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ARTICLE INFO ABSTRACT

Keywords: Ecological restoration is a key part of the global solution to help repair damaged ecosystems and moderate
A"l?hlb"lls antarctica climate change. However, there are enormous challenges to contemporary restoration. Solutions that integrate
Indigenous rangers western science and traditional ecological knowledge offer great opportunities to overcome these challenges.

Malgana Aboriginal Corporation
Partnerships
Posidonia australis

Partnerships with Indigenous Ranger programs can assist with solutions to some of the age-old restoration
challenges. Managing and caring for a living and dynamic Country is at the heart of wellbeing for all Indigenous

Restoration framework
Traditional ecological knowledge
Western science

Peoples. The act of participating in restoration activities On Country assists with connecting to Country, healing
people and Country. We describe the development of a successful partnership between western science and
Indigenous traditional knowledge via a collaborative Malgana Aboriginal Corporation Ranger program that

included On Country workshop-based knowledge sharing in north-west Western Australia, with a focus on
seagrass restoration. Field-based restoration workshops helped people reconnect with Country through two-way
knowledge sharing. Additional benefits of the partnership included education and preservation of Malgana
language, educating western scientists and general public about Malgana culture, and adapting and field trialling
seagrass restoration methods for Gathaagudu. Restoration can be successfully implemented through partnerships
that share western science and traditional ecological knowledge.

1. Introduction and globally recognised action to stem biodiversity loss, as highlighted
by the United Nations Decade on Ecosystem Restoration (2021-2030).

“If we look after Country, then Country will look after you™ A shift toward Indigenous co-governance and management
Sean McNeair, 2021 arrangements in Australia represents a new approach with opportunities

for collaborative research and more effective restoration (Hedge et al.,
2020; Cvitanovic et al., 2021). Indigenous people have responsibilities
and cultural obligations as custodians of their Country to protect and
maintain the health of their peoples, and their participation may be
essential for successful ecosystem conservation, management, and
restoration (Ens et al., 2015; Fischer et al., 2022; Goolmeer et al., 2022).
Partnerships that promote knowledge sharing are increasingly

The global rate of seagrass decline continues largely due to localized
anthropogenic activities, including widespread impacts from climate
change (Waycott et al., 2009; Dunic et al., 2021). Reversing this decline
by restoring natural ecosystems and the services they provide is chal-
lenging and can take decades, even when human impacts are reduced
(Marba et al., 2015). Ecosystem restoration is a well-established practice
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recognised as best practice and a natural fit for improving ecosystem
management, restoration and biodiversity conservation outcomes (Reed
et al., 2018; Stori et al.,, 2019; Wheeler and Root-Bernstein, 2020).
‘Seven Pearls of Wisdom’ were derived through a community-based
training approach to shellfish ecosystem restoration to facilitate
productive partnerships including with Traditional Custodians (IMicLeod
et al., 2018).

A successful Native Title determination for the Malgana Peoples in
2018 led to establishment of the Malgana Aboriginal Corporation (MAC)
and associated Ranger program. This provided an opportunity to
develop a partnership that shares knowledge to develop restoration
methods (Tan et al., 2020; Sinclair et al., 2021). Here, we present a case
study from Gathaagudu (Shark Bay), Malgana Land and Sea Country,
where the Australian Government’s National Environmental Science
Program (NESP) Marine Biodiversity and Marine and Coastal Hubs
supported a 2.5 year partnership between researchers and MAC Rangers
to develop genetically informed restoration actions to assist the recovery
of a seagrass-dominated ecosystem. The partnership was in response to a
significant heatwave event which impacted terrestrial and marine
ecosystems along Australia’s west coast in 2010/2011 (Ruthrof et al.,
2018) that resulted in the damage and loss of approximately 1300 km?
of seagrasses in Shark Bay (Gathaagudu) (Kendrick et al., 2019; Strydom
et al,, 2020). We describe a series of seagrass-focused workshops,
co-designed to develop a shared understanding and outcomes — enabling
people and Sea Country to heal together. We discuss the cultural and
environmental benefits of this partnership through workshopping new
scalable seagrass restoration methods and show how this knowledge was
shared more widely with the local community to improve understanding
and caring for the remote World Heritage Area in which they live.
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Fig. 1. Seagrass restoration sites in Shark Bay by transplanting (blue circles),
assisted natural recovery through engineering substrate and sediment stabili-
sation (red circles), and seed-based restoration (green circle). Inset: Box indi-
cating location of Shark Bay in Western Australia.
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2. Methods
2.1. Cultural and environmental connections

