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Executive Summary

Concept

New South Wales Department of Primary Industries (NSW DPI) presents new information exploring the
linkages between estuarine habitats and exploited species. Establishing linkages between fisheries and the
habitats that support them is essential to the effective management and repair of marine and estuarine
seascapes. A combination of novel chemical techniques, extensive field work, and numerical modelling
was undertaken in several of New South Wales’ most important estuarine fisheries between 2013-2016.
This allowed the description of habitat-fishery linkages for penaeid prawn species, and other exploited fish
and crab species. The findings demonstrate the extensive value of estuarine habitats that is realised
through fisheries harvest, and this will support the business case for repair of these habitats in the years to
come.

Background

Rapid development of communities, industry and agriculture around estuaries in the early 20™ century
showed little regard for the importance of estuarine habitats to productivity of aquatic ecosystems and the
exploited species that rely on them. Reclamation and drying has led to the demise of extensive coastal
saltmarsh and mangrove habitats (e.g. Evans and Williams, 2010), and the installation of floodgates has
seen the widespread loss of connectivity between these wetlands and estuarine waters. This has
contributed to a reduction of some 72% of prime fish habitat available to support estuarine fish species on
the north coast of Australia (Rogers et al., 2015).

In recent years, the case for extensive estuarine habitat rehabilitation in Australia has been developing. A
recent FRDC-funded business case suggested that relatively simple remediation activities (such as opening
floodgates) can lead to substantial economic benefits (Creighton, 2013) through enhancement of the
various ecosystem services derived from estuaries, especially fishery productivity. On the basis of this
assessment, investment of the AUD350 million (Australia-wide) needed to undertake the necessary repair
is expected to be recouped through these enhancements within 5 years (Creighton et al., 2015). To
encourage investment in habitat repair, there is a need to prioritise and plan works to maximise benefits
(Beck et al., 2001), and also to further develop the business case by refining estimates of associated
economic benefits.

Given the large volume of harvest, high value of product, and general reliance on estuaries during their
life history, it has been suggested that habitat repair should focus on areas of potential benefit to penaeid
prawn species (Creighton et al., 2015). However, given the broad range of exploited species that use
estuarine habitats, habitat repair will also benefit a broad cross-section of species and fisheries. Using
Eastern King Prawn as a focal species, this project quantitatively defines habitat-fishery linkages, and
shows how the nursery concept can support the prioritisation, planning, design and assessment of estuarine
habitat repair projects in New South Wales. We also attribute potential economic value that can be derived
from estuarine habitats from a broader fisheries perspective, and consider the potential benefits that may
be realised from targeted repair.

Objectives

Specifically, the objectives of this project were to:

1) Determine to what extent young Eastern King Prawn are using natural, degraded or rehabilitated
habitat in estuaries, and the contribution of these habitats to the fishery;

2) Determine the hydrographic conditions which provide for maximum growth and survival of
Eastern King Prawn within nursery habitats;



3) Assess the extent of key Eastern King Prawn habitat lost and remaining in the Hunter and
Clarence river estuaries;

4) Outline the potential improvements to the Eastern King Prawn fishery that could be achieved
through targeted wetland rehabilitation;

5) Extend information on habitat-fishery linkages to commercial fisheries, landowners and other
catchment stakeholders and incorporate recommendations into fisheries or water management;

While Eastern King Prawn were the focal species for this project, feedback from FRDC requested that
where possible the project broaden its scope to account for other exploited species. Consequently, a
further objective was addressed through the project:

6) Establish quantitative habitat-fishery linkages for the main exploited species in both the Hunter
River and Clarence River systems.

Methodology

A combination of stable isotope composition, quantitative sampling of juvenile Eastern King Prawn, and
historic habitat mapping, was used to determine factors contributing to recruitment of Eastern King Prawn
to various juvenile habitats. A novel assignment method was developed to assess the contribution of
juveniles sourced from those habitats to the adult or exploited stock. The study was conducted in three
important but contrasting estuaries in New South Wales: Lake Macquarie; Hunter River and Clarence
River; and School Prawn were also investigated in the Hunter River. Further, the role of physicochemical
variation on Eastern King Prawn was assessed by simulating changes in estuarine physicochemistry that
had been observed in the study estuaries, under laboratory conditions, and measuring prawn survival and
the energetic costs of respiration associated with these changes. The current and historic extent of
dominant estuarine habitats in the Hunter River and Clarence River was mapped from aerial imagery, and
used to interpret the patterns observed from the field studies in the context of previous habitat repair, as
well as make recommendations for targeted habitat repair in the future. Information on Eastern King
Prawn biology, tagging, fisheries, and broadscale patterns in habitat loss, was integrated with a recent
FRDC-funded bioeconomic model for the species (Courtney et al., 2014) to determine where habitat repair
should be targeted (across latitudinal gradients), and the likely impact of targeted repair scenarios.

Stable isotopes were also used to examine the links between estuarine habitats and the broader assemblage
of exploited species in the Hunter River and Clarence River. This allowed us to establish the contribution
of different estuary habitats to the biomass of the exploited stock. These data were incorporated into a
simple set of relationships that used fisheries catch data, market value, and recent FRDC-funded research
on the economic impacts of commercial fisheries in New South Wales (Voyer et al., 2016), to assign an
economic value to saltmarsh and mangrove habitats in these estuaries.

Project findings were extended to key stakeholders during and following the project, through a range of
extension activities.

Key findings

The approaches employed allowed the compilation of a diverse and unique set of data that revealed
intricate patterns of habitat — fishery linkages, the impact of current and future habitat repair, and the
broadscale values of estuarine habitats which are derived through fisheries harvest.

Taken together, the stable isotope analysis and quantitative sampling of juvenile Eastern King Prawn
revealed similar relationships among estuaries. The most important juvenile habitats were generally
situated 6-15 km from the estuary mouth, were shallow but had good connectivity to adjacent channels
which ensured adequate supply of ocean-spawned post-larvae. There was good agreement between the
abundance of Eastern King Prawn supported in these habitats, and the contribution of juveniles from these
habitats to the adult or exploited stock. Eastern King Prawn abundance tended to peak at salinities around
the isosmotic salinity for the juveniles, and the recently restored Hexham wetland in the Hunter River was
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an important nursery for the species. In the Clarence River, the saltmarsh plant Sporobolus virginicus was
the dominant source of nutrition for juvenile Eastern King Prawn, with marsh-derived productivity
supporting 69-97% of juvenile biomass.

Eastern King Prawn experienced mortality when conditions that reflected moderate and high estuarine
inflow events were simulated in the laboratory, but this also revealed a relatively low energetic cost of
respiration at salinities greater than 10. Fifty-percent mortality occurred when salinity changed at a rate of
~8 % h'!, and complete mortality was experienced when salinity changed at a rate of ~14 % h™'. During the
study, an extreme east coast low was observed, representing a real life scenario of the more acute salinity
changes tested in the laboratory. Water quality was monitored continuously throughout this event; the
implications of our findings were subsequently evident in commercial catches which saw a 60% drop in
harvest in the area fed with recruits from the affected estuarine nurseries. These findings show that
juvenile Eastern King Prawn are relatively resilient to press effects in estuarine nurseries, but pulse effects
are likely to lead to significant mortality which has concomitant impacts on fisheries harvest.

Modelling of habitat repair scenarios suggested that repairing 200 ha of estuarine habitat would have
differential effects along the NSW coast. The greatest benefit to the NSW Eastern King Prawn fishery
would occur from repair targeted in Zone 3, for which 200 ha of repair would lead to an overall increase in
annual Eastern King Prawn Ocean Trawl Fishery harvest of over 4% at a point 10 years after restoration.
Increases of >2% would occur for 200 ha of repair in Zone 2 and 4, 0.5% for Zone 5, and negligible
improvements for other zones. These are conservative estimates, as they do not include the (potentially
considerable) value of prawns sourced from New South Wales estuaries that are harvested in Queensland
waters.

For other exploited species in the Hunter River and Clarence River, stable isotope analysis indicated that
saltmarsh habitats (i.e. Sporobolous virginicus) usually provided over 50% of nutrition for commercially
sized individuals in these systems. Mangrove and other mangrove-associated producers provided the
second greatest contribution of nutrition to the exploited biomass. Modelling incorporated these data
alongside fishery catch histories and market values to estimate that the total economic output from
fisheries harvest derived from productivity in these habitats ranged from AUD2,579- 25,741 ha! y!' and
AUD316- 5,297 ha'! y! for saltmarsh and mangrove respectively. This suggests that restoration efforts
directed at saltmarsh environments may be highly beneficial to commercial fisheries within estuarine
systems.

Implications for relevant stakeholders

The key findings will provide commercial prawn fishers long-sought after answers to anomalies they have
reported, such as reduced catch numbers and growth rates in years of heavy rain events, while also
providing fishers with a better understanding of the key relationships between exploited species and
estuarine habitats.

Furthermore, this information clearly demonstrates the impact of coastal land-use decisions such as
historic drainage of wetlands on the productivity of fisheries. This information contributes to a greater
appreciation of the implications of these decisions on the viability of coastal industries, businesses and the
communities they support. Provision of initial estimates of habitat values will not only support this, but
will assist in national efforts to better value natural assets.

Importantly this new information assists in building capacity in the industry and coastal communities to
support better protection and preservation of key habitats. Better informed coastal communities will
provide additional impetus for Natural Resource Managers and policy makers to drive change in the
protection and management of these valuable resources through better targeted rehabilitation and
protection efforts and stronger legislation. These resulting activities should help to increase the resilience
of fisheries to future challenges including climate change.

The findings provide strong opportunities for Commercial (and Recreational) Fisheries Managers to
consider and incorporate alternative measures, such as habitat management, into current and future
management mechanisms that enhance fishery productivity. To ensure this opportunity is realised,
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additional internal education activities are recommended. Increasing the fishery through habitat restoration
provides a tangible means of increasing the economic contribution of the Eastern King Prawn fishery to
the New South Wales economy. Similar research on other commercially and recreationally important
species is recommended.

Keywords

Eastern king prawn, environmental accounting, repair, estuaries, rehabilitation, saltmarsh, mangrove,
nursery, seagrass, provisioning, isotopes
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Introduction

Estuaries are dynamic environments that are at the interface between freshwater, terrestrial and marine
ecosystems. Estuarine systems form a key part of the coastal seascape, which are among the most
productive of all aquatic ecosystems (Pauly and Christensen, 1995). Estuaries also provide a mosaic of
different habitats that are important for both juvenile and adult fishes alike. The functional role of
estuaries as nurseries for juveniles has received considerable attention (e.g. Beck et al., 2001, which
has now been cited over 1600 times), and much of this literature identifies the role that estuarine
vegetation within these habitats plays in various life stages of exploited fishes.

The vast majority of the world’s population lives on or near estuarine environments (Lotze et al.,
2006), and coastal catchments are often extensively utilised for agricultural purposes. In Australia,
there is a heavy concentration of both human population and agriculture in coastal floodplains and a
high degree of both urbanisation and agricultural development in coastal catchments. This has led to
extensive anthropogenic modification of these environments. In urban areas, this often involves a
complete transformation of the land-sea interface which includes land reclamation, shoreline
modification, and sedimentation (McKinney, 2002). In rural areas, transformation also includes large-
scale infilling of wetland and mangrove habitats (e.g. Evans and Williams, 2010), drying of wetland
habitats (e.g. Rogers et al., 2015), and sedimentation arising from agricultural land-use practices. Over
the last 200 years, the result has been considerable declines in the areal coverage of many different
habitats, be they vegetated or otherwise, and also the modification of remaining habitats through
altered physico-chemistry of the estuary.

Commercial and recreational fishing pressure in estuarine systems has generally increased alongside
development and population growth. However, fisheries harvest has stagnated over the last 20 years
which is likely due to constraints on productive capacity imposed by environmental changes across a
range of scales (Taylor et al., 2017a), including those outlined above. Fisheries productivity is
important for both the economy and food security; however, factors that are required to underpin this
productivity do not always feature prominently in decision making surrounding development and land
use. This is partially due to the fact that the relationship between such factors, fisheries production,
and economic output, are poorly understood. Despite centuries of fishing activity in New South Wales,
only recently have we gained a comprehensive understanding of the social and economic value of
some of these fisheries to the local economy (Farber et al., 2006; O'Neill et al., 2014; Ives et al., 2013).
At the state level, recent reports suggest that commercial fisheries and associated retail and processing
in New South Wales are valued at over AUDS500 million per annum (Voyer et al., 2016), while total
economic output from recreational fisheries in New South Wales is estimated to be AUD3.65 billion
(Mcllgorm and Pepperell, 2013, converted to 2015 dollars). While these studies highlight the
contribution that fisheries harvest and associated activities make to the New South Wales economy,
there are few quantitative examples that extend such valuation to the factors that support healthy and
productive fisheries (such as heathy habitat and good water quality).

The case for extensive estuarine habitat repair in Australia has been developing. A recent business case
suggested that relatively simple remediation activities can lead to substantial economic benefits
(Creighton, 2013) through enhancement of the various ecosystem services derived from estuaries,
especially fishery productivity. On the basis of this assessment, investment of the AUD350 million
(Australia-wide) needed to undertake the necessary repair is expected to be recouped through these
enhancements within 5 years (Creighton et al., 2015). In New South Wales, a majority of the species
that underpin fisheries productivity are thought to rely on estuaries for some or all of their life cycle.
Consequently, improved knowledge of the linkages between habitats, recruitment, water quality, and
fisheries harvest is required to link structural components of the ecosystem with the ecosystem
services they support, and derive associated economic value. This is essential to encourage investment
in habitat repair, prioritise and plan works to maximise benefits, and also to provide for analyses
surrounding the economic value arising from these benefits, with which to compare with alternate land
use strategies.



Historically, broad-scale links between productivity of estuarine habitats and the fisheries that rely on
them have been used to build a case for habitat conservation and repair. Some of the best known
examples of this rely heavily on the link between mangrove habitats and productivity of penaeid
prawn fisheries (Turner, 1977; Ronnbick, 1999), but consideration of even a small subset of the
available literature demonstrates that there is substantial variation in such estimates. For example,
Watson et al. (1993) estimated potential economic values of AUD72 —11,084 ha! y'! (here and after,
all values are converted to 2015 dollars) from prawn harvest derived from the standing stock of
juveniles in seagrass in northern Australia; whereas Blandon and zu Ermgassen (2014) used a similar
approach (across multiple species) and estimated the benefits of seagrass to commercial fisheries
production to be as high as AUD31,650 ha! y!. Chong (2007) estimated the net fisheries contribution
of mangrove forest (across multiple species) in Malaysia amounted to about USD967 ha™! y!, and Bell
(1997) calculated that coastal saltmarsh in the Gulf of Mexico supports recreational fisheries up to a
value of about USD36,902 ha! y!' (converted from value-per-acre). The different estimation
approaches, species, habitats, fisheries and locations dealt with in this cross-section of studies likely
contributes to the substantial variation in reported estimates. Nonetheless, with economic values
spanning four orders of magnitude there is clearly scope to further refine our appreciation of the
economic value of fishery-habitat linkages in estuarine ecosystems.

Penaeid prawn species are studied in the context of habitat repair for several reasons. They are
generally highly fecund and fast growing, and their populations are thus likely to show benefits from
any habitat repair efforts earlier than other species. Also, they generally have a high harvest volume
coupled with a high market value, so habitat repair should lead to significant benefits. Finally, these
species often have a general reliance on estuaries during their life history (Dall et al., 1990), so are
most likely to benefit from estuarine habitat repair. Consequently, in Australia it has been suggested
that habitat repair should focus on potential benefits to penaeid prawn species (Creighton et al., 2015),
as this should demonstrate strong benefits “upfront”, which will support the justification of projects
into the future. However, given the broad range of exploited species that also use estuarine habitats,
there is no question that habitat repair will also benefit a broad cross-section of species and fisheries.

Using Eastern King Prawn as a focal species, this project quantitatively defines habitat-fishery
linkages, and shows how the nursery concept can support the prioritisation, planning, design and
assessment of estuarine habitat repair projects in New South Wales. We also attribute potential
economic value that can be derived from estuarine habitats from a broader fisheries perspective, and
consider the potential benefits that may be realised from targeted repair.

Eastern King Prawn

Eastern King Prawn (Penaeus [ Melicertus] plebejus) (known hereafter as EKP) is an exploited species
of penaeid prawn common to coastal regions of south-eastern Australia, between south-east
Queensland and eastern Victoria. EKP is one of the most valuable species targeted in eastern
Australia, and has a landed value in excess of AUD40 million (O'Neill et al., 2014). The species
displays a type II penaeid life cycle, spawning off northern New South Wales and southern
Queensland, with spawning intensity increases with decreasing latitude (Montgomery et al., 2007).
Demersal eggs (Dakin, 1938; Dall et al., 1990) hatch into pelagic larvae, and disperse primarily in a
southward direction in the East Australian Current, with spawning at higher latitudes leading to greater
southward dispersal (Everett et al., 2017). Postlarvae migrate inshore (Rothlisberg et al., 1995) and
into estuarine nurseries, where they settle and become demersal (Taylor and Ko, 2011). Prawns grow
rapidly in the estuarine nursery during the summer months and emigrate to sea (Taylor et al., 2016),
gradually moving offshore and northward to spawning grounds as they grow and mature
(Montgomery, 1990). Consequently, there is a general gradient in prawn size (Gordon et al., 1995) and
reproductive output (Montgomery et al., 2007) with decreasing latitude off the New South Wales
coast.



EKP support a cross-jurisdictional oceanic demersal otter trawl fishery across New South Wales and
Queensland (Prosser and Taylor, 2016), but small catches are also taken in the New South Wales
Estuary General fishery (Taylor, 2016) and the inshore otter trawl fishery in Moreton Bay, Queensland
(Wang et al., 2015). Catches in Victoria (at the far south of the species range) are small and do not
occur every year (Suthers et al., 2016), and largely depend on optimal oceanic currents supplying
recruits to waters in the far-south (Everett et al., 2017). The species is assessed as one biological stock
(O'Neill et al., 2014), but managed under two adjacent management units from 22—-28°S (Queensland),
and 28-37.5°S (New South Wales, Prosser and Taylor, 2016). Due to the migratory nature and size
structure of the species, in New South Wales the species is primarily targeted north of 33°S
(O'Callaghan and Gordon, 2008), with the majority of harvest taken from waters north of 31°S.

Despite the significance of EKP fisheries in New South Wales and Queensland, there has been little
targeted research of their early juvenile stages in New South Wales estuaries since the early 1970s.
The estuaries of mid-north New South Wales are considered to be some of the most important
recruitment areas for EKP, and fishers have provided many anecdotal reports of the extensive use of
estuarine wetlands by young EKP prior to their degradation. Anecdotal information from fishers has
also suggested adverse effects of freshwater inundation and lowering of salinities in estuarine nurseries
on the growth and abundance of prawns. Quantitative knowledge on the use of estuarine nurseries by
EKP, and their differential contribution of recruits to the exploited stock, is essential to address the
information needs outlined in the previous section.

Other exploited species in New South Wales estuaries

While EKP was the focal species for this project, habitat-fishery linkages were also examined for
several other important exploited fishes and crustaceans in New South Wales. The most significant of
these is School Prawn (Metapenaeus macleayi) (known hereafter as SP), which is the second most
valuable penaeid species harvested in New South Wales waters. Like EKP, SP display a Type-II
penaeid life-cycle and share many common aspects of their life-history, but there are important
differences in their biology and fishery. SP emigrate from estuarine systems but remain in the inshore
area adjacent to the estuarine nursery to spawn, and do not undertake large migrations like the EKP.
Also, harvest of SP is concentrated in estuaries and the inshore area, as opposed to EKP who are
primarily harvested offshore.

Other exploited species that are dealt with in this study include Dusky Flathead (Platycephalus
fuscus), Sea Mullet (Mugil cephalus), Yellowfin Bream (Acanthopagrus australis), Mulloway
(Argyrosomus japonicus), Luderick (Girella tricuspidata), Giant Mud Crab (Scylla serrata), and Blue
Swimmer Crab (Portunus armatus). Much of the background to Luderick and Yellowfin Bream is
described in Curley et al. (2013), while other references provide background for Dusky Flathead (Gray
and Barnes, 2008), Sea Mullet (Smith and Deguara, 2002), Mulloway (Silberschneider and Gray,
2008), Giant Mud Crab (Hill et al., 1982) and Blue Swimmer Crab (Kumar et al., 2000; Sumpton et
al., 2003). Like EKP and SP, these species are known to rely upon estuarine habitats to varying
degrees during their life cycle. Collectively, these species represent a large proportion of the
commercial estuarine harvest in New South Wales, and also include some of the most common species
targeted by recreational fishers (West et al., 2016).



Objectives

Specifically, the objectives of this project were to:

1) Determine to what extent young Eastern King Prawn are using natural, degraded or
rehabilitated habitat in estuaries, and the contribution of these habitats to the fishery;

2) Determine the hydrographic conditions which provide for maximum growth and survival of
Eastern King Prawn within nursery habitats;

3) Assess the extent of key Eastern King Prawn habitat lost and remaining in the Hunter and
Clarence river estuaries;

4) Outline the potential improvements to the Eastern King Prawn fishery that could be achieved
through targeted wetland rehabilitation;

5) Extend information on habitat-fishery linkages to commercial fisheries, landowners and other
catchment stakeholders and incorporate recommendations into fisheries or water management;

While EKP were the focal species for this project, feedback from FRDC requested that where possible
the project broaden its scope to account for other exploited species. Consequently, a further objective
was addressed through the project:

6) Establish quantitative habitat-fishery linkages for the main exploited species in both the
Hunter River and Clarence River systems.



Method

Study estuaries

The main estuaries studied in this project were the Hunter River estuary and the Clarence River
estuary. Both these estuaries support significant fisheries dominated by the species outlined in the
Introduction. Both these estuaries include wetland systems comprised of saltmarsh and mangrove
habitats, but are seagrass limited, and have seen extensive habitat loss. An additional component of the
project was conducted in Lake Macquarie. Unlike the Hunter River and Clarence River estuaries,
aquatic vegetation in Lake Macquarie is dominated by various seagrass species. Lake Macquarie is
closed to commercial fishing, but the estuary supports one of New South Wales’ most important
recreational fisheries. The estuary is an important nursery for EKP, and the recreational fishery
encompasses a targeted, boutique EKP fishery, where prawns are harvested as they emigrate through
the main channel during the third quarter of the lunar cycle.

