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Managers are moving toward implementing large-scale coastal ecosystem restoration
projects, however, many fail to achieve desired outcomes. Among the key reasons for
this is the lack of integration with a whole-of-catchment approach, the scale of the
project (temporal, spatial), the requirement for on-going costs for maintenance, the
lack of clear objectives, a focus on threats rather than services/values, funding cycles,
engagement or change in stakeholders, and prioritization of project sites. Here we
critically assess the outcomes of activities in three coastal wetland complexes positioned
along the catchments of the Great Barrier Reef (GBR) lagoon, Australia, that have
been subjected to restoration investment over a number of decades. Each floodplain
has been modified by intensive agricultural production, heavy industry and mining
infrastructure, urban/peri urban expansion, aquaculture development and infrastructure
expansion. Most development has occurred in low-lying coastal floodplains, resulting
in major hydrological modifications to the landscape. This has left the floodplain
wetlands in a degraded and hydrologically modified state, with poor water quality
(hypoxic, eutrophication, sedimentation, and persistent turbidity), loss of habitat, and
disconnected because of flow hydraulic barriers, excessive aquatic plant growth, or
establishment of invasive species. Successful GBR wetland ecosystem restoration
and management first requires an understanding of what constitutes “success” and
must be underpinned by an understanding of complex cause and effect pathways,
with a focus on management of services and values. This approach should recognize
that these wetlands are still assets in a modified landscape. Suitable, long term,
scientific knowledge is necessary to provide government and private companies with the
confidence and comfort that their investment delivers dividend (environmental) returns.
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INTRODUCTION

Connectivity of wetlands and drainage channels crossing coastal
floodplains provides an essential habitat for a range of flora
and fauna that hold cultural, social and economic values that
deliver diverse amenity and ecosystem services (Baran et al,
2001; Amoros and Bornette, 2002; Buijse et al., 2002; King et al,,
2003; Elliott and Whitfield, 2011; Elliott et al.,, 2016; Waltham
and Fixler, 2017). Because of their low-lying positions, these
ecosystems are the receiving environment for runoff from urban,
agricultural and industrial sites (Bulleri and Chapman, 2010;
Sheaves et al., 2010; Barbier, 2013), as well as being the first line
of exposure to climate change and sea level rise (Kelleway et al.,
2017; Pettit et al., 2018). They have also been extensively impacted
by drainage and reclamation, with global floodplain wetland loss
estimated at 95 kmz/years (Coleman et al., 2008), that is not
likely to slow (Davidson, 2014). There is an increasing global
movement by managers and community to halt this loss and
degradation, and to commence large-scale programs to repair
and restore coastal wetland ecosystem habitat and connectivity
(Barbier, 2013).

Large-scale restoration has a long history in north America
(e.g., Repair Americas Estuaries'), and plans for extensive
restoration efforts are advanced in many other parts of the
world. For instance, China plans to invest $1 billion on
more than 50 large programs by 2030 - with the aim of
restoring and recreating wetland connectivity to mitigate
poor water quality and lost habitat for local wildlife species
(Dobson et al, 2007). While restoration efforts are vital
(Creighton et al., 2016), access to relevant and appropriate
scientific data demonstrating biodiversity and ecosystem
service return for the investment are lacking (Zedler, 2016;
Waltham et al., 2017).

In planning restoration projects, it is important to recognize
that stakeholders (beneficiaries) have different and sometimes
conflicting views or priorities when determining coastal
wetland ecosystem services (Harris and Heathwaite, 2012).
For example, placing high value on services such as the
freshwater extraction for agriculture from floodplains can
directly undermine cultural ecosystem service values related
to aquatic biodiversity (Boulton et al., 2016), not to mention
reduce duration and frequency of water connection across
floodplains, which has biological consequences (Baran et al.,
2001; Rayner et al., 2009). Ecosystem repair strategies seem
to be most effective when values of all stakeholders are
incorporated, a process best facilitated through discussions
to set objectives early in the project lifecycle (Sheaves
et al, 2014; Zedler, 2016; Guerrero et al., 2017). Scale is
another important aspect, e.g., local-scale improvement of
fish habitat vs. catchment-scale amelioration of agricultural
fertilizer loads exported to coastal waters. Focusing at
an appropriate scale is important not only for informing
technical aspects of the restoration management activities,
but also ensures appropriate management bodies are involved
(Butler et al., 2013).

