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A B S T R A C T

There is increased awareness of the need to balance multiple societal values in land use and development
planning. Best practice has promoted the use of landscape-level conservation planning and application of the
‘mitigation hierarchy’, which focuses on avoiding, minimizing or compensating for impacts of development
projects. However, environmental impact assessments (EIA) typically focus in a reactive way on single project
footprints with an emphasis on environmental values and specifically biodiversity. This separation may miss
opportunities to jointly plan for and manage impacts to both environmental and social values. Integrated ap-
proaches may have particular benefit in northern Australia, where Indigenous people have native title to as
much as 60% of the land area and cultural values are closely linked with natural values. Here, we present a novel
framework for integrating biodiversity and cultural values to facilitate use in EIA processes, using the Nyikina
Mangala Native Title Determination Area in the Kimberley, Western Australia, as a case study. We demonstrate
1) how social and cultural values can be organized and analyzed spatially to support mitigation planning, 2) how
social, cultural, and biodiversity values may reinforce each other to deliver better conservation outcomes and
minimize conflict, and 3) how this information, in the hands of Indigenous communities, provides capacity to
proactively assess development proposals and negotiate mitigation measures to conserve social, cultural, and
biodiversity values following the mitigation hierarchy. Based on values defined through a Healthy Country
Planning process, we developed spatial datasets to represent cultural/heritage sites, freshwater features,
common native animals and plants represented by biophysical habitat types, and legally-protected threatened
and migratory species represented by potential habitat models. Both cultural/heritage sites and threatened
species habitat show a strong thematic and spatial link with freshwater features, particularly the Fitzroy River
wetlands. We outline some of the challenges and opportunities of this process and its implications for the
Northern Australia development agenda.

1. Introduction

Large-scale development projects profoundly transform environ-
ments, communities, cultures and economies, and often generate social
conflict (Hilson, 2002; Bridge, 2004; Hanna and Vanclay, 2013; Franks
et al., 2014). These types of development will continue to expand as
global population and consumption increase (Oakleaf et al., 2015).
Environmental licensing processes, such as Environmental Impact

Assessment (EIA), play a critical role in limiting impacts from devel-
opment projects to both the environment and the affected communities.
In most countries, developers are required to get an environmental li-
cense before development activities can begin, and EIA has been legally
adopted in almost all countries in the world (Morgan, 2012; Villarroya
et al., 2014). The scientific community has responded to this require-
ment with decades of research establishing the mitigation hierarchy
and best practices for mitigation of impacts to biodiversity (e.g.

https://doi.org/10.1016/j.eiar.2018.09.002
Received 2 April 2018; Received in revised form 18 September 2018; Accepted 19 September 2018

⁎ Corresponding authors.
⁎⁎ Corresponding author at: The Nature Conservancy, Australia Program Office, Suite 2-01, 60 Leicester Street, Carlton, VIC 3053, Australia.
E-mail addresses: mheiner@tnc.org (M. Heiner), jfitzsimons@tnc.org (J. Fitzsimons), jkiesecker@TNC.ORG (J. Kiesecker).

Environmental Impact Assessment Review 74 (2019) 1–13

0195-9255/ © 2018 Published by Elsevier Inc.

T

http://www.sciencedirect.com/science/journal/01959255
https://www.elsevier.com/locate/eiar
https://doi.org/10.1016/j.eiar.2018.09.002
https://doi.org/10.1016/j.eiar.2018.09.002
mailto:mheiner@tnc.org
mailto:jfitzsimons@tnc.org
mailto:jkiesecker@TNC.ORG
https://doi.org/10.1016/j.eiar.2018.09.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eiar.2018.09.002&domain=pdf


Kiesecker et al., 2010; Maron et al., 2015; Tallis et al., 2015), as well as
conventions and systems for maintaining and sharing biodiversity in-
formation (e.g., Dunn and Weston, 2008; Lewis et al., 2008). When
applied in the earliest stages of the decision-making process, EIAs can
become important project planning instruments, providing information
describing the consequences of specific development activities in a way
that can inform approval decisions and design mitigation measures.

Since EIA is the most developed policy instrument, backed by a legal
framework in many countries, it is increasingly also used to assess the
social and economic impacts of planned interventions. Values con-
sidered by the EIA processes include primarily environmental values,
with a focus on biodiversity. However, there is growing recognition that
impact assessments and mitigation requirements should include social
and cultural values with systematic frameworks and standards (Arce-
Gomez et al., 2015; Vanclay et al., 2015; Partal and Dunphy, 2016).
There are already International standards that call for the conservation
of cultural and social values, including the UN Declaration on the
Rights of Indigenous Peoples, UN Sustainable Development Goals, and
the International Finance Corporation Performance Standards (IFC,
2012), andrequire assessment of risks and impacts to cultural values.
Additionally, as recognized by the Millennium Ecosystem Assessment
(2005), while society's demand for cultural services has continued to
grow, the capability of ecosystems to provide cultural benefits has been
significantly diminished in the past century. Ecosystem services are
generally classified by type as provisioning, regulating, habitat/sup-
porting, and cultural (Millennium Ecosystem Assessment, 2005; TEEB,
2011). Cultural ecosystem services (CES), defined as the non-material
benefits of ecosystems and human-environment interactions, are often
missing from management policy (Chan et al., 2012, 2016; Pascua
et al., 2017).