Hunter River estuary

The Hunter River estuary is a wave-dominated barrier estuary located on the mid-northern coast of
New South Wales, Australia (-32.91, 151.78). The estuary is fed by two major river systems, the
Hunter River which drains the southern catchment, and the Williams River which drains the northern
catchment. Both parts of the catchment are dominated by a combination of agriculture, coal mining,
forest and national park. The lower estuary is heavily urbanised and includes the world’s largest coal
export port. Despite this, the lower estuary has abundant mangrove and saltmarsh habitats (Figure 1),
which can be divided into three main areas: 1) Tomago wetland to the north; 2) Kooragang wetland,
which is nested between the north and south arms of the lower estuary; and 3) Hexham wetland in the
south. In addition, the estuary includes expansive shallow embayments located off the main channel in
the north arm (Fullerton Cove and Fern Bay), and these are surrounded by extensive mangrove habitat
(Figure 1). There is no seagrass present within the estuary.

The bifurcate channels in the lower estuary, and the off-channel embayments (Fullerton Cove and Fern
Bay) make the Hunter River estuary a hydrologically complex system. The south arm of the estuary is
heavily tidally dominated and characterised by an oceanic salinity regime. The upstream point of
connection with the north arm represents a network of deltaic islands interspersed by very shallow
channels, and consequently there is little influence of brackish water from the middle and upper
estuary into south arm. Conversely, the north arm has a relatively contiguous channel from the mouth
along the entire estuarine gradient. Consequently, there is a much greater influence of freshwater
inflow from the upper estuary and a clear salinity gradient along the north arm under regular
conditions (Figure 1). The estuary supports a substantial fishery, dominated by SP (Ruello, 1973), but
also provides habitat for juvenile EKP who later recruit into the offshore trawl fishery (Ruello, 1971).
There is also considerable harvest of various finfish and crab species (Taylor and Johnson, 2016), and
while commercial fishing occurs from the ocean to Raymond Terrace (approximately 30 km from the
ocean), the bulk (>75%) of commercial harvest (for both fish and crustaceans) occurs in or adjacent to
the wetland systems and off-channel embayments in the north arm of the lower estuary

By the latter half of the 20" century the wetland systems in the lower Hunter River estuary had
become severely degraded through development, grazing, and/or the installation of dykes and
floodgates that removed connectivity between wetlands and the main estuary channels. Several
rehabilitation projects have been carried out on these systems in recent decades, initially targeting the
Kooragang wetland (undertaken from 1990-1996, Williams et al., 2000), followed by Tomago
(undertaken from 2007-2011, Rayner and Glamore, 2010), and Hexham (from 2008-2013, Boys,
2016). These rehabilitation projects have largely involved restoring connectivity of these marsh and
mangrove habitats to the estuary, thus allowing tidal flushing of the habitats. It is important to note



that the repair of these locations (especially Tomago and Hexham) is relatively recent, and the systems
are still undergoing changes which may have future implications for their productivity.

Figure 1 Map showing the lower Hunter River estuary and associated saltmarsh (shaded in brown)
and mangrove (shaded in dark green) habitat. Main features of the estuary referred to in the text are
labelled.

Clarence River estuary

The Clarence River estuary (-29.43, 153.37) is the largest estuarine system in New South Wales, and is
classified as a mature, wave-dominated barrier estuary (Roy et al., 2001). The main river is fed by a
large number of tributaries, mainly in the upper region of the floodplain, and the middle and lower
estuary includes a number of islands to the north and south of the main river channel. Prominent
features of the lower estuary include Lake Wooloweyah to the south and the North Arm to the north
(Figure 2). Lake Wooloweyah is an expansive shallow lake connected to the river by a series of
narrow channels, which intersperse deltaic islands that formerly comprised extensive saltmarsh and
mangrove habitats, but much of which is now reclaimed or degraded. The lake represents important
trawling grounds for SP, and in the early 20" century it contained large beds of seagrass (Zostera and
Halophila sp.) which are now almost non-existent. The North Arm is fed directly from the main
channel, and similarly contains a series of low-lying deltaic islands covered in saltmarsh and
mangrove, interspersed with a network of shallow channels (Figure 2). The entrance morphology of
the estuary is trained by extensive submerged rock walls that direct the bulk of tidal flow up the Main
Channel and the North Arm of the estuary (Figure 2). Consequently, most of the tidal flow initially
bypasses the downstream channel system connecting Lake Wooloweyah to the mouth, favouring the
Main Channel and to a lesser extent the North Arm (Figure 2).



Figure 2 Map showing the lower Clarence River estuary and associated saltmarsh (shaded in brown),
mangrove (shaded in dark green) and seagrass (shaded in light green) habitat. Main features of the
estuary referred to in the text are labelled.

Lake Macquarie

Lake Macquarie (-33.09°, 151.66°) is a large, immature, wave-dominated barrier estuary (Roy et al.,
2001), with a waterway area of 114 km?. The lake contains extensive seagrass beds, dominated by
Zostera capricorni and Posidonia australis, but minimal intertidal and submerged rocky reef area. The
estuary catchment is moderately developed and two power stations draw lake water for their condenser
cooling systems, discharging warm water back into the southern half of the lake. The lake has a fairly
stable salinity regime; however the power stations can exert a considerable influence on water
temperature (see Taylor et al., 2017c), which varies seasonally. The large lake exits to the sea through
the Swansea Channel, a narrow channel of about 5 km in length, which is only 140 m wide at its
narrowest point (Figure 3). Consequently, large volumes of water pass through this constriction on
each tidal cycle, and emigrating EKP are intensively fished by recreational anglers in this channel over
the summer using dip nets from boats (the most intensive fishing occurs during the months of January
— March).



Figure 3 Map of Lake Macquarie and associated saltmarsh (shaded in brown), mangrove (shaded in
dark green) and seagrass (shaded in light green) habitat. Main features of the estuary referred to in the
text are labelled.



Objective 1 — Determine to what extent young Eastern King Prawn
are using natural, degraded or rehabilitated habitat in estuaries, and
the contribution of these habitats to the fishery

A combination of three approaches was used to investigate the direct usage of natural, degraded and
rehabilitated habitats in the lower Hunter and Clarence River estuaries, and Lake Macquarie by EKP.
These included the development and application of a stable isotope assignment approach (outlined
below), which was supported by quantitative sampling in all three estuaries, and an investigation of
prawn and fish interactions with the marsh surface and marsh edge in the Hunter River. In the Hunter
River, the same methods were also applied to SP, and these results are reported as well.

Stable isotope-based assignment of emigrating prawns

As outlined in the Introduction, EKP and SP reside in various areas throughout the estuary as
juveniles. Adolescent prawns of both species exhibit a predictable migration and “run” from the
estuary out to the sea to join the adult and/or exploited component of the stock. This run is primarily
synchronised with the period between the 7™ and 17" day of the lunar cycle, and occurs in greatest
intensity during the months of January to March (Racek, 1959). This behaviour underpinned the
assumption that prawns sampled as they emigrated through the mouth of the estuary represented a
useful proxy for prawns joining the adult population, and thus by determining the areas from which
these emigrating prawns originated, we may assess the relative contribution of habitats within the
estuary to adult stocks. Initially, a stable isotope assignment approach was developed and trialled for
both EKP and SP with a small subset of putative nursery areas, which used isotopic similarity between
emigrating prawns and putative nursery areas to infer the proportional contribution of individuals from
different putative nursery areas within the estuary to the emigrating group. During this process, various
assumptions of the technique were evaluated, and the analytical approach to assignment was
developed. These are outlined in detail in Taylor et al. (2016), and Appendix 3 of this report.

Following methodological development and refinement, the approach was applied to the three study
estuaries to evaluate the contribution of different putative nursery areas to emigrating prawns. This
involved a 2-part sampling program, whereby 1) collection of prawn samples were targeted from up to
20 putative nursery areas within each estuary (concentrating on the lower estuary for the Hunter and
Clarence River estuaries and littoral regions around the entire perimeter of Lake Macquarie) to
characterise the stable isotope signature specific for those areas; and 2) a mixed sample of prawns
were collected as they emigrated from the estuary on 3-6 nights during the last quarter of the lunar
month between January and March. Emigrating prawns were used as a proxy for prawns joining the
adult population, and thus the areas from which these emigrating prawns originated were used to
assess the relative contribution of areas within the estuary to the adult component of the population.
The origin of prawns captured as they emigrated from the estuary was assigned among those putative
nursery areas sampled on the basis of the isotopic similarity between the groups, as described below.
Samples were collected from putative nursery areas in the last quarter of the lunar month over the
summer of 2013/14 (and 2014/15 in the Hunter River estuary) using tows of a sled net specifically
designed to capture juvenile prawns from shallow estuarine habitats and narrow saltmarsh channels
using a small shallow-draught boat (access to many of these areas is challenging). Sled samples were
immediately placed on ice and then frozen for laboratory processing. Emigrating prawns were
collected by trawler at the mouth of the estuary in the Hunter and Clarence River, and by dip net in
Lake Macquarie.

In the laboratory, samples collected from putative nursery areas were thawed and the head and
proventriculus dissected out of each animal to ensure the isotopic composition did not reflect that of
recently consumed food items. Three composite samples (containing equal quantities of muscle tissue
from six individual prawns) were prepared for stable isotope analysis from each area. This particular
composite design (3 samples containing 6 individuals) was selected as a trade-off between precision
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error and the ability to produce average, area-specific signatures (see Taylor et al., 2016). All
emigrating EKP and SP captured from the mouth of the estuary were prepared as individual samples
(i.e. not composite samples).

Tissue samples (composite and individuals) were prepared for stable isotope analysis by first rinsing in
distilled water for 10 min, followed by drying at 60°C for ~48 h. The isotopic composition ('*N and
13C) was measured on a Sercon 20-20 isotope ratio mass spectrometer (IRMS, Cheshire, United
Kingdom). Delta values were calculated relative to international standards using conventional methods
(Fry, 2006). Measurement precision was determined through repeated measurements of internal
standards, and were +0.09 %o and +0.05 %o for !N and 5'°C respectively for samples collected in
2013/14, and £0.11 %o and +0.17 %o for §'°N and &'*C for samples collected in 2014/15.

Emigrating prawns were assigned to putative nursery habitat areas using a distance-based approach.
The point-in-polygon technique (Smith et al., 2013) was initially applied to the dataset, to refine the
set of emigrating prawns to be assigned based on the “completeness” of the isotopic map created from
the putative nursery habitat areas. If an individual emigrating prawn fell outside of the simulated
region, it was excluded from further analysis. Assignment was undertaken using the refined set of
emigrating prawns. Firstly, the isotopic composition of each putative nursery habitat area was
specified as a normal distribution, and each distribution was randomly sampled 1,000 times and used
to calculate the Euclidian distance between the emigrating prawn and each putative nursery habitat
area in bivariate isotopic space. The most likely putative nursery habitat area in each simulation was
determined on the basis of the minimum distance between the emigrating prawn and the habitat area in
isotopic space. For each emigrating prawn, the results from all simulations were then used to
determine the binomial probability that each habitat area was the source area, and the habitat area with
the greatest probability was selected as the source area for the emigrating prawn. All isotope modelling
was undertaken using custom scripts in Matlab (Mathworks, Natick, MA, USA). Finally, the
assignment data was used to determine whether each area may be considered an effective juvenile
habitat (EJH), using the classification system of Dahlgren et al. (2006), which assigns an area as EJH
if it has a greater than average contribution to the adult component of the population. In Lake
Macquarie, assignment data was also used to determine whether each area may be considered a
nursery habitat (NH) using the classification system of Beck et al. (2001). The key difference with this
latter approach is that it assigns an area as a nursery habitat on the basis of a greater than average
contribution per-unit-area of habitat, whereas the former approach relies only on a greater than average
contribution from a particular area. The Nursery Habitat approach can exclude habitats that may have
a small contribution-per-unit-area to adult populations, but may still be important for adult
populations; the latter approach would include such habitats. For assignment of nursery habitats, the
areas of the seagrass beds sampled were determined from the habitat shape files (from the NSW DPI
Habitat Mapping Database) in ArcGIS. This approach was undertaken at Lake Macquarie as seagrass
beds are simple to map and measure as discrete habitat units, whereas this approach is difficult when
applied to the unvegetated subtidal habitats which dominate the Hunter and Clarence River estuaries.

Quantitative sampling

Following evaluation of the assignment data, up to 20 sampling locations were identified in each
estuary that covered important source areas for emigrating EKP, and additional sampling surveys were
targeted in these areas along with major rehabilitated marsh systems in the lower estuary. Each
location was surveyed using nocturnal sled tows in last quarter of three lunar month between October
2014 and March 2015 (for Hunter River and Lake Macquarie) or two lunar months between November
2015 and February 2016 (for Clarence River). Four (Hunter River and Clarence River) or seven (Lake
Macquarie) replicate tows were undertaken at each location during each sampling event. Tows were
undertaken using a sled net, which had been specifically designed to capture juvenile prawns from soft
sediments in shallow estuarine habitats and narrow saltmarsh channels using a small, shallow-draught
boat (as noted above, access to many of these areas is challenging). A GPS waypoint was marked at

11



the start and finish of each tow (to calculate tow-length), and depth and water quality (temperature,
salinity, dissolved oxygen and turbidity) were recorded at each location. Bulk sled samples were
immediately placed on ice and then frozen for later laboratory processing.

Sample processing involved sorting and identifying all penaeid prawns from the thawed bulk sample,
and then enumerating the individuals from each species. The dimensions of the gear, the actual length
of each tow (derived from GPS waypoints), and nocturnal gear efficiency estimates for sampling using
this specific gear were used to standardise abundance estimates to number-per-hundred-square-metres
(# EKP 100 m? for Eastern King Prawn, and # SP 100 m for School Prawn). Quantitative survey data
collected in the Hunter River and Lake Macquarie were evaluated using generalised additive models or
generalised additive mixed models (using the mgev package in R v. 3.2.0, R Core Team, 2016).
Independent variables including distance-to-sea, depth, and turbidity were evaluated (full details are
outlined in Appendix 4, 5 and 6).

Prawn and fish interactions with the marsh surface and marsh edge

A dedicated study was undertaken in the Hunter River to evaluate prawn and fish use of the surface of
restored wetlands and sub-tidal creeks which drain these wetlands of this system. Fieldwork was
carried out between January and April 2015, when EKP and SP are most abundant in estuaries (Racek,
1959). Sampling was conducted across the three restored marshes within the Hunter Estuary, Hexham
wetland, Tomago wetland and Kooragang wetland (Figure 1), and all fieldwork was completed after
sunset and within 5 days of the new moon. Sub-tidal creeks within the wetlands (n = 2 per wetland)
were divided into edge and middle habitats, with edge habitats located within 3 m of the creek bank,
and middle habitats located in the middle of the creek. Each habitat was sampled using a cast net
(Superspreader, 2.4 m diameter, 4.8 mm mesh), and all nets were thrown by the same operator. Cast
nets were chosen as they can provide precise placement of gear, which is especially necessary for
targeting the creek edge habitats. Within each of the 6 creeks, 16 cast nets were thrown at each habitat
along a length of at least 500 m (with 192 cast nets throws in total), during slack water. Cast net
samples were discarded if the net spread less than 50% of its full capacity, or became entangled. A
record of the percentage net spread for each throw was taken and this was used to standardise catches
with varying net spread by dividing the catch with the percentage net spread. Depth readings were
taken for each cast net sample.

Shallow intertidal ditches which drain the surface of the saltmarsh/mangrove habitat were sampled
using small mesh double-wing fyke nets, which are effective in sampling this type of habitat
(Mazumdar et al., 2005). The nets were constructed from 3 mm honeycomb mesh, had 5 m wings and
a 60 cm mouth opening with two throats to prevent the escape of crustaceans and fish. Six fyke nets
were set within each wetland during the sampling period. Nets were set just before dusk at low tide
and retrieved following a tidal cycle and associated marsh inundation (full details given in Appendix
4). The nets were positioned so the wing spread covered the full width of the ditch and faced into the
marsh so all nekton travelling down a ditch would be funnelled into the fyke. It is difficult to
determine the exact area sampled by each fyke net, while every attempt was made to deploy these in
similar locations, it is likely the exact area sampled varied slightly among nets. Fyke net sampling
coincided with spring tides >1.7m, when the marsh becomes fully inundated. Within Hexham wetland,
a Hobo U20 pressure logger (Onset Corporation, Cape Cod, Massachusetts) was positioned on the
intertidal marsh so that the period of inundation could be determined. Basic water quality parameters
in the sub-tidal creeks (salinity, pH, dissolved oxygen and temperature) were measured during each
sampling trip.

All samples were frozen and later enumerated in laboratory facilities at the Port Stephens Fisheries
Institute. Crustaceans and fish were identified under dissecting microscopes using published
descriptions. Cast and fyke net data were used to calculate (separate) Bray-Curtis similarity matrices,
and these were analysed separately. For cast nets, the abundance of EKP and SP, total fish abundance
and total crustacean abundance was analysed using Permutational Analysis of Variance
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(PERMANOVA) in the software package PRIMER v.6 (PRIMER E-Ltd, Plymouth, UK), and factors
Wetland (fixed, 3 levels; Tomago, Kooragang, Hexham), Habitat, (fixed, 2-levels; Adjacent and
Middle), and Creek (random and nested in ‘Wetland) evaluated. Separate multivariate analyses were
conducted on the whole community, the fish community and the crustacean community. Significant
effects were further explored with post-hoc analyses using Monte-Carlo adjusted P-values where
necessary due to low numbers of permutations (Anderson et al., 2008). For fyke nets, the total nekton
community, the fish community and the crustacean community were compared among the three
wetlands using PERMANOVA. The lengths of EKP and SP were also compared separately between
habitats of creeks with ANOVA using R v. 3.2.0 (R Core Team, 2016).

Objective 2 — Determine the hydrographic conditions which provide
for maximum growth and survival of Eastern King Prawn within
nursery habitats

The effects of abiotic conditions on prawns, principally low salinity arising from freshwater inundation
of estuaries, are relatively unknown. Professional fishers have observed and reported decreases in
catch rates of EKP, and also slower growth, in years of high rainfall. EKP have been proposed as
being relatively stenohaline when compared to other commercial prawn species in New South Wales
(i.e. Greentail Prawn [Metapenaeus bennettae] and SP), however Dall (1981) demonstrates that that
the species has the physiological capacity to deal with low salinity conditions through osmoregulation.
Osmoregulation is an energetically expensive process, and extended hyper-regulation of serum
osmolality may manifest in decreased growth rates, which provides some explanation of the
observations from professional fishers. Thus, freshwater inflow to estuaries may have a direct impact
on metabolism, appetite, availability of prey, availability of nursery habitats; and consequently the
growth and survival within those habitats. These factors could have concomitant effects on associated
yields of EKP.

In the field, reductions in salinity following rainfall occur through constant dilution and can last for
extended periods (days to weeks), with limited potential for respite during the event. However,
previous studies examining the effects of reduced salinity on prawns have generally undertaken
stepwise reductions in salinity, over extended time periods (e.g. Dall, 1981; Dall and Smith, 1981).
Consequently, we developed a novel experimental design to test the effects of simulated rapid salinity
declines and physicochemical changes that have been directly observed in New South Wales estuaries
(from logger data), and measured the survival and physiological responses of juvenile EKP.
Specifically, this was achieved by measuring 1) overall survival; 2) oxygen consumption as a proxy
for aerobic metabolic rate; and 3) water content of body tissue as an indicator of osmoregulatory
capacity.

Prawn collection and husbandry

Juvenile EKP were collected from the North Arm of the Hunter River estuary in New South Wales
(Figure 1) using short tows (3-5 minutes) of a sled net. EKP were immediately identified in the mixed
catch of prawns and added to an on-board aerated holding tank. Prawns were transported to the Port
Stephens Fisheries Institute and placed in ~5,000 L aerated, static water holding tanks containing ~5
cm of beach sand substrate. Water exchanges (25 - 50%) were conducted weekly with water of salinity
ranging between 28 - 32. Prawns were fed ad libitum with a dry feed (sera® ‘Shrimp Natural’) each
evening. Prawns were kept in holding tanks for up to eight weeks before exposure to experimental
conditions, and animals of carapace length (CL) between 5 and 12 mm were used in the experiment.
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Experimental procedures

Juvenile EKP were exposed to 24 different rates of salinity decline for 24 h, ranging between

<0.01% h' and 20% h'. Following the 24 h dilution, the respective endpoint salinity of each tank was
maintained for five days. For logistic reasons, the 24 rates of salinity decline were carried out over
four experimental runs. Each run tested six rates of salinity decline with each rate randomly assigned
to a tank (full details given in Appendix 5). As the measurement of aerobic metabolism took up to
eight hours, the initiation of the experimental treatment for each tank was separated by 24 h. Measures
of aerobic metabolism were not taken for the fourth run and so these experimental treatments all
commenced simultaneously. In total, 240 prawns were used, with 10 prawns randomly allocated to a
tank for each rate of salinity decline. The 24 rates of decline began at a salinity of ~36 and resulted in
endpoint salinities between 0.4 and 36.4.

The experimental setup consisted of six, 10 L Perspex tanks, each with an overflow and ~2 cm of
washed beach sand substrate. With sand and overflows in place, each tank held 7.5 L of water. Water
temperature and salinity data were recorded every 8 h using a water quality meter (Horiba U-5000,
Horiba LTD; Japan). The tanks were individually aerated with 2 cm diameter stone diffusers, and the
temperature was maintained at 24 °C (£ 0.16 °C standard deviation) by standing tanks in water baths
of circulating heated water. Each tank was allocated a dose pump (DMS-12-3A-PE/E/C-S, Grundfos
Alldos; France) and a 200 L storage sump of aerated rainwater. Dose pumps were calibrated to supply
an adequate flow of rainwater per unit time to the treatment tank to achieve the desired rate of decline
in salinity.

Each day following the completion of the salinity decline, waste solids were removed from the tanks
and 1 L of water was replaced with clean isosmotic water. Standard deviation in salinity associated
with evaporation and water changes was <0.2. Prawns were fed 0.25 g dried food g prawn dry weight
each evening, except during the salinity decline and on the evening of the fifth day. Tanks were
checked for dead prawns every 8 h, and those that appeared moribund (i.e. did not respond to physical
stimuli) were removed and their CL (mm) and blotted wet weight (g) measured.

Aerobic metabolic rate was measured for all surviving prawns in the first three experimental runs,
while surviving prawns from the fourth experimental run were sacrificed and CL and wet weight
measurements were obtained as described above. Water composition of all prawns that survived the
experiment was calculated by drying prawns at 70 °C for > 48 h and subtracting dry weights from wet
weights.