Lwww.estuaries.org

Great Barrier Reef World Heritage

Area - Lost Coastal Floodplain Wetlands
Australia faces a legacy of degraded coastal wetland habitats
despite a small population and a relatively short 200 years
of urban/industrial development and agricultural intensification
(Creighton et al., 2016). The Great Barrier Reef (GBR) lagoon
(Figure 1), a World Heritage Area and National Marine Park,
protected under an assortment of international agreements,
and national, and state legislation/policies is suffering on-going
poor water quality from catchment agricultural runoff and
intensification (Bainbridge et al., 2009; Brodie and Waterhouse,
2012; Waterhouse et al., 2016; Dubuc et al., 2017). A causative
factor is loss of coastal wetland habitats associated with
agricultural and urban development expansion (Sheaves and
Johnston, 2010; Sheaves et al., 2014; Waltham and Sheaves, 2015),
which is reducing the GBR’s resilience to future development and
climate change pressures (Department of Environment Heritage
and Protection [DEHP], 2016). Conservation and repair of the
GBR coastal wetland ecosystems and connectivity has only
recently come into focus due to the threat of ongoing decline
of the GBR, particularly around major agricultural regions
(Department of Environment Heritage and Protection [DEHP],
2016; Waterhouse et al., 2016). In response, ecosystem protection
and restoration has been recognized as key to reef resilience, and
is now reflected in long-term strategic planning policies (e.g., Reef
2050 Plan). Reef 2050 Plan recognizes that freshwater floodplain
wetlands form an important biological component of the GBR
seascape and are part of the broader coral reef system that it
is most famous for (Figure 2). However, there is still a lack of
data to quantify the change that has occurred from “natural”
floodplain wetland areas to the current state (Sheaves, 2016).
Here the objectives are to review and assess the learnings from
floodplain connectivity repair projects from the GBR catchments.
In doing so, we evaluate current and developing institutional
settings, in addition to funding opportunities that enable effective
coastal wetland connectivity repair.

Reef 2050 Plan and Seeking

the Outcomes

Numerous Australian and Queensland Government laws and
policies contain provisions related to coastal habitat management
in the GBR, notably the Australian Government’s Environment
Protection and Biodiversity Conservation Act 1999 and the
Queensland Government’s Environmental Protection Act 1994,
Fisheries Act 1994, Marine Parks Act 2004, Planning Act
2016, Vegetation Management Act 1999, and Water Act 2000.
These generally regulate development or disturbance of coastal
habitats. Offset laws and associated policies provide a mechanism
to support restoration of coastal habitats. The Queensland
Environmental Offsets Act 2014 provides a framework to facilitate
environmental offsets that may lead to restoration of degraded
habitats, as well as point-source water quality offsets policies
that may also support investment into constructing wetlands or
other systems with demonstrable water quality benefits. Proposed
changes to reef protection regulations would include a water
quality offset framework, which may trigger coastal habitat
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FIGURE 1 | (a) Location map of the Great Barrier Reef World Heritage Area (GBRMPA) along the Queensland coastline, including NRM regional bodies (see

Figure 3). (b) Tully floodplain; (c) Burdekin floodplain; (d) Fitzroy floodplain along with field fish sampling completed in previous surveys; (e) Torilla floodplain in Broad
Sound catchment. (f) Monthly average rainfall totals at gauging stations in each floodplain area [Tully gauging station 32042 (1925-2018); Burdekin station 33001
(1887-2018); Fitzroy station 39083 (1939-2018)]; and (g) monthly ambient air temperature records at BOM recording stations [Tully station 032004 (1871-2018);

Air temperature (°C)

restoration for water quality improvement purposes (State of
Queensland, 2017). In addition, landholders and government
will also need to take care to fully consider tidal boundary laws
and amendments when considering ponded pasture reconversion
projects (Bell-James and Lovelock, in press).

The overarching framework for managing the GBR is the Reef
2050 Long-term Sustainability Plan (Reef 2050 Plan hereafter)
(Great Barrier Reef Marine Park Authority [GBRMPA], 2015).
In the Reef 2050 Plan, “coastal habitat” is recognized as
supporting the ecological and biological processes of the Reef,
providing habitat for biodiversity, community and economic
benefits and increasing resilience to climate change. Reef 2050
Plan has a target for 2020 that “There is no net loss of the
extent, and a net improvement in the condition, of natural
wetlands and riparian vegetation that contribute to Reef resilience
and ecosystem health.” An important and necessary action has
been to implement the Wetlands in the Great Barrier Reef
Catchments Management Strategy 2016-2021 that outlines on-
ground actions, education, and scientific research necessary
to improve management and repair of wetlands in the GBR
catchment. The Reef 2050 Water Quality Improvement Plan
2017-2022 (Reef WQ Plan) is nested under the water quality
theme in the Reef 2050 Plan and is charged with the role
to address all land-based sources of water pollution. The Reef
WQ Plan identifies the need for targeted catchment repair

projects, which is best achieved via a whole-of-system catchment
management approach (State of Queensland, 2018b).

