more heat-tolerant livestock breeds. Where changing conditions make existing
agricultural systems untenable, major modifications are leading to some agricultural systems being

replaced, displaced or abandoned entirely (Rickards & Howden 2012).

Adapting agricultural landscapes to climate change could potentially exacerbate their already
substantial impacts on biodiversity (Maxwell et al. 2016). Adopting a renewal ecology approach to

adaptation, however, could mitigate and potentially reverse some of these impacts. Heat stress in
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livestock can be mediated by establishing tree plantations alongside grazing areas, and biodiversity
can benefit from such planting if they are made species-rich and permanent (Karki & Goodman 2010).
Shifts to grazing in regions where declining rainfall is making cropping unviable may offer
opportunities for creation of critical habitat for threatened species, enhanced pollination and shelter
services, and potentially pest, disease and weed management services. Finally, abandoned farmland
offers opportunities to reconnect remnant vegetation or to recreate highly threatened ecosystem

types, such as native grassland or grassy woodland (Ceausu et al. 2015; Middendorp et al. 2016).
Cohabitation-of species and renewable energy sources

Almost all forms of power generation have the potential to harm biodiversity. For instance, poorly
placed wind generators can harm fauna and unconventional (i.e. coal seam and shale) gas as a lower
carbon ‘transition fuel’ could reduce biodiversity by increasing access to little developed regions,
increasing habitat fragmentation and polluting freshwater ecosystems (Cook et al. 2013). Carbon
capture and geological storage (Carter 2015), nuclear power, first generation biofuel crops, (CBD
2010; Dalla Marta et al. 2015) and solar thermal power stations (Pittock et al. 2013) all affect
freshwater sources as does planting forests to mitigate emissions by increasing water consumption

rates (Pittock et al. 2013). Hydropower dams also have severe impacts on freshwater ecosystems.

A renewal ecology approach adapts the design of the new systems to minimize losses and maximize
opportunities. For example, the large areas of land and sea occupied by solar and wind generators
offer opportunities for cohabitation with biodiversity, especially where the land has been degraded. In
the sea, offshore wind and wave farms serve as de facto marine protected areas because trawl fishing,
a major source of marine habitat degradation, is excluded (Ashley et al. 2014). The foundations of
offshore energy harnessing infrastructure may be co-designed to serve as artificial reefs, or anchor

points for aquaculture that might otherwise pollute habitats closer inshore (Buck et al. 2004).
Creating positive legacies from abandoned mines

Classically, the objective of post-mining rehabilitation has been to replace destroyed ecosystems,
although this is rarely achieved (Bell 2001). By leveraging off the substantial financial resources and
equipment available for mine site restoration programs, a renewal ecology approach would focus on
the deliberate creation of novel ecosystems and landscapes designed to provide habitat and
sanctuaries for both native and non-native threatened species (Harris et al. 2013). Examples of post-
mining land that have become biodiversity hotspots demonstrate that this approach is feasible. For

instance, wetlands created from rehabilitated sand-mined areas have provided bird habitat in
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southwestern Western Australia (Brooks & Nichols 1996) and the largest known breeding site for

ghost bats in the Northern Territory, Australia (Woinarski et al. 2014).

Conclusions

Growing human populations and associated environmental impacts on the Earth system are driving
ecological degradation and the ongoing extinction crisis. This presents profound challenges to the
principles and practice of applied ecology, with growing acceptance that the future of biodiversity and
the provision of ecosystem services will depend on more radical interventions than have been
previously countenanced, including the intentional creation of novel ecosystems. Engineering and
technological interventions have the potential either to exacerbate or mitigate ecosystem damage.
We argue that ecologists must promote opportunities to integrate ecosystem processes and
biodiversity into landscape-scale interventions, a concept we call ‘renewal ecology’. We provide

examples of this approach in the freshwater, marine and terrestrial environments.

In a period of rapid change all strategies carry risk of failure. We therefore see the potential of
renewal ecology as being additional to existing conservation approaches rather than as a call to
replace them. In this context, the concept espoused by Aplet and Gallo (2012) of a “portfolio
approach” to nature conservation is pertinent. Such an approach across landscapes is based on
different principles and practices ranging from the classic nature reserve to more innovative,
experimental and historical approaches inherent in renewal ecology. This hedges against the failure of
any particular approach to biodiversity protection and human wellbeing. Such plurality of approaches
reduces rather than exacerbates philosophical tensions amongst conservation practitioners.
Importantly renewal ecology can motivate other sectors in the economy to incorporate biodiversity
into their current and future responses to climate change, thereby increasing the economic base and
area for conservation (Rosenzweig 2003). In sum, renewal ecology is a project reconciling humans and
nature, of co-creating a vibrant, diverse world for humans and other species. Though there will
undoubtedly be missteps and mistakes along the way, this approach promises the possibility of a

world that, while changed, is greener, wilder and happier than today.
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Box 1: Definition of Renewal Ecology and its relationship to related disciplines

