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Executive Summary 5

EXECUTIVE SUMMARY

The health of the estuaries of NSW is something) tleeds constant consideration and attention.
The NSW Natural Resource Commission has set attérgerequires that “By 2015 there is an
improvement in the condition of estuaries and @dake ecosystems”. Coastal CMAs in NSW
also have targets in their Catchment Action Plafsted to maintaining or improving the health of
estuaries. An important component of estuarine itiemdis the status of the key biogenic habitats
in estuaries — their seagrass, mangrove and sahmeommunities, collectively known as
macrophytes. Having comprehensive data about ttenesf these habitat types is a fundamental
first step to being able to assess trends thrangh and hence assess whether condition is, in fact
improving. The primary objective of the estuarimnponent of the Seabed Mapping project was
to complete a state-wide GIS inventory of theseaBithts, a task that was started during the
Comprehensive Coastal Assessment (CCA).

The CCA had adopted a rigorous protocol for recgydhe extent of estuarine macrophytes and
had mapped them in estuaries north of Newcastlesaath of Wollongong. However, this had left
a significant knowledge gap along the central mdrthe NSW coast, a region that contained
several very large drowned river systems (HawkasRuver, Port Jackson) and the state’s largest
coastal lake (Lake Macquarie). The task of finatisihe state-wide inventory was completed using
a combination of interpreted aerial photographs feld surveys. The inventory now contains a
standardised GIS layer for the macrophytes in Eidagies.

It is often not possible to directly assess estgabiodiversity without a very large amount of
sampling effort. As long as the limitations of @ugproach are acknowledged, habitats can provide
a suitable surrogate for biodiversity. The extamd diversity of estuarine habitats in a particular
area can be expected to reflect the biologicalrdityein that area. It has long been recogniset tha
seagrass beds and mangrove forests provide antanpoursery habitat for fishes — not just those
that spend all their lives in estuaries, but alszsé which leave estuaries as juveniles and thien li
in offshore habitats. Saltmarsh also is importéeds as a nursery area for fishes but more as a
highly productive intertidal habitat providing foddr fishes and foraging shorebirds. Declines in
the spatial extent of these habitats within anaegtor region, therefore, might indicate a redutctio
of the important ecosystem services they providavihyy a comprehensive baseline for these
habitats is an important first step in being al@emanage them better to conserve estuarine
biodiversity.

While macrophytes are acknowledged as being a negotributor to the habitat structure in
estuaries, non-biogenic structures such as subtekls, intertidal rocky shores and shallow
sediment flats are also important as habitats &iuagine biodiversity. Further, many NSW
estuaries contain increasing amounts of non-nahamal surfaces as a result of human activities in
estuaries. Artificial rock walls, wharves, jettiesiarinas, etc. all provide structural habitat,
especially in estuaries that are also major portBax are highly urbanised. Natural hard surfaces
can increase the diversity of native plants andiafs in estuaries, but artificial hard surfaces may
also attract large numbers of introduced marineisge

During this project, a protocol was developed fecarding these hard surfaces. The technique
uses a combination of aerial photograph interpitafas for the macrophyte habitats), field

surveys, side scan sonar and underwater videoliwedte a set of foreshore features and rocky
reef sub-habitats. This methodology is analogouthat used to map offshore habitats in deeper
water, something that was done in the companiorin@asomponent of this Seabed Mapping

project. The technique was piloted in 6 estuamethe central and southern regions of the NSW
coast where large amounts of hard surface habaatkmown or suspected. The information was

Mapping the habitats of NSW estuaries — CreeseshiylaVest & Gallen



6 Executive Summary

recorded in a GIS and can be readily used in catijpm with other GIS layers (including
estuarine macrophytes) to assess the relativevaigiiy values of an estuary or region.

Because the estuarine and marine habitat mappimg weas done concurrently and because both
components used complementary habitat classifitatimd recording standards, it is now possible
to combine all the information in a common GIS. @fiche key outputs from this project is a new
set of 1:25000 scale maps which show detailed bathycal, topographical and habitat
information for the entire NSW coast from the uppidal limit of estuaries out to the 3 nautical
mile limit of state waters.

These maps can continually be updated as new iatiom is gathered and added into the
underlying GIS. While these products are valuablghieir own right in terms of providing a
comprehensive description of the NSW coast, perliapsgreatest value of the GIS is that it
provides a solid framework for making decisions wthmanagement actions needed to meet the
state-wide target set for estuaries. As data weirglcollected on the spatial extent of the habitat
being mapped, thought was also going into undedgtgrthe connectivity of the habitats and their
juxtaposition with the wide range of threats thatd estuarine biodiversity. The best way to
synthesise and use all this information to deteenpiriorities for management action is to do a risk
analysis, and suitable frameworks for doing suchlses in coastal ecosystems have been
developed in recent years. This can now readilgdres in an explicit spatial context by using the
habitat maps generated during this project (andgalieg ones), in conjunction with knowledge
about how and where the threats operate, to genendherability values for key estuarine
habitats. When these values are considered irigh@ssessment framework, it will be possible in
the future to provide management agencies the mmamgich they can assign relative values to
particular locations. In turn, this will allow th®sagencies to prioritise their investments in
management activities and hence progress moreegftiiz towards the various estuarine targets.

Mapping the habitats of NSW estuaries — CreesesliylaNest & Gallen
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1. INTRODUCTION

1.1. Mapping marine habitats

Habitats provide the structural living places foe tearth’s plants and animals. Some species can
live in a wide range of habitats, while others egstricted to very particular ones. Ideally, to
understand how the earth’s biodiversity is disti@ouspatially in the landscape, one would do
exhaustive surveys of all the species that wersgortein a certain place. It is usually not possible
to do this because of the time and expense involRedently, data on the distribution patterns of
biodiversity and on the ecology of key speciesraeavailable for most NSW coastal habitats.
Consequently, a framework that uses larger scalepgate measures of biodiversity is often
developed as the initial basis for planning and agament purposes. Subdivision of marine
environments into habitat units is the surrogatestmwidely used, and this approach as been
adopted in NSW for selecting suitable candidatesifer protection within Marine Parks. The
initial bioregional assessments that were donegatbe NSW coast as part of the Marine Park
planning process (Breest al. 2003, 2004, etc) used the finest scale habitatimition that was
available at the time, but this was often fairlyide. It was recognised during that process that
habitat classification down to a finer scale anghsnat a greater resolution would greatly enhance
the sustainable management and conservation ohdni@e resources of NSW.

Although mapping of terrestrial habitats to provitdormation for effective natural resource
management has been conducted for several decagday assessments of estuarine and marine
habitats have only recently commenced in Austrdlaps are an effective tool for informing
managers, stakeholders and the community abouésttent and condition of important seabed
habitats. Maps also provide an opportunity to itigase those habitats under pressure from
humans and they can be used in a predictive waideotify habitats or sites that may be
threatened by future events such as developmerddgacent land or climate shifts. Estuarine
habitats, in particular, are under increasing presfrom human activities as more and more urban
and semi-urban settlement occurs along NSW'’s nacaastal fringe.

There is a wide range of techniques available tp tha key geomorphic and biotic features of the
seabed, and the exact methods and level of digwtiion or classification used will depend on the
question(s) being addressed. In general, the mgppirseafloor features is done using remote
sensing techniques, that is, by collecting dat&out any physical contact with the seafloor. The
two general classes of remote sensing techniqeeaearal or water-based. Aerial remote sensing
involves using optical images collected from séwellaeroplane, helicopter, etc. for digitising
visible boundaries of habitat features. Such a¢eehniques can be used successfully for land-
based habitats, intertidal habitats and subtid&ithits where the water is clear and the view
through the water is unobstructed. Water-basedtgubs involve a sensor being deployed from a
boat to collect either optical or acoustic (sordada. Optical sensors (e.g., video or still camera)
generally collect information over very small areasl! will only be useful in clear water, whereas
acoustic sensors can cover a wider area in a yaofketonditions (Diazet al. 2004). Optical
sensors will generally be needed for identifyingtioi habitat features (i.e., types of plants and
animals), while acoustic sensors are best at pirgyithformation about the physical substratum
(e.g., the topography and texture of rock platforehtidal reefs, canyons and other subsurface
features).

Mapping the habitats of NSW estuaries — CreeseshiylaVest & Gallen
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1.2. Mapping NSW estuaries

1.2.1. Classifying estuaries

An estuary is a semi-enclosed coastal water bodynpaa permanently or intermittently open
connection with the ocean. Water levels inside stnagy vary in a periodic way in response to
fluctuations in tides, weather patterns and fresamiaflow. The upstream boundary of an estuary
is the limit of tidal influence. Variation in estya type, entrance condition, catchment
characteristics and the local climate produce esteiacosystems that are complex and dynamic.
The seabed in estuaries is predominantly sandyuadldgn but rocky reefs and the hard surfaces of
jetties, oyster racks and seawalls can provideiderable habitat complexity. The soft sediments
in the shallow parts of estuaries often supporgisesses, mangroves or saltmarsh plants. Together,
these macrophytes provide habitat for a rich ditsed marine life.

The 184 recognised estuaries in NSW can be claedsifito five main types with decreasing
oceanic influence (Ropet al.2009):

Semi-enclosed embayments (6 in NSW) are charaetefily marine waters with little
freshwater inflow;

Drowned river valleys (13) have large, wide entem@nd tidal ranges similar to the
ocean;

Barrier estuaries (51) are rivers and lakes thatganerally open to the ocean but are
constricted at their entrances by sand from adjabeaches. They are often associated
with larger catchments, the flow from which assistkeeping the entrance open;
Intermittent estuaries (110) are creeks and lagdlat become closed to the ocean for
extended periods of time. They often have smadltwaents, hence low river flows to keep
entrances open. This is the largest group of @swiar NSW with many located along the
South Coast;

Brackish lakes (4) are generally connected to #tean by a long creek and hence have
extended flushing times allowing freshwater inflamwslominate.

1.2.2. Estuarine macrophytes

Unlike most marine habitats, estuarine macrophytage been mapped previously in NSW
estuariesA comprehensive investigation of 133 NSW estuanas done in the 198@mnd maps
were produced showing the cover of seagrass, mamgnad saltmarsh (West al. 1985). More
detailed mapping of estuarine habitats commence&tD@8 as part of the Comprehensive Coastal
Assessment (CCA) coordinated by NSW Planning. Tdrcentration of effort on these habitats
arises from a recognition that seagrasses, margane saltmarshes play an important role in the
ecology of estuaries. Seagrass beds often supp@h aariety of animals and algae, and act as
sources of food (mainly indirectly via epiphytesdagtetritus) and shelter for numerous species
(Keough and Jenkins 1995). Loss of seagrass caiit resthe destabilisation of sediments,
removal of potential nursery habitats for fishas] a decrease in primary productivity of estuaries.
Depending on the species of seagrass, recovergad from disturbances can be slow. For all
these reasons, seagrass beds are seen as critigptitant biogenic habitats in estuaries, and
consequently their distribution patterns and charigeheir size over time have been documented
as a means of monitoring the ecological healthstfiggies (Williamset al. 2007, Ropert al.
2009).
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Seagrasses normally occur as extensive beds itowhalater. The exact number of seagrass
species present in NSW estuaries is still a matteonjecture. Six species are noted in Stewart
and Fairfull (2007); the largeosidonia australisvhich is restricted to only 21 estuaries, 2 sggecie
of the genusZostera (Z. muelleriand Z. capricorn) and three species dfalophila. Recent
molecular analyses, however, have suggested tleak tis only one species &ostera (Z.
capricorni;.Figure 1), the closely relatétetrozostera nigricaulind four species dialophilaH.
ovalis, H. minor, H. major, H. decipienéuo 2005, Kuo, pers. comm.). When doing the niragp
work described in this report, it has not been fbsd4o accurately distinguish between species of
Zosteraand Heterozosteraor amongHalophila spp., and they are just mapped to genus level.
Seagrass taxa are often found growing in closeimioxto each other (Figure 1). Another plant
that is common in many NSW estuaries is the bracliater macrophyteéRuppia megacarpa
While scientific opinion is divided as to whethdrist species is a true seagrass or not, it is
abundant in many estuaries and may provide sirndbitat values as seagrass.