A key challenge to achieving these outcomes is that, since
European settlement, the GBR catchment has continued to be
modified (Figure 3), with estimates around 64% of the catchment
area cleared of the predominant native vegetation, most
occurring south of Cooktown (QLUMP data 2009, Queensland
Government), though the rate of clearing has slowed and in
some places has changed very little in the past few decades.
The remaining undeveloped areas are predominately used for
grazing, with around 10% of the catchment area within Protected
Areas. The impacts of grazing on remnant natural areas include
increased erosion, weed transfer, nutrient enrichment and loss of
riparian understory (Brodie and Waterhouse, 2012). Feral pigs
and cattle are also impacting Protected Areas (Waltham and
Schaffer, 2018). Noticeably a major limitation in the success of
repair efforts is the ongoing competing land uses (e.g., sugar cane
production), and that so much of the GBR floodplain wetland and
connectivity loss is not readily reversable. Investment is needed in
order to understand these complex landscapes, aquatic floodplain
connectivity, and how to restore function and achieve solutions
that balance the environment with the desires of the community.
With further investment for implementation, we could then be in
a position to scale up efforts in order to work toward achieving
the objectives set in the Reef 2050 Plan.
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Natural coastal ecosystems with connections to the Great Barrier Reef
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FIGURE 2 | The range of different coastal floodplain wetland habitats within the GBR lagoon, and a description for each habitat.

CRITICAL REVIEW AND SYSTEM
REPAIR ATTEMPTS

In this perspective, we draw attention to three major wetland
complexes subjected to years of intensive land use change
in the GBR catchment: (1) Tully/Murray floodplain; (2)
Burdekin floodplain, and (3) Broad Sound floodplain (Figure 1).
These regions represent different climate conditions, land uses
and different pressures on wetland systems, and restoration
approaches. A review of available published scientific reports and
government reports reveal that GBR floodplain wetlands (note
that there are no fish data for the Torillia floodplain, which
is evaluated below) provide habitat for nearly 80 fish species,
across the types of wetland areas in this review (Table 1). Many

species have a diadromous life history, requiring migration to
freshwater or estuarine habitat areas at critical life stages, and as
such a migration barrier or delay could avert future reproduction
success (Sheaves, 2009). An example is the mangrove jack
(Lutjanus argentimaculatus), which spawns on offshore coral
reef areas (Russell and McDougall, 2005), with larvae drifting
into nearshore waters and estuaries where new recruits then
use estuaries for feeding and shelter, while continuing further
upstream to floodplain wetlands (Figure 4). Mature fish
eventually migrate to sea again to complete their lifecycle. This
complex pattern of life-history connectivity between coral reefs
and low-land freshwater wetlands (Sheaves, 2009) emphasizes
the obligate requirement for a connected seascape in GBR
catchments (Russell and McDougall, 2005).
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Preclear Coastal Ecosystems in the Great Barrier Reef catchment
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FIGURE 3 | Mapped land use change between preclear and 2009 coastal ecosystems in the GBR. Natural Resource Management areas mapped in Figure 1.
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Restoration Case Study 1: Ponded
Pastures in the Torilla Plain, Broad

Sound Catchment

The Torilla Plain (Figure 1d), which is listed under the Directory
of Important Wetlands in Australia (DIWA), has been identified
as high value wetland through state-wide Aquatic Conservation
Assessment (Inglis and Howell, 2009), and provides multiple
ecosystem services including: cattle grazing, fisheries nursery
habitat, high bird biodiversity, and threatened-species habitat
(Table 2 and Figure 5A). The coastal wetland complex is an
intricate and dense network of small ponds and channels, and
small earth-walls (~20 m wide) which were constructed by
graziers to preclude tidal flow, as well as improve and extend
ponded pasture opportunities for cattle during the late dry season
(WetlandInfo, 2016).

Although saltmarsh is a protected habitat in Queensland
(Fisheries Act 1994) and establishment of new ponded
pastures is subsequently precluded, landholders are allowed
to maintain existing earth walls. This infrastructure
benefits Yellow Chats (Epthianura crocea macgregori) -
a threatened species that require freshwater wetland
vegetation for breeding and foraging purposes (Houston
et al., 2004). However, ponded pastures may reduce overall

productivity of the wetlands by restricting saltwater flow.
This can negatively impact fish by impairing connectivity
to nursery areas, particularly for diadromous species [such
as Barramundi (Lates calcarifer which are known in the
region more broadly, Table 1)], and by diminishing water
quality (in particular high temperatures and pH, and
low dissolved oxygen which occur in pond pasture areas
elsewhere; Waltham and Fixler, 2017).

