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Executive Summary

This Environmental Water Management Plan (EWMP) summarises the-dejtendent values,
environmental objectives, and environmental watering requirements needed to achieve
environmental objectives on floodplains within the BarrAdiilewaForesticon Site It is an update
of the 2012 EWMP fdBarmahMillewa Foresthat reflects the ongoing management Barmah
Millewa Forest as one dhe Living Murray (TLMgon Sits, a Ramsar wetland site of international
importance,andto ensure consistencwith the Basn Planas well as Commonwealth and State
government environmental water managemeptocesses

Asset overview

BarmahMillewa Foresisa TLMIcon Sitethat isreserved as the Barmah National Park and Murray
RiverReservean Victoria, and as part of the Murray Valley National Park in New South Wtakes.
continuous forest and wetland system thiaicludes a mosaic of permanent and sgmermanent
wetlands as well asiver red gunforest andbox woodlandson higher elevatiorfloodplain areas

Impacts of river regulation on hydrology

River regulatiorand diversion of water to meet consumptive demand rapacted the natural
hydrological regimeat Barmah Millewa ForesSpecific consequences of changethimfrequency,
duration, variability and timingf water delivery (Goulburn Broken CMA 2015, MDBA 2aié}hat:

1 The frequency of wintespring floods has been greatly reduced; for example, floods that once
occurred every ¢ 3 yearsnow occur about everyd@ years and those that occurredbout 1 in
10 years now occur abowinceevery 2%30 years.

9 The duration of inundation aiver red gunforest has reduced from an average of five months
to two months per year

1 The timing of flooding has shifted from predominantly wirggring to now include
undesirable small floods in summer.

9 The maximum length of dry periods has increasedait

9 The variability of river flows has reduced: under natural conditions, monthly flows vary
between 100 GL and 980 Ghonth; under current regulated conditions they vary between
110 GL and 400 Ginonth.

1 The volume of river flows has reduced: downstream of Yarrawonga, diversions reduce annual
flow by 25% compared to natural conditions.

Environmentalvalues

Wetlands and waterways on the floodplain are a vit@mponent of the landscape at Barmah

Millewa Forest, supporting a vast array of plants and animals which may vary greatly with the type of
wetland/waterway system. Twentgeven aquatic ecosystem types have been recorded across the
entire site, which alongyith the vegetation communities supported provides essential habitat for
maintaining populations of watedependent fauna species. Other ecological functions provided by
floodplain complexes include water filtration, slowing surface water flow to redudessasion,

flood mitigation and reducing nutrient input into waterways. Protecting the ecological functioning of
wetlands ensures these vital services are maintained.
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BarmahMillewa Forest is a known biodiversity hotspot. Records from the Victorian Biodiversity Atlas
6+. 1 OKbFOGdzZNEBYAG O6F2NJ . FNYIFKO FYR b{2Qa .A2bSi
over 650 plant species. The high number of speciesrisistent with previous reports of biodiversity
(e.g., Loyn et al. 2002, Hale and Butcher 2011). Of note, the VBA and BioNet records included:

Over 140 aquatic dependent plant species;

Over 60 waterbird species;

Over 25 fish species, including over 20 native species;
Nine frog species;

Three decapod species, including Murray spiny crayfish;

Over 15 reptile species, including three turtle species;

=A =/ =4 =4 =4 4 =

Over 25 native mammal species, including 15 species of bat.
The broader icon site is known to support a range of threatened species including at least:
1 21 nationally threatened species; and

1 3lstatelisted fauna species.

Shared benefits

In addition to maintaining environmental valuesatering atBarmahMillewawill deliver additional
social, economic, and cultural benefitSxamples include:

1 Economic

o improved water quality, reducd risk ofblackwater andlue greenalgal blooms which
reduces the treatment costs for downstream urban water authorities and reduces
operational risk.

o0 Water diversion through Barmakllillewa Forest can alleviate sonBarmahChoke
channel capacity constraints for downstream irrigation and urban water demands.

9 Recreation

o Environmental water improves vegetation and water quality and consequently
provides an attractive area for day visitors and campers with enhanced active (e.g.,
fishing, boating) and passive (e.g., birdwatching) recreational pursuits.

o Environmental water improves the local environment and increases species richness
in the riparian and floodplain area to retain or enhance natural assets that can be
enjoyed by everyone and encourages community conservation and outdoor
activities.

Importantly, the Icon Site is of high value to First Nations people and particularly the Yorta Yorta and
Bangerangeople andncludes the presence of numerous cultural heritage sites and story lines. First
Nations people have a long history of occupation at Barfdllewa and along the Murray River
generally and have developed and maintained a comprehensive knowledge and tamdigng of

Country developed over tens of thousands of years.
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Managing waterrelated threats

The main threat to watedependent values is altered water regime due to the presence and
operation of dams, weirs and water consumption along the Murray River system. This has reduced
the frequency and duration of floodplain inundation due to reduced MyrRiver flows; this effect

can be exacerbated by the severity of drought and climate change across the southern -Murray
Darling Basin.