"

\

Figure 1. The seagrasse®ostera capricorni(foreground) andPosidonia australiggrowing
together in Port Stephens.
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Temperate mangrove communities are relatively smplith NSW mangrove forests generally
being a mixture of only two speciesegiceras corniculaturandAvicennia maringFigure 3). In
the northern parts of NSW, however, individual sre¢ more tropical species suchRisizophera
stylosa, Bruguiera gymnorrhiza, Ceriops tagahd Exoecaria agallochaare occasionally
encountered (Lear and Turner 1977, Wadsal. 1985, Stewart and Fairfull 2008). Mangroves are
highly productive habitats and supply nutrients arghnic matter to estuaries, in addition to being
important habitats for the larvae of juveniles ofnp species (Mazumdet al. 2005a, 2005b;
Connolly and Lee 2007). Coastal development andastsociated anthropogenic activities are
causing the reduction of mangroves in many parteefvorld (Connolly and Lee 2007), but it has
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also been suggested that humans might be resperisibthe unnatural spread of mangroves in
some Sydney estuaries, often at the expense ofaah (Saintilan and Williams 1999, 2000).

Saltmarsh is a more complex vegetation communiti$W, being composed of many different
species some of which cannot be readily distingdsinom each other without painstaking field
investigation (Laegdsgaard 2001). Saltmarsh ocourhe same types of soft muddy shorelines as
mangroves, but are typically most commonly founthatextreme upper tidal limits. To date there
has been only piecemeal study of the distributiod @bundance of saltmarshes in NSW
(Kellewayet al. 2007) and of their value as a marine habitat, thaking the conservation of these
macrophytes particularly difficult. However, recesitidies have suggested that NSW saltmarsh
communities are an important habitat for crabs tad the export of crab larvae from areas of
saltmarsh is an important food source for juvefida (Mazumderet al 2006). Saltmarshes are
also important foraging areas for shorebirds.

Figure 2. Mangrove trees lining Cowan Creek at Bobbin Head.

All seagrass and mangrove species in NSW are pedstamder thd-isheries Management Act
1994 and are specifically dealt with as “protected imawvegetation”. Guidelines which identify
types of activities that can harm these two estgahniabitats were developed by the Department of
Industry & Investment (I& NSW; formerly the NSW Ppartment of Primary Industries) some
time ago and were recently updated (Stewart anduHe2007, 2008) and these describe measures
to minimise disturbance to them.

The value of coastal saltmarsh communities andthineat they are under has recently been
recognised, resulting in the declaration of salshaas an Endangered Ecological Community
under theNSW Threatened Species AReclamation of estuarine foreshores and the dottion

of invasive species are major threats to saltmarsheoughout the world (Connolly and Lee
2007). Because of its listing as “Endangered”, éhigr a legislative requirement to monitor its
distribution in NSW. I& NSW guidelines regardinglsnarsh are currently being finalised.

Mapping the habitats of NSW estuaries — CreeseslfylaWest & Gallen



Industry & Investment NSW 11

Figure 3. A saltmarsh meadow merging into a mangrove commutithe upper tidal levels
of Kooragang Island, Hunter River. The reddish diohgplants areSarcocornia
guinquefloraand the green ones are likely a mixturespbrobolus virginicusnd
Suaeda australis

1.2.3. Rocky reefs

Rocky reefs are common subtidal habitats along#p®sed coast of NSW (Andrew 1999) and in
some sheltered estuaries, mainly south of FordRercks and other hard surfaces provide
attachment space for a wide range of sessile spézigae and invertebrates) which in turn create
further habitats for numerous mobile species okitabrates and fishes (Andrew 1999, Keough
and Butler 1995). Rocky reef habitats are also g for maintaining recreational fisheries

(Kingsfordet al 1991) and many are popular diving sites.

There are relatively few published accounts ofghbtidal rocky reef habitats in sheltered NSW
estuaries. Some exceptions include a detailed igéscr of the flora and fauna in a small agquatic
reserve (Shiprock) in Port Hacking (Lawler 1998)dses of subtidal kelp beds at Fairlight in Port
Jackson (Farrant and King 1982; Kennelly 1983; 89&7 1989; Kennelly and Underwood 1985),
studies of invertebrates and alga settling on raelefs in Broken Bay (Glasby 1998; Glashy and
Underwood 1998) and Port Jackson (Glasby 1997;;128®1; Glasby and Connell 1999; Connell
1999; 2000), and descriptions of algae and spoimgBstany Bay (Van der Velde and King 1984;
Knott et al.2004; 2006).

Over the last 10 years, numerous studies have erantihe development of invertebrate and algal
assemblages on estuarine reefs and compared nagefdiabitats to artificial hard surfaces such
as seawalls, pontoons and pilings, particularhBymuiney estuaries. There is good evidence that
many artificial structures create habitats thatdistinct from intertidal or subtidal natural rocky
reefs (Glasby 1999; Connell and Glasby 1999; Chaparad Bulleri 2003; Bulleri 2005), most
notably because many invasive species coloniskcatistructures (Glasbgt al.2007). This is a
serious concern given that the numbers of artifiaictures are increasing in urbanised estuaries
and along intertidal foreshores, and in many instanthese structures are replacing and

Mapping the habitats of NSW estuaries — CreesesliylaWest & Gallen



12 Industry & Investment NSW

fragmenting natural habitats (Chapman 2003; Block&07; Goodsellet al. 2007; Goodsell
2009).

1.3. Objectives of the project

The NSW government has long supported the mapgintaane habitats, especially in the context
of planning the location and zoning arrangementsMarine Parks in this state. There is an
ongoing need to refine these habitat maps to cotigtimprove the level of information available
to coastal managers within the NSW Marine Parkshéuity and other NSW Government
agencies. More recently, Catchment Management Aitigm (CMAS) have been established in
NSW and have been required to develop Catchmenbm&tians. There are five CMAs along the
NSW coast and they also need scientific informatibout the marine and estuarine environments
within their jurisdictions. This project was a jbimitiative between NSW government agencies
and the coastal CMAs with funding provided by tleel€ral Government's Natural Heritage Trust.

The mapping work was jointly done by the I& NSWdathe NSW Department of Environment,
Climate Change & Water (DECCW; formerly the NSW Bgment of Environment & Climate
Change). DECCW undertook marine habitat mappinghafcoast of NSW out to the 3 nm limit
of state waters, and 1&l NSW undertook the mapmihgstuarine habitats.

The overall objectives of the entire project weare t

compile and synthesise new and existing bathymetdeanographic, geomorphological and
biodiversity information (including datasets thatemd to Commonwealth shelf waters),

use this information to assess the extent (anshtime cases, condition) of seabed habitats and
identify current and potential pressures and tsréatluding vulnerability to climate change,
provide natural resource managers, industry anddah@amunity with the information and

tools needed for sustainable natural resource neamagt and biodiversity conservation
within the estuarine and marine areas of NSW,

build on and extend related projects that have fested by CMAs and NSW government
agencies, and other NHT-funded marine habitat nmgppiojects in other states,

facilitate input from all key stakeholders and gepert advice into the strategic direction of
future marine biodiversity assessments in NSW.

The general aim of the 1& NSW component of thejgco was to fill key gaps in existing
knowledge of the spatial distribution of key estnarbenthic habitats in NSW. The work was an
extension of the NSW Comprehensive Coastal Assadsii@&@CA), which involved mapping
seagrasses, mangroves and saltmarshes in the maatigk southern regions of NSW (Williaras

al. 2007). The current project focused on mapping opgrtes in the estuaries not mapped as part
of the CCA (i.e., those in the central part of M®&W coast), and on initiating mapping of subtidal
estuarine rocky reefs and intertidal foreshoreselected NSW estuaries.
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2. ESTUARINE MACROPYTES

2.1. Methods

Estuarine macrophytes in NSW were mapped for 1888ss in 1985 (Wedt al. 1985). Several
studies including Watford and Williams (1998), Waths and Watford (1997), Williams and
Watford (1999), Williams and Meehan (2004), Westal. (2005), Kellewayet al. (2007) and
West and Williams (2008), have since occurred timte enabled finer resolution mapping of
estuarine macrophytes within selected estuarie¢sarSydney Metropolitan region. However, not
all estuaries within that region were mapped dutingse projects and some were in need of
updating. More recently, estuarine mapping was tgadas part of the CCA (Williamst al
2007). In that project, the estuarine macrophytethe estuaries north of Newcastle and south of
Wollongong were remapped using a more streamlingmoach than that used by Westtal.
1985). The current study enables the completioth@efestuarine mapping within the region from
Newcastle south to Wollongong, thereby creatingoanmlete and comprehensive state-wide
assessment of the NSW estuarine macrophytes.

The estuarine mapping of Wesit al. (1985) was captured at 1:25000 using a BauschLantb
Zoom transfer scope, aerial photos and 1:25,000gm@phic maps. The features were traced onto
base layers and transferred onto 1:25,000 scales.rfapas were calculated using the dot grid
method. This was a very time-consuming process antkestimated accuracy of around +/-10 m.

Table 1. Habitat attributes used in the mapping of NSW esteamacrophytes.
Habitat Macrophyte
Mangrove Mangrove
Mangrove / Saltmarsh
Seagrass Halophila
Halophila / Ruppia
Posidonia

Posidonia / Halophila
Posidonia / Halophila / Ruppia
Posidonia / Ruppia

Posidonia / Zostera

Posidonia / Zostera / Halophila
Ruppia

Zostera

Zostera / Halophila

Zostera / Halophila / Ruppia
Zostera / Ruppia

Saltmarsh Saltmarsh

The mapping in this study is a continuation of thethods developed for the CCA project
(Williams et al 2007) and involves the capture of habitat bouedafrom either scanned aerial
photos or digital orthorectified images. All feagarwere captured via onscreen digitising at a scale
of 1:1500. All ‘presumptive’ maps were then valiedin the field from a small boat. The boat was
navigated around the mapped patches with a traopedator annotating the presumptive map by
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adding areas, subtracting areas or changing tissifitations (e.g., for different seagrass species)
as required. These changes were captured withieabtime computer mapping system using
ArcPad, a GPS, an underwater video system andarsthc single beam depth sounder (Figure 4).
The presumptive map was next updated with the fliaka as well as by additional reference back
to the original photos to produce the final prodidkhile the GPS used in the field has an accuracy
of +/-1 m, accuracy arising from the orthorectifioa was of the order of +/-15 m and the
onscreen digitising had an accuracy of +/-2 m (ddpgy on the resolution of the image and the
onscreen scale). Quality control included re-digil a test area on at least three occasions during
a project (after Evans and Williams 2001). Furttetails of the current mapping procedure are
given in Ropeket al (2009).

