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Executive Summary

CSIRO was engaged to undertake an environmental audit of Corner Inlet and its catchment
through gathering the available information on the catchment and identifying threats to the
biodiversity of this important estuary.

Major issues within the catchment were generally associated with land use practices, both current
and past. The significant rate of clearing of native vegetation, combined with excessive run-off and
the subsequent impact on waterways was prominent. Within the Inlet, the major concern is the
sustainability of the fishery, and whether declines in seagrass are linked to catchment activities.

The topography of the catchment — steep slopes and relatively short rivers, in combination with the
incidence of severe rainfall events is a dominant physical driver of environmental impact. The
altered landscape and associated land use result in significant loads of sediment and nutrients
entering the Inlet during high rainfall events. And given the predicted increase in frequency and
severity of storm events, as suggested through climate change modelling, the impact of these high
rainfall events is likely to increase. Through review of the available hydrological data, it was
apparent that none of the drainage basins within the catchment stood out as being the worst, as
each has the potential to be a major contributor under high rainfall events.

Corner Inlet itself has unique environmental values that have been recognised through creation of
the various reserves and parks, and the listing of the area as a wetland of international
significance. Important characteristics include: the most southern location for broad-leafed
seagrass Posidonia australis; more than 390 species of indigenous flora and 160 species of
indigenous fauna; and significant areas of mangrove and saltmarsh. The extensive mud and sand
flats, exposed at low tide, provide important feeding grounds for the numerous species of migratory
and resident birds; and at high tide provide food for aquatic organisms, including important
commercial fish species.

The maintenance and development of ports, while significant in the development of the region
have, based on the evidence available, had localised impacts only; however further uncontrolled
development could impact on a delicately balanced tidal embayment. Similarly, the presence of
acid sulfate soils and soils that are liable to develop acid sulfate characteristics if drained require
specialised management.

The Waterwatch data, collected by volunteers, was invaluable in assessing water quality across the
catchment, and should be continued as it provides the basis for measuring improvement and or
triggering investigation of land management impacts. However continuous flow monitoring of all
rivers would improve the overall picture, especially if it is integrated with catchment modelling. It is
apparent that most streams in the catchment are subject to high levels of phosphorus as a
consequence of farming practices, especially those in the northwest.

It is likely that the high loads of sediments and nutrients have had a major influence on ecosystems
within Corner Inlet. Sediment can alter the shape and height of mud flats; smother seagrass and
other benthic plants and animals; and leave the water turbid thus reducing light penetration
essential for plant growth. Alteration of the hydrodynamics within the Inlet could also result in
increased resuspension of sediments leading to loss of benthic vegetation and further
destabilisation of the unique channel morphology. Similarly nutrients can alter food webs; favouring
certain species over others, which in turn can alter the balance within biological communities.

A major concern for stakeholders is the loss and alterations to seagrass coverage and its
subsequent impact on other aquatic organisms. The most probable causes for losses are likely to
be associated with the increased sediment and nutrient loads. However, the mapping and
description of these variations in seagrass coverage and health have not provided a consistent
record for comparison. And as has been suggested by those involved in previous investigations, it
is critical to have a well designed and defensible ongoing monitoring and mapping program to
measure changes to seagrass.
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The main recommendations from the audit are that it would be desirable to reduce nutrients and
sediment loads to the Inlet. A first step in this process would be to undertake catchment audits to
identify sources and target amelioration strategies for the hotspots. Within the Inlet itself a
comprehensive mapping and monitoring exercise should be undertaken to ascertain areas and
condition of the physio-floral habitats (includes saltmarsh and mangroves, as well as the seagrass
beds). The exercise should include measures within each habitat total coverage, community
structure and general health. It is also important that drainage plans be developed for coastal areas
serviced by sea walls, with corresponding research undertaken to identify the economic,
environmental and social value of the surrounding land. This research should be supported by
targeted research aimed at improving the knowledge of intertidal areas; specifically the value of
mangroves and salt marsh in maintaining healthy aquatic environments.

Corner Inlet and its catchment contain significant areas of natural environment, which the
community place a high value on. In order to maintain these values the pressures of development
(includes urban, agricultural and industrial) need to be understood and managed within appropriate
frameworks. Improved knowledge and timely development of these management frameworks will
help to reduce the pressures and maintain the values desired by the community. This audit draws
together a wide range of previously collected information, and places it within a context that can be
further developed by stakeholders with an interest in the management of this region.
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1 Introduction

The Gippsland Coastal Board, together with the West Gippsland Catchment Management
Authority and Parks Victoria engaged CSIRO to undertake an environmental audit of Corner
Inlet and its catchment.

The audit summarises the current condition of Corner Inlet, gathers information on the
catchment and identify threats to the biodiversity of this important estuary. The investigation
included reviewing land use and water quality data - specifically loads of nutrients, sediments
and toxicants; flushing processes by tides, sediment geochemistry, and biodiversity.

The audit did not instigate further data collection or commission specific research investigations,
as the intent was to gain an understanding of the scope of current issues and to review the
scientific research and data collection that has already been undertaken.

1.1 Project Outline

The project commenced with the collection of available literature and data; much of which was
provided through government agencies and local utilities with an interest in the area.

Meetings with stakeholders were held at Port Welshpool on 11 March and 2 May 2005; at which
issues of concern were raised and discussed. Other individual meetings were held with various
stakeholders to obtain further information on specific issues. For local issues that had not been
the subject of specific study, comparative information was obtained from the available scientific
literature.

Project Team:

Robert Molloy, CSIRO Melbourne — Project Leader

Scott Chidgey, CEE Consultants Melbourne — Marine

lan Webster, CSIRO Canberra — Nutrients

Gary Hancock, CSIRO Canberra — Sediments

David Fox, CSIRO/ University of Melbourne — Environmetrics

Stakeholders:

Apart from the three organisations represented on the Steering Committee for the project, the
stakeholders with interest in either the catchment or the marine environment are numerous.
These include the Government agencies responsible for services and governance of the natural
resources; and those organisations, industries and individuals who are trying to derive an
income from the region.

Dept of Sustainability and Environment
Gippsland Coastal Board

Dept of Primary Industries

PIR Vic — Marine and Freshwater Systems
EPA

Parks Victoria

Gippsland Ports

South Gippsland Water

South Gippsland Shire

Wellington Shire

West Gippsland CMA

Gipps Regional Water Monitoring P’ship
Waterwatch

Museum of Victoria

Seafood Industry
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CIFHA and other independent commercial fishers
VR Fish and other recreational fishers

Gippsland Aquaculture Industry Network

Coast Action/Coast Care

Indigenous Community

Birds Australia & assoc groups

Greening Australia

Conservation Groups

Foresters (private & state)

Esso oil & gas and supporting industry (eg Ancon)
Extractive industries (eg sand, gravel, minerals)
Farmers

Researchers (eg Universities)

1.2 Relevant Management Plans and Reports

There have been a significant number of investigations and management plans developed for
the Corner Inlet and Catchment. These have drawn on much of the available research and
collected data. The following list provides a summary list and major outcomes.

Table 1. List of management plans and reports of relevance to the environmental
management of Corner Inlet and catchment

Management Plans and Reports

Outcomes

South Gippsland Coastal Development Plan a
strategic planning framework prepared for the
South Gippsland Shire, 2004.

Provides background for strategic and
development planning of the coast by the
Shire, which covers part of Corner Inlet —
covers social, economic, and environmental
analysis, with a lead into future town planning
scenarios.

Public Exposure Draft River Health Strategy
for West Gippsland prepared by West
Gippsland CMA, 2004

Covers the 3 rivers basins under the operation
of the CMA, of which 11 of 35 sub-catchments
cover Corner Inlet — sets priorities for
management of the streams according to their
social, economic and environmental values.

Draft West Gippsland Management Plan,
prepared by SKM for West Gippsland CMA,
2004

Outlines management actions to reduce and
prevent the effect of salinity on the region’s
assets.

Corner Inlet Ramsar Site Strategic
Management Plan prepared by Parks Victoria
in consultation with Department of Natural
Resources and Environment and other
stakeholder groups, 2002

Provides background to Ramsar listing, and
policy and framework, along with management
strategies to counter risks to the integrity of
the site.

Draft Management Plan for Corner Inlet
Marine National Park prepared by Parks
Victoria, 2004

Provides a vision for the park, along with
management actions — based on past
research and consultation with stakeholder
groups.

Draft Management Plan for Corner Inlet and
Nooramunga Marine and Coastal Parks
prepared by Parks Victoria (in preparation)

Provides the basis and direction for future
management of the parks — based on past
research and consultation with stakeholder
groups.
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1.3 Stakeholder Issues

In Table 2 we have provided a summary list of issues raised by participants at the two meetings
held at Port Welshpool on 11 March and 3 May 2005. Many of these issues have been raised
through other projects, for example the River Healthy Strategy prepared by the West Gippsland
CMA, and as such should not be considered as a complete list. In this audit process we have
not been able to cover all issues, but have assessed much of the available information.

As will be discussed throughout the report, there is a lack of consistent and comprehensive
environmental monitoring data suitable for assessment of trends in environmental condition of
Corner Inlet and its catchment. This means that for many of the issues raised it is not possible
to assess the significance of the impact or in some cases whether an impact has been
measured or could be measured if it had occurred. For example the establishment of shipping
facilities at Barry Beach and the risk this poses for benthic communities through discharge of
toxicants was raised as an issue. However, data on the health of benthic communities prior to
establishment and since has not been obtained, nor has the incidence of toxic discharges been
recorded.

For some of the issues raised, specific data would need to be collected and a suitable
repository or custodian established for ongoing analysis of this data. For example the issue of
land slips and the risk these pose would need to be the subject of a specific investigation, and
hence is not covered within the scope of this audit.

Table 2. Issues for consideration and their coverage in the audit report

Subject Issue Section reference and relevance
Social Change — pre and - Farming systems — historical change and Major impact on loads (sect 4.4) and
post European settlement impact biodiversity (sect 4.5)

Port development — historical change and Local impact, but high risk (sect 5)

impact — traffic, wharfs, channels

Indigenous culture — land management and Low impact (sect 2 and 4.5)
traditional foods

Details of early land clearing Major impact on loads (sect 4.4) and
biodiversity (sect 4.5) And see sect 2.

Critical events (chronology) eg mud oyster Linkages to present conditions patchy

industry collapse, gold rush, bushfires, (sect 2)
settlement
Increasing population pressure and Local impact, but high risk (sect 4.9)

associated infrastructure and services. More
people wanting recreational activities leads
to impact on natural resources

Physical processes - Influence of local geology on physical See sect 4.4 - major impact on loads
processes — eg. erosion

Influence of hydrology and oceanography on  See sect 5.1
morphology of Inlet - channels & mud flats

Landslips — incidence frequency as a result No data obtained
of altered land management

Risk of land subsidence as a result of falling ~ See sect 4.2.2 — unlikely but more
water tables — link to oil and gas extraction data required

Loss of riparian vegetation and associated See sect 4.3 — likely major impact,
impacts on in-stream habitat but limited data
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Localised erosion - Foster Beach: seawall
installed to prevent erosion, but beach has
disappeared (loss of source sand)

Noted (sect 2) but no data obtained

Climate

Rainfall, wind, air temperature — what is the
trend?

Impact of rainfall events on loads
(freshwater, nutrients and sediment)

pH shift — greater range in drier years

Climate change (Greenhouse) - impacts and
risk from sea level rise, and storm induced
tidal surges

See sect 3
See sect 4.2 and 4.3 — major driver
See sect 4.3 — no information

obtained on impact of this trend
See sect 3

Stream Flow, Sediment
Loads & Water Quality

Stream flows, sediment loads and water
quality trends — frequency and size of
extreme events? Clarify the impact.

Flood events and management — known to
turn the inlet brown

Loads into Inlet and export to Bass Strait
(flushing)

Variation in height of mud flats due to
sediment loads — impact on hydrodynamics?

See sect4.2,4.3and 4.4

Limited data obtained — no
assessment of estuarine impact

Insufficient data to calculate
exchange rates

Insufficient data — impact unclear —
see sect 5.1

Water Quality

Algal blooms — “Slub” filamentous algae
(last bloom Spring’04) forms near sea walls
—fishing avoided in affected areas

Role of nutrients on water quality, and
subsequent impact on seagrass, fishery and
other fauna

Contribution of effluent (sewage & dairy)
discharge and fertilizer run-off to nutrient
loads in waterways

Loss of riparian vegetation and access by
stock to streams

Impounding water in dams and irrigation
taking water from environmental flows
needed to maintain water quality in streams

Herbicide use on crown land (roads,
reserves) to control weeds — issue of run-off
(how does the use vary within the region
and targeted areas), persistence, and
proximity to water courses

Rising salinity levels in stream waters (not
just salt wedges, which may link to
mangrove advance)

No data obtained

See sect 4.3 — limited information on
estuarine impact

See sect4.4 and 4.8.1

See sect 4.3 — likely major impact,
but limited data

No data obtained for individual
stream environmental flow
requirements

No data on toxicants in waterways
obtained

See sect 4.3 — limited data to assess
effects

Land use

Influence of soils, slope, aspect, rainfall etc.
on run-off

Economic pressure to increase productivity

Impact of acid sulfate soils — draining of low
lying coastal lands

What is the lasting impact of tin mining, gold
mining or other extractive industries?

See sect 4.1 and 4.2

No data obtained

See sect 4.7 — low pH at Waterwatch
sites should trigger investigation

No data obtained

Flora & Fauna

Changes in area of salt marshes and
mangroves over time — includes ingress of
mangroves into the inlet in conjunction with
sediment loads.

See sect 5.2 — limited data on
coverage
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Role of wetlands in ecosystem processes —
habitat etc Ramsar site and associated
management implications; wader
management/monitoring

Seagrass story (loss of broad leaf and fine
leaf seagrass) — what events link with
change — sedimentation, light reduction,
toxicity from catchment run-off

Marine National Park — two non-contiguous
parts — will monitoring show the value of
these areas?

Impact of introduced species — eg. spartina,
broccoli weed, blackberries — and consider
risks, vectors, and controls

Revegetation, weed clearing, areas of
greatest value

The future of crown lands outside of
proclaimed Parks is unknown — poses a risk
to integrity of adjacent Parks

See sect 5.2

See sect 5.2.1 — limited links between
events and losses — data on losses
poorly described

No information available to assess

For spartina see sect 5.2.2. — limited
data on other species

No data obtained for recommending
focus areas

No information available to assess
the importance of this issue

Fire Fire impacts (1890’s, 1927, 1949, 1960s) — See sect 2 and 4.5, but no data
links to land clearing obtained on areas burnt and resulting
Impact of prescribed burns and wild fire - sediment loads or revegetation
use of retardents and proximity to water
courses
Forestry Changes over time — plantation v natural — See sect 2 and 4.8.2

links to clearing, bushfires, biodiversity,
water yield and erosion

Fishery and Commercial
Shipping

Underlying influences of environment,
market, fishing pressure and recruitment

How should aguaculture be managed in the
Inlet?

Impact of recreational boating — access
requirements; erosion from propellers and
wash; management of wastes

Pressure from Commercial shipping —
deepwater port dredging; increased traffic;
oil spills or other contaminants; introduced
pests via ballast water or transferred on
hulls

See sect 5.3
See sect5.3.1

See sect 5.3 — limited data on
impacts of fishers

See sect 5.1 — limited data on
introduced pests but needs risk
management strategy

Infrastructure

Impact of built structures and any associated
environmental risks — eg marinas

Urban development — impact of sewage and
drainage, and other pollutants

Dredging - localised for ports (maintenance),
and middle ground dredging proposal

Sea walls and land reclamation — links to
changes in vegetation, tidal processes, and
filtering of catchment inputs

See sect 5 — limited data on impacts

See sect 4.9

See sect 5.1

See sect4.6.1
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2 Historical Setting

George Bass discovered Corner Inlet in 1797. The coast was further charted by Grant in 1801,
Murray in 1802, and later Baudin with two French vessels. However, it is suggested that
exploitation of the region’s natural resource began with the sealers and whalers in the early
1800s. Since then, continued development and use of resources both within the aquatic and
terrestrial environments have caused significant changes in the balance of the natural
ecosystem. Table 3 provides a chronology of events that have helped shape the present day
state of the Inlet and catchment.

Table 3. Chronology of events which have had an environmental impact on Corner Inlet

Pre-European

Aboriginal middens post dates 6000 years BC, about when sea level transgression reached its

settlement present level. Use of fire and other land management activities practiced by the indigenous
communities are considered of low impact.
1797 George Bass discovers Corner Inlet in 1797. Around this time, opportunistic use of the area is

made by sealers and whalers of the region.

Early Europeans

Port Albert was established in 1841, and by 1863 17 squatting runs were generally located on
the more open grassy forested areas.

1850s

The area services the mining of central Gippsland and provides limited prospects for agriculture,
timber, stone, and fishing industries.

1870s

From 1871, the region is opened for selection — the hills and areas along water courses are
occupied first — land is cleared with fire and axe, but erosion, bracken, caterpillars and the
introduced rabbit, ragwort and blackberry come.

Shipping facilities at Port Albert enable transport of cattle and other produce to markets in Van
Dieman’s Land and Melbourne, and also provide access to the Gippsland goldfields.

Alluvial gold rush at Stockyard Creek (1870-71). Alluvial and quartz gold at Foster sustains a
large permanent mining population — Victory Mine operated 1887-1908, producing 26,000 oz.

Alluvial tin first recorded in 1875 at Toora, with various leases worked sporadically up to 1939.

Agriculture — with little or no natural pasture in the region, the land is cleared and pastures sown
with introduced grasses, which allowed dairy to become one of the dominant industries.

Native forests provide timber for development of settlements, infrastructure and industry in the
region, with limited volumes exported.

Fishery — the commercial fishery was established to feed the settlers and miners, and has
operated continuously since.

Roads & Rail — with the opening of the rail link to Melbourne in 1892 and the increasing network
of roads the need for shipping declined.

1900s

Dairy remains the dominant industry
Fires continues to cause periodic havoc — major fires in 1906
Wilson Promontory declared a National Park in 1905 and 1908

Bulga and Tarra Valley National Parks were reserved in 1904 and 1909 respectively, protecting
vegetation communities which were characteristic of the Strzelecki Ranges prior to European
settlement.

1920s

Post WW1 - The farming sector develops further, includes solider settlement development

Levee banks (earth walls with flood gates) built by farmers to protect and increase
agricultural lands from tidal inundation

1930s

Long Pier at Port Welshpool constructed to encourage coastal trade — subsequently used by
RAN in WW2.