In recognition of the rights of people to maintain their social and
cultural identity, the concept of Free, Prior and Informed Consent
(FPIC) has been established as a specific right of Indigenous peoples and
is recognized in the United Nations Declaration on the Rights of
Indigenous Peoples, the United Nations Universal Declaration of
Human Rights, the International Labour Organization Convention 169
(Indigenous and Tribal Peoples Convention, 1989), and the Convention
on Biological Diversity. FPIC is intended to enable communities to give
or withhold consent to a project that may affect them or their territories
and to negotiate the conditions under which the project will be de-
signed, implemented, monitored and evaluated. A key component of
the FPIC framework is that consent is sought sufficiently in advance of
any authorization or commencement of development operations
(Hanna and Vanclay, 2013; Vanclay et al., 2015). But like EIA, FPIC is
typically a reactive process not initiated until a government entity or
company informs an Indigenous community of their intention to de-
velop within their territory. As a result, the typical project review
process does not allow adequate assessment of impacts to social and
cultural values because of the time, data, and technical capacity re-
quired.

Efforts to conserve biodiversity globally have developed best prac-
tices and data systems that facilitate effective impact assessment, such
as criteria for threatened species designations based on rarity and
vulnerability (Ricketts et al., 2005; Langhammer et al., 2007; IUCN,
2017). These have been widely adopted in EIA law and policy
(Villarroya et al., 2014) and are recognized by developers and lenders
(IFC, 2012), with resulting benefits for biodiversity conservation. Si-
milar constructs to organize information to inform mitigation of im-
pacts to social and cultural values have not been universally adopted. In
many landscapes, biodiversity and cultural/social values are intricately
related (Altman, 1987; Asafu-Adjaye, 1996; Garnett et al., 2009; Hill
et al., 2013; Moorcroft et al., 2012). The decision-making process will
benefit from a more integrated approach, particularly for developments
impacting Indigenous communities where cultural values are often of
great importance.

Impact assessment that considers environmental, social and

economic values requires an integrating framework. In many cases,
environmental impact assessment and social impact assessment have
operated in separate realms. To date, few unified conceptual frame-
works exist to guide the standardized integration of biodiversity and
social/cultural values into environmental impact assessments or de-
velopment proposals, despite Indigenous people owning or having legal
title to a large portion of the world's lands and water (Oxfam, 2016;
Wily et al., 2017). Geneletti (2015) proposed a conceptual framework
for integrating ecosystem services into strategic environmental assess-
ments. Tallis et al. (2015) proposed a framework for integrated biodi-
versity and ecosystem services mitigation. Pascua et al. (2017) devel-
oped and demonstrated a framework for eliciting place-based CES.
Principles and guidance exists for how to include social and cultural
values in EIAs (Vanclay, 2003; Vanclay et al., 2015; Arce-Gomez et al.,
2015) and in the specific context of ecosystem services (Karrasch,
2016), but no systematic approach or analytical precedent for in-
tegrating cultural values with biodiversity has been proposed.

Therefore, we see a unique opportunity to advance mitigation for
both biodiversity and cultural values jointly, to evaluate and demon-
strate: 1) how social and cultural values can be organized and analyzed
spatially to support proactive mitigation planning and management
decisions, and how this can enable FPIC for Indigenous communities;
and 2) how cultural/social and biodiversity values may reinforce each
other to deliver effective conservation outcomes that address cumula-
tive impacts at landscape-scales and that better account for social im-
pacts. Here, we outline a method for incorporating biodiversity and
cultural/social values into a development planning process, using a case
study on Indigenous land in northern Australia. The result is a frame-
work for mapping community-defined social, cultural, and biodiversity
values to support EIA by enabling proactive impact analysis and in-
formed negotiation of development proposals. The framework provides
data and capacity to an Indigenous community to proactively assess
development proposals and negotiate mitigation measures to avoid,
minimize, and offset impacts following the mitigation hierarchy.

This framework is novel in two ways. First, it integrates spatial data
representing social, cultural, and biodiversity values to enable impact
analysis. Second, it provides this information directly to the Nyikina
Mangala community and their aboriginal corporation, i.e. the
Registered Native Title Body Corporate (RNTBC). As such, we expect
that it will improve EIA processes by enabling proactive, informed as-
sessment and negotiation of development plans on their native title
lands. We discuss strengths and challenges to the process and applic-
ability to other regions.

1.1. Background

Indigenous land management in Australia, often called ‘Caring for
Country’, includes a wide range of environmental, natural resource and
cultural heritage management activities undertaken by Indigenous in-
dividuals, families, groups and organizations. Resource use over more
than 60,000 years occurred in accordance to seasonal and geographic
patterns of the land, based on holistic relationships between traditional
Indigenous people and their customary land estates—or ‘Country’. This
has resulted in close linkages between cultural heritage and environ-
ment values (Altman, 1987; Asafu-Adjaye, 1996; Hill et al., 2013).

Traditional Owners hold native title rights to approximately 32% of
Australia's total land area, and as much as 60% of northern Australia,
through Native Title Determinations as of March 2018 (National Native
Title Tribunal, 2018). Native title is the recognition in Australian law
that some Indigenous people continue to hold rights to their land and
waters that are based on their traditional laws and customs. The Native
Title Act 1993 (NTA) provides a system for the recognition and pro-
tection of native title rights and for its co-existence with other land-
management and land-use interests. The Australian Indigenous estate
has high national environmental significance and includes some of
Australia's highest conservation priority lands and a diverse range of
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intact ecosystems (Altman et al., 2007).
Australia's northern tropical savannas are considered the largest

intact savanna in the world (Woinarski et al., 2007), with high en-
demism and globally-significant biodiversity (Carwardine et al., 2011,
2012; Pepper and Keogh, 2014), and occupy 99% of their original ex-
tent (Woinarski et al., 2011; Bradshaw, 2012). Following European
settlement, changes in land-use and subsequent changes in fire regime
and introductions of invasive species and novel disease modified sig-
nificantly the composition and structure of the savannas (e.g.,
Woinarski et al., 2011). Today, major land uses include extensive pas-
toral activity, conservation management on Indigenous and public land
(including traditional fire management) (e.g. Russell-Smith et al., 2009,
2015; Walton and Fitzsimons, 2015), and smaller areas of mining and
irrigated agriculture.

