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A B S T R A C T

Marine Protected Areas (MPAs) can be an effective spatial approach to conservation, especially when they
involve genuine consultation that considers the diversity of stakeholders. Participatory mapping and semi-
structured interviews were conducted with 52 stakeholders and 22 managers and scientists to identify ecological
priorities and concerns across a large temperate MPA in Port Stephens-Great Lakes Marine Park, Australia. There
were 19 iconic species of fish, dolphins, whales, and sea turtles that were the focus of ecological priorities and
stakeholder interactions with the marine environment. Effectiveness of the current MPA management plan for
addressing stakeholder priority and concerns, was assessed using GIS spatial modelling that created fuzzy-set
species distribution models (SDMs) based on Traditional and Local Ecological Knowledge as well as scientific and
citizen-science survey data. These spatial models for the iconic species across the MPA were then overlaid with
ecological concerns of the stakeholders to create a spatial understanding of local threats, and priority areas for
targeted management. Poor water quality from terrestrial primary sources was the main concern of stakeholders,
more so than in-water threats such as poor fishing practices or impacts to iconic species. While local managers
and scientists were relatively reluctant to answer interview questions, there was a general misalignment in
approaches to iconic species management, especially for mobile and migratory species, and misunderstanding of
stakeholder perceptions of threats. Participatory mapping of social-ecological values provides a method for
stakeholders and decision-makers to better understand, discuss, and adapt marine spatial management ap-
proaches that support a diversity of conservation and management priorities.

1. Introduction

Marine Protected Areas (MPAs) tend to be designed to protect
marine biodiversity via some form of representative areas embedded in
habitat principles and the spatial control of extractive activities such as
commercial and recreational fishing (Gell and Roberts, 2003; Halpern,
2003). However, the rise in awareness of non-extractive uses and values
for the wellbeing of a diversity people (Noble et al., 2019) has led to
changes in government policy for coastal estates to be managed for the
triple goals of social, economic, and ecological objectives (Douvere,
2008). Often MPAs are designed as multiple-use zones that identify and
conserve representative areas of each habitat type, which act as proxies
for conserving locally important species and fisheries (Airamé et al.,
2003; Bohnsack, 1998; Fernandes et al., 2005). While there has been a
tendency to focus on fishery species and extractive activities in these
spatial management designs in the past, marine ecosystems support a

range of non-extractive social uses (Noble et al., 2019; Voyer et al.,
2015). In order to achieve equitable goals for managing marine estates
for all stakeholders, there is a need to understand how spatial plans can
conserve key species that underpin both the extractive and non-ex-
tractive needs of a diversity of stakeholders. In this way, spatial man-
agement plans can broaden their relevance and local community sup-
port from implementation to subsequent adaptive revisions to address
emerging threats to social, economic, and ecological values.

A core challenge for contemporary marine spatial management is
developing a spatial representation of species distributions across a vast
area of management, which requires integrating an immense amount of
data and/or overcoming gaps in data availability for certain species and
locations. Local Ecological Knowledge (LEK) and Traditional Ecological
Knowledge (TEK) is increasingly being used to overcome this problem,
whereby scientific information is supplemented with local under-
standings of the marine ecosystem (Aswani and Lauer, 2006; Game
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et al., 2011; Teixeira et al., 2013). This information can be gathered via
participatory mapping methods with a range of stakeholders to yield
multiple levels of information including ecological patterns and pro-
cesses, as well as social uses, priorities, and ongoing concerns (Baldwin
and Oxenford, 2014; Levine and Feinholz, 2015; Sullivan et al., 2015).
Using a mix of LEK and TEK, in conjunction with scientific research
data and species distribution models, can allow for co-production of
knowledge that fills gaps in our scientific understanding, and co-
operative development of priorities and concerns for developing or
modifying spatial management plans in an MPA framework.

Historically, MPAs have been designed to prevent marine induced
threats such as limiting and protecting against extractive activities that
can threaten ecosystem integrity and/or affect access and use by a
broad range of stakeholders (Halpern, 2003; Roberts et al., 2003).
However, there may be a range of threats to these environments that
are not limited to on or in marine waters, such as land-freshwater-sea
catchment connections, which also need to be identified and managed
to minimise potential impacts on the goals of an MPA (Álvarez-Romero
et al., 2011; Cicin-Sain and Belfiore, 2005; Stoms et al., 2005). In rea-
lity, MPAs often cover large areas, however, and are limited with re-
sources and staff, which make monitoring these risks and threats a
difficult and ongoing task. Capturing the perceptions of a range of
stakeholders can identify perceived ecological concerns in an area to
rapidly prioritise and address these threats, especially when they relate
to locally iconic species that underpin multiple activities and values.
Given that stakeholders have interests above and below the water
across the entire extent of MPAs (Noble et al., 2019), they have the
potential to be salient participants with a wealth of knowledge and
direct observations of ecological changes beyond the subset of areas
where scientific surveys are conducted (Aswani et al., 2015; Berkes
et al., 2000; Turner and Spalding, 2013). These stakeholders also have
the most to lose in terms of cultural and community wellbeing and the
loss of economic livelihoods in relation to the long-term consequences
of potential impacts. Giving the stakeholders genuine ways to engage
with the ongoing management of the area, can generate trust with
management agencies and empowerment as active agents in environ-
mental custodianship and adaptive co-management (Berkes, 2009;
Folke et al., 2005). From a management perspective, on-the-ground
knowledge and feedback generated via mapping and targeted interview
techniques can provide strategic information that helps prioritise areas
for management, while helping stakeholders understand the evidence
used by management agencies in making decisions and trade-offs in
MPA design and management.

Geographic information system (GIS) multi-criteria evaluation
(MCE) spatial modelling methods can provide ways to combine both
qualitative and quantitative data into decision-support maps to support
spatial planning (Burrough and McDonnell, 2000; Malczewski, 2006;
Stelzenmüller et al., 2013). Using these systems to create species dis-
tribution models has become an important part of designing and
prioritising protected area site selections to maximise management
outcomes (Franklin, 2010; Guisan and Thuiller, 2005; Merow et al.,
2013; Rodríguez et al., 2007). While this approach is increasingly being
applied in marine environments (Pittman et al., 2007; Pittman and
Brown, 2011; Sundblad et al., 2011), there are many challenges to
developing representative species distribution models (SDM) for a given
region due to patchy availability of scientific survey data across the full
range of habitats (Elith and Leathwick, 2009; Hernandez et al., 2006;
Mouton et al., 2010). Such limitations can be overcome using fuzzy
suitability modelling to develop SDMs in freshwater (Adriaenssens
et al., 2006; Theodoropoulos et al., 2018), terrestrial (Lu et al., 2012)
and marine ecosystems (Hattab et al., 2013), and can also be used to
assess ecological threats posed by marine aquaculture (Navas et al.,
2011), terrestrial invasive species (Costa et al., 2015), and hydrological
dam development (Garcia et al., 2011). Fuzzy logic approaches can be
effective when combining qualitative and quantitative expert knowl-
edge and data (Salski, 1992; Teh and Teh, 2011; Wood and Dragicevic,

2007) to develop SDMs since the outcomes of developing a fuzzy-set
SDM displays data in a continuous interval range from high to low (e.g.,
0 to 1), and therefore provides ways to compare and overlay qualitative
and quantitative datasets. Applying MCE techniques (Eastman, 1999;
Malczewski, 1999; Noble et al., 2019) can create an opportunity to add
valuable additional spatial information (e.g., LEK, TEK, citizen science)
to develop maps that represent known and likely hotspots of biodi-
versity and ecological threats within a focal region.