Gathaagudu is located at the western edge of Australia, at the
interface of temperate and tropical marine ecosystems (Fig. 1). It is the
ancestral home of the Malgana peoples, for which stone artifacts and
faunal fragments confirm periods of occupation during the Pleistocene
between 30,000 and 18,000 years BP and again in the Holocene from
6000 years BP (Bowdler, 1990). Australian Aboriginal stories reflect
genuine and unique observations of post-glacial sea level rise from about
13,070 to 7250 years BP (Nunn and Reid, 2016; Nunn et al., 2022).
Stories shared by MAC Rangers about the walking tracks (or song lines)
of their ancestors from Denham to Wirruwana (Dirk Hartog Island) and
Bernier and Dorre Islands, across the sandy bottom or at low tides and
guided by the location of freshwater seeps, are concordant with scien-
tific reporting of sea level change associated with climate cycles (Lewis
et al., 2013). The implications of this extraordinary longevity of oral
traditions demonstrate effective intergenerational communication in
aspects of Malgana culture and Country. Rising sea levels from the end of
the last glacial maximum, approximately 8200 years ago (Lewis et al.,
2013), mean that much of Malgana Country and cultural heritage is now
inundated and lies under the expansive seagrass meadows at the bottom
of the sea. Palaeontological data (Bufarale and Collins, 2015) indicate
that the seagrass ecosystem within Shark Bay is only a few thousand
years old. Carbon-dating of seagrass from sediment cores is consistent
with the presence of Posidonia meadows in the bay for at least 3000
years (Serrano et al., 2016).

Today, Malgana Country is largely Sea Country with expansive sea-
grass meadows (or ‘wirriya jalanyu’ in Malgana language). Healthy
seagrass meadows provide a range of ecosystem services including
habitat for biodiversity, sediment stabilisation, and carbon storage to
mitigate climate change impacts (Orth et al., 2006; Howard et al., 2017).
They also provide habitat and food for culturally significant species such
as dugongs (Dugong dugon, ‘wuthuga’), green and loggerhead turtles
(Chelonia mydas and Caretta caretta, ‘buyungurra’), mullet (Mugil spp.,
‘mulgarda’) and cormorants (Phalcrococorax varius, ‘wanamalu’). A
semi-permanent north-south horizontal salinity gradient (35-70+
practical salinity units) has been maintained following the formation of
seagrass-dominated sills and banks which restrict water movement and
ocean exchange in the lower gulfs (Kendrick et al., 2012; Bufarale and
Collins, 2015). Much of Malgana Sea Country is also included in the
UNESCO World Heritage Site, recognised for its “exceptional natural
beauty and aesthetics including outstanding examples of ecological and bio-
logical processes and significant habitats for biodiversity” (IUCN, 1991).
This unique hypersaline inverse estuarine system supports high biodi-
versity including 28 species of sharks (‘thaaka’), 1500+ fish species, and
12 species of seagrass (Kendrick et al., 2012).

Large temperate seagrasses, Amphibolis antarctica (wire weed) and
Posidonia australis (ribbon weed), are the dominant habitat-forming
species, creating approximately 4300 km? of persistent meadows
(Walker et al., 1988). Both seagrass species were devastated by an
extreme heatwave along the west coast of Australia in 2010-2011
(Ruthrof et al., 2018), with damage and loss to 36% of seagrass cover
(approximately 1300 kmz, Strydom et al., 2020). A significant flow on
effect throughout the food web led to declining health of
culturally-significant animal species and closure of some commercial
aquaculture and fisheries (reviewed in Kendrick et al., 2019). Natural
recovery of seagrass meadows has been slow (Kendrick et al., 2019),
prompting the need for assisted recovery. More detailed knowledge
about the restoration potential of seagrass meadows in Shark Bay was
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needed to design and implement adaptive management strategies to
address large scale loss and respond to future extreme events. The
unique life histories of A. antarctica and P. australis (Fig. 2) permit
multiple approaches to restoration and assisting natural recovery.

2.2. Partnering for recognition and cultural benefits

Indigenous Rangers and western scientists have important roles to
play in identifying challenges, seeking opportunities, and developing
productive relationships (Hedge et al., 2020). One significant barrier is
the widespread lack of recognition of Indigenous knowledge (Ogar et al.,
2020; Fischer et al., 2022). Partnerships provide an opportunity for
equal recognition of knowledges for developing a shared vision to care
for and restore Country. Our partnership incorporated ‘Seven pearls of
wisdom’ (McLeod et al., 2018) to improve engagement with Traditional
Custodians through:

1. Recognition. Malgana People have inhabited Gathaagudu for at least
30,000 years and were awarded formal access and determination of
their Land and Sea Country through the Native Title Act in December
2018.