1.2. Study area

The study area follows the boundaries of the Nyikina Mangala
Native Title Determination (NTD), an area of approximately
26,100 km2 that contains the Lower Fitzroy River and delta and the
lower quarter (22%) of the Fitzroy River watershed. The Walalakoo
Aboriginal Corporation, the Registered Native Title Body Corporate
(RNTBC), was established to represent Nyikina and Mangala
Traditional Owners interests and Native Title rights over this area
(National Native Title Tribunal, 2014). Here, the Nyikina Mangala
community faces a convergence of the issues described above that re-
late to integrated analysis and decisions about protection and man-
agement of environmental and cultural values in the face of existing
and emerging development pressures. Indigenous rights holders face
similar issues across northern Australia (Joint Select Committee on
Northern Australia, 2014).

The NTD is located within the Kimberley region in the north of
Western Australia (Fig. 1), a landscape rich in cultural heritage devel-
oped over more than 60,000 years of habitation and management by
traditional owners. The West Kimberley, including the floodplains of
the Fitzroy River and its tributaries, has been listed on the Australian
National Heritage List for its biological richness, ancient geology and

rich and dynamic Aboriginal culture (Australian Heritage Council,
2011). The Fitzroy River has particular cultural significance to the In-
digenous community (Morgan et al., 2004; Toussaint et al., 2005;
Watson et al., 2011; Jackson et al., 2012), supports diverse and unique
native fish fauna (Morgan et al., 2004), and its coastal and floodplain
wetlands are important stopping points for migratory shorebirds (Lane
et al., 1996; Vernes, 2007). The Camballin/Le Lievre wetlands on the
Lower Fitzroy River have been nominated as a Ramsar site (Jaensch and
Watkins, 1999; Vogwill, 2015). The NTD study area supports 20
threatened animals and 19 migratory shorebirds protected by the
Australian Environment Protection and Biodiversity Conservation Act 1999
(EPBC) (DoE, 2015, 2016), and 12 animals and 19 plants listed by
Western Australia as threatened or priority species (WA DPaW, 2015,
2016a).

The development and improved agricultural productivity of
Northern Australia is the focus of multiple State/Territory and
Australian government initiatives that aim to double agricultural
output over the next 20 years (Joint Select Committee on Northern
Australia, 2014). To achieve this goal, the Australian Government
suggests new and expanding agricultural projects across 400,000 ha of
land (Australian Government, 2015), mirrored by State-funded pro-
grams (e.g. Department of Primary Industries and Regional
Development, 2017). Given rich mineral and petroleum resources,
northern Australia's mining and petroleum developments are expected
to expand and will continue to provide a large percentage of Australia's
resource exports (Joint Select Committee on Northern Australia, 2014).
If undertaken, these development proposals have implications for bio-
diversity and the ecosystem services of the largely natural landscapes in
northern Australia (Morán-Ordóñez et al., 2017), as well as for cultural
and social values of people that manage or depend on these landscapes
(North Australian Indigenous Experts Panel, 2012).

2. Methods

This study began with a systematic definition of values by tradi-
tional owners in the Walalakoo Healthy Country Plan (WAC, 2017), a
cultural and natural resource management plan that follows the

Fig. 1. Location of Nyikina Mangala Native Title Determination (NTD) area and the Fitzroy River Basin within the Kimberley region, north-western Australia. The
NTD lies on the southwestern side of the Kimberley Tropical Savanna Ecoregion (Olson et al., 2001) and across two IBRA biogeographic regions (Thackway and
Cresswell, 1995; Environment Australia, 2000): Dampierland and the Great Sandy Desert.
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Healthy Country Planning (HCP) methodology. Based on this in-
formation, the community defined spatial priorities for avoiding de-
velopment impacts. Last, we organized the spatial datasets in an in-
formation system to support community resource management
decisions, development planning, and impact mitigation.

Healthy Country Planning is an adaption of Open Standards for the
Practice of Conservation (Schwartz et al., 2012), a globally recognized
planning framework that guides community and conservation groups
through a multi-step participatory process for the development of an
adaptive management plan (Carr et al., 2017). Through the HCP pro-
cess, the community defines conservation values within a participatory
planning framework. This facilitates the development of a structured
understanding of their vision, values, threats and their interactions. The
Healthy Country Planning methodology has been widely adopted
throughout Indigenous Australia for the development of management
plans for Indigenous Protected Areas and other Indigenous Land Man-
agement Initiatives (e.g. Moorcroft et al., 2012; Jupp et al., 2016; Carr
et al., 2017; Austin et al., 2017, 2018).

The first step in the HCP process is to engage the community and
define values or targets. The Nyikina Mangala community defined a set
of seven natural, cultural, and socio-economic targets that collectively
represent Nyikina and Mangala people's values and vision for Healthy
Country (See Table 1). Following the Open Standards for the Practice of
Conservation (Schwartz et al., 2012), all HCP target definitions include
key ecological attributes in terms of viability and integrity that include
the ecosystem services provided. In terms of ecosystem service cate-
gories defined by the Millennium Ecosystem Assessment (2005) and
TEEB (2011), all targets provide CES, and several targets also provide
provisioning, regulating, and habitat/supporting services. To improve
decision-making and the EIA process, we developed spatial datasets to
represent and integrate social/cultural and biodiversity targets in an
impact assessment framework. A detailed data management and in-
tellectual property agreement was developed prior to gathering and
collating information for the study.