Using MCE fuzzy-set GIS modelling to combine species distribution
modelling techniques with Traditional and Local Ecological Knowledge
(T/LEK) and scientific knowledge, this study aims to develop a spatial
model of locally identified priority (iconic) species and ongoing threats.
The model outputs will be used to develop management strategies that
address a range of stakeholder concerns for marine biodiversity and
ecosystem integrity. To achieve this research objective, three main re-
search questions were used to guide the process: (1) what and where
are the ecological priorities for Aboriginal Traditional Owners and local
stakeholders in the MPA – are they species or other environmental
drivers?; (2) where are the dominate ecological concerns in the area
that may negatively impact these priorities?; and (3) what are some
scientific or management actions that could be used to mitigate these
potential threats?

2. Methods

2.1. Study site

The study took place in the Port Stephens coastal area of New South
Wales, Australia, which is currently under spatial management via the
Port Stephens – Great Lakes Marine Park (PSGLMP) management plan.
The PSGLMP covers 980 km2 and came into effect in 2007. However,
there were some changes in 2018 to the no-take areas along the ocean
beaches (New South Wales Department of Primary Industries, 2018).
The PSGLMP presents an excellent case study site as it includes a cross-
section of environments from freshwater lakes, fresh to brackish rivers,
a large tidal estuary, offshore islands and reefs, known area for nu-
merous threatened species (e.g., Great White Sharks, Grey Nurse
Sharks, seahorses, etc.), and relatively close continental shelf to off-
shore-facing headlands (New South Wales Department of Primary
Industries, 2018). Given this diversity of environments and relatively
diverse social uses of the area (Noble et al., 2019), this MPA provides an
opportunity to explore a variety of stakeholder perceptions on the
distribution of iconic species and areas of ecological concern.

2.2. Data collection

Interviews with local stakeholders, scientists, and managers were
conducted between September 2016 and May 2019. A total of 74 in-
terviews with 52 local stakeholders (5 Aboriginal Traditional Owners,
10 commercial fishers, 10 recreational fishers, 8 NGOs, and 19 tourism/
recreational user groups and businesses), 9 scientists (7 departmental
and 2 consultants), and 13 managers (6 state, 3 federal, and 4 council at
various levels of hierarchy within each department). Overall, 83 people
were interviewed, with9 interviews having 2 people present, but since
these participants had similar perceptions, such as co-owners of busi-
nesses or were part of the same management department, they were
considered one interview for data processing (Doran and Young, 2013).
There were 21 female and 62 male participants. Interview lengths
ranged from 5 to 176 min, with an average interview duration of 76.6
(± 4.27) min. During the short interviews (5–15 min) with business
owners, all essential information was collected before concluding the
interview. Multiple stakeholder types were purposely chosen to re-
present the range of uses and values of the local community and
economies (Noble et al., 2019; Potter et al., 2016).

All the participants interviewed for the study were selected to en-
sure a broad range of backgrounds and perspectives were integrated
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into the study by recruiting from website searches, publicly available
government lists, and tourism business information centres. All the
water-based tourism businesses, publicly listed NGOs that are asso-
ciated with the aquatic environment, charter fishers, and fishing clubs
were contacted via phone, email and walk-ins to businesses in order to
get an adequate and representative sample and to equitably give the
chance to participate in the study. Sometimes the snowballing method
(Bickman and Rog, 2009; Hay, 2010; Bryman, 2016) was used after
each interview to ensure that key informants within the community
were not missed. This also helped the researchers ensure sampling sa-
turation was being reached by crosschecking the people that have al-
ready been interviewed, and was particualry usefiul in gaining contacts
across the different commerical fishing sectors. Care was taken to build
transparent relationships prior to commencing interviews with the
Aboriginal Traditional Owner participants, which were created by
having multiple consultations through meetings and phone calls (e.g.,
Potter et al., 2016).

All the participants were purposively selected using a criterion
sampling method (Bryman, 2016) aligning with the same criteria used
in Noble et al. (2019). These are the following four criteria: (i) must live
and/or work within Port Stephens estuary catchment in New South
Wales; ii) be a key informant, with knowledge and experience with the
direct use, and/or values associated with the estuary and marine en-
vironment; (iii) come from the highest hierarchal level possible from
each sector and/or has had long-term experience in the area; and (iv) be
able to reasonably represent the perceptions of the stakeholder group.
All of these criteria and level of expert were assessed during pre-in-
terview phone calls or meetings (Davis and Wagner, 2003). During
these exchanges, the participants were briefed about what it would
entail to participant in the study, the objectives, and the potential
outcomes. A participant information sheet about the study and consent
form was given prior to the interview via email, when possible, and
before the interview commenced. Both verbal and written consent was
gained before starting the interview. No incentives were given to par-
ticipate in the study. All the major town centres surrounding the Port
Stephens estuary were equally targeted to get a spatially representative
sample. Only managers and scientists that directly work within or have
ties to the Port Stephens area were included in the study (excluding the
authors of this article). All relevant studies (published and unpublished)
that have taken place in the Port Stephens area on iconic species were
identified through Google searches, Scopus literature review, or pro-
vided by the New South Wales Department of Primary Industries, which
were included in the development of species distribution models (see
Appendix B and below).