2. Working together from the beginning. This co-designed project was
conceived under the stars at Hamelin Station - Malgana Country -
and represents the first partnership between the Malgana Aboriginal
Corporation and University of Western Australia.

3. Local employment. The project budget enabled employment for
Malgana Rangers during training workshops. Workshop content
contributed towards academic certification in Conservation and
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Land Management, thus providing recognition of all knowledge and
upskilling.

4. Knowledge sharing. Two-way knowledge sharing occurred
throughout the project and beyond, but was best done in person
during informal workshops on Country.

5. Creating a shared vision. Discussions around the role of seagrass in
shaping the marine environment generated a shared understanding
and desire to look after Sea Country.

6. Early engagement. This project was conceived through informal
discussions on Country and maintained through intermittent visits
and online communications.

7. Connections. Connectivity between terrestrial and marine ecosys-
tems and species (including humans) and the role of seagrass
meadows in shaping the local marine environment was a continuing
theme in conversations. Ranger participation in workshops On
Country assisted with connecting or reconnecting to Country.

2.3. Partnering for environmental benefits

Initial planning conversations and knowledge sharing workshops
were all conducted on Country between August 2018 and June 2022
(Table 1). Malgana Elders formally welcomed all visitors to Gathaagudu
at the beginning of each visit and were invited to participate in activ-
ities. Workshops were informally structured to allow time to develop
relationships, share knowledge of Country, history, biodiversity, cul-
ture, and language through storytelling and personal experiences (two-
way learning).

The workshops covered a range of topics (Table 1) to share

Table 1
Knowledge sharing events and workshops conducted in Shark Bay between August 2018 and June 2022.

Activity Date Location Western science Indigenous science Western Indigenous

participants participants

Initial concept 11-12 Science fair at Seagrass biology and ecology, Welcome to Country, Knowledge sharing 2 1
and planning Aug Hamelin Station restoration science through storytelling

2018
Workshop 1 10-11 Science fair at Seagrass biology and ecology, Welcome to Country, Cultural protocols 7 8
Aug Hamelin Station, Introduction to an established and safety, Two-way learning -Traditional
2019 Fowlers Camp restoration site via snorkelling, ecological knowledge sharing and
Assisting natural recovery using storytelling, Malgana language (places,
Amphibolis antarctica seedlings flora and fauna)
Workshop 2 13-14 Guischenault Point  Seagrass biology and ecology, Seed- Welcome to Country, Cultural protocols 4 3
Nov based restoration of Posidonia and safety, Two-way learning -Traditional
2019 australis ecological knowledge sharing and
storytelling
Workshop 3 28 Feb - Dubaut Point, Seagrass biology and ecology, Two-way learning -Traditional ecological 4 4
8 Mar Middle Bluff, Restoration using adult transplants, knowledge sharing and storytelling,
2020 Denham Assisting natural recovery using Malgana language (places, flora and fauna)
Amphibolis antarctica seedlings,
monitoring survival and function
Workshop 4 11-12 Dubaut Point, Seagrass biology and ecology, Cultural protocols and safety, Two-way 3 7
Aug Denham Assisting natural recovery using learning -Traditional ecological knowledge
2020 Amphibolis antarctica seedlings sharing, Malgana language (places, flora
and fauna), Knowledge sharing through
storytelling, Communication with media
(filmimg and interviews)

Wirriya Jalyanu 5-6 Apr Denham Knowledge sharing with the local Welcome to Country, Two-way learning 6 6
(seagrass) 2021 community via Science talks, Living -Traditional ecological knowledge sharing (+volunteers) (+volunteers)
Festival and museum collections, Seagrass and storytelling, Cultural protocols and

biology and ecology, Seagrass safety, Communication with media
mapping, interactive activities (filmimg and interviews)

Workshop 5 and 8-19 Denham, Fowlers Seagrass biology and ecology, Welcome to Country, Cultural protocols 5 6
Community Mar Camp Introduction to an established and safety, Malgana language (places, flora
meeting with 2022 restoration site via snorkelling, and fauna), Knowledge sharing through
Elders Seagrass restoration methods, Risk story telling

assessments
Workshop 6 27-30 Monkey Mia Seagrass biology and ecology, Welcome to Country, Cultural protocols 4 2
Jun assisting natural recovery using and safety, Two-way learning -Traditional (+volunteers)
2022 Amphibolis antarctica seedlings ecological knowledge sharing and