Bushfires continue as major threat to the area — significant damage from the 1939 fires.

Spartina planted in Tidal Creek (Old Hat Creek) and successfully transplanted to other
Corner Inlet sites thereafter.

Foster Beach impacted by erosion — led to construction of various protection works,
and finally 168m of masonry wall in early 1960s.

CSIRO Land and Water Page 6



1934

Levee bank at Blacks Swamp removed, which results in significant inundation by sea water, and
subsequent long-lasting salt impact

Post WW2 Further development of the farming sector occurs including solider settlement development and
other government programs — estates at Yanakie cover large areas of virgin bush; requires
clearing and ploughing prior to being sown; area also included draining of swamps.

1960s APM Forests entered into the reforestation of the Strzelecki Ranges in 1960 and had begun
purchasing land for plantation establishment a decade earlier. Likewise the Forest Commission
had begun purchasing freehold land in the early 1930s for the same purpose.

Large-scale plantings began in 1946 resulting in today’s extensive plantations of Radiata Pine
and Mountain Ash in the Strzelecki Ranges.

1968 Barry Beach Terminal established by Esso Australia Ltd to service Bass Strait oil and gas fields.

1972 Seagrass decline highlighted by commercial fisherman — also coincides with decline in fishing for
rock flathead, flounder, whiting and garfish.

1975 Marram Grass planted at Barry Beach for stabilization of mainly dredged sands.

1982 Corner Inlet listed as wetlands of International significance under the Ramsar Convention

1986 Corner Inlet and Nooramunga Marine and Coastal Parks declared

1993 Port Welshpool upgraded to service the Fast Ferry Service to Tasmania (commenced 1993,
ceased 1995)

1995 Landcare groups established in the Yarram region and South Gippsland

1996 Spartina — control of infestations using the herbicide Fusilade® commences

2004 Corner Inlet Marine National Park declared

There is considerable evidence that Corner Inlet has been an important part of human
experiences for over 6,000 years with extensive Aboriginal shell middens being plentiful along
the southern shore. The Bratauolong clan of the Gunai / Kurnai people has strong cultural
traditions and practices associated with the region. Many Aboriginal sites including scarred
trees, burial sites, artefact scatters, camps and shell middens have been recorded in the area
(DCLS 1980).

The following two paragraphs are copied from a summary piece written by lan Keen (2003) on
the Kunai people of Gippsland, (http://arts.anu.edu.au/aesatc/case studies/kunai.html). Of
relevance is the seasonal dependence on fishing, and use of the natural resources in what can
be described as a sustainable manner.

Gunai / Kurnai people lived (and many of their descendants remain) in what is now Gippsland,
in a rich environment of temperate forest, rivers, lakes, estuaries and coast, with high year-
round rainfall. The resulting population density was probably medium to very high, estimated at
1 person per 2.5-20 km?, and being highest around the lakes and lower up the rivers. The
southeast flora and fauna provided a wide array of foods, with ‘root’ foods of various kinds
dominant among the vegetable foods. The technology included bark canoes adapted for use on
the lakes, spears of stone flakes hafted in resin, large nets for fish and birds, bone fish-hooks,
and skin cloaks as protection against the cool winters.

Gunai / Kurnai settlement had a marked seasonality. For groups living near the coast, the
evidence suggests that summers were spent in temporary camps at the beaches, estuaries and
lakes’ entrances primarily to exploit the fish. In autumn, people were more mobile, and moved
inland for forest foods including mammals, and aggregated into larger numbers for ceremonies.
In winter, people moved further up-river for fishing and forest resources, and where they lived in
huts; they headed back towards the wetlands in spring for wildfowl, eels and fish.

On Bass's return to Sydney after his first visit to the region in 1797, he reported the presence of
seals and whales in the region, which soon led to the development of a short-lived sealing
industry. With the rapid demise of the populations, the industry collapsed and only a few sealers
remained until the mid 1800s (DCLS 1980).
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Land settlement came in 1841, with the arrival by boat of settlers and in the same year stock
routes were opened from the north and the west (DCLS 1980). The squatters ran both cattle
and sheep; however sheep were not successful. In 1871 the Government opened the land up
for selection, which appears to have had the greatest impact on the area. From 1880 to the
early 1900s extensive areas of forest were cleared for pasture. Clearing of land continued into
the 1900s as farms were being established. The impact of this land clearing is discussed further
in Section 4.

Along the coastal boundary of the Inlet, the expansion of farms was also being facilitated
through reclamation of fringing wetlands. Levee banks were created to stop the low lying lands
from being inundated by tidal waters. Seawalls of various constructions (eg, concrete, masonry
or timber) were also erected to reduce erosion and protect freehold land from the encroaching
sea at areas adjacent to foreshore facilities. These structures, which have required continuous
maintenance, are now in varying states of repair.

With similar thoughts of reclamation and reduction of erosion, the rice grass, Spartina, was
planted along the banks of waterways and along tidal fringes in the 1930s (DCLS 1980).
However, as Spartina is an invasive weed, if left uncontrolled it has the potential to displace
native plants (including seagrass), fish species, and alter the habitat of birds and other wildlife
with subsequent impacts. Subsequent control using herbicide began in 1996 after research
confirmed no long lasting impacts to other species (Williamson 1996).

It has been estimated that introduced plant species in the Corner Inlet Ramsar Site make up
24% (93 species) of the flora in the area (DNRE 2002). The dates for introduction of these
species are not recorded, however it is assumed many have escaped from gardens or farms
that have been established since the 1870s. The introduction of exotic fauna species has also
occurred since settlement; and even many of the islands within the Inlet have been deliberately
populated with rabbit, fox, and deer.

The introduction of exotic organisms into marine waters also threatens the biodiversity and
ecological integrity of marine ecosystems. Broccoli Weed was identified in Corner Inlet in the
1990s, and is spreading particularly near the western entrance, although its full extent is
unknown. The European Green Crab has been present in the Inlet for over 60 years, however
its impact on indigenous crab populations is unknown.

Corner Inlet supports a base for vessels engaged in coastal trade, the Bass Strait oil and gas
fields and the fishing industry. After establishment of Port Albert in 1841, a commercial fishery
was soon established to service the needs of the region and Melbourne. By the 1900s the
region was, and remains one of Victoria’'s major commercial fisheries, with boats continuing to
operate out of Port Albert, Port Welshpool, and Port Franklin. Harbour facilities within the area
have been expanded in parallel with development of the region. In 1968, Esso built a terminal at
Barry Beach to service the development of the Bass Strait oil and gas fields. In 1991, a ferry
terminal was built at Port Welshpool for the Tasmanian Seacat ferry service, which operated
until 1993. The facilities have since been decommissioned.

Tourism is now one of the dominant industries in the region. A survey undertaken in 2003/04
revealed that the 1.1 million visitors annually spend more than $213 million in the Shire of South
Gippsland. And more than half of all businesses in the Shire are underpinned by tourism. In all
1700 persons (16%) of the labour force are employed as a result of tourism (Urban Enterprise
2004). The authors also concluded that natural attractions are responsible for attracting the
majority of visitors to the region.

As the area developed, settlements were established at strategic locations to service primary
and secondary industries. Major towns which act as regional service centres include Foster in
the west and Yarram in the east. Small towns servicing small communities include (west to
east): Yanakie, Port Franklin, Toora, Welshpool, Port Welshpool, and Port Albert. There are
also numerous other settlements that have both grown and declined over the last 150 years as
a result of changes in technology and markets.
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Throughout the period of settlement, there has been recognition of the unique conservation
values of the region. Wilson Promontory was declared a National Park in 1905 and 1908; and
Bulga and Tarra Valley National Parks were reserved in 1904 and 1909 respectively, protecting
vegetation communities which were characteristic of the Strzelecki Ranges prior to European
settlement. In 1982 Corner Inlet including the islands and water ways to the east (67,192 ha)
was listed as a wetland of International Importance under the Ramsar Convention. Much of this
area is managed as part of the Nooramunga Marine and Coastal Park (30,170ha) and Corner
Inlet Marine and Coastal Park (28,500ha), which consist of shallow marine waters, isolated
granite islands, intertidal mudflats and a complex of over 40 sand barrier islands. In 2003, 1550
ha within Corner Inlet was declared a Marine National Park, as recognition of the areas
important biodiversity.

In conjunction with the recognition of conservation values by the community is a matching
recognition of threats and changes in the environmental balance of the region. The decline of
seagrass in Corner Inlet was first noticed by professional fisherman operating from Port Franklin
who related it to an apparent simultaneous decline in the fishery for rock flathead, flounder,
whiting and garfish. It became particularly noticeable in about 1972 and was bought to the
attention of authorities (Poore 1978).

The impact of land clearing and draining of swamps has been recognised as having major
impact on natural ecosystems, and throughout the last 20 years the growth of the community
based land care movement has moved to reverse the impacts of these earlier actions.

Given the greater awareness of the importance of managing natural ecosystems, investment
has been made by various government authorities to undertake scientific investigations in the
Corner Inlet region since the mid 1970s.

Report on the decline of the seagrass Posidonia australis in Corner Inlet by Gary Poore
of the Marine Studies Group of the Ministry of Conservation in 1978.

Corner Inlet / Seaspray Coastal Study, prepared for Coastal Management and Co-
ordination Committee, by Department of Crown Lands and Survey (April 1980).
Resource inventory which records the findings of investigative studies of the Victorian
coast from Corner Inlet to Seaspray, which was considered essential to management
planning.

Report on the South Gippsland Study Area by the Land Conservation Council, Victoria
(October 1980), whose function was to “carry out investigations and make
recommendations to the Minister with respect to the use of public land in order to
provide for the balanced use of land in Victoria”.

A survey of Macrobenthos in the Waters of Corner Inlet and the Nooramunga, with an
assessment of the extent of Posidonia seagrass, by G J Morgan of the Museum of
Victoria for the Fisheries and Wildlife Service in 1986.

Recommendation 1 The history of land use changes within the region should be
recorded and maintained to provide points of reference for comparative purposes. This
should include oral histories from older residents associated with the industries that
have changed or been impacted by changes in the region.
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3 Climatic Conditions

Climatic conditions vary across the region, depending on elevation, topography and distance
from the coast. Maximum temperatures and minimum rainfall are experienced in summer.
However, these are tempered in coastal areas and the east of the region by frequent coastal
depressions, creating milder temperatures and a more evenly distributed annual rainfall.
Droughts are often experienced from mid-October to late April.

There is a prominent rainfall gradient across the region, with areas in the west having higher
annual rainfalls. This is highlighted in Figure 1, where annual rainfalls for Foster, Welshpool and
Yarram are plotted. The east-west trend is more apparent in winter, however intensity of rain is
similar throughout the region, and daily rainfall generally highest in summer (DCLS 1980). The
rainfall increases with elevation, as highlighted by the plot of annual rainfalls for Toora on the
coastal plains and at Mount Best (Upper Toora), which is some 8km north and 335m higher
(Figure 2). Analysis of annual rainfalls for sites across the region indicates a long-term decline
in rainfall (Figure 1 and Figure 2), which over the past 25 years has declined by about 10%
across the region (Table 4). The occurrence of extreme rainfall events in the different parts of
the catchment contributes to the variation in average annual rainfall loads (Figure 3) and is also
influential in loads discharged by the various rivers (see section 4.2).

The air temperature pattern for the region is typical of southern Victoria, with warmer days more
likely to occur in January-February, and colder days in June-July. However, like other parts of
southern Victoria, the warmer weather is associated with air movement from the warm interior of
the continent, and the cooler days with the cold winds blowing in from the southwest.

A study by CSIRO (Mclnnes et al. 2005) for the Gippsland Coastal Board examined the impact
of future wind speed changes on storm surges (elevated sea levels) along the eastern Victorian
coastline. Projections of weather patterns were developed using a combination of regional and
global climate models, which account for changes associated with increased greenhouse gas
emissions. The variation of projected wind speed changes across Bass Strait was small, and
there was considerable uncertainty in the predictions. However, the prediction was that annual
average wind speeds would increase by 1% 2% by 2030, and 3% 7% by 2070. On a
seasonal basis the largest changes were predicted to occur in winter.

Analysis of past weather patterns and sea-level observations at Stony Point (Western Port) and
Lakes Entrance (Gippsland Lakes) showed that cold fronts passing from west to east through
Bass Strait were the dominant cause of storm surges along this section of coast. Hence when
predicted winds were used to drive a hydrodynamic model of Bass Strait, sea level rises and
changes in storm tide heights along the coast could be predicted. Under the worst case wind
speed scenario, storm tide height increased by about 5cm by 2030, and a further 15cm by
2070. However, as the modelling results were undertaken at a 1km resolution, further work is
being done to increase the resolution of the model, which will enable more detailed analysis of
predicted changes within Corner Inlet. The results of this work and other climate change
modelling will be used to assess coastal flood risk and erosion. These include the impact of
wind on waves during severe storm events. Waves can further increase maximum coastal sea
levels through the process of wave set up and wave run up. The occurrence of waves on a
higher base sea level will mean that their damaging effects can penetrate further inland causing
erosion and damage to infrastructure and coastal ecosystems.

Mclnnes et al. (2005) further suggested that the effect of climate change on the frequency and
intensity of the combined events (extreme rainfalls and storm surges) needed to be quantified at
higher spatial scale to provide input to coastal risk assessment studies and to inform the
development of appropriate coastal management practices. This work is currently underway
and involves the use of a high resolution Digital Elevation Model (50 to 100 m spatial resolution)
in combination with the storm surge (hydrodynamic) model to simulate impacts from the
predicted climate change scenarios.
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Recommendation 2 The effect of climate change on the frequency and intensity of
concurrent extreme rainfalls and storm surges within Corner Inlet should be evaluated to
provide input for coastal risk assessment studies and to inform appropriate coastal
management practices.

Table 4. Annual Rainfall data for selected locations across the study area (derived from

Bureau of Meteorology daily rainfall records)
Site Name Elevation Long term Annual Average Decline as a %
Annual Average Rainfall (mm) from  of long term
Rainfall (mm) 1980 to 2004 average
085029 Foster (Post Office) 33m 1104.1 1014.8 8%
085063 Mount Best (Upper Toora) 350 m 1162.5 1047.0 10%
085084 Toora 15m 947.5 917.9 3%
085094  Welshpool 15m 861.2 810.1 6%
085053 Madalya 370 m 1249.6 1190.4 5%
085193 Yarram 18 m 727.4 630.1 13%
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Figure 1. Annual rainfall for Foster, Welshpool and Yarram, highlighting the west to east
variation and long-term decline in rainfall (Data provided by Bureau of Meteorology)
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Figure 2. Annual rainfall for Toora (15m AHD) and Mt Best (Upper Toora, 350m AHD),
highlighting the higher rainfall with elevation and long-term decline
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Figure 3. Combined annual rainfall since 1967 for 5 Corner Inlet stations highlighting the
variation between years — of note is the high totals for 1970, 1978 and 1995
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Figure 4. Corner Inlet and catchment, with selected rainfall stations shown by yellow
crosses (map: AUSLIG 250,000)
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4 Catchment Characteristics

The Landsat satellite image shown in Figure 5, provides an illustrative description of the
catchment. Corner Inlet, which includes the waterways to the east, is flanked on the north by
coastal plains. Further north the land rises in the form of the Strzelecki Ranges (forested area
seen as dark green), which provides a natural division from the Latrobe Valley, which is further
north. The main part of the Inlet is formed by Wilson’s Promontory; with barrier islands extended
westward from the Ninety Mile Beach to create the eastern waterways.

The catchment has an area of 2100 km?, and the Inlet an area of about 600 km?, giving it an
areal catchment to water ratio of 4:1. This is much smaller than that of the Gippsland Lakes,
which have a ratio of 50:1, but is comparable to Port Phillip Bay and Western Port with 5:1.

Figure 5. Landsat Satelite Image of Corner Inlet, with the Ramsar listed wetlands
boundary highlighted (Image from DSE website)

4.1 Landforms

The landforms of the region are the end result of a long period of geological and
geomorphological change. The three major periods of geological activity, include the formation
and subsequent uplifting of a major marine trough in the Palaeozoic era; the rifting and infilling
of a trough formed in the Mesozoic and Tertiary eras; and the uplift of the Eastern Highlands in
the Pliocene period (Harris 1976). These differences in age and depositional environment
provide a large variety of sediment type, although the extent of actual outcrop may be small.
(DCLS 1980)
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Physiographically the region can be divided into three types: the Southern Highlands (includes
the Strzelecki Ranges), Coastal Lowlands that include the plains from Yarram eastward to the
Gippsland Lakes, and the coastal areas from Alberton around the Inlet to Wilson Promontory. A
summary of the relationships of physiographic form to geology is outlined in Table 5.

Table 5. Summary of Physiographic Relationships (DCLS 1980, based on Jenkin 1973)
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The soils within the coastal area have considerable variation, with twenty-seven different soil
units identified. The soils vary from deep sands in the coastal dunes to clay soils further inland.
The underlying geology of this area is predominantly sediments that age from the Quaternary or
Tertiary period.

Area to the north of the townships of Toora and Foster has been classified as at high risk to
water erosion, because of the steep slopes in the foothills of the Strzelecki Ranges. Soils on
steep slopes have a greater propensity to erode due to the increased velocity of water run-off,
which results in enhanced sediment transport and the potential for landslip (South Gippsland
Shire Council 2004).

The other significant area for soil erosion to occur is along active watercourses. All
watercourses within the area are prone to stream bank erosion if their banks do not have
adequate vegetation cover. In the South Gippsland Coastal Development Plan (South
Gippsland Shire Council 2004) it was indicated that moderate risk areas occur on the Franklin
River systems.

Recommendation 3 Identify the location of areas at risk of erosion and ensure adequate
precautions are taken to reduce the risk — in general this will include assessment of the
vegetation cover.

4.2 Hydrography

The hydrography of the area is comprised of an integrated system of surface streams, tidal
flows and channels, low swampy land areas, ground water aquifers as well as the coastal
waters (DCLS 1980). The most important streams entering Corner Inlet from east to west are
the Franklin, Agnes, Albert, Jack and Tarra Rivers, and Bruthen Creek. Each of these
catchments have their headwaters in the Hoddle or Strzelecki Ranges, with these water courses
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following deeply incised paths in the highland areas and forming meandering courses in the
lowlands where they are often associated with cut-offs and ox bow lakes, as on the Albert River
(DCLS 1980). The local catchments to the west (eg Stockyard Creek and Yanakie area) and
east (eg McLoughlans Beach) consist of small localised streams draining the land or having no
natural drainage at all. These areas are characterised by low swampy land, and are particularly
susceptible to flooding and saline infiltration.