To facilitate use in EIA processes we developed spatial datasets to
represent cultural, social, and biodiversity values of the Nyikina
Mangala community across the Native Title Determination (NTD),
specifically four targets defined by the HCP: Cultural and Heritage Sites,
Freshwater Places, Native Animals, and Bushtucker/Bush Medicine
Plants. The community defined threatened species protected by na-
tional and state legislation as nested targets within the target groups
Native Animals and Bushtucker/Bush Medicine Plants, in accordance
with their traditional view of country. However, threatened species are
typically addressed independently by legal regulations and mitigation
requirements. For the purpose of this study, we describe cultural/social
values and threatened and endangered species separately and analyze
the relationship between them. This allows us to assess the additionality
of listed threatened species to the larger range of culturally important
values.

2.1. Cultural/heritage sites

The NTD contains hundreds of sites with significance to Nyikina
Mangala lore and culture. These sites range from artefacts and rock art
to ceremonial sites to physical features attached to traditional stories.
We compiled a database of the locations and attributes of 663 sites
identified in 18 surveys between 1983 and 2015, including sites in the
register maintained by the Western Australian Department of
Aboriginal Affairs (DAA). This dataset includes only survey records. The
spatial pattern of site records is largely determined by survey effort, and
areas without survey records may contain un-recorded sites.

To facilitate use of this cultural spatial data in EIA processes, the
community working group defined areas to avoid development as a
2 km buffer around each cultural/heritage site. The 2 km zone is a
placeholder pending a site survey for any development project.
Development proposals that go forward must conduct site surveys to
redefine the protection zone around each cultural/heritage site based
on the specific characteristics of the site and the surrounding landscape.

2.2. Freshwater features

The freshwater places identified by the HCP include the Fitzroy
River and tributaries, their floodplains and riverine wetlands, as well as
springs and other wetlands and waterbodies occurring across the NTD
and associated native flora and fauna. We mapped and classified these
as four types of features: floodplains of the Fitzroy River and major
tributaries, riparian areas of smaller tributaries, large water bodies and
wetlands, and smaller ephemeral water bodies (details in Appendix 1).
A national surface hydrology dataset (Geoscience Australia, 2015) de-
lineates major floodplains, water bodies and wetlands at 1:250,000.
Permanent and semi-permanent water bodies are critically important
for Indigenous subsistence livelihoods, cultural heritage, and biodi-
versity (Jackson and Robinson, 2009) but locations of those water
bodies are not mapped consistently. To address this data gap we deli-
neated the floodplains and riverine wetlands of smaller tributaries with
a topographic model (Smith et al., 2008) derived from a digital eleva-
tion model (Geoscience Australia, 2011; Gallant et al., 2011) at 1 arc-
second (30m) resolution, and mapped other small and ephemeral water
bodies with a supervised multispectral classification of Landsat 8 OLI
imagery (USGS, 2015) collected April 2015. The community working
group defined freshwater protection zones to avoid development that
consist of the floodplains and riverine wetlands of the Lower Fitzroy
River, the Fraser Rivers, and their major tributaries that lie within the
NTD.

2.3. Plants and animals identified for cultural-socio-economic purposes

‘Native animals’ include many common animal species that are
valued for hunting. ‘Bush tucker/bush medicine plants’ also include
many common plants species that are gathered for food, medicine,
utensils, arts/crafts, and fuel. The distribution of common animals and
plants generally follow patterns of biophysical habitat. To map the
general distribution of common animals and plants, we developed a
biophysical habitat classification (Fig. 2) that defines eleven biophy-
sical habitat types across the Fitzroy Basin analysis area, including the
freshwater features mentioned above. The classification typology is
based on biogeography, landforms, vegetation structure, and surface
hydrology (Appendix 1). The resulting mapped biophysical classifica-
tion is a reasonable proxy for the distribution of common, widespread
species and represents landscape-level environmental gradients and the
physical template for broad scale processes necessary to maintain ha-
bitat (Hunter et al., 1988; Groves et al., 2002). However, the biophy-
sical units will not capture the distribution of rare or sparsely-dis-
tributed species or species with habitat requirements that are not well-
represented by the biophysical units. As such, the biophysical habitat
classification also functions as a coarse filter for biodiversity, following

Table 1
list of targets defined in the Healthy Country Plan.

1. Nyikina Mangala Lore and Culture: Language, dance, song, stories, ceremony,
customs

2. Cultural and Heritage Sites: Rock-art, burial sites, massacre sites, old camping
places, artefact scatter, old workshops and ceremony sites

3. Freshwater Places: Fitzroy River, springs, wetlands, creeks, billabongs, fish and
birds, bush-fruit / medicine plants along the river

4. Native Animals: traditional food-sources and threatened and endangered animal
species

5. Bushtucker / Bush medicine Plants: traditional plants used for foods, medicine
and tools

6. Right Way Fire Management: Early Dry Season burning implemented by
Traditional Owners

7. Being Strong on Country: Being in control of country and being able to gain
livelihoods from Nyikina Mangala country
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a widely used coarse filter/fine filter strategy for conservation planning
(Hunter, 1991; Noss, 1996; Groves, 2003), representing a major com-
ponent of biodiversity: common native animals, plants, and ecological
communities.