storytelling, Malgana language (places,
flora and fauna), Communication with
media (filmimg and interviews)
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knowledge of Sea Country and develop restoration activities within a
restoration framework (Miller et al., 2017), adapted for seagrasses
(Fig. 3). The framework was developed under five broad themes which
incorporated a diversity of knowledge: Planning for restoration, sourc-
ing plant material, optimising establishment, facilitating growth and
survival, and ecosystem function, sustainability, and landscape inte-
gration. Each theme is a necessary part of planning for conducting and
monitoring seagrass restoration. A series of simple questions were
developed to identify when additional knowledge was required to ach-
ieve successful, long-term restoration (Table S1). Methods were
designed to overcome challenges of working in remote areas with
reduced technology, higher costs, and fewer personnel. We adapted and
trialled methods to restore, assist natural recovery, and monitor sea-
grasses as outlined below.

2.3.1. Restoration using adult transplants

Transplanting adult shoots is a widely used technique to restore
seagrass meadows with variable success (Bastyan and Cambridge, 2008;
Statton et al., 2012; van Katwijk et al., 2016). We showed how to collect,
prepare, and plant transplants. Adult rhizomes from P. australis (with
3-4 shoots) and A. antarctica (with 4-6 shoots) were harvested on
SCUBA or via snorkelling along the growing edge of local meadows. The
transplant material was placed into catch bags and returned to a boat for
preparation. Preparation involved ensuring the rhizomes were not
damaged, contained a growing shoot, and roots were removed (Hovey
etal., 2011). Standard transplanting procedures were used (Bastyan and
Cambridge, 2008) on snorkel or via SCUBA in less than 1.5 m depth.
Two restoration sites were established adjacent to local source
meadows, one each at Middle Bluff and Dubaut Point (n = 50 transplants
of P. australis and A. antarctica each in 25 m? plots (Fig. 1).

2.3.2. Seed-based restoration of Posidonia australis

Guischenault Point was identified as a suitable location to collect
P. australis fruit, as it is one of only two meadows known to produce
viable fruit in Shark Bay (Fig. 2; Kendrick et al., 2019; Sinclair et al.,

Floating fruit disperse
seeds (fruits float,
seeds sink)

Flowering: male and female
parts on the same flower
(monoecious)
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2020). The aim was to identify P. australis flowers and fruit, conduct
flower counts and then demonstrate a technique to collect mature fruit
and extract viable seed which minimises impact to the established
meadow. Inflorescence stems up to 0.5 m either side of at least 5 x 5 m
transects were counted, with the number of viable fruits, aborted fruits,
and unfertilised flowers recorded. The ‘Seeds for Snapper’ methodology
(described in Sinclair et al., 2021) to collect, extract, and sow viable
seeds was then demonstrated.

2.3.3. Assisting natural recovery using Amphibolis antarctica seedlings
We used a hessian sandbag approach (Tanner et al., 2014) as a
starting point, which is a sustainable, low impact restoration method
focused on assisting recruitment of naturally dispersing A. antarctica
seedlings. Viviparous seedlings develop attached to adult female plants
and release when mature over an extended period of time, whereby they
continue to grow while dispersing within the water column (Fig. 2).
Each seedling has a ‘grappling hook’ at its base, enabling it to become
snagged on seagrass or other fibrous materials, such as hessian, when it
finally sinks. The seedlings can then establish roots and anchor into the
sandy sediment. Commercially available hessian bags (~0.7 x 0.4 m)
and our customised ‘seagrass snaggers’ (~2.0 x 0.15 m) were filled with
local beach sand before being deployed from a boat (Fig. 4). Hessian
sandbags were deployed in August 2019 (n = 30; Fowlers Camp) and
seagrass snaggers in March 2020 (n = 100; Denham), August 2020 (n =
90; Denham and Dubaut Point) and June 2022 (n = 250, Monkey Mia).
They were arranged linearly by snorkelers, perpendicular to the direc-
tion of water flow. A 5 m distance between rows removes the hydro-
dynamic effect the snaggers have on water movement, thus allowing the
seedlings to settle, anchor and establish. The hessian was compostable
and will break down over approximately 18 months, sufficient time for
seedlings to establish. Seedlings that washed naturally into the nearby
shallows or onto the beach were collected and dispersed at restoration
sites or physically attached to snaggers as an additional enhancement.

Seedling
recruitment

Dispersing seedling
with ‘grappling hook’

Pollination

Male and female flowers
on separate plants
(dioecious)

Viviparous seedlings grow
on adult plant

Fig. 2. Life history stages of wirriya jalyanu (left) ribbon weed, Posidonia australis and (right) wire weed, Amphibolis antarctica. Photos: Angela Rossen, Rachel Austin

and Gary Kendrick.
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Fig. 3. Restoration framework as a practical guide to decision making for appropriate restoration activities, adapted for marine restoration from Miller et al. (2017).