River regulation has also caused lasgale riverbank erosion along the Murray and Edward rivers,
especially along the Tocumwal, Barmah &divard River chokes. The chokes are natural
constrictions in the rivers and the natural levees, created over thousands of years, have produced a
perched stream effect where water levels in the river are higher than the surrounding floodplain
forests. The lsokes and natural levees are significant natural and cultural assets for the river system
and help to naturally reglate flows into BarmalMillewa Forest. Degradation of the chokes and

natural levees is a major threat to the ecological character and cultural values of the rivers and
forests. Large volumes of silt are being deposited throughout the forests. Many kégnastwithin

the forests, including the 50Bectare Moira Lake, have become much shallower due to
sedimentation and is a direct result of riverbank erosion.

Other highpriority threats include the impact of invasive species, particularly grazing, foraging and
disturbance by feral herbivores.

Climate change is an emerging threat that can exacerbate threats to environmental values, such as
those listed above. In particular, shifting rainfall and runoff patterns in tributary catchments (e.g.
Kiewg Ovens) has led to reduced inflows to the Murray River (HARC 2021).

Management goal

Given its status as a Ramsar wetland and recognition under TLM as an Icon Site, the management
goals for BarmatMillewa Forest are to:

T alAyGlrAYy 2NJ AYLINROS (GKS aiAisSQa S$02t23A01t OF

1 Maintain ahealthy River Murray system, sustaining communities and preserving unique
values.

Environmental objectives and targets
Fourteen detailed environmental objectives (and associated targets) are presented:

1 BMF1_2023 Contribute to the maintenance of the ecological character of the Barmah Forest
and Central Murray Ramsar sites.

1 BMF2_2023 Continue to support key life cycle stages for migratory waterbirds listed under
international treaties.

1 BMF3_2023 A positive trajectory in the condition of representative ecosystem types (i.e.,
Water Regime Classes/ANAE) at Bartivillewa Forest by 2033.

1 BMF4_2023 By 2033, maintain the presence of threatened wade@endent species that are
recorded on a regular basis at Barmistillewa Forest icon site.
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1 BMF5_2023 By 2033, a positive trajectory in the condition of nativewoady aquatic
vegetation in permanent river and creek, temporary river and creek, temporary marsh and
permanent lake WRCs at BarmBftillewa Forest.

1 BMF6_2023 A positive trajectory in condition of native woody vegetation associated with
river red gum forest and woodlands and box woodlands WRCs at Bavtillelva Forest by
2033.

1 BMF7_2023 Restore representative subpopulations of native water dependent biota at
BarmahMillewa Forest, by 2033.

1 BMF8_2023 By 2033, regularly support waterfowl breeding and ssnalé colonial breeding
events at BarmaiMillewa Forest icon site.

1 BMF9 2023 By 2033, maintain or increase representative species richness of shatkew
and deepwater feeding guilds of waterbird (F2 and F3, respectively, after Jaensch 2002) at
BarmahMillewa Forest.

1 BMF10_ 2023 By 2033 support successful breeding and recruitment of native fish across the
whole BarmakMillewa Forest in permanent and temporary riverine WRCs.

1 BMF11_2023By 2033 support successful breeding and recruitment of frogs at Barmah
Millewa Forest.

1 BMF12_ 2028y 2033, support access to habitat for small bodied fish and movement of large
bodied riverine native fish by ensuring that flow sequences, and inundation and recession
events, meet ecological requirements of key species in Bafililbwa Forest.

1 BMF13_ 2028y 2033, regularly provide refugia to support the leagm survival of water
dependent biota on the managed floodplain of the BarmMdiliewa Forest icon site and
Gulpa Creek during drought.

1 BMF14_ 2028y 2033, mitigate the impact of invasive species and feral animals on floodplain
and wetland ecosystems and native watigpendent species at BarmaWillewa Forest icon
site.

These environmental objectives will be achieved in large part by delivering, as far as possible, the
flooding requirements of BarmaNillewa Forest, along with implementation of complementary
management activities (e.g., invasive species control) to erthblachievement of outcomes that
water delivery alone cannot achieve.

Environmental watering requirements

Without environmental watering, the combined and accumulative impacts of river regulation and
recurring drought have the potential to push floodplain ecosystems (and the species they support)
beyond their capacity to cope with (resist) or recover from i{iesce) disturbance.

Environmental watering regimeare proposed to meethe environmentalobjectivesset forBarmah
Millewa, based on the watering needs of the WRCs present.

Environmental water delivery infrastructure
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Water delivery infrastructure exists acroBarmahMillewa Forest, with additional infrastructure
planned in Millewa Forest under the Basin Plan SDLAM program, and separately through the
installation of a regulator at Kynmer Creek (Barmah Forest). Thus environmental water can be
delivered across th8oodplain using a mixture of infrastructure (e.g/ater regulators, fishways,
containment bankg see Section 9.1).

Demonstrating outcomes and managing for uncertainty

A significant monitoring and evaluation effort already occurs at BarMdlewa Forest under TLM
and other complementary programs. Details of the monitoring and evaluation addressing the
environmental objectives and targets are presented in Section 10.1.