2.4. Species protected by state and national regulations and international
agreements

Species listed as threatened or priority by state and national legis-
lation that occur in the NTD area include 32 animals - 9 mammals, 15
birds, 6 fish, and 2 reptiles (DoE, 2016; WA DPaW, 2016a) and 19
plants (WA DPAW, 2015) as well as 18 migratory shorebirds protected
by international agreements (DoE, 2015). State legislation also protects
3 threatened and priority ecological communities that occur in the NTD
along the Lower Fitzroy River and have been designated and mapped by
WA DPAW (2016b). We defined the threatened animals and migratory
shorebirds as focal biodiversity targets, listed in Appendix 2, and de-
veloped spatial models of potential suitable habitat based on habitat
definitions in literature and existing spatial data compiled in the bio-
physical spatial model. Because observation data for all these species is
absent or very limited, we were not able to develop species distribution
models derived from occurrence data. Instead, we developed models of
potential suitable habitat for 22 threatened species (6 mammals, 11
birds, and 5 fish) and one model to represent the Lower Fitzroy riverine
and estuarine wetlands used seasonally by the 19 migratory shorebirds.
Source datasets and method details are listed in Appendix 2. The

habitat models were reviewed by the community working group and
other experts in the ecology of the Kimberley region and revised ac-
cordingly (Sarah Legge, pers. comm.). For the remaining 10 animals
and all the rare plants, habitat and distribution are not well-defined in
literature or reliably predicted with existing spatial datasets, so we
judged these species “data deficient” and did not develop habitat
models.

2.5. Comparing spatial patterns of cultural/social values with biodiversity
values

To assess the relationships between cultural/social and biodiversity
targets, we summarized the thematic associations and spatial relation-
ships between cultural/heritage site attributes, threatened species ha-
bitat, and landscape features, and specifically freshwater features. To
illustrate distribution patterns of cultural/heritage sites and threatened
species habitat across the study area, we created a grid of 3×3 km cells
and sampled the count of cultural/heritage sites per cell and the count
of threatened species with modeled habitat occurring in each cell
(Fig. 3).

2.6. Landscape measures of access and disturbance

The availability and provision of native game animals and bush
tucker/medicine plants, and any ecosystem service, requires con-
sideration of two components: supply of ecosystem services, and

Fig. 2. Biophysical Habitat Classification and Spatial Model. Details in Appendix 1.
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physical and legal access to the services (Tallis et al., 2015). To measure
and map the pattern of relative accessibility across the study area, we
calculated a spatial metric of access as the sum of proximity to Nyikina
Mangala communities and the proximity to roads (Fig. 4), with proxi-
mity measured as the inverse of euclidean distance from each popula-
tion center and road segment to the edge of the NTD. The result is a
measure of ecosystem service provision in terms of access for any part
of the landscape and any feature. Data sources and calculations are
documented in Appendix 3.

Similarly, the abundance and viability of native game animals and
bush tucker/medicine plants, and the provision of other ecosystem
services, depends on current ecological condition and historic dis-
turbances (Woinarski et al., 2007; Raiter et al., 2014). To estimate and
map patterns of ecological disturbance, we developed two spatial
measures. The first is a spatial index of disturbance from infrastructure
and human land use (Fig. 5) derived from available public spatial da-
tasets representing population centers, roads, mine operations, petro-
leum operations, local hydrological alteration (dam walls, canals), li-
vestock use (bores, water pumps, tanks), and other infrastructure
(airports, power lines, fences). Data sources and calculations are
documented in Appendix 3. The result is a coarse, generalized measure

of cumulative impacts. The second metric is the frequency of destruc-
tive late-season fires between 2000 and 2015 recorded by NAFI (2016),
shown in Fig. 6. Late dry season fires occur after July 31, burning hotter
and over larger extents than in the early dry season, and are ecologi-
cally destructive and an urgent threat to biodiversity in the region
(Woinarski et al., 2011; Carwardine et al., 2012; Bartolo et al., 2012).
Fires are monitored and recorded in public datasets by NAFI.

2.7. Decision framework for mitigation

Through a series of workshops, the community working group de-
veloped a framework to assess development proposals and define con-
ditions for negotiation of mitigation measures according to the types of
spatial targets affected and the accessibility and ecological condition of
these targets (see Fig. 7). The framework follows steps in the mitigation
hierarchy to avoid, minimize, and offset impacts.

To enable the Nyikina Mangala community to conduct rapid spatial
analysis of the potential impacts of development proposals, we devel-
oped a Geographic Information System (GIS) software application that
measures and reports the types and amounts of targets occurring in a
user-defined proposed development footprint or impact area. The

Fig. 3. Spatial pattern of aggregated social/cultural targets and biodiversity targets.
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application also analyses and reports the area of the footprint that lies
in each of the three classes of access, three classes of disturbance from
the cumulative impacts of land use and infrastructure, and four classes
of destructive fire frequency.

3. Results

Based on existing survey of cultural/heritage sites, 41% of sites are
thematically linked to freshwater based on the site attributes. Almost
70% of sites occur within a kilometer of a water body or the floodplains
and riverine wetlands of the Fitzroy River and major tributaries.
Cultural/heritage sites are also more abundant near rocky hills and
outcrops.

Of the 22 threatened species for which we developed spatial habitat
models, potential habitat of 17 or 77% of modeled species occurs in the
Fitzroy River floodplain and riverine wetlands, and for 13 or 60% of
those species, potential habitat occurs exclusively in the Fitzroy River
floodplain. All 19 migratory shorebirds protected by international
agreements also use the Fitzroy River floodplains and riverine wetlands
seasonally during the wet season. Potential habitat of four modeled
species includes rocky hills and outcrops – Black-flanked Rock-walla-
bies use rocky hills exclusively, while Northern Quoll and two threa-
tened bat species use rocky hills as refuge habitat and for denning and
roosting.

Fig. 3 shows the general distribution of surveyed cultural/heritage
sites and potential habitat of protected species in relation to the Fitzroy
River floodplain. To protect the specific locations of cultural/heritage
sites, the map spans only a 60×90 km portion of the NTD and the
datasets are resampled in a 3 km resolution grid. Cultural/heritage sites
have not been completely or consistently surveyed across the NTD, so

gaps and low values are likely areas that have not been surveyed or for
which survey data was not available. Social/cultural targets also in-
clude native game animals and bush tucker/medicine plants that are
present across the landscape but are not quantified in terms of abun-
dance.