In 2015, the Torilla floodplain was identified as a priority
wetland for local National Resource Management (NRM)
investment, due in part due to its diverse stakeholder values
(i.e., cattle grazing, threatened species habitat, biodiversity,
and fisheries stocks), and the wetland’s national importance
(DIWA listed) (Jaensch et al., 2015). To restore and maintain
ecological function of the Torilla wetland plain complex, while
also sustaining cattle production services, landholders and local
NRM groups are working to deliver a coordinated management
strategy (WetlandInfo, 2016). Sustainable grazing practices (i.e.,
correct rotation between upland forest and floodplain, and low to
moderate stocking densities; Houston et al., 2006, 2013), as well
as fish passage infrastructure in earth walls are actions to improve
cattle production, threatened-species habitat and connectivity
for diadromous fish species. Earth walls installed at the correct
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TABLE 1 | Fish species recorded from GBR coastal floodplain wetlands in the
three study regions.

Family Fish species Tully Burdekin Fitzroy
Apogonidae Glossamia aprion v v v
Ambassidae Ambassis agassizii v v
Ambassis agrammus v
Ambassis spp. v
Denariusa bandata v v
Anguillidae Anguilla obscura v v
Anguilla reinhardltii v v v
Ariidae Neoarius graeffei v
Atherinidae Craterocephalus stercusmuscarum v~ v v
Belonidae Strongylura krefttii v
Carangidae Scomberoides commersonianus v
Chanidae Chanos chanos v
Cichlidae Oreochromis mossambicus™ v
Clupeidae Herklotsichthys castelnaui v
Nematalosa come v
Nematalosa erebi v v v
Cyprinidae Carassius auratus v
Eleotridae Hypseleotris compressa v v
Hypseleotris galii v
Hypseleotris klunzingeri v
Hypseleotris sp. 1 v v v
Giuris margaritacea v v
Mogurnda adspersa v v
Oxyeleotris lineolatus v
Unidentified Eleotrid v
Elopidae Elops hawaiensis v
Engraulidae Thryssa hamiltonii v
Thryssa scratchleyi v
Gerreidae Gerres erythrourus v
Gerres filamentosus v
Gobiidae Gobid sp. A v
Redligobius bikolanus v v
Hemiramphidae Arrhamphus sclerolepis v
Kuhlidae Kubhlia rupestris v
Latidae Lates calcarifer v v v
Lutjanidae Leiognathus decorus v
Leiognathus equulus v
Lutjanus argentimaculatus v
Lutjanus russellii v
Megalopidae Megalops cyprinoides v
Melanotaeniidae Melanotaenia maccullochi v v
Melanotaenia splendida v v v
Monodactylidae Monodactylus argenteus v
Mugilidae Mugil cephalus v
Liza subviridus v
Unidentified Valamugil sp. v
Valamugil seheli v
Rhinomugil nasutus v
Osphronemidae  Trichogaster trichopterus* v
Plotosidae Neosilurus ater v v
Neosilurus hyrtlii v v v
Porochilus rendahli v
(Continued)

TABLE 1 | Continued

Family Fish species Tully Burdekin Fitzroy
Poecilidae Gambusia holbrooki* v
Xiphophorus maculatus* v v
Pseudomugilidae Pseudomugil gertrudae v v
Pseudomugil signifer v
Scatophagidae Selenotoca multifasciata v
Scatophagus argus v
Siganidae Siganus lineatus v
Sillaginidae Sillago sihama v
Sparidae Acanthopagrus australis v
Acanthopagrus berda v
Synbranchidae Ophisternon ef. gutturale v v
Terapontidae Amniataba percoides v
Bidyanus bidyanus v
Hephaestus fuliginosus v v
Leiopotherapon unicolor v
Scortum parviceps v
Terapon jarbua v
Tetrarogidae Notesthes robusta v v
Toxotidae Toxotes chatareus v
Zenarchopteridae  Zenarchopterus buffonis v
Species richness 22 43 36

*Declared invasive species. The Fitzroy data here doesn’t include a field site from
Torilla floodplain, the data here present a case of the types of fish species found on
GBR coastal floodplains.

height could simultaneously promote the extension of the area of
freshwater vegetation, while also allowing tidal connection aims
to maintain high productivity in the Torilla floodplain. Creation
of deep-water refuges in ponded pastures to ensure water quality
(particularly water temperature) is suitable for fish (for example,
avoiding acute thermal risks; Wallace et al., 2015) could also be
considered as an additional engineering solution for maintaining
high quality habitat (Hyland, 2002).