Of note is the relative shortness of the river systems, the small catchments they drain, and their
subsequent rapid response to significant rain events that create large flows with higher
concentrations of contaminants than during normal dry weather flows. This close relationship
with rainfall means that there is significant variation in annual flows for each of the steams. This
is highlighted by the volumes for the period 1970 to 1976 (Table 6) and for the period 1995 to
2003 (Table 7).

Table 6. Annual River Discharge (ML) (from State Rivers and Water Supply Commission
in DCLS 1980)

1970 1971 1972 1973 1974 1975 1976
Albert River 40,349 25,581 6,386 10,172 24,972
Jack River 29,764 20,840 5,377 7,381 21,220 19,729 15,040
Tarra River 100,004 59,921 9,778 13,950 66,811 55,231 40,354
Bruthen 9,865 6,771 1,203 1,806 7,360 6,080 3,115

Creek

Table 7. Average Daily Flow and Annual River Discharge (ML) for Tarra, Agnes and Jack
Rivers for 1995 to 2003 (derived from Victorian Water Resources Data Warehouse)

1995 1996 1997 1998 1999 2000 2001 2002 2003

Agnes River @ Toora (227211)

Annual average flow (ML/day) 118 98 30 55 34 54 100 44 39
Annual discharge (ML) 43077 35794 10952 20051 12365 19850 36557 16206 14263
Jack River @ Jack River (227213)

Annual average flow (ML/day) 54 31 14 23 12 20 44 18 13
Annual discharge (ML) 19640 11292 5209 8533 4517 7322 16023 6428 4603
Tarra River @ Yarram (227200)

Annual average flow (ML/day) 206 81 32 66 32 41 167 84 25
Annual discharge (ML) 75210 29685 11690 24183 11727 15036 60882 30816 9136

In Figure 6 daily flow for the Tarra River as measured at Yarram is plotted. Of note is the
infrequent occurrence of high flow events. This has implications for water quality monitoring
programs, which are based on fixed interval (eg monthly) periods for sampling. It is likely that
the peak flow events will be missed, and knowledge of the loads they carry will be
underestimated.

Flow data from the monitored streams has been plotted for a high rainfall event which occurred
across the catchment on December 10 and 11 1970 (Figure 8). Flows leading up to this event
were low and quickly reverted to their normal dry weather flow within a week. Of note is the
dominance of the Tarra River. Data from the same event is presented as combined daily
volumes in Figure 9.

During a high rainfall event in November 1995, samples of water were taken in the Agnes River
upstream of the falls by South Gippsland Water. The suspended sediment concentrations were
significantly high (without reference to the records, it was suggested that about 8000 tonnes of
soil passed over the falls during the 3 days).
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Given the limited installations of flow meters on rivers and creeks in the catchment, it would be
possible to develop more representative discharge volumes across the Inlet by developing
catchment run-off models that use rainfall to calculate volumes. This would allow the importance
of individual streams to be more clearly understood in respect to their relative contribution.

Recommendation 4 Water Quality and flow monitoring programs need to take into
consideration the intermittent nature of storm events as their impact on flow and quality,
can be significantly underestimated if based on fixed interval monitoring.
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Figure 6. Daily discharge for Tarra River as measured at Yarram from 1965 to 2004 — of
note is the infrequent large flow events that occur over periods of a few days (Data
sourced from the Victorian Water Resources Data Warehouse)
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Figure 7. Monthly discharge for Agnes River as measured at Toora from 1997 to 2004 —
higher volumes in 2001 reflected higher than normal rainfall in the sub-catchment (Data
sourced from the Victorian Water Resources Data Warehouse)
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Figure 8. Daily discharge for major streams highlighting the impact of a high rainfall
event in December 1970 —note the significant volume of discharge during the two days of
heavy rain fall across the catchment, and then rapid return to low flows (Data sourced
from the Victorian Water Resources Data Warehouse)

25000
20000
% @ Bruthen C
g 15000 W Tarra R
2 O Jack R
g O Albert R
E 10000 m Agnes R
3 .
i @ Franklin R
5000
R R R R R R R
8 8 S 3 q & g

Figure 9. Combined daily discharge for major streams over seven days, highlighting the
effect on discharge from the high rainfall event on the 10 and 11 December 1970 (Data
sourced from the Victorian Water Resources Data Warehouse)

CSIRO Land and Water Page 18



4.2.1 Flooding

Flooding hazards are considerable within the region as much of the coastal plains are low lying
with poor drainage networks and soils of low porosity (DCLS 1980). Heavy rainfall events occur
at any time of the year, and can result in severe flooding.

One notable peculiarity of the flood prone regions of the creeks is that they are often also the
site of stream meander, which initially retard flow but during peak flow excess water will top the
banks (DCLS 1980). Riparian vegetation also plays an important role in retarding flow during
peak events, and for maintaining bank stability. However, where the vegetation is removed flood
damage is increased.

Many of the coastal towns are built on estuarine lowlands or salt marsh areas and are very low
lying. These areas are also prone to inundation by seawater during high spring tides, and when
these coincide with flood events, the impact is escalated (DCLS 1980). The frequency of these
events is likely to increase given the predicted impacts of climate change as discussed earlier.

Recommendation 5 Identify those places at risk of flooding, and assess the likely impact
to infrastructure and ecosystems in the event of flooding.

4.2.2 Groundwater

Groundwater is an important but frequently overlooked water resources. It is derived mainly
from rain, which infiltrates buried sand and gravel layers or enters cracks in the more
consolidated hard rocks forming aquifers — the aquifer is natural underground layers of rock or
sand that water can percolate through. Groundwater is thus an additional source of water, much
the same as water drawn from a stream. However like environmental flows in a stream, it is also
important to understand the interaction between groundwater and surface water systems such
as wetlands.

The Corner Inlet catchment is partly covered by the Seacombe Groundwater Management Area
(GMA) that extends from near Welshpool to Bairnsdale. An estimate has been made of the
sustainable yield, that is, the average annual volume of groundwater that it is currently believed
can be extracted without long-term depletion of the aquifer, which has resulted in the GMA
being classified as over developed with respect to groundwater abstractions and allocations.
Seacombe’s’ primary groundwater abstractions are for urban/industrial uses, with some
irrigation, and minor abstraction for rural purposes (NLWRA, 2000). Urban/industrial (59%)
activities include domestic, industrial, mining, power, commercial uses; Rural includes stock
activities; and Irrigation (40%) is for vegetables, fruit, crops, pasture, and other agricultural uses.

In recent times the falling groundwater levels near Yarram (Latrobe Aquifer) have been of
concern to farmers who utilise bore water, especially during periods of drought. A review by
CSIRO (Hatton, Otto and Underschultz, 2004) investigated the likely causes for the decline.
They concluded that the decline cannot be attributed to climate change, as similar groundwater
systems around the Otways (south western Victoria) are not displaying the same rate of
decrease, hence the cause is more than that expected of lower rainfalls. Abstraction for
irrigation was ruled out as the major cause as it is likely to have only localised effects. Land use
change, the draining of wetlands or replacement of native forest with plantation for example,
may have an impact through the reduction of aquifer recharge zones. The available data also
suggested that dewatering of groundwater for open cut mining of coal in the Latrobe Valley is
likely to impact on the area north of the Strzelecki Ranges and eastward to Sale and Bairnsdale,
hence not on the area around Yarram. From the limited available hydrogeological data it is likely
that the underlying influence on declining groundwater levels in the region is the dewatering
activities associated with the offshore abstraction of oil and gas. However, localised impacts
superimposed on the regional scale impacts have increased the rate of decline in specific
areas.

Included in the review of declining groundwater levels of the Latrobe Aquifer was an
assessment of the risk of subsidence. It was concluded that there is no compelling analysis that
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indicates a high risk of future subsidence, but there is certainly room for improvement in the
forecasts based on better structural geological data and higher resolution monitoring (Hatton,
Otto and Underschultz, 2004).

Concern of falling water table levels in the northern area of Wilson Promontory was raised as a
concern in the consultations. Anecdotal evidence suggests that water tables bordering the south
east corner of Corner Inlet are falling, as indicated by the drying of springs and associated bogs.

Recommendation 6 The Victorian Groundwater Monitoring Network should be extended
to enable condition monitoring of groundwater dependent ecosystems (eg freshwater
wetlands and springs fed by groundwater).

4.3 Riverine Water Quality

Key data in the assessment of water quality in the region include those obtained through the
Gippsland Regional Water Monitoring Partnership (downloadable from the Victorian Water
Resources Data Warehouse), and water quality data sourced from Waterwatch, which is
collected under the Nooramunga Corner Inlet Project.

Data collected through the Gippsland Regional Water Monitoring Partnership can be
downloaded from the Victorian Water Resources Data Warehouse (www.vicwaterdata.net).
There are four sites currently monitored (Table 8), along with several sites for which historical
records are held. The data generally consists of monthly measurements of pH, electrical
conductivity, turbidity and other field parameters measured in situ, and laboratory analysis of
collected samples for other water quality parameters. Daily flow is also logged at each site.

Table 8. Gippsland Regional Water Monitoring Partnership monitoring sites for Corner
Inlet — monthly field and laboratory parameters, and continuous flow measurements

Site No. Location Location

227237 Franklin River, Toora -38°38" 146°19’
227211 Agnes River, Toora -38°39’ 146922’
227200 Tarra River, Yarram -38°933" 146041’
227225 Tarra River, Fischers -38°28" 146°32’

Analysis, as part of annual reporting for the Victorian Water Quality Monitoring Network,
indicates that water quality generally exhibits high attainment of the pH, electrical conductivity,
dissolved oxygen, and turbidity objectives and guidelines. Moderate to high attainment is
generally achieved for suspended solids. Water quality with respect to nutrients is generally low
for Oxidised Nitrogen (NOXx), low to moderate for Total Phosphorus and varied from low to high
for Total Nitrogen (TN) and Filterable Phosphate.

Smith and Nathan (1999) reported that the trend for water quality in the South Gippsland Basin
(includes rivers that drain into Corner Inlet) showed a slight decrease in levels of electrical
conductivity and pH, while there was a significant upwards trend in turbidity and phosphorous
levels. The largest downward trend for pH was in the Franklin River at Henwoods Bridge, 0.083
units per year, with this decline being most pronounced between 1980 and 1986. As data
collection ceased in 1986, the duration of this trend could not be confirmed. Trend plots
indicated electrical conductivity had a marked decrease between 1975 and 1979 (approximately
9 S/cmlyr) before stabilizing at approximately 160 S/cm in 1980. Again absence of data
beyond 1986 restricted further assessment.

The following comment on the Tarra and Albert Rivers have been copied from West Gippsland
CMA website http://www.wgcma.vic.gov.au
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Water quality data for the Tarra River, as summarised in Table 9, indicate that:

Nutrient levels and especially nitrogen levels are generally slightly higher than the EPA s
"Preliminary Nutrient Guidelines for Victorian Streams", which recommend maxima of 0.05
mg/L for total phosphorus and 0.60 mg/L for total nitrogen.

Results vary markedly from year to year and from season to season. This is thought to be
largely due to rainfall, runoff and flow conditions at time of sampling.

In years where comparatively low flows are encountered at the times of sampling, turbidity
and suspended solids results are very low (for example in 1994).

Dissolved oxygen levels are usually close to 100% saturation and well within desirable levels

Levels of dissolved salts, as indicated by conductivity, are relatively low

Field observations on the 20 and 21 April 1998 were consistent with the overall water quality shown in
Table 9. Seventeen reaches of the Tarra River and its tributaries were visually inspected, and where
flow was continuous the water quality appeared to be good with excellent quality in the upper reaches.
Water quality in Bodman Creek was poor with evidence of stock damage and input of dairy effluent.
Overall, water quality could be described as good for the Tarra River system, with some potential for
improvement if stock access can be better controlled and some dairy effluent systems modified.

Inspections of 24 reaches of the Albert River and its tributaries showed similar water quality,
especially in the upper reaches. Some lowering of water quality was observed in the Muddy and Stony
Creeks, most likely due to uncontrolled stock access.

In both catchments, the reaches subject to the least physical disturbance to bed, banks and riparian

zone, and the least surrounding development showed the better water quality.

Table 9. Tarra and Albert Rivers Water Quality Monitoring — Summary of mean parameter
values (Source: Hunter et al, 1995, Victorian Water Quality Monitoring Network Annual

Report 1996)

PARAMETER SEPP Tarra River Tarra River at | Albert River at | Jack River at

Guideline at Yarram Yarram Hiawatha Jack River
1975-92 1994 1975-92 1975-92

Discharge ML/day 134.9 42.3 55.9 57.5

Conductivity uS/cm 200 192 153 166

Dissolved Oxygen mg/L 5 9.4 9.6 10.2 10.2

pH 6-9 7 6.3 7.3 7.2

Turbidity FTU 19.5 3.4 9.7 11.5

Colour Pt/Co units 56 49

Suspended Solids mg/L 25 16 18

Nitrites & Nitrates mg/L 0.248 0.361

TKN mg/L 0.465 0.358

Total N mg/L 0.60 0.711 0.719

Reactive P mg/L 0.059 0.005

Total P mg/L 0.05 0.086 0.044

In Figure 10, turbidity as measured by the State Rivers and Water Commission between 1976
and 1986 is plotted with data collected as part of the Waterwatch program at a nearby site. It is
apparent that there is significant variation in the data. The plots in Figure 11 show that
suspended and dissolved concentrations tend to increase substantially during flow events. This
behaviour is usual in rivers and streams where the increased water velocity associated with
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rainfall events are more effective mobilisers and transporters of sedimentary and dissolved

material from the landscape.
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Figure 10. Turbidity as measured in the Franklin River 1976 to 1986 and 1997 to 2004 as
part of the Waterwatch Program
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Figure 11. Water quality data from 1976 to 2004 for Tarra River at Yarram — note some
axes use a logarithmic scale

4.3.1 Waterwatch Program

The Waterwatch Nooramunga Corner Inlet Project commenced in 1997 with volunteers taking
weekly insitu measurements of temperature and turbidity, and collecting a sample for laboratory
analyses of pH, EC and phosphorus (both reactive and total). Summary details for the 40
Waterwatch sites, both freshwater and estuarine, in the study area are provided in Appendix A,
along with average and maximum values for the various parameters.

The Waterwatch program provides good spatial coverage for rudimentary water quality within
the catchment, which allows comparative assessment of specific sub-catchments. Many of the
waterways have multiple sites along them, which allows for comparative assessment in the
various reaches from the hills to the coast. However, the frequency of sampling and lack of flow
data for the streams being sampled puts some limitation on the extent to which the collected
data can be analysed.

In Table 10, annual averages for total phosphorous, electrical conductivity and turbidity for five
sites along the Franklin River are presented. Similar data for the Agnes River and the estuarine
sites influenced by the discharge from the Agnes River are presented in Table 11. These results
highlight the importance of understanding the impact of rainfall events on run-off and water
quality. As indicated in Table 7 and Figure 7, 2001 was an above average year for river
discharge in the Agnes River, and the Waterwatch data reflected this with higher than average
annual results for total phosphorous in 2001.

When the Waterwatch (1997-2003) results are compared to the Australian and New Zealand
water quality guideline values (Appendix A), it is apparent that most of the sites are at levels
that trigger concern for phosphorus. Of note is the high concentration of phosphorus in the
streams in the northwest area from Yanakie around to Toora. High levels of phosphorus are
consistently noted in the following creeks: Golden Creek, Old Hat Creek, Poor Fellow Me Creek,
Bennison Creek, Deep Creek and Muddy Creek. Given the small size of the catchments, these
streams may suffer from lack of flow, which may lead to the lower water quality.

In a review of water quality and loads to Corner Inlet (South Gippsland Water, 2002) it was
suggested that with respect to the Waterwatch network, monitoring at several key sites should
be reinstated, and that the frequency of monitoring be increased at several of the smaller creeks
to better understand some of the issues, such as high levels of nutrients and turbidity in many of
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the smaller streams, particularly in the west of the area. Specific investigations were also
recommended to identify the reason for the consistently high salinity readings in Muddy Creek
(both upper and lower sites) and the source of the elevated phosphorus levels in the upper
Bennison Creek.

Recommendation 7 A structured framework should be established by relevant agencies
to respond to the results obtained by Waterwatch. This should include a decision tree
approach, which escalates (triggers) investigations if certain results are recorded (eg.
multiple elevated readings).

Table 10 Waterwatch annual averages for 5 sites along the Franklin River, including the
mouth (EFR010 estuarine site) for 1997-2003

Parameter Year FRRO31 FRRO30 FFR020 FFRO010 EFRO10
Total Phosphorous (mg/L P) 1997 0.08 0.06 0.06 0.07

1998 0.06 0.07 0.07 0.07

1999 0.10 0.08 0.07 0.07

2000 0.08 0.10

2001 0.12 0.22 0.17

2002 0.08 0.07 0.07 0.04

2003 0.06 0.08 0.07 0.03
Turbidity (NTU) 1997 13 17 13 12

1998 11 18 19 13

1999 18 8 10 12

2000 13 22

2001 16 12 31

2002 14 12 11 9

2003 13 13 12 7
Electrical Conductivity (uS/cm) 1997 1354 184 257 287

1998 1696 178 243 270

1999 1678 193 231 247

2000 175 259

2001 326 281 35318

2002 150 208 232 42670

2003 231 237 271 44078

Table 11 Waterwatch annual averages for 3 sites along the Agnes River, plus Barry
Beach (EAGO010) and the main entrance to Corner Inlet (EEN010) for 1997-2003

Parameter Year AGNO030 AGNO020 AGNO010 EAGO010 EENO010
Total Phosphorous (mg/L P) 1997 0.06 0.08 0.08

1998 0.06 0.09 0.08

1999 0.06 0.10 0.09

2000 0.08 0.12 0.12

2001 0.21 0.24 0.22 0.08 0.04

2002 0.07 0.10 0.09 0.02 0.01

2003 0.07 0.09 0.09 0.02 0.01
Turbidity (NTU) 1997 6 9 12

1998 9 10 12

1999 10 9 11

2000 9 10 12

2001 8 8 12 4 2

2002 7 8 8 7 2

2003 7 9 10 7 2
Electrical Conductivity (uS/cm) 1997 127 224 310

1998 130 211 348

1999 131 209 271

2000 127 233 297

2001 130 242 324 52855 58843

2002 135 200 258 55888 57346

2003 158 250 340 51218 51357
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4.4 Loads

A common approach to calculating loads of contaminants to water bodies, such as Corner Inlet,
is to simply multiply the average concentration by the average flow. However, for catchments
such as those found in Corner Inlet, where the concentration of parameters increases with
increased flow, total loads may be significantly underestimated. It has also been shown that the
frequency of sampling will also impact on the assessment of water quality in streams impacted
by rain events.