Knowledge gaps to be filled

Thepartners involved irmanagingwater delivery at Barmaiillewa Forestcan gain additional
insights to inform future adaptive management by addressing knowledge, gapscularly those
related to optimizing the volume and delivery of water across the Icon site and the response of
target flora and fauna to water delivery.

A series of Rowledge gapsave been listed (Chapter 11) that if addressed will helpptimise
water delivery across Barm&a¥illewa Foresand assess environmental responses to water delivery.
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1 Introduction

This Environmental Water Management Plan (EWMP) has been prepared to document tiierlang
water management goals and objectives for Barmah Forest and Millewa Forest (BRfilteha

Forest), which together make up the Barmiafillewa Icon Site as recognideinder The Living Murray
initiative.

This EWMPeplaceshe previous EWMP (MDBA 2012) and ongoing management of Bavhilewa
Forest. It includes an update of its objectives and targets to be consistent with those of the Murray
Darling Basin Plan (the Basin Plan) (Commonwealth of Australia 2012) and th@aNiEMYMP
guidelines (DELWP 2022).

1.1 Environmental water policy, planning and management
1.1.1 Victoria

Environmental water in Victoria is managed as an integral part of the VictBrRi @ S Ny Y Sy G Qa 2 |
Management Program (DELWP 26R Including the Victorian Waterway Management Strategy (DEPI
2013)and Goulburn Broken Waterway Strate@youlburn Broken CMA 20L& igurel), the latter of
whichidentifies priorities for environmental water management over an eigéar planning period.

The Victorian Catchment Management Authorities (CMBspartment of Environment, Energy and

Climate Action (DEECgYeviouslyDepartment of Environment, Land, Water and Planning (DE)_&iel)

the Victorian Environmental Water Holder (VEWH) have worked together through an adaptive
management process to develop EWMPs for watered assets throughout Vidth&arimarypurpose

of the plans is to provide a consistentt € documents that support Seasonal Watering Proposals to be
submitted by CMAs to the VEWH annually (e/&WH 202). EWMPs are a foundational component of

the LongTerm Watering Plans (LTWP, DELWP 2021a) for priority environmental assets, such as Barmah
Millewa Forest, guiding planning for environmental water delivery and outcomes for wiafgendent
ecosystems outlied in Part 2 of Chapter 8 of the Basin Plan.

1.1.2 New South Wales

Environmental water in New South Wales is managed by the Department of Planning and Environment
(DPE) Environment and Heritage group through implementation of LTWPs, including the Maonrery
Darling LTWP (DPIE 2@2D), which set environmental watering objectives for five, 10 and 20 year time
frames. The plans set objectives, targets and watering requirements for key plants, waterbirds, fish and
system functions based on advice received from Environmental Water Agyisoups (EWAGS).

Annual water planm are prepared to prioritise the use of environmental water in the coming year,
considering factors such as the recent climate conditions and water availability.

In NSW, water sharing plans set out planned environmental flow rules and contain other provisions for
the protection and management of planned environmental water. These rules vary between valleys,
and according to whether they are regulated or unregulated rivers or groundwater sources and focus on
the objectives that are most important for each water sourthe planned environmental flow rules in

the water sharing plans include river flow objectives that are designed to:

1 Limit extraction to protect a share of water for the environment,

1 Replicate natural flow patterns or events to provide water when and where it will meet
environmental needs.



OFFICI£

Commonwealth and Victorian Environmental Water Planning
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Figurel: Relationship of the BarmaiMillewa Forest9 2 at g A G KA Y
planning and management framework.

1.2 The Living Murraynitiative and Murray-Darling Basin Plan
1.2.1 The Living Murray

The Living Murray (TLM) initiative was established in 2002 via a partnership between the
Commonwealth, New South Wales, Victorian and South Australian governments, and is coordinated by
the Murray-Darling Basin Authority (MDBA). The TLM has thedeng goal of achieving a healthy
workingMurray Riversystem for the benefit of all Australians. TLM aims to improve the environmental
health of six icon sitesncludingBarmahMillewa Forest chosen for their significant ecological, cultural,
recreational, heitage and economic values.
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TLM was established under the following instruments and is managed collaboratively by the partner
governmentg(IGA 2004, 20QFigure2):

1 Intergovernmental Agreement (2004) on addressing water overallocation and achieving
environmental objectives in the Murraarling Basin (IGA 2004);

1 Supplementary Intergovernmental Agreement (2006) on addressing water overallocation
and achieving environmental objectives in the Mur@grling Basin (IGA 2006ited in IGA
2009);

1 The Living Murray Business Plan 2007 (Business ¢iad in IGA 2009

1 Further agreement (2009) on addressing water eakocation and achieving environmental
objectives in the MurrayDarling Basin (IGA 2009).