Whether this restoration case study constitutes success is
dependent on which of the many ecosystem functions and
services provided are most highly valued by the community (e.g.,
bird habitat, water quality, or fish habitat). Furthermore, whether
this and similar local-scale management efforts contribute in
any real way to broader wetland restoration priorities of the
Reef 2050 Plan has not been evaluated. A more pressing
question is: Which stakeholder values should take priority? The
Wetlands in the Great Barrier Reef Catchments Management
Strategy 2016-2021 recognizes this issue and suggests that a
balanced approach is needed to effectively manage for multiple
and conflicting values (Department of Environment Heritage
and Protection [DEHP], 2016). However, as is the case in
the Torilla Plains, management effort and outcomes will be
determined by which stakeholders are engaged in the restoration
area/activity, and the scale at which they have capacity or
will to manage. Management of these ponded pastures here,
and indeed elsewhere in the GBR catchments will also require
careful legislative consideration around the tidal boundary laws
(Bell-James and Lovelock, in press).
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found up to 130km

As the juveniles grow
they look for complex
structures in the water
such as snags to hide
amongst. These snags,
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mangrove and riparian
forests, are extremely
important habitats for

Case study: Mangrove Jack (Lutjanus argentimaculatus) and the Great Barrier Reef Catchment

The juveniles and
sub-adults begin to
utilise inshore coastal
marine ecosystems
after 2 to 11 years.
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FIGURE 4 | Lifecycle of the mangrove jack (Lutianus argentimaculatus) outlining critical need for access to freshwater and marine coastal wetland areas to complete
lifecycle stages. This lifecycle outlines that any disturbance in the seascape, that prevents access to habitats may implicate successful reproduction success for this

Restoration Case Study 2: Modified
Hydrology and Aquatic Weed Infestation,

Burdekin Floodplain

The Burdekin floodplain (Figure 1c) is one of the largest
sugar cane production regions in northern Australia (Davis
et al, 2014), placing high value on agricultural ecosystem
service provisioning for the nation’s economy. The Bowling
Green Bay Ramsar site is within the northern part of the
Burdekin floodplain and supports rich and abundant birdlife,
with more than 20,000 waterbirds occurring seasonally, including
some of the largest colonies of fish-feeding birds in eastern
Queensland (Queensland Wetlands Program, 2013). The area
also supports commercial, recreational, and Indigenous fisheries
(Davis et al., 2014).

Since the 1800’s extensive hydrological changes have occurred
to the Burdekin floodplain due to infrastructure development
for the purpose of irrigating agricultural land (Davis et al.,
2014). Extreme hydrological changes have resulted in the loss

of wetland ephemerality (wet and dry seasonality), and in
doing so, have increased aquatic weed infestation (Perna and
Burrows, 2005; Burrows and Butler, 2007; Connolly et al., 2012;
Waltham and Fixler, 2017). Changes in hydrology, increased
prevalence of natural weed barriers to fish movement, and
high levels of nutrient pollution from agriculture have had
negative consequences for water quality (increased turbidity
and decreased dissolved oxygen) and fish accessing the
floodplain (Perna and Burrows, 2005; Waltham and Fixler,
2017). Management intervention has been necessary to restore
ecological function, and connectivity, in degraded areas of
the Burdekin floodplain, and continues to be a priority
(Great Barrier Reef Marine Park Authority [GBRMPA], 2015).
Restoring natural hydrological processes of the Burdekin
floodplain requires significant investment and may not, indeed,
be a feasible course of action because of the scale and severity
of floodplain modification (Davis et al., 2014). Approximately
a decade ago, the Burdekin Shire Council and the Burdekin
Bowen Integrated Floodplain Management Advisory Committee
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TABLE 2 | Overview of stakeholder values and management bodies involved in three coastal wetland restoration case studies across catchments of the

Great Barrier Reef.

Case study Management bodies involved in restoration case study Case study
restoration
recommendations
Location Region Management Stakeholder values NRM Governance
issue
Government Scale Role in case
study
Torilla Fitzroy =~ Ponded Food provisioning Fitzroy Basin Queensland Wetlands  State DSS - Decision  Fish passage structures
floodplain pastures ecosystem service Association Program — Queensland Support in ponded pasture
value — pasture for Government System used to  earth walls, regulated
cattle graziers, nursery Department of the identify Torilla cattle grazing,
for commercial fisheries Environment and floodplain for maintaining correct
stocks Energy management height of ponded
investment pasture earth walls
Regulating ecosystem Fisheries Act (1994) — State Statutory
service value — Water Queensland protection of
quality: ponded Government saltmarsh
pastures can retain Department of
sediments, filter water Agriculture and
Fisheries
Biodiversity value: high DIWA — Australian National No statutory
diversity and Government regulation
abundance of Department of the
shorebirds, waterbirds, Environment and
fish Energy
Conservation value,
threatened species
habitat: Yellow Chat
(Capricorn subspecies,
Epthianura crocea
macgregori), Australian
Painted Snipe
(Rostratula australis)
Burdekin Burdekin Modified Food provisioning NQ Dry Tropics  Burdekin Shire Council ~ Local Catchment Mechanical weed
Floodplain hydrology and  ecosystem service NRM management removal shows
aquatic weed value — water extraction strategy: immediate positive
infestation for agricultural improve water response (weeks) in
production, nursery for quality and fish  water quality conditions
commercial fisheries habitat in and fish abundance
stocks degraded (months) (Perna et al.,
lagoons 2012). On-going weed
(BBIFMAC), maintenance is required
Council
acquired
mechanical
weed harvester
Tully Murray  Tully Riparian habitat Food provisioning Terrain NRM DIWA — Australian National No statutory Riparian vegetation
Floodplain ~ Murray loss and ecosystem service Government regulation restoration and
degraded water value — riparian forest Department of the constructed wetlands
quality clearing for agricultural Environment and
production, nursery for Energy
commercial fisheries
stocks
Regulating ecosystem Reef Water Quality National Provide funding
services value — Water Protection Plan — and State  to develop Wet
quality: riparian Australian and Tropics Water
vegetation filters Queensland Quality
groundwater flows, Government Improvement
provides temperature Program
and aquatic weed (Waip)