A mixed-method approach was used in the interview process, which
included both participatory-mapping methods (Boschmann and
Cubbon, 2014; Brown and Fagerholm, 2015; Doran and Young,
2013;Sloan et al., 2016) and semi-structured interview questions (Hay,
2010; Bickman and Rog, 2009; Potter et al., 2016). Semi-structured
interviews were used since it ensured all the questions were asked to
each of the participants, but allowed for each individual to add as much
detail to the question as they felt comfortable and provided a more free-
flowing and flexible conversation (Hay, 2010; Bryman, 2016) when
discussing the mapping components. The open ended nature of the
method help to accommodate the different perspectives, backgrounds,
and cultures that were intended and included in the study. All the
participants were asked the same set of questions (Appendix A, Table
A1), which were carefully designed to ensure consistency across the
stakeholders, but were open ended to not lead the participants
(Bickman and Rog, 2009). The questions were cross-checked four ways
by getting experienced social researchers to check the structure and
type, running a pilot with peer groups, having them reviewed by the
university’s Human Ethics Committee, and then conducting preliminary
interviews with the stakeholders. This process allowed for feedback and
modification of the questions before proceeding with the interviews.
The participants were asked to draw polygons (e.g., circles or squares)

(Brown and Pullar, 2012; Brown et al., 2017) when identifying areas on
the hardcopy laminated maps of the area (scale 1:60,000), due to the
observed stakeholder preferences to sketch areas in polygons during the
preliminary interviews (e.g., protected cultural sensitive information to
circle general areas) and to ensure consistency when eliciting context-
specific representations of spatial knowledge (Golledge and Stimson,
1997). Most of the interviews were done in person except seven inter-
views conducted on the phone with follow-up emails to confirm
mapped areas of biodiversity and concern. All interviews, except four,
were audio-recorded after receiving written and verbal consent. Inter-
views were conducted under the approval and constant monitoring of
the Australian National University’s Human Ethics Protocol #2016/
333.

Interviews that were not audio-recorded had handwritten notes to
link the spatial and interview data. Spatial data of high biodiversity,
iconic species, nursery habitats, and areas of ecological concern gath-
ered during the sketch-mapping interviews were digitally converted
and coded using ArcGIS 10.5.1 and transitioned into ArcGIS Pro 2.4.0.
The interview audio recordings and handwritten notes were tran-
scribed, which were then imported and coded per interview question
and theme using HyperResearch 3.7.5. Each of the interviews were
anonymously identified to avoid biases. Data reports were generated in
HyperResearch per interview questions for analysis. A mixed-method
framework of narrative thematic analyses and descriptive statistics
were used (Bickman and Rog, 2009), which was done first across all the
stakeholder groups then a more in-depth analysis was done within each
group.

2.3. Data analysis and spatial modelling

2.3.1. Species distribution maps
Traditional and Local stakeholder data (e.g., Aboriginal Traditional

Owners, commercial fishers, recreational fishers, NGOs and tourism/
recreational user groups and businesses) were analysed first to explore
overall themes in ecological priorities for the community groups, such
as environmental drivers of use and value. Iconic species can have
profound societal importance ranging from economic value, fishing,
tourism, cultural significance, supporting community wellbeing, and
tend to create a sense of place (Caro, 2010). For this study, iconic
species were identified in the interviews and then tallied. The propor-
tion of species that received 65% (≥5) or more mentions by the par-
ticipants were considered to be the most important iconic species for
the stakeholders. Sketch-mapping data that related to areas supporting
these iconic species (e.g., nursery, aggregation and spawning sites,
resting and foraging areas, and functional habitats) were collated and
used to create an overall map representing the Traditional and Local
Ecological Knowledge of iconic species distributions in the PSGLMP.
Only stakeholder data collected from the interviews were used in this
spatial analysis and only the 19 species identified by the stakeholders
were considered in the study. Due to insufficient responses from the
scientists and managers regarding iconic species and species distribu-
tions during their interviews (only 22% response rate), only the inter-
view data was used in the study. The T/LEK acronym from this point
onwards will be used to represent a combination of Traditional Ecolo-
gical Knowledge (TEK) and non-indigenous Local Ecological Knowl-
edge.

The T/LEK spatial data were analysed to separate and create in-
dividual iconic species index layers, which means 19 T/LEK index
layers were produced in ArcGIS Pro 2.4.0. The T/LEK species dis-
tribution spatial model map was created using multi-criteria evaluation
(MCE) fuzzy-set non-weighted linear combination methods (Burrough
and McDonnell, 2000; Jiang and Eastman, 2000; Malczewski, 1999).
Each of these index models represents areas of high to low (e.g., fuzzy
logic) species distributions by overlaying each of the areas identified by
the participant's of the knowledge of where a species is likely to occur,
areas of regular access, and any other relevant knowledge (e.g., nursery
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habitats). The polygons of this spatial data were converted into raster
format to represent a value of 1 for each of these areas, and a linear
membership function (Burrough and McDonnell, 2000) was applied to
each polygon to create a fuzzy transition of 1 to 0 (e.g., high to low)
across a 100 m buffer. This fuzzy buffer was applied to support data
uncertainty and to more appropriately represent an individual's spatial
cognition in dynamic marine environments (Teh and Teh, 2011). Each
of these layers were combined to get an overlapping map representing
hotspot areas for each of the 19 species (e.g., high to low) using non-
weighted linear combination equation: S = ∑wixi. S = suitability,
wi = weight of factor i, and xi = criterion score of factor (Malczewski,
1999; Teh and Teh, 2011; Voogd, 1983; Wood and Dragicevic, 2007).
To clarify the equation for this study, the following can be considered:
S = iconic species hotspot map, wi = proportion of participants layers
combined, and xi = individual participant rasters with values ranging
from 0 to 1.0. Once each of the species maps were created, an overall
overlapping fuzzy-set T/LEK species distribution model was created by
combining these species maps using the same approach outlined above.
See Appendix B, Figure B1 for a conceptual diagram of data flow used
to create the SDMs.The mapping outputs were scaled for the best re-
presentation of the key patterns within the study area, for the full scale-
maps of the 19 species see Appendix B, Figure B2.

Alongside the T/LEK species distribution map, scientific species
distribution models were created for each species that were a combi-
nation of a base map of likelihood of occurrence based on depth and
habitat preferences (i.e., niche model), scientific studies, and citizen
science in the area (Appendix B, Table B1). For the likelihood base
maps, two maps of depth and habitat were created to be reclassified and
ranked on a scale from 1 to 10, according to the species preferences (see
Appendix B for more details). The data that underpinned these rankings
were collected from an extensive literature review of a wide range of
published sources and research studies (Appendix B, Table B1) with
studies from the eastern coast of Australia prioritised. After re-
classifying the base map rasters, each was standardised (e.g., divided by
10.0) to generate values ranging 0–1.0. The depth and habitat map for
each species were then combined using the same weighted linear
combination equation used above to get a fuzzy-set species-specific
likelihood map of occurrence that ranged from high to low.