Measurements of aerobic metabolic rate

A 10-channel Oxy-10 mini respirometer with fibre optic sensors (‘optodes’; PreSens, Regensburg,
Germany) was used to measure oxygen concentration over time. The Oxy-10 mini was re-calibrated to
the water of each treatment prior to each use due to the differing salinities. Respiration chambers (x10)
were 70 mL LabServ® polypropylene specimen jars with cable-glands installed in the lid and Teflon
tape wrapped around the thread of the jar. Up to nine prawns were randomly allocated individually to
respiration chambers containing water from their experimental tank. Chambers were sealed within

5 min with care taken to ensure no air bubbles remained and that the chambers had not been
pressurised. Optodes were installed to approximately mid-way within the chambers and the tenth
chamber was filled with water only as a blank for background respiration. During measurements, all
chambers were held in the dark in a Styrofoam box in a temperature-controlled room (24 °C). To
account for potential circadian impacts on respiration, each run of oxygen consumption measurements
was initiated at 0800 hrs (= 30 min). Data were recorded until either 20% air saturation or 8 h total run
time was reached. On completion, prawns were removed, sacrificed and measured as described above.

To remove potential handling effects of the animals on estimates of metabolic rate, oxygen
concentrations for the first hour were discarded. The slope of the linear relationship between oxygen
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concentration and time for the remaining data was used to calculate oxygen consumption rates using
the following equation, created with reference to Deigweiher et al. (2008) and Parker et al. (2012):

_ (Ve = WW) X (AC50, — ACR0,) (1)
02Cons. - DW

where 0, is the rate of oxygen consumption of each prawn per gram dry weight (mg O, g h™), V¢
is the volume of the respiration chamber, W is the wet-weight of the prawn (in L, where 1 kg of wet
prawn tissue is assumed to be equal to 1 L of water), AC; 0, is the slope of oxygen concentration over
time from the experimental chamber (mg 0, h™!), AC50, is the slope of oxygen concentration over
time from the blank chamber (mg O, h'') and DW is the dry-weight of the prawn (g).

Data analysis

Probit regression analyses were used to describe the relationship between the probability of death and
the rate of salinity decline, which allowed an estimate of the rate of salinity decline at which 50%
mortality would occur following 24 h of salinity decline, and 50% and 99% mortality, 120 h after the
salinity decline ceased. These analyses were undertaken in IBM SPSS Statistics 22.

Generalised additive modelling (GAM) was used to identify and characterise the relationships between
the response variables of prawn metabolic rates and water composition, and the explanatory variables
of rate of salinity decline, final salinity and, for metabolic rates only, somatic condition. Exploratory
models found that the final salinity was not as strong a predictor variable as the rate of salinity decline
and so only models using rate of salinity decline are reported. Standardised residuals from the log CL
— log dry weight data was used as a size-independent measure of the somatic condition of an
individual at the whole animal level (e.g. Moltschaniwskyj and Semmens, 2000). The splines were
based on thin plate smoothing terms with default settings (Wood, 2003) applied to each variable, using
the mgcv package (Wood, 2011) in R v. 3.2.0 (R Core Team, 2016). Prior to accepting the validity of a
GAM, assumptions of normality and homogeneity for the GAM were checked via observation of QQ-
plots/histograms and plots of residuals vs predicted values, respectively.

Objective 3 — Assess the extent of key Eastern King Prawn habitat
lost and remaining in the Hunter and Clarence river estuaries

Current and historic aerial imagery was compiled from a variety of sources and used to assess the
changes in areal coverage of estuarine habitats over a multi-decadal time scale. This included imagery
from the 1950s and 1990s for the Hunter River estuary, and the 1940s and 2000s for the Clarence
River estuary. Aerial imagery was digitised and polygons drawn for saltmarsh, mangrove and seagrass
habitat for each time period. In addition, perimeter of the river shoreline for which saltmarsh and
mangrove habitats were adjacent to was also calculated. Mapping was concentrated in the lower
estuary, which is the relevant nursery area for juvenile EKP. The data was extracted from spatial layers
derived from the “early” and “late” maps for each estuary, and was compiled to reflect the changes
that had occurred both in terms of areal coverage (hectares), and percent change between the two time
periods.
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Objective 4 — Outline the potential improvements to the Eastern
King Prawn fishery that could be achieved through targeted wetland
rehabilitation

Model structure

The north coast of New South Wales represents an important nursery area for EKP, but has seen some
of the highest rates of habitat loss within this jurisdiction (Rogers et al., 2015). To evaluate the
restoration of habitat in alternative areas, we compared predicted improvement in landings of EKP to
the state of New South Wales using a quantitative model of the EKP fishery. This model represented
the entire spatial range of the EKP population, thus including Victoria to the south and Queensland to
the north, in addition to New South Wales. This allowed for realistic representation of the spatial
dynamics of EKP life history and fishery in an equilibrium modeling framework, and followed recent
publications (O'Neill et al., 2014) and stock assessment models (Courtney et al., 2014). An important
component of this model was representing key, spatially explicit processes of EKP life history and
fishery, including spatial distribution of fishing effort, the spatial dispersal of larvae to inshore
recruitment areas from eggs spawned offshore (Everett et al., 2017), the spatial movement of post-
recruit sub-adult and adult prawns from estuaries to offshore areas, and the habitat mediated, density-
dependent recruitment process occurring in estuarine areas throughout the EKP range. Once
parameterized appropriately, the model was used to examine what the effect of restoring a fixed
amount of habitat in a specific management zone of New South Wales would be on the overall landing
to New South Wales.

As the purpose of the model was to assess the expected effects of alternative restoration actions, we
constructed a simulation model that represents the current state of the EKP stock. The model was
designed to represent an age-structured, spatially explicit EKP stock and fishery in a deterministic
fashion in discrete time. This permitted transparent predictions of expected outcomes at actual time
intervals following restoration, while implicitly assuming an equilibrium state of the current fishery.
To ensure the model represented the current fishery state reasonably well, the model was
parameterized from recent fisheries data, stock assessments, and other studies (most notably O'Neill et
al., 2014; Courtney et al., 2014). The model was tuned (via solving for the catchability parameter, ¢,
Table 1 in Appendix 12) such that equilibrium, un-restored predictions from the model well match
observations from the fishery. The most important components of the model are described below, and
all parameters and equations referred to are presented in Appendix 12.

While the model represented the entire range EKP, from Victoria in the south to Queensland in the
north, it focuses on New South Wales. The spatial structure was thus made up of 11 zones, including
one each for Victoria and Queensland, and nine corresponding to management zones in New South
Wales. In this model the greater detail provided for New South Wales was a function of the model
objectives, while the inclusion of Victoria and Queensland are necessary to account for dispersal of
larvae and movement of adult prawns to and from these states and New South Wales. Each zone
occupies a single longitudinal area, such that the effects of offshore movement of prawns pertinent to
the fishery is accounted for with the vulnerability to fishing gear (vy).

Somatic growth of EKP was described in terms of carapace length, body weight and age following
Courtney et al. (2014). Carapace length-at-age was described using a von Bertelanffy growth function,
(Lg). Weight-at-age was assumed to be an allometric function of length (W,). Survival of post-recruit
EKP—i.e. sub adults and adults—was assumed to be age-specific as a function of length, using a
Lorenzen-type mortality function (S,). Fecundity at age was simply specified as a function of maturity
and weight (f,), with average weight at maturity (I4;,,) assumed to correspond to a carapace length of
42 mm following Glaister (1983). This specification of fecundity is relative in that it represents
spawning biomass rather than absolute numbers of eggs, relying on the parameterization of the stock-
recruit function (specifically the Beverton-Holt @ parameter) to scale spawning biomass to appropriate
numbers of recruits. Each of growth, survival and fecundity was assumed to be invariant among the
spatial compartments represented in the model.
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Current understanding of the EKP life history holds that animals aggregate offshore to reproduce,
following which, eggs hatch as larvae and subsequently disperse to inshore estuarine areas as a
function of active transportation via advective ocean currents. Dispersal processes dictate that zones
within New South Wales have historically and continue to receive differing proportions of eggs
spawned offshore. We account for dispersal using a matrix of probabilities giving the proportions of
eggs spawned in each zone that disperse to all other zones, derived from recent modelling (Everett et
al., 2017). It is critical to understand that the process of dispersal, as represented in this model,
accounts only for the spatial allocation of larvae from eggs. Thus the total abundance of larvae in each
year is exactly that of the eggs produced at the end of the previous year. All mortality associated with
the multiple biological processes between eggs being spawned and juveniles exiting density dependent
mortality is subsumed within the recruitment function, as is common in fisheries population models
(Walters and Martell, 2004).

Recruitment was perhaps the most critical component of the model, as it needed to account for the
habitat mediated density dependent mortality of juveniles. We assumed survival of larvae to post-
recruit sub-adults were represented with a Beverton-Holt stock recruitment function following O'Neill
et al. (2014). This parameterization of the Beverton-Holt implicitly converts relative biomass of eggs
(described above) to numbers of recruits. The a parameter of the Beverton-Holt stock recruitment
function, was calculated from the compensation ratio (£2), and eggs-per-recruit (@), and thus was
initially identical across zones. The b parameter of the Beverton-Holt was also a function of
recruitment at unfished conditions (R},), such that this parameter differs across zones (by,). This
implied that even in unfished and pre-degradation states, the individual zones would have naturally
produced different numbers of recruits as a function of different absolute recruitment potential,
presumably a function of a two-or-three dimensional spatial measurement of usable habitat. To
account for zone-specific changes in habitat, both Beverton-Holt parameters were further modified by
the zone-specific proportion of habitat remaining that is considered suitable for recruitment (Hy ), and
by the assumption that larvae can to some extent locate that habitat (¢*). This approach is based in
Walters et al. (2007) and results in a matrix of Beverton-Holt parameters dimensioned by the time
periods and zones considered in the simulation. Thus, following equilibration of the model (which
must be attained via numerical simulation owing to non-random larval dispersal and zone-specific
recruitment at unfished conditions) potential habitat restoration was represented by changing the Hy j
matrix. This integration of assumptions regarding estuarine habitat to the EKP stock-recruit production
function allowed reasonable representations of changes to the productivity in the EKP fishery
following habitat restoration.

Previous studies have demonstrated that EKP move offshore and generally northward as they mature,
eventually aggregating to reproduce, and concomitantly are targeted by commercial fisheries
(Courtney et al., 2014; Montgomery, 1990; Taylor et al., 2016). Increasing vulnerability of EKP to the
commercial fishery associated with offshore and northward movement was accounted for with age-
specific vulnerability to capture, v§, described as a function of carapace length. Latitudinal movement
north or south was accounted for explicitly in the model, by considering both size- and age-based
influences on probability of movement in either direction, as well as zone-specific differences in
probability of sub-adult and adult prawns moving north or south. This ultimately resulted in age-
specific probabilities of movement in each direction (north or south) dependent on the zone most
recently occupied. These probabilities of movement were informed by recent empirical studies,
including Courtney et al. (2014) and others. In the model the fishery was represented in a spatially
explicit, zone-specific context. Spatial differences in harvest rate (Uy ;) were realized through spatial
allocation of effort (E},) that represent recent fisheries dependent data. This representation allowed for
compatibility with effort and catch per unit effort metrics (presented in the same units) described in a
recent bioeconomic assessment that estimated the boat hours which would be associated with
maximum economic yield (O'Neill et al., 2014).
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Model simulations

The model was run to unfished and then fished equilibrium prior to assessing the effect of restoration.
The spatial structure, specifically with respect to dispersal, required that the model “spin up” to
equilibrium and prevented the use of more traditional approaches for initializing at fished equilibrium
(Walters and Martell, 2004). In this case, 10 years at monthly time steps was sufficient to accomplish
this. The model was then run for an additional ten years to reach a fished equilibrium, following which
restoration options were initiated as described below.

To address the primary objective of this work we evaluated the relative effect of restoring alternative
New South Wales zones given the best available information regarding spatial dynamics of the stock
and fishery. Accordingly, parameter values were used for this run as provided in Tables 1,2 & 3 in
Appendix 12, and this was achieved by running the model to fished equilibrium. Following fished
equilibrium, percent habitat suitable for recruitment (H; ;) was changed to represent a 200 hectare
increase in habitat in each New South Wales management zone individually to represent restoration,
and the model was run for an additional 10 years to describe equilibrium effects of restoration. Thus,
the annual expected percent improvement in New South Wales EKP harvest was calculated as harvest
in the tenth year following restoration relative to un-restored conditions.

Objective 5 — Extend information on habitat-fishery linkages to
commercial fisheries, landowners and other catchment
stakeholders and incorporate recommendations into fisheries or
water management

Objective 5 was achieved through execution of a comprehensive Extension and Adoption Plan, which
is included in its entirety in Appendix 13. The key methods employed to extend information to target
audiences are outlined below

1. Information letter

The information letter provided details about the project outlining its purpose, objectives, personnel
and ways to obtain more information and provide input.

Type: Printed publication

Audience: Commercial fishers and their co-ops

Phase: Project initiation

Frequency: Once

2. Project updates

Project updates provided a summary of research activities and results as well as engagement activities
and feedback. These were provided throughout the project through both dedicated website and project
partner newsletters.

Type: Printed and online publication

Audience: Commercial co-ops, relevant Local Land Services (former Catchment Management
Authorities), relevant local councils

Phase: Throughout

Frequency: Annually (4 in total)

3. Research papers

Several research papers were completed and subjected to peer review. These are the main scientific
outputs that documented the research results and the content of these papers was distilled and
synthesised to support other extension activities.
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Type: Printed and online publications
Audience: Fisheries researchers and managers
Phase: On completion of research components
Frequency: Dependent on results

4. Dedicated website

A project website was hosted at http://www.dpi.nsw.gov.au/fishing/habitat/rehabilitating/ekp.The
website provided:
e project information and updates (six-monthly)
e plain English summaries of the research results
e resources developed on the habitat use and ecosystem requirements of EKP
e links to other relevant resources and information
e contact details for project team
Type: Website
Audience: General
Phase: Throughout and ongoing
Frequency: N/A

5. Face-to-face discussions with commercial fishers

Project team members visited EKP fishers at the fishers’ convenience. Several face-to-face interviews
were completed, with discussions focusing on:
e obtaining fishers' perspectives on issues affecting king prawn and EKP habitat
e determining what fishers' want to know about EKP and EKP habitat
e determining where these fishers go for information, what sources they trust and their
information preferences
Type: Face-to-face
Audience: Commercial EKP fishers
Phase: Project outset, then as requested
Frequency: At least once per co-op involved in the EKP fishery

6. Survey

A survey was designed and administered to gather information about where commercial EKP fishers
go for information, what sources they trust and their information preferences. The survey is included
in Appendix 14. The results informed the development of a Communication Plan and information
resources for commercial fishers.

Type: Face-to-face and online

Audience: Commercial EKP fishers

Phase: Project outset and open for first 3 months

Frequency: Once

7. Communication plan

The results of the survey and face-to-face discussions were employed to produce a succinct plan that
defined an effective way to communicate with commercial fishers and coastal habitat stakeholders
about habitat use and ecosystem requirements of exploited species.

Type: Electronic publication

Audience: Open

Phase: 6 — 9 month stage

Frequency: Once
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8. Workshops

The project implications and findings were discussed at several dedicated and opportunistic workshops
which were attended by key stakeholders.

Type: Workshops

Audience: local council planning staff, catchment management authority staff, relevant Crown Lands
management staff, Aboriginal Land Council representatives, regional Landcare / Coastcare / Dunecare
coordinators and relevant State agency planning and regulatory staff (eg, Fisheries, Planning, Water,
Environment,) Ports Authorities

Phase: Late

Frequency: Several

9. Presentations

Conferences were attended to communicate with professionals involved in managing land, assets and
infrastructure, sustaining local / regional business and economies and developing cross-agency /
disciplines approaches to addressing coastal issues. The underlying concept of integrating habitat
improvement, fisheries productivity and multi-sectoral involvement was conveyed to these
stakeholders (and this will be continued in the future).

Type: Conference presentation

Audience: Professionals involved in coastal management in Australia

Phase: Late

Frequency: Three

10. Information products

The project findings contributed to general information products issued by the NSW DPL
Type: Electronic publications

Audience: Various

Phase: Throughout

Frequency: N/A

11. Media

Media elements targeted throughout the project included media releases, radio, and articles for
specialist interest media.

Type: Various

Audience: Broad

Phase: Throughout

Frequency: Throughout

Objective 6 — Establish quantitative habitat-fishery linkages for the
main exploited species in both the Hunter River and Clarence River
systems

As highlighted above, the Clarence River and Hunter River represent two of the most important
estuarine commercial fisheries in south-eastern Australia. Both these estuaries have in the past
experienced significant habitat loss through the construction of drainage and flood mitigation works,
and the Clarence River has also suffered extensive seagrass loss (Taylor et al., 2018). Stable isotopes
were employed to examine the linkages between emergent primary producers and key exploited
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species that comprise the majority of fisheries productivity in these modified ecosystems. These
linkages were then used to assess the economic value that is derived from saltmarsh and mangrove
habitats through fisheries production in these systems.

Collection and analysis of stable isotope samples

In the Hunter River estuary, 3 sites were sampled in Fern Bay (Figure 1), and 5 sites were sampled
from the Main channel and North arm in the Clarence River (Figure 2). Potential food sources,
including mangrove, mangrove pneumatophore epiphyte, fine benthic organic matter (FBOM —
analogous to microphytobenthos), Sporobolus virginicus, Sarcocornia quinqueflora, Sueda australis
and particulate organic matter (POM), were collected from all sites (where present) in Summer 2015 in
both estuaries and immediately placed on ice and then frozen until processing. Commercial species
were sampled in both estuaries by commercial operators, during Summer 2016. Commercial
contractors were commissioned to capture fish and crabs using standard commercial mesh nets and
traps deployed in the regions where commercial effort was generally concentrated. Prawns were
captured either through commercial or fishery-independent prawn trawling. Upon landing, animals
were immediately placed on ice and then frozen until subsequent dissection and processing of muscle
tissue.

Frozen samples were thawed for preparation. Each consumer was processed individually to isolate
isotopic signatures. In fishes, equal amounts of dorsal muscle tissue were removed, while leg muscle
was used for the two crab species. Tissues from potential sources and consumers were rinsed using
distilled water to remove surface contaminants and placed in individual HCI-cleaned petri dishes and
dried at 60°C for 24 hours. Dried samples were then ground into fine powder using a Retsch Mixer
Mill MM 200 and placed into aluminium caps (6-8 mg for plants and 1-2 mg for animal tissues) for
isotopic analysis. POM samples were filtered onto pre-combusted glass fibre filter (GF/C) paper under
low vacuum and placed in a drying oven at 60°C for 24 hours, and then placed into glass vials for
isotopic analysis. Stable isotope analysis was conducted at Griffith University, Queensland, using a
Sercon Hydra 20-22 automated Isoprime Isotope Ratio Mass Spectrometer. The standard used to
compare carbon isotope content was Pee Dee Belemnite Limestone Carbonate. Stable isotope
composition was expressed in delta-notation using conventional formulae (Fry, 2006).

Nitrogen isotopes are frequently used in trophic assessments as they provide information on diet
source as well as trophic level (Hussey et al., 2014; Choy et al., 2015) . However, in this study there is
a high probability that §'°N signatures would be affected by anthropogenic activities, which would
increase the variability of the analyses and lower the likelihood of correctly attributing the proportions
of source contributions to diets (Hadwen and Arthington, 2007). 8'°N signatures are also greatly
affected by trophic enrichment factors (TEFs) that can vary inter- and intra-specifically (McMahon et
al., 2015), and the TEFs for the consumers in this study are not well known. Consequently, this study
did not use nitrogen isotopes and focused instead on 3'*C signatures, which have been used in similar
conditions and are less impacted by both TEFs and anthropogenic activities (Hadwen et al., 2007).

Data analysis

Sources were not present at all sites and the habitat ranges of the consumers in this study are not well
known; therefore, a generalized linear model (GLM) was initially used to determine whether there
were significant differences in '*C signatures between sources and sites across the two estuaries. Since
the likelihood of producing accurate predictions of the contributions of sources in a Bayesian model
decreases with higher numbers of sources (Parnell et al., 2010), the GLM was also used to determine
whether it was possible to pool sources and sites that were not significantly different from each other,
thereby lowering the total number of sources in the model. School Prawn and EKP were both caught
concurrently in the Clarence River, feed on similar sources (Taylor et al., 2016), and have much
smaller home ranges than commercial fishes (Taylor and Ko, 2011); therefore, the samples of these
two prawn species were grouped under ‘Prawns’ at each Clarence River site.
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Bayesian mixing models were used to determine the proportional contribution of the main food
sources to each consumer species in the estuary, using SIMMR (Parnell et al., 2013, available at
https://github.com/andrewcparnell/simmr), which has an updated Bayesian mixing model based off the
SIAR package (Parnell et al., 2010). All analyses were conducted using R v. 3.3.3. The trophic
enrichment factor (TEF) for 8'*C was set to 1%o0 (McCutchan et al., 2003), and the standard error for
the TEF was set to 1.5%o (Miller et al., 2013; Caut et al., 2009; Abrantes et al., 2015). Concentration
dependences were not set because elemental concentration values were unlikely to vary within species.
SIMMR does not incorporate trophic levels in corrections for trophic enrichment, so the TEF for
consumer *C signatures was multiplied by the trophic level above that of the sources, which are
generally assumed to be at trophic level 1 (Feng et al., 2014). Trophic levels of Yellowfin Bream,
Mulloway, Luderick, Dusky Flathead, Sea Mullet, Giant Mud Crab, Blue Swimmer Crab and School
Prawn (or ‘Prawns’ in the Clarence River), and zooplankton were assumed to be 2.5, 3, 2, 2.5, 2, 2, 2,
2, and 1.5, respectively (following Melville and Connolly, 2005; Hadwen et al., 2007). Once the
models were run, Gelman diagnostics were conducted to determine whether confidence intervals were
close to 1 and below 1.1 and thus whether more simulations had to be included in the model.

Modelling approach

We applied proportional contributions of primary producers to the biomass of exploited species
modelled from stable isotope composition for both estuaries, alongside commercial catch data
available through the NSW DPI Commercial Catch and Effort Reporting System and economic data
that is recorded in the NSW DPI Resource Assessment System (full details are provided in Appendix
11). We employed a simple set of relationships that essentially differentiated the biomass of
commercial landings between the two dominant primary producers in the systems, on the basis of
stable isotope modelling. We then applied a simple market value at first-point-of-sale to establish the
Gross Value of Product, as well as an economic multiplier (calculated from the economic data
presented in Voyer et al., 2016) to convert the Gross Value of Production to Total Economic Output
(described below). Simulations were conducted within a Monte-Carlo Analysis of Uncertainty
(MCAo0U) framework, and model parameters were thus provided as distributions where possible. All
economic values are expressed in Australian dollars (AUD).