TLM has been used to support delivery of the Basin Plan since the latter came into effect in 2012. This
has included the establishment of the Southern Connected Basin Environmental Watering Committee
(SCBEWC). SCBEWC includes representatives from Besanst®ustralian Government

environmental water holders, water managers and river operators, who coordinate the delivery of all
environmental water in the Southern Connected Muragirling Basin, consistent with the Basin Plan
Environmental Watering PlaiChapter 8 of the Basin Plan) and its objectives (MDBA 2020a). In addition
to the coordination function, SCBEWC also makes decisions on the use of jointly held environmental
water portfolios¢ The Living Murray portfolio, Murray River Unregulated FlowsMnoday River
LYONBI&aSR Cf2g6az YR ¢KS [AQBAY3 adzaNNI &Qa Y2yAdz2

Inter-governmental Southern Connected Basin ( Water Act 2007
Agreement(s) Environmental Watering Clause 18H - Managing Water Access Rights etc. for
E TLM initiative
Committee

Schedule F;, MDB Agreement also relevant in regards
to River Murray Increased Flows (RMIF)

Addressing water over allocation & o ) - -
achieving environmental objectives Coordinating all environmental water Murray-Darling Basin Plan: Ch 8

in the MDB in the Southern Connected Basin Environmental Water Plan
Also relevant links to: Ch 7 - Adjustment of
Original IGA Further & SDLs, Ch 9 - Water Quality and Salinity

« Management Plan, Ch 10 - Water Resource
Agreement 2009 Planning (incl Part 14 Indigenous values and

Supplementary Control & dec:;:on making on jointly he_ld uses) and Ch 13 Monitoring and Evaluation
Management of environmental water portfolio
IGA 2006 TLM Asset
Ssets (TLM & RMIF)
Y i
TLM Business Plan .
2007 Established 2015 \ /
Terms of Refer_ence - agreed by Tonchern e
MinCo

Basin-wide Long-Term
 / Environmental Watering Plans

Watering Strategy and Water

. . MDBA
Icon Site Environmental < ( ) Res?sutr;;;'ans
Management Plans
Agreed MinCo & incorporate Site AL AL
Objectives, Operating Plans for TLM
Works & Measures, and Condition Basin Priorities Regional Priorities
Monitoring Plans (MDBA) (States)
WATER DECISIONS and DELIVERY
Environmental water holders, managers, and river
operators

Figure2: The Living Murray governance framewo(8ource:modified from Mallee CMA 2021).
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While the MDBA plays a key coordination role for SCBEWC and at TLM program level, managyaient
delivery of TLM activities at the icon sites are primarily undertaken by relevant agencies in the
jurisdictions where the icon sites are locatésbe Section 3.2)

1.2.2 Murray-Daring Basin Plan

In the MurrayDarling Basin, environmental wataranagemenis governed by the Murrafparling

Basin Plan (hereafter the Basin Plan) (Commonwealth of Australia 2012). A key element of the Basin
Plan is the Sustainable Diversion Limit (SDL) for each water resource area (Victorian Murray LTWP area
andNew South Wales Murray and Lower Darling water resource plar ardaating the amount of

water that can be extracted for irrigation and other uses.

The Basin Plan allows for the MD&#propose adjustments to the SDLs, which if approved are made by
amendment of the Basin Plan under section 23B of\Weter Act 2007 Known as the SDL Adjustment
Mechanism (SDLAM), there are two avenues for adjustment of SDLs: supply measures and efficiency
measures. Supply measures lead to an increase in the quantity of water available before take for
consumptive use, either by makimgater available for environmental management without reducing
consumptive take or by allowing environmental managers to achieve equivalent outcomes more
efficiently, thus reducing the amount of water needed for the environment.

The intent of supply measures is to achieve equivalent environmental outcomes without needing to
reduce consumptive take as much as originally anticipated in the Basin Plan (Commonwealth of
Australia 2012). An efficiency measure is one that makes savirige amount of water required for
consumptive purposes; however, both must have neutral or improve neutral or improve-socio
economic impact.

TheMillewa Forest SDLAM projédsee also Section 1.2.3 below) is a supply measure prtfjataims
to:

1 Increase environmental flows from east to west of the system which will enable-bodi#d fish
to better migrate for breeding and feeding

Improve the ability to target environmental flows and reduce unseasonal flopding

Provide a drought refuge (areas that remain permanently wet) for floodplain vegetation
Improve the ability to manage water levels in Moira Lake to better reflect seasonal varijations
Support the ecological habitats of endangered species to ensure their survival in the forest
including bird species like the Australaskttern.

=A =4 =4 =9

Further information on environmental water managememithin BarmahMillewa Foresis provided in
Section 3.4.

1.2.3 Addressing constraints on water delivery

NSW and Victoria are also implementing constraints projéten in partnership) via th&®econnecting
River Country Prograhand the \ictorian Constraints Measures Programespectively. These projects
aim to achieve a balance of economic, social, cultural and environmental outcomes by improving

1 https://www.dpie.nsw.gov.au/water/watetinfrastructurensw/sdlam/murrumbidgeeand-murray-nationatpark
project/millewa-forestproject
2 https://www.dpie.nsw.gov.au/water/water-infrastructure-nsw/sdlam/reconnecting-river-country-

program#:~:text=The%20Reconnecting%20River%20Country%20Program%20aims%20to%20achieve%20a%20balance,improving%
20wetland%20and%20floodplain%20connectivity.