There is increasing recognition that classical approaches to conservation and natural resources
management are unable to meet the challenges of the Anthropocene. Martin et al. (2014) provide a
valuable summary (their Table 1) of how existing scientific fields, and proposed new ones, and
associated concepts can contribute to conservation goals and human livelihoods in the face of global
environmental change. Our concept of renewal ecology, defined as “a solutions-focused discipline
aimed at creating and managing ecosystems designed to maximize both biodiversity and human
wellbeing-inthe face of rapid environmental change” builds on these approaches, and below we
briefly outline (in alphabetical order) how renewal ecology differs or enhances some key related fields

and concepts.

Agroecology: Renewal ecology incorporates the argument of Perrings et al. (2006) that understanding
agriculture as an ecological system, where biodiversity plays a critical beneficial role for food
production and provision of ecosystems, is essential given increasing conversion of wildland to

agriculture to feed increasing human populations.

Compassionate conservation: an approach to management of trophic interactions to reduce the need
for lethal control to stabilise wildlife and pest species (Ramp & Bekoff 2015). Such ethical

consideration of the treatment of the non-human world is shared in renewal ecology.

Conservation biology: aimed at reducing the risk of extinction of non-human species and degradation
of their habitats and the services they provide, taking past abundance, composition and/or structure
as an aspirational standard. We propose renewal ecology as more forward-looking than traditional
conservation biology, focusing on adaptation opportunities that provide benefits for biodiversity while

people directly or indirectly adapt to global change.

Conservation science: proposed by Kareiva and Marvier (2012) to make conservation biology more
responsive and relevant to current threats through the ‘application of both natural and social sciences
to the dynamics of coupled human—natural systems’. They argue that human well-being and social
justice must be central to all conservation efforts with a focus on provision of ecosystems services, an

ethos central to renewal ecology.

Human ecology/Coupled human-natural systems/Social-ecological systems (herein termed ‘human
ecology’): the interdisciplinary and trans-disciplinary study of the relationship between humans and
their natural and built environments. In clearly defined and data-rich systems, methodologies

developed in human ecology can be employed to evaluate likely biodiversity and human benefits
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associated with alternative renewal ecology interventions. Such holistic understanding of human —

nature coupling is fundamental to the practice of renewal ecology.

Intervention ecology: Hobbs et al. (2011) outlined the case for steering restoration ecology and land
management towards a more ‘thoughtful experimental approach embedded in adaptive
management’ and have suggested the term ‘intervention ecology’ to capture approach. Renewal
ecology builds on this argument by focusing on the need to design ecosystems consciously and
manage them actively, using targeted interventions in the face of unprecedented environmental

change.

Novel ecosystems: the concept that new assemblages of species (i.e. those that have no historical
precedent) will result from differential responses to global change (Hobbs et al. 2006). These
assemblages may be biodiverse, functional, resilient, and self-sustaining. Renewal ecology is aimed at

managing the trajectory of such novel assemblages to maximize biodiversity and services.

Precautionary principle and biodiversity: The principle of ‘do no harm” and placing the ‘burden of
proof’ on proponents of environmental change lie at the heart of the precautionary principle. But an
overly cautious approach to undertaking active interventions to save species can, in itself, contribute
to extinction risk (Myers 1993). Renewal ecology argues for bet-hedging, rather than risk aversion

inherentiin ‘intervention ecology’ (see above).

Reconciliation ecology: Rosenzweig (2003) presciently recognized that effort should be made to
modify diverse anthropogenic landscapes to create habitat for species, thereby increasing biodiversity.
Renewal ecology embraces this idea but, because of the pervasive effects of global environmental

change, applies it to all natural systems.

Restoration ecology: has generally been aimed at assisting the recovery of ecosystems that have been
degraded or destroyed to return to a previous, indigenous, state. Renewal ecology recognizes that in
many cases, the rapidity of environmental change means that such an objective is unlikely to be
achievedand instead promotes the creation and/or enhancement of landscapes that support

biodiversity and provide ecosystem services for human communities in the context of change.

Urban ecology: the study of the relationships and interactions between all organisms —human and
non-human — within this most anthropogenic of landscapes. This discipline can be regarded as a

fundamental component of renewal ecology.
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