Stable isotope data for dominant primary producers in the estuary was used to derive average source
contributions to commercially sized individuals in the Hunter and Clarence River, and errors around
these distributions. Economic value was derived using the formula:

GVP;p, = Csp - Hg - M - F

where GVP;, is the Gross Value of Production (GVPs,; AUD y') of species s derived from primary
producer p within the model region (the lower estuary), C;, is the proportional contribution of primary
producer p for species s derived from stable isotope modelling, H; is the annual harvest of species s
(kg y'"), M, is the market value for species s (AUD kg™), and P; is the spatial partitioning coefficient
for species s (see below). Collectively Hy - M, represent the total GVP for species s in the entire
estuary (GVP;, AUD y), C;, apportions that GVP among primary producers in the estuary, and Ps
further refines GVP to account for the relevant section of the estuary. Annual harvest (mean and
variance) was estimated on the basis of catch reporting for each estuary for the 10 years between
2005/06 and 2014/15, which included a range of both wet years (2008-13) and dry years (2005-08, and
2013-15). The panel of species modelled was limited to those for which stable isotope data were
available, but these species represented approximately 85% of the commercial harvest in these
estuaries. Market price was estimated from CPI-corrected (consumer price index) Sydney Fish Market
values across the same time period.

Estuarine catch in New South Wales is reported by fishers at the estuary level only. Although the bulk
of species biomass often tends to occur in the lower estuary (e.g. Sheaves et al., 2016), a spatial
partitioning coefficient (Ps) was incorporated so as not to artificially inflate estimated values for
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species that may be harvested along a greater length of estuary than that encompassed by our data.
This parameter was essentially an estimated proportion of total catch that is taken on average within
the model regions delineated in Figure 1 and Figure 2. While it is possible that outwelling and
transport of particulate material further up the estuary could occur, inclusion of this parameter ensures
that our data are not over-extrapolated and that our estimates remain conservative. The parameter was
informed by expert opinion, given knowledge gained through several major sampling programs in the
estuary, the salinity gradient in the estuary and its effect of the distribution of the species under
investigation, and consultation with local fishers and fishery compliance officers.

A subsequent set of simulations was also undertaken using the equation above, but extrapolating to

include the expected flow-on economic values from product harvested, on the broader economy. The

multiplier was expressed as a normal distribution (m; N[p,c]) derived from the relationship between

the statewide-GVP for New South Wales (Pgr; AUDmM79.44), and the minimum (Opin; AUDmM436.13)

and maximum (O,.; AUDmM501.24) estimate of Total Economic Output from commercial fishing

(including GVP, and the value of retail and processing output) reported in Voyer et al. (2016), using
Omax_O9min

the relationships ¢ = w and u = OI:"“" — 30, thus m was estimated as N(5.90,0.14) . For these
GV

simulations, Total Economic Output for species s derived from primary producer p (70;,,) was
estimated using GV P, - m. It should be noted that 7O reported here only encompasses the value
derived through wild harvest fisheries, and does not encompass broader ecosystem services derived
from estuarine habitats which are sometimes reported against this term in the literature.

For each producer, the Gross Value of Production and Total Economic Output were summed across all
species within an estuary, to give the cumulative economic value for each producer within the
estuarine system (GVP, and TO, respectively). These values were then divided by the areal extent of
habitat for producer p (ha) within the model region, to give the habitat-specific economic value on a
per-hectare basis.
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Results

Objective 1 — Determine to what extent young Eastern King Prawn
are using natural, degraded or rehabilitated habitat in estuaries, and
the contribution of these habitats to the fishery

Stable isotope-based assignment of emigrating prawns

The various assumptions associated with the stable isotope assignment approach were evaluated, and
these are presented in Appendix 3. For the 2013/14 Hunter River dataset, 87.2 % of EKP and 93.5 %
of SP could be assigned to putative nursery habitat areas given the isotopic data collected. In 2014/15,
however, when only 13 putative nursery habitat areas were sampled, only 62.5 % and 72.8 % of EKP
and SP respectively could be assigned (due to the reduced amount of isotopic data from putative
nursery habitats that was available). Some insight into the potential origin of these individuals may be
garnered from their isotopic composition relative to adjacent putative nursery areas that were sampled.
The origin of these unassigned EKP was most likely to be the higher salinity areas between areas 1 and
3 (see Figure 4 for reference to areas). The origin of unassigned SP likely included the less saline areas
upriver of area 12 and the marsh areas in the south arm of the river (see Figure 4 for reference to
areas).

In both years, the majority (>90%) of emigrating EKP were assigned to the higher salinity areas near
the lower end of the estuary, and within Fullerton Cove (Figure 4 and Figure 5), with very small
relative contributions from marsh systems in the lower estuary (areas 6, 7, 8, 15 and 16). The relative
contributions among these areas differed slightly, with the greatest contributing areas being area 3 and
area 5 in 2013/14 and 2014/15 respectively. Applying the classification system of Dahlgren et al.
(2006), indicated that on the basis of the isotopic data collected during the study, areas 3, 4, 5 and 21
represented EJH.

Assignment of SP was highly asymmetric in 2013/14, with the majority (~70 %) of emigrating
individuals assigned to areas in the south arm of the river (Figure 6), and much smaller contributions
from other areas across the lower estuary. Nine areas made no contribution whatsoever, including the
productive SP trawling areas in and around Fullerton Cove (Figure 6). In 2014/15, emigrating SP were
assigned to all putative nursery habitat areas that were sampled, with the greatest contributions from
the rehabilitated marsh areas in Tomago, Kooragang and Hexham, and the furthest area from the sea
(area 12; Figure 7). In both years, areas spanning the length of the lower estuary were classified as
EJH. In 2013/14, this included the south arm (areas 20 and 21) and the areas furthest up the study area
(areas 10 and 12), whereas in 2014/15 more EJH was identified in the north arm of the estuary (e.g.
areas 5, 12 and 22) and also the three main rehabilitated saltmarsh areas (areas 6, 8 and 15).
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Figure 4 Proportional assignment of emigrating EKP to putative nursery areas across the lower Hunter
River estuary in 2013/14 (numbered and shown by cross). Circles indicate the relative proportion of
emigrating prawns assigned to each area. Saltmarsh (shaded in brown) and mangrove (shaded in dark
green) habitat is indicated, as are the main features of the estuary referred to in the text.

Figure 5 Proportional assignment of emigrating EKP to putative nursery areas across the lower Hunter
River estuary in 2014/15 (numbered and shown by cross). Circles indicate the relative proportion of
emigrating prawns assigned to each area. Saltmarsh (shaded in brown) and mangrove (shaded in dark
green) habitat is indicated, as are the main features of the estuary referred to in the text.
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Figure 6 Proportional assignment of emigrating SP to putative nursery areas across the lower Hunter

River estuary in 2013/14 (numbered and shown by cross). Circles indicate the relative proportion of

emigrating prawns assigned to each area. Saltmarsh (shaded in brown) and mangrove (shaded in dark
green) habitat is indicated, as are the main features of the estuary referred to in the text.

Figure 7 Proportional assignment of emigrating SP to putative nursery areas across the lower Hunter

River estuary in 2014/15 (numbered and shown by cross). Circles indicate the relative proportion of

emigrating prawns assigned to each area. Saltmarsh (shaded in brown) and mangrove (shaded in dark
green) habitat is indicated, as are the main features of the estuary referred to in the text.
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In the Clarence River estuary, 88% of EKP could be assigned to putative nursery habitat areas, given
the isotopic data collected. EKP showed highly asymmetric patterns in assignment among putative
nursery areas (Figure 8). Of the 12 areas sampled within the lower estuary, the vast majority of
emigrating prawns were assigned to the North arm of the estuary in the vicinity of the main
marsh/mangrove areas in this region of the estuary (area 8). The remaining prawns were assigned to
areas in the main river channel (areas 10 and 11; Figure 8), and no prawns were assigned to areas in
the south arm of the estuary or Lake Wooloweyah. Using the approach of Dahlgren et al. (2006), only
areas 8 and 11 were designated as EJH.

Figure 8 Proportional assignment of emigrating EKP to putative nursery areas across the lower
Clarence River estuary in 2013/14 (numbered and shown by black cross). Circles indicate the relative
proportion of emigrating prawns assigned to each area. Saltmarsh (shaded in brown), mangrove
(shaded in dark green), and seagrass (shaded in light green) habitat is indicated, as are the main
features of the estuary referred to in the text.

In Lake Macquarie, EKP were only captured from 12 of the 20 sites surveyed, although other species
of penaeid prawns were captured from other locations (mainly Greentail Prawn, Metapenaeus
bennettae, data not presented here). Notwithstanding this, 84% of EKP could be assigned to putative
nursery habitat areas, given the isotopic data collected. The proportional assignment of emigrating
prawns to putative nursery areas on the basis of isotopic composition showed that most numerically
important nursery areas were located in the northern and eastern regions of Lake Macquarie (Figure 9).
The highest contributing areas were areas 2 and 4, followed by areas 1 and 8. With the exception of
area 19, putative nursery sites in the southern and western regions of the estuary had negligible or nil
contributions to emigrating prawns. In addition, the proportional contribution of area 11, a productive,
off-lake lagoon, was negligible. Assignment of NH and EJH produced contrasting results. Sites 1, 2, 3,
4,8, 10, 19, and 20 were all classified as EJH, whereas only a subset of these (sites 1, 2, 4, 8 and 10)
were classified as NH.
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Figure 9 Proportional assignment of emigrating EKP to putative nursery areas across Lake Macquarie
in 2013/14 (numbered and shown by black cross). Circles indicate the relative proportion of
emigrating prawns assigned to each area. Saltmarsh (shaded in brown), mangrove (shaded in dark
green), and seagrass (shaded in light green) habitat is indicated, as are the main features of the estuary
referred to in the text.

Quantitative sampling

In the Hunter River, the abundance of EKP varied across the lower estuary (Figure 10). The average
absolute abundance (averaged across all tows) estimated for EKP was 115 + 8 EKP 100 m? (mean +
SE), and EKP were most abundant in the areas around Fern Bay, Fullerton Cove, and within the
Hexham wetland (Figure 10). The generalised additive mixed model (GAMM) explained ~33% of the
deviance in the data for EKP. In the north arm of the estuary, EKP abundance showed a distinctive
peak between 8,000 and 10,000 m from the estuary mouth (F = 5.84, e.d.f. 4.81, P << 0.001, Figure
11a), whereas in the south arm abundance increased linearly with distance from the estuary mouth (¥
=9.70, e.d.f. 1.00, P =0.002, Figure 11b). Eastern King Prawn abundance peaked at a turbidity of 15
ntu (F=6.81, e.d.f. 4.27, P << 0.001, Figure 11c¢), and showed a negative linear relationship with
depth (£ =10.80, e.d.f. 1.00, P = 0.001, Figure 11d).

In the Clarence River, EKP were present at an average density of 76 = 6 EKP 100 m™ (mean + SE),
and were encountered at a maximum density of 499 EKP 100 m™. Distribution of prawns across the
lower estuary indicated that juvenile EKP were present at the greatest densities 8-12 km from the
mouth in the Main channel and North arm of the estuary (Figure 12). This included areas adjacent to
the marsh/mangrove habitats in the North arm and the mangrove habitats in the main river channel.
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Figure 10 Density of EKP across the lower Hunter River estuary as sampled in 2014/15. Circles
indicate the absolute density of prawns sampled, and sizes are indicated in the figure legend. Saltmarsh
(shaded in brown) and mangrove (shaded in dark green) habitat is indicated, as are the main features of

the estuary referred to in the text.

Figure 11 Plots of smoothed predictor variables (black lines) contributing to estimates of EKP
abundance in the lower Hunter River estuary: a) the distance to sea (m) for the north arm; b) the
distance to sea (m) for the south arm; ¢) turbidity (ntu); and, d) depth (m). The y-axis values represent
a relative measure of the contribution of the predictor variable to the model’s fitted values, and dotted
lines represent 95% confidence limits.
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Figure 12 Density of EKP across the lower Clarence River estuary as sampled in 2015/16. Circles
indicate the absolute density of prawns sampled, and sizes are indicated in the figure legend. Saltmarsh
(shaded in brown) and mangrove (shaded in dark green) habitat is indicated, as are the main features of

the estuary referred to in the text.

In Lake Macquarie, EKP were present at a global average density of 165 + 11 EKP 100 m? (mean +
SE), and sizes ranged from 2.7 — 29.1 mm CL. The GAM explained ~30% of the deviance in the data,
and indicated that prawn density had non-linear relationships with several variables (Figure 13). Prawn
density peaked at an intermediate distance-to-mouth of around 6,000 — 9,000 m from the lakes
entrance (F=4.27, e.d.f. 5.00, P = 0.001, Figure 13a). Seagrass percent cover varied among sampling
locations in the targeted quantitative survey, with means ranging between 25 and 98%. Prawn density
did not change among locations where cover was <50%, however increasingly denser seagrass cover
was correlated with declining numbers of prawns (F = 7.86, e.d.f. 2.09, P < 0.001, Figure 13b).
Salinity did not vary greatly (31-37) across the locations or times sampled, and was not significantly
correlated with prawn density (/= 1.31, e.d.f. 1.00, P = 0.253, Figure 13c). In contrast, prawn density
peaked at a temperature of about 25°C (F' = 8.76, e.d.f. = 3.84, P <0.001, Figure 13d), with lower
temperatures at lower densities.
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Figure 13 Plots of smoothed predictor variables (black lines) contributing to estimates of EKP density
in Lake Macquarie: a) the distance to sea (m); b) estimated percent cover of seagrass (Seagrass); ¢)
salinity and d) temperature (°C). The y-axis values represent a relative measure of the contribution of
the predictor variable to the model’s fitted values, and dotted lines represent 95% confidence limits.

Prawn and fish interactions with the marsh surface and marsh edge

Within sub-tidal creeks, a total of 31 species were collected in cast net samples including 22 species of
fish and 9 of crustaceans (Table 1). The most abundant taxa was the pelagic shrimp Acetes sibogae
australis and contributed to over 90% of the ‘other crustaceans’ (Figure 14), while the Castelnau's
herring (Herklotsichthys castelnaui) was the most abundant fish (Table 1). The total abundance of
EKP did not differ among habitats, but did differ among creeks (F3150=7.29, P <0.001, Fig. 14) as
did the abundance of SP (£3,150=5.11, P <0.01, Figure 14); as this was a random factor there was no
further interpretation of the result. Total abundance of crustaceans was not found to differ among any
of the factors examined. Fish abundance differed significantly among Habitats (F3 = 12.61, P =
0.044) with higher abundances found in adjacent habitats (Figure 14). Analysis of the community data
within the creeks again showed there was only an effect for the random factor Creek (F3,150= 4.29, P <
0.001). When the community was broken down into separate components, the fish community was
found to significantly differ among the three wetlands (F13=3.82, P <0.01). Pairwise comparisons
among wetlands revealed a significant difference between Tomago and Hexham, but there were no
differences between either of these wetlands and Kooragang. A SIMPER analysis revealed these
community differences were primarily due to changes in the abundance of Castelnau’s herring and
Glassfish (Ambassis jacksoniensis). The crustacean community was found to differ among creeks
(F3,180=5.89, P <0.001), with no significant effects of higher level factors.
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Table 1 Mean abundance of crustaceans and fish collected in fyke nets set within the intertidal marsh and cast nets (4.8 m?) sampling sub-tidal creeks. Cast net

data is pooled across the three wetlands. Commercial/recreationally important species are underlined, and standard error is shown in parentheses.

Fyke Net Samples Cast Nets Samples

Tomago Kooragang Hexham Adjacent  Middle
Crustaceans
Melicertus plebejus 0.33 (0.33) 0(0) 1 (0.63) 0.13 (0.04) 0.26 (0.07)
Metapenaeus macleayi 4.33 (3.76) 3.83(2.4) 6.83 (2.67) 0.47 (0.11) 0.33 (0.09)
Macrobrachium intermedium ~ 331.16 (209.28) 407.83 (180.52)  359.16 (137.58) 0.44 (0.15) 0.17(0.04)
Acetes sibogae australis 52.5 (45.32) 144.33 (91.92) 58.83 (37.29) 5.89 (1.22) 6.33 (0.75)
Neosarmatium trispinosum 0.83 (0.65) 2.66 (0.55) 3.16 (1.3) 0.04 (0.03) 0(0)
Littorininae 0(0) 0(0) 2.66 (1.97) 0.04 (0.04) 0.12(0.06)
Metapenaeus bennettae 0(0) 0.66 (0.66) 1.33 (0.98) 0.16 (0.07) 0.06 (0.03)
Alpheidae 0(0) 0(0) 0 (0) 0.01 (0.01) 0.09 (0.04)
Buccinidae 0(0) 0(0) 0(0) 0.11 (0.11) 0(0)
Teleosts
Gobiopterus semivestitus 152.5(100.54)  79.33 (32.21) 126.16 (44.89) 0.22 (0.08) 0.21 (0.06)
Ambassis jacksoniensis 67.66 (46.82) 58 (43) 130.83 (92.36) 0.8(0.22) 0.45(0.13)
Liza argentea 15.5 (13.07) 20.16 (10.59) 1(0.51) 0.29 (0.15) 0.02 (0.01)
Pseudogobius olorum 3.16 (2.19) 6.66 (6.06) 10.5 (5.25) 0.02 (0.01) 0(0)
Favonigobius exquisitus 1.16 (1.16) 0(0) 4(2.14) 0.02 (0.01) 0.07 (0.03)
Acanthopagrus australis 0.83 (0.65) 0.66 (0.49) 1.16 (0.98) 0.08 (0.03) 0.02 (0.02)
Redigobius macrostoma 0.83 (0.83) 0(0) 2.33(1.22) 0(0) 0(0)
Tetractenos glaber 0.83 (0.65) 0(0) 0(0) 0.03 (0.02) 0(0)
Hypseleotris galii 0.66 (0.66) 0(0) 0.16 (0.16) 0 (0) 0.01 (0.01)
Myxus elongatus 0.66 (0.49) 5(3.92) 1 (0.81) 0.06 (0.03) 0.1 (0.04)
Ambassis marianus 0.5 (0.34) 1.66 (0.76) 0(0) 0.04 (0.02) 0.01(0.01)
Philypnodon grandiceps 0.5 (0.5) 0.83 (0.83) 0.5 (0.34) 0.03 (0.02) 0.02(0.02)
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Fyke Net Samples

Cast Nets Samples

Tomago Kooragang Hexham Adjacent  Middle

Arenigobius bifrenatus 0.33 (0.33) 0(0) 0.66 (0.42) 0 (0) 0.04 (0.02)
Mugilogobius platynotus 0.33(0.21) 0(0) 1(0.44) 0(0) 0(0)
Gambusia holbrooki 0.33 (0.33) 0(0) 2.66 (2.12) 0 (0) 0 (0)
Cryptocentroides gobioides 0.16 (0.16) 0(0) 0(0) 0 (0) 0 (0)
Gerres subfasciatus 0.16 (0.16) 1.5 (1.14) 0(0) 0.08 (0.03) 0.1(0.05)
Mugil cephalus 0.16 (0.16) 1.66 (1.28) 4.16 (4.16) 0.15(0.1)  0.09 (0.03)
Anguilla reinhardii 0(0) 0(0) 0.33 (0.21) 0 (0) 0 (0)
Girella tricuspidata 0(0) 0.33(0.33) 0(0) 0.01 (0.01) 0(0)
Herklotsichthys castelnaui 0(0) 0(0) 0.16 (0.16) 1.73 (0.51) 0.88 (0.18)
Siphamia roseigaster 0(0) 0.5 (0.5) 0(0) 0(0) 0.01 (0.01)
Platycephalus fuscus 0(0) 0(0) 0.5(0.5) 0 (0) 0 (0)
Hyperlophus vittatus 0(0) 0(0) 0(0) 0.22 (0.11) 0.36 (0.1)
Engraulis australis 0(0) 0(0) 0(0) 0.11 (0.08) 0.02(0.02)
Centropogon australis 0(0) 0(0) 0(0) 0.07 (0.04) 0.06 (0.04)
Pomatomus saltrix 0(0) 0(0) 0(0) 0.02 (0.02) 0.05(0.02)
Favonigobius tamarensis 0(0) 0(0) 0(0) 0.01 (0.01) 0.03 (0.03)
Hyporhampus australis 0(0) 0(0) 0(0) 0 (0) 0.01 (0.01)
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Figure 14 Mean abundance (+ S.E.) of cast net samples (4.5 m?) from the middle (filled bars) and
adjacent (unfilled bars) habitat of sub-tidal creeks within the Hunter River estuary

Depth logger data indicated that the marsh only became inundated during spring high tides, with the
marsh remaining exposed during the entire neap cycle, and that the marsh had a mean inundation
period of only 30.3 h (+ 3.5 S.E.) per month with each inundation lasting between 3 — 6 hours. Within
intertidal marsh/mangrove habitats, fyke net catches were dominated by Striped River Prawn
(Macrobrachium intermedium), which accounted for more than half of all nekton and 80% of all
crustaceans (Table 1). The most abundant of the 20 species of fish was Glassgoby (Gobiopterus
semivestitus) followed by Glassfish (Ambassis jacksoniensis), which collectively accounted for 85% of
fish using the marsh habitat. The nekton community did not differ among the three wetlands when
considered as a whole (F2,15 = 1.173, P =0.307), or when broken into the crustacean community (F2,15
=1.20, P=0.311) or the fish community (F>,5 = 1.02, P = 0.341). Only 8 EKP were collected from
the marsh surface in total, and none were collected at Kooragang.

Objective 2 — Determine the hydrographic conditions which provide
for maximum growth and survival of Eastern King Prawn within
nursery habitats

The rate of salinity decline explained the mortality rate at the end of the salinity decline (z-statistic = -
6.971, sig. < 0.001), and predicted that the rate of decline resulting in 50% mortality was 15.545% h’!
(95% confidence limits 13.919 - 17.832% h'!; Figure 15). This rate of salinity decline was estimated to
result in a final salinity of 0.86, with the rates for the 95% confidence intervals estimated to result in
salinities 1.28 and 0.50 respectively. The rate of salinity decline explained the mortality rate 120 h
after the salinity decline ceased (z-statistic = -8.087, P < 0.001), with 8.033% h' decline predicted to
result in 50% mortality (95% confidence limits 6.856- 9.733% h'!'; Figure 15b). This rate of salinity
decline was estimated to result in a final salinity of 5.2, with the rates for the 95% confidence intervals
estimated to result in salinities 6.95 and 3.48 respectively. The rate of salinity decline predicted to
result in complete mortality 120 h after the salinity decline ceased was 15.741% h! (99% mortality;
95% confidence limits 13.019 - 21.461% h™'; Figure 15b). This rate of salinity decline was estimated to
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result in a final salinity of 0.82, with the rates for the 95% confidence intervals estimated to result in
salinities 1.58 and 0.21 respectively. It should be noted that the rate of salinity decline and the
endpoint salinity were correlated (as this is what occurs in the natural environment), and the observed
patterns may well be a function of both variables.