The mitigation framework (Fig. 7) defines conditions for negotiation
of mitigation measures following steps in the mitigation hierarchy to
avoid, minimize, and offset impacts. The community working group
defined avoidance areas for developments in the NTD as 1) cultural/
heritage sites including a two kilometer buffer zone around each site
and 2) freshwater protection zones defined and mapped as the flood-
plains and riverine wetlands of the Lower Fitzroy River, the Fraser
Rivers, and their major tributaries inside the NTD. The defined avoid-
ance areas for cultural/heritage sites and freshwater features cover
approximately 13% and 12% of the NTD, respectively. Together, the
two protection zones cover 21% of the NTD. The landscape measures of
access (Fig. 4) and ecological condition (Figs. 5 and 6) provide mea-
sures of ecosystem services provision and inform steps to minimize and
offset impacts.

4. Discussion

Environmental impact assessments (EIAs) are intended to minimize
risks to environmental values and human rights, lessen adverse impacts,
and strengthen positive outcomes of business investments. For an EIA to
fulfill this purpose, it must consider the perspectives of everyone af-
fected by a developer's operations. Too often, developers ignore social
and cultural impacts, focusing instead on environmental assets that
often do not fully represent a community's values, and in doing so,
forfeit the opportunity to minimize human rights violations and costly

Fig. 4. Spatial index of access based on proximity to Nyikina Mangala population centers and roads.
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conflicts. Here we present a practical framework and process that can
be applied proactively to assess impacts to environmental, social and
cultural values. We discuss application of this proactive planning ap-
proach to the Nyikina Mangala Native Title Determination (NTD) in
Northern Australia as well as technical capacity needed to expand im-
plementation more broadly.

In the Nyikina Mangala NTD, there is a strong thematic and spatial
relationship between cultural/heritage sites and freshwater features,
and the Lower Fitzroy River in particular. Biodiversity, represented by
potential habitat for threatened animals, is also concentrated in Lower
Fitzroy freshwater systems. Both cultural/heritage sites and threatened
species habitat also show a strong spatial relationship in rocky hills and
outcrops. A significant fraction of cultural/heritage sites are located
near rocky hills, and four threatened species use rocky hills, one (Black-
footed Rock-wallaby) exclusively.

The concentration of social/cultural and biodiversity values around
freshwater features may be expected in arid climates where human
settlements, species richness, and ecosystem productivity are highly
dependent on water availability (e.g. Davis et al., 2017). The Fitzroy
River and its tributaries provide multiple ecosystem services including
water, game animals, bush tucker/medicine plants, and habitat for
threatened species. Similarly, rocky hills have value for historic human
settlements and as unique habitat for native plants and animals (e.g.
Fitzsimons and Michael, 2017). However, cultural/heritage sites were
not surveyed systematically across the NTD, and there is likely some
survey bias for areas near the Fitzroy River and rocky hills due to higher
access.

Though the Fitzroy River provides critical social/cultural values and

biodiversity values, much of the riparian zone, riverine wetlands and
water bodies have been degraded by livestock grazing (Morgan et al.,
2004; Watson et al., 2011), and fish passage and freshwater habitat
connectivity have been impaired by the Camballin barrage (Morgan
et al., 2005). The river is also threatened by future development
(Australian Government, 2015; Department of Primary Industries and
Regional Development, 2017; Morán-Ordóñez et al., 2017). Water
quality and flows are affected by withdrawals, sedimentation, and
pollution across the watershed. Although not the focus of the current
study, any impact assessment of development projects in the water-
sheds of the Fitzroy River and Fraser Rivers, including projects in the
upper basins outside the NTD, should evaluate impacts to water quality
and quantity in the downstream sections of the river inside the NTD.

The decision framework developed here is a means to ensure FPIC is
possible for communities within existing mechanisms, and allow com-
munities to shift from a reactive role to a pro-active role in development
processes. We mapped targets defined in the Healthy Country Plan:
cultural/heritage sites, freshwater features, common native animals
and plants represented by biophysical habitat types, and legally-pro-
tected threatened and migratory species represented by potential ha-
bitat models. The community defined protection zones for cultural/
heritage sites and freshwater features that cover 21% of the NTD. To
represent differences in provision and viability of native animals and
plants and other ecosystem services, we developed spatial measures of
access and ecological condition.

This spatial information can be the basis to proactively apply the
mitigation hierarchy – first avoid, then minimize, and if appropriate
also offset impacts – to balance conservation objectives with impacts

Fig. 5. Spatial index of disturbance representing cumulative impacts of land use and infrastructure derived from existing spatial datasets representing population
centers, roads, active mine operations, petroleum operations, local hydrologic alteration, livestock use, and other infrastructure (details in Appendix 3). The result is
a coarse, generalized measure of ecological condition.
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associated with future potential development (see Fig. 7). The high
priority conservation areas identified to avoid development impacts to
cultural/heritage sites and freshwater features cover approximately
21% of the NTD. Though the cultural/heritage sites dataset is in-
complete and the avoidance area will likely expand, the 21% figure
suggests that some conflicts could potentially be resolved by re-
designing development footprints to avoid impacts to those conserva-
tion targets. Mitigation recommendations can be defined based on the
location and the nature and distribution of conservation targets af-
fected. Where proposed development overlaps highly irreplaceable
targets, greater emphasis should be given to avoidance than mini-
mization. In some areas and for some targets, offsets may be appro-
priate to further mitigate impacts.

Biodiversity offsets within the Mitigation Hierarchy have been used
by all Australian states and territories, and by the Australian
Government where a development is likely to impact on matters of
national environmental significance under the Environment Protection
and Biodiversity Conservation Act 1999 (Fitzsimons et al., 2014; Hawdon
et al., 2015; Maron et al., 2015). These schemes vary by jurisdiction, in
the types of biodiversity matters considered, in the metrics used to
assess impact and determine offsets, and instruments and guidance used
to implement them (e.g. DSEWPC, 2012). Nonetheless, they typically
consider ecological communities (typically vegetation types) or threa-
tened species (and their habitats).