The final step in the mapping process is to assigoh polygon in the GIS to a macrophyte
category. For seagrass, this is done on the bégisesence/absence — if any seagrass at all is
present in a polygon it is scored as being ‘seagraSubdivision within the ‘seagrass’
classification is based on the species composifitmus, polygons may be classified as just one
species or taxon of seagrass or as a mixture af(feable 1). Mangrove and Saltmarsh are mapped
to the ‘community’ level rather than down to thedkof individual taxa. These two habitat types
often overlap and field investigation will oftenveal saltmarsh plants growing underneath a
mangrove canopy at the upper tidal level (Kellewway Williams 2007). Thus, both habitat types
may appear in a single polygon within the GIS.

Video power supply
and video output

Power distributer/controller Depth sounder

Laptop computer

i Video displa
(with 12volt adapter) Optical mouse Py

Figure 4. The field mapping system used to verify preliminargcrophyte maps.
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2.2. Results

2.2.1. General

One of the key objectives of the NSW Seabed Mappirgject was to amalgamate as much
existing information as possible into a single éstesit format. For the estuarine component, this
involved completing the mapping of macrophytestfa whole of NSW by building on the work
done previously for the CCA project. The “new” inftation derived from the project is restricted,
therefore, to the central part of the NSW coasipiiporating most of the Hunter Central Rivers
CMA area, all of the Hawkesbury Nepean CMA aread arotionally all of the Sydney
Metropolitan CMA (SMCMA) area. However, some magpin the ‘non CCA region’ (Newcastle
south to Wollongong) had already been done — faaBpoBay/Georges River as part of a separate
project funded by the SMCMA.

In the sections below, information is presentedafbl6 central coast estuaries that were mapped
as part of the Seabed Mapping project using thedatalised CCA protocol (sections 2.2.2 to
2.2.4). Information obtained from the abovementibfwther’ projects have also been summarised
on a regional basis (from North to South) to givecamplete overview of the extent of
macrophytes in the 154 estuaries that are knowrotain these biotic habitats. The remaining
estuaries, out of the 184 generally recognised 8WWN(Roperet al. 2009), are either ocean
embayments such as Twofold Bay, brackish lakeseoy small, predominantly closed ICOLLs
(Intermittently Closed and Open Lakes and Lagooii$le latter water bodies rarely support
macrophyte communities.

The complete set of information from the GIS datdmes been presented in two different ways.
First, a 1:25,000 map series has been preparettidogntire NSW coast which gives all the base
level information on the marine habitats of NSWihowithin estuaries and offshore to the 3 nm
limit of NSW state waters (Appendix 1). This mapiee will also be available on the Ozcoasts
websitehttp://www.ozcoasts.org.au/geom_geol/case_studmstijsplater in 2009. The estuarine
information in this map series is shown as thedhstandard’ macrophyte categories only —
seagrass, mangrove, saltmarsh. Where mixtures afoplaytes occur within a single polygon, the
procedures set out in Ropetr al. (2009) are used to assign the category (see alsle Ta These
three ‘standard’ habitat layers are used as hainititators for the state-wide assessment of the
condition of NSW estuaries under the MER programmp@et al.2009).

Second, the more detailed information has been dedimdividually for each of the 154 mapped
estuaries. At this level, seagrass cover is bralkem to individual species or to unique mixtures
of two or more species (Table 1). All new maps pravided below. For the sake of general
illustration, selected examples are also providedtfiose regions not mapped as part of this
Seabed Mapping project. The complete set of detai@ps is being made available on the
Industry & Investment NSW website ht{p://www.dpi.nsw.gov.au/research/areas/systems-
research/aquatic-ecosystems/estuarine-habitatsymaps

2.2.2. Northern Rivers CMA

The Northern Rivers CMA encompasses the estuar@s fthe Tweed River south to include
Camden Haven River. A total of 38 estuaries wergeyed in this region for the CCA (Table 2).
Of these, four estuaries had no mangrove, saltmarsteagrass: Tallow Creek, Broken Head
Creek, Jerusalem Creek and Saltwater Creek. Qkthaining estuaries, seagrass was found in 28
of them. The total area of seagrass within this OMi#s estimated as 15.899 krihe majority of
this was in the Camden Haven River (Figure 5) witharea of 10.25 kand Hastings River with
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1.458 kmi. Mangroves were found in 34 estuaries with a testimated area of 36.332 kniThe
majority of this was in the Clarence River (7.658% Richmond River (6.026 ki) Macleay
River (5.710 krf), Tweed River (3.982 kfhand Hastings River (3.437 kmSaltmarsh was found
in 34 estuaries with a total coverage of 22.376.Khe largest areas of saltmarsh were in 4
estuaries: Lake Innes/Cathie with 5.887%Kffigure 6), Macleay River (4.247 R Clarence
River (2.901 krf) and Hastings River (1.867 kn

Table 2. Area (knf) of estuarine macrophytes in the estuaries ofNiithern Rivers CMA,
also showing which estuarine macrophytes are ptéSen

Estuary Macrophyte Seagrass Mangrove  Saltmarsh
P Z HR M S
Tweed River * *oox 0.806 3.982 0.763
Cudgen Creek * *ox 0.009 0.139 0.052
Cudgera Creek * * % 0.034 0.148 0.074
Mooball Creek * * % 0.024 0.114 0.008
Brunswick River * * % 0.036 1.233 0.310
Belongil Creek * o x 0.000 0.070 0.083
Tallow Creek 0.000 0.000 0.000
Broken Head Creek 0.000 0.000 0.000
Richmond River * * % 0.320 6.026 0.599
Evans River * * % 0.006 0.409 0.358
Jerusalem Creek 0.000 0.000 0.000
Clarence River *o* * % 0.826 7.653 2.901
Cakora Lagoon * *x 0.000 0.005 0.129
Sandon River * * % 0.086 0.574 0.477
Wooli Wooli River * * % 0.094 0.860 0.669
Station Creek * % 0.000 0.000 0.004
Corindi River * % 0.024 0.371 0.572
Arrawarra Creek ok * % 0.001 0.010 0.010
Darkum Creek * * % 0.013 0.010 0.000
Woolgoolga Lake *ox 0.000 0.006 0.000
Hearns Lake * % 0.000 0.003 0.045
Moonee Creek * ¥ * % 0.032 0.085 0.132
Coffs Harbour Creek * * % 0.002 0.192 0.002
Boambee Creek *x * % 0.060 0.331 0.029
Bonville Creek * * % 0.089 0.137 0.159
Bellinger River *oox * % 0.133 1.172 0.143
Dalhousie Creek * o x *oox 0.002 0.007 0.007
Oyster Creek * % 0.000 0.000 0.003
Deep Creek * *o* 0.010 0.035 0.639
Nambucca River *x * % 0.626 1.455 1.277
Macleay River * % ** 0.957 5.710 4.247
South West Rocks Creek * * % 0.002 0.648 0.112
Saltwater Creek (Frederickton) 0.000 0.000 000.
Korogoro Creek * *ox 0.000 0.058 0.040
Killick Creek * * % 0.000 0.045 0.009
Hastings River * * % 1.458 3.437 1.867
Lake Innes/Lake Cathie * % 0.000 0.000 5.887
Camden Haven River * ook ok k¥ 10.250 1.408 0.768
Total (for 38 estuaries) 15.899 36.332 22.376

P = Posidonia australisZ = Zostera spp H = Halophila spp, R = Ruppia spp M= Mangrove communities, S =
Saltmarsh communities. Grey shading indicates ttiatcalculated area values were too small to shpunuhe table.
Areas mapped as mixed Mangrove/Saltmarsh are re¢andder the mangrove calculations.
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Figure 5. An example of a diverse arrangement of estuarineropaiytes in the NRCMA

region — Camden Haven (mapped for the CCA project).
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An example of a largely closed system without sasgyin the NRCMA region —

Figure 6.
the Lake Innes/Lake Cathie system (mapped for (A @roject).
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2.2.3. Hunter/Central Rivers CMA

The Hunter Central Rivers CMA encompasses the getufrom the Manning River south to
include Brisbane Water. Sixteen estuaries wereeyed in this region. With the exception of
Avoca Lagoon (Figure 11), all of them had at least category of macrophyte habitat. However,
no seagrass was found in Black Head Lagoon, thedfRiver (Figure 8) or Terrigal Lagoon
(Figure 11). Mangroves were absent from four esgaand saltmarsh from six (Table 3). The
total area of seagrass in this CMA was estimate@2a381 km. While seagrass was found in 12
estuaries, the majority of this was found in ordyrf Wallis Lake had by far the most, containing
35% (31.897 ki) of the region’s seagrass. Tuggerah Lake has &7kBf (Figure 10), Lake
Macquarie 15.311 kfr(Figure 9) and Port Stephens 14.392 kiigure 7). Mangroves were found
in 12 estuaries with the majority being in the HarRiver (19.217 k) and Port Stephens (19.044
km?. Saltmarsh occurred in 10 of the estuaries wid#3of it (approximately 10.632 Kn
occurring in Port Stephens.

Table 3. Area (knf) of estuarine macrophytes in the estuaries oHineter Central Rivers
CMA, also showing which estuarine macrophytes agsgnt (*).

Estuary Macrophyte Seagrass Mangrove Saltmarsh
P zZ HR M S

Manning River * *oo* 1.654 3.905 2.447
Khappinghat Creek * *o* 0.003 0.000 0.159
Black Head Lagoon * 0.000 0.000 0.000
Wallis Lake *oox % * ook 31.897 1.471 5.900
Smiths Lake ook ok 2.960 0.000 0.000
Lower Myall River * * ook % 2.172 3.028 2.670
Karuah River * * ook 0.066 5.070 3.756
Port Stephens * ook *o* 14.392 19.044 10.632
Hunter River *oox 0.000 19.217 5.204
Lake Macquarie ook ok ox k% 15.311 1.130 0.752
Tuggerah Lake *oox ok % % 17.318 0.001 0.129
Wamberal Lagoon * 0.436 0.000 0.000
Terrigal Lagoon * 0.000 0.001 0.000
Avoca Lake 0.000 0.000 0.000
Cockrone Lake * 0.289 0.000 0.000
Brisbane Water ook ok * ook 5.582 2.078 1.124
Total (for 16 estuaries) 92.081 54.945 32.774

P =Posidonia australisZ = Zostera spp H = Halophila spp, R =Ruppia spp M= Mangrove communities, S =
Saltmarsh communities. Grey shading indicatesttietalculated area values were too small to shpim the table.
Areas mapped as mixed Mangrove/Saltmarsh are re¢andder the mangrove calculations.
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Figure 7. Macrophytes of Port Stephens (mapped for the C@fept).
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Figure 8. Estuarine macrophytes of the Hunter River illustigathe absence of any seagrass
(mapped for the CCA project).
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Figure 9. Estuarine macrophytes of Lake Macquarie.
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Figure 10. Estuarine macrophytes of the Tuggerah Lakes syseowing the extensive
fringing seagrass beds (mairpsterd that are a feature of this estuary.
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Figure 11. Wamberal and Cockrone Lakes on the NSW Central tCoastain only the
seagrassRuppia megacarpa but Avoca Lagoon is totally devoid of any
macrophytes and Terrigal Lagoon only has a venjlsaanea of mangroves.
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Figure 12. The diverse estuarine macrophytes of the Brishaate system. The small patch
of Zostera/Halophilaat the bottom of the image is actually one ofdhly patches
of seagrass within the entire Broken Bay estuarighvhdjoins Brisbane Waters.
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2.2.4. Hawkesbury Nepean CMA

The Hawkesbury Nepean CMA has the fewest estuafiali coastal CMAs. Effectively, there is
only one system, a large drowned river valley ursally known as ‘the Hawkesbury'. Because
this system is so large (the largest in NSW evatueing Brisbane Waters), it is usually broken
down into component ‘estuaries’. In this report, eae followed the classification adopted by the
NSW MER program (Ropest al. 2009), and calculated the areas of macrophyte8 festuaries’
(Table 3). However, other ways of classifying thewMesbury system are common. For
illustrative purposes, we have further separateédCawan Creek (Figure 13) from the rest of the
Hawkesbury River for two reasons — first, so the features of its macrophyte habitats can be
more readily seen, and second, because it was foile gelected ‘estuaries’ for the mapping of
subtidal reef and foreshore features (Chapter 3).