Aerobic metabolic rates of juvenile EKP ranged from 0.44 - 4.04 mg O, g"' h'! and showed a
significant non-linear response to the rate of salinity decline (F = 3.49; edf 8.54; P <0.001), with
25.6% of the observed deviance in metabolic rate explained. When the rate of salinity decline was
close to zero, aerobic metabolic rates were close to the estimated intercept of 1.81 mg O, g' h'.
Aerobic metabolic rates increased rapidly once the rate of salinity decline exceeded ~6% h™!, with
modelled values peaking at approximately 3.3 mg O, g'! h'! when the rate of salinity decline was
7.5% h! (Figure 16a). As rates of salinity decline increased, aerobic metabolic rates declined to less
than the estimated intercept, with the slowest rates of 1.3 mg 0, g h™! occurring for rates of salinity
decline > 9.5% h'! (Fig. 16a). There was a negative linear relationship between somatic condition and
metabolic rate (F = 13.15; edf 1; P <0.001; Fig. 16b). The animals with the poorest somatic condition
had the fastest aerobic metabolic rates, and the rate decreased at a rate of -0.12 mg O, g h™! per unit
of somatic condition (Figure 16b).

Figure 15 Percent survival of prawns in all salinity decline treatments (circles) with the predicted
mortality from the Probit regression analysis (solid line) at a) the end of the 24 h salinity decline and
b) 120 h after the end of the salinity decline.
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Figure 16 Fitted GAM reflecting the effect of the rate of salinity decline and somatic condition on
metabolic rate for juvenile EKP. The solid line indicates the modelled aerobic (abbreviated as Aer.)
metabolic rate across the range of salinity treatments (a), and across prawns of different somatic
condition measured using standardised residuals from the carapace length — dry weight relationship
(b). Dashed lines are 95% confidence intervals and grey circles are measured values.

The water content of prawns showed a significant non-linear response to the rate of salinity decline (¥
=11.9; edf 5.39; P <0.001), with 34.8% of the observed deviance in water content explained. The
water content was highest in prawns that had experienced fast rates of decline in salinity, and was
lowest in prawns that had experienced rates of salinity decline approaching zero. Prawns that had
experienced the slowest rates of change contained ~79% water, but this increased to the estimated
intercept value (estimated overall mean) of 80.3% as rates of salinity decline approached 2.5% h™'.
Water comprised 1% more of the body mass of prawns for rates of salinity decline that were faster
than 2.5% h!, with water content then remaining similar for rates of decline approaching 7% h'';
beyond which water content began to increase. Prawns that experienced rates of salinity decline faster
than 9.2% h! had the greatest water content, with water comprising up to 5% more of their body mass
than those that had experienced rates of salinity decline approaching zero.
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Objective 3 — Assess the extent of key Eastern King Prawn habitat
lost and remaining in the Hunter and Clarence river estuaries

There have been extensive changes in the areal coverage of habitat over the time scales examined, in
both the Hunter (Figure 17) and Clarence (Figure 18) River estuaries. In the Hunter River estuary,
almost three quarters of saltmarsh habitat present in the 1950s was lost by the 1990s (Table 2). Most of
this habitat was lost from the Tomago wetland, the Hexham wetland, and the wetlands to the north of
Fullerton Cove. The loss of habitat saw 100% of saltmarsh-lined shoreline lost from Fullerton Cove
and almost 50% of all saltmarsh-lined shoreline lost from smaller tidal creeks across the system (Table
2). Over this time frame, mangrove coverage in the system increased by almost 20%, and this was
coupled with an increase in the permitter of mangrove-lined shorelines across the system. The
exception here was the main channel, which lost one quarter of its mangrove-lined shoreline mainly
due to development and reclamation throughout the Kooragang wetland and along the South arm of
the estuary. No seagrass was present in the Hunter River estuary in the 1950s.

Extensive changes in the coverage of saltmarsh habitat were also evident in the Clarence River
estuary, with 64% of habitat lost between the 1940s and 2000s (Figure 18, Table 3). This led to a
concomitant 40% change in the availability of saltmarsh-lined shoreline (Table 3). Most of the loss of
saltmarsh occurred in the deltaic islands between Lake Wooloweyah and the Main channel, and also
throughout the North arm (Figure 18). There was a moderate gain the mangrove habitat over this time
frame, and a small change in the subtidal waterway area of creeks within the system.

It should be noted that it is likely that substantial habitat loss had already occurred prior to the
availability of aerial photography from the 1940s onwards. Consequently, this analysis did not capture
any of this pre-1940s habitat loss.

37



Figure 17 Habitat changes over decadal time periods in the lower Hunter River estuary. Areal habitat
coverage in the 1950s is indicated the top panel, and coverage in the 1990s is indicated in the lower
panel. Habitats shown include saltmarsh (shaded in brown), mangrove (shaded in dark green), and

seagrass (shaded in light green) habitat is indicated, as are the main features of the estuary referred to

in the text.
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Figure 18 Habitat changes over decadal time periods in the lower Clarence River estuary. Areal
habitat coverage in the 1940s is indicated the top panel, and coverage in the 2000s is indicated in the
lower panel. Habitats shown include saltmarsh (shaded in brown), mangrove (shaded in dark green),

and seagrass (shaded in light green) habitat is indicated, as are the main features of the estuary referred
to in the text.
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Table 2 Changes in habitat extent in the lower Hunter River estuary over decadal time scales. Habitat extent is shown for total waterway area (ha), shoreline
perimeter (km, for saltmarsh and mangrove habitats, and shoreline not associated with these habitats [shown as “Other”]), and areal extent of the saltmarsh,
mangrove and seagrass (ha).

Waterway area (ha) Shoreline Perimeter (km) Overall macrophytes (ha)
Mangrove Saltmarsh Other Mangrove Saltmarsh Seagrass
1950s
Main channel 1396 39 5 33
Small creeks (total) 191 25 37 17
Embayment 790 12 0 0
Total 2377 76 42 49 1456 2955 -
1990s
Main channel 1375 29 2 46
Small creeks (total) 179 40 20 19
Embayment 790 12 0 0
Total 2343 82 21 65 1733 766 -
Percent change
Main channel -1% -25% -62% 39%
Small creeks (total) -6% 58% -47% 14%
Embayment 0% 2% -100% -%
Total 1% 7% -49% 4% 19% -74% -
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Table 3 Changes in habitat extent in the lower Clarence River estuary over decadal time scales. Habitat extent is shown for total waterway area (ha), shoreline
perimeter (km, for saltmarsh and mangrove habitats, and shoreline not associated with these habitats [shown as “Other”]), and areal extent of the saltmarsh,
mangrove and seagrass (ha).

Waterway area (ha) Shoreline Perimeter (km) Overall macrophytes (ha)
Mangrove Saltmarsh Other Mangrove Saltmarsh Seagrass
1940s
Main channel 6523 76 15 277
Small creeks (total) 1565 60 16 318
Embayment 4533 27 7 33
Total 12621 163 38 628 720 803 399
1990s
Main channel 6523 96 9 270
Small creeks (total) 1506 64 9 309
Embayment 4533 33 4 26
Total 12562 193 22 605 765 290 83
Percent Change
Main channel 0% 27% -40% 2%
Small creeks (total) -4% 5% -43% -3%
Embayment 0% 25% -36% 21%
Total 0% 19% -40% -4% 6% -64% -79%
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Objective 4 — Outline the potential improvements to the Eastern
King Prawn fishery that could be achieved through targeted wetland
rehabilitation

The most realistic parameterization off this model suggested that the greatest return from restoration
would be realized by restoring 200 ha of habitat in zone 3 (Figure 19), with the equilibrium annual
increase in harvest greater than 4% (Figure 20). Zones 2-4 would also provide relatively high returns.
Alternatively, restoration in the most northern and southern zones is likely to have less of an effect on
overall revenue from the fishery in New South Wales. In the north this is in part due to EKP migrating
into Queensland waters, and so harvest was not recouped within the New South Wales fishery. In the
southern zones (6-9), habitats are relatively un-degraded, but recruitment is low, so returns from
restoration were similarly diminutive (Figure 20). Obviously the equilibrium annual increase in
harvest does not account for the time stream of restoration benefits, which would be more modest
immediately following restoration than at equilibrium. However, the relative return of alternative
restoration zones would remain unchanged, thus this equilibrium metric is in keeping with the
objectives of this work—to evaluate relative efficiency of alternative zones, rather than a full benefit
cost analyses of the benefit of restoration to society.

Figure 19 Spatial structure of the EKP model, showing the location of the model region on the
Australian east coast (left panel), and the New South Wales zones employed in the model (which align
with the reporting zones for the NSW Ocean Trawl Fishery). The additional spatial zones represented
by the adjacent states (Queensland and Victoria) are also indicated. Grey shading reflects the
latitudinal distribution of the species.
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Figure 20 Expected outcomes from 200 hectares of habitat restoration in each alternative zone in New
South Wales. Zones correspond to those in Figure 19.

Objective 5 — Extend information on habitat-fishery linkages to
commercial fisheries, landowners and other catchment
stakeholders and incorporate recommendations into fisheries or
water management

Outcomes from Objective 5 are reported in detail in the Extension and Adoption section, below.

Objective 6 — Establish quantitative habitat-fishery linkages for the
main exploited species in both the Hunter River and Clarence River
systems

Trophic linkages

For other exploited species in the Hunter River, S. virginicus was the source that supported the largest
mean proportion of the diet for all species of consumers (47-63%, Figure 21), except Yellowfin Bream
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and Luderick. The greatest contribution of S. virginicus was seen in Dusky Flathead (63%; Figure 21,
Table 4), and for Yellowfin Bream and Luderick, the largest contribution to diet was FBOM (39% and
41%, respectively; Figure 21). Other sources had variable proportions of contributions and higher
standard deviations, indicating that the model had difficulty separating those sources. Similar
relationships were observed for species sampled in the Clarence River. Linear modelling supported
some grouping among sites, and S. virginicus comprised the greatest contribution to diet in all
consumers (40 — 95%) except Yellowfin Bream at site C4 which had a larger contribution of POM
(30%; Figure 22). SP/EKP had the highest contribution of S. virginicus at all sites (95, 89 and 72 % for
sites C4, C5 and Cgroup, respectively) and Dusky Flathead had the next highest contribution of S.
virginicus at all sites (53, 65 and 69% for sites C4, C5 and Cgroup, respectively). For both estuaries,
confidence intervals of Gelman diagnostics were < 1.02, suggesting that longer Bayesian simulation
runs were not necessary.

Figure 21 Mean proportion of contribution to diet of commercially-exploited consumers from each
source in the Hunter River estuary, as calculated using Bayesian mixing models and §'3C. Note that
FBOM refers to fine benthic organic matter.
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Figure 22 Stacked bar plot showing mean proportion of contribution to diet of each source for each
commercially-exploited consumer in the Clarence River estuary at sites C4, C5, and grouped sites 1, 2,
and 3, as calculated using Bayesian mixing models from §'*C. Note that POM refers to particulate
organic matter.

Value of estuarine habitats

Parameter values for the Hunter River and Clarence River estuaries are outlined in Appendix 11. The
distributions for potential economic values derived from saltmarsh and mangrove habitats are
presented in Figure 23 and Figure 24 for the Hunter and Clarence Rivers respectively. All distributions
were lognormal, which was primarily driven by the lognormal distributions of the total catches for
species within each estuary (where very high catches can occur at a relatively low frequency). Higher
overall catches in the Clarence River led to higher overall higher economic values (Figure 24), relative
to the Hunter River (Figure 23), although the relative patterns in economic values among fish species
were generally similar between estuaries. For fish species, the greatest overall value from each habitat
was derived through Yellowfin Bream and Sea Mullet harvest, whereas the lowest value was derived
through Luderick. Differences were largely driven by market value and catch levels. Yellowfin Bream,
Mulloway and Dusky Flathead are all higher market value species, whereas Luderick and Sea Mullet
have lower market values. The lower market value of Sea Mullet, however, was offset by much larger
catches; and this was reflected in higher values derived from both saltmarsh and mangrove. For
invertebrates, the patterns among species were also similar between estuaries (Figure 23 and Figure
24), with the greatest economic value from saltmarsh consistently derived through harvest of SP. The
proportional contribution of saltmarsh to the diet of SP in the Clarence was more than double that of
the Hunter River, which greatly increased the economic value derived from saltmarsh through harvest
of this species.

Depending on the metric used (GVP or TO), total habitat values (summed across species) estimated
within the model regions ranged from ~AUD100,000 y™!' to ~AUD7,200,000 y! (Table 4). As
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expected, the highest values derived were for Total Economic Output, which reflected the overall
impact of harvest derived from the primary producers across the broader supply chain. Table 4 also
shows the areal extent of each habitat in which the primary producers dominate, and when this is taken
into account saltmarsh in the Clarence River had by far the greatest economic value per-unit-area, with
an average estimated Total Economic Output (70) of AUD25,741 ha'! y'!. The greatest economic
value derived from mangrove habitats was also in the Clarence River with a 7O of AUD5,297 ha! y!.
Economic values in the Hunter River (70) were AUD2,579 ha! y! and AUD316 ha! y! for saltmarsh
and mangrove habitats respectively.

Figure 23 Output of model simulations for the Hunter River, New South Wales, showing Gross Value
of Product (left panel) and Total Economic Output (right panel). Shaded horizontal bars indicate the
75% confidence intervals for the potential annual values (AUD) derived from emergent habitats for
species harvested from within the model region. Bars are shaded brown for saltmarsh and green for

mangrove, and horizontal black bars indicate the mean value for each species and habitat.
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Figure 24 Output of model simulations for the Clarence River, New South Wales, showing Gross
Value of Product (left panel) and Total Economic Output (right panel). Shaded horizontal bars indicate
the 75% confidence intervals for the potential annual values (AUD) derived from emergent habitats for

species harvested from within the model region. Bars are shaded brown for saltmarsh and green for
mangrove, and horizontal black bars indicate the mean value for each species and habitat.
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Table 4 Summary of average estimated values (AUD) for each species and primary producer across all simulations expressed in terms of Gross Value of
Production (GVP) and Total Economic Output (70).

Species Hunter River Clarence River
Saltmarsh Mangrove Saltmarsh Mangrove

GVP TO GVP TO GVP T0 GVP TO
Acanthopagrus australis Yellowfin Bream 21,903 129,160 20,537 121,108 83,815 494,738 147,699 872,003
Argyrosomus japonicus Mulloway 8,707 51,374 3,298 19,459 17,800 104,948 6,696 39,479
Platycephalus fuscus Dusky Flathead 14,210 83,753 3,760 22,164 33,451 197,281 18,727 110,441
Girella tricuspidata Luderick 1,560 9,201 1,364 8,044 4,374 25,837 4,072 24,050
Mugil cephalus Sea Mullet 62,580 369,591 22,994 135,806 349,015 2,061,717 279,328 1,650,066
Scylla serrata Giant Mud Crab 11,381 67,214 6,017 35,537 197,777 1,167,145 104,856 618,770
Portunus armatus Blue Swimmer Crab 5,174 30,498 1,634 9,635 - - - -
Metapenaeus macleayi School Prawn 96,934 571,703 42,774 252,259 618,770 3,650,691 34,271 202,196
Cumulative value across all species (y™!) 222,449 1,312,494 102,378 604,012 1,305,002 7,207,619 595,649 3,517,005
Areal extent of habitat within model region (ha)' 1,908 280
Total value across region per unit habitat (ha! y ) 437 2,579 54 316 4,661 25,741 897 5,297

! Measured from aerial photographs collected in 2001 (Hunter River) or 2004 (Clarence River)
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Discussion

This report presents a synthesis of the outcomes of several extensive field programs, laboratory
studies, and models as well as dedicated extension activities. Each of the former is dealt with in a
series of stand-alone manuscripts, and these are presented in the appendices to this report and available
in scientific literature. These manuscripts provide comprehensive details for each component of the
study, including detailed discussion of assumptions, limitations, and interpretations. The discussion in
this section is limited to synthesis and integration of the key findings to underpin the key
recommendations arising from the work.

Juvenile prawn nurseries in New South Wales

The combination of approaches employed in this study provided a comprehensive picture of the
potential nursery role of various habitats within the lower Hunter and Clarence River estuary, and
Lake Macquarie. In the Hunter and Clarence River estuaries, important habitats for EKP were mostly
confined to the lower part of the estuary and primarily included shallow unvegetated sedimentary
habitat. However, other habitats were important, such as the Hexham wetland, which did support a
high abundance of prawns in the lower regions due to strong connectivity and optimal salinity.
Conversely, other habitats across the lower estuary were important for SP, especially the rehabilitated
Kooragang and Tomago marshes, and lower salinity areas further up the estuary. In Lake Macquarie,
which has a much more uniform salinity, distribution of EKP was not uniform across the system.
Important juvenile nurseries were concentrated in certain parts within the system, as this was most
likely driven by factors affecting supply of recruits.

Both the isotope and quantitative data presented here indicate a peak in abundance of juvenile EKP at
8,000-10,000 m from the estuary mouth in the riverine estuaries (where tidal flow is greater), and a
peak at 6,000-8,000 m from the estuary mouth in Lake Macquarie (where tidal flow is much weaker).
The patterns in hydrology, bathymetry, and physicochemical variation in the lower estuaries largely
explain these patterns in EKP distribution. Firstly, both the current study and Young (1978) indicated
that EKP abundance was maximised in littoral habitat of depth <2 m. In the Hunter River estuary, Fern
Bay and Fullerton Cove contain the most expansive area of such habitat within the system. The fact
that these are off-channel embayment’s means these habitats have low water velocity that is probably
ideal for juvenile prawns, but these are also directly adjacent to a higher velocity waters (the main
river channel) that are important for the supply of recruits on the incoming tide. Similar patterns were
observed in the Clarence River estuary, where the channels in the south of the estuary did not appear
to support juvenile EKP despite appropriate habitat being available. This was likely due the diversion
of tidal waters into the Main channel and North arm through tidal training walls, which essentially
limits the ability of ocean-spawned EKP postlarvae to recruit to this part of the estuary. The salinity of
areas that appeared most important as juvenile nurseries for EKP was generally 26-32, which reflects
the isosmotic salinity for juvenile EKP (~28, Dall, 1981). Thus, these regions of the estuary also
provide physicochemical habitats which align with the species physiological requirements, and this
could provide some energetic advantage. Due to the general correlation between salinity and turbidity
in estuaries (e.g. Loneragan and Bunn, 1999), it is likely the effect of turbidity observed in our data
relates to the patterns outlined above for salinity.

For juvenile SP, we found that abundance generally increased with distance along the Hunter River
estuary. It was apparent, however, that the lower estuary also supports early juveniles for the species.
Similarly for EKP, juvenile SP appeared to be more abundant at shallower depths (<1 m), but
abundance was greater in more turbid water. This probably reflected higher abundance in the more
brackish, turbid waters of the Tomago and Kooragang wetlands. Unlike EKP, SP displayed
asymmetric patterns in designation of EJH between the two years of sampling, with the majority of
prawns contributed from the south arm of the estuary in 2013/14, compared to the designation of a
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greater number of areas dominated by the north arm in 2014/15 (which were also similar to the
patterns presented in Taylor et al., 2016). Physicochemical conditions were similar between years and
there were no major floods during the period that sampling took place; however, the commercial
harvest was substantially different between years (~71 tonne in 2013/14, and ~36 tonne in 2014/15)
and may well explain these differences. The majority of fishing effort in the Hunter River is
concentrated in Fullerton Cove, the main north arm channel in the lower estuary, and to a lesser extent
further upriver at Raymond Terrace (~30 km from mouth). Furthermore, a large portion of the south
arm of the estuary is effectively closed to trawling, as low bridges mean this section of the estuary is
not navigable by trawlers. Therefore, during the year when commercial harvest was highest, the bulk
of emigrating SP were contributed from the south arm within and just downstream of the unfishable
waters. When fishing effort and catch was lower in 2014/15, the contribution was much more evenly
spread throughout the south arm and along the north arm and Fullerton Cove. This is further supported
by the patterns in Taylor et al. (2016) which were similar to 2014/15. These samples were collected at
the very beginning of the 2013/14 season (11-12/2013), and are thus indicative of patterns in 2013/14
prior to the extensive fishing mortality occurring throughout the season. While the above comparisons
involve only three surveys, this evidence points to the potential role of fishing mortality in mediating
the relative value of estuarine nurseries.

Within the juvenile nurseries of the Clarence River, the dominant source of carbon supporting
nutrition of EKP was the saltmarsh grass S. virginicus (Appendix 8). While the areal coverage of
saltmarsh is often somewhat lower that mangrove in both the Hunter and Clarence River estuaries, this
plant supported between 45% and 97% of the nutrition supporting this species. Carbon fixed by
saltmarsh vegetation has been shown to make an important contribution to the nutrition of other
penaeid prawn species (Abrantes and Sheaves, 2008) and other invertebrates (Guest and Connolly,
2004). Since the saltmarsh surface spends little time inundated, and juvenile prawns are not observed
directly utilising this habitat, it is likely that outwelling of both detritus and primary consumers (e.g.
plankton and other small nekton) acts as a conduit between saltmarsh productivity and prawn
productivity across these systems. For example, the Saltmarsh Crab Parasesarma erythrodactyla is a
numerically abundant species that feeds on locally available autotrophic material (Saintilan and
Mazumder, 2010), but their larvae are released to the water column and provide a link between the
discrete saltmarsh habitat and the consumers that occupy the broader estuary (Mazumder et al., 2011).
Eastern King Prawn have a varied diet typically comprised of plant material, crustaceans,
microorganisms, small shellfish, and worms (Suthers, 1984; Moriarty, 1977; Racek, 1959), and it is
likely that crab larvae form part of their diet when available. In addition, it is likely that transported
particulate material also support the foodweb throughout the estuary (Simenstad et al., 2000)

While nursery habitats for EKP appear dependent on salinity, there is strong evidence that rapid
salinity declines due to flooding could compromise the survival of juvenile EKP, potentially causing a
subsequent reduction in recruitment to the fishery. Evidence of this is found in a severe east-coast low-
pressure system that affected New South Wales in April 2015. Widespread flooding affected the
Hunter River and logger data indicated that salinity in the main nursery area for this species declined
from ~35 to 0 in less than 24 h. Our threshold for complete mortality was also exceeded, and thus it
was conceivable that juvenile EKP would not have survived this event. Some evidence for mortality
can be found in commercial catch statistics for the adjacent ocean fishery that is fed by recruits from
the Hunter River (see Ruello, 1975). In this area, April and May usually yield the greatest catches of
EKP compared to other months, however average catch in April/May 2015 saw a ~60% drop in catch
to ~7.5 tonne, relative to the April/May average across 2011-2014 and 2016 (~18.5 tonne; NSW DPI —
Fisheries Catch Statistics Database). By monitoring salinity within nursery habitats for EKP it may be
possible to make rapid, real-time predictions on how changes in salinity may affect exploited
populations. This could support more adaptive management of the fishery in response to flooding.