Annual load estimates for the Tarra River at Yarram were calculated using recently developed
software from the University of Melbourne that incorporates up to 22 alternative methods for
load calculations. The results (Figure 12) show that there is significant variation between years
and that the high flow events have a significant impact on loads. As can be seen annual loads
of suspended sediments in the Tarra River can range from 100 tonnes in dry years to some
4000 tonnes in years which have major flood events.

The Tarra River is normally the largest annual contributor for loads entering Corner Inlet;
however other rivers can produce greater loads when flood events have been isolated to their
catchments. Investigation of the rivers systems that drain into the western part of Corner Inlet by
South Gippsland Water (2002) showed the Agnes River was a higher contributor of nutrients
than the Franklin River, but the Franklin contributed more suspended sediment. Also
importantly, the proportion of biologically available phosphorus as a fraction of the total
phosphorus load contributed by Deep Creek was significantly higher than for the other rivers.

For the sewage treatment plant effluent outfalls (Foster, Toora and Port Welshpool), discharge
volumes were generally much smaller than for the rivers, with correspondingly small sediment
and nitrogen loads (Table 12). However the phosphorus loads from some of the outfalls were at
times as high as from the rivers (South Gippsland Water, 2002). Foster contributed the greatest
annual nitrogen load, of which approximately 35% was as ammonia (more biologically available
form of nitrogen). Toora contributed the highest annual phosphorus load, with Port Welshpool
contributing annually around 150 kg nitrogen and 100 kg phosphorus.

Nutrient levels in the water from outfalls are more concentrated than in the nearby rivers, but
with rapid dilution impacts will be localised. Monitoring programs undertaken on behalf of South
Gippsland Water have not identified any significant impact associated with the discharge.
However this may be as a result of the potential influence of the poorer water quality from the
smaller streams entering Corner Inlet in this area.

In the review of water quality and loads to Corner Inlet (South Gippsland Water, 2002) it was
suggested that overall the main streams entering Corner Inlet were of good to moderate quality,
with many of the smaller streams exhibiting poor water quality. The actual impact of these
smaller streams is unknown as no flow data exists to enable load estimations to be undertaken.
Similarly, the impact of stormwater drains, particularly from urban areas, is unknown due to the
lack of quality and quantity information.

Any gaps in the knowledge of loads could be overcome through the development of “Run-off”
models that estimate the loads of nutrients and sediment based on rainfall, slope and land use.
These models could be developed for individual sub-catchments, and validated against the
available water quality monitoring data. Where areas of concern are indicated by the modelling,
more targeted monitoring could be implemented. The models could be further developed to
assess the benefits of changed catchment practices, and the predicted changes to loads that
are exported to the receiving waters from the many smaller catchments.
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Figure 12. Box plots of annual load calculations for the Tarra River at Yarram from 1977
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Daily Flow (top to bottom) (Prepared by KS Tan, University of Melbourne)
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Table 12. Annual loads for suspended sediments and nutrients for the Franklin and
Agnes Rivers, Deep Creek and Sewage Treatment Plants (South Gippsland Water 2002)

1994 1995 1996 1997 1998 1999 2000 2001

Suspended Solids (tonnes)

Franklin River at Toora 1224 456 554 62 473 73 115 981
Agnes River at Toora 317 501 399 56 164 74 90 908
Toora STP 8 9.7 7.4 5.3 4.7
Foster STP 7.1 6.3 4.9 7.5 7.2
Port Welshpool 0.43 0.42 0.14 0.24 0.26
Reactive Phosphorus (kg)
Franklin River at Toora 225 189 166 51 108 65 135 575
Agnes River at Toora 302 343 283 99 243 213 237 445
Deep Creek at Foster *67 95 *76
Toora STP 1379 731
Total Phosphorus (kg)
Franklin River at Toora 1687 1512 1388 404 1117 502 806 1967
Agnes River at Toora 1336 2478 1942 658 1451 1004 1426 1966
Deep Creek at Foster *144 238 *218
Toora STP 910 1105 1742 1823 1126
Foster STP 919
Port Welshpool 86 127 93 144 98
Total Nitrogen (tonnes)
Franklin River at Toora 21 39 32 9 20 10 20 67
Agnes River at Toora 24 49 45 11 30 14 26 68
Toora STP 1.2 2 2.3 1.2 1.1
Foster STP 2.8
Port Welshpool 0.13 0.19 0.15 0.18 0.15
Discharge (ML)
Franklin River at Toora 15565 39591 30372 8877 16551 10306 17946 35278
Agnes River at Toora 21562 43182 35927 10977 20050 12569 20073 36698
Deep Creek at Foster 3841 6500 6481 2400 3380 2492
Toora STP 109 125 148 137 109
Foster STP 104 105 106 117 141
Port Welshpool 386 54 42 55 39

Recommendation 8 Nutrients and sediment loads to the Inlet need to be reduced. A first
step in this process is to undertake a catchment audit to identify sources and target
amelioration strategies for the hotspots. This might include the development of “ Run-off”
models to estimate the loads of nutrients and sediment for individual sub-catchments, to
identify areas of concern and where more targeted monitoring should be implemented.
The models could be further developed to assess the benefits of changed catchment
practices, and the predicted changes to loads that are exported to the receiving waters
from the many smaller catchments. Here monitoring should be maintained to indicate
changes in the catchment delivery of sediments and nutrients and also as a means of
verifying the analysis of catchment sources.

4.4.1 Erosion

The National Land and Water Audit indicated that in-stream bank erosion was the dominant
erosion source of sediment in South Gippsland (Prosser et al. 2001). This result is consistent
with the preliminary results of further modeling by CSIRO for West and East Gippsland that
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show that scouring of and collapse of stream banks are the likely main source of sediment to
the Gippsland Lakes.

Research undertaken in the Blue Mountains is quantifying the effects of bushfires on hillslope
erosion processes, which can impact on downstream water bodies by smothering habitats with
eroded sediment and by increasing their nutrient load through delivery of ash and surface litter.
The magnitude of the impact varies according to the severity and areal extent of the fires, and
the intensity and frequency of subsequent rainfall (Wallbrink et al. 2005).

It is likely that bushfires in the Corner Inlet region would have similar impact on soil erosion, and
that coupled with land clearing is likely to have had a significant effect. Preliminary research in
catchments of the Gippsland Lakes suggested that since European settlement sediment
delivery had increased two fold as a result of land clearing. However current modelling of
sediment movement being undertaken by CSIRO for the Gippsland Coastal Board suggests the
effect may be greater. A direct comparison of erosion rates between the Gippsland Lakes and
Corner Inlet catchments has not been made, as it is dependent on the rate of clearing, the
underlying geology and hydrology, which vary across catchments.

The link between riparian vegetation and rate of erosion has been well established, along with
guidelines on revegetation of riparian zones to reduce erosion of stream banks (for example
Abernethy and Rutherfurd, 1999). Given the significance of sediment loads from streams within
the Corner Inlet catchment and the desire to undertake revegetation activities (as evidenced by
local land care groups and local activities promoted by Greening Australia), it would be
beneficial to undertake an audit of riparian zones within the catchment. New techniques
incorporating remote sensing using hyperspectral imagery and field inspection have been used
to quantify riparian vegetation. These techniques have also been used to establish the
efficiency of existing revegetation projects and to identify those areas of high priority for new
projects. Investigations by De Rose et al. (2005) in northeast Victoria have demonstrated the
value of these integrated approaches to assessment. This activity could also be undertaken in
conjunction with sediment load modelling.

Recommendation 9 Undertake an audit of riparian zones within the catchment.
Consideration should be given to integrating this activity with sediment load modelling.

4.5 Biodiversity
Extract from South Gippsland Coastal Development Plan 2004

Victoria is composed of a number of bioregions, which DNRE has identified and used to provide
a practical framework for the planning and management of biodiversity. Bioregions are defined
as the biogeographical areas, which capture patterns of ecological characteristics in the
landscape or seascape, providing a natural framework for recognising and responding to
biodiversity values. As bioregions reflect underlying environmental features, they can also be
related to patterns of use of land and sea. The following three Bioregions cover the Corner Inlet
catchment.

Gippsland Plains includes lowland coastal and alluvial plains characterised by generally flat to
gently undulating terrain, and surrounds the Strzelecki Ranges bioregion. The coastland varies
and includes sandy beaches backed by dunes and cliffs to shallow inlets with extensive sand
and mud flats. The vegetation includes lowland foothill forests, heath and grassy woodlands,
coastal scrub and grasslands. There has been substantial clearing of all vegetation types
particularly those on deeper more fertile soils.

Strzelecki Ranges are a deeply dissected range of foothills that form the headwaters of the
rivers draining into Corner Inlet. The lower foothills have deep soils suitable for agriculture. The
deep soils support Wet Forest containing mountain ash, while cool temperate rainforest
containing myrtle beech is restricted to the most protected gullies. The lower drier hills were
covered with lowland forest containing messmate peppermint gum but this has been largely
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cleared for agriculture. The forested eastern Strzelecki Ranges are an area of special interest to
the broad community, local government, regional authorities and the forestry industry. The area
has high biodiversity values and faunal species such as the endangered Tiger or Spot-tailed

Quoll.

Wilsons Promontory is a spectacular area of rugged forested granite hills, tannin stained
creeks, healthy lowlands, white sandy beaches and prominent granite headlands. This
bioregion lies entirely within the Wilsons Promontory National Park. It is covered in natural
vegetation, principally dry and moist forest, coastal scrub, heathland and healthy woodland.

4.5.1 Vegetation and flora

As part of the Government Ecological Vegetation Classes (EVC) mapping, a pre-European
settlement map (circa 1750) was compiled by extrapolation from the current EVC mapping with
reference to land system and geology mapping and expert opinion on the influence of landform,
soil, climate and hydrology and EVC development. Comparison of the 1750s map with the
current EVC map highlights the significant areas of native vegetation that have been cleared for
agricultural purposes and urban development (Figure 13). In the Strzelecki Ranges the
introduction of plantation forests at the expense of native forests is also apparent.

Within the Corner Inlet and Nooramunga Marine and Coastal Parks there are 17 different EVCs,
ranging from woodland to fringing saltmarsh and intertidal mangrove scrubland. Many of these
are rare or threatened in the Gippsland Bioregion and hence their protection in the parks is
important. Over 400 plant species have been recorded within the Parks, including a number of
significant species. However, there has been no systematic survey of flora of the Parks, which
limits the ability to protect rare or threatened species of which 18 are thought to be present
(Parks Vic, 2003).

Gellions Run and the larger islands of Nooramunga contain remnant coastal wetlands. They
also support a high diversity of plant communities including open forest, woodland, coastal
scrub, heathland and wetlands. Few other areas in Victoria have such a large area of saltmarsh
and mangroves with an extensive hinterland of undisturbed native vegetation (Parks Vic, 2003).

Fire, has played an important role in shaping the biodiversity of the region. Many flora species
require fire to regenerate. It also believed that local Aborigines used fire to burn the drier coastal
and foothill forests to encourage game to graze (LCC 1980). The impact of these semi-
controlled burnings would be less severe than wild-fires.

CSIRO Land and Water Page 29



Figure 13. Extracts from the Ecological Vegetation Class Maps of the Gippsland Study
Area —the map on the left is circa 1750, and the map on the right circa 1998 — green areas
represent forest classes.

45.2 Fauna

The encroachment of agricultural land into areas of natural habitat since development has left
the area split. To the north, are the forests of the Strzelecki Ranges, and to the south around
the Inlet, are the collective area of parks, reserves and crown lands, which together provide
habitat for a wide range of fauna, much of which is indigenous to the area.

The Corner Inlet and Nooramunga Marine and Coastal Parks were primarily established in
recognition of their high value as habitat for migratory waders and other shorebirds. Over 350
species of birds have been recorded in the Parks (Parks Vic, 2003). As mentioned previously,
Corner Inlet was listed as a Ramsar Wetland in 1982.

During the summer months, thousands of migratory shorebirds flock to the islands of the
Nooramunga Marine and Coastal Park to feed and roost after migrating from breeding areas in
Northern Siberia, China and Alaska. At times there can be up to 30,000 birds in the Park. Some
of the resident shorebirds, including Pied Oystercatchers and Hooded Plovers, and other
species such as Caspian, Crested and Fairy Terns, breed in the area, while many migratory
birds use the area as a stop-over.

Similarly to flora, there has been no detailed fauna surveys undertaken for the Marine and
Coastal Parks. The exception are the surveys of birds, which have been undertaken over many
years, and are thus a valuable dataset for assessing change associated with environmental
threats. In the Draft Management Strategy for the Parks it has been recommended that a
systematic survey of the fauna be undertaken, and that priority should be placed on mammals.

4.5.3 Threats to biodiversity

It has been estimated that introduced plant species in the Corner Inlet Ramsar Site make up
24% (93 species) of the flora in the area (DNRE 2002). Of concern is that many of these
introduced species, if not controlled can alter the structure and composition of remaining native
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plant communities, leading to a loss of indigenous plant species and changes in habitat
characteristics for indigenous fauna (DNRE 2002).

Areas of natural vegetation adjacent farmland are especially susceptible to weed invasion. The
most serious weeds species of coastal vegetation communities include Dolichos Pea, African
Boxthorn, Blackberry, Cape Ivy, English Broom, Ragwort, Boneseed, Spear Thistle, Californian
Thistle and Spanish Heath (Parks Vic, 2003).

The introduction of exotic fauna species has also occurred since settlement; and even many of
the islands within the Inlet have been deliberately populated with rabbit, fox, and deer. Others
species that accompanied European settlers include Black Rat, Brown Rat, House Mouse,
starlings, sparrows, blackbirds and feral cats. Koalas were also introduced to Snake Island in
1945, and by 1992 the population, with no natural predators had exceeded the carrying capacity
of the Manna Gum Woodlands. Thus relocation and sterilisation programs have been
introduced in an attempt to control the population.

In 1996, a survey of the Nooramunga Marine and Coastal Park found that predation by the Red
Fox was posing a major threat to the breeding success of shorebirds. On fox-free islands there
was a high density of breeding Pied Oystercatchers, but on the islands known to support foxes,
there were no chicks observed. With the help of Coastcare funding, the Victorian Wader Study
Group has undertaken a 3 year fox baiting program on selected islands within the Park. The
project has achieved impressive results in reducing the number of foxes, and improving
breeding populations of the shorebirds and tern species on the islands where baiting was
conducted. There has been a substantial reduction in the number of foxes present on most of
the islands treated. One of these, Dream Island is now believed to be fox-free. Long term
population monitoring will continue and more detailed studies of breeding success are now
being carried out.

There is now greater awareness in the community and numerous management actions in place
to control the spread and impact of both flora and fauna pest species. Efforts are also made to
ensure that the methods for control are of minimal harm to environment. Continued education of
local communities is recommended.

Recommendation 10 Undertake flora and fauna surveys within representative areas to
identify the range of species present and to identify those species considered as rare or
threatened.

Recommendation 11 Undertake a survey to assess the status of terrestrial and marine
pest plants, animals, and diseases within Corner Inlet and its catchment. This would link
with the need to have appropriate management strategies in place for each type of pest
and vector for transmission, and would also benefit from being part of a State-wide
monitoring program.

4.6 Soil Salinisation

Within West Gippsland CMA area of operation, which includes the Corner Inlet catchment, there
are just over 24,000 hectares of mapped land salinity in the region and approximately 26,500
hectares of wetland or lake salinity that has at least some induced (by man) origin. There are
still gaps in the mapping of land and water salinity so these areas of salinity are likely to be an
underestimate (WGCMA 2004).

There are two main reasons for high soil salinity in the Corner Inlet catchment. The first is
associated with irrigation and land clearing, which has caused an increase in the volume of
groundwater recharge resulting in an increase in water table levels bringing salt close to the
surface. A second reason is the intrusion of sea water to the low lying tidal floodplains.
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The West Gippsland CMA has three major programs to address the different types of salinity
problems affecting West Gippsland — the Irrigation Salinity Management Program, the Dryland
Salinity Management Program and the Ocean Induced Salinity Management Program. These
problems are addressed through a number of sub-programs addressing the causes of the
salinity (such as reducing recharge by planting trees) or the symptoms (such as enhancing
discharge by groundwater pumping) or learning to live with salt in the landscape.

As part of the Management Strategy the West Gippsland CMA is developing and implementing
drainage plans for key coastal areas impacted or at risk from salinity. Much of these coastal
areas are protected from the influx of ocean water by sea walls and levee banks. Drainage
plans would determine whether these sea walls and levee banks should be maintained,
enhanced or dismantled depending on the social, economic and environmental costs and
benefits.

4.6.1 Coastal Sea Walls and Levee Banks

A large area of low lying coastal flats in the Port Albert Salinity Management Area are protected
from tidal influences by approximately 65 kilometres of sea walls (also referred to as levee
banks) constructed in the late 19" Century. Combined with surface drains, these walls have
allowed agriculture to establish and prosper in this area. Despite the influx of seawater into the
area being a natural process, the agriculture in this area is an asset potentially requiring
protection from salinity depending on the economic, social and environmental costs and
benefits. However, the draining of the area has also damaged the environmental significance of
the coastal tidal flats reducing habitat and breeding grounds for birds and fish. Therefore, there
is an important trade off between the environmental rehabilitation of the coastal flats and the
continued protection of agricultural land in the region. A thorough assessment of the
environmental, social and economic costs and benefits of the surface drainage schemes and
seawalls needs to be undertaken before there is any additional investment in these assets
(WGCMA Salinity Plan 2004).

The sea walls in the Port Albert Salinity Management Area are in various states of disrepair and
require substantial investment to up-grade to ensure their long term effectiveness. The West
Gippsland CMA'’s Rural Drainage Plan recommends the development of ‘drainage management
plans’ for priority areas including Corner Inlet. The drainage management plan should review
the condition of the current drainage schemes, assess the need for maintenance and up-grade
of existing systems and conduct an analysis of the economic, social and environmental costs
and benefits of additional works. The plans would also review the public and private benefits
and recommend appropriate cost sharing arrangements for any additional investment. This
current program of drainage management plan development is the most appropriate
mechanism for justifying future investment in sea wall maintenance. The salinity program has a
role to play in aiding the West Gippsland CMA develop these drainage management plans. If
the drainage management plans for the area identify the need for upgrading of sea walls, the
almost entirely private benefit from such an action is likely to require funding by the beneficiaries
(WGCMA Salinity Plan 2004).