regulation

(Continued)
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TABLE 2 | Continued

Case study

Management bodies involved in restoration case study

Case study
restoration
recommendations

Location Region Management Stakeholder values NRM Governance
issue
Government Scale Role in case
study
Biodiversity value: high Wet Tropics Major State Foster

aquatic biodiversity

Cultural ecosystem
service value:
recreational fishing,
particularly Barramundi
(Lates calcarifer), and
tourism

collaborative
land-holder and

Integrated Project
(MIP) — Queensland

Government community-

(2017-2020) based
restoration
initiatives

Restoration recommendations from each case study are also provided.

prioritized local management actions to repair degraded water
quality and to improve hydrologic connectivity associated with
natural weed barriers (Table 2). Mechanical weed removal
was identified as the best strategy (Figure 5B), and via
a community-based initiative/partnership (i.e., local council,
industry, and landholders) aquatic weeds were excavated,
water quality improved, native vegetation returned, and fish
diversity and abundance was restored (Perna and Burrows,
2005; Butler et al., 2007; Perna et al., 2012). Increases in the
abundance and diversity of freshwater fish species is partly
attributed to the return of native freshwater plants, which
provide a suitable micro-habitat for dependent freshwater
fish species (e.g., Melanotaenia splendida, Glossamia aprion,
Ambassis agrammus; Table 1; Perna et al., 2012). However, it
is important to note that for diadromous fish (in particular
Lates calcarifer, Chanos chanos, Scatophagus argus; Table 1)
to successfully recolonize upstream areas following weed
removal, it would require a flood event to permit connection
to a downstream recruitment source, or major investment
to construct fish ladders over barriers across the floodplain
(Perna et al., 2012).

Although restoration efforts are localized here, broader
investment and restoration action is necessary across the
floodplain. An important lesson is that even local-scale
restoration efforts require on-going maintenance. To begin
upscaling restoration, this would require a coordinated effort
including funding and resources for long-term maintenance
(Waltham and Fixler, 2017). Further research is necessary to
examine the sustainability of restoration by active, expensive,
mechanical aquatic weed removal against alternative passive
restoration that requires minimal on-going maintenance, such as
the reinstatement of natural tidal flows in the floodplain - using
saltwater ingress as a means of controlling invasive freshwater
aquatic plants (Reid et al., 2018).

Restoration Case Study 3: Riparian
Habitat Loss and Reduced Water Quality,

Tully Murray Floodplain

The Tully Murray floodplain (Figure 1a),located in the Wet
Tropics bioregion, hosts a broader diversity of agricultural
land-uses than the preceding case studies, primarily sugar
cane, bananas, and grazing. Intense agricultural activity has
resulted in the classification of the Tully Murray floodplain as a
“pollutant hotspot,” and degraded water quality, in particular low
dissolved oxygen, has reduced aquatic biodiversity in the region
(Figure 5C) (Pert et al., 2010; Pearson et al., 2013). Additionally,
most native riparian vegetation has been cleared and fragmented,
contributing to degradation of the coastal wetland complex as
a whole (Pert et al., 2010). Riparian vegetation is tightly linked
to coastal wetland ecosystem function, particularly through
regulation of sunlight, thereby limiting aquatic weed growth
and stabilizing temperature and dissolved oxygen levels (Bunn
et al, 1998; Pert et al, 2010). Available data outlines that
restoration of riparian vegetation provides additional benefits
for aquatic macrophyte, macroinvertebrate, and fish assemblages
on this floodplain (Arthington et al., 2007; Pearson et al., 2013;
Arthington et al., 2015).