The findings presented here provide an integrated description of juvenile nurseries for EKP in the sub-
tropical estuaries of New South Wales. EJH is generally found at intermediate distances along the
lower estuary, and is largely a product of supply, connectivity, and physicochemical conditions. Pulse
events that alter physicochemical conditions within these nurseries can ultimately have impacts on
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juvenile survival, and ultimately the components of the fishery that are supported by affected
nurseries. Although saltmarsh and mangrove habitat were not found to be directly used by EKP, the
subtidal channels draining these habitats in the recently repaired Hexham wetland was found to
support some of the highest densities of juvenile EKP across the entire study. Similarly, juvenile SP
were present at highest abundances in the other repaired wetland systems in the Hunter River. Finally,
it is clear that primary productivity derived from the saltmarsh surface is extremely important in the
support of juvenile prawns throughout the lower estuary. It is likely that healthy and productive
saltmarsh systems support juvenile prawn productivity across a number of similar systems in mid-
northern New South Wales.

Fishery value of saltmarsh and mangrove habitats

The stable isotope method applied here provided an effective means of apportioning fishery
productivity among saltmarsh and mangrove habitats, as well as other sources of productivity.
Similarly for EKP and SP, the saltmarsh grass S. virginicus provided a trophic subsidy for the major
exploited species in the lower Hunter and Clarence River estuaries. These relationships supported the
estimation of economic values derived from these habitats through fishery productivity. While the
concept employed here has a basis in the theories of Odum et al. (1977) and the quantification of
energy flows in order to value estuarine ecosystems, there is some novelty in combining stable
isotopes with measures of economic output to assign values on the basis of this energy flow in a
quantitative fashion. Examples of such estimations of saltmarsh and mangrove are rare for Australian
estuaries, but the economic values reported here complement estimates already published that deal
with habitat — fishery linkages. Bell (1997) presented a model estimating a (recreational) fishery value
from saltmarsh which reported values of USD5,592 to USD36,902 ha™! y! (all values converted to
2015 dollars), which span similar orders of magnitude to those reported here. Ronnbick (1999)
provided a synthesis of valuation studies of mangrove habitats through wild harvest fisheries, and
reported values ranging from USD22 ha! y!' to USD9,665 ha™! y!, with the highest reported value
derived from Moreton Bay (Morton, 1990). Thus, the range of economic values estimated for our
study systems span the ranges published for other areas previously.

Our results suggested that restoring juvenile EKP habitat would be expected to have very different
results on the extant fishery, depending on the zone of the restoration. Under the assumptions judged
most realistic, zones 3 or 4 (Figure 19 and Figure 20) provided the greatest return to the fishery in
terms of harvest. In terms of potential increases in revenue that might be derived from habitat repair
through the harvest of EKP, a ~4% increase on annual landings of ~600 tonnes equates to an increase
of ~24 tonnes. Assuming a market price of AUD17.00 kg™!, the GVP arising from 200 ha of habitat
repair in zone 3 would equate to ~AUD400,000 y™! for the New South Wales fishery, or AUD2,040 ha
1 (-1

y-.

The key characteristics of zones that resulted in the greatest benefit included substantial habitat loss
(Rogers et al., 2015), greater estimated recruitment at unfished conditions (O'Neill et al., 2014), greater
settlement of EKP larvae (Everett et al., 2017), and greater or faster matriculation to the New South
Wales fishery grounds. More northern zones were less attractive as restoration areas, given the likely
northern movement of adult EKP out of New South Wales managed waters, whereas more southern
areas generally were characterized by more pristine habitat, lesser larval settlement, and greater
distances for EKP to migrate prior to reaching fishery grounds, thus higher potential for natural
mortality between the nursery phase and harvest.

These values lay the foundation for further consideration of the costs and potential benefits that can be
realised from habitat repair in Australian ecosystems (Creighton et al., 2015), and will support future
economic evaluation of these efforts. However, linking such values to habitat rehabilitation requires
additional consideration of ecological processes (such as recruitment at sufficient levels to utilize new
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habitat, Taylor et al., 2017b), as well as other economic factors (for examples see Leston and Milon,
2002; Rozas et al., 2005). At the very least, these estimates will be useful for comparison with the
economic value derived from alternate land uses (e.g. Read and Sturgess, 1996).

Implications for management, recommendations, and future habitat
rehabilitation

Losses of coastal fish habitat in New South Wales that have had an impact on the production of prawn
and fish species have been occurring since the 1800’s, with initial drainage of swamps to improve
agricultural productivity. This work continued throughout the early 1900’s and increased significantly
after a period of floods in the 1950’s, before ceasing on a large scale in the early 1970s. The level of
loss of fish habitat has been significant with losses from the Manning to Tweed Rivers measured at
62,000 ha or 72% of the historical prime fish habitat (Rogers et al., 2015). In the Hunter River, the
area of saltmarsh alone had fallen by approximately 74% from 2,955 ha in the 1950s to 766 ha in the
1990s. In addition over 1000 floodgates restricted fish passage to waterways and wetlands (Walsh et
al., 2002). These losses and the consequent impacts on fisheries and other ecosystem services in
estuaries and inshore marine areas have been reflected as priority threats (Clearing riparian and
adjacent habitat including wetland drainage) in the state-wide New South Wales Marine Estate Threat
and Risk Assessment Final Report (BMT WBM, 2017).

Initial projects aimed at repairing degraded fish habitat and reinstating connectivity to floodplain
wetlands primarily for fish and crustacean species, had been guided by the general ideas that 1) fish
habitat was principally important for fish; and, 2) that degraded fish habitat also led to poor water
quality outcomes (particularly from oxidised acid sulfate soils), that in turn, can adversely affect fish
populations. These projects focussed on restoration of natural hydrology by removing barriers and
allowing tidal movement and fish access. Recent projects in New South Wales include the Kooragang
Wetland Rehabilitation Project at Ash Island (780 ha), Tomago Rehabilitation Project (450 ha),
Yarrahapinni Wetland Rehabilitation Project (806 ha), the Hexham Swamp Rehabilitation Project (see
below), the North Coast Floodgate Project (57 barriers removed, Walsh and Copeland, 2004) and the
Bringing Back the Fish project (86 barriers removed;
http://www.dpi.nsw.gov.au/fishing/habitat/publications/pubs/bringing-back-the-fish-project-reports).
Although now viewed as successful, the development and implementation of these projects provides a
potential path for future habitat rehabilitation in the context of the information established in this
research project.

The most recent large-scale example of habitat repair in coastal New South Wales is the Hexham
Swamp Rehabilitation Project. This project reinstated connectivity between Hexham wetland and the
lower Hunter River estuary for the first time since the early 1970s (Boys and Pease, 2017). This
reinstated the potential for recruitment of economically important species to the wetland system, as
well as the outwelling of marsh- and mangrove-derived productivity to other areas of the estuary.
However, this wetland system had lost 763 ha (93 %) of saltmarsh and 124 ha (84 %) of mangrove,
and this will take some time to recover. Sharp declines in commercial catches of SP were evident in
the early 1970s and this may well have been caused by the removal of significant amounts of
saltmarsh from the system. As the wetland system recovers, this may be reflected in an increase in SP
landings, and given the patterns reported here, this could add considerable value to the fishery for this
species (and other species as well).

Given the significant historic loss of fish habitat, the opportunities for repair are extensive and as with
these previous projects will largely involve restoring natural hydrology. Some key sites have already
been identified including major floodplain wetlands (e.g. Tuckean Swamp, Everlasting Swamp, the
Collombatti-Clybucca) and the lower sections of most estuary floodplains areas (e.g. around Lake
Wooloweyah, and the lower reaches of the Clarence; Macleay, Hastings and Shoalhaven Rivers). The
bulk of the land in these areas is privately owned and managed in some form for low density cattle
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grazing. As a consequence any rehabilitation action will require landowner consent either through
stewardship payments or land purchase. One of the key delays to both the Hexham and Yarrahapinni
Projects was the time taken to purchase land given the case that needed to be made to secure funding
from Federal, State and private sources. This can be overcome much more efficiently for future sites
with the possibility of positive cost/benefit analyses, and business cases developed from the
information from this research.

In addition to the potential for increased production evidenced here, the potential benefits for other
exploited species (both commercial and recreational) can now also be assessed. In addition to these
species-specific benefits, other ancillary benefits of fish habitat repair for estuary function will also be
realised, including improvements to overall estuary health, tourism services, enhanced biodiversity
such as birdlife, water quality, carbon sequestration and various other ecosystem service benefits. A
recent project that commenced in 2017 led by The Nature Conservancy and Deakin University called
Mapping Ocean Wealth is proposing to calculate these combined values for the New South Wales and
Victorian coastal and estuarine environments, and a Draft Marine Estate Management Strategy in
response to the priority threats identified in the Threat and Risk Assessment Final Report (BMT
WBM, 2017) has been prepared. These combined activities are intended to result in the scaled-up
restoration of these valuable fish habitats. The potential loss of intertidal habitats, saltmarsh in
particular, resulting from sea level rise is of additional concern for the productivity of fisheries.
Research carried out on impacts of sea level rise in the Hunter River estuary indicates that, without
management interventions, estuarine wetlands will be largely lost under predicted sea level rise
scenarios (Rogers et al., 2013) and with more recent research indicating accelerating sea level rise
(Chen et al., 2017), pressure is mounting to secure paths for landward (upward) migration of these
habitats in all New South Wales estuaries.

There are a number of activities in support of increased habitat rehabilitation that need to be pursued
on the basis of the information provided by this research. Existing extension as part of this project
which targeted commercial fishers and Local Land Services needs to take into account the broad
applicability of these results across all species and be extended to recreational fishers and their
respective organisations and to both recreational commercial fisheries managers in New South Wales
and Queensland. The previous work of Rogers et al. (2013) needs to be expanded across all New
South Wales estuaries to confirm likely impacts on saltmarsh and mangroves and the results of this
new research incorporated with urgency into local and state planning instruments. Finally, the
valuation of saltmarsh and mangrove habitats for fisheries production needs to be incorporated into
current New South Wales Marine Estate Management activities, and other natural capital accounting
endeavours, to provide impetus to the repair of degraded estuarine habitats across the State.
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Extension and Adoption

Objective 5 of this project was to Extend information on habitat-fishery linkages to commercial
fishers, landowners and other catchment stakeholders and incorporate recommendations into fisheries
or water management. Following the projects commencement, letters were sent to 18 New South
Wales Fishermen's Cooperatives and the six project partner organisations. The letters provided detail
about the project's purpose, objectives, personnel as well as outlining ways for them to get more
information and provide further input.

EKP fisher survey

In order to effectively deliver on Objective 5, we dedicated considerable effort to identifying the
preferred means of accessing and receiving information by the key stakeholder group (commercial
fishers), and what types of information were of particular interest. While this activity was principally
aimed at identifying appropriate avenues of dissemination for the current project, this type of
information is broadly applicable. Thus, the findings of this study will be used to guide engagement
activities with commercial fishers on research and management relevant to habitat — fishery linkages
into the future, as well as a broad cross-section of other projects relevant to commercial fishers which
are undertaken by NSW DPL

Approach

A survey of participants in fisheries that harvest EKP in New South Wales was undertaken in early
2014 through a combination of mail-out/return envelope surveys and face-to-face interviews (see
Appendix 13). The survey was designed to achieve three objectives:

1. Establish some basic demographics about the respondents;
2. Fishers understanding of the links between estuarine habitats and EKP; and

3. Establish how those fishers preferred to access and receive information about EKP and what
types of information were of particular interest.

In total, 174 fishers that were involved in fisheries relevant to the EKP were provided with the

opportunity to complete the survey process. Twenty-five responses to the survey were received, giving
the survey an overall response rate of 14%. The responses are summarised under each objective.

1. Demographics
The demographics of the respondents can be summarised as follows:
o Fishers were predominantly male (96%) with an average age of 57 (range 42 to 77 years);
e Collectively, they had 678 years of hands-on fishing experience (an average of 29 years each);

e Their home ports were spread fairly evenly between Tweed Heads and Shoalhaven Heads.
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2. Fishers understanding of the links between estuarine habitats and Eastern
King Prawn

Fishers recognised the importance of seagrass, mangrove and wetlands for EKP production.
Fishers attributed less value to saltmarsh and bare sediment habitat types.

Since they first started fishing, estuarine habitats were perceived to have declined (particularly
wetlands, then seagrass, then mangrove, then saltmarsh).

They thought that the most important factors for EKP production (in order from most to least
important) were wetlands, water quality, seagrass, mangrove, water temperature, saltmarsh, flood
timing, flood level, harvest management and bare sediment.

Most fishers (83%) believed that more could be done to rehabilitate estuarine habitats.
3. Information needs and preferred avenues of communication

Fishers indicated that other fishers were their most trusted source of information. In order from most to
least, the trusted sources of information were:

1. Other fishers (58%)

2. Scientists (18%)

3. Government (12%)

4. Newspapers/magazines (6%)
5. Internet (3%)

6. TV/radio (3%).

In terms of preferred methods of communication, fishers indicated that future information would
preferably be received by (in order from most to least):

1. Face-to-face (23%)

2. Addressed letter (21%)

3. Industry conferences (13%)
4. Website (11.5%)

5. Email (11.5%)

6. Brochures (10%)

7. Scientific journals (6%)

8. Local paper (4%).

The information needs indicated in the survey responses included the following:
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1. EKP fishers would like to receive more information about the relationships between EKP and
estuarine habitats, and more detail about new research findings about EKP ecology and
migrations;

2. While some Hunter-based fishers were aware of estuarine rehabilitation works underway in
Hexham wetland, most fishers in other locations remained unaware of any similar
rehabilitation works that had been or were being undertaken in their area;

3. In terms of participating in future rehabilitation projects, over half of the fishers would be
prepared to be involved, either through letters of support (33%) or hands-on help (25%);

Eastern King Prawn Research and Communication Plan

The results of the survey directly informed the development of the EKP Research and Communication
Plan, which is included in Appendix 14. The plan provided a framework to assist researchers and
managers to effectively target communications in relation to habitat use and ecosystem requirements
of EKP directly to key stakeholders in fisheries that harvest EKP. The content of this engagement plan
is similarly relevant to engagement activities surrounding broader habitat — fishery linkages, as well as
communicating information from other projects undertaken by NSW DPI to commercial fisheries
stakeholders.

Communication and Extension outputs

Face-to-face presentations

Face-to-face dissemination of information was identified as the commercial fisher’s most preferred
method of information delivery. Six (6) informal face-to-face meetings have been conducted
throughout the project at Fisherman’s Co-ops in or near the areas investigated through the project. This
included the Ballina, Maclean, Coffs Harbour, South West Rocks, Port Macquarie and Newcastle
Fisherman’s Co-operatives. Informal meetings were primarily held with the Co-op Manager, however
when opportunities arose, discussions were also conducted with fisherman. In general all fishers
received the concept and delivery of the project quite well. In contrast to many of the other issues
facing the industry at present, this research was seen to be both important and positive, and well-
geared to assisting the natural enhancement of prawn stocks.

In addition, the Principle Investigator has discussed the project findings with EKP fishers operating on
the Hunter and Clarence Rivers, and out of the Ports of Newcastle and Yamba. This has involved face-
to-face discussions at fishers’ houses, on their boats, at boat yards and over the telephone. Fishers were
engaged and interested in the distribution and dynamics of the prawn populations they harvest,
particularly in relation to the estuarine habitats. Also of key interest were the findings from Objective
2, as many fishers across the state have long sought to understand why catches of EKP tend to be
depressed in years where there is higher rainfall.

Two formal project partner meetings were conducted during the course of this project. These face-to-
face presentations provided an opportunity to maintain relationships with project partners, discuss
project aims, inform partners of the project’s progress, and discuss any queries:

1. Project Inception Meeting, Newcastle Co-op, 11 November 2013.

e Invitees included Hunter Water, Northern Rivers Catchment Management Authority,
Hunter Central Rivers Catchment Management Authority, Griffith University,
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Newcastle Ports Corporation, Origin Energy, Professional Fisherman’s Association,
the Newcastle Fishermen's Co-op, and OceanWatch Australia;

¢ A 35 minute presentation was delivered by the Principle Investigator, Dr. Matt
Taylor.

2. Project update meeting, Newcastle Co-op, 30 July 2014

e Invitees included Hunter Water, North Coast Local Land Services, Hunter Local
Land Services, Griffith University, Newcastle Ports Corporation, Port of Newcastle
Authority, Origin Energy, Professional Fishermen’s Association, Newcastle
Fishermans Co-op, and OceanWatch Australia;

e Presentations included:

a. Taylor, MD (2014) The impact of habitat loss and rehabilitation on
recruitment to the NSW eastern king prawn fishery.

b.Russell, K. (2014) Why understanding Eastern King Prawn habitat is
important. Communicating the results.

c.Boys, C. (2014) Preliminary findings from recent Hexham Swamp
restoration project site biological sampling.

The final project workshop Estuarine Habitat: Fishery Linkages and Implications for Habitat
Restoration Workshop was held on 12 October 2017, and attended by over 60 delegates who travelled
from as far as Tasmania and Townsville. The diverse group of delegates included commercial fishers,
project partners, habitat scientists from government and Universities, habitat, estuary and catchment
managers (NSW Local Land Services, NSW DPI, NSW National Parks and Wildlife Service, NSW
Office of Environment and Heritage, Hunter Water), and fishing co-op managers. Details of the
workshop are summarised in Appendix 18. The following seminars were presented, followed by an
afternoon workshop to build on the information presented titled Growing the fishery! A planning
session for coastal habitat restoration:

1. The status of estuarine habitat in NSW. How the NSW Coast once looked. Kylie Russell, NSW
DPI

2. Research overview and nursery basics. An introduction to the FRDC project. Understanding
nursery habitats for exploited penaeid prawns in NSW estuaries. Matthew Taylor, NSW DPI

3. Saltmarsh secrets. Direct usage of saltmarsh habitats by exploited species in the Hunter River.
Plus insights into DIDSON work on large-bodied species. Alistair Becker, NSW DPI

4. Saltmarsh surprises. Direct and indirect interactions between saltmarsh habitats and
commercially important penaeid shrimp. 7roy Gaston, University of Newcastle

5. What’s for lunch? The contribution of estuarine habitats to the diets of commercially
important fisheries species in the Hunter and Clarence Rivers. Vincent Raoult, University of

Newcastle

6. Hexham Happenings. School Prawn (Metapenaeus macleayi) abundance and trophic
relationships in the recovering Hexham wetland. Craig Hart, University of Newcastle

7. What’s it worth? The economic value of saltmarsh to fisheries. Matthew Taylor, NSW DPI
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Other strategic face-to-face presenting opportunities have also been identified and utilised to
communicate the project’s results with other interested parties and stakeholders including recreational
fisheries stakeholders, Local Councils, natural resource managers, and other research colleagues and
peers. This included being invited as a guest speaker to the 2017 Commercial Fisherman’s
Cooperative (Newcastle) Annual General Meeting, where project findings were presented to a diverse
audience of commercial fishers from the NSW mid-north coast.

Additional presentations included:

1. Taylor MD (2013) Habitat — Fishery linkages in New South Wales. Workshop on Agreed
Future Directions in Fish Habitat Management in NSW, Royal Botanic Gardens, 22" August
2013 (attended by ALL major fisheries stakeholder groups in NSW);

2. Taylor MD (2013) Challenges and opportunities for fish habitat research: A NSW perspective.
Fish Use of Mangroves and Tidal Wetlands: Biological Drivers, Physical Constraints,
Regional Variation, Townsville, 1% October 2013;

3. Taylor, MD (2016) Identifying and understanding nursery habitats for exploited for exploited
penaeid shrimp in NSW estuaries. NSW Coastal Conference, Coffs Harbour, 9-11 November
2016;

4. Walsh, S (2016) North Coast Local Land Services, Regional Managers workshop Grafton.
Industry on Estuary. 15 attendees included Government Departments, cane growers, graziers,
Local Council, aquaculture owners;

5. Taylor, MD, Becker, A, Fry, B, Moltschaniwskyj, NA, Tyler, K (2016) Identifying and
understanding nursery habitats for exploited penaeid shrimp to inform habitat rehabilitation.
Restore America’s Estuaries, New Orleans, 11-14 December 2016;

6. Taylor, MD, Camp, E, Gaston, TF, Raoult, V (2017) Habitat-fishery linkages in New South
Wales: Implications for restoration. I* Australian Coastal Restoration Symposium,
Townsville, 31 August-1 September 2017;

7. Taylor, MD, Camp, E, Gaston, TF, Raoult, V (2017) Estimating potential economic value of
estuarine habitat and benefits from its restoration. NSW Coastal Conference, Port Stephens, 8-
10 November 2017

8. Taylor, MD (2017) Understanding Nursery Habitats for Exploited Penaeid Shrimp in NSW
Estuaries: A synopsis of 3 years field and lab research. Commercial Fishermans Co-op Annual
General Meeting, 27 October 2017.

Dedicated project website

Although the internet was identified as one of the least (3%) preferred sources of information, a
project website was determined by a number of fishers (11.5%) to be a preferred means of receiving
updates on the project. A dedicated project website was produced and provided a portal for regular
project updates with results and key findings:

www.dpi.nsw.gov.au/fisheries/habitat/rehabilitating/ekp

Not only did fishers stay informed of the project’s progress via this dedicated information space but
other key stakeholder groups, project partners and the wider community could also access the
information.
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Fisher interviews

Commercial fishers are a key source of information about EKP, furthermore, information direct from
their peers was clearly identified as the EKP fishers’ most trusted source of information (58%).
Therefore interviews with fishers were conducted to document this information and to establish:

1. their perspectives on issues affecting EKP habitat;
2. what fishers need to know about EKP and EKP habitat;

3. where fishers go to get information, which sources they trust and their information delivery
preferences.