Despite its large size the estimated total amoftineagrass present in the Hawkesbury system was
only a meagre 2.809 Kinwith the majority of this occurring in Pittwatét.855 knf) (Figure 14).
This is because much of the system, in common atitler drowned river valleys, is deeper than
the normal depth range for the growth of seagadBitwater, like Brisbane Waters on the
northern side of Broken Bay, is shallower and gelhehas clearer water than the main system,
thus promoting the establishment of more extenseagrass beds. Apart from a relatively small
area of seagrass just outside Brisbane WatersHigeee 12), Broken Bay, at the mouth of the
Hawkesbury system, is devoid of macrophyte habitat.

There was 10.005 Knof mangrove habitat in this CMA, with 98% occugiim the Hawkesbury
River (Figure 15). The total area of saltmarsh @904 kni, and again 98% of this was in the
Hawkesbury River. Both these habitats are predamdifeatures of Mangrove Creek and upstream
of where this creek joins the main river (Figure.1Bther areas with large amounts of mangrove
and saltmarsh in this estuary are Patonga Creek@nd arms of Berowra Creek.

Table 4. Area (knf) of estuarine macrophytes in the estuaries oftthekesbury Nepean
CMA, also showing which estuarine macrophytes agsgnt (*).

Estuary Macrophyte Seagrass Mangrove Saltmarsh
P Z HR M S

Broken Bay *oox % 0.036 0.000 0.000

Hawkesbury River *oox % *oo* 0.917 9.830 2.878

Pittwater ook * ook 1.855 0.175 0.027

Total (for 3 estuaries) 2.809 10.005 2.904

P =Posidonia australisZ = Zostera spp H = Halophila spp, R =Ruppia sppM= Mangrove communities, S =
Saltmarsh communities. Grey shading indicates tthatcalculated area values were too small to shpwnuhe
table. Areas mapped as mixed Mangrove/Saltmarsteaceded under the mangrove calculations.
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Figure 13. Estuarine macrophytes of Cowan Creek, a significsuib-catchment of the
estuarine portion of Hawkesbury River. Significgnthe only beds oPosidonia
australiswithin Hawkesbury River are found in Cowan creek.
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Figure 14. Estuarine macrophytes of Pittwater.
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Figure 15. Estuarine macrophytes of the Hawkesbury River agtu
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2.2.5. Sydney Metropolitan CMA

The Sydney Metropolitan CMA (SMCMA) contains 12wesies from Narrabeen Lagoon in the
north to Port Hacking in the south (Table 5). Maifythese ‘estuaries’ are tributaries of Port
Jackson (Figure 18) which, like the Hawkesbury esystdescribed in section 2.2.3, is the
predominant drowned river valley in the region. TRetany Bay system also has ‘estuarine
components’ — the large Georges River (Figure hé)the much smaller Cooks River as well as
Botany Bay proper. The Hacking River system hasgrabrer of significant tributaries (Figure 21),

but these are not large enough to be consideregtamries’ in their own right.

Some estuarine macrophytes were found in all ldaests except Curl Curl Lagoon, although the
amount in Manly Lagoon was very small (Figure Iifiree estuaries; Dee Why Lagoon (Figure
16), Curl Curl Lagoon and Cooks River are devoidu§ seagrass. The total area of seagrass was
estimated to be 7.84 Kmwith 57% of this found in Botany Bay. Almost af this is in the
southern part of the Bay within, or adjacent te Trowra Point Aquatic Reserve (Figure 20). All
three of the main seagrasses occur here, oftermixted, as well as large areas of mangrove and
saltmarsh habitats. This Reserve is an importaohghold forPosidonia australisn the SMCMA
region, although Port Hacking also has reasonai@iel beds (Figure 21).

There was a total of 8.38 knof mangroves in the SMCMA, with the majority offdund in
Georges River and Botany Bay. Mangroves were netdan Curl Curl or Dee Why Lagoons.
Saltmarsh was limited to 1.9 Kmpredominantly in the upper parts of Georges Raved the
southern part of Botany Bay.

Table 5. Area (knf) of estuarine macrophytes in the estuaries ofSym@ney Metropolitan
CMA, also showing which estuarine macrophytes agsgnt (*).

Estuary Macrophyte Seagrass Mangrove Saltmarsh
P Z HR M S

Narrabeen Lagoon *oo* * ok 0.617 0.000 0.008
Dee Why Lagoon * 0.000 0.000 0.063
Curl Curl lagoon 0.000 0.000 0.000
Manly Lagoon * * 0.001 0.000 0.000
Middle Harbour Creek *ook ok * 0.058 0.142 0.000
Port Jackson ook ok * 0.340 0.000 0.000
Lane Cove River * % * 0.015 0.359 0.000
Parramatta River * ook * X 0.105 1.346 0.095
Cooks River * X 0.000 0.108 0.003
Botany Bay ook * % 4.038 2.296 0.763
Georges River * ook % * ok 1.647 3.829 0.840
Port Hacking * ook % * ok 1.002 0.299 0.128
Total (for 12 estuaries) 7.824 8.380 1.900

P =Posidonia australisZ = Zostera spp H = Halophila spp, R =Ruppia spp M= Mangrove communities, S =
Saltmarsh communities. Grey shading indicatestti@talculated area values were too small to shpin uhe table.
Areas mapped as mixed Mangrove/Saltmarsh are redandder the mangrove calculations.
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Figure 16. Estuarine macrophytes of Narrabeen and Dee Whydresjo
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Figure 17. Estuarine macrophytes of Manly Lagoon.
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Figure 18. Estuarine macrophytes of Port Jackson and itstaites — Parramatta River, Lane Cove River and Midthrbour Creek.
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Figure 19. Estuarine macrophytes of Georges River.
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Figure 20. Estuarine macrophytes of Botany Bay showing thg dererse arrangement of habitats around TowratPeiest of Kurnell.
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Figure 21. Estuarine macrophytes of Port Hacking.
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2.2.6. Southern Rivers CMA

The Southern Rivers CMA is the largest Coastal CMANSW. A total of 85 estuaries were
surveyed in this CMA ranging from Towradgi Creekilie north to Nadgee Lake in the far south
(Table 6). The region is dominated by ICOLLs whinhans that the conditions prevailing in these
estuaries are temporally variable depending on lvdneghey are opened or closed to the sea. While
seagrass can tolerate these variable conditiosere extent, they do best when the salinity is
reasonably close to that of oceanic seawater aare fh some regular tidal water movement. If an
ICOLL stays sealed off from the ocean for too losgagrass beds can gradually decline or
disappear altogether. During the CCA survey, seagnas found in 67 estuaries with a total area
of 41.978 km. Over 50% of this was in five estuaries: Lakewtara (7.966 ki) (Figure 22),
Jervis Bay (5.534 kf), Shoalhaven River (4.239 Kjr(Figure 23), St Georges Basin (3.170°km
(Figure 24) and Tuross Lake (2.176 %mAll of these are large systems that always hsome
connection with the sea, and hence are likely i@ hmaore stable seagrass beds than the ICOLLSs.
Estimated areas of seagrass in ICOLLs from 5-6syago (i.e., the CCA survey) may not give a
very reliable indication of current seagrass cogera

Mangroves were found in 34 of the 85 estuaries witiotal estimated area of 16.264%khe
Shoalhaven and Clyde rivers accounted for 46% efttiial mangrove area with 4.180 %end
3.310 kn respectively. Saltmarsh was mapped in 62 estuaiithsa total area of 12.635 KnOf
this, 250{;;I was found in just two estuaries — ShoadhaRiver (2.058 kR) and Carama Creek
(1.089 km).
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Table 6. Area (knf) of estuarine macrophytes in the estuaries oStethern Rivers CMA,
also showing which seagrass species are present (*)
Estuary Macrophyte Seagrass Mangrove Saltmarsh
P Z H R M S

Towradgi Creek * 0.000 0.000 0.000
Allans Creek * 0.000 0.021 0.008
Lake lllawarra *F 7.966 0.000 0.302
Elliott Lake * * 0.007 0.005 0.001
Shellharbour Creek * 0.001 0.000 0.000
Killalea Lagoon 0.000 0.000 0.000
Minnamurra River * * 0.117 0.879 0.327
Wrights Creek 0.000 0.000 0.000
Werri Lagoon * * 0.001 0.000 0.000
Crooked River * * 0.046 0.008 0.017
Shoalhaven River * * 4.239 4.180 2.058
Lake Wollumboola * 1.340 0.000 0.000
Wowly Gully 0.000 0.000 0.094
Carama Creek * x * 0.264 0.993 1.089
Currambene Creek * * 0.251 0.943 0.266
Moona Moona Creek * * 0.033 0.055 0.000
Jervis Bay * ok * * 5.534 0.062 0.028
Flat Rock Creek 0.000 0.000 0.006
St Georges Basin O 3.170 0.276 0.149
Swan Lake * 0.261 0.000 0.000
Berrara Creek * o * 0.052 0.000 0.005
Nerrindilah Creek * 0.030 0.000 0.000
Lake Conjola * * 0.166 0.001 0.027
Narrawallee Inlet *ox * 0.087 0.416 0.176
Mollymook Creek * 0.000 0.000 0.001
Ulladulla * * 0.001 0.001 0.001
Burrill Lake * 0.764 0.000 0.237
Toubouree Lake *F % 0.219 0.000 0.040
Termeil Lake * 0.006 0.000 0.000
Meroo Lake * 0.755 0.000 0.000
Willinga Lake * 0.173 0.000 0.000
Kioloa Lagoon * 0.007 0.000 0.001
Durras Lake * 0.496 0.000 0.171
Maloneys Creek 0.000 0.000 0.000
Cullendulla Creek * * 0.125 0.881 0.174
Clyde River * ook 0.793 3.310 0.521
Batemans Bay *oxox * 0.302 0.004 0.000
Tomaga River * % * 0.293 0.351 0.458
Candlagan Creek * * 0.048 0.039 0.070
Bengello Creek 0.000 0.000 0.000
Moruya River ok ok X 1.197 0.474 0.790

P =Posidonia australisZ = Zostera spp H = Halophila spp, R =Ruppia spp M= Mangrove communities, S =
Saltmarsh communities. Grey shading indicatesttieatalculated area values were too small to shpim the table.