The key knowledge gaps and barriers to adoption for the upgrading of sea walls is the lack of
investigation and debate on the economic, social and environmental trade-offs between
continued protection of agricultural land from sea water intrusion and the protection of
environmental habitat; and the uncertainty about ownership and responsibility for maintenance
and up-grade of existing drainage and sea wall infrastructure. Discussion around these issues
needs to be opened up and supported by targeted research aimed at improving the knowledge
of intertidal areas; specifically the value of mangroves and salt marsh in maintaining healthy
aqguatic environments.

Recommendation 12 The success of drainage management plans should be monitored
and results reported within an adaptive management framework. The monitoring should
also be supported by local studies aimed at improving the knowledge of intertidal areas;
specifically the value of mangroves and salt marsh in maintaining healthy aquatic
environments.
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4.7 Acid Sulfate Soils

In Corner Inlet the soil types classified as acid sulfate prone are those found on tidal flats and
composed of recent marine sediments. Examples include soils around Black Swamp Yanakie,
Old Hat Road Foster, Toora foreshore and Port Albert (CLPR, 2003). As part of a coastal acid
sulfate soil hazard mapping program, maps at a scale of 1:100,000 were produced showing
areas of probable acid sulfate soils.

Acid sulfate soils were initially formed under marine conditions and are therefore often found in
coastal areas. These soils contain iron sulfide layers, and when these layers are disturbed
oxidisation of the iron sulfide results in the formation of sulfuric acid. The mobilisation of sulfuric
acid has many impacts on the surrounding environment including:

Acidic run-off reduces the water quality in surrounding waterways.
Toxicity to fish, crustaceans and other water species.

Reduction in biodiversity of surrounding wetlands.

Corrosion of buildings and other infrastructure.

Reduced agricultural productivity.

The primary objective of managing acid sulfate soils should be to avoid disturbance, because
when left undisturbed they pose only a limited risk to the environment. Prior to the
commencement of any activities in areas identified as potentially containing acid sulfate soils,
site specific soil testing should be carried out to determine the level and nature of the risk.
Activities likely to disturb the iron sulfide layer include excavations for urban development,
construction of foreshore facilities, and drainage of coastal swamps.

In areas where soils are already disturbed, the focus should be on rehabilitation and mitigation
of any further impacts on the surrounding environment. Methods that can be used to ameliorate
acid sulfate affected areas include the application of lime which helps to neutralise the acidity of
groundwater. However, cost is an issue and may be prohibitive for extensive areas. Informing
and educating landholders on the location and management of acid sulfate prone soils may
avoid inadvertent disturbance and the subsequent need for rehabilitation.

Appropriate land use strategy’s can be employed to avoid any potential impacts from acid
sulfate prone soils. For example preserving wetlands and coastal swamps in there natural state
is the simplest approach. In areas already experiencing acidic runoff rehabilitating degraded
wetlands may assist in limiting further impacts. However, as part of this audit, no reports were
found that indicated that acidic runoff was occurring within the study area. Review of pH levels
from Waterwatch sites (1997-2003, Appendix A), did show some occasionally low levels (pH
less than 6), which might indicate acidic run-off. Low pH in surface waters should trigger further
investigation of potential impacts of acid sulfate soils in these areas.

Recommendation 13 The performance of management strategies aimed at managing the
impact of acid sulfate soils should be undertaken every 2-3 years.

4.8 Major Landuse and Tenure

As mentioned previously, land use within the catchment for Corner Inlet has been significantly
modified since settlement. Agriculture is the main land use of the hinterland, with the majority of
this area under pasture; although some cropping is also carried out. Dairy cattle, and to a
slightly lesser extent, beef cattle are the major livestock carried. Grazing of modified pastures
and forestry in the upper catchment are now the dominant land use features, with Wilson’s
Promontory and the islands within the Inlet, through their reserve status, providing some natural

CSIRO Land and Water Page 33



balance to the dominance of the altered land use within the catchment. Much of the relatively
natural areas, that is those areas within the Marine and Coastal Parks and National Parks are
covered by management plans that provide the basis and direction for management by
Government Agencies such as Parks Victoria and the Department of Sustainability and
Environment.

There was little or no natural pasture in the region prior to settlement in the 1850s. Following
clearing, a lot of which has only occurred since the 1950s, pastures have been established by
the sowing or encroachment of introduced species. Improvement of these pastures is
maintained by the use of fertilizers rather than by new sowing (DCLS 1980).

As part of the National Land and Water Resources Audit, land use maps were produced of the
area (Figure 14). The land use are mapped according to the Australian Land Use and
Management Classification, Version 4. The classification is hierarchical in nature, identifying
primary (broadest land use), secondary, and tertiary levels. The five primary levels show a
gradation in terms of human intervention in natural environment.

Land Use
Nature conservation
Other protected areas incl. indigenous uses
Other minimal use
Grazing natural vegetation
Production forestry
Plantation forestry
Grazing modified pastures
Dryland cropping
Irrigated pastures and cropping
Intensive animal and plant production
Rural residential
Urban intensive uses
Mining and waste

Water

Figure 14. Extract from Land Use Map compiled for the National Land and Water
Resources Audit - classification based on DSE resource geospatial data sets, Landsat 5
and SPOT 2 satellite imagery for summer of 1996-7, Australian Bureau of Statistics
agricultural statistics, and field information.

4.8.1 Dairy

Given the prominence of dairy farms within the catchment it is important to understand the
environmental impact they have, and steps in place to minimise those impacts. A rough
estimate is that one cow produces the equivalent waste of ten people. The 2002 Dairy Farm
Practices Survey (South Gippsland Shire Council, 2002) indicated that 66% of farmers had a
whole of farm plan in place, and that 90% of farmers have planted trees on their properties. The
main reasons given for tree planting included: shelter (44%), wildlife habitat (19%), and to
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reduce erosion and improve water quality (18%). However, effluent management is a major part
of any dairy farm, and can be a significant impact to the surrounding environment.

The EPA undertook an environmental audit of dairy farms in three South Gippsland catchments
between August 2004 and January 2005 — Stockyard Creek, Franklin River and Agnes River.
The results are presented in Table 13. Of the 61 farms audited, 75% were identified as having
the potential to negatively impact on the surface waters or ground waters within the catchment.
Plans to rectify the problems on each farm have since been put in place. However, dairy farms
elsewhere in the catchment are yet to be audited. There is also limited understanding of what
the level of impact has been since the development of farming in the area.

Table 13. Results from 2004/05 EPA environmental audit of dairy farms in the Agnes,

Franklin and Stockyard Creek catchments

Stockyard Creek Franklin River Agnes River
No. of properties audited 23 18 20
Properties audited requiring a statutory notice 4 (17%) 4 (22%) 8 (40%)
Properties advised of potential risk 14 (61%) 8 (44%) 8 (40%)

Average farm size ha (min — max)
total (ha) and as % of total catchment

191 (60 — 514)
4,411 (4%)

104 (42 — 186)

1,880 (2%)

117 (50 — 259)
2,351 (4%)

Average herd size

276 (120 — 900)

186 (52 — 400)

184 (82 - 500)

Cows milked (normal daily milking) 6,363 3,347 3,678
Average cows per ha 14 1.8 1.6
Effluent management systems

2 or more ponds 12 (52%) 10 (55%) 9 (45%)

single pond 6 (26%) 4 (22%) 5 (25%)

dairy irrigation 5 (22%) 3 (17%) 3 (15%)

none 1(6%) 3 (15%)
Source of wash water

Town water 3 (13%) 8 (13%) 5 (25%)

Stream 1 (4%) 4 (22%) 6 (30%)
Number of properties where wash volume known 7 (30%) 15 (83%) 13 (65%)
Average known daily wash volume (litres) 9,669 3,647 1,596
Known total wash volume (litres) 222,396 65,650 31,910
Number with solids trap 18 (78%) 5 (28%) 11 (55%)
Number with stormwater diversion from yard 2 (9%) 1 (5%) 2 (10%)
Farms distributing effluent to pasture 17 (74%) 15 (83%) 11 (55%)

115 (5% of total
available area)

Total farm distribution of effluent (ha) 182 (4% of total

available area)
16% - 2% of farm

117 (6% of total
available area)

Range of distribution area of effluent on farms 21% - 2% of farm  28% - 1% of farm

706 tonnes
0.19 t/ha

840 tonnes
0.25 t/ha

1229 tonnes
0.28 t/ha

Total annual tonnage fertiliser (all types) applied
Average fertilizer use tonne per ha

Recommendation 14 The use of farm audits to assess the success of effluent
management strategies should be continued with the benefits of changed practices
monitored across the catchment.
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4.8.2 Forestry

Forestry is a major land use in the upper areas of the catchment — this includes both private
plantation and state forest. Historically the native forests provided timber for regional
development, with the areas chosen relative to their proximity to either the user or a suitable
mode of transport (eg railway) to markets elsewhere.

The Code of Forest Practices for Timber Production has been produced to ensure that
commercial timber growing and harvesting activities are carried out in such a way that an
internationally competitive timber industry is promoted while being compatible with the
conservation of a wide range of environmental values, and promoting ecologically sustainable
forest management. To this end, the Code provides goals, guidelines and some minimum
standards to be applied to timber production operations both by Government, as forest
managers, and by forest operators. These goals and guidelines apply to timber harvesting,
timber extraction, roading, regeneration and reforestation (DNRE 1999).

In general, the Code is implemented at a local level through a set of regional prescriptions.
These detailed prescriptions take account of local conditions such as climate, forest type,
topography, elevation, soil type, and various management activities. They must be consistent
with the Code, based on relevant scientific input, and reviewed periodically (DNRE 1999).

Compliance with the Code on public land is required under the conditions of licences issued in
accordance with the provisions of the Conservation, Forests and Lands Act 1987 and the
Forests Act 1958. The Timber Harvesting Regulations 1989 require all forest operators to be
licensed to carry out timber harvesting operations. Breaches of particular terms or conditions of
Forest Operator Licences can result in the accumulation of penalty points that may lead to the
suspension or cancellation of a licence. Local government authorities are responsible for
monitoring the application of the Code on private land.

In 2001 Biosis Research Pty. Ltd. was engaged by the Strzelecki Working Group to assess the
conservation values of Hancock Victorian Plantations Pty Ltd holdings and surrounding areas in
the Strzelecki Ranges, and to identify the steps required to maintain and enhance the
biodiversity of the area. The Strzelecki Ranges Biodiversity Study (Hill et al. 2001) in addition to
identifying the high conservation value cores and links on leased State Forest, made
recommendations for appropriate logging prescriptions which would serve to halt the ongoing
degradation of the remaining biodiversity:

1. Retention of all native vegetation on custodial lands

Clear delineation of native vegetation on the ground to minimise disturbance from
harvesting activities.

3. 250 metre buffer no go zones around all Cool Temperate Rainforest Isolates

4. 100 metre buffer no go zones around all Strzeleckis Warm Temperate Rainforest
Isolates

5. Minimum buffers of 30m from centre of waterways, including the incorporation of a strip
of the closest trees, which may widen some buffer zones beyond the 30 m. minimum
level.

Drainage lines to have 20m buffer strips, retaining trees.
A minimum buffer of 2000m around the Spot-tailed Quoll record
No harvesting on slopes over 25 degrees

© © N o

The extension of gully strips to ridge lines and widening them to retain eucalypts

10. The planting of a mix of indigenous tree species, especially for koalas in large areas
that have recently been harvested.

11. The planting of Mountain ash should be encouraged for any replanting. Hardwood
areas should not be replaced by pine trees or any other non-indigenous species.

12. Tracks, etc need to avoid crossing areas of retained vegetation
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13. If necessary, only minimal amounts of herbicide should be used in any coupe
preparation works and spray drift must be avoided. Herbicides should be relatively non-
residual.

The Strzelecki Ranges Biodiversity Study confirmed the presence of the fungal pathogen known
as Myrtle Wilt, which is now widespread in the region. Exposed rainforest on the edge of logging
coupes is particularly affected, and Myrtle trees damaged by nearby logging are extra
vulnerable. Buffers (no-logging zones) of 250 metres around all rainforest isolates were
recommended in the Study as a precautionary measure to allow the rainforest to expand;
restrict spread of Myrtle Wilt, increase forest diversity as forests mature; and allow populations
of rare and threatened species to stabilise or expand.

Recommendation 15 Strategies to reduce the spread of Myrtle Wilt should be assessed
and reported upon as part of an assessment of forest management practices in the
region.

4.8.3 Extractive Industries

There is a large variety of minerals (including stone and gold) occurring within the catchment.
Many of these have been mined extensively in the past but are no longer economical (DCLS
1980). They include tin mines at Toora and gold mines at Foster. Some minerals are not
presently mined but have considerable potential if future demands make them economic. The
most notable mineral in this regard is the extensive deposit of brown coal at Gelliondale. The
main materials presently being extracted are stone, gravel and sand.

The environmental impact from quarries is generally in proportion to the size of the operation
and likely to be localised. Impact will also depend on the location of the quarry with respect to
water courses and groundwater characteristics — main impacts are likely to be dust, noise and
erosion for areas subject to surface water run-off. Quarry’s can be the cause of land slips, if
drainage uphill from the site is not controlled.

Areas previously used for processing of gold have been found to be contaminated with mercury,
which has the potential to be transported down stream to the receiving water bodies. However,
in the case of Corner Inlet, based on the limited analysis of sediment, sea grass and mussels
(Poore 1978) mercury is not at levels of concern.

4.9 Urban Settlements

Urban settlement places significant pressure on the natural environment, as a result of
displacement of native flora and fauna, use of natural resources, alteration of hydrology and
through the impact of pollutants and other waste discharge. Understanding these pressures
allows local government and government agencies to reduce the impact caused by
development through appropriate planning controls and investment in urban infrastructure.

4.9.1 Population growth

From the limited data for population (Table 14) it can be seen that the urban population has
remained relatively stable over the past 30 years. Towns have experienced both increases and
decreases, which are likely to be a result of changes in employment opportunities in local areas.
It is also noted that the resident population is estimated to triple during peak tourist periods,
which includes the January holiday period.
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Table 14. Populations changes since 1971 for major towns in the Corner Inlet region

1971 1976 1986 1991 1996 2001
Yarram 2100 2200
Foster 820 980 1007 1078 1049 988
Toora 580 700 590 567 530 490
Port Welshpool 220 240 243 241 229 216

Notes: Populations for 1971 and 1976 interpreted from graph in DCLS (1980)
Populations for 1986, 1991, 1996, 2001 from South Gipps Coastal Strategy

4.9.2 Sewerage and drainage

The townships are reasonably well serviced with respect to sewerage and drainage. The
majority of townships with a permanent population of at least one hundred are serviced by
reticulated sewerage systems. The exception is Port Franklin, which like the smaller settlements
in the region, relies on septic tanks for wastewater management.

The efficiency of septic tank systems is dependent on soil type and condition, proximity to
surface and groundwater bodies, density of systems in the local area, and capacity to handle
load (includes during peak holiday periods). A comprehensive study of issues associated with
management of domestic wastewater in Gippsland was completed in 2004 (Smith et al. 2004).
The study identified that onsite disposal systems are considered to be problematic in sandy
soils or where there is insufficient surrounding land to absorb the discharge. They also
suggested that in areas which utilise onsite sewage effluent disposal, it is important that owners
are aware of the impact of these systems on the surrounding environment, and are
subsequently informed of the need for routine maintenance of systems. In Part 2 of the study,
the practicalities of installing a community based Septic Tank Effluent Disposal Scheme at
Yanakie was assessed. Yanakie like many typical small coastal towns has a winter population
of 26, which can swell to more than 5 times that amount during peak periods. The proposed
scheme also offered the opportunity to implement water reuse initiatives, which would offset
water shortages experienced during dry periods.

A comprehensive assessment of areas reliant upon onsite sewage disposal systems has not
been undertaken for the Corner Inlet region. However, such an exercise could be easily done as
a staged approach. The initial step could be a screening assessment, where dwelling density
and soil type were considered against a best management criteria. For areas considered to be
of high risk (eg small blocks on sandy soils), further investigation of local contamination of water
bodies should be undertaken, along with audits of individual systems. This would then lead to
recommendations for management actions, ranging from individual property improvement
notices through to the development of alternative treatment systems for small communities.

Urban drainage can also be problematic in smaller settlements, especially in areas that have
developed without the benefit of appropriate planning for stormwater management. Given the
changes in planning and development, it is likely that all new developments will be more
sympathetic to the principles of water sensitive design, which should result in reduced discharge
of pollutants to local waterways. However, it is likely that much of the poor water quality in
waterways in close proximity to urban areas is a result of poor stormwater management. Hence
some remediation work to urban drainage systems will be required to reduce the load of
contaminants entering these waterways.

Recommendation 16 Undertake an assessment of areas reliant upon onsite sewage
disposal systems — the initial step should be a screening assessment, where dwelling
density and soil type are considered against a best management criteria. For areas
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considered to be of high risk (eg small blocks on sandy soils), further investigation of
local contamination of water bodies should be undertaken, along with audits of
individual systems.

4.9.3 Tourism associated development

As mentioned previously the unique conservation values of the region have long been
recognised, with the resulting tourism driving the establishment of further development along
the coast. The issue of increased occupancy rates and the conversion of holiday homes to
permanent dwellings as our population ages and our desire for a sea change increases was
discussed in the South Gippsland Coastal Development Plan (2004). The negative impact of
large tourism based developments was also raised in consultations with local residents. It is
acknowledged that any such development would place increased pressure on the environment;
hence the need for development to be managed within a strategic planning framework that
takes into consideration the environmental values of the region.
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5 Marine Characteristics

Corner Inlet is a large submerged plain bordered to the west and north by geological faults and
is sinking slowly (geological time scale) as South Gippsland rises. The western half is a large
open basin of about 25km in diameter, with a 2km wide opening into Bass Strait between the
north eastern tip of Wilsons Promontory and Snake Island (Figure 15). The eastern half, which
is mostly incorporated into Nooramunga Marine and Coastal Park, extends some 40km along
the coast. It comprises numerous low lying islands, with the outer islands referred to as “barrier
islands”, that continue the coast line from Snake Island through to the Ninety Mile Beach. There
are five permanent entrances, which allow exchange of water with Bass Strait.