Several interviews were conducted, interviewees included: Jeff Hyde, John Hewitt (as recounted by
Dennis Hirst), Dennis Hirst, Murray Ham and Reg Hyde. These interviews have produced some
interesting oral histories and anecdotes, highlighting the historical abundance and use of estuarine
wetlands by EKP.

Some comments from fishers in relation to Hexham wetland in the Hunter River are outlined below:

o “Before the floodgates were constructed at Ironbark Creek in the early 1970s, Hexham swamp
was considered to be the main nursery of EKP for the Hunter River. The results from tagging
studies (which showed prawns migrated north as far afield as off Brisbane) led fishers to
conclude that Hexham may have been the main nursery for an even larger area than just the
Hunter”;

o “Inthe 1920s, a local fisherman saw a stream of king prawns 0.5 m wide by 0.5 m deep
coming out of Ironbark Creek, out past the Heads and streaming out to sea for 7 - 8 miles
towards the north. Then in the 1940s, the local BHP steelworks had ongoing issues with king
prawns clogging up the screens on the water intake pipes. Enough prawns would be scraped
off to fill a 44 gallon drum. Every two weeks over summer, the cast-off prawn shells would
form drift piles on the side of the waterways that would crunch underfoot”,

o “One fisher caught enough prawns in nine days to pay off his new trawler. Another bought a
new car with cash, just two weeks after he started prawning. Hexham also provided other
resources for locals. The skies were black with ducks and swans. During the Depression in the
early 1930s, Hexham supported 200 families that gathered prawns, fish, ducks and other
waterfowl for consumption and sale. On Sundays, people hunting ducks with shotguns were so
numerous that the booming shotguns made a continuous roar. This went on for years. On
seeing an advert promoting tourism to Kakadu, one fisher said "why would you go there?
We've got it all here: ducks, magpie geese, jabiru, swans etc - just not the croc's!”

After construction of the floodgates on Ironbark Creek at the mouth of Hexham wetland, fishermen
noticed a steady decline in their catch of prawns. This decline became increasingly obvious once the
wetland really dried out. The numbers of EKP never recovered while the floodgates were in operation.
Some fishermen agitated to return water to the wetland and have been engaged since the early 1970s to
the present day, by sitting on various committees, lobbying politicians and seeking grant funds to
actively restore tidal flows.

As a result, the floodgates on Ironbark Creek have been progressively opened during non-flood
periods over the last few years. Each year there are increasing numbers of small EKP (<28 mm) being
seen in Hexham. Landholders living next to the wetland have seen their first Jabiru's in years that
were "tossing back beakfuls of juvenile prawns". One fisherman was so confident of a revival of the
EKP fishery that he bought a new trawler when he heard that the floodgates were being opened again.
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Other Publications and products

Several other publications and/or communications have been prepared throughout the project in order
to publish preliminary findings, provide research updates, build capacity in the wider community for
the project, and maintain communication networks with project partners.

During the course of the project, project updates were periodically released. These were made
available on the dedicated project website and have also been published in the Professional Fishing
Association’s Newsletter — PFA Update, see February 2014 http://www.nswpfa.com.au/wp-
content/uploads/2014/02/PF A-Newsletter-14-February-2014.pdf, and October 2014

http://www.nswpfa.com.au/wp-content/uploads/2014/11/PFA-Newsletter-31-October-2014.pdf

Key findings of the project have been developed into stakeholder-targeted products (for land managers
and commercial fishers in Appendices 17 and 18 respectively), and will continue to be conveyed to
relevant parties where appropriate.

Project coverage

At the project’s inception (December 2013) a media release was developed and provided to a number
of news outlets and posted to social media to engage and inform the wider community (Table 5). The
news release was picked up by the following outlets. An additional press release is planned to

highlight the findings and key outcomes of the project.

Table 5 Summary of uptake of project media release.

Where Who Distribution
The Channel Newecastle Ports Corporation Newsletter Unknown
Clarence Floodplain http://www.clarence.nsw.gov.au/cp_content/resources/C 750

Newsletter

Twitter

NSW DPI Facebook

ABC radio

Newcastle Herald

Northern Star

Sunshine Coast Daily

WetlandLink newsletter

PFA magazine

larence Floodplain_Newsletter December 2013.pdf

https://twitter.com/nswdpi/status/411269255821135872/
photo/1

https://www.facebook.com/pg/NSWDPIFisheries/photos

[?tab=album&album_id=185575924972443

ABC North Coast interview with Simon Walsh

http://www.theherald.com.au/story/1982224/hunter-
focus-for-prawn-research/

http://www.northernstar.com.au/news/future-of-king-
prawns/2120098/

https://www.sunshinecoastdaily.com.au/news/future-of-
king-prawns/2120098/

www.wetlandcare.com.au/index.php/download file/vie
w/1273/210/

Professional Fishing Association
http://www.nswpfa.com.au/wp-

2,844 followers

21,000 followers

unknown

157,000

29,000

Unknown

Unknown

500 hard copies
plus internet
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http://www.nswpfa.com.au/wp-content/uploads/2014/02/PFA-Newsletter-14-February-2014.pdf
http://www.nswpfa.com.au/wp-content/uploads/2014/11/PFA-Newsletter-31-October-2014.pdf
http://www.clarence.nsw.gov.au/cp_content/resources/Clarence_Floodplain_Newsletter_December_2013.pdf
http://www.clarence.nsw.gov.au/cp_content/resources/Clarence_Floodplain_Newsletter_December_2013.pdf
https://twitter.com/nswdpi/status/411269255821135872/photo/1
https://twitter.com/nswdpi/status/411269255821135872/photo/1
https://www.facebook.com/pg/NSWDPIFisheries/photos/?tab=album&album_id=185575924972443
https://www.facebook.com/pg/NSWDPIFisheries/photos/?tab=album&album_id=185575924972443
http://www.theherald.com.au/story/1982224/hunter-focus-for-prawn-research/
http://www.theherald.com.au/story/1982224/hunter-focus-for-prawn-research/
http://www.northernstar.com.au/news/future-of-king-prawns/2120098/
http://www.northernstar.com.au/news/future-of-king-prawns/2120098/
https://www.sunshinecoastdaily.com.au/news/future-of-king-prawns/2120098/
https://www.sunshinecoastdaily.com.au/news/future-of-king-prawns/2120098/
http://www.wetlandcare.com.au/index.php/download_file/view/1273/210/
http://www.wetlandcare.com.au/index.php/download_file/view/1273/210/
http://www.nswpfa.com.au/wp-content/uploads/2014/03/PFA_Magazine_Nov_2013_email_Spread.pdf

Where Who Distribution

content/uploads/2014/03/PFA_Magazine Nov_ 2013 e
mail_Spread.pdf
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Project materials developed

Project materials developed are described in detail in the Extension and Adoption Section (above).
Other project materials can be found in Appendices 3-18
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Appendix 4 — Nocturnal sampling reveals
usage patterns of intertidal marsh and sub-
tidal creeks by penaeid shrimp and other
nekton in south-eastern Australia.
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Appendix 8 — Direct and indirect
interactions between lower estuarine
mangrove and saltmarsh habitats and a
commercially important penaeid shrimp
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Estuaries and Coasts

habitats lost to the system are likely to yield significant bene-
fits for Eastern King Prawn. Our appreciation of the impor-
tance of saltmarsh in the lower reaches of estuarine systems,
and the potential outcomes from habitat repair will be further
improved by examining these relationships for other species.
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The need for estuarine habitat rehabilitation

The vast majority of Australia’s population lives on the coastal fringes (Birch,
2000). Given the geographic isolation of Australia, access to ocean waters from
sheltered ports for trade has been a key factor in the location and development
of larger communities. This, coupled with the aesthetic benefits and desirability
of living close to the sea, has meant that most of our major cities, and many of
our major regional centres, are concentrated around estuaries.

Rapid development of communities, industry and agriculture around estuaries in
the early 20" century showed little regard for the importance of estuarine
habitats to species exploited for food or the health of ecosystems as a whole.
Reclamation through infilling has seen the demise of extensive coastal wetland
and mangrove habitats (e.g. Evans and Williams, 2010), and the installation of
flood gates has seen the widespread loss of connectivity between coastal
wetlands and estuarine waters. This has contributed to a reduction of some
72% of prime fish habitat available to support estuarine fish species (Rogers et
al., 2015). In the estuarine waters themselves, various anthropogenic pressures
have seen the degradation and loss of about 45,000 hectares of seagrass
(Walker and McComb, 1992).

Recently, the case for extensive estuarine habitat rehabilitation in Australia has
been developing. A recent business case suggested that relatively simple
remediation activities can lead to substantial economic benefits (Creighton,
2013) through enhancement of the various ecosystem services derived from
estuaries, especially fishery productivity. On this basis of this assessment,
investment of the AUD350 million (Australia-wide) needed to undertake the
necessary repair is expected to be recouped through these enhancements
within 5 years (Creighton et al., 2015). To encourage investment in habitat
repair, there is a need to prioritise and plan works to maximise benefits, and
also to employ reliable analyses to place a financial value on these benefits.

Given the large volume of harvest, high value of product, and general reliance
on estuaries during their life history, it has been suggested that habitat
rehabilitation should focus on areas of potential benefit to penaeid prawn
species (Creighton et al., 2015). This manuscript summarises some very recent
data collected for penaeid prawns in NSW, and uses these patterns to show
how the nursery concept can support the prioritisation, planning, design and
assessment of estuarine habitat rehabilitation projects in New South Wales.
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Establishing nursery value and use in the planning habitat rehabilitation

The estuarine nursery concept is a long-standing paradigm in marine ecology
(Boesch and Turner, 1984), and suggests that the structural complexity and
productivity of estuaries plays a significant role in the growth and survival of
early stages of marine organisms. This in turn affects the abundance at later
stages when these organisms reproduce, and can be exploited for human
consumption. A large proportion of exploited species in south-eastern Australian
estuaries utilise estuaries for some component of their lives, with levels of
usage ranging from a few short months during an organisms early life history
(i.e. the nursery stage) to the entire life cycle of an organism.

Penaeid prawns are among the most heavily exploited benthic crustaceans in
the world. Many penaeid species display a Type-Il life cycle, whereby spawning
occurs in oceanic areas, young prawns recruit into estuaries for their juvenile
stage, and migrate back to the ocean as they mature (Dall et al., 1990). During
this period, young prawns are thought to be reliant on both the overall
productivity for food, and the various habitats available in estuarine systems for
shelter, but this varies between species. The overall dependence of these taxa
on estuaries is however highlighted by Turner (1977), whose meta-analysis
shows a strong positive correlation between estuarine habitats (intertidal
vegetation) and landings of penaeid prawns, which transcends species and
geographic areas.

Along the length of the NSW coast, the two major species of penaeid prawns
that use estuaries are Eastern King Prawn (Penaeus plebejus) and School
Prawn (Metapenaeus macleayi). Both species display a penaeid Type-Il life-
cycle, but display different levels of estuarine usage. Eastern King Prawn spawn
off northern NSW and southern Queensland, and their larvae develop as they
drift south in the Eastern Australian Current (Everett et al., in review). As they
reach their postlaval stage, they emigrate inshore and into estuaries, where
they settle out across a range of different habitats. They remain in the estuary
for 2-3 months, before emigrating to inshore areas and commencing an
extensive migration toward the spawning areas further north (Braccini et al.,
2012). School Prawn spawn in inshore areas, usually adjacent to the mouth of
an estuary, recruit into the estuary as postlarvae, and rely on estuarine habitats
during their juvenile phase (Racek, 1959). Maturing prawns emigrate from the
estuary usually within the months of December — March, and spawn around the
mouth of the estuary from which they emigrated, or adjacent estuaries to the
north (usually within about 70 km, Ruello, 1977). School Prawn are highly
exploited in their estuarine and inshore phase (Glaister, 1978), whereas Eastern
King Prawn are primarily exploited in their offshore migratory phase (Gordon et
al., 1995).

While these species both use estuaries, they are not ubiquitous and are present
in different numbers at different places, and in different habitats. If estuarine
habitat rehabilitation is to be targeted at the enhancement of these valuable
species, understanding the nursery value of different areas within the estuary,
and the processes that might be driving these patterns, will allow managers to:
1) prioritise areas for rehabilitation that are likely to result in the greatest
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benefits for these species; 2) give regard to factors that may increase nursery
value when engineering rehabilitation works; and 3) estimate the potential
outcomes of different rehabilitation scenarios for different species.

Nursery habitats for exploited penaeid shrimp in NSW estuaries

Defining nursery value is most commonly approached through the designation
of different areas within the estuary as nursery habitats. The general definition
of a nursery habitat is one that contributes a disproportionate number of recruits
to the exploited or reproducing components of the population (Beck et al.,
2001). This usually involves tracing individual animals captured in the exploited
or adult components of the population, back through space and time, to the
location where they grew up, and using the contribution of different putative
areas or habitats to derive a standardised contribution (i.e. contribution-per-unit-
area of habitat). Habitats or areas that have a greater than average
contribution-per-unit-area, are generally designated as nursery habitats. The
spatial extent of the habitat or area from which an animal originates, however,
may not always be explicitly defined. In these cases, a simpler method is used
to assess nursery value, which only considers total contribution of a habitat or
area regardless of its spatial extent (Dahlgren et al., 2006), and defines areas
that have a greater than average contribution as effective juvenile habitat. \While
these two approaches provide suitable methods for assessing nursery value,
Sheaves et al. (2015) highlight that a broader suite of variables need to be
considered, including the supply of natural recruits to a particular habitat,
limitations imposed by an organisms physiology, requirements for refuge
habitat, and connectivity between juvenile and adult habitats.

Considering the information above, tracing older animals back to their juvenile
habitat is an important component of understanding nursery value. For fish, this
is often achieved by using the concentrations of certain elements laid down in
the fishes otolith (Elsdon and Gillanders, 2003), but this is most often used to
classify individuals among different estuaries. Similar approaches have been
trialled for crustaceans, but similarly only work at broader spatial scales
(Courtney et al., 1994). Taylor et al. (2016) recently developed a method for
assigning penaeid prawns to particular areas within an estuary, using the stable
isotope signature of muscle tissue. This two part process involves firstly
collecting animals from across the estuary (i.e. in putative nursery habitat areas)
to develop a library to which animals of “unknown origin” can be assigned. The
second part of the process involves collecting animals as they emigrate from
the estuary to join the adult or exploited component of the population, and
matching the muscle stable isotope signature from these individuals to putative
nursery habitat areas to derive the most likely area from which they originated.
This novel approach was used in conjunction with traditional trawl sampling to
define nursery habitats and effective juvenile habitats for Eastern King Prawn
and School Prawn across a number of estuaries in NSW, and quantify how
completed rehabilitation projects were benefiting these species.

Lake Macquarie is a large, immature, wave dominated barrier estuary, and

NSW's largest coastal lake with a waterway area of 114 km?. The lake has a
small tidal range, a relatively stable salinity regime, and extensive seagrass
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beds dominated by Zostera and Posidonia. Using the approach described
above, Taylor et al. (in review) assigned Eastern King Prawn that were
emigrating from the estuary among 20 putative nursery habitat areas (School
Prawn do not occur in the estuary in large numbers). Over 80% of the
emigrating prawns could be assigned among these areas, although they were
only assigned to 11 of the areas surveyed. The level of contribution from these
areas was significantly related to both the abundance of prawns within an area
and the distance of that area to the mouth of the estuary. Given the definitions
outlined above, 8 areas were designated as effective juvenile habitat (EJH), and
5 areas were designated as nursery habitat (NH). All of the EJH and NH were
located in the northern section of the estuary. The isotope sampling was
followed up in the following year by quantitative sampling aimed at evaluating
the absolute densities of prawns present in each area. These results supported
the patterns observed from the isotope analysis conducted in the previous
season. Prawn densities were significantly related to distance to sea, and
densities were greatest at a distance of 6-9 km from the estuary mouth.

Examination of circulation and wind patterns led to the conclusion that tidal
transport of incoming postlarvae could not explain the recruitment patterns.
Rather, the spatial patterns in abundance were consistent with transport from
the end of the lakes entrance channel being driven by predominantly southerly
winds during the recruitment season. Ultimately, the supply of recruits through
wind-driven transport, and the density of seagrass in a particular habitat, was
most important in determining whether a habitat was a nursery habitat or
effective juvenile habitat. Other ocean-spawned species also recruited at
greatest densities to these areas (Hannan and Williams, 1998).

The second estuary examined was the Hunter River Taylor et al. (in
preparation), a mature, wave-dominated barrier estuary located just to the north
of Lake Macquarie. While the lower estuary is heavily urbanised, it has
abundant mangrove and saltmarsh habitats, and includes 4 main features: 1) an
expansive mangrove lined system of shallow embayment'’s (Fullerton Cove and
Fern Bay); 2) Tomago wetland to the north; 3) Kooragang wetland, which is
nested between the north and south arms of the lower estuary; and 4) Hexham
wetland in the south. The historic installation of dykes and floodgates removed
connectivity of three wetland systems and the main estuary, however several
recent rehabilitation projects have reinstated this connectivity, initially to
Kooragang wetland (Williams et al., 2000) followed by Tomago (Rayner and
Glamore, 2010) and most recently the Hexham wetland was rehabilitated (Boys
and Pease, 2016).

Using the approach employed by (Taylor et al., 2016), up to 93.5 % of prawns
could be assigned to putative nursery habitat areas. Emigrating Eastern King
Prawn were primarily assigned to the higher salinity areas of the lower estuary,
with most originating from the shallow, unvegetated habitats of Fullerton Cove
and Fern Bay, and sites in these are were all designated as effective juvenile
habitat (designation of nursery habitat was performed with this data). The
wetland systems mentioned above made only minor contributions to the
emigrating component of the population. The relationship between distance to
sea and abundance was not linear, however, and quantitative sampling
revealed a distinctive peak in between 8 and 10 km from the estuary mouth,
and also that prawns were more abundant in shallower water. This area
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corresponded with a salinity primarily in the range 26-32. The isosmotic salinity
for juvenile EKP is 28 (Dall, 1981), and recent physiological experiments have
shown that energetic efficiency is greatest at this salinity (Tyler et al., in review),
allowing for optimal somatic growth. Bathymetry, salinity, and connectivity
ultimately affected the nursery value of different areas for Eastern King Prawn in
the Hunter River.

For School Prawn in the Hunter River, the contribution of different areas to
emigrating prawns was spread much more evenly across the lower estuary, and
the three main wetland areas described above were designated as effective
juvenile habitat for this species. Abundance of School Prawn was also positively
related with distance to the mouth of the estuary, and preliminary examination
of the patterns indicated that fishing effort may affect the contribution of different
areas to the emigrating component of the population.

Applying knowledge of penaeid nursery value to habitat rehabilitation

The information above presents some clear patterns which highlight areas of
particular nursery value in two contrasting estuaries, and the factors that
influence this value. This information is extremely useful in evaluating existing
habitat rehabilitation efforts, and informing future efforts.

The patterns resolved for Eastern King Prawn in Lake Macquarie have
implications for targeted fishery restoration efforts, both for Eastern King Prawn
as well as other ocean spawned species in wave dominated estuaries. It is clear
that under natural recruitment conditions, those habitat rehabilitation strategies
targeting seagrass (such as replacement of traditional moorings with seagrass
friendly moorings) should have the greatest positive impact on this species
when efforts are targeted toward locations where hydrographic patterns provide
the greatest number of recruits, which in the case of Lake Macquarie is6 — 9
km inside the estuary mouth.

In the Hunter River, the patterns presented indicate that a number of factors
combine to determine the nursery value of different areas within an estuary. For
Eastern King Prawn, these were bathymetry, connectivity and salinity. The
importance of shallow estuarine areas in the lower estuary highlight the
potential impact that extensive loss of high nursery value habitat through land
reclamation throughout the lower Kooragang Island may have had on the
species (Williams et al., 2000). It also shows that improving tidal connectivity
from the south arm into the lower Kooragang wetland could lead to increased
value of this habitat for Eastern King Prawn. Due to its small relative waterway
area, the Hexham wetland was not designated as an effective juvenile habitat
for Eastern King Prawn, however, the highest abundances encountered during
the research were present in the subtidal channels of this recently rehabilitated
wetland system. The Hexham wetland certainly appears to be of high nursery
value for Eastern King Prawn as it receives good recruitment, suitable salinity
and a shallow sub-tidal channel system. For School Prawn, all rehabilitated
wetland systems were of high nursery value.
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These points represent preliminary recommendations and conclusions as field
research is being finalised and published. An important use of this data will be
application of the abundance information through a fishery model to predict the
economic benefits that may be derived from different habitat rehabilitation
scenarios for these species. In recent years, examples of such modelling have
emerged for Australia (e.g. Blandon and zu Ermgassen, 2014), although there
has not yet been a dedicated study in NSW. Future work may also apply the
approach described above to other valuable taxa, such as Mud Crab and Blue
Swimmer Crab, to identify critical factors affecting nursery value and provide
data to model the potential outcomes from habitat rehabilitation.
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Appendix 10 — Habitat-fishery linkages in
two large estuarine fisheries: The role of
saltmarsh in supporting fisheries
productivity
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Appendix 11 — The economic value of
fisheries harvest supported from saltmarsh
and mangrove productivity in two
temperate Australian estuaries
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Appendix 12 — Impacts of habitat repair on
a spatially complex fishery
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Appendix 13 — Extension and Adoption
Plan
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The impact of habitat loss and rehabilitation on growth, survival and
recruitment to the NSW eastern king prawn fishery

EXTENSION AND ADOPTION PLAN
E&A OBJECTIVES
1. To engage with commercial EKP fishers in order to

a. Improve understanding of commercial fishers’ knowledge about EKP habitat requirements
and impacts

b. To improve commercial EKP fishers’ appreciation of the benefits of EKP habitat restoration.

2. To provide research results (relating to Project Objectives 1, 2 and 3) in forms appropriate to each of
the target audiences

3. Todevelop as far as possible regionally specific information relating to potential improvements
associated with targeted rehabilitation

4. To foster in-principle agreement from local and regional land managers to incorporate EKP habitat
improvement into Estuary Management Plans, Catchment Action Plans and similar local and
regional planning instruments.

5. To obtain in-principle agreement from fisheries managers and commercial EKP fishers to incorporate
relevant habitat improvement into the EKP Fishery Management Plan when next reviewed.