Given its status as a “pollutant hotspot” and high biodiversity
and cultural ecosystem service values (Table 2), the Tully
Murray floodplain has received management attention through
the Tully Water Quality Improvement Program (Tully WQIP),
with objectives to restore water quality and aquatic biodiversity
(Kroon et al., 2009). Restoration of riparian vegetation was a
key directive of the Tully WQIP for its potential to deliver
supporting and regulating water quality ecosystem services
(Kroon et al., 2009). In addition to shade for temperature
and aquatic weed regulation, riparian vegetation may also
filter groundwater nitrate, trap sediments, and reduce erosion
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FIGURE 5 | Photographs illustrating restoration case studies: (A) bird habitat and cattle grazing in the Torilla floodplain (Photo credits: R. Jaensch); (B) aquatic weed
removal in the Burdekin floodplain (Photo credits: P. Groves); and (C) Tully Murray floodplain constructing wetlands (Photo credits: R. Digman).

(Rassam and Pagendam, 2009; Pert et al., 2010). To locate target
areas for restoration that would provide the best return on
investment, riparian ecosystem services in the Tully Murray
floodplain have been mapped (Pert et al, 2010), including
riparian areas with high denitrification ability near agricultural
land with elevated nutrient loads (Rassam and Pagendam, 2009).

An evaluation of riparian restoration across catchments
of the GBR shows that overall water quality improvements
are dependent upon: the length of time since restoration
initiation and the width and connectivity of riparian re-
vegetation sites (Paul et al., 2018). In addition to water quality
improvements, riparian re-vegetation projects also provide
biodiversity and bio sequestration co-benefits (Paul et al,
2018). However, to achieve meaningful outcomes for the Reef
2050 Plan, a whole-of-ecosystem approach to coastal wetland
restoration is required to effectively “scale-up” improvements
in water quality. Riparian re-vegetation projects could be
coordinated by means of other restoration activities such as:
weed or pollutant removal; reinstatement of tidal connectivity,
and the construction of wetlands in marginal cane land
(Waltham et al., 2017). Constructed wetlands can improve
water quality by reducing nutrient and suspended sediment
levels (Jia et al., 2016). Additionally, transitioning low-lying,

marginal cane land to constructed wetlands has received
recent interest as a cost-effective water quality improvement
solution in the Tully Murray floodplain (Waltham et al.,
2017). This interest extends beyond water quality benefits,
with potential to provide an economic benefit to landholders
through public/private market schemes investing in restoration
“green” projects (Waltham et al., 2017). Additional water
quality co-benefits could be gained by planting riparian buffers
around constructed wetlands, enhancing filtration capacity of
the low-lying land through denitrification by riparian vegetation
(Rassam and Pagendam, 2009).

PLAN OF ACTION

Framework for Assessing Rehabilitation
Activities

The three case studies highlight that coastal floodplain
restoration projects are underway, however, there is a major
risk if they continue to occur in a “stakeholder silo.” A
coordinated restoration strategy matching local capacity,
land holder willingness, with regional incentives is needed.
When assigning or making management decisions about a
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wetland, it is important that these consider the full range
of floodplain ecological, economic, and social values (Maes
et al,, 2012). Wetland management decisions can favor either
conversion or management for a single ecosystem service,
such as water supply or food production (Villamagna et al.,
2013; Broszeit et al, 2017). As wetlands become scarce
and under more pressure (Finlayson, 2013; Mitsch et al,
2013), and as we develop a better understanding of the
full range of values provided by them, the best options
will increasingly involve managing wetlands for a broader
array of services (stacked services; Waltham et al., 2017),
in addition to aligning with the wise use principles of the
Ramsar Convention.

Numerous prioritization or decision support tools are
available’. A wetland prioritization decision support system
(WDSS) was developed specifically for the GBR catchment
to strategically prioritize wetlands for rehabilitation. It uses
biophysical, socio-economic, community capacity, and threat
data, as well as expert input to identify high priority wetlands
for strategic investment (Francis and Tait, 2006). Although the
WDSS is an effective tool for prioritizing project sites, it does
not adequately represent the interplay between the terrestrial and
aquatic environment, and the influence of processes happening
in the broader catchment - the WDSS wasn’t available or used
as part of the three case studies examined here. There is a need
to take a whole-of-catchment approach to planning activities,
consistent with the Queensland Government’s Wetlands in the
Great Barrier Reef Catchment Management Strategy 2016-2021.
A decision support framework is needed that firstly establishes
what stakeholders value and want (e.g., through a structured
decision making process; Kozak and Piazza, 2015; Guerrero et al.,
2017), the biophysical components, processes and drivers at
the site and broader catchment, and relevant policy drivers or
constraints that might pose a barrier to success. The framework
then would need to consider a range of possible management
interventions (e.g., on-ground restoration, education, research)
at different scales (site, catchment, or regional), the spatial
thresholds of interventions to achieve the desired objective, the
synergistic or aggregative effects (i.e., the cumulative benefit of
several interventions), and the time frame in which the objectives
will be met (Guerrero et al., 2017). We need to revisit objectives
and ensure that the selected intervention/s achieve the objectives,
ensure probity of the knowledge underpinning the restoration
decision, clearly define what constitutes success and the limits
of predictability of outcomes in uncertain floodplain systems
(this is also the case for the three case studies examined here,
to determine whether further improvements and restoration
outcomes are possible or necessary). We also need to ensure
restoration efforts conform to budgetary constraints (Creighton
et al, 2015), and what, if any, trade-offs there may be to
other services, such as biodiversity, water quality or carbon
(Waltham et al., 2017). A recent framework developed for
climate change adaption in the coastal zone (Sheaves et al., 2016)