Large mudflats and sandbanks cover much of the Inlet and some of these banks are exposed at
low tide while others remain submerged (Table 15). The tides at Port Welshpool would be
classed as mixed with two high tides a day with a pronounced inequality between them.
Maximum tidal ranges occur around the times of the equinoxes when tidal ranges can reach
2.5m. Average daily tidal ranges are approximately 2m.

On the ebbing tide, a system of channels carries the water from the shallow mudflats and sand
banks to the main entrance channel. These draining channels increase in depth from the upper
tidal flats to the major channels and range in depth from less than 1m to 20m. The main
entrance channel is approximately 40m deep. Due to the shallow water and large number of
banks, tidal flow is slow and many areas have tidal peaks occurring up to an hour and a half
after peak tides at the entrance.

The shipping and boating activity has required the maintenance of channels and navigational
infrastructure. Vessels with a draught of up to 5.5m can enter Corner Inlet at any state of the
tide (subject to swell conditions). This depth continues to the Barry Beach terminal, and the
main channel decreases in depth to 5m at the Port Welshpool Shipping Pier and 3m depth at
the Ferry berth and Marginal Wharf.

Figure 15. Corner Inlet Fishing Map — western area (Sourced from
http://www.angelfire.com/my/mrnorbit/map.htm)
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Table 15. Corner Inlet facts and figures sourced from the Ozestuaries Database
(http://www.ozestuaries.org, which are based on mapping undertaken in 2001 as part of
the National Land and Water Audit)

Estuary classification tide dominated
Catchment area (km?) 2106
Water area (km2) 378
Flood/ebb delta (km?) 10.8
Barrier backbarrier (kmz) 10.7
Entrance length (km) 3.59
Entrance width (km) 1.89
Intertidal flats (km?) 387
Seagrass coverage (km?) 149
Tidal sand banks (km?) 6.9
Rocky reef (km?) 0.08
Saltmarsh/saltflat (km?) 65.5
Mangrove (km?) 18.6

5.1 Channel Morphology

It is natural for beach and channel morphologies to evolve over time in response to climatic
variation over time scales of decades and longer. Climatic variations cause variations in run-off
which will change sediment supply as well as wind and waves. Tidal currents and water levels
are dictated by the rotations and orbits of the earth and the sun and are not likely to vary
significantly from one year to the next. Of course catchment modification will alter sediment
supply, which has the potential to alter the channels within Corner Inlet.

Mike Bailey (personal communication) who surveyed bathymetry of channels in Corner Inlet in
the “mid 1980s", advised that there was no historical comparison to indicate that channels were
infilling. The previous measurements were limited to a few soundings in the main shipping
channels. Mike also conducted the Baseline Tidal Study in Corner Inlet to provide levels for the
hydrographic survey, and advised that there was no evidence to suggest any recent changes to
tidal amplitudes or heights. Hence, there is no evidence to suggest the inlet is silting.

Sourced from Middle Ground All Tide Boat Access Study (CES 2003) Section 2.1.3 Discussion
of Channel Stability and Section 2.1.4 Stability of Port Albert Entrance to Bass Strait

From both the survey data, which extends back to the early 1900s, and the aerial photographs,
dating back to 1941, it is observed:

The main deep channels approaching Middle Ground from Port Welshpool and from
Port Albert have moved little over the last 100 years.

The navigable water depth through the channels also appears to have changed little
over this period.

The largest changes to channel location and depth occur north of Snaggy Island where
the channels are braided and peter out altogether — that is there is no defined channel
connecting the channels from Port Welshpool and Port Albert.

It is likely that the significant channel instability in the braided area is due to rainfall run-
off flood events rather than tidal flow alone. The tidal currents across the section of
Middle Ground that dries at low tide are small because it is the area of confluence of the
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tides approaching from the Corner Inlet and the Port Albert entrances to Bass Strait.
Salmon Creek, which discharges between Bullock Horn Islet and Big Dog Island,
appears to drain a significant catchment and swampy area and during flood flows large
volumes of water are expected to discharge towards Middle Ground. These flows,
particularly near low water, are the likely cause of the movement of the braided
channels.

The Port Albert entrance to Bass Strait is shallow and difficult to navigate, this being one reason
why an all tide channel across Middle Ground is being considered. Examination of aerial
photography in 1941 and 1972, illustrates the mobility of the entrance channel which contributes
to the difficulty of using this entrance, particularly during stormy weather. The changes are
significant:

In 1941 the channel entered Bass Strait in southerly direction.

In 1972 the channel orientation at its entry to Bass Strait is towards the west.

The spit on the eastern side of the channel appears to have grown with the extent of
vegetated dune being much greater and extending further south in 1972 compared to
1941.

The sand bar area to the north-west of the entrance appears to have been stabilized by
the growth of additional vegetation between 1941 and 1972.

Research has shown that where seagrass is present tidal channels through well developed tidal
flats will maintain their shape and position, as opposed to those channels that do not have
seagrass coverage (Fenies and FaugeAes 1998). This concept is illustrated in Figure 16, and is
relevant to Corner Inlet, where channels have maintained their position in areas that have
retained seagrass and are less defined in areas without seagrass.
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Natural width of channels approaching Middle Ground (generally bare sand/mud) is 15m, regardless
of depth, and the batter of the slope is about 1:10 on average (CES 2003).
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Speculation - Role of seagrass in maintaining channel shape — steeper batters, slows movement of
water into channels, filters and holds back sediments

Figure 16. Conceptual model of channel morphology with and without seagrass
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5.1.1 Dredging

Dredging is required to either maintain safe clearance within existing channels and harbours, or
is required to create new or deeper channels to improve navigation of ports. Dredging in Corner
Inlet has focussed on the main entrance channel, the Barry Beach terminal and swinging basin,
the channel to Port Welshpool and the commercial fishing basin and boat ramp at Port
Welshpool. The recent history of dredging in Corner Inlet provided by Gippsland Ports is shown
in Table 16.

Table 16. Summary of past dredging in Corner Inlet

1978/1979 Sandpiper undertook capital works in further developing the Port Welshpool harbour.
Maintenance work also carried out in associated channels.

Spoil from harbour works was dumped on the foreshore reserve (formerly part of container
terminal), freehold land lying in the block surrounded by Lewis, Turnbull, Stewart and
Robertson Streets and finally the foreshore to the west of the boat launching ramp. See
attached plan 5074 marked with areas 1,2 & 3 respectively. 1 & 2 being land reclamation as
areas originally low lying and subject to inundation.

Spoil from the “old” Lewis Channel alignment was used for beach re-nourishment east of the
current ro-ro berth and for land reclamation

Sandpiper left Port Welshpool for work in western Victorian ports

1984/1985 Sandpiper undertook harbour maintenance etc. Spoil used for beach re-nourishment and land
reclamation. (Area 3)

During 1980’s and 1990’'s (actual dates unsure) but excavator used on two occasions to
remove spoil from the NE corner of the harbour and deposited on freehold land near the
corner of Stewart and Robertson Streets and on the beach west of the Ro-Ro berth

1990/1991 Port Welshpool and Barry Beach — Davidson Dredging (from Sydney) used a 24” pump /
cutter.

Dredge DB 14

Barry Beach Basin and the “cut” i.e. realignment of Lewis Channel in preparation for the
Seacat. Lewis Channel spoil used for beach re-nourishment between Ro-Ro berth and west
of the Long Jetty.

1994 April Hamer undertook side-casting dredging in the Lewis Channel, Barry Beach Channel and
in the Port Albert Channel

Recommendation 17 If further development of port facilities was to be considered it
would be advisable to develop a hydrodynamic model of the Inlet which would be
capable of demonstrating the impacts associated with alterations in water depths and
movement of sediment.

5.2 Marine Biodiversity

Major marine biological studies have been undertaken in Corner Inlet in the 1970s (Poore),
1980’s (Morgan), 1990s (Roob et al) and 2000s (O’Hara et al, PIRVIC). As reported by Morgan
(1986) and summarised by CES (2003) and Parks Victoria (2003) there are six major physio-
floral habitats and two minor zones within the Corner Inlet and Nooramunga area (Table 17).
Areas within each of these zones are considered to have been altered as a result of landuse
practices in the catchment. However quantitative assessment of these changes has been
limited by the absence of defensible monitoring programs.

The following extract is taken from the Parks Victoria Technical Series No. 1 Marine Natural
Values Study for Corner Inlet.
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Within Corner Inlet the seagrass meadows are of particular value because of their wide extent
and particularly high faunal diversity. Corner Inlet Marine National Park contains a
representative area of the only extensive Posidonia australis meadows in Victoria. Invertebrate
faunal diversity is considered high with 390 species recorded (Morgan 1986), which is likely to
be an underestimate of actual faunal diversity. Similarly, at least 74 species of fish are present
in Corner Inlet. The unique species composition of Corner Inlet Marine National Park results in
part from overlap of the distributions of warm water species characteristic of the NSW coast and
cool water species found throughout Victoria.

Table 17. Summary statements about faunal assemblages in physio-floral habitats in
Corner Inlet and Nooramunga (from Morgan 1986)

Physiofloral Habitat Faunal Assemblage Summary

1 Saltmarsh “ uelleri ized by low faunal diversity and usually low populations with a dominance of
pulmonate gastropods and crabs.”

2 Mangroves ...faunal diversity increases from upshore areas into the forest proper, corresponding
with increasing moisture, shade and algal cover. Highest diversity frequently is
associated with the seaward edge of the forest. Dominant fauna include corophiid
amphipods, small bivalves and oligochaetes, although hard substrate gastropods and
barnacles are most conspicuous.”

3 Bare sand/mud flats “ a heterogenous grouping of sites the faunas of which are determined largely by
ambient environmental parameters. Lowest diversity occurs in estuarine and near-
ocean situations though species compositions are very different in these habitats.
Highest species richness may occur in flats adjacent to Posidonia beds.

4 Eelgrass (Zostera/ “the eelgrass habitat is diverse in the major faunal groups. Species richness
Heterozostera) corresponds in part to density of the seagrass.”

5 Broad leaf seagrass “...Posidonia communities are the richest faunal assemblages in the Corner
(Posidonia) Inlet/Nooramunga area. Polychaetes and amphipods are particularly diverse. An

epiphytic [living on the leaf blades] fauna is characteristic.”

6 Channels “...a heterogeneous assemblage of habitats with faunal composition apparently
determined largely by depth and sediment type. Species diversity is extremely variable.
Near ocean entrances, diversity may be as low as that of bare flat sites; adjacent to
Posidonia, species richness may be as high as that of the seagrass itself.”

7 Rock and Sand “Faunal diversity ...is high and the fauna shows distinct affinities with that of both flats
and channel sites, together with a distinct epifaunal [living on the surface] component.”

8 Brackish swamps “...faunal diversity is low.”

As part of a baseline monitoring program O’Hara, Norman and Staples (2002) undertook
sampling at 18 sites between December 2000 and February 2001 and then resurveyed 10 of
those sites in June 2001. They wrote that the diverse landscape is matched by the profusion of
animal and plant life. From the seagrass meadows, mudflats, mangroves and deeper channels,
the quiet sheltered waters of Corner Inlet host an amazing variety of sea-life. No less than four
of Victoria’s five main species of seagrass form meadows here. The short eelgrass (Zostera
muelleri) forms dense mats around the fringes and frequently lies exposed at low tide. The long
eelgrass (Heterozostera tasmanica) prefers slightly deeper water, and is common on the top
and around the base of submerged banks, places where it is not out-competed by the larger
and more vigorous Broad-leaf Seagrass or Strapweed (Posidonia australis). Broad-leaf
Seagrass is the dominant seagrass on the submerged banks. The long flat fronds sprout from a
thick rhizome lying deep within the sediment. The fourth, Southern Paddleweed (Halophila
australis), appears as pairs of small oval leaves snaking out along long slender rhizomes. It
occurs sparsely around Broad-leaf Seagrass beds or across sandy patches, although it can be
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locally common. The broad-leaf Seagrass is a “keystone” species that provides shelter and food
for many other creatures, hence its significance in Corner Inlet.

The natural values of the marine waters of Corner Inlet have been preserved in the recently
created (November 2002) Corner Inlet Marine National Park. The 1550 ha park, is contained
within two sections which are on the south-eastern coast of Corner Inlet. It includes areas
between the high and low water marks that were formerly part of Wilson’s Promontory National
Park, and areas beyond the low water mark that were formerly part of the Corner Inlet Marine
and Coastal Park. The draft management plan (November 2004), has a strong focus on
collecting information and increasing our understanding of these areas, with a view to more
informed and adaptive management into the future. The Park is free from all forms of extraction,
including recreational and commercial fishing.

A major threat to the biodiversity of the Marine National Park and the wider marine areas of
Corner Inlet is the risk posed by marine pests. To date only three introduced marine pests have
been recorded in Corner Inlet; Cord Grass (Spartina spp.), the Green Crab (Carcinus maenus)
and Brocolli Weed (Cordium fragile tomentosoides). However, various human activities such as
the discharge of ballast waters or dislocation of fouling organisms from ships and boats, can
lead to the introduction of new pests from other ports. Pest species that have already become
established in other Victorian ports such as Port Phillip Bay, may also spread to Corner Inlet
through natural processes associated with the dispersion of their larval stages. Potential marine
pests include the Northern Pacific Seastar (Asterias amurensis) and the European Fanworm
(Sabella spallanzanni), two toxic DInoflagellates (Gymnodium sp, and Alexandrium sp), and the
Japanese seaweed Undaria pinnatifida. The management of risk from invasion of pest species
is dependent on a combination of preparedness, community awareness, and vigilance through
appropriate monitoring programs.

5.2.1 Seagrass

Corner Inlet is the only area in Victoria which has dense meadows of the broadleaf seagrass
Posidonia australis. As discussed above, three other seagrass species are also found in Corner
Inlet: the short eelgrass Zostera muelleri, long seagrass Heterozostera tasmanica and southern
paddleweed Halophila australis. The taxonomy of Heterozostera and Zostera are currently
under debate, but for consistency with past reports on seagrasses in Corner Inlet, the previous
conventional names will be used here.

Generally speaking, the seagrasses grow in separate stands although there may be patches of
one species among larger meadows of others. All seagrasses require prolonged submersion,
although some level of exposure to air (and desiccation and intense sunlight) during low tide
can be tolerated by a few species. Zostera muelleri tends to be the most tolerant of exposure to
air and grows in the lower intertidal zone and its range does not usually extend below the low
tide mark (Figure 17). Heterozostera tasmanica grows from the low tide level to approximately
4m depth in Corner Inlet but up to depths of 20m depending on water clarity and light
penetration in other places. Posidonia australis also grows from the low-low tide level to
approximately 4m depth in Corner Inlet. Halophila australis is usually found at the deeper
boundaries of the other species from 2 to 4m depth in Corner Inlet (Roob et al. 1998).

There has been concern for more than 30 years that the total area of seagrass in Corner Inlet is
reducing, with particular concern about the extent and health of the Posidonia australis
meadows (Roob et al. 1998). In response to a noticeable decline in the early 1970s, Poore
(1978) undertook an investigation of potential causes, which included an estimation of existing
coverage.

Poore (1978) through examination of 1965 aerial photography estimated that seagrass
(assumed to be mostly Posidonia) covered 119 km? (44% of 344 kmz). Posidonia was absent
from the shallowest intertidal areas along the shores of the Inlet (where Zostera was dominant)
and from sand spits. Based on comments from local fisherman, Poore (1978) believed that
seagrass coverage in 1972 was the same as estimated for 1965. However, Poore also found
that examination of 1978 oblique colour aerial photographs seemed identical to those taken
earlier and gave no indication of the poor status of the seagrass which he had observed some
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two month earlier. This highlighted problems associated with determining the decline in
coverage and in health of seagrass.

2m
1.6m Highest recorded tide 4/7/1981
im 0.9m Mean high water spring /
0.5m Mean high water neap
Sea Level - S L £

Figure 17. Corner Inlet seagrass species showing depth limits and tidal range

Morgan (1986) again examined the extent and health of Posidonia, and concluded that the
decline in the late 1960s and first half of the 1970s was relatively minor. But in the eight years
between 1976 and 1984, the decline has been dramatic (approximately 20-25% of the 119 km?,
leaving 90-95 kmz). Dieback was especially evident in the north of the western part of Corner
Inlet but large areas of the southern meadows had also retreated. Meadows on the central flats
between the Franklin and Middle Channels and between Middle and Bennison Channels had
remained. Seagrass beds within the Nooramunga are largely patchy and not as well defined as
a result of the higher turbidity and shallower flats.

Allen (1994) as part of Master's degree, mapped seagrass in Corner Inlet using a combination
of Landsat Satellite imagery (Dec 1987), and airborne spectral image scanning, aerial
photography and field verification collected in Feb 1989. It was found that 47% of the Inlet was
Posidonia and between 26 and 31% consisted of Zostera and Heterozostera, giving a total
seagrass coverage of 74-78%. Zostera dominated in the shallow and exposed areas in the
north (eg Toora Beach) and occurred in large bare areas with scattered clumps in the south,
while Posidonia was found to dominate the central area in fairly dense stands. It is likely that the
total coverage was equivalent to that estimated for 1965, however the coverage for individual
species may have varied.

In 1998 staff from the Marine and Freshwater Resources Institute at Queenscliff undertook
seagrass mapping, which included a review of previous studies (Roob et al 1998). The review
highlighted the massive reduction in area of Posidonia between 1965 and 1972. It also
demonstrated the difficulty in comparing estimates of coverage from aerial photographs without
concurrent sampling and identification of the seagrass species or other features on the
photographs. The review showed major shifts in the area and composition of the seagrass
meadows estimated from the previous major studies of Poore (1978), Morgan (1986) and Allen
(1994).
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The 1998 exercise included a special run of colour aerial photography flown at a scale of
1:20,000, in conjunction with extensive field verification which included use of semi-submersible
observer pod and video transects. The 1998 exercise showed that the area of seagrasses in
Corner Inlet is variable in time and that the area of Posidonia appears to have reduced with
some regrowth over the period since 1972. The proportion of combined Zostera and
Heterzostera to Posidonia in the total seagrass cover is particularly variable. In all there was
149 km?” of seagrass mapped (further breakdown of classes is provided in Table 18).