Areas mapped as mixed Mangrove/Saltmarsh are re¢andder the mangrove calculations.
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Table 6 (continued)

Estuary Macrophyte Seagrass Mangrove Saltmarsh
P Z H R M S

Congo Creek * o x * 0.002 0.000 0.011
Meringo Creek * 0.000 0.000 0.012
Coila Lake * * * 1.367 0.000 0.343
Kellys Lake 0.000 0.000 0.000
Tuross Lake * ok * & 2.176 0.664 0.802
Lake Brunderee * * 0.026 0.000 0.017
Lake Brou * 0.000 0.000 0.088
Lake Dalmeny * * ok % 0.325 0.013 0.022
Kianga Lake * 0.113 0.000 0.000
Wagonga Inlet *oxoox * % 0.809 0.197 0.023
Little Lake (Narooma) 0.000 0.000 0.000
Bullengella Lake 0.000 0.000 0.000
Nangudga Lake * * * 0.202 0.000 0.146
Nargal Lake 0.000 0.000 0.000
Corunna Lake * * 0.161 0.000 0.049
Tilba Tilba Lake * * 0.095 0.000 0.156
Little Lake (Wallaga) * 0.000 0.000 0.017
Wallaga Lake * % * 1.085 0.000 0.162
Bermagui River oo *oox 0.271 0.473 0.168
Barragoot Lake * * 0.006 0.000 0.079
Cuttagee Lake * kX * 0.385 0.000 0.113
Murrah Lake * ok *oox 0.097 0.017 0.161
Bunga Lagoon * * * 0.000 0.000 0.030
Wapengo Lake * ¥ *oox 0.418 0.555 0.506
Middle Lake * * * 0.211 0.000 0.052
Nelson Lake * *oox 0.010 0.491 0.155
Bega River * * 0.261 0.000 0.533
Wallagoot Lake * ok % * 0.774 0.000 0.118
Bournda Lagoon * * 0.000 0.000 0.005
Back Lagoon * * 0.215 0.000 0.022
Merimbula Lake ¥k % * ok 1.639 0.349 0.592
Pambula Lake ¥k % * ok 0.706 0.580 0.366
Curalo Lagoon * o x * 0.185 0.000 0.090
Shadrachs Creek * 0.004 0.000 0.000
Twofold Bay *ox 0.740 0.000 0.000
Nullica River * * ok 0.012 0.008 0.018
Boydtown Creek * 0.000 0.000 0.005
Fisheries Creek * * * 0.006 0.000 0.035
Towamba River * * ok 0.097 0.017 0.125
Wonboyn River * X * & 0.806 0.000 0.518
Merrica River 0.000 0.000 0.000
Table Creek * 0.000 0.000 0.001
Nadgee River * * 0.000 0.000 0.082
Nadgee Lake * * 0.032 0.000 0.001
Total (for 85 estuaries) 41.978 16.264 12.635

P =Posidonia australisZ = Zostera spp H = Halophila spp, R =Ruppia spp M= Mangrove communities, S =
Saltmarsh communities. Grey shading indicatestti@talculated area values were too small to shpin dhe table.
Areas mapped as mixed Mangrove/Saltmarsh are redandder the mangrove calculations.
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Figure 22. An example of the estuarine macrophytes of the SREagion — Lake lllawarra (mapped for the CCA pad)e
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Figure 23. Another example of estuarine macrophytes in thel@R@gion — Shoalhaven River (mapped for the CCéjguxt).
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Figure 24. An example of the very diverse estuarine macropagi@ngement in St Georges Basin (mapped for th& @Gject).
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3. HARD SURFACE HABITATS IN ESTUARIES
3.1. Methods
3.1.1. Foreshore habitats

Foreshore habitat types have been mapped previgustyme estuaries for specific purposes (e.g.,
planning by Local Government), but it is rare teath mapping has considered habitat types in
relation to their ecological role or importance.r@d exceptions are 1) the foreshore habitat
descriptions of Port Jackson done by the CentreREsearch on Ecological Impacts of Coastal
Cities (Sydney University) in the late 1990s, 2)psigproduced by the NSW Department of
Planning in 2005vww.planning.nsw.gov.au/harbour/sydney_dcp_dowrdas), and 3) the oil
spill response atlas maintained by NSW Maritime amatle available only to the NSW Ports
Corporations and the NSW Department of Environm@fitnate Change & Water. The Sydney
University map is not available in GIS and is nowdated, while the other two map series use
limited natural habitat categories and do not dpedly identify artificial surfaces. The intertitla
foreshore was defined roughly as the zone betwesanrtow water and mean high water. Thus, on
gently sloping shores, the shoreline could be mamires wide and so would typically be
classified as a mixture of habitat types. On stesfaping shores, there was more likely to be just
one habitat type as the effective area sampledwas narrower.

High resolution digital aerial photography was udedrapidly identify, map and classify the
estuary shoreline. In cases where aerial imageg weavailable or inadequate, Google Earth
images were used to provide indicative habitat daues. The minimum mapping unit (i.e.,
smallest shoreline feature mapped) was 10 m anohablping was done at a scale of 1:1500. A
spatial layer of the estuary boundary (polylinesvagplied to the high resolution aerial images in
ArcGIS 9.2. An estuary foreshore classificationesoke was developed which incorporated both
natural and artificial habitats (Table 7). Mixedbitats were also identified, although these
generally occupied less than 5% of the shorelinghé GIS, the estuary polyline was segmented
according to visual interpretation of apparent shine boundaries from the aerial photographs. To
each segmented polyline, an identifier was ascriied corresponded to the estuary foreshore
classification table in the attribute data in Ar8&.2, classifying the type of habitat presenhat t
specific location and creating a presumptive maghefentire estuary shoreline.

Detailed boat-based field validation of the estushpreline was then conducted to asses the
accuracy of the presumptively mapped habitat bouesland to incorporate any habitats that were
obscured or otherwise difficult to identify fromrad images. Examples of 4 rocky foreshore
habitat categories are shown in Figures 25 — 28.
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Table 7. Intertidal foreshore substratum categories. Biogembitats (i.e., animals and
seaweeds) growing on these surfaces were not define
Substratum/Habitat Definition

Artificial Rock Wall

Horizontal rock platform

Cobbles/boulders
Vertical rock platform

Mangrove
Mudflats

Sand

Mangrove natural rock

Patchy rocky + sand/mud

Artificial rock wall + patchy
rock/sand/mud

Artificial rock wall + cobbles/boulders
Artificial rock wall + rock platform
Artificial rock wall + mangrove
Artificial rock wall + sand

Artificial rock wall + mud

Typically vertical to 45°, caolidated/structured
sandstone blocks, mixed rock, concrete, etc, or
unconsolidated rock fill
Flat or sloped solid roekl5 m long and 2 m wide. Can
have deep crevices and rockpools
Rocks ranging from small pebliddarge boulders
Solid vertical rock > 15 wrlg and 2 m wide; can have
deep crevices
Natural mangrove foreshore, with muddyreedts
Muddy sediments, no large stands of maregpbut may
have or 1-2 small trees
Sandy sediments with no obvious vegetatiawy, fegv
rocks
Rocky foreshore with densspi@rse mangroves
Sand/mud interspersednaitk
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Figure 25. Artificial rock wall.

Figure 26. Horizontal rock platform.
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Figure 27. Cobble/boulder foreshore.

Figure 28. Vertical rock platform.
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3.1.2. Subtidal rocky reef

Presumptive maps of subtidal rocky reef were crbating two methods. The first method was the
same as that used for mapping the macrophytes,rmotived digitising the outline of visible
subtidal reef identified from aerial photographsfirtGIS 9.2. An identifier was ascribed to each
polygon that corresponded to one of seven habitgories (Table 8). In clear water with high
resolution images, reefs could be mapped downrtaeamum of 10 m depth using this method,
but in many estuaries, reef could not be seen girauater greater than 5 m depth. The high
resolution orthorectified digital imagery gave awgnd resolution of between 0.1 m per pixel to 1
m per pixel, depending on the quality of the imgg€@nly low resolution aerial photographs were
available for some estuaries (Table 9) and these digitally scanned orthorectified TIF images
at a scale of 1:25 000.

The second component of the subtidal habitat mappivolved using a Humminbird Inc. Side
Imaging Sonar (1197c SI Combo series) with a comuet6 channel GPS to find and scan reef in
water greater than 5 m deep. The sonar was used &r@® m boat with a standard 500 watt
transducer mounted to the stern. An operating frqy of 455 kHz was used, with a sonar beam
width of 60 — 100 m (depending on depth and sldpth® seafloor). The seafloor directly below
the boat is not captured by the sonar. The boselted at speeds of 4-5 knots and, whenever
possible, was navigated in straight lines to misamilistortion of the images. The port side of the
boat was kept parallel to the shallow edge of tharedine to allow for the starboard side sonar
beam to penetrate the deeper edge of unexploreat . wiie positional error of the side imaging
sonar was determined to be 4 m or less in waten 2éep.

The recorded raw image sonar files were exported aonverted to .XTF format via
Humminbird’'s Son2xtf file converter software. Eacbnverted file was then imported into the
post-processing software SonarWiz.MAP V4 (Chesap€ebdéchnology Inc.) which produced a
geo-referenced image track of the recorded imagea$Viz.MAP also provides ‘slant range
correction’ (i.e., removal of the blank water columirectly below the boat). The geo-referenced
images were then exported as GeoTiffs to ArcGISligitising and delineation of reef boundaries.
Boundaries of the preliminary subtidal reef mapsemalidated in the field using a combination
of a standard single beam echo-sounder (to helffycthe deep edge of reefs), a bathyscope (to
allow the observer to look below the water’s sugaand an underwater video camera (MorphCam
CCTV) with footage recorded on a Sony DCR-TRV27gitdi recorder.

It was not possible to accurately map shallow sialbtreef in Cowan Creek from aerial images
because of overhanging trees and deep water. thstiele scan sonar was used to find some areas
of reef in water > 5 m deep, but this methodologyld not be used accurately in water <5 m deep
when the seafloor was steeply sloped. It was kndwmever, that shallow subtidal reef occurred
along the edges of much of Cowan Creek (Glasby ldnderwood 1998), so an indicative
boundary for shallow subtidal reef was delineatgdabpplying a 3 m wide buffer along the
foreshore line wherever the foreshore consistea pétural rocky substratum. This buffered line
was then merged with any deeper reef mapped ubmgide scan sonar. In many cases, reef
extended further from the shore than this 3 m (@lasers. obs.), so the measure of areal extent of
subtidal reef in Cowan Creek is almost certainlgenestimated.

In selected estuaries (Table 9), detailed inforomatin the subtidal rocky reef benthic assemblages
(i.e., biotic habitats) was gathered using towed dropped underwater video surveys. The most
detailed subtidal habitat mapping was done in Packson as high resolution digital images (0.1
m) and clear water enabled many habitats to besi€iled directly from aerial photos. Field

validation of subtidal reef habitats in Port Jacksntailed using a GPS, a dual frequency, colour
depth sounder combined and a towed underwater ddewera all linked to a mobile mapping

computer (see Figure 4). Deep reefs which weretéaichy the side imaging sonar were surveyed
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using the underwater video system to identify vagibabitat types. In the other estuaries, subtidal
biotic habitats were not spatially mapped, usubgause there was only sparse cover of only a
limited number of habitat types in each of the tiigid reef polygons. Examples of subtidal
biogenic habitat types are presented in Figures 22.

Table 8. Biogenic habitat categories recorded for subtideky reefs.