Scientific and citizen science survey data layers were developed for
each of the 19 species to add to the distribution models. This was based
on a literature review to find published spatially-explicit scientific
studies that have occurred within the study area, and publicly available
citizen science underwater survey data through Reeflife (Edgar and
Stuart-Smith, 2019) or logged occurrence records sourced from the
Atlas of Living Australia database (Atlas of Living Australia, 2019)
(Appendix B, Table B1). To ensure that the data could be appropriately
represented and overlaid with the T/LEK and likelihood base map da-
tasets required that the fuzzy logic (e.g., high to low) hotspots maps
needed to be maintained. Therefore, the scientific survey areas used for
the polygons were based on the survey method (e.g., 50 meter trans-
ects), and the high to low values are based on the combination of data
outcomes and type of study (Appendix B, Table B1). Five methods were
used to integrate the scientific spatial data (see Appendix B): (1) maps
with species sightings and satellite data represented in published fig-
ures were imported into ArcGIS Pro 2.4.0 and georeferenced create data
layer; (2) raw sighting survey or satellite tracking data were used to
create a layer of points, polygons, or polylines; (3) underwater visual
survey data sites had polygons drawn to the size of the survey method
(e.g., 150 m transects at 10 meter depth); (4) Baited Remote Under-
water Video (BRUV) sites had points added to the GPS locations then a
buffer was applied according to the BRUV type; and (5) VEMCO
acoustic tagging receiver station data locations were added as GPS
points and a buffer was applied with the possible detection range (e.g.,
500 m) of the receiver. When raw data were available, two layers were
created that consisted of normalised abundance and the Coefficient of
Variation for each site, that was standardised (0–1.0) and then

combined using a weighted linear combination to get an overall ranking
of the sites of supporting high to low abundances of each of the species.
When the raw data was not available, each of the sites were ranked
from 0 to 1.0 (e.g., high to low) according to the results of the study.

Through the process outlined above each of 19 species had a sci-
entific-based index model created using the weighted linear combina-
tion equation to combine the species likelihood niche base maps, sci-
entific data, and citizen science layers. These were then combined to
create an overall scientific species distribution model with all species
assigned equal weightings. A habitat species distribution map was also
created due to certain habitats being identified by some of the parti-
cipants to be iconic or particularly critical for the Port Stephens area.
The habitat map was developed by combining three layers: a likelihood
base map model (Appendix B, Table B2), survey and monitoring data
layer (Appendix B, Table B2), and T/LEK habitat layer was created from
areas identified by the participants to be important areas for each of the
habitat types. A final overall species distribution model then combined
the T/LEK, scientific, and habitat maps using a non-weighted linear
combination.

2.3.2. Ecological concerns
Interview data were analysed to reveal six key themes in stake-

holder perceptions of ecological concerns in the PSGLMP. Local stake-
holder spatial data was then processed to identify areas that aligned
with the six identified themes: poor water quality, iconic species impact
(e.g., seagrass destruction), poor fishing practices, sand movement,
litter, and climate change. Managers and scientists were also given an
opportunity to identify areas of ecological concern, but due to poor
responses rates and overall reluctance to answer the questions, they
were given an opportunity to respond to some of the main concerns of
the local stakeholders according to their department or research focus.

To align with the species distribution models methods described
above (Section 2.3.1), digitised polygons of the stakeholders' ecological
concern spatial data were converted into raster format to represent a
value of 1 for each of these areas and a linear membership function
(Burrough and McDonnell, 2000) were applied to create a fuzzy tran-
sition of 1 to 0 (e.g., high to low) across a 100 m buffer. Stormwater
drain locations in the estuary were provided from the Port Stephens and
MidCoast Councils, and each site had 50 m buffer added to each point,
and then 100 m fuzzy transition buffer applied, which were then added
to each of the participant layers that identified stormwater drains to be
a high concern to the water quality in the area. Additional water
monitoring data were collected from various governmental and citizen
science sources (Appendix B, Table B3).

Once the ecological concern index layers were created (see the in-
dividual T/LEK ecological concern maps in Appendix A, Fig. A1), they
were combined and then overlaid with final combined species dis-
tribution map (19 iconic species and habitats). Using the Fuzzy Overlay
tool in ArcGIS Pro 2.4.0 with the AND function provided an output map
of only areas that overlap and have a high value when combined. To
better identify these high-value overlapping areas, both the ecological
concerns and the species distribution maps were converted into poly-
gons with only the high values from each map selected for output.
Using the Intercept Tool in ArcGIS, a map of areas with overlapping
polygons was developed, and these were used to overlay with the fuzzy
output map to outline areas of potential risk from the stakeholders'
perspectives. A matrix was created to explore each of the concerns
ranked High≥ 60%, Med≥ 30%, Low≥ 1%, and no concerns for each
of the 26 sites with a recommended response from each management
institution (Appendix A, Table A3). The same overlapping map was
overlaid with the current zoning map to highlight targeted management
areas.
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3. Results

3.1. Species distributions

The stakeholders identified two main ecological priorities and dri-
vers that support and facilitate their engagement with the aquatic en-
vironment. The primary driver is to access and enjoy species, and the
secondary driver is to enjoy being on or under the water. Notably, 92%
of the stakeholders identified 71 species as being iconic, with 19 fauna
species (e.g., fish, marine mammals, and marine reptiles) repeatedly
mentioned as having particular significance across all of the stakeholder
groups (Fig. 1a). These 19 species were identified as essential for sup-
porting economic livelihoods, recreational use, and/or supporting

broader cultural and community wellbeing. Species of importance
(Fig. 1a) covered a spectrum of use from being the focus of non-ex-
tractive (9 species) appreciation (e.g., dolphin watching for the tourism
groups) to highly-prized extractive (10 species) targets (e.g., bream for
recreational fishers). In particular, six species (e.g., dolphins, sea tur-
tles, Great White Sharks, Grey Nurse Sharks, Nudibranchs, and sea-
horses) were perceived as being particularly iconic to the area because
they were thought to define how people identified their local marine
environment and were perceived to be particularly special for these
areas. Unexpectedly, some of the stakeholders also mentioned, un-
prompted, that certain habitats were important and in some cases,
iconic for the area (e.g., soft corals, saltmarshes; Fig. 1b). When dis-
cussing these habitats, most of the participants were adamant they were
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Fig. 1. Proportions (relative length of column per circle) of stakeholders' perceptions for both priority species (a–b) and ecosystem concerns (c–d). Proportion of
priority species for (a) the top 65% of the most mentioned species that were are of direct importance according to each of the stakeholder groups; and (b) the benthic
habitat types that were identified to be critical in directly and indirectly supporting each of the stakeholder groups livelihoods and wellbeing, or were mentioned to
support broader ecosystem functions. Proportion of environmental concerns that may impact the MPA in (c) what is causing the risk either directly (industries and
social groups) and indirectly (environmental responses to disturbances); and (d) who and what will be directly impacted by these risks (social groups) or indirectly
(ecosystem function) by the consequence of these environmental concerns. Acronyms: Iconic = species that define the local marine environment or that are
particularly special for overall local community wellbeing, Cultural = Aboriginal cultural significance, Rec Fish = recreational fishers, Com Fish = commercial
fishers, Eco Function = ecosystem support, StormW = stormwater drains, RAAF = Royal Australian Airforce Base, Develop = development, Mine = coal mines up
Karuah river, Agricul = agriculture runoff, Fish Farm = offshore aquaculture pens, Marina = marinas within MPA, and Indirect = environmental responses as a
consequence of human disturbances.
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essential in supporting either broader ecosystem integrity or under-
pinning the sustainability of their stakeholder group use of the en-
vironment (e.g., nursery habitat for iconic fauna; Fig. 1b). Interview
data from the scientists and managers was patchy when asked about
managing iconic species. In response to questions about the lack of
prioritisation of certain extractive species in current MPA management
plans, a common perception was that some of these species were not
able to be protected by spatial management since most were mobile and
migratory species (e.g., bream, mulloway) with little control of in-
coming and outgoing individuals. Prioritisation of management for
non-extractive species was also regularly dismissed by managers since it
was perceived by this group that fisheries targets were the main focus of
the MPA.