See Table S1 for key questions within each theme.

2.3.4. Monitoring survival and function

Monitoring is an important activity to assess initial survival, estab-
lishment, and expansion of transplants, particularly in large perennial
species which may take 5-10 years to reach ~100% canopy cover.
Survival (presence/absence of visible green shoots above the sediment)
and growth (number of shoots) were assessed periodically. Swim overs
were conducted at sites where hessian bags and seagrass snaggers were
deployed to assess burial, seedling attachment, and observations of use
by other species. Biodiversity assessments through fish and benthic
macroinvertebrate surveys were also conducted as a measure of return
of ecosystem function. Different aged restoration sites were again used
as a surrogate for time. Existing five-year-old restoration sites at Useless
Loop (at 3, 5, and 7 m depths) were also included as a surrogate for time
to maturity. Shoot density counts were conducted in these sites as in-
dividual transplants had merged into dense meadows. Three 5 x 1 m
belt transects were filmed for identification of fish and benthic macro-
invertebrates. We slowly swam benthic transects while identifying and
counting the macroinvertebrates present on each transect. This process
was repeated in all restoration sites, as well as in adjacent unvegetated
sandy patches and naturally occurring meadows for comparison.

2.4. Knowledge sharing with the community

The Wirriya Jalyanu (seagrass) Festival marked the end of our
project funding and provided an important opportunity for scientists
and MAC Rangers to share knowledge with attendees. The festival
committee included scientists, MAC Rangers, and local community
members. Shark Bay residents and visitors of all ages were invited to
attend the festival to gain a greater understanding about the seagrass
ecosystem through public talks and activities. The festival theme of ‘Art
meets Science’ was designed to appeal to a wider audience, sharing
knowledge of sea country through with a mix of science, culture, lan-
guage, and artistic activities.

3. Results
3.1. Partnering for recognition and cultural benefits

Managing and caring for a living and dynamic Country is at the heart
of wellbeing for Indigenous peoples; harm to Country degrades Malgana
identity, Aboriginal identity, and Australian identity. Since the world
was ‘soft’, Malgana people have always had a connection to country, to
people, lines, skin groups, family matters, hunting and gathering, and
traditional learning. It means Indigenous Peoples have a place in history,
but also a rite to determine their future. Malgana culture and Country
have been profoundly impacted since European settlement, with recent
observable changes in the health of culturally significant species
(Kendrick et al., 2019). The capacity for human (and environmental)
recovery is enormous. Most Malgana people have been separated from
their country, culture, and language due to the lack of understanding of
Indigenous culture and lore since colonization. Indigenous Ranger
partnership programs, such as through this seagrass restoration project,
have enabled a re-awakening and sharing of lost knowledges.

Recognition and respect are required to preserve Malgana cultural
heritage, and to carry on traditions through teaching, with outside
assistance. Addressing these issues through respectful and authentic
partnerships provides a unique opportunity for Malgana people to return
to Country, strengthen cultural connections and identity, as well as care
for Country, as their ancestors before them have done so for thousands of
years. Combining traditional ecological knowledge with restoration
research and monitoring enabled the development of effective strategies
to mitigate further impact of seagrass loss and develop meaningful re-
lationships based on mutual respect, with a two-way learning experi-
ence. “Being on Country is medicine for us” said Sean McNeair in 2021, but
restoring Country has a positive impact on ecosystem health and thus
societal health, regardless of ancestry.

Several elements were learned and incorporated to overcome chal-
lenges along the way, many specific to developing a new partnership in
remote Country. Solutions included the use of informal workspaces to
remove potential learning and sharing barriers, finding the ‘right person
with authority to speak’, balanced cultural and gender work groups,
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Fig. 4. Workshop activities. (a) Introduction and meeting with Malgana Rangers at Hamelin Station; (b) Hessian bag with wire weed seedlings attached; (c) Filling
seagrass snaggers; (d) deploying snaggers over the side of the vessel at a restoration site; () MAC Rangers monitoring the snaggers; (f) Posidonia australis transplants
with colonising Halodule uninervis. Photos: Rachel Austin, Laetitia Wear, and Gary Kendrick.

flexibility as cultural practice usually takes priority over work mile-
stones, allowing for informal knowledge sharing through storytelling,
artistic expression, visual productions and conversations, and a factsheet
which incorporated culture and language (Fig. 4a, Appendix S1).