Biogenic Habitat

Definition

Macroalgae

Turfing algae

Caulerpa filiformis

Sessile invertebrates

Barrens

Mixed macroalgae + turfing algae

Mixed macroalgae + barrens

Primarily brown seaweed sucleaklonia radiata Sargassum
spp orPhyllospora comosarhis habitat could also contain
small patches of the green algaulerpa filiformis

Small filimanetous and foliose algé¢he gener&onaria,
Corallina, Amphiroa orLaurencia(often with some&argassum
spp).

Typically mono-specific beds greater than 5 m x.5 m
Sponges, ascidians or ctypisally found on vertical or
sloping walls on the deep edge of reefs.

White, pink or red rock, with no obviouamilor animal growth.
This habitat could also contain a few scatteregedaseaweeds.
Ecklonia radiataor Sargassunspp with large patches of
filamentous or foliose algae.

Large patches of magaeajreater than 5 m x 5 m)
interspersed with barrens.

Table 9. Details of imagery and techniques used for mapgdigshore and subtidal
habitats in selected NSW estuaries.

High . Low Resolution Side
Resolution : Underwater  Buffer
Estuary - scanned aerial Image : .
orthorectified video Analysis
. photographs Sonar
imagery
Port Stephens Y Y
Cowan Creek Y Y Y Y
Pittwater Y Y
Port Jackson Y Y Y
Port Hacking Y Y Y
Batemans Bay Y Y Y
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Figure 29. The habitat ‘Macroalgae’, showing the kelcklonia radiata (top left) and
Sargassunsp. (centre).

Figure 30. The habitat ‘Turfing algae’, dominated by the brogsgaweedonariasp. and the
red coralline alg&mphiroa anceps
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Figure 31. The green seawee@aulerpa filiformiswhich can cover large areas on shallow
subtidal reefs, often adjacent to sand, and oftéistanctive habitat.

Figure 32. The habitat ‘Sessile invertebrates’, showing a igeassemblage of sponges,
ascidians, soft corals and bryozoans.
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3.2. Results

3.2.1. Intertidal foreshore

The entire foreshore of each estuary was mappedlassified into habitat categories (Table 10),
but due to space limitations, only some exampleseabécted areas in each estuary have been
presented in this report. The full maps are avhdlablectronically on the DIl website
(http://www.dpi.nsw.gov.au/research/areas/systemsareh/aguatic-ecosystems/estuarine-

habitats-maps
Port Stephens

A total of 281.33 km of foreshore was mapped int Btephens (Figure 33). The vast majority of
the mapped foreshore was classed as natural. Mangrocounted for 69%, Sand 11.7% and
Cobbles/Boulders 7.7% (Table 10). Artificial foresh accounted for only 5% of the mapped
foreshore. An example of the foreshore habitat redpp Port Stephens is in Figure 34.

Cowan Creek/Broken Bay

A total of 135.77 km of foreshore was mapped alitreggCowan Creek/Broken Bay estuarine shore
(Figure 35). The majority of the shoreline was naltu with the major habitat being
Cobbles/Boulders (Figure 36), accounting for 46.486 Horizontal rock platform being 16.6%
(Table 10). Artificial habitat accounted for only8%6 of the total foreshore.

Pittwater

The total foreshore mapped in Pittwater was 541®89(Kable 10 and Figure 35). Natural habitat
accounted for 54.2% of the mapped foreshore with mhajor natural habitat types being
Cobbles/boulders (23.4%) and sand (12.9%). Argfibabitats accounted for a very high 45.8% of
the mapped foreshore with artificial rock walls @aacting for 35.1%. Figure 37 is an example of
the foreshore habitat mapped in Pittwater.

Port Jackson

The foreshore mapped in Port Jackson totalled 288.9-igure 38). This estuary had the greatest
percentage of artificial habitat, accounting fopagximately 49% of the foreshore. Natural habitat
accounted for 51.1% of the total mapped shorelMangroves for 17.49%, Horizontal rock
platform for 10.5% and Cobbles/boulders for 10.4Pable 10). Figure 39 is an example of the
foreshore mapping in Port Jackson.

Port Hacking

The total length of foreshore mapped in Port Haghkirms 72.97 km (Figure 40), with 67.6 % of it
being natural. Cobbles/Boulders accounted for 26.BRrizontal rock platform for 12.6% and
Mangrove for 10.90% (Table 10). Artificial shoredincovered approximately 32% of the
foreshore. Figure 41 is an example of the foreshal#tat mapped in Port Hacking.

Batemans Bay

A total of 149.47 km of shoreline was mapped indB@ns Bay (Figure 42), with 77.8% of it
being natural habitat. The major habitat types iwithis were Mangrove (33.2%),
Cobbles/Boulders (15.9%) and Sand (10.6%) (Tab)eAsificial habitats occupied 22.2% of the
shore. An example of the mapped foreshore halsifat Figure 43.
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Table 10.

Percent of intertidal foreshore habitats mappedémh estuary.

Substratum/Habitat Port Stephens  Cowan Creek/  Pittwater Port Port Hacking  Batemans Bay
Broken Bay Jackson
Artificial Rock Wall 2.64% 3.15% 35.11% 34.00% 86 3.08%
Horizontal rock platform 1.69% 16.56% 3.57% 10.47% 12.59% 2.23%
Cobbles/boulders 7.69% 46.10% 23.41% 10.40% 26.91% 6.22%
Vertical rock platform 0.55% 9.33% 0.15% 1.59% B3 1.36%
Mangrove 69.18% 8.51% 7.19% 17.49% 10.90% 38.48%
Mudflats 0.51% 0.00% 0.00% 0.37% 1.68% 12.33%
Sand 11.67% 6.69% 12.92% 3.55% 8.54% 25.79%
Mangrove natural rock 2.19% 1.76% 0.22% 1.71% 0.80% 0.51%
Patchy rocky + sand/mud 1.46% 7.23% 6.70% 5.52% 194.3 7.03%
Artificial rock wall + cobbles/boulders 0.18% 0.11% 2.53% 2.42% 4.44% 0.00%
Artificial rock wall + patchy rock/sand/mud 0.06% .00% 1.95% 2.02% 6.67% 0.12%
Artificial rock wall + rock platform 0.00% 0.32% a1% 4.31% 4.63% 0.00%
Artificial rock wall + mangrove 0.10% 0.15% 0.64% .32% 0.39% 0.10%
Artificial rock wall + sand 2.04% 0.10% 4.59% 3.30% 6.46% 2.76%
Artificial rock wall + mud 0.03% 0.00% 0.00% 0.56% 0.00% 0.00%
TOTAL km of foreshore 281.33 135.77 54.69 288.88 .9z 149.47
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Figure 33. Extent of shoreline in Port Stephens for which $tw@e habitat has been mapped (dark line).
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Figure 34. Foreshore habitat classes mapped in Port Stephens.
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Figure 35. Extent of shoreline mapped in Cowan Creek/Brokey ®eeen) and Pittwater (orange).
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Figure 36. Foreshore habitat mapped for Cowan Creek.
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Figure 37. Foreshore habitat for Pittwater.
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Figure 38. Extent of shoreline in Port Jackson in which fomshhabitat has been mapped (dark line).
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Figure 39. Foreshore habitat mapped in Port Jackson.
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Figure 40. Extent of shoreline in Port Hacking in which forest habitat has been mapped (dark line).
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Figure 41. Foreshore habitat in Port Hacking.
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Figure 42. Extent of shoreline in Batemans Bay in which fomshthabitat has been mapped (dark line).
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Figure 43. Foreshore habitat in Batemans Bay.
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3.2.2. Subtidal rocky reef

Extensive surveys were done for subtidal reef irstnod the selected estuaries (Table 11), but it
was not practical to cover the entire estuary $wagcfor deep reef using the narrow beam of the
side scan sonar. Instead, side scan sonar surgeyssied on areas that were considered most
likely to contain deep reef. Some examples of sithn sonar images are presented in Figures 44—
46, including a wreck that was located in Port B&s. Due to space limitations, only some
examples of selected subtidal reef areas in eattargshave been presented in this report. The
complete maps are available on the DIl website
(http://Iwww.dpi.nsw.gov.au/research/areas/systemsareh/aguatic-ecosystems/estuarine-

habitats-maps

Table 11. Presence (Y) or absence (N) of subtidal habitateptiary and total area of reef
mapped. Full subtidal habitat mapping (allowingaaestimates) was completed
only for Port Jackson. No habitat data (ND) werkbected for Batemans Bay, but
each habitat is likely to be present, except fog tireen seawee@Qaulerpa

filiformis.
Biogenic Habitat Port Cowan Pittwater  Port Port Batemans
Stephens Jackson Hacking Bay
Macroalgae Y Y Y 0.59 Y ND
Turfing algae Y Y Y 0.09 Y ND
Caulerpa filiformis Y Y Y 0.002 Y ND
Sessile Invertebrates Y Y Y 0.13 Y ND
Barrens Y N N 0.29 Y ND
Mixed macroalgae + turfing v v v 0.08 v ND
algae
Mixed macroalgae + barrens Y N N 0.39 Y ND
Total reef mapped (knf) 0.42 0.13 0.10 1.58 0.22 2.57
Total waterway area (knf) 128.79 45.17 18.39 51.87 11.70 46.06

Tan additional 2.34 k#of deeper offshore subtidal reef was mapped by RE®CW and has been includiecthe full electronic
reef maps.

Mapping the habitats of NSW estuaries — CreesesliylaNest & Gallen



Industry & Investment NSW 65

Figure 44. Side scan sonar image showing subtidal rock shelf.

Figure 45. Side scan sonar image showing subtidal boulder reef
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Figure 46. Side scan sonar image of the sunken HMAS PsycRernStephens.

Port Stephens

A total of 0.42 km of subtidal reef was mapped in Port Stephens dindfahe pre-defined
subtidal habitats were recorded (Table 11). Thepmdpareas of reef in Port Stephens were
primarily around the northern (Yacaaba) and soutli€omaree) headlands (Figure 47), and along
the southern shoreline between Nelson Head andhbwic’'s Beach. A narrow ban of fringing
reef was also mapped at Winda Woppa (Barnes Rooks), Fame Cove, and around Boondaba
(Middle) Island.

Cowan Creek/Broken Bay

Cowan creek (including the mouth of Broken Bay) i@ati3 knf of subtidal reef mapped (Table
11). Much of this was indicative only as it occatrm shallow water (0 — 3 m) close to the
shoreline and as such could not be mapped acopnaiil side scan sonar, nor could the reef be
seen clearly from aerial images. The thin line arbthe foreshore in Figure 48 indicates the
buffer in which reef was presumed to occur. Deepef was mapped in various locations scattered
throughout Cowan creek (Figure 38) and all reeftagbexcept barrens were found.

Pittwater

Subtidal habitats in Pittwater were similar to thas the adjacent Cowan Creek but there was far
less subtidal reef mapped in Pittwater (Table The majority of reef in Pittwater occurs on the
western side, from West Head down to Longnose P@iigure 49) and it is generally very
shallow. Much of the subtidal reef in Pittwater sms of cobbles and boulders, but there are
larger platforms at the mouth of the waterway atbWest head and some large vertical rock walls
covered in ascidians around Barrenjoey Headland.
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Port Jackson

Comprehensive maps of subtidal habitats were peelpéor a total of 1.58 kfmof reef in Port
Jackson, incorporating each habitat type (Table TH¢ majority of reef occurred at the mouth of
the estuary, around North and South heads, Dolrgatl and Middle Head (Figure 50). Shallow
reef lines much of the shoreline of Port Jacksdrnhal way to the limits of our mapping around
Birchgrove in the Parramatta River and Rosevillel§@ in Middle Harbour.