Spatial representations of the Traditional and Local Ecological
Knowledge (T/LEK) and scientifically base species distribution maps
(SDMs) demonstrates varying trends across each of the two knowledge
groups (Fig. 2a–b). The differences in the T/LEK map (Fig. 2a) showed
that were high species distributions for the 19 identified species in the
western part of the estuary, particularly up the rivers (i.e., Karuah River
and Tilligerry Creek) and freshwater lakes (i.e., Myall Lake), in contrast
to the scientific-based map (Fig. 2b) where most of the 19 species and
sampling effort occurred in the eastern part of the estuary. Notably,
there were some similarities with both the maps, such as high species
distributions surrounding the offshore islands, the eastern and southern
shoreline of the estuary, and the northern offshore point (i.e., Seal
Rocks). Combining both the T/LEK and science-based habitat maps
(Fig. 2c) demonstrate that the upper reaches of brackish/freshwater
rivers and tributaries, along with small patches of seagrass, soft coral
and reefs (i.e., sponge and kelp habitats), are not evenly distributed
across the estuary and offshore. However, as stated in the method
section, some of the areas have varying levels of benthic mapping for

the habitats, especially in the eastern part of the estuary and offshore.
Therefore, these areas could have important habitats that were not able
to be considered here. When all three of the T/LEK SDM, scientific-
based SDM, and habitat maps were combined, the final map (Fig. 2d)
shows small patches of very high species (i.e., fauna and flora) dis-
tributions across the PSGLMP. The individual maps of species dis-
tributions can be found in Appendix B, Figure B2.

3.2. Ecological concerns

Interview data of the stakeholders revelled common trends in the
ecological concerns for the marine environment (Fig. 1c–d). The ana-
lysis found that water quality issues are proportionally the biggest
concern, followed by iconic species impacts (i.e., flora and fauna), sand
movement, poor fishing practices, litter, and climate change. Water
quality issues were thought to be caused by a range of sources (Fig. 1c),
with the main risks coming from terrestrial inputs through stormwater
drains, the Royal Australian Air Force base (e.g., PFAS), urban devel-
opment, and mining. Other more minor issues with poor water quality
came from in-water sources such as boaters (e.g., directly dumping
effluent), offshore aquaculture fish farm pens and marinas. Interest-
ingly, when asked the question about freshwater inputs as being an
issue for water quality (Appendix A, Table A1), most stakeholders were
not worried about the freshwater in particular, but generally perceived
that the terrestrial run-off that polluted the rivers and tributaries as
being the primary source. Iconic species impact was the second biggest
concern for the area, with boaters thought to be causing the most issues
with moorings destroying seagrass, strikes with dolphins and sea tur-
tles, and creating bank erosion in the rivers with wakes from boats.
There were four other ecological concern categories: sand movement,
poor fishing practices, litter and climate change (Fig. 1c), and within

Fig. 2. Maps representing areas that support iconic species (identified in Fig. 1) according to a) local stakeholders; b) scientific-based species distribution models; c)
areas of important benthic habitat (LEK and scientific data); and d) final combined model of a-c to highlight areas of significance for both iconic species and
important habitats across a range of LEK and scientific evidence (see Appendix B, Tables B1–B2 for more details).
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each category there were various stakeholders and industries perceived
as being the cause of these issues. In four categories (i.e., water quality,
iconic species impact, sand movement, and climate change) the causes
for the ecological concern was thought to be an indirect consequence of
human interference or impact to the environment.

All of the ecological concerns were perceived to impact the stake-
holder groups directly through the potential of the risk undermining
iconic species abundance, ruining the aesthetic quality of the marine
environment, or presenting a risk to undermine the ecological functions
of the aquatic environment (Fig. 1d). Overall, the non-extractive
tourism and recreational stakeholder groups were the most concerned
out of the five stakeholders' groups, followed by Aboriginal Traditional
Owners, then commercial fisheries, and lastly recreational fishers. Some
of the stakeholders' language used to describe the concerns helped to
demonstrate the long-term risks they might have on the economic li-
velihoods, recreational access to important species, and the cultural and
community wellbeing (Appendix A, Table A2). As outlined in the
methods section, the scientists and managers were reluctant to identify
specific concerns or areas, and as such, each relevant institution was
asked to respond to the applicable ecological concern. The responses
varied across the scientists and managers. Overall there was a general
dismissiveness, varying levels of scepticism, and misalignments with
the stakeholders' concerns (Appendix A, Table A2). There was an ac-
knowledgement that many institutions operate and manage the area,
but there are known issues of effective coordination and communica-
tion.

Due to the overwhelming concern with poor water quality, two
separate mapping outputs were developed to provide a way to identify
areas that have perceived and measured high values for poor water
quality (Appendix A, Fig A1a) represented alongside the other five
ecological concerns (e.g., iconic species impact, sand movement, poor
fishing practices, litter, and climate change; Appendix A, Fig. A1b).
These two ecological concern maps were then combined and overlaid
with the final species distribution map (Fig. 3a) to identify areas that
have the potential to impact iconic species and biodiversity. The re-
presentative map demonstrates that each of the hotspots (labelled with
a letter) supports a range of concerns from the stakeholders and could
be addressed using collaborative institutional responses (Appendix A,
Table A3). When exploring the relationship of these overlaps with the
current spatial plan (Fig. 3b), it creates another strategic management
map to identify areas that need to be addressed, whether it should be an
application of a spatial zoning planning, use of seagrass friendly
moorings, improved compliance/education, places of sand mitigation
strategies, and habitat rehabilitation. Also, by highlighting potential
problem stormwater drains, these areas could be targeted by combi-
nation of management strategies to mitigate poor water quality and
gross pollutants (i.e., litter) entering the marine environment (Fig. 3b).
These maps could be used to aid discussion to build collaborative net-
works across relevant institutions and to develop co-management
strategies with the local stakeholders. During this process, it was found
that eleven institutions had various roles in addressing the concerns in
each of these areas (Appendix A, Table A3). Notably, the councils have
a considerable role in helping to moderate the water quality, mitigate
sand movement, and control litter in the area.