3.2. Partnering for environmental benefits

The seagrass restoration training activities shared knowledge of the
local species, how to collect and transplant adult plants and tested some
new methods to reduce the need for SCUBA divers through assisting
natural seedling recruitment. We learned that high survival rates could
be achieved using adult transplants (greater than 75 % survival up to
two years), and that A. antarctica transplants grew new shoots more
rapidly than P. australis. It can take up to two years for P. australis to
grow new shoots (Statton et al., 2021). A small tropical seagrass, Hal-
odule uninervis, was commonly observed naturally recolonising restora-
tion sites (Fig. 4e and f). Monitoring of older transplant sites showed that
it will take at least five years for restoration sites to approximate the
density and structure of a natural mature meadow, and that transplants
grow faster and have higher shoot density in deeper sites (Statton et al.,
2021).

The P. australis seed collection workshop in November 2019 (late
spring) coincided with an extreme, astronomical low-tide event, one
which had been predicted by MAC Rangers. The entire seed producing
meadow at Guischenault Point was impacted (Fig. 5). A visual gradient
of impact varied with depth and exposure to air. Meadows that remained
submerged were sun-burned leading to leaf tip or entire leaves browning
off (Fig. 5b), while those fully exposed to air at low-tide were completely
bleached (Fig. 5c), a phenomenon rarely reported in seagrass meadows.
A few shoots retained blackened inflorescences, but all fruit and seed
development had aborted. No restoration trials were possible using seed.

We learned through field observations that peak seedling release
occurs between June and August when seedlings were observed floating
in the water column, attached to the seafloor where rhizome mat was
exposed, and often washed up on the beach. The natural hessian bags
were heavy and difficult to handle, and we concluded from monitoring
three months post-deployment the shape could be improved, since few
seedlings had attached (Fig. 4b). An improved design, an elongated
‘seagrass snagger’ can reduce sediment movement and provide addi-
tional substrate for dispersing seedlings to attach when adult meadows
have been lost (Fig. 4c—e). No seedlings were attached to snaggers in
July 2022 in Denham and some seedlings were observed attached to
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Fig. 5. Seed-based Posidonia australis restoration workshop at Guischenault
Point: (a) Healthy green P. australis meadow with maturing fruit, (b) browned
off leaves, and (c) complete bleaching of leaves leading to death of the canopy
in December 2019.

Photos: Rachel Austin and John Statton.

snaggers in September 2022 at Monkey Mia, suggesting site selection
and timing of snagger deployment will be important factors to consider.
Snaggers remained in position and may continue to capture seedlings
during the following season, depending on the extent of burial from
sediment movement. Ad hoc observations noted the snaggers had
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provided structure and habitat for small algal species and some fish,
with the tropical seagrass, Halodule uninervis, colonising areas in be-
tween snaggers.

The biodiversity assessment assisted with familiarity of local fish and
macroinvertebrates. Fish species diversity was higher in older restora-
tion sites with Butterfish, Pentapodus vitta, common in unvegetated sand
and mature meadows. Thirteen different macroinvertebrates were
observed across all transplant restoration sites for both seagrass species
(Statton et al., 2021). Foraminifera were more common in mature
meadows. Unvegetated sand had low fish and macroinvertebrate
diversity.

3.3. Knowledge sharing with the community

The Wirriya Jalyanu (seagrass) Festival and science talks were
attended by more than 140 Shark Bay residents and visitors of all ages.
They travelled from as far as Albany and Carnarvon to attend the festival
and gain a greater understanding about the seagrass ecosystem in the
Bay. The festival theme of ‘Art meets Science’ meant knowledge was
shared in different ways by western scientists, MAC Rangers and other
Malgana community members. Activities included public talks, a lan-
guage and art workshop for children, a student art competition, pro-
fessional artworks, seagrass mapping, aquaria with seagrasses and
marine invertebrates, museum collections, an interactive dance work-
shop and storytelling. There were many engaging stalls and presenters
that brought wirriya jalyanu to the forefront.

“It was great to learn about a part of our country that we all take for
granted and to see how locals are protecting and preserving this resource’
and ‘Seagrass is so important in our lives. No seagrass - no marine life, No
marine life - no fish, No fish - no fishing, No fishing - no tourists, No
tourists — Sharks Bay will not be anything like we know it now.