Areas that are more accessible or that support intact habitat in good
ecological condition may necessitate a higher requirement for mitiga-
tion of impacts from development projects and other land use changes
(McKenney and Kiesecker, 2010; Villarroya et al., 2014). Accessibility
and ecological condition, as represented by the access and disturbance

measures, indicate greater provision ecosystem services or abundance
of native plants and animals including rare and threatened species.
These measures can inform decisions about the conservation sig-
nificance and mitigation burden of development in any given location
(see examples in Fig. 7).

Packaging cultural and social data at a landscape scale can also
guide other management decisions in the NTD. Sites that occur in
highly accessible and/or highly disturbed areas could benefit from
management plans and actions such as fences, walkways, and signage
to reduce risk of degradation. Disturbance measures may also guide
restoration and threat management actions such as fire and grazing
management and invasive species control. Management actions for
biodiversity in the Kimberley region have been studied and prioritized
by Carwardine et al. (2012) in terms of cost effectiveness.

Australia was one of the first countries to require free, prior and
informed consent in local legislation (MacKay, 2004). Considering the
stated plans of national and state governments to further develop
northern Australia, there is a timely opportunity to enhance current
development assessment processes to better incorporate Indigenous
social/cultural values, as outlined in this paper. Considering the sig-
nificant area in Northern Australia to which Indigenous people have
Native Title and rights to FPIC, incorporating such processes would
improve the social, cultural and environmental outcomes of develop-
ment proposals and reduce conflicts.

Some legislative and policy instruments already in place will benefit
from proactive planning. For example, Native Title holders have the
right to negotiate development proposals that impact their native title
rights and interests – which also leads to rights to compensation if there
are subsequent impacts on native title rights and interests. Improved

Fig. 6. Frequency of late-season destructive fires between 2000 and 2015 (NAFI, 2016). This is an indicator of ecological condition based on fire regime and fire
history.
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quality of information and analysis will contribute to more informed
negotiation and improve implementation of cultural heritage protection
requirements at both Federal and State government levels (e.g. Federal
Aboriginal and Torres Strait Islander Heritage Protection Act 1984; Western
Australia Aboriginal Heritage Act 1972). Native Title Representative
bodies (NTRB) that hold a statutory role to represent groups of
Registered Native Title Body Corporates (RNTBCs) and the RNTBCs
themselves are faced with such a high volume of exploration license
applications and other development proposals that reviewing and re-
sponding to each proposal is nearly impossible due to limited capacity
and time. A spatial framework similar to what we have developed that
allows identification of areas with high values and high vulnerability
would enable NTRBs and RNTBCs to prioritize and focus limited re-
sources on high-risk or high-conflict proposals.

For development projects that are likely to impact biodiversity va-
lues such as threatened species and ecological communities, Federal
(EPBC 1999) and state or territory (Western Australia Biodiversity
Conservation Act 2016) legislation require impact assessments prior to
permit application. These assessments are typically made by consulting
companies and use existing public datasets, but may collect new bio-
diversity data depending on the size of the project and the likelihood of
impact to a highly threatened species. Governments will then assess the
suitability of the proposed development and approve, request mod-
ifications, or reject the proposal, depending on the type and range of
species affected. This may vary by state/territory jurisdiction. The
threatened species potential habitat models developed for this study
indicate what legally-protected species might occur in or be affected by
a proposed development site, for internal reference by the community,
and may inform surveys conducted as part of the impact assessment

process.

4.1. Data use, limitations and sensitivities

Proactive planning can benefit both traditional owners and devel-
opers. For traditional owners, planning and organization is critical to
FPIC, enabling timely decisions about avoidance and mitigation and
strengthening negotiating position. These proactive decisions can also
steer investments away from areas of conflict, saving time and expense
for all parties. However, spatial planning requires spatial data, which is
often incomplete. In particular, the coverage of cultural/heritage sites
and threatened species records depends on survey effort, and areas
without survey records may contain un-recorded sites and species. In
this study, the cultural/heritage sites dataset was compiled from 18
different sources with varying survey designs and extents, leaving large
portions of the NTD where data was not available. Because the cultural/
heritage sites survey reports do not include absence data, it's impossible
to estimate or distinguish unsurveyed areas from areas without sites.

Local surveys for cultural/heritage features and threatened species
are a critical part of EIA in the exploration phase of any development
project, but are limited in extent to each development site. This un-
derscores the need for proactive, landscape-level surveys. Funding for
regional survey efforts will be a critical limiting factor if landscape-level
proactive planning is to be conducted more widely. A useful precedent
for funding proactive regional planning is Healthy Country Planning in
Australia that began with several workshop and pilot studies supported
by The Nature Conservancy that developed a replicable model and
demonstrated its utility. Since then, Healthy Country Planning has been
applied in over 140 projects by more than 20 organizations with funds

Fig. 7. Spatial framework for integration of social, cultural, and biodiversity values into the mitigation hierarchy. This diagram shows how the spatial framework
provides evidence to guide the EIA process and support negotiation of conditions for design and operation of a development project following steps in the mitigation
hierarchy.
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from various sources including Aboriginal corporations, NGOs, gov-
ernment, foundations, and the private sector (Carr et al., 2017). Tech-
nical capacity for collecting and managing survey data has improved
across Australia with GPS survey software such as Fulcrum (Spatial
Networks, Inc., 2018) and CyberTracker (Ansell and Koenig, 2011) and
with online spatial information platforms such as the Atlas of Living
Australia (2018), Northern Australia Fire Information (2016), Queens-
land Globe (Queensland DNRME, 2018), and Western Australia Land-
gate (Western Australian Land Information Authority, 2018).