Table 18. Summary Area Statement of Seagrass Communities in Corner Inlet and
Nooramunga (Roob et al. 1998)

Class Area (m2)
Sparse Zostera 41,792,713
Medium Zostera 10,768,588
Dense Zostera 57,430,197
Sparse Posidonia 1,092,745
Medium Posidonia 361,079
Dense Posidonia 30,510,322
Sparse Halophila 51,371
Dense Halophila 158,842
Sparse Mixed Zostera / Posidonia 93,562
Dense Mixed Zostera / Posidonia 1,730,002
Sparse Mixed Zostera / Halophila 4,553,906
Dense Mixed Zostera / Halophila 62,820
Sparse Mixed Posidonia / Halophila 302,694
Sparse Mixed Zostera / Posidonia / Halophila 11,677
Intertidal Vegetation 37,575

total 148,958,093

As mentioned previously Poore (1978) undertook an investigation of the possible causes of
decline which included:

pollutants that have a toxic impact on growth of seagrass.
alterations to salinity;

water temperature increase;

disease or bacterial fungal attack;

natural succession leading to replacement by other species;
grazing pressure from fish and invertebrates;

nutrient loads that promote excessive epiphyte growth thus reducing light available to
plant;

nutrient loads increasing phytoplankton biomass and reducing light penetration through
the water column;

smothering by sediment;

intertidal exposure persisting as a result of banks rising;
erosion by wave action; and

physical damage (eg. dredging);
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Unfortunately the investigation of potential causes (Poore 1978) could not clearly identify a
cause for seagrass decline. Poore (1978) reported that concentrations of metals in seagrass
tissue, sediment and mussel (Mytilus) did not vary markedly between samples, and were
comparable with those found in Western Port (considered to be relatively uncontaminated with
metals of anthropogenic origin) (Table 19). At the levels found, the metals analysed are not
expected to have toxic effects. Herbicide (2,4,5-T) which is likely to have been used in the
catchment was not detected, and it is unlikely that any herbicides would be found in sufficient
quantity given the likely dilution on input to the Inlet.

Alteration of the nutrient concentrations in the water could have two effects on the light regime;
the first to promote the growth of epiphytes on seagrass thus blocking light, and the second to
increase phytoplankton growth in the water column to again reduce light for photosynthesis.
However, epiphyte growth was highest at the sites considered most healthy (between Franklin
and Middle Channel), and the depth limitation is fairly constant across the Inlet.

An increase in available nutrients would have impact on the food web, which could lead to the
increase in species that graze on seagrass, or alternatively increase the population of species
that burrow within seagrass beds, thus leaving them vulnerable to erosion. Poore (1978)
concluded that as fisherman had not reported the presence of increased numbers of such
species, and that seagrass leaves in poor health did not show evidence of grazing then it was
less likely to be a plausible reason for the decline.

Table 19. Concentration of metals in seagrass (Posidonia), sediments and mussels
(Mytilus) from Corner Inlet (Poore 1978)

Station Sample Type Mercury Arsenic Copper Zinc Cadmium Lead Manganese

1 Grass leaf 0.2 0.2 3.2 0.2 <0.5 6.2
Grass turion 0.8 0.1 2.8 0.03 <05 2.2
Grass whole 147 1

3 Grass leaf 0.3 0.3 2.8 0.2 <0.5 11.2
Grass turion 0.7 0.2 2.0 0.02 <05 5.3
Grass whole 100 2

6 Grass leaf 0.1 <0.1 1.4 0.1 <0.5 4.5
Grass turion 1.2 0.1 1.9 0.03 <05 1.9
Grass whole 85 13

7 Grass leaf 0.6 <0.1 2.5 4.0
Grass turion 4.2 0.4 2.1 3.4

1 Sediment <0.3 2.1 0.9 2.3 <0.1 <05

3 Sediment 0.8 0.2 2.7 <0.2 3.3 <01 13.7

5 Sediment 08 0.1

6 Sediment 1.8 04 1.7 0.2 2.8 <01 <05 10.6

7 Sediment 3.0 1.2 4.1 <05 13.8

13 Mussels 59 12 1.7 02 0.7 0.2 158 3.0 0.1 0.00 <05 1.3 04

14 Mussels 129 17 1.4 05 06 0.1 29.4 16.8 0.09 0.02 <05 1.0 01

15 Mussels 1.2 01 08 0.2 16.9 6.1 0.1 0.00 <05 0.8 0.1

Max Level * 0.5 2 2

Generally Acceptable 0.5(1) 5(30) 130(290)*

Level ®

median (90" percentile)

1. Single measurements or means standard deviation of 3 or more determinations
2. Mercury given as ug/g dry weight; other metals as ug/g wet weight
ABANZFA (2001), *Oysters

The issue of reduced salinity associated with freshwater inputs is unlikely to be the cause of
decline, given the results of recent experiments being undertaken by SARDI in South Australia
which is showing that seagrass can survive in relatively low salinity water for extended periods
of time. Likewise an increase in water temperature is unlikely to have any negative biophysical
impact on the growth of seagrass, given that Posidonia is considered to be at its southern most
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extreme and is generally found in warmer waters to that experienced in Corner Inlet. However,
warmer water can promote bacterial growth, which could have a impact on seagrass health.

The issue of disease was considered by Poore (1978), and indeed Posidonia plants did display
black necrotic tissue and high incidence of cellulolytic microorganisms, but this was considered
insufficient to be the causative agent for decline.

Smothering by sediment can restrict growth where the incident is sufficient in size and or occurs
rapidly. Seagrass by its nature promotes the settlement of suspended sediment. However,
sediment cores collected from areas where there were no living Posidonia plants at the time of
the survey contained Posidonia roots at different depth layers in the cores, which indicates that
sedimentation has been an ongoing process for an extensive period (Poore 1978). Lifting the
height of beds could leave seagrass vulnerable to wave damage and or more suited to other
species.

Direct destruction of seagrass beds through dredging, boat propellers, boat moorings and
trampling by people have been implicated at other places, but were not considered to be the
likely cause for decline within Corner Inlet, given its relative isolation and limited development.

In summary it is not clear through the mapping and investigations undertaken to date what has
caused the reported decline in seagrass. The most probable causes are likely to be associated
with the increased sediment and nutrient loads entering the Inlet, which have altered the
ecosystem in both a biological and physical manner. It is also apparent that the mapping and
description of these variations in seagrass coverage and health has not provided a consistent
record for comparison. And as has been suggested by all those involved in previous
investigation of seagrass in Corner Inlet, it is critical to have a well designed and defensible
ongoing monitoring program to measure changes to seagrass — total coverage, species
composition and density in the various geographic areas within the Inlet.

Scientists from Primary Industries Research Victorian marine laboratories at Queenscliff are
currently undertaking a new program of seagrass investigations and monitoring, however the
design of this program and all results were not available for this audit.

Recommendation 18 Undertake a comprehensive mapping and monitoring exercise to
ascertain areas and condition of the eight physio-floral habitats in Corner Inlet (includes
seagrass). This activity would include developing a well designed and defensible
program to measure change over time to physio-floral habitat both as a total coverage,
community structure, and general health. The use of indicator species should be
considered in such assessments.

5.2.2 Mangroves and Salt Marsh

Mangroves and salt marshes are both dominated by plants adapted for life in saline
waterlogged environments (Edgar 2001). As opposed to the more northern parts of Australia,
only one species of mangrove exists in Corner Inlet — White Mangroves (Avicennia marina). The
mangroves fringe the seaward edge of the salt marsh but may be found along drainage
channels or tidal creeks (Figure 18).

These mangroves protect low lying coastal areas against tidal and storm surge and their
removal or absence may threaten existing development in such areas (DCLS 1980). The role of
mangroves in trapping and stabilizing sediment has become obvious in areas where mangroves
have been cleared or have died back and erosion has ensued (Bird and Barson 1975). A
healthy, spreading mangrove fringe is correlated with the building up of bordering depositional
terraces and the maintenance of relatively deep water channels. When mangroves are cleared
or die away, erosion of their substrate leads to dispersal of sediment and shallowing of
channels, thereby diminishing navigability. The extent of mangroves in Corner Inlet appears to
be relatively stable although there is some evidence of localised seaward colonisation of
mudflats by seedlings.
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The other main shrubland community of the salt marsh is the Shrubby and Grey Glasswort
community. These shrubs carry a large number of epiphytes, including lichens and mosses.
Marsh Saltbush often exhibits a climbing growth form over the Glasswort bushes in this habitat.
The typical community of Shrubby and Grey Glasswort /Saltbush grows on drier, usually raised
areas (DCLS 1980).

Spartina was planted within areas of Corner Inlet (eg Old Hat Creek and Poor Fellow Me Creek)
in the 1930s along tidal fringes and creeks to prevent wave erosion and to assist in reclamation
of salt marsh for agriculture (DCLS 1980). Spartina, as in many other estuarine environments,
has become an invasive weed and if left uncontrolled can displace native plants (including
seagrass), fish species, and alter the habitat of birds and other wildlife with subsequent impacts.
Control using the herbicide Fusilade® began in 1996 after research confirmed no long lasting
impacts to other species including the seagrass Zostera uelleri (Williamson 1996). Parks
Victoria now undertakes routine spraying programs to control the spread within Corner Inlet.
Routine vigilance is also required because small patches once established quickly increase to
form a single meadow.

The transfer of food through the food chain in mangrove and saltmarsh habitats differs
substantially from patterns in bare mudflat habitats because of the much greater input of plant
debris (Edgar 2001). Associated with the increased plant material are much greater numbers of
herbivorous invertebrates such as crabs, insects and molluscs. More subtly the breakdown of
plant material provides a major source of organic matter and plant nutrients, which are then
utilised by bacteria, fungi and other organisms, including the larger habitat-forming plants
themselves. Hence temperate mangrove forests are extremely productive and an important
source of plant material and organic nutrients, which are washed into adjoining habitats (Edgar
2001).

Morgan (1986) found that faunal diversity within mangrove forests increased from upshore
areas into the forest proper, corresponding with increased moisture, shade and algal cover.
Highest diversity was frequently associated with the seaward edge of the forest. Dominant
fauna include corophiid amphipods, small bivalves and oligochaetes, although hard substrate
gastropods and barnacles were most conspicuous.

Figure 18. Extensive mangrove forests at Port Franklin (photo taken May 2005)
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Recommendation 19 The coverage and health of mangroves and salt marsh should be
monitored as part of a coastal habitat mapping and monitoring program. Such programs
should consider the use of remote sensing with satellite imagery to supplement field-
based mapping.

5.2.3 Fish habitats

The Corner Inlet Fish Habitat Assessment Group, convened by Fisheries Victoria in 1998, was
established to provide scientific information on marine habitats to facilitate habitat maintenance
and thus continued production of fisheries resources (Gunthorpe and Hamer, 2000).

The Group identified seven habitats considered important to fish: pelagic, seagrass,
unvegetated sediments, reefs (hard and biogenic), macroalgae, mangroves and estuaries. The
Group also considered that the major threats to these habitats were: nutrients, sedimentation,
exotic species, toxicants, water abstraction and physical disturbances. The restriction and loss
of habitat could result in decreased food availability, increased vulnerability of fish to
competition, and may restrict recruitment to the fisheries. Deterioration in the quality and
suitability of habitats for fish species may result in altered community structures, reduced fish
abundance and decreased spawning and nursery habitat.

Of concern to the group was the lack of scientific information relating to habitats and their
threats within the Inlets. More specifically they identified information gaps in the understanding
of the nutrient status of waters and sediments, and the threats posed by exotic species and
toxicants.

However, it was the belief of the Habitat Assessment Group, based on limited scientific
information and on the observations of its members that the fish habitats within Corner Inlet are
in fairly good condition. Corner Inlet appears to be affected little by human activities when
compared with other Victorian inlets (Gunthorpe and Hamer, 2000).

Recommendation 20 Studies should be undertaken to clarify the impact of variable water
quality and potential changes in benthic habitat on the ecosystems within Corner Inlet.

5.3 Fisheries

Text taken from the Fisheries Co-Management Council Report on the Status of Victoria's
Fisheries Resources 2003/04:

The commercial fishery is based in the large open areas of Corner Inlet to the west, and the
numerous sheltered waterways around the islands that make up the area known as
Nooramunga to the east. The main components are commercial seine net and mesh net fishing
for King George whiting, rock flathead, southern sea garfish, yellow-eye mullet, southern
calamari, silver trevally, gummy shark and flounder and recreational line fishing for King George
whiting, flathead (sand and yank), and snapper. Small amounts of commercial long lining are
conducted and occasionally significant quantities of sand crabs are caught using commercial
crab traps.

The commercial fishery in Corner Inlet produced 262 tonnes in 2002/03 worth $1.6 million, and
was Victoria’s third most productive bay and inlet fishery after Port Phillip Bay and the
Gippsland Lakes. (See Table 20 for results for major species, and Table 21 for biological
characteristics of key commercial species).

Table 20. Catches and value of commercial fish in Corner Inlet for 2002/03 (FCC 2004)

Species Catch in 2002/03 Value
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King George whiting 51 tonnes $0.57 million

Southern sea garfish 43 tonnes $0.32 million
Southern calamari 17 tonnes $0.20 million
Rock flathead 41 tonnes $0.18 million
Silver trevally 23 tonnes $0.07 million
Gummy shark 8 tonnes $0.07 million
Greenback flounder 6 tonnes $0.05 million

The total catch has been relatively stable over the past 20 years, reflecting the lack of change
both in total fishing effort and catch rates. This stability has occurred despite changes in catch
and effort by different gear types, with an increase in effort by haul seines and a reduction by
mesh nets over the past decade. King George whiting remains the most valuable component of
the catch. The catch rates of rock flathead by mesh nets have remained high in 2002/03 and
are close to the peak seen in 1993/94, but catches have declined because of declining effort
levels. Catch rates, and total catches of rock flathead by haul seines have all been increasing
over the past 6 years. Southern sea garfish are taken predominantly by haul seines and total
catches by this gear type declined in 2002/03 from the high levels of the previous 3 years
reflecting lower catch rates. The catch and catch rates of calamari have also declined in the
past 2 years from very high levels. Silver trevally are also predominantly taken by haul seines
and both catch rates and catches declined in 2002/03 after record high levels in 2001/02.
Gummy shark are caught almost exclusively by mesh nets and catches and catch rates are
quite variable with no distinct trends over the longer term, although catch rates in 2002/03 were
the highest reported since 1978/79. Total catches of flounder have declined since 1978/79, but
this decline is evident only in the mesh net sector which has historically been the main method
of catching this species; catches by haul seines have been variable but higher in the past 5-6
years. Catch rates by both methods show peaks and troughs that generally coincide,
suggesting that they reflect underlying changes in the abundance of the species.

The high levels of fishing effort by haul seines has only partially been offset by a decrease in
mesh net effort, with the result that total catch has been relatively stable. The shift to ringing
seines as the major contributor to the catch should reduce concerns regarding by-catch issues
in this fishery, as this method has been shown to have high survival rates for most released fish.
The diverse species range exploited reduces the reliance of the fishery on the abundance of
any single species. An increase in catches of King George whiting in 2002/03 has reversed a
recent declining trend but has been offset by decreases in catches of calamari, rock flathead,
garfish, and silver trevally. The catch and catch rate indicators are influenced by a range of
factors that include changes in stock abundance, fishing practices, target preferences and gear

types.

Recreational fishing catch/effort data for a 6-month period during 1983/84 indicated that the
recreational catch of King George whiting from Corner Inlet/Nooramunga was at least as large,
and probably larger, than the total commercial catch of this species (MacDonald 1997).

The use of fishing catch/effort data to assess the impact of management actions within the Inlet
and or the catchment is problematic, as many of the species are dependent on life stages which
may occur outside the Inlet. For example the annual catches of King George whiting, which are
highly variable, are correlated amongst Port Phillip Bay, Western Port and Corner Inlet, which
suggests that large-scale environmental variation (eg interannual variation in weather patterns)
exert significant control over abundances more so than local pressures (Jenkins 2005).

The status of seagrass beds may impact on rock flathead abundance as these fish are
permanent residents of seagrass habitats. Juvenile whiting also have some association with
seagrass habitats, although in the latter case the nature of the association and the degree of
dependence appears to change over the life cycle of whiting. Spawning, settlement success
and subsequent recruitment for several important target species is therefore likely to be greatly
influenced by environmental and habitat factors in the Inlet (MacDonald 1997)

CSIRO Land and Water Page 52



Flounder catches have gradually declined over the last 40 years to less than 20% of the 1950s
levels. This is partly due to declining flounder mesh netting effort, but catch rates using
specialised flounder mesh nets have also been consistently declining over the last 20 years.
More detailed examination of flounder catch/effort information indicates that the decline in catch
rates from 1980 cannot be attributed to a decline in the proportion of total fishing effort
contributed by experienced flounder mesh netters. These trends therefore indicate a genuine
decline in flounder abundance or availability due either to increasing fishing pressure or to
habitat/environment changes, or a combination of both (MacDonald 1997).

Table 21. Biology of key commercial species (DCNR 1995)

King George - Found in estuaries, bays and shallow coastal waters of southern Australia.

Whiting - Spawns in open coastal waters during winter, with larvae moving to sheltered
areas where they settle over seagrass beds. They are sexually mature at 3-4
years when males are between 27 and 32cm in length and females between 32
and 36cm. At 4-5 years the mature fish move out of the Inlet to open waters.

- Commercial catch records show that prior to the mid 1960s, catches were
generally 20,000kg or less, with occasional catches of up to 50,000kg particularly
in the early years of the records (before 1927). However, there has been an
increasing trend with a dramatic increase in the annual catch since the mid 1980s
with several years having catches of around 100,000kg.

Rock Flathead - Found in or near seagrass beds and algae-covered reefs in southern Australian
bays and estuaries.

- Spawn locally in seagrass beds during Nov-Dec.

- Feed mainly on crabs but fish, squid and other crustaceans have also been
recorded in stomach contents. They feed almost entirely among seagrasses,
particularly at dusk during high tides or at night when their main prey, the rock
crab is most active.

- Commercial catch rates show a highly variable annual catch rate, with peaks of
70,000kg, but in the late 70s dropped to less than 6000kg. The catch recovered
by the 90s and was 41,000kg in 2002/03.

Sand Flathead - Found on sandy bottoms in bays and shallow coastal waters of south eastern
Australia. Growth rates suggest that mean lengths of 120, 200, 230, 260, 280 and
300mm are attained at ages of 1-6 years respectively.

- Itis thought that they spawn locally during Sep-Oct.

- They are opportunistic ambush feeders with a diet which includes small fishes,
crustaceans, polychaetes and molluscs.

- Commercial catch rates have declined from 46,000kg in the mid 50s to about
10,000kg, however this is partly associated with a declining market.