4. Discussion

This study demonstrates that marine species are the main ecological
priority and the primary driver for stakeholder use and value of this
temperate coastal MPA. Mapping areas that support these high priority
(iconic) species provided some key insights into the types of spatial
management and other targeted management practices that could be
most effective in supporting the social and ecological resilience of this
coastal ecosystem. About half of the iconic species did not align with
the current management priorities for hotspots of concern, despite the
likelihood of extractive and non-extractive pressures that could impinge

directly (e.g. harvesting) or indirectly (e.g., habitat loss) on each spe-
cies. The misalignment between current spatial management plans and
community concerns may be linked, in part, to the perception of local
natural resource scientists and managers that these species are mi-
gratory and unable to be spatially protected in the MPA framework.
However, these scientists and managers were often unaware of key
aggregation/spawning sites, resting and foraging areas, and nursery
habitats for these species that were known and identified the stake-
holders. Using the spatial methods outlined in this paper to combine
multiple sources of evidence, both Traditional and local ecological
knowledge and scientific survey data provided an effective means of
identifying species and areas of concern, and most importantly, spatial
hotspots that should be a high priority for consideration in any future
revisions of the MPA spatial management plan.

4.1. Prioritising iconic species distributions

In designing MPAs, it is common practice to spatially protect per-
centages of representative habitats that are thought to act as proxies for
marine biodiversity and key processes such as population replenish-
ment (e.g., nurseries for fish recruitment; Airamé et al., 2003;
Bohnsack, 1998; Fernandes et al., 2005). However, a paucity of data
can mean some habitats are not the best surrogates for supporting
biodiversity and key ecosystem functions (Rees et al., 2014; Stevens and
Connolly, 2004), or some intermediary habitats required for species to
complete their life history are overlooked (Agardy et al., 2003). Here, a
novel combination of evidence from local stakeholders and scientific
surveys, prioritised towards locally iconic species, was employed to
develop spatially explicit areas of importance and concern in a diverse
and widely used marine estate. The fuzzy-suitability approach
(Adriaenssens et al., 2006; Costa et al., 2015; Mouton et al., 2009;
Robertson et al., 2004) provided a means to develop SDM likelihood of
occurrences based on a combined model of niche depth and habitat for
each species in area, and use these as base models to overlay existing T/
LEK and scientific information to identify high priority areas that could
achieve multiple conservation and management objectives through
targeted protections that span the land-sea interface. Further, this
method identified areas that may have been overlooked by past mon-
itoring and management plans. Ultimately, actions that address con-
cerns for these areas provide an opportunity for managers to showcase
the role of stakeholder understanding and perceptions for managing
biodiversity that supports a broad cross-section of the local community.

Prioritising species to be protected using spatial planning is an im-
portant step in marine spatial planning (Roberts et al., 2003). Some
studies recommend that using marine spatial plans to protect ecologi-
cally functional, threatened, indicator, or keystone species (e.g., habi-
tats and fish) should be the priority of the management practices
(Bellwood et al., 2004; Crowder and Norse, 2008; Foley et al., 2010).
Notably, it was found in this study, and in relevant government reports
(New South Wales Marine Parks Authority, 2010; NSW Marine Estate
Management Authority, 2018), that the scientists and managers' eco-
logical priorities did not always align or consider all the iconic species
identified in this study when protecting and managing the MPA.
However, as supported by this study and others (e.g., Roberts et al.,
2003), prioritising certain locally iconic species is critical in marine
spatial planning, given that these species will be driving the uses, may
experience intense extractive and non-extractive human pressure, and
could potentially be impacted on by stakeholder groups in the area. The
species (e.g., habitat and fauna) identified in this study underpin
Aboriginal Traditional culture, commercial fisheries and tourism
economies, recreational fisheries, non-extractive recreational uses, and
broader community wellbeing. Therefore, balancing the access to, and
prioritising the spatial protection of these species across both the ex-
tractive and non-extractive user groups is imperative, especially with
the increases in human coastal population and nature-based tourism
(Buckley, 2010). Furthermore, prioritising species of particular
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importance to the community will not only work to protect species that
will be experiencing this pressure but also has the potential to engender
more community support for the MPA since it will be functioning to
protect locally iconic species.

There is a common argument that spatial management has limita-
tions in protecting non-resident fish species that are highly mobile and
migratory (Roberts and Sargant, 2002), thereby highlighting the lim-
itations of spatial management on restricted sections of coastline. In-
deed, this was a common response when questioning the scientists and
managers about the lack of attention towards some of the iconic species
in the area for both priorities in monitoring and spatial management
(both fisheries targets and non-extractive species; Table 1). Certainly,
the Aboriginal Traditional Owners, commercial and recreational fishers
often voiced this sentiment as a limitation of the current spatial plan in
protecting and supporting some of the fishery target species, and in a
couple of cases, suggested that this should be the basis for abandoning
the spatial plan altogether. On the contrary, some of the other tourism
and community stakeholder groups noted that when diving/snorkelling
in the no-take areas the highly mobile fisheries species (e.g., bream)

were in high numbers compared to other areas without fishing pro-
tection. An emerging set of data in the PSGLMP (Fulton et al., 2016;
Harasti et al., 2018), suggests that there are increases in the abundance
of these types of fisheries species in the PSGLMP no-take zones, which
supports these T/LEK perceptions.

To further dispel these common misconceptions, there is a growing
body of evidence that demonstrates strategically placed spatial fisheries
closures have the capacity to protect mobile and migratory species
(Claudet et al., 2010; Gell and Roberts, 2003; Roberts and Sargant,
2002) and can help to meet connectivity targets (Dunn et al., 2019). All
of these species (except marlin) have habitat requirements at different
life stages (Table 1), which can be met and included in the intention of
spatial planning. Other spatial considerations are needed since most of
the species have small home ranges, high site fidelity, and preferred
foraging and resting areas within the MPA (when not migrating), which
fit well within the spatial footprint of the MPA (0.5–40 km2 ranges
within 980 km2 MPA area; Table 1). During migration periods for these
fish, turtles, and mammals, there are spatial considerations of potential
bottlenecks in the migration corridors, spawning aggregation sites, and

Fig. 3. Areas of stakeholder ecological concerns were combined and overlaid with the overall species distribution map (Fig. 2d) to identify areas at risk. High-value
overlap areas were explored in two ways: (a) area of high overlap were outlined with intersecting polygons and then identified with a letter, which is examined in
Appendix A, Table A3; and (b) areas were overlaid with the current zoning plan to identify areas that would benefit from targeted management using a variety of
methods and to highlight potential problem storm water drains. Note: Stockton Beach (south ocean beach) is currently not part of the PSGLMP zoning plan but was
identified to be socially significant for species and concerns.
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migration foraging/resting areas (Table 1) and will be taking place in
the abutting Commonwealth Hunter Marine Park only 3 nm offshore
from PSGLMP (Australian Marine Parks, 2019). Importantly, these
spatial uses by mobile and migratory species is also an important
consideration when rolling back spatial protection of beaches (see
methods section) since many of these species utilise these areas during
migrations, foraging, and for spawning (Table 1). As suggested by the
scientists and managers, the main reason for the lack of protection is the
paucity of localised spatial data for these species. However, many of
these areas were identified as part of the T/LEK species distribution

models developed in this study or has been collected by the scientists
and government departments, but not utilised. Importantly, this spatial
dataset could act as a starting point for prioritising scientific research
on these species, especially on the data-poor species. Overall, using the
precautionary approach (Agardy, 1994) suggests that protecting these
species should be a priority in whatever capacity using all the available
evidence since addressing stakeholder concerns will help to build trust
and voluntary compliance within the MPA management.