Port Hacking

All subtidal habitat types were found on the 0.2% bf reef mapped in Port Hacking (Table 11).
As in other estuaries, the majority of subtidalf eecurred near the mouth of the estuary and there
was a great deal of shallow fringing reef stretghatong the estuary (Figure 51) all the way to the
limits of mapping near the Audley weir. Notablyns® areas of deep, invertebrate-covered reef
were found in the South West Arm of Port Hacking.

Batemans Bay

By far the most substantial subtidal reef systerasewnapped in Batemans Bay, with a total area
of 2.27 knt mapped by 1& NSW using the methods describechia teport, plus an additional
2.34 knf mapped using multibeam sidescan sonar in deepas &y NSW DECCW (Jordast al.
2009) (Table 11). Habitat types on the reef weredocumented for large areas of Batemans Bay,
but it is very likely that each of the habitats vpaesent, except the green atgaulerpa filiformis
which is not known to occur much further south tigadli. The vast majority of subtidal reef in
Batemans Bay occurs in the mouth of the estuarth wdt much found west of Long Beach
(Figure 52). Some small patches of reef were mapp#te Clyde River, however, including some
as far upstream as Nelligen.
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Figure 47. Mapped subtidal reef in Port Stephens.
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Figure 48. Mapped subtidal reef in Cowan Creek.
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Figure 49. Mapped subtidal reef in Pittwater.
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Figure 50. Mapped subtidal reef and habitats in Port Jackson.
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Figure 51. Mapped subtidal Reef in Port Hacking.
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Figure 52. Mapped subtidal reef in Batemans Bay.
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4. DISCUSSION AND FUTURE DIRECTIONS

4.1. Implications of findings

This project is the culmination of many years dffior remapping the estuarine macrophytes of
NSW following the initial surveys done in the eatl980s by Weset al (1985). The availability

of these two state-wide datasets allows some amse$sf changes over time, not only of the
overall spatial extent of these important habiyges in NSW but also at the scale of individual
estuaries or even particular patches of habitdtiwihose estuaries. The spatial extent of seagrass
mangrove and saltmarsh habitats is recognised nalyoand internationally as an important
indicator of the condition of estuarine health (Mobat al. 2008). In NSW, this indicator has been
adopted for the Estuarine theme of the Natural Reses Commission’s Monitoring, Evaluation
and Reporting (MER) program for the state. The datkected during this seabed mapping project
and its predecessor the Comprehensive Coastal #kasas (CCA) have been used, in comparison
to the original Weset al (1985) survey, to score individual estuaries sggions in terms of the
relative loss or gain of these habitats (Rogtesl. 2009). An increase in the extent of saltmarsh or
seagrass habitats is considered to be ‘good’ amiljersely, a decrease is ‘bad’. However, it is
difficult to determine whether a change in mangrex¢ent is positive or negative for estuary
health without conducting estuary specific studitlse MER analysis suggested that saltmarsh
habitat has remained relatively stable or increasedll regions and that seagrass habitat has
remained relatively stable in 2 of the 4 regional€ 12). There was estimated to have been a loss
of seagrass of over 10% (and up to 40%) in theagsts of the central regions of the NSW coast,
resulting in a ranking of ‘fair’ (Table 12). Althgh not scored by the MER process, the mapped
extent of mangrove habitat increased between theureys in all regions. Although this
assessment might be useful for state-wide purp@ses, for State of the Environment (SoE)
reporting), it does not identify particular problertinat might be able to be addressed at a local or
regional level.

Table 12. Summary of condition scores for estuarine macragghyinder the NSW MER
program (see also Ropet al. 2009). Scores were assignedvasy goodfor a
>10% gaingood+10%,fair -10 to -40% losgpoor -40 to -70% loss angery poor
-70 to -100% loss.

CMA region Seagrass Mangrove Saltmarsh
Northern Rivers Good Not rated Very good
Hunter Central Rivers Fair Not rated Very good
Hawkesbury Nepean and Sydney Metropolitan Fair ritetd Good
Southern Rivers Good Not rated Good
Overall Good Not rated Good

There is much greater value in a condition assassmece the change in extent of estuarine
macrophytes is examined at the scale of indivigisaharies as will be done in the regional report
cards to be released later in 2009. Even greatee van be gained if the extent of macrophytes is
mapped periodically to provide a time series ofadabints that can be used to assess long-term
trends (e.g., Larkum and West 1990). It was bewhedscope of this project to do such a trend
analysis, but there are now several published serees available. This seabed mapping project
and any small scale studies that are done from tionéime can continue to add valuable
information about changes in the extent of esteahn@bitats in NSW. An example is shown below
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for Port Hacking where a sharp decline in the afeseagrass was noted between the 1950s and
the 1970s, followed by a stabilisation (Williamsdadeehan 2004). The latest data point derived
from our study suggests that a gradual increasseagrass may be occurring (Figure 53). The
extent of mangroves may have stabilised followilighs increases since the 1960s, while the
extent of saltmarsh habitat may also have increeseehtly following a slow decline over many
decades. These area values are estimates onllikendll estimates, are subject to error. It is not
easy to quantify the errors from this sort of magpiechnique (but see Meehanal. 2005) but
they may be quite large especially for earlier 8m€aken as general trends, however, the data
suggest that there is no cause for concern in tefiwss of macrophyte habitats in Port Hacking.
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Figure 53. Changes over 8 decades in the extent of 3 estuardceophytes in Port Hacking.

Note that for the last 3 data points (1985, 1999 2005), field verification was
done of the interpreted maps, so they are likelyganore accurate estimates than
earlier ones. (Extension of dataset from Williamd &eehan 2004).

While seagrass is an important habitat categosy,fohm and stability of the different seagrass
species means that the nature of its habitat alo¢her estuarine biota also varies among species.
Halophila spp. grow close to the seabed and tend to begfastiing and often ephemeral (Stuart
and Fairfull 2007). They do not usually provideddasting structural habitaRosidonia australis

on the other hand, is a slow growing, long livedd@es that is very good at stabilising estuarine
sediment. Its fronds can grow to over 80 cm lond beds ofPosidoniacan often be very dense
and persist for decades (Larkum 1976). It is gdlyecansidered to provide the greatest habitat
structure of any of the seagrass species foundIWwNMiddletonet al. 1984, Bell and Pollard
1989) and is thus considered the most worthy dofegton (Stuart and Fairfull 2007Josteraspp.
are somewhat intermediate betweBpnsidonia and Halophila in terms of their life history
characteristics and ability to provide structurabitat.
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Table 13. The extent of the seagraBP®sidonia australisrecorded during two state-wide
surveys in the 1980s (West al. 1985) and the 2000s (Willianet al 2007 and

this project).

Estuary Posidoniaarea (knt)

Westet al 1985 Current mapping
Wallis Lake 3.299 2.429
Port Stephens 2.480 4.097
Lake Macquarie 1.680 0.991
Brisbane Water 1.414 0.957
Broken Bay 0.000 0.003
Hawkesbury River 0.000 0.007
Pittwater * 1.245
Port Jackson 0.081 0.104
Botany Bay 2.414 3.151
Port Hacking * 0.633
Jervis Bay * 5.131
St Georges Basin 0.429 1.401
Batemans Bay 0.007 0.207
Wagonga Inlet 0.892 0.605
Bermagui River 0.054 0.199
Merimbula Lake 0.789 1.157
Pambula Lake 0.134 0.523
Twofold Bay 0.018 0.001

* |ndicates that the original West et al. 1985 al# not available.

The state-wide survey of estuarine macrophytes donthe 1980s (Weset al 1985) paid
particular attention t®osidonia australisSimilarly, in the most recent surveys, specifbrefvas
made to thoroughly map the extentRidsidoniabeds during field surveys particularly the deeper
edges which are often difficult to discern fromiakephotographs. Comparison of the 2 surveys
shows quite marked changes in the extefasfidoniain many estuaries. Where there has been an
estimated large loss (Wallis Lake, Lake Macquarid Brisbane Water) are of potential concern
and these estuaries should be earmarked for furthestigation to verify the suspected losses and
investigate their possible causes. Of course, fanyrestuaries in the Sydney region, the most
substantial losses may have occurred well befoBb I@arkum and West 1990, Williams and
Meehan 2004).

While change in the total extent of an estuarinerophyte habitat gives some indication of its
condition, it usually does not provide the fullrstoFor example, the mapping technique used here
is unable to take account of discontinuities witliapped seagrass beds. There are many instances
in NSW where quite substantial bare patches ocdhimbeds, often because of human activities
such as the installation of boat moorings. Thesde%i can mean that the real extent of a bed is
much less than that mapped. Again,Paisidoniabeds (e.g., Figure 54), this is a matter of camcer
as continuing fragmentation might eventually regulthe loss of integrity of the entire bed. These
fragmented seagrass beds are not likely to pratiesame high habitat value as intact ones.

There are many other threats to seagrass bedsofmib&m as a result of direct or indirect human
activities, and these have been well documenteewhlsre (e.g., Keough and Jenkins 1995,
Gillanders 2007). One potential threat that is wnoinstant surveillance in NSW is the threat
posed by introduced marine pests, and particuthdygreen alg&aulerpa taxifolia It was first

discovered in NSW in 2000, and has now been redaordé4 of NSW’'s 184 estuaries (Table 14).
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This seaweed, although native to tropical regidn&ustralia, is listed under NSW legislation as a
noxious species because of the potential threpbses to marine species in temperate waters
(Glasby and Creese 2007. taxifolia grows very rapidly and can cover extensive areathef
seabed in a matter of only a few years. It app&amgrow best in the same shallow depths as
seagrass (Figure 55), and there is sill some sgkat, in the long term, it might overgrow and
eventually displace native seagrass. Importantbyydver, research to date suggests that dense
beds of seagrass are not adversely affectedC byaxifolia and bothZostera capricorniand
Posidonia australi©ave been found to sprout amonGstaxifolia(Glasby and Creese 2007). It is
perhaps more likely that seagrass that is alreadgem stress from other anthropogenic
disturbances might become more susceptible to itagaom C. taxifolia or that if seagrass is
killed, C. taxifoliacolonise and prevent the complete recovery ofresag

While techniques have been developed to corirdiaxifolia (Creeseet al. 2004), they are only
effective at very small scales and large infestetiare still present in some of the affected
estuaries (Table 14). Fortunately, with the exagptof Lake Conjola,C. taxifolia has not
expanded to the extent where it has dominatedtibkosv areas of any NSW estuary. Whén,
taxifolia first established in Lake Conjola there was viliuao seagrass living ther&@gsteraand
Halophila spp would have been expected) as a result of theagstan ICOLL, having been
closed for a long period of time (Ron West, Uniutgref Wollongong, pers. comm. 2009). In most
estuaries where it is foun@,. taxifolia occurs as sparsely distributed plants rather #satarge
monospecific beds (Table 14). Although there is exddence to date that. taxifolia has
outcompeted and displaced native seagrass (GlasbyCeeese 2007), there may be more subtle
indirect impacts on some of the fauna that liveoinglosely associated with, the estuarine seafloor
Such impacts have been documented in Lake Corgalg, (Gribben and Wright 2006, McKinnon
et al 2009) which is by far the largest strongholdha$ invader in NSW.