The process of compiling general predictive models to map con-
servation targets can guide survey efforts. Like many parts of the world,
the Nyikina Mangala NTD and the Kimberley region lack comprehen-
sive surveys and datasets describing the distribution of native animals
and plants, from relatively common game species and bush tucker/
medicine plants to rare and threatened biodiversity (McKenzie et al.,
2009; Carwardine et al., 2011). The biophysical habitat classification
and the disturbance index created as part of this assessment may guide
surveys for both site-level impact assessments in the short term and
landscape-level sampling designs across the NTD.

Bringing sensitive and threatened features into spatial planning
while protecting their locations presents a challenge. For this study, the
Nyikina Mangala community compiled a detailed dataset of cultural/
heritage sites for internal use and allowed the broad summary of their
cultural data for external stakeholders, but have chosen to keep the
precise locations private to preserve and protect these values, as there is
evidence that publishing locations to aid planning and conservation
could harm the same values (Lindenmayer and Scheele, 2017). How-
ever, there is already precedent in the fields of paleontology and ar-
chaeology that advance restrictions on the publication of site locations
and the promotion of government policies and regulations to limit
collection and trade in artefacts and culturally sensitive important
material. There is also precedent in Australia where the High Court can
hear cultural stories in closed sessions in determining connection to
country for Native Title determinations. Indigenous communities and
aboriginal corporations must have confidence that secure mechanisms
are in place for sharing sensitive spatial information to proactively in-
form and guide development plans while protecting locations. This will
require new tools and approaches to data sensitivity and access.

To enable the Nyikina Mangala community to conduct rapid as-
sessments of the potential impacts of development proposals in the
NTD, we developed a Geographic Information System (GIS) software
application that measures and reports the types and amounts of targets
occurring in a user-defined proposed impact area. This allows the
Walalakoo Aboriginal Corporation to facilitate community decision-
making by reporting and comparing various development scenarios. A
capacity-building program is underway that includes application
testing, GIS software training, and development of a technical user
manual.

Cultural assessments face other methodological challenges in addi-
tion to limited availability of comprehensive and current spatial data.
Not all cultural values are readily mapped or measured spatially.
Intangible values that cannot be mapped such as spiritual beliefs, lan-
guage, and oral history are necessary to maintain culture (Partal and
Dunphy, 2016; Watson et al., 2011). Also, cultural values are not static
and will change over time. Threatened species listings will also change
over time, as many northern Australian mammal populations are ex-
periencing a decline (Fitzsimons et al., 2010), and many of these species
have not yet been listed under state/national threatened species legis-
lation. Therefore, planning frameworks like this must be adaptive and
allow for regular updates and revision.

4.2. Future directions/conclusions

There is an urgent need to transform development planning from
reactive site-level planning for individual projects to consider land-
scape-level development scenarios in advance of proposed development

projects (Kiesecker and Naugle, 2017; Kiesecker et al., 2017). In view of
the FPIC principles, all development projects affecting the lives of In-
digenous peoples require their early and sustained input to ensure that
projects mitigate impacts to social and cultural values and reflect their
choices of development (UN, 2008). With this case study we illustrate
that proactively compiling social and cultural values is possible and
practical. This can strengthen traditional Indigenous governance sys-
tems, reinforcing the role of Indigenous peoples in the decision-making
process and improving their position to negotiate with other parties, be
they local or national authorities, the private sector, or international
development institutions.

First and foremost, Indigenous peoples need an opportunity to
strengthen their individual and collective capabilities to exercise their
rights and have a greater say in decisions that affect their values and
futures. Healthy Country Planning (Carr et al., 2017) can provide a
clear articulation of community values and objectives for management
of their own land. This provides a foundation for defining and mapping
targets in a spatial decision-making framework and analyzing these
targets in existing legal and policy contexts, including threatened spe-
cies and cultural heritage legislation. Spatial planning requires training
and capacity building in both the technical aspects of spatial planning
and in the effective analysis and interpretation of results is required.
Additionally, the effective use of spatial planning for decision-making
requires capacity for analysis of results in the context of the relevant
legal and policy environment.

The fields of conservation planning and mitigation planning for
biodiversity have produced best practices and data systems to help fa-
cilitate effective impact assessment. These include criteria for prior-
itizing protection of species and habitat areas based on concepts of
rarity and vulnerability (Tallis et al., 2015) and spatial frameworks that
identify conflicts between development proposals and with conserva-
tion goals (Saenz et al., 2013). These have been widely adopted in EIA
law and policy (Villarroya et al., 2014) and are recognized by devel-
opers and lenders (IFC, 2012), with resulting benefits for biodiversity
conservation. Similar criteria and frameworks for social and cultural
values have not been universally accepted. As Indigenous communities
define these criteria, this will help facilitate and strengthen the in-
corporation of their values into development approval processes.

Given growing global resource demands (Oakleaf et al., 2015), land
use conflicts are likely to increase with profound implications for both
biodiversity and Indigenous land values. Incorporating the likelihood of
future change into land-use planning can alleviate uncertainty and ul-
timately make societal adaptation to change more efficient and less
costly (Kennedy et al., 2016a, 2016b). Predicting and quantifying fu-
ture impacts can help to justify proactive protection of places important
to Indigenous communities and biodiversity and to underscore the
consequences of failing to do so (Kiesecker et al., 2017). We hope our
study will motivate regulatory agencies and land managers to proac-
tively map social, cultural, and biodiversity values and forecast impacts
at the landscape level, and use this information to avoid a business-as-
usual development trajectory. Proactive planning to predict and avoid
impacts to social and biological values will, in the long run, be the less
costly and more sustainable path.
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