Table 1
Data substantiating how spatial management can support iconic mobile and migratory species by demonstrating the habitat requirements at certain life history stages
(e.g. nursery habitat for juveniles), spatial scale considerations, and key knowledge gaps for species originally discounted by local management. More site-attached
iconic species that have received conservation and management attention (e.g., Snapper, Blue Groper) are not included in the table below.

Iconic species Habitat requirements Spatial considerations Data needs

Blue swimmer crabs (Portunus
armatus)

Forage in seagrass and on sand flats (Edgar,
1990) and also associated with mangroves
and saltmarsh (Taylor et al., 2018b).

Estuary species with spawning aggregations at
the entrance of estuaries (Kangas, 2000; Sumpton
et al., 2003).

Very data poor species. Need to understand
home ranges and verify spawning
aggregations. LEK of spawning aggregation
site for the PSGLMP added to the SDM
Fig. 2.

Bream (Acanthopagrus australis) Commonly found in seagrass, mangroves,
saltmarshes, kelp, soft coral, and rocky reefs
(Curley et al., 2013; Poulos et al., 2013;
Saintilan et al., 2007).

High site fidelity and forage near home sites in
~0.5 km2 areas (Taylor et al., 2018a), tagging
recapture studies find majority are recaptured in
same estuary, and spawning migrations result in
aggregations at estuary entrances and coastal
beaches (Roberts and Ayre, 2010).

Need to understand spawning migration
corridors and aggregation behaviours. LEK
and scientific data added to the SDM Fig. 2.

Dolphins (Delphinus delphis,
Tursiops aduncus)

T. aduncus foraging areas in shallow estuary
sand and seagrass (Cribb et al., 2013;
Wiszniewski et al., 2009), and D. delphis are
pelagic feeders that are controlled by abiotic
factors (Filby et al., 2010).

T. aduncus estuary populations have site fidelity
and small home ranges (40.4 ± 16.8 km2) (Fury
and Harrison, 2008; Gubbins, 2002; Sprogis
et al., 2016). Delphinus delphis have high site
fidelity within a 50 km2 area (Mason et al., 2016)

Need more offshore sighting data needed
for D. delphis, which could be gathered
from citizen science teams could be
collated to find core areas. Some T. aduncus
sighting data from citizen science groups
has been added to SDM Fig. 2.

Grey Nurse Shark (Carcharias
taurus)

Forage and resting sites on rocky reefs
surrounding inshore islands (Otway and Ellis,
2011).

Aggregation resting sites in rocky reef gutters,
overhangs, and caves around inshore islands
(Otway and Ellis, 2011).

Core aggregation sites known for PSGLMP
(Otway and Ellis, 2011) and added to the
SDM Fig. 2.

Great White Shark
(Carcharodon carcharias)

Juveniles regularly found in the PSGLMP
estuary in shallow areas (Harasti et al., 2017)
and offshore beaches (Bruce and Bradford,
2011).

Juveniles demonstrate temporary residency
towards preferred sites and habitat areas (Bruce
et al., 2019; Bruce and Bradford, 2011; Harasti
et al., 2017)

Satellite and acoustic tracking data already
collected for PSGLMP (Bruce and Bradford,
2012, 2011; Harasti et al., 2017) and added
to the SDM Fig. 2.

Marlin (Istiompax indica,
Kajikia audax, Makaira
mazara)

Highly pelagic species that are capture
associated with sea surface temperatures of
22–24 °C (Ortega-García et al., 2003).

Migrate from tropical spawning areas to
subtropical feeding grounds (Kopf et al., 2012).
All three are highly mobile species but
aggregated offshore of PSGLMP as supported by
significant recreational and commercial fishing
effort.

Very data poor species. Need satellite
tracking data for the PSGLMP area for all
three species, along with more recreational
and commercial catch data locations. Some
LEK and scientific data added to SDM
Fig. 2.

Mullet (Mugil cephalus, Myxus
elongates)

Mugil cephalus forage on seagrass and mud
flats (Whitfield et al., 2012).

Mostly an estuary species with small home ranges
(5 km) and site fidelity, but spawning
migrations/aggregations occur offshore
(Whitfield et al., 2012)

Need to understand home ranges, habitat
preferences, and spawning migrations.
Some LEK of migration bottlenecks
locations identified and added to SDM
Fig. 2.

Mulloway (Argyrosomus
japonicas)

Juveniles prefer deeper waters in estuaries
with significant freshwater flows and adults
are found mostly in lower parts of estuaries,
surf zones, and rocky reefs (Silberschneider
and Gray, 2008; Taylor et al., 2006).

Mostly an estuarine species that have high site
fidelity with home ranges of 6–17 km2

(depending on fish length) (Taylor et al., 2006)
especially with juveniles (majority of recaptures
within 3 km of tag site) and has spawning
aggregations offshore

Need to understand home ranges in the
PSGLMP and verify spawning aggregation
sites. LEK of spawning aggregation site was
added to SDM Fig. 2.

Sea turtles (Chelonia mydas,
Caretta caretta,
Eretmochelys imbricate)

C. mydas forage on seagrass, green, brown,
and red algae. C. caretta forage on bivalves
(sand/reef/mud), anemones (sand/reef), and
blue swimmer crabs (seagrass). E. imbricate
sponge and algae (reef) (Bjornclal, 2017)

All three sea turtles have distinct home ranges
(7.3 ± 3.03 km2) both at juvenile and adult
stages (Gaos et al., 2012; Makowski et al., 2006;
Schofield et al., 2013; Seminoff et al., 2002; Van
Dam and Diez, 1998)

Spatial tracking data for all three species
already collected for PSGLMP and added to
the SDM Fig. 2.

Tailor (Pomatomus saltatrix) Juveniles use estuary seagrass, algae, mud
and oyster bed for foraging (Shepherd and
Packer, 2006) and adults use estuaries and
beaches as foraging areas (Shepherd and
Packer, 2006)

Juveniles and adults have high site fidelity with
high recapture rates in estuaries (Able et al.,
2003) and high recapture rates across a ~10 km2

area (Morton et al., 1993)

Very data poor species. Migrations and
spawning locations that are unknown on
NSW coastline (Miskiewicz et al., 1996).
Need to identify spawning aggregation
sites.