Zhttps://wetlandinfo.ehp.qld.gov.au/wetlands/resources/tools/assessment-search-
tool/

could be adopted here for the floodplain wetland restoration
situation in the GBR.

Government and Market-Based
Investment Mechanisms to Facilitate

Restoration

The Reef 2050 Plan and Reef WQ Plan guides Australian
and Queensland Government investment into initiatives to
manage and protect the values of the Reef, including investment
into coastal habitat restoration. To value-add to government
investment, the Australian and Queensland Governments’
are seeking private industry and philanthropic co-investment
(Commonwealth of Australia, 2016). The Reef Trust Partnership
outlines opportunities for co-investment, including riparian
rehabilitation, fish habitat repair, connectivity, and improving
coastal ecosystem functioning through weed and pest control
(examples of which are provided in the case studies). The first
project involving matched co-investment through the Reef Trust
commenced in 2016 with Greening Australia, in partnership
with Birdlife Australia, Conservation Volunteers Australia, and
Wetland Care Australia. This arrangement includes a $4 million
project to restore 200 hectares of wetlands in priority areas along
the GBR coast (Commonwealth of Australia, 2015). Based on the
success of that partnership model, the Australian Government’s
Reef Trust committed another $5 million to Greening Australia,
who will match this investment dollar-for-dollar through its Reef
Aid program for a total investment of $10 million to restore
an additional 500 hectares of priority coastal wetland habitat
(State of Queensland, 2018b). A Reef Credits Initiative will also
be rolled out to provide a market based incentive approach
to achieve water quality improvement through agronomic
practice change or habitat restoration, including constructing
wetlands (State of Queensland, 2018b). The Australian and
Queensland Governments also invest in habitat “system repair”
through the Australian Government’s Reef Trust and Queensland
Government’s natural resource management program and Reef
Water Quality Program (Commonwealth of Australia, 2016).

Long-Term Investment and Maintenance

Government funding is usually project based, it is short-term
(1-5 years) and generally does not invest public funds for
necessary long-term maintenance. Restoration projects usually
require maintenance beyond the life of the initial funding (Moore
and Rutherfurd, 2017). Those projects involving revegetation or
weed control can (and mostly do) rapidly revert to a degraded
state without planned and funded ongoing maintenance support.
Therefore, there is a need for careful consideration of the
value, and particularly so when considering longer-term funding
for maintenance and new mechanisms to ensure project
sites are maintained. One option could be funding through
local government environment levees, and maintenance by
landholders or Landcare groups (as outlined in Restoration Case
Study 2). Payments for ecosystem services, to value the fisheries
and other services provided by coastal habitats, will require better
quantification of fisheries values of coastal habitats (Wegscheidl
et al, 2017), and support tools such as benefit calculators
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and capacity building (Waltham et al., 2017). Recognition
of the multiple benefits that may be accrued, resulting in
new and emerging investment opportunities are emerging.
These include carbon additionally programs, such as the
Australian Government’s Clean Energy Finance Corporations
Reef Funding Program and the Queensland Governments $500
million Land Restoration Fund, that support carbon projects
that can also leverage co-benefits such as enhancing wetlands
for fisheries and restoring ecosystems and degraded land
(State of Queensland, 2018a).

CONCLUSION

There has been considerable investment in coastal wetlands
and floodplains along the GBR coastline, tackling catchment
water quality runoff, floodplain aquatic habitat connectivity, and
land use practice changes to improve water quality - more
projects are on the horizon as interest from private investor
groups grows. All these wetlands are valued for their role in
ameliorating pollution entering the GBR lagoon. However, they
form part of the broader GBR ecosystem, and indeed, require a
similar level of ecosystem protection and restoration necessary
under the objective of GBR ecosystem protection. Some data are
emerging around the ecosystem value of GBR coastal wetlands,
but more is needed particularly when considering the connected
seascape (reef to freshwater wetlands). Exciting opportunities
to access philanthropic and corporate investment that supports
social responsibility toward environmental management and
protection are on the horizon, which require careful planning and
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