3 https://www.water.vic.gov.au/murray-darling-basin-plan/victorias-progress/projects/constraints-measures
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https://www.dpie.nsw.gov.au/water/water-infrastructure-nsw/sdlam/reconnecting-river-country-program#:~:text=The%20Reconnecting%20River%20Country%20Program%20aims%20to%20achieve%20a%20balance,improving%20wetland%20and%20floodplain%20connectivity
https://www.dpie.nsw.gov.au/water/water-infrastructure-nsw/sdlam/reconnecting-river-country-program#:~:text=The%20Reconnecting%20River%20Country%20Program%20aims%20to%20achieve%20a%20balance,improving%20wetland%20and%20floodplain%20connectivity
https://www.dpie.nsw.gov.au/water/water-infrastructure-nsw/sdlam/reconnecting-river-country-program#:~:text=The%20Reconnecting%20River%20Country%20Program%20aims%20to%20achieve%20a%20balance,improving%20wetland%20and%20floodplain%20connectivity
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wetland and floodplain connectivityhe projectdocus on relaxing or removing some of the constraints
or physical barriers that can affect the delivery or management of environmental water in areas of the
southernconnected MurragDarling Basin

For example the project on theMurray River from Yarrawonga to the Wakool River juncbemg
undertaken by Reconnecting River Country program uigi2lt AMhas the potentiato prevent
approximately 60 GL of water purchases, whilst still achieving environmental outcomes without
negative economic consequences for southern Basin communities in NSW. It will enable water for the
environment to be delivered more efficiently to coect rivers to floodplains more often without the

need for further water purchase

1.3 BarmahMillewa Forest Environmental Water Management Plan

This EWMPeplaceshe environmental objectives, targets, and outcomes to be achieved with
environmental watering at Barmaklillewa Forest(tMDBA 2012)consistent with theMurray-Darling
Basin Plan objectives and outcomes (Commonwealth of Australia 284@)ims to:

1 Identify the longterm environmental objectives for wetland, floodplain and riverine ecosystems
and specific watering requirements (frequency, duration, timing) needed to achieve those
objectives;

i Establish links between identified ecological values and appropriate environmental watering
objectives supported by monitoringrograms and the identification of specific knowledge gaps;

1 Provide for community consultation, including for the letagm objectives and water
requirements of the wetland and floodplain ecosystems;

1 Inform the development of seasonal watering proposals,(bg.the Goulburn Broken CM#and
seasonal watering plans (i,&y the VEWH; and

1 Contribute to implementation of the VictoriaMurray LongTerm Watering Plan (DELWP 28p1
and New South Wales Murray and Lower Darlivigter ResourcePlan ©PE 202)) consistent
with Murray-Darling Basin Plan requirements.

This EWMP incorporates significant information from existing documamds importantly, the body of
knowledge built on 20 years of implementing TLM and management of Baktilgdgwa Forest. It

represents the best available information available for the EWMP, and its implementation is considered
to have a strong scientific biss
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2 Partnershipsand consultation

During the development of this update to the Barmistillewa Forest EWMtakeholders were

engaged and provided opportunity to have inptiaplel). Consultation is an ongoing process that the

GB CMA and its NSW partners coordinate in association with environmental water management for the
site.

Tablel List of stakeholder and rights holders engaged in the development of the updated EWMP.

Name Agency Position

Nicola Watson DCCEEW

Susan Watson DEECA Senior Project Officer TLM

Amy Scott DEECA Project Officelg TLM

Paul Childs DPE Senior Environmental Water Management Officer

Paula M4ntos DPE Senior Team Leader, Environmental Water & Floodplains
Keith Ward GB CMA Project Manager TLM

Tim Barlow GB CMA Project Officer TLM

Bill Mathews MDBA Assistant Director, Environmental Water Coordination
Cristina Vicente MDBA Senior Project Officer, Environmental Water Coordination
Brady Cronin NPWS Project Officer TLM

Matt Crawford NPWS Project Officer TLM

Wil Allen NPWS Senior Project Officer West Branch Ecological Monitoring
Bruce Wehner PV Regional Planning Officer (Environment Land and Water)
Kathryn Stanislawski PV Program Leadet Ecological Water

Keith Chalmers VEWH Team Leader, Environmental Water Delivery

Jay Whittaker YYNAC Engagement & Coordination Manager

Sonia Cooper YYNAC Operations Manager




OFFICI4

3 Asset overview
3.1 Catchment setting

The BarmatMillewa Forest is the large®iver Red GurfEucalyptus camaldulengiforest in Australia,
covering approximately 66,00@htaresof floodplain straddling the Victorian and New South Wales
boarders between the townships of Tocumwal, Deniliquin and Ecfitigare3). The site is a

continuous forest and wetlandystem reserved as the Barmah National Park and Murray River Park in
Victoria, and as part of the Murrayalley National Park in New South Wales.