Whales (Megaptera
novaeangliae)

Shallow estuaries on the east coast of
Australia are known resting grounds for
mother and calf and non-calf pods, especially
directly north and south of the estuary
entrances (Bruce et al., 2014)

Nearshore migration corridor within the PSGLMP
(Andrews-Goff et al., 2018; Australian Antarctic
Data Centre, 2010; Gales et al., 2009).

Citizen sighting data could be used to find
the resting areas (Bruce et al., 2014).
Migratory pathways have been added to
SDM Fig. 2.

Whiting (Sillago ciliata Sillago
flindersi, Sillago maculate,
Sillago robusta)

Forage on seagrass, sand, mud for both adults
and juveniles (Burchmore et al., 1988; Smith
and Sinerchia, 2004)

Juveniles recruit to seagrass beds and adults
spawn at the mouth of estuaries and in surf zones
(Smith and Sinerchia, 2004).

Very data poor species. Need to identify
home ranges, site fidelity, and spawning
aggregation sites.
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4.2. Using stakeholder ecological concerns for coordinated and targeted
management

Given marine environments are dynamic ecosystems, MPAs are not
in isolation from the surrounding environment or ongoing cross-system
threats (Allison et al., 1998; Álvarez-Romero et al., 2011; Stoms et al.,
2005). All the stakeholders in this study were particularly aware of the
ecological impacts of land-sea connections, more so than being con-
cerned with in-water threats to their marine environment. These land-
sea connections were mostly involving impacts of poor water quality,
with the majority of the threats perceived not to come from freshwater
inputs, but from primary terrestrial sources. Likewise, other studies
have identified that land-sea connections are necessary considerations
in Marine Protected Areas, but often not part of the conservation
planning and management (Cicin-Sain and Belfiore, 2005), or have
acknowledge the scale and impact of land-based threats (Halpern et al.,
2009). Though the evidence of the scientists and managers regarding of
land-sea connections is inclusive, due to the poor response rates, many
of the agencies interviewed here acknowledged there are many levels of
different institutions working within the same place and were also
aware of the overall lack of necessary coordination to minimise threats
to the MPA (for example see Manager and Scientist Responses to Water
Quality in Appendix A, Table A2). Using combinatory mapping tech-
niques (Coll et al., 2012; Doran and Burgess, 2012), as outlined in this
paper, provides a logical means of highlighting the need for co-
ordinated efforts across the different agencies with the capacity to work
together on key areas identified having the most significant impact on
iconic species and biodiversity. For example, a surprising outcome of
the study was the imperative participation of the land councils in
minimising these land-sea connections through managing terrestrial
inputs such as litter, stormwater, septic system monitoring, develop-
ment runoff, erosion control, and ways they could be exacerbating or
mitigating sand movements (e.g., installing boat ramps, beach sand
replenishment initiatives). These impacts, in particular, were perceived
by the stakeholders to be some of the most significant ecological threats
to the MPA and were thought to have the potential to destroy liveli-
hoods, damage critical iconic habitats, and reduce cultural and com-
munity wellbeing. Therefore, developing better coordination and
prioritisation of these issues is essential in supporting the community
and ecological resilience of the MPA.

Prioritising stakeholder concerns within an MPA has the potential to
meet multiple adaptive co-management criteria since governance of
natural resources often requires coordination and partnerships with
stakeholders to deal with limitations of a single top-down management
agency (Berkes, 2009). Creating a level of knowledge exchange and
networking with the stakeholders is the start of developing co-man-
agement strategies (Berkes, 2009; Folke et al., 2005), which can help to
bridge multiple organisations and to co-produce knowledge of the dy-
namic social-ecological MPAs systems. A co-managed system of co-
ordinated management across agencies is a way to facilitate ongoing
collaboration and feedbacks, build trust across stakeholders and deci-
sion-makers, and create a strategic management system to meet on-
going demands (Berkes, 2009; Folke et al., 2005). However, the man-
agers and scientists here, even with a low response rate, had a general
mismatch of priorities with the threat management within the MPA and
even a level of scepticism of the stakeholders' knowledge and concerns.
The lack of responses could be representative of many things, such as
not being comfortable in making comments that may misrepresent the
Governments or Ministers agenda, not wanting to identify the lack of
resources and staff to address ongoing issues in the area, and having the
need to prioritise more urgent management areas outside the MPA.
Using climate change as an example, this was not mentioned during any
of the interviews within these groups and when asked, in some in-
stances was discounted by the government scientists and mangers
(aligning with the current ministerial positions) as a threat to the
marine ecosystems. However, it was a concern with some of the

stakeholders in the study and has been identified as a significant threat
to local habitats and iconic fish species (Vergés et al., 2014; Wernberg
et al., 2013).

Scepticism and lack of prioritisation of local and Indigenous
knowledge by scientists and managers is an issue (Berkes, 2009; Bundy
and Davis, 2013), even though other studies have found this to be
successful way of understanding changes in the marine environment
due to ongoing threats (Aswani et al., 2015; Lemahieu et al., 2018), as
sources of traditional adaptive resource management based on long-
term feedback learning (Berkes et al., 2000; Gadgil et al., 1993), and as
a way to better socially adapt to climate change (Leonard et al., 2013;
Turner and Spalding, 2013). Ultimately, developing methods to com-
bine this information with scientific monitoring and management
priorities is critical since local people may be less aware of slower
changes to the environment (Aswani et al., 2015). To start this process,
the methods presented in this paper, can help to open the lines of
communication between the scientists and managers using maps to
address the concerns of the stakeholder groups' by discussing how the
marine ecosytems are being currently being managed. Also, the map-
ping outputs could also be used as starting points to help develop more
trusting working relationships with the stakeholders that could facil-
itate adaptive co-management strategies and ongoing knowledge ex-
changed within the dynamic socio-ecological systems of MPAs.

5. Conclusions

Stakeholders use and value marine environments within an MPA in
many different ways. In this study, it was found that the central driver
for many stakeholders in interacting with these environments is ac-
cessing and enjoying marine species in extractive and non-extractive
ways. Using a process of participatory sketch-mapping provides a
method that can be used to identify hotspot locations that stakeholders'
regularly use to access these species, known areas that support species
persistence, and identify areas of ecological threats. Combining this
information with scientific studies using GIS fuzzy-set spatial modelling
approaches, provides a technique to develop species distributions
models that identify gaps in spatial understanding and highlights areas
that need targeted management. Developing this level of strategic
spatial understanding across MPAs provides a way to develop readily
accessible outputs that can be used by both decision-makers and sta-
keholders to understand, discuss, and adapt marine spatial management
approaches that support both social and ecological priorities.
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