There are also many human-mediated threats to mam@nd saltmarsh habitats (documented in
Connolly and Lee 2007). Large-scale clearing of gnave forests in NSW ceased many years ago,
and mangrove habitat is generally increasing iremxin most NSW estuaries. Some of this
recolonisation is into areas where mangroves posiyohad been removed, which would be a
positive change. In some cases, mangrove colooishfs been ‘upslope’ into areas previously or
currently occupied by saltmarsh (see Figure 3)tduacreased sedimentation and possibly also to
sea level rise. While this is positive for mangmavié can be detrimental to saltmarsh considering
the generally small areas of saltmarsh within NSfdaries and the limited opportunities for them
to expand landward as sea levels continue to 8amfilan and Williams 1999). The marinisation
of estuaries (i.e., higher salinity levels causgdhings such as entrance training, artificial dpgn

of lagoons, water extraction upstream or lowerfedirassociated with drought) may also provide
mangroves with a competitive advantage at the esgpehsaltmarsh.
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Figure 54. Holes created in a bed Bbsidonia australivy boat moorings in Lake Macquarie.

Figure 55. The invasiveCaulerpa taxifoliagrowing amongst spargosterasp.
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Table 14. Cumulative area of NSW estuaries invadedClayilerpa taxifolia expressed as the

sum of all areas where it has been recorded sisciitial discovery (i.e., the
maximum extent of mapped infestations). Some iafesis are extremely dense
(e.g., in Lake Conjola), while others are very spdie.g., in Narrawallee Inlet and
Brisbane Water).

CMA  Estuary/Lake First Cumulative Status/trend

recorded area invaded
(ha)

HCR Lake Macquarie Feb 2001 16.50 Initially foundeveral sites, but
present at only 1 in 2004. Not found in
the lake since May 2006.

HCR Brisbane Water, Apr 2006 0.76 Very sparse and patchy. Has not

including Patonga noticeably expanded in area.

HN Pittwater Dec 2000 111.69 First found in Cagay, but has since
spread to other bays and around Scotland
Island. Continues to increase in extent.

SM Port Jackson Apr 2002 25.78 Mostly sparselyithisted but some
dense patches. Has not noticeably
expanded in recent years.

SM Botany Bay Apr 2001 779.00 Very sparse coveladgever a large
area. Has not noticeably expanded in
recent years.

SM Port Hacking Apr 2000 85.18 Mostly sparselyritistted except in
Gunnamatta Bay. Decreased extent in
recent years.

SR St Georges Basin Apr 2004 25.41 Rapidly expafrded a couple of small
patches until 2008. Substantial decrease
since then, with none found in 2009.

SR Lake Conjola Apr 2000 249.81 Rapidly increagedaver much of the
lake. Has remained very dense over
recent years.

SR Narrawallee Inlet Apr 2001 9.23 Very little peasin 2009. Abundance
can fluctuate greatly, but it is always
very sparse.

SR Burrill Lake March 2001 57.81 Mostly sparselgtdbuted but some
dense patches. Slight increase in recent
years.

SR Durras Lake Apr 2007 1.88 Small patch that basained stable in
extent.

SR Batemans Bay Feb 2007 9.89 Sparse coverageShigiit decrease in
2008 and 2009.

SR Wallagoot Lake Sept 2007 0.05 Small isolatedipatated with salt,

most recently in July 2009
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4.2, Future directions

The estuary-wide mapping of macrophytes describeithis report has identified some trends in
extent. Some of these changes require further tigeg®n, especially for saltmarsh where
apparent increases may merely reflect improveditabib detect and record small patches
(Kelleway et al. 2007). For seagrass, particulaRgsidonia the situation is more clear-cut and
some worrying declines are evident. This informati@an now be combined with data on human
impacts as part of a threat identification proceséch would identify those seagrass beds that
might be most vulnerable to human impacts (e.gnadge from boat moorings; Figure 54). Such
areas could then be monitored in more detail usingly-developed detailed mapping techniques
that operate at small spatial scales (e.g., cogexifew kilometres of shoreline). This low-altitude
high-resolution aerial photography (using a canwerdically mounted in a helicopter; Figure 55)
has been developed as part of the monitoring pnodoa offshore rocky reefs under the Marine
theme of MER.

Trials have proven that the helicopter techniqueksavell for all shallow water habitats where
there is reasonably clear water, whether on th@ gpast or in estuaries. This technique permits
very detailed discrimination of the main seagraseeNSW estuaries and can be used to detect
changes in the size, shape and density of indiVideds to an accuracy of approximately a metre
(or less depending on resources available). Bylaggumonitoring small areas of seagrass that are
likely to be under threat from human disturbanae$ @omparing these to nearby seagrass beds in
less disturbed areas, it will be possible to desggnificant changes and so enable management
intervention to ameliorate any impacts. This apphoa already being used in the Port Stephens —
Great Lakes Marine Park to monitor the respondeasidoniabeds following the replacement of
conventional boat moorings with ‘seagrass-friendtoorings (Brian Hughes, HCRCMA, pers.
comm.. 2009). Because this technique has a numberajpr advantages over standard aerial
photographic images (greater resolution, controtrotime of image capture), it means that
individual estuaries or seabed habitats within ipaldr estuaries can be readily and regularly
mapped.

Other improvements in mapping techniques have besde during this project such as the use of
side scan sonar to map estuarine reefs and ottenesged hard objects that can be used as
structural habitat (e.g., Figure 46). This techeigespecially if further improvements can be made
to mapping reef habitats very close to shore inewtss than 5m depth, can now be deployed
wherever such surfaces are likely to be an importetbitat type, primarily in drowned river
valleys which are most numerous in the centralaregiof the NSW coast. This subtidal mapping
can be extended to include descriptions of thetsatiien (e.g., cobbles or consolidated reef) and
used in conjunction with video camera surveys taenfolly document the biodiversity on the
reefs (as was done for Port Jackson).

By combining detailed maps of habitats, their agged biodiversity and the threats posed to these
into a risk assessment framework, it will be pdssib the future to provide management agencies
the means by which they can assign relative vaoiggrticular locations. In turn, this will allow
those agencies to prioritise their investments amagement activities.
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Figure 56. The helicopter-based mapping system that is beiafled for use in the more
detailed mapping of high priority seabed habitat®lEW. The external ‘helipod’,

which contains the camera is shown above and gitegacomputer control system
in the cockpit below.
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4.3. Priorities for coastal CMA investment in estuarineprojects

Long-term condition monitoring of all estuariesglinding their habitats, is a major undertaking. It

is not likely to be something that coastal CMANSW could do on a regular basis. Rather than
routinely mapping every estuary in a region, preessare needed to identify which estuaries, or
habitat areas within estuaries, are worthy of geaitention. In general, these priority setting

process are based on two things — the intrinsigevaf the estuary/habitat and the threats facing
that estuary/habitat.

Some estuaries in NSW have been selected at anaktevel as ‘coastal hotspots’ as part of the
Commonwealth Government’s ‘Caring For Our Counhysiness case. Typically, these have been
selected because they have areas within them legeRamsar Wetlands, usually because of the
significance of intertidal wetland habitats (pawtarly saltmarsh) to migratory shorebirds.
Currently, the NSW estuaries in this category aotaBy Bay, the Great Lakes region (Myall,
Walllis and Smith Lakes), Hunter River and Tuggedrakes.

Some NSW estuaries, or parts thereof, have beewrdmat higher priority at a state-wide level
because they are within Marine Parks or AquaticeRess. Zoning of these Marine Protected
Areas (MPAs) affords additional levels of priorifigr particular locations. In most cases, these
areas have been selected for special protecticedbas an irreplaceability analysis using estuary
type and the mapped extent of key habitat typessasrogate for biodiversity value (e.g., Bretn
al. 2005). These declarations mean that some threatbecaore actively managed. NSW MPAs
are managed by the NSW Department of Environmelitmale Change & Water (DECCW).
However, there is scope for CMAs to work collabiwelyy with DECCW to ensure the long-term
viability of key estuarine habitats in MPAs. A cemt example of such a collaborative project
involves the replacement of conventional boat mgwiwith ‘seagrass friendly’ moorings to
reduce impacts on seagrass beds (see sectiors?).1,

For estuaries that are not coastal hotspots or P8/ there is currently no clear priority setting
process. In the central and southern coastal regithrere are two suggested situations which
would give an estuarine area a higher priority dotion: the presence #fosidonia australiqa
high value seagrass habitat deserving protectiabjer13) orCaulerpa taxifolia(a pest species
requiring control or close monitoring; Table 14)eitther of these two situations occurs in the
northern region. Saltmarsh habitat is of high vdhreall NSW estuaries and it is now also listed
as an endangered ecological community undeftireatened Species Adthe extensive coastal
floodplains of the large river systems in the staterthern region undoubtedly supported much
greater areas of saltmarsh habitat than curreetiyrothere. Projects to protect remnant saltmarsh
or to rehabilitate former saltmarsh areas, esggéiahorthern NSW, are needed. Some good work
is underway (e.g., Greaat al. 2009), but more is needed and at a much broadés.sc

There is a need to move beyond these rather grmssrajisations to better target the limited
resources available to coastal CMAs for estuarineagement activities. Procedures are required
that identify which areas dPosidoniaor saltmarsh are most deserving of priority action
whether there are other habitat types (e.g., migjfl@hich should be given attention in particular
estuaries. The estuarine mapping done during tjegt has provided a GIS framework for such
procedures. Because other spatial layers of infliomae.g., the presence or severity of risk
factors such as stormwater outlets, foreshore dpwatnt or boating activities) can be included in
the GIS, it is possible to now do more detaile#t Essessment exercises in particular estuaries. A
qualitative ecological risk assessment was developed used in the Environmental Impact
Statements for all commercial fisheries in NSW (@st2008; Astlest al., 2009). The method
included the risk assessment of marine (includisagine) habitats. This method currently is
being adapted, using the habitat information gdedraluring this seabed mapping project, to
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assess the risk to estuarine habitats in the Ibd@erkesbury estuary. It is hoped that this product
will have general applicability to other estuati@NSW.

‘Risk assessment’ is a key component of an overaltess called ‘risk analysis’ (Figure 57). Risk
assessment consists of four stages. ‘Risk contiefihes the undesirable events to be avoided
(i.e., those that might jeopardise management tbgs) and the spatial and temporal extent of
that event that management or stakeholders wistvéid. These are usually determined by the
management or conservation objectives of thoseorediple for managing an estuary. ‘Risk
identification’ categorises the habitats and getesra list of sources of potential impacts on the
habitats from human activities (i.e., potentialetis). ‘Risk characterization’ estimates the
likelihood that the identified sources of risk wilhuse the undesirable event defined in the risk
context. ‘Issues arising’ are the consideratiom$ thanagement agencies such as state government
departments, CMAs or local councils, need to addifethey are to reduce or mitigate the risk to
estuarine habitats from the range of human aawvitissessed. These issues are then fed into the
risk management component of risk the analysis.

Figure 57. Framework for qualitative ecological risk analyBis estuarine habitats (modified
from Astleset al. 2009).
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The information generated during this project pdegi a valuable first step in the risk
characterisation process. It can now be used, rijunction with other data sets, to determine the
vulnerability of particular habitats. It is recomnaed that a formal risk assessment process be
undertaken for the key habitats in other estuarneBISW that are considered at risk or have
otherwise been accorded a high priority statugmaltely, this will allow better targeting of scarce
public resources by natural resource managers W.NS
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6. APPENDICIES

Appendix 1. 1:25000 map series index for the coastal habifalSawv.
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