Edward River

0 10 km
Deniliquin e —

New South
Wales

Millewa Forest Tocumwal

Barmah Forest

River Murray

Yarrawonga
main channe

Yarrawonga

Yarrawonga Weir
Broken Creek

Victoria

Goulburn River

Figure3: Location ofBarmahMillewa Forest(source: MDBA)

Throughout this document individual areas of the icon site will be discusséfctoria Barmah Forest

is listedseparatelyunder the Ramsar Conventi@s a Wetland of International Importancéhe Barmah

Forest portion of the icositeis predominantly covered byver red gumforests and woodlandand

floodplain marshegHale and Butcher 2011)h& MillewaForestportion of the icon site is reserved as

the Murray Valley National and Regional Parks comprisirigeoMillewa, Moira and Gulpa Island

precincts (hereafter called Millewa Forest). Millewa Foliesbmprised of Inland Riverine Forests,

Inland Floodplain Woodlands, Floodplain Transition Woodlands, Riverine Sandhill Woodlands and Inland
Floodplain Swamps (Keith 2004ed in Borell 2018. The Millewa group of forests are part of the
Ramsailisted NSW Central Murray Fore®amsar site.

3.2 Land status and management

BarmahMillewa Forest is predominantly national park, surrounded by agricultural |&igdife4). The
Barmah Forest component in Victoria covers 29,457 hectares, while the Millewa Forest component in
New South Wales covers 36,543 hectares (MDBA 2012). Barmah Forest is located within the Moira
Shire Local Government Area and the Goulburn Broken @gfian, while Millewa Forest is located
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within the Murray River Local Government Area and the Murray Local Land Services region in New
South Wales.

A full list of stakeholders involved with environmental water delivery and management at Barmah
Millewa Forest is provided ihable2.

The Victorian Department of Energy, Environment and Climate Action (DEECA) coordinates the
implementation of TLM in Victoria. Barmah Forest is jointly managed by Parks Victoria in partnership
with the Yorta Yorta Traditional Owner Land Management Board@Y¥B 2020) he regional
environmental water manager is tHeéoulburn BrokerCMA bulk water delivery in Victoria is managed
by GoulburaMurray Water. Millewa Forest is managed by the National Parks and Wildlife Service
(NPWS) within the DPE; the regiomadter manager is WaterNSW.

Water delivery along the Murray River is managediyer Murray Operationsf MDBA who manage

water deliverywithin the Southern Connected Basin on behalf of Basin jurisdictions (New South Wales,
Victoria and South Australi&) collaboration with GoulburiMurray Water WaterNSWand the
BarmahMillewa Operating Advisory Group convened by MO&4.,MDBA 2020h)

Whilst managed predominantly as a single asset for environmental water delivery, Bviitlalva

Forest is comprised of two wetlands listed under the Ramsar convention for wetlands of international
significance (see also Section 5.1). Barmah Forest id bst¢he Barmah Forest Ramsar site (Hale and
Butcher 2011), while Millewa Forest is listed as part of the wider New South Wales Central Murray
Forests Ramsar site (Harrington and Hale 2011). Management of Baviilatva Forest also recognises
bilateral international bird agreements, amongst other Australian, New South Wales and Victorian
planning and regulation instrument3 §ble3).

3.2.1 Management scale

The management scale for this EWMP is the floodaith waterway<f BarmahMillewa Foresthat
can be inundatedia existing infrastructure and water delivery arrangeme(seeChapter9).
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Barmah - Millewa TLM Icon Site
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Figure4: Locationof the BarmahMillewa Forestlcon Site and key wetlands therein
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Table2: Stakeholdergelevant to environmental watermanagementat BarmahMillewa Forest.

Stakeholder Description and role

Commonwealth

MurraycDarlingBasinAuthority

Responsible for coordination at a TENde level.
Representatives on Integrated Coordinating Committee and
Technical Advisory Committee.

Provides water deliveryalong the Murray Riveny River Murray
Operations on behalf of Basin jurisdictions.

Supports and attends meetings from numerous groups
associated with water delivery in the Southern Connected Ba:
including the Southern Connected Basin Environmental Wate
Committee(SCBEWCRiver Murray Water Liaison Working
Group(WLWGHNd the BarmakMillewa Operating Advisory
Group.

Department of Climate Change,
Energy, the Environment and Water
(Commonwealth)

Commonwealth department thadevelops and implements
national policy, programs and Water, Population and

I 2YYdzyAGASa tS3Iratldrazy 2
environment and heritage.

Under the Water Act 2007 (Cwilth), the Commonwealth
Environmental Water Holder was established to manage
CommonwealtEcquired water entitlements used to protect or
restore environmental assets.

Has epresentaton onthe SCBEWC amdher state water
managemengroups.

Victoria

Department ofEnergy, Environment
and Climate Action

Responsible for implementing TURKitiative in Victoria, the
department is also a project and site owner for public land an
manages approvals and referrals for the state.

Itis represented on the SCBEWC and the Bariiidibwa
Operating Advisory Group

Parks Victoria

Parks Victoria is the land manager for Barmah National Park
accordance with thd&ational Parks Act 1975 (Vic.)

Operates in accordance with the Barmah National Park Joint
Management Plan.

It has representatives on thBarmahMillewa Operating
Advisory Group

Goulburn Broken Catchment
Management Authority (Victoria)

Goulburn Broken CMA is théctorian icon siteenvironmental
water manager

It is represented on the BarmaMtlillewa Operating Advisory
Group

GoulburngcMurray Water (Victoria)

This is the Victorian construoti authority for TLMand is
responsible for operation and maintenance of infrastructure
built through TLM Initiative.