TARGET AUDIENCE/S

1. Commercial EKP fishers in NSW and Queensland

2. Commercial fisheries managers

3. Commercial fishing sector more broadly

4. Catchment and land management agencies, local councils and landowners
END USERS

*Commercial EKP fishers in NSW and Queensland

*Commercial fisheries managers

*Commercial fishing sector more broadly

*Coastal land management and planning bodies, including catchment management agencies and councils
* Fish Habitat managers

* Private and public companies with estuary management responsibilities or concerns

*General public, including recreational fishers
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KEY MESSAGE/S

Note: Specific message elements will be identified as a result of both on-ground research (project objectives

1, 2, 3) and desktop research (project objectives 3, 4).

Key message 1
A productive and sustainable EKP fishery depends on healthy habitat for juveniles

1a. The EKP productivity associated with different habitat types, complexes and states [as identified by

the research]

1b. How juvenile EKP use different types of habitat [as identified by the research]

1c. Specifics of what is needed for survival and growth [as identified by the research]

1d: The factors and conditions that support optimal carrying capacity [as identified by the research]
Target audience:

- commercial EKP fishers

- commercial fisheries managers
Incidental audience:

- recreational fishers

- fisheries researchers

Key message 2
Habitat that supported the survival and growth of EKP has been lost
Target audience:
- commercial EKP fishers
- commercial fisheries managers
Incidental audience:
- recreational fishers

- fisheries researchers

Key message 3
Targeted habitat improvement will improve the potential productivity of the EKP fishery
3a. Specific rehabilitation options as identified by the research
3b. The local / regional social and economic value of a productive and sustainable EKP fishery
Target audience:
- commercial EKP fishers
- commercial fisheries managers

- local / regional land managers (incl local councils, county councils and catchment management
authorities / Local Land Service agencies

Incidental audience:
- recreational fishers

- fisheries researchers
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Key message 4

Improving the potential productivity of the EKP fishery through habitat improvement has social and economic
benefits

3a. The local / regional social and economic value of a productive and sustainable EKP fishery
Target audience:
- commercial fisheries managers

- local / regional land managers (incl local councils, county councils and catchment management
authorities / Local Land Service agencies

Incidental audience:
- recreational fishers

- coastal planning and policy professionals

Key message 5
Commercial fishers have a stake in improving the potential productivity of the EKP fishery
Target audience:

- commercial EKP fishers

- commercial fisheries managers

METHODS
1. Information letter

Information about the project outlining its purpose, objectives, personnel and ways to get more information
and provide input.

Type: Printed publication

Audience: Commercial EKP fishers and their co-ops
Phase: Project initiation

Freguency: Once

Cost elements: salary, printing, postage (every EKP licencee and coop)

2. Project updates

Summary of research activities and results as well as engagement activities and feedback. Provided six-
monthly, these reports will also be available online through both dedicated website (see Method 4) and
partner organisations’ websites.

Type: Printed and online publication

Audience: Commercial co-ops, relevant Catchment Management Authorities / Local Land Services, relevant
local councils

Phase: Throughout
Frequency: Six monthly (6 in total)
Cost elements: salary, printing, postage (every EKP coop)
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3. Research papers

Papers documenting research results will be prepared for peer-reviewed journals. Note: the dissemination of
information / results to a more general audience will not be delayed until after publication. Internal review of
results and their interpretation will take place prior to public dissemination.

Type: Printed and online publications
Audience: Fisheries researchers and managers
Phase: on completion of research components
Frequency: dependent on results

Cost elements:salary

4. Dedicated website

A project website will be hosted within www.dpi.nsw.gov.auffisheries. Links to the websites of OceanWatch
and other partner organisations and FRDC. The website will provide:

- project information and updates (six-monthly)
- plain English summaries of the research results
- resources developed on the habitat use and ecosystem requirements of EKP
- links to other relevant resources and information
- contact details for project team
Type: Website
Audience: General
Phase: Throughout and ongoing
Frequency: N/A
Cost elements: salary

5. Face-to-face discussions with commercial fishers

Project team members will visit EKP fishery participants, at the fishers’ convenience. At least 25 face-to-face
interviews from at least 6 sites, specifically: Tweed Heads, Ballina, Yamba, South West Rocks, Coffs
Harbour and Newcastle.

The focus of these discussions with commercial fishers includes:
- obtaining fishers' perspectives on issues affecting king prawn and EKP habitat
- determining what fishers' want to know about EKP and EKP habitat

- determining where these fishers go for information, what sources they trust and their information
preferences

Wherever possible, this activity will co-occur with other activities with which the commercial fishers are
familiar or have reason to be interested in (eg, in concurrence with SEAnet officer visits, coop meetings, and
similar). Every effort will be made to minimize inconvenience to the fishers and to maximize the value they
get from their time.

Note: this method is linked with Method 6.

Type: Face-to-face

Audience: Commercial EKP fishers

Phase: Project outset, then as requested

Frequency: at least once per co-op involved in the EKP fishery
Cost elements: salary, travel, accommodation
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6. Survey

A survey designed to be administered during face-to-face discussions as well as available online (download
and return and web-based). This short survey will gather information about where commercial ERP fishers
go for information, what sources they trust and their information preferences. The results will inform the
development of a communication plan (see Method 7) and information resources for commercial fishers.

Type: Face-to-face and online

Audience: Commercial EKP fishers

Phase: Project outset and open for first 3 months
Frequency: Once and concurrent with #5

Cost elements: salary

7. Communication plan

A succinct (10 page maximum) plan using the results of the survey and the face-to-face discussions to
define an effective way to communicate with commercial fishers and coastal habitat stakeholders about
habitat use and ecosystem requirements of EKP. As well as informing the development of the information
products, this plan is likely to have a broader application beyond the life of this project for individuals and
organisations wishing to communicate effectively with commercial fishers.

Note: This is not a Project communication plan; it is a plan for effective communication of information in
relation to habitat and the commercial EKP fishers.

Type: Electronic publication
Audience: Open

Phase: 6 — 9 month stage
Frequency: Once

Cost elements: salary

8. Regional land managers’ workshops

A series of 3-hour workshops (one per region: Ballina, Kempsey and Newcastle) to discuss the implications
of the project for local and regional planning and land management. Specific attention will be paid to
opportunities for incorporating standard operating procedures and rehabilitation activities into estuary
management plans, climate change adaption plans and catchment action plans. These workshops will be
free to participants.

Type: Workshops

Audience: local council planning staff, catchment management authority staff, relevant Crown Lands
management staff, Aboriginal Land Council representatives, regional Landcare / Coastcare / Dunecare
coordinators and relevant State agency planning and regulatory staff (eg, Fisheries, Planning, Water,
Environment,) Ports Authorities

Phase: Late
Frequency: Once per region

Cost elements: salary, staff travel and accommodation, venue hire, catering, printed materials for participants

9. Presentations

These conferences offer the opportunity to inform a variety of professionals involved in managing land,
assets and infrastructure, sustaining local / regional business and economies and developing cross-agency /
disciplines approaches to addressing coastal issues. The EKP and habitat information will be directly
relevant to Queensland commercial fishers and fisheries managers. The underlying concept of integrating
habitat improvement, fisheries productivity and multi-sectoral involvement will be of interest to a wider range
of stakeholders.

Three conferences will be targeted:
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- The 2014 or 2015 NSW Coastal Management Conference
- The 2014 or 2015 Coast to Coast National Conference
- Seafood Directions (2015 — Note, this conference is not held in 2014 or 2016)

The year in which these presentations will be provided, ie either 2014 or 2015, will depend on the progress
and timing of research results, conference themes, time of year (early 2014 less suitable), and location (east
coast venues preferred).

Type: Conference presentation

Audience: Professionals involved in coastal management in Australia

Phase: Late

Frequency: Three

Cost elements: salary, staff travel and accommodation, conference registration

10. Information products

(a) Products designed to inform commercial fishers about the habitat requirements of EKP. The format and
style of these and how they are provided will be informed by the results of the survey (within budget
limitations). At the least, information will be developed in an appropriate style and language into a web page
and downloadable brochures. The budget does not cover printed materials.

(b) Products designed to inform and assist land managers. This information will be available as a web page
and downloadable brochures. These products will be made available to other professional bodies, such as
the Local Government and Shires Association and the Local Land Services, to facilitate dissemination.

(c) General information product designed to be accessible and available to a broad general audience and
suitable for distribution at field days, boat and industry shows, school visits and similar.

Note: providing printed materials may be possible if additional corporate funding is secured over the course
of the project.

Type: Electronic publications
Audience: Various

Phase: Throughout
Frequency: N/A

Cost elements: salary

11. Media
Three media elements will be targeted:
- Media releases on research findings and to promote workshops (At least 4 media releases)

- Articles for special interest media (eg. The Land, recreational fishing magazine, FRDC FISH magazine)
building profile of land use issues and link to fisheries productivity to broad audience. At least 4 articles.

- Radio — at least one interview
Type: various

Audience: broad

Phase: throughout

Frequency: throughout

Cost elements: salary
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12. Final Project Report

The Final Report provides an opportunity to consolidate all the project activities, results, and outputs.
Type: Print and electronic publication

Audience: FRDC

Phase: End

Frequency: Once

Cost elements: salary

13. Opportunistic

Several staff and organisations involved in the project are involved in extension activities that will provide
other opportunities to provide information or talk with specific groups. Examples include the engagement
work with recreational fishers that Fisheries NSW does through the Fish Habitat Network and the community
engagement and schools work done by Oceanwatch.

Type: various

Audience: general public

Phase: throughout

Frequency: as opportunities arise
Cost elements: in-kind
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ACTION PLAN
During Project

Method

Responsibility

Completion date

1. Information letter

Co-investigator Liz Baker

1 month after contract signed

2. Project updates

Co-investigator Liz Baker
All others contributing information

Every 6 months

3. Research papers

Principle investigator
Co-investigator Craig Boys
Co-investigator Craig Copeland
Co-investigator James Smith
Co-investigator Greg West

As possible during project and
ongoing after completion

4. Dedicated website

Co-investigator Liz Baker

1 month after contract signed with
ongoing updates throughout

5. Face-to-face with commercial
fishers

Principle investigator
Co-investigator Liz Baker
Co-investigator Craig Copeland

Throughout first 6 months after
contract signed

6. Survey

Co-investigator Liz Baker

Data collection complete 6
months from contract signed

7. Communication plan

Co-investigator Liz Baker

9 months from contract signed

8. Regional land managers’
workshops

Co-investigator Liz Baker
Co-investigator Craig Boys

Final 6 mth period

9. Conference presentations

Principle investigator or
Co-investigator

As appropriate — 2014 and 2015

10. Information products

Co-investigator Liz Baker

Throughout. Some products might
be able to be produced (eg,
habitat maps) within the first 3
months. The majority of products
will be produced in the second
half of the project (eg, Jan 2015
to May 2016)

11. Media Principal investigator Throughout
Co-investigators

12. Final Project Report Principal investigator June 2016

13. Opportunistic All Throughout

After Project

It is likely that the preparation research papers for peer-reviewed journals will be ongoing or still in progress

at the completion of the project.
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Appendix 14 — Eastern King Prawn Fisher
Survey

195



196



7. Since you began fishing, which habitat types have improved or declined in your area?

Seagrass ] ] [ 0
Mangroves ] N [] 0
Saltmarsh ] ] [] 0
Wetlands ] N [ 0
(61 | ORU—— ] ] [] 0

8. On a scale of 1 (very important) to 4 (not important), how would you rate each of the
following factors on EKP production (not catch-ability)?

in?p;ftz“ 2 important imi::";ece 4 not important 5 don't know

River flood level ] U U ] [
River flood timing D D D D D
Water temperature [] H U [] ]
Water quality [] H [ [] 0
Availability of seagrass ] [] [] [] []
Availability of mangroves L] ] U [] []
Availability of saltmarsh ] H [] [] [
Availability of wetlands [ O [] [] [
Availability of bare sediment ] ] ] [ [
Harvest management (] (] [ [] []
(a1 1] ] [] [ [] [
9. How do you rate DPI’s efforts to fix estuary habitats?

[ | could do more [] About right [| Do too much [ | Don't know

10. If too much or too little, what should they do more or less of?

11. Whose information on fishing (in general) do you have the most confidence in? (Multiple

responses are OK)

[ ] Government | Other fishers

D Info from TV, radio

[ Articles in magazines / newspapers L] Internet

|| scientists
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12. Whose information on fishing (in general) do you have the least confidence in? (Multiple
responses are OK)

[ | Government [| Other fishers [ ] Articles in magazines / newspapers [ Internet

D Info from TV, radio D Scientists

13. How would you prefer to access future information about prawn research and habitat
rehabilitation? (Multiple responses are OK)

L] Website | Email [ | Printed brochures
[ Local newspaper || Radio [ | Face to face
[ | scientific Journals ] Industry conferences [ | Addressed letter

14. What information would you like to know about EKP habitat?

[] What types are most important L] What is happening to it [ ] How it could be improved

17. Have you noticed a change in EKP catch since the rehabilitation works?

U Large Increase U Slight Increase L] No change U Slight Decrease
[ Large Decrease [ Not Applicable

18. If an estuary habitat rehabilitation project was happening in your area, would you be
able to help with:

[ ] cash || Hands-on help [ ] Letter of support [ ] None of the above

Thank you for your participation in this survey.
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Appendix 15 — Eastern King Prawn
Research: Communication Plan
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Appendix 16 — Flyer for Land Managers
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Appendix 17 — Flyer for Commercial
Fishers
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Appendix 18 — Estuarine Habitat: Fishery
Linkages and Implications for Habitat

Restoration Workshop: A report for
participants

www.dpi.nsw.gov.au
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Published by the NSW Department of Primary Industries (NSW DPI)
Estuarine Habitat: Fishery Linkages and Implications for Habitaf Resforation Workshop. A report for participants.
First published December 2017

More information
Charlotte Jenkins, Fisheries Manager Aquatic habitat Rehabilitation. charlotte jenkins@dpinsw.gov.au

www . dpi.nsw.gov.au
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Estuaring Habitat: Flshery Linkages and Implications for Habitat Restoration Workshop — A Repodt for Participanis

Contents
OO e e e e
Presentation Summaries. . e i - S

1: The status of estuarine habitat in NSW. How the NSW Coast once looked. Kylie Russell,
NSW DI . . I

2. Research overyiew and nursery basics. An infroduction to the FRDC project. Understanding
nursery habitats for exploited penaeid prawns in NSW estuanes. Matthew Taylor, NSWDFI 4

37 Saltmarsh secrets. Direct usage of saltmarsh habitats by exploited species in the Hunter
River. Plus insights into DIDSON work on large-bodied species. Alistair Becker, NSWDPJ . &

4: Saltmarsh surprises. Direct and indirect interactions between salimarsh habitats and
commercially important penaeid shrimp. Troy Gaston, Lol . SOOI s

52 What's for lunch? The contribution of estuarine habitats to the diets of |:::::mrrn:eri:|;allg.r
important fisheries species in the Hunter and Clarence Rivers. Vincent Raowlt, UoN .7

6 Hexham Happenings. School Prawn (Mefapenaeus macieay’) abundance and tmphic
relationships in the recovering Hexham wetland. Craig Hart, LiolN . .8

T- What's it worth? The economic value of salimarsh to fisheries. Mafthew Taylor, NSW DP9
Feedback from the Growing the Fishery Planning Session for Coastal Habitat Restoration .10
Workshop images and feedback e 13

Workshnp handouwts — ... SO I |

a) EKP Research SI.IFTIT‘IE.F}' Product for Land Managers SO F

b  EKP Research Summary Product for Commercial Fishers......ccoveeevceecceecceeceeeeeeeeenn 19

ii MSW Department of Primary Industries, December 2017
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Estuarine Halltat: Flshery Linkages and Implications for Habitat Restoration Workshop — A Report for Parcipanis

Feedback from the Growing the Fishery Planning Session for Coastal
Habitat Restoration

As a direct consequence of the research project's significant findings, the project’s extension
staff recognized the potential opportunity the workshop presented to translate the findings into
cumrent and projected management actions for the NSW coast.

The following information is collated contributions provided by workshop participants based on a
senes of discussion points developed by the workshop coondinatars.

What is currently happening? (Existing programs, activities, management strategies,
research, and resources)

Matural Infrastructure Business Case — NSW DPI led Business Cass development with
consultants KPMG. If successful the Business Case will support the delivery of significant
on-ground investment in estuarine hahitat restoration that would both benefit the Marine
Estate but also the Government's Strategic Plan for addressing climate change.

Marine Estate Management Strategy — a new approach to managing the marine estate in
MNSW as a single continuous system for the greatest well-being of the community. It aims
to maximise current and future economic, social and envircnmental benefits of the
Marine Estate.

Global Mapping Ocean Wealth project — funded by the Nature Conservancy, seeks fo out
a value on maring habitats and gain an insight into the value people gain from the natural
emvironment and improve management strategies.

Lower Hunter Flood Mitigation Scheme (LHFMS) review — review of the scheme which
‘was designed in direct response to the 1955 flood. The review will look at the costs and
benefits of the current management of the LHFMS from a triple bottom-line perspective,
inciuding the environmental impacts.

Hahitat Action Flagship Program — investiment from the NSW Recreational Fishing Trust
administered by Aguatic Habitat Rehabilitation, NSW DPI

Coastal Management — Coast and Estuary Grants Program, significant investment in
improved management actions in NSW estuaries for local Councils with an approved
EstuanyCoastal Zone Management Plan.

Hurter focus workshop on Estuarine Vegetation Migration predictions in the Lower
Hunter Estuary due to Climate Change and implications for restoration, land tenure, and
RAMSAR values of the estuary.

Water Ressarch Laboratory research on estuaring salt plumes.

Blue Carbon, provision of potential incentives to retire areas of land for saltmarsh
accretion.

Biodiversity Conservation Act and the implications for biodiversity offsets in State
Significant Developments.

Infrastructure Investment Program — significant investment from the Australian
Government to boost economic growth and prosperity, increase productivity and support
thousands of jobs.

10

NEW Department of Primary Industries, December 2017
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Estuaning Habltat: Flshery Linkages and Implications for Habitat Restoration Workshop — A Report for Participants

Mational Landcare Program - the Australian Govemment's commitment to protect and
consenve Australia’s water, soil, plants, animals and ecosystems, as well as support the
productive and sustainable use of these valuable resources.

Updated hahitat mapping of coastal estuaries, such as marine vegetation, being
undertaken by Aquatic Ecosystem, NSW DPI

Community networks, links to Citizen Science and large potential for targeted
communication opportunities eg. Australian Mangrove and Saltmarsh Metwork,
Seagrass Watch.

Local Government Environmental Levies — introduction of rate rises in the form of an
Environmental Levy to allow targeted investment in a local govemment area's natural
environment e.g. Ballina Shire Council.

What needs to be happening?
In Research — what are the key emenging issues? Addressing knowledge gaps.

Cuantifying the total ecosystem service benefits of investing in estuarine habitat
restoration and rehabilitation activities.

Studies to ascertain the full impact of restoring fidal flows to historic floodplain wetlands
e 0. Fullerton Cove

Priortisation assessment of coastal catchments to identify critical areas for best outcome
of strateqic investment.

Social mapping — identify the key stakeholders, social structure, groups and
organisations in a region to support the development of targeted participation tools and
resources

Additional estuarine habitat-fishery linkages research. Each coastal system operates
diffierently as demonstrated by the research outcomes presented at this workshop, e.q.
Clarence versus Hunter.

Quantification of social and cultural benefits from estuaries and estuarine habitat.

Identification of each estuary’s relative contribution to fishery production (N2 example
provided, which demonstrated that not all estuaries are equal) and the implications of this
for targeting investment in restoration and rehabilitation activities.

Species specific migration history e.g. research on Mulloway analysing elemental
chemistry of otoliths. Valuable knowledge to assist in tangeted stakeholder engagement.

Mutrient plume size versus estuary size.

In Policy — how do we better manage the fisheny/coastal resources of NSW? Is current policy
adeqguate to face the challenge of sea level rise?

Review of Estuary Management Plans provides an opportunity for updating a plan to
enhance or modify management actions as new knowledge and information becomes
available. Issues regarding getting Plans approved wers raised.

Saltmarsh on private land is cumently not protected under the Fisheries Management Act
1994 Saltmarsh an public (Crown) land is covered.

Foreshore structure contractors identified as not following recommended processes.
Reqgistry of preferred i.e. trained, contractors recommended.

11  NSW Department of Primary Industries, December 2017
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Estuarine Habitat: Flshery Linkages and Implications for Habitat Restoration Workshop — A Repodt for Paricipanis

* The objects of the Water Management Act 2000 are to provide for the sustainable and
integrated management of the water sources of NSW. Chapter 2, Part 3, Division 4 of the
Act provides for (in 526(c)) the development of Drainage Management Plans that must
deal with the ecological impacts and impacts on water quality of drainage works
however these parts of the Act are not tumed on'.

In Management Action —what activities are needed, on-groundfother? How will they be
funded?

+ Whole-of-system approach to flioodplain management based on the model recently
employed in the Shoalhaven estuary. Identification of critical subcatchments coupled with
strategic focus of rehahilitation efforts.

+  Further improvements of fidal flow to the Hexham Swam complex e.g. removal of the
earthen block bank dam at the historic Iron Bark Creek outlet.

+  Acknowledgment of the cultural connectivity to landscapes and the adoption of inclusive
consultation and working parties in management action initiatives. This was highlighted
as having a positive flow-on effect in gamerning support for ongoing maintenance of an-
ground works.

+ Enhanced engagement of industry in management action programs e.g. aguaculture and
commercial fisheres. The Wallis Lake project working with local ayster farmers was
highlighted as a good example.

In Communication — how do we foster support in the community? How do we get information
out to where it matters?

+ Improved capacity building in floodplain land managers e.qg. farmers for the benefits of
active floodgate management

+ Enhanced knowledge of social structure in a community — translating social mapping
data into improved communication with key stakeholders and the general public.

+ Support for the commercial and recreational sectors to demonstrate shared benefits for
baoth groups. The model of the NSW Fish Habitat Parinership was mentioned as a
demaonstration of the willingness of different parties to come together for shared
beneficial outcomes.

12 NSW Depariment of Primary Industries, December 2017
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Estuarine Habltat: Fishery Linkages and Imglications Tor Habitat Restoration Workshop — A Report for Participants

Attachments
Work shop handouts —
a) EKP Research Summary Product for Land Managers
b) EKP Research Summary Product for Commercial Fishers

Mote:
These attachments are included in the main body of this Final Report as Appendices 16 and 17.

14 M3W Depariment of Primary Industries, December 2017
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