Long live seagrass!”
Anonymous community feedback, 2021

4. Discussion

Our partnership demonstrated that with the right resourcing and
logistics, there are opportunities to support training workshops that
develop expertise in seagrass restoration activities in Shark Bay. Having
a local Indigenous ranger training program creates opportunities for
local business to take advantage of favourable weather conditions to
transplant and monitor larger areas. The next steps include empowering
the MAC Rangers to regularly monitor and document both natural re-
covery and restoration success, to prepare and enact an annual schedule
of restoration activities that help build seasonal local economies and
increase the ability to restore seagrass at larger scales. Local people and
businesses including a Malgana commercial business will also benefit
economically through the provision of restoration related employment,
such as sewing snaggers, collecting/deploying restoration materials to
maintain a healthy and biodiverse marine ecosystem which supports
tourism and recreational and commercial fisheries. Larger scale resto-
ration projects will assist in the global challenge to mitigate the effects of
climate change through carbon sequestration and biodiversity
conservation.

Stakeholder participation in the environmental decision-making
process has been increasingly sought and embedded into national and
international policy. The complex and dynamic nature of environmental
problems requires flexible and transparent decision-making that em-
braces a diversity of knowledge and values (Reed, 2008). Eight features
of best practice participation were identified from a Grounded Theory
Analysis of the literature (Reed, 2008). These features emphasised the
need to replace a ‘tool-kit” approach, with one that emphasises partici-
pation as a process. It is argued that stakeholder participation needs to
be underpinned by a philosophy that focuses on empowerment, equity,
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trust, and learning for a full partnership. This project started as a part-
nership with Malgana people. Initial project ideas were conceived
through early conversations On Country, with a jointly written and
funded grant proposal. Knowledge of successful seagrass restoration
methods (Tan et al., 2020; Sinclair et al., 2021) has been shared with
MAC Rangers through a series of training workshops On Country. These
methods were trialled and adapted to local conditions, skills, and
working in a remote location. Our approach reflects a continuing part-
nership between researchers and MAC Rangers and Elders over more
than four years, and joint knowledge sharing with the local and wider
community. Ultimately, more formal assessments of restoration and
biodiversity conservation outcomes are meritorious, but do not capture
the multiple benefits from our partnership approach which extended to
cultural and social benefits, of which some can be quantified, and others
are more challenging (e.g. a culture of mutual respect and ‘connection to
Country’).

4.1. Healing country and people through a shared vision

Benefits to healing people while healing country are not often dis-
cussed in terms of local communities and culture (Brancalion et al.,
2014). The end goal of this project was to develop a partnership with
Traditional Custodians and conduct activities together that heal people
and Country. Together, we developed and tested methods to assist the
recovery of temperate seagrasses through shared learning and goals. We
have established strong lines of communication and coordinated pro-
cesses for organising and implementing workshops to restore the sea-
grass ecosystem. The seagrass research and restoration on Malgana Sea
Country continues and may also serve as a broader approach for
developing applied research and restoration programs in remote and
extreme environments, demonstrating the widespread benefits for
healing people and Country together.

Malgana knowledge and language is not lost, ‘it is sleeping’ and will
continue to be re-awakened through ongoing conversations that share
and record knowledge. Malgana language can be preserved and revi-
talised through bilingual teaching and sharing of species (marine and
terrestrial) and place names. The revitalisation of Malgana language is
essential for ensuring the continuation and transmission of culture,
customs, and history, but also important as a mechanism to address
biodiversity and climate change in a cultural context. Malgana language
does not have words to name the different seagrass species on Gathaa-
gudu. In fact, ‘wirriya jalyanu’ is a contemporary name for seagrass,
meaning ‘wirriya’ (sea) and ‘jalyanu’ (grass) were recorded as separate
words by the last fluent traditional Malgana speakers (Auntie Ada Fossa,
may she rest in peace. Malgana Elder, 2019). Word compounding is a
method to create new words in language revitalisation (Hobson, 2014),
and accepted across Australia as part of contemporary practice in lan-
guage preservation and protection of traditional Aboriginal words.

Indigenous languages and cultural knowledges have been associated
with understanding the patterns of climate change and ways to address
its impacts (Australian Human Rights Commission, 2009). Therefore,
cross cultural partnerships can assist biodiversity conservation and re-
covery of natural ecosystems across Australia and beyond. Such part-
nerships amplify Indigenous voices through sharing in and respecting all
knowledges, provide a level playing field for all people and knowledge
through the integration of western science and Indigenous knowledge,
and build confidence in ranger groups within their local communities.
Partnering with Traditional Custodians reflects a new respectful way
forward (Fischer et al., 2022) in this era of meeting ambitious global
solutions through programs such as UN Sustainability Development
Goals, UN Decade on Ecosystem Restoration, and Global Biodiversity
Conservation. Sharing knowledge two-ways within the local community
provides a platform for on-going engagement and participation in future
citizen science-based restoration activities.
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4.2. Restoration and return of ecosystem function