It has representatives on the WLWG and BermahMillewa
Operating Advisory Group.

Yorta Yorta Nation Aboriginal
Corporation (Victoria)

= =

Recognised in Victoria as the Registered Aboriginal Party.
Victoria will ensure cooperative management of Barmah Fore
with the Yorta Yorta people in land and water management
decisiornaking relating to the protection, management and

10



OFFICI4

Stakeholder Description and role

sustainability of their country, including cultural and
environmental values.

1 Supportsthe TraditionalOwner Land Management Board
implementing theJoint Management Plan for Barmah Nationa

Park
) ) ) 1 Independent manager of Victorian environmental water

Victorian Environmental Water entitlements.
Holder f ltis represented on the SCBEWC and the Bashiidlewa

Operating Advisory Group.

1

New South Wales
Department of Planning and The EHG i®sponsiltte for water in the environmentandwater
Environment (NSW) licensingand Department of Premier and Cabinet (NSW)
Includes Environment and Heritage al!ocatlon. ) ) )
Group (EHG); National Parks and 1 ltincorporates functions of the Murray Darling Wetland Worki
Wildlife Service (NPWS): Water Group. _ _
Group (WG) 1 EHG coordinates thilurraycLower Darling Environmental

Water Advisory Group

1 EHG is represented on the SCBEWC an8&mmahMillewa
Operating Advisory Group.

1 NPWS is the land manager of Murray Valley National Park al
Murray Valley Regional) Parkinder the National Parks and
Wildlife Act 1974 (NSW).

1 New South Wales icon site manager and water manager witk
forest boundaries.

1 Is represented at thMurraycLower Darling Environmental
Water Advisory Group anBarmahMillewa Operating Advisory
Group.

I The WG implements the NSW Water Strategy that addresse!
water security and supply for both metropolitan and regional
areas.

1 Responsible for water extraction in terms of planning and
licensing under the Water Management Act 2000 (NSW); it
leads the New South Wales commitment to the TLM
Environmental Works and Measures Program and directs the
operations of New South Wales.

T NSW RiverBank.

1 Responsible for management of fish communities and aquati
habitats, including threatened species, populations and

Department of Primary Industries

(NSW) ecological communities.
1 Provides advice on biological requirements for fish in NSW
Includes Fish Research Group South Wales and undertakes monitoring of fish communities.
1 WaterNSW is the NSWiral bulk water delivergonstruction
WaterNSW

authority thatmanages, operates and maintainSWwater
regulation infrastructure.

1 Manages and operatdgDBAddentified assets in accordance
with the Murray;Darling Basin Agreement.

I MLLS isesponsible for managing natural resource issues at t
catchment scale (NSW) through engagement of regional

Murray Local Land ServigLLS)

11
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Stakeholder Description and role

communities, development of a catchment action plan and
implementation of incentive programs.
1 Is represented athe MurraycLower Darling Environmental
Water Advisory Group anBarmahMillewa Operating Advisory
Group.
Cummeragunja Local Aboriginal Land Council.
Moama Local Aboriginal Land Council
Bangerang Aboriginal Corporation
(Yorta Yorta NatiagnAboriginal Corporatiolq see above)

Traditional Owner representatives

=a —a —a -8

Table3: Policy and planning instruments relevant to the managementBdrmahMillewa Forest.
Agreements Ramsar Convention on Wetlands of International Importance
ChinaAustralia Migratory Bird Agreement (1986)
JaparmtAustralia Migratory Bird Agreement (1974)
Republic of KoregAustralia Migratory Bird Agreement (2007)
The Bonn Convention on Migratory Speci£s83)
Intergovernmental Agreement on Addressing Water Gakocation and Achieving
Environmental Objectives in the Murréarling Basin (2C0
Intergovernmental Agreement on Murrgiparling Basin Reform (2008)
Legislation Commonwealth
Water Act 2007
Environment Protection and Biodiversity Conservation Act 1999
Native Title Act 1993
New South Wales
National Parks and Wildlife Act 1974
Threatened Species Conservation Act 1995
Crown Lands Act 1989
Environmental Planning and Assessment 2319
Fisheries Management Act 1994
Water Management Act 2000
Victorian
Aboriginal Heritage Act 2006
Environmental Effects Act 1978
Flora and Fauna Guarantee Act 1988
Forests Act 1958
Planning and Environment Act 1987
MurraycDarling Basin Act 1993
National Parks Act 1975 and Parks Victoria Act 1998
Water Act 1989
Relevant Strategies Commonwealth
and Plans Murray-Darling Basin PlagCommonwealth of Australia 20).2
BasinWide Environmental Watering StrategyIDBA 2028)
Murray Annual Operatin@utlook (e.g.MDBA 2023)
Victoria
Victorian Murray Long Term Watering Plan (DELWP &021

12
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Instrument

Victorian waterway management prografPELWP 202)

Goulburn Brokemegional catchment strateg021¢2027 (Goulburn BrokertCMA
2021)

Goulburn Brokemnwaterway management strategysoulburn BrokerCMA 2014)
Protection ofFloodplain MarshesStrategic Action Pla(Parks Victoria 2020)