Flounder - Greenback Flounder and Long-nosed Flounder are the two most common species
of this flat, bottom-dwelling fish which are targeted by commercial and recreational
fishers.

- Greenback Flounder are known to spawn off-shore during periods of protracted
cold water temperatures in Jun-Oct.

- Commercial catch rates for Flounder have been declining over the past few
decades. Prior to the mid 1960s catches of over 60,000 kg were recorded
regularly, but of recent catches have been less than 10,000kg.

Recommendation 21 Undertake studies to assess the impact of increased recreational
fishing, which will then assist in the development of management plans to minimise the
impacts.

5.3.1 Aquaculture

During the mid 1980s a series of experimental grow out trials of native oysters were conducted
at several sites — one adjacent Lewis Channel, and a further four around Sunday Island towards
Port Albert. Those that were located in areas of good water flow showed good growth. The site
adjacent Lewis Channel suffered from constant fouling. The trials were discontinued due to
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massive mortality caused by the Bonamia disease which affected all grow trials throughout
Victoria.

A site investigation study for the Gippsland Development Ltd by Ocean Offspring Pty Ltd in
1998 investigated the potential to farm native clams and native oysters (also known as flat
oysters). Sydney rock oysters were considered, but as they would be at the lower temperature
end of the distribution range they would be slower growing and more susceptible to winter
mortality. A fishery based on dredging of native oysters did exist in the Port Albert area, but
collapsed in the early part of the 1900s as a result of over exploitation.

The Land Conservation Council (LCC) in 1996 recommended that a Preferred Aquaculture
Zone surround all of Sunday Island. However upon finalisation of the report by the Environment
Conservation Council (which replaced the LCC), these sites were not recommended because of
high community concern about environmental risks of open marine aquaculture systems and
limited industry support. However, there was strong support from the community and industry
for land based aquaculture systems.

In the South Gippsland Coastal Development Plan (2004) it is suggested that with the
restrictions of marine offshore aquaculture and limitations of land tenure and access to
seawater over coastal parks and reserves for marine onshore systems, it appears marine
aquaculture sites may be limited in Gippsland. However, where suitable marine sites exist,
abalone is considered to be one of the best investment opportunities for marine aquaculture.
With the restrictions of marine aquaculture, the most likely future growth in Gippsland of the
aquaculture industry will be the land based capital-intensive type farming. A number of
infrastructure, resource, environmental, commercial and social factors need to be considered
before a site can be considered suitable for aquaculture development.

Recommendation 22 Prior to any aquaculture development proceeding, detailed site-
specific investigations should be carried out.
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6 Conclusions

Corner Inlet and catchment has significant areas of natural assets, which require appropriate
management to maintain and where possible enhance their integrity. Significant stands of cool
temperate forest exist within the upper parts of the catchment, and the lower plains have large
areas of relatively intact coastal scrubland that border onto a healthy marine environment, which
together make the overall area significant from a biodiversity perspective. For the different type
of habitats, appropriate management strategies need to be developed based on scientific
knowledge and understanding. And for each management strategy, appropriate performance
measures need to be developed and monitored effectively to ensure the integrity of the
biodiversity is maintained.

It is apparent that the most significant impact on the environment in Corner Inlet and catchment
has been associated with post 1870s settlement, which has resulted in an escalation in land
clearing and resources exploitation. It is anticipated that the pressure placed on the
environment through agricultural development is likely to have stabilised, however good
planning and responsible management is required to reduce what has been an increasing
impact over the last 50 years.

The topography of the catchment — steep slopes and relatively short rivers, in combination with
the incidence of severe rainfall events are the dominant physical driver of environmental
impacts. The altered landscape and associated land use result in significant loads of sediment
and nutrients entering the Inlet during high rainfall events. It was apparent that none of the
catchments stood out as being the worst, as each has the potential to be a major contributor of
nutrients and sediment under high rainfall events.

Data from the Waterwatch Program, which commenced in 1997, shows water quality in small
streams as being poor. This in general can be associated with local run-off from agricultural
areas that produces high concentrations of nutrients (eg dairy pasture). However, it is the rivers
and to a lesser extent, sewage treatment plants, that contribute the larger loads to the Inlet,
though generally at relatively low concentrations. Excessive nutrients contribute to reduced
water quality, and under certain condition (high concentrations and reduced water circulation)
can produce algal blooms. Poor water quality can also lead to reduced seagrass growth that in
turn impacts on aquatic ecosystems, which includes the commercial and recreational fishery.
Likewise, sediment loads which reduce light and smother bottom organisms have a detrimental
impact to the fishery.

Corner Inlet is the only area in Victoria which has dense meadows of the broadleaf seagrass
Posidonia australis. Three other seagrass species are found in Corner Inlet: the short eelgrass
Zostera muelleri, long seagrass Heterozostera tasmanica and southern paddleweed Halophila
australis. There has been concern for more than 30 years that the total area of seagrass in
Corner Inlet is reducing, with particular concern about the extent and health of the Posidonia
australis meadows. However, it is not clear through the mapping and investigations undertaken
to date what has caused the reported decline in seagrass. The most probable causes are likely
to be associated with the increased sediment and nutrient loads entering the Inlet, which have
altered the ecosystem in both a biological and physical manner. It is also apparent that the
mapping and description of these variations in seagrass coverage and health has not provided
a consistent record for comparison. And as has been suggested by all those involved in
previous investigation of seagrass in Corner Inlet, it is critical to have a well designed and
defensible ongoing monitoring program to measure changes to seagrass — total coverage,
species composition and density in the various geographic areas within the Inlet.

The commercial fishery, which is intimately linked to the health of the seagrass, has been able
to maintain continuous operation since the 1840s; however it has shown changes which can be
attributed to environmental impacts both locally and from wider a field. The maintenance and
development of ports have not had a lasting impact; however uncontrolled development could
impact on a delicately balanced tidal embayment — alteration of the hydrodynamics within the
Inlet, could result in increased resuspension of sediments leading to loss of benthic vegetation
and further destabilisation of the unique channel morphology.
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7 Recommendations

Throughout the document we have provided 22 recommendations, which are reproduced below
in order of priority. As new issues emerge and current management plans are further
implemented there importance will alter. However they should serve as points for further
discussion and evaluation in developing future management plans for the region.

Nutrients and sediment loads to the Inlet need to be reduced. A first step in this process
is to undertake a catchment audit to identify sources and target amelioration strategies
for the hotspots. This might include the development of “Run-off” models to estimate the
loads of nutrients and sediment for individual sub-catchments, to identify areas of
concern and where more targeted monitoring should be implemented. The models
could be further developed to assess the benefits of changed catchment practices, and
the predicted changes to loads that are exported to the receiving waters from the many
smaller catchments. Here monitoring should be maintained to indicate changes in the
catchment delivery of sediments and nutrients and also as a means of verifying the
analysis of catchment sources. (page 26)

Undertake a comprehensive mapping and monitoring exercise to ascertain areas and
condition of the eight physio-floral habitats in Corner Inlet (includes seagrass). This
activity would include developing a well designed and defensible program to measure
change over time to physio-floral habitat both as a total coverage, community structure,
and general health. The use of indicator species should be considered in such
assessments. (page 47)

The coverage and health of mangroves and salt marsh should be monitored as part of a
coastal habitat mapping and monitoring program. Such programs should consider the
use of remote sensing with satellite imagery to supplement field-based mapping. (page
48)

The effect of climate change on the frequency and intensity of concurrent extreme
rainfalls and storm surges within Corner Inlet should be evaluated to provide input for
coastal risk assessment studies and to inform appropriate coastal management
practices. (page 10)

A structured framework should be established by relevant agencies to respond to the
results obtained by Waterwatch. This should include a decision tree approach, which
escalates (triggers) investigations if certain results are recorded (eg multiple elevated
readings). (page 23)

Undertake flora and fauna surveys within representative areas to identify the range of
species present and to identify those species considered as rare or threatened. (page
30)

Undertake a survey to assess the status of terrestrial and marine pest plants, animals,
and diseases within Corner Inlet and its catchment. This would link with the need to
have appropriate management strategies in place for each type of pest and vector for
transmission, and would also benefit from being part of a State-wide monitoring
program. (page 30)

The history of land use changes within the region should be recorded and maintained to
provide points of reference for comparative purposes. This should include oral histories
from older residents associated with the industries that have changed or been impacted
by changes in the region. (page 9)
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Identify the location of areas at risk of erosion and ensure adequate precautions are
taken to reduce the risk — in general this will include assessment of the vegetation
cover. (page 14)

Water Quality and flow monitoring programs need to take into consideration the
intermittent nature of storm events as their impact on flow and quality can be
significantly underestimated if based on fixed interval monitoring. (page 16)

Identify those places at risk of flooding, and assess the likely impact to infrastructure
and ecosystems in the event of flooding. (page 18)

The Victorian Groundwater Monitoring Network should be extended to enable condition
monitoring of groundwater dependent ecosystems (eg freshwater wetlands and springs
fed by groundwater). (page 19)

The success of drainage management plans should be monitored and results reported
within an adaptive management framework. The monitoring should also be supported
by local studies aimed at improving the knowledge of intertidal areas; specifically the
value of mangroves and salt marsh in maintaining healthy aquatic environments. (page
31)

If further development of port facilities was to be considered it would be advisable to
develop a hydrodynamic model of the Inlet which would be capable of demonstrating
the impacts associated with alterations in water depths and movement of sediment.
(page 41)

Studies should be undertaken to clarify the impact of variable water quality and potential
changes in benthic habitat on the ecosystems within Corner Inlet. (page 49)

The use of farm audits to assess the success of effluent management strategies should
be continued with the benefits of changed practices monitored across the catchment.
(page 34)

Undertake an assessment of areas reliant upon onsite sewage disposal systems — the
initial step should be a screening assessment, where dwelling density and soil type are
considered against a best management criteria. For areas considered to be of high risk
(eg small blocks on sandy soils), further investigation of local contamination of water
bodies should be undertaken, along with audits of individual systems. (page 37)

Undertake an audit of riparian zones within the catchment. Consideration should be
given to integrating this activity with sediment load modelling. (page 27)

Strategies to reduce the spread of Myrtle Wilt should be assessed and reported upon as
part of an assessment of forest management practices in the region. (page 35)

Undertake studies to assess the impact of increased recreational fishing, which will then
assist in the development of management plans to minimise the impacts. (page 51)

The performance of management strategies aimed at managing the impact of acid
sulfate soils should be undertaken every 2-3 years. (page 32)

Prior to any aquaculture development proceeding, detailed site-specific investigations
should be carried out. (page 52)
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Appendix A

List of Waterwatch sites in the Corner Inlet study area

No. of Last

Site Code River Site Description samples Start Date Sample
IAGNO10 Agnes River South Gippsland Highway 294 8/05/97 11/12/03
IAGNO20 Agnes River Agnes Falls 261 7/05/97 10/12/03
IAGNO30 Agnes River Upper 231 28/01/97 15/05/03
IALBO10  Albert River Albert River below Jack junction 154 7/05/97 18/02/03
IALBO20  Albert River Alberton West 266 6/05/97  8/12/03
BCKO010 Buckland Road Drain Toora 97 15/07/98 23/10/03
BLC010  Billy Creek 259 6/5/97  8/12/03
BNNO10 Bennison Creek Lower 90 5/06/97 10/12/03
BNNO20 Bennison Creek Mid South Gippsland Highway 267 8/05/97 11/12/03
BRC010 Bruthen Creek 138 7/5/97  10/12/03
BYC010 Barry Creek Wilsons Prom 186 14/05/97 3/12/03
DNC010 Dingo Creek Upper 229 7/05/97 15/05/03
DPC001 Deep Creek Lower at Bennison 241 7/05/97 10/12/03
DPC010 Deep Creek South Gippsland Highway 277 8/05/97 11/12/03
DPC020 Deep Creek Upper Nippards Track 254 21/05/97 18/12/03
EAG010 Estuarine Barry Beach Terminal ESSO Training Centre 123 27/03/01 24/11/03
EENO10 Estuarine Entrance to the Inlet from Singapore Mountn 82 14/05/01 21/11/03
EFR010 Estuarine Franklin River entry 69 7/03/01 18/12/03
EPWO010 Estuarine Long Jetty, Port Welshpool 92 26/02/01 3/12/03
FRRO010 Franklin River Lower, South Gippsland Highway 298 8/05/97 11/12/03
FRR020 Franklin River Mid at B. Knee property 113 8/05/97 11/12/03
FRRO30 Franklin River Upper 94 7/05/97  6/05/99
FRRO31 Franklin River Farm Run-off 110 7/05/97  3/12/03
GLC010 Golden Creek 74 18/06/97 23/08/02
JCKO010  Jack River 265 7/05/97  9/12/03
MCL010 McLoughlins 55 26/02/01 16/04/03
MDCO010 Muddy Creek South Gippsland Highway 289 8/05/97 11/12/03
MDC020 Muddy Creek Lower, Toora 180 5/08/98 11/12/03
NNCO010 Nine Mile Creek South Gippsland Highway east of Welshpool 185 25/06/97 4/12/03
ODCO010 Old Hat Creek Prom Road 34 10/07/97 23/08/02
PRC010 Poor Fellow Me Creek Prom Road 33 10/07/97 23/08/02
SHC010 Shady Creek 226 7/05/97  4/12/03
SHC020 Shady Creek South Gippsland Highway 258 15/05/97 11/12/03
STY010  Stockyard Creek Lower 129 7/05/97 10/12/03
STY020  Stockyard Creek High 110 7/05/97 27/11/03
TINOO1 Tin Mine Creek Scannels Road, Mt Best 280 7/07/96 11/12/03
TRRO01 Tarra River 13 8/05/97 26/01/00
TRRO10 Tarra River 247 8/05/97 11/12/03
TRR020 Tarra River 287 5/01/97 11/12/03
VWQMN sites in the Corner Inlet study area

No. of Catchment
Site Code River Site Description samples Start Date End Date Area km2
227203 Franklin River Henwoods Bridge 128 30/7/75 15/09/86
227237  Franklin River Toora 161 3/05/83 24/04/02 75
227211  Agnes River Toora 285 30/7/75 24/04/02 67
227216  Albert River Hiawatha (below falls)
227200  Tarra River Yarram
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Waterwatch sites — mean & maximum values (1997 — 2003)

Site Number EC (uS/cm) pH (pH Units) ReactP (mg/L P) Tphos (mg/L P) ‘ Turbidity (NTU)
Mean Max Min  Mean Max Mean Max | Mean Max | Mean Max

AGNO010 0.04 0.23 0.10 0.52 66

AGNO020 0.05 0.95 0.11 0.64

AGNO030 0.04 0.26 0.08 0.63 87

ALB010 0.04 0.39 0.10 0.44 69

ALB020 0.04 0.4 0.08

BCKO010 . 0.13 - 0.30

BLCO10 0.05 0.47 0.13

BNNO10 0.10 0.68 0.18

BNNO020 0.80

BRCO010 . 0.03 0.2

BYCO010

DNCO010 0.04

DPC001 0.06

DPCO010 0.04

DPC020 0.04

EAGO010

EENO10

EFR010

EPWO010

EYA010

FRRO10

FRR020

FRRO30

FRRO31 3550

GLCO10 5.68
JCKO10 5.92

MCLO10

MDCO010 2449 5250

MDCO020 3920

NNCO010 4080

ODCO010

PRCO010

SHCO010 1955 6650 0.21

SHCO020 1796 25100 0.13

STYO010 17980 0.04

STY020 0.03

TINOO1 0.04

TRROO1 6.17 0.03

TRRO10 6.17 0.03

TRRO020 5.94 0.04

Trigger levels

Low land river 125 - 2200 6.5-8.5 0.02 0.05
Estuaries na 7-85 0.005 0.03
Rating Concern

Trigger levels obtained from the Australian and New Zealand Guidelines for Fresh and marine
Water Quality, Page 3.3-10http://www.deh.gov.au/water/quality/nwgms/pubs/wgg-ch3.pdf, and
provided below.

CSIRO Land and Water Page 62



Default trigger values for physical and chemical stressors for south-east Australia for slightly
disturbed ecosystems

Copied from Table 3.3.2 of the Australian and New Zealand Guidelines for Fresh and Marine Water Quality
(2000). Trigger values are used to assess risk of adverse effects due to nutrients, biodegradable organic
matter and pH in various ecosystem types. Data derived from trigger values supplied by Australian states
and territories. Chl a = chlorophyll a, TP = total phosphorus, FRP = filterable reactive phosphate, TN =
total nitrogen, NOx = oxides of nitrogen, NH," = ammonium, DO = dissolved oxygen.

%% %
18 1 ® 1 & 138 138 138 & &
4 )5 5 )5 ) 6 ) *5 75
5 5 4 5 8 4 5 ) x5+
%9 g ) 5 5 ) ) 6 ) x5 4
& 5< )5 )5 + )) 7 +5
) 45 ) )4 5 ) 5% 6 ) + +8

na = not applicable;

a = monitoring of periphyton and not phytoplankton biomass is recommended in upland rivers —values for periphyton
biomass

(mg Chl a m™) to be developed;

b = values are 30 1gL™for QId rivers, 10 1gL™for Vic. alpine streams and 13 1gL™for Tas. rivers;

¢ = values are 100 1gL™ for Vic. alpine streams and 480 1gL™ for Tas. rivers;

d = values are 3 1gL™ for Chl a, 25 1gL™ for TP and 350 1gL™ for TN for NSW & Vic. east flowing coastal rivers;

e = values are 3 IgL™ for Tas. lakes;

f = value is 5 1gL* for Qld estuaries;

g = value is 5 1gL™* for Vic. alpine streams and Tas. rivers;

h = value is 190 1gL™for Tas. rivers;

i = value is 10 1gL™ for QId. rivers;

j = value is 15 1gL™ for QId. estuaries;

k = values of 25 1gL™ for NOxand 20 1gL™ for NHa

+for NSW are elevated due to frequent upwelling events;

| = dissolved oxygen values were derived from daytime measurements. Dissolved oxygen concentrations may vary
diurnally and

with depth. Monitoring programs should assess this potential variability (see Section 3.3.3.2);

m = values for NSW upland rivers are 6.5-8.0, for NSW lowland rivers 6.5-8.5, for humic rich Tas. lakes and rivers 4.0-
6.5;

n = values are 20 gL for TP for offshore waters and 1.5 1gL™ for Chl a for QId inshore waters;

o0 = value is 60 1gL™ for QId rivers;

p = no data available for Tasmanian estuarine and marine waters. A precautionary approach should be adopted when
applying

default trigger values to these systems.
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