We have demonstrated through workshops on conducting and
monitoring small scale trials that seagrass meadows can be restored on
Country using simple, effective methods. Transplants will take at least
five years to establish a meadow, and longer to see comparable
ecosystem services, such as biodiversity and carbon sequestration rates
to those in natural meadows. Both seagrass species showed high survival
rates for transplants, however, new shoot growth varied with site and
species. The presence of transplants and snaggers for engineering sedi-
ment stabilisation led to natural colonization by smaller tropical sea-
grasses, Halodule uninervis and Halophila spp., and algal species. Local
site-specific differences (site history, location, restoration effort and
methodology, and environmental and biotic factors) and knowledge can
be the difference between success and failure of establishing new
meadows (via seeds, seedlings, or adult transplants). For example, high
herbivore activity on adult transplants relative to natural source
meadows previously reported in Shark Bay (Bell et al., 2019) was also
observed at Middle Bluff and may significantly impact long-term sur-
vival and establishment. Thus, we caution against a ‘one size fits all’
approach, with site-specific responses a common outcome of many
marine restoration projects (van Katwijk et al., 2016; Statton et al.,
2018).

Seed-based restoration has enabled a scaling up of restoration in
temperate seagrass ecosystems (e.g. Orth et al., 2020; Sinclair et al.,
2021). The unusual canopy bleaching of subtidal P. australis showed it
was sensitive to prolonged exposure to air that lead to a complete loss in
annual seed production. Thus, unreliable, patchy, and low seed pro-
duction by P. australis in Shark Bay (Sinclair et al., 2016; Sinclair et al.,
2020; this study) suggests seed-based methods will not be possible in
Shark Bay. Our modified hessian snaggers increased the edges available
for snagging seedlings and were lighter and easier to handle than bags.
They are worth further investigation, specifically into an alternative
rougher hessian to increase snagging, deployment closer to seedling
release time, and more snaggers in areas of high water flow and sedi-
ment movement.

Return of ecosystem function is rarely assessed, as restoration site
monitoring is often not continued over longer time frames. Epifaunal
richness may return within the first few years following restoration,
despite low seagrass species diversity, abundance and structural
complexity, although some species may require active (re)introductions
(e.g. Sievers et al., 2022). Our biodiversity assessment in different aged
restoration sites showed early recovery of biodiversity near natural
meadows (<50 m), and it continued to increase as transplants estab-
lished and habitat complexity increased through smaller naturally
recruiting seagrasses, drifting and attached seaweeds and epiphytes.
Other ecosystem functions, such as becoming self-sustaining through
sexual reproduction, sediment stabilisation and carbon sequestration,
associated with mature seagrass meadows are expected in increase with
time.

Overall, recovery from large scale seagrass loss is a multidecadal
process (Kendrick et al., 2019), even with extensive intervention to
restore and/or assist natural recovery. Workshops conducted on Country
helped to build cross cultural partnerships and develop seagrass resto-
ration methods for Shark Bay. Combining these methods with genomic
data (e.g. Edgeloe et al., 2022) and deciding whether to restore to his-
torical baselines or anticipate future conditions remains a key topic for
discussion that will influence restoration success in the face of climate
change (Coleman et al., 2020), the largest threat to Shark Bay ecosys-
tems. Restoring at appropriate scale continues to be challenging given
the scale of loss that occurred from a single extreme event (e.g. Strydom
et al., 2020). However, broadening partnerships with local Rangers and
communities will increase our ability to be vigilant and to respond
rapidly On Country.
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5. Conclusion

We described a new partnership between western researchers and
Malgana Aboriginal Corporation Rangers to develop seagrass restoration
methods to assist with seagrass recovery on Gathaagudu. Our informal
operating model provided cross-cultural, economic, and environmental
benefits through two-way learning to develop nature-based solutions for
climate change mitigation and biodiversity conservation. Knowledge
sharing of science, land and sea Country, culture, and language,
occurred through a series of informal workshops. The process of
knowledge-sharing lead to engagement with people who care about
their Country, shared efforts to help Country recover from an extreme
climate event (marine heat wave) and develop a partnership on their
terms in a program that works On Country. The workshops provided
training and employment opportunities and improved connection to
Country for Malgana Rangers, some of whom had never lived on
Country. Scaling up seagrass restoration activities will continue to create
benefits to people on Country. The next steps involve securing long-term
funding and wider support to enable the MAC Ranger program and
Indigenous lead organisations to expand the scale at which seagrass
restoration is conducted.
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