New South Wales

New South Wales wetlands policPECCW 20)0

Environmental water allocation account ruldd§W Government 206

Trout cod and silver perch recovery plans (NSW DPI 2006)

Priorities Action StatementActions for Lowland Murray River Aquatic Endangerec
Ecological Community

Murray Local Strategic Plan 202026 Murray LLS 2021

Delivering the Ramsar Convention in NSYECCW 2010

Millewa Fish Recovery StratefyyPWS 2023

Statement of Management Interg Murray Valley National Park and Murray Valley
Regional ParkNSWOEHand NPW&014)

3.3 Asset characteristics
3.3.1 Climate

BarmahMillewa Forest experiences a climate comprising cool and wet conditions in waptarg and
hot, dry conditions in summer and autumn (elgale and Butcher 2011). Annual rainfall at Echuca is
427.1 mm, with monthly average rainfall ranging from 25.7 mm in summer (February) to 42.6 mm in
spring (Octobef) Mean maximum monthly temperature ranges from 13®(July) to 31.8C (January).
Mean minimum monthly temperature ranges from 3@ (July) to 15.2C (January, February).

3.3.2 Geomorphology

The floodplairat BarmahMillewa Forest is situatedithin the Murray Fans bioregion, which is
characterised by a flat to gently undulating landscape on recent, unconsolidated sediments with
evidence of former stream channels, braided old river meanders and paleochannels, and broad
floodplains areas assod¢e with the currentriver system and prior stream®§E 201,3Hale and
Butcher 2011

The extensive floodplain forests are the result of a geologic fault line (Cadell fault) that created an
uplifting of land about 25,00@5,000 years ago (Macpherson et al. 2012). Although only about 12
metres high, it is an important feature in this othesegiflat landscape, changing the flow path and
pattern of the Murray River and creating the EdwaWdakool River system. The location where the
Murray River cuts through to the Goulburn River channel is known aBdhmah Narrows, often
referred to as theBarmah Choke because of its limited flow capacity.

The flow capacity of Barmah Choke has declined since the 1®B{@$ imposes a constraint on regulated
flows supplied dowsvalley. Releases from Yarrawonga Weir must currently be kept i&BR0OML/d to
keep the water in the channel at Picnic Point; this is d@&¥% from the 11,300 ML/d that could be kept in

4 https:/Awww.dpi.nsw.gov.au/fishing/threatened-species/what-current/endangered-ecological-communities/murray-river-eec/priorities-
action-statement-actions-for-lowland-murray-river-aquatic-endangered-ecological-community
5 http://www.bom.gov.au/climate/averages/tables/cw_080015.shtml
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the channel in the early 1980s (Grove 202Mte that the volume of releasesoim Yarrawonga Weir may
decline furtherover time (K. Ward, GBCMA, pers. comnihe most likely cause for this decline is thought

to be shallowing of the river channel due to ingress of coarse dewen by regionaind localand and

river management practices, particulaftpm historical gold miningRutherfurd et al. 2020)The whole

length of the river through the Barmah Forest has shallowed over the last 30 years, aggrading by 1.9 m at
the upstream end and 0.70 m in the most downstream section of the Choke (about 10% decrease in area)
(Rutherfurd et al. 2020)The total volume of sand stored between Yarrawonga and Baivhiddwa

Forestis over 20 million ) and the average total annual sand load transported into the 8@kmg Choke
ranges between 130,000%m a normal flow year to 500,000%m a flood year (which translates intog®

cm of aggradation per yeai$ediment transport through the Barma¥illewa Forest will be a lorggrm

issue (Grove 2020, Rutherfurd et al. 2020), as a large store of sediment remains in the river channel
downstream of Yarrawonga Weir. This sediment is migrating downstream imolvinterventionwill

likely cause further reduction iconveyance through thBarmahChoke Further reduction irchannel

capacity hasinceoccurred, with MDBAow managindlows to alower volumedownstream of
Yarrawonga(currently being refinejl

3.3.3 Waterways

The forest floodplain vegetation communities include a range of habitats, including swamps and
marshes, rush beds, lakes and billabongs, open grassland plaers;ed gunforests,river red gum
woodlands andlack boxwoodlands(e.g.,Hale and Butcher 2011t relies on frequent flooding to
maintain the health and diversity of habitats, and flora and faui®BA2012).

BarmahMillewa Forest has an intricate arrangement of inflow sources and drainage routes which is
governed by flow in the Murray River (i.e. regularity, extent, duration and season of flooding). During
higher river flows, the Barmah Choke causes wateraoklup and break out across the floodplains of

the Barmah and Millewa forests. This attenuates flood peaks, reducing the height of floods
downstream. 1Relatively small changes in topography influence distribution and depth of flooding.
Water passesovektS F2NBad Ft22NJ Fa aKSSG Ft2¢ Ay 1 NHS
events as shown iRigure5 below.

Other than the Murray River, the major waterways leaving Bariidlewa Forest include the Edward
River and Gulpa Creek, both of which flow north from the Murray River from Picnic Point. Gulpa Creek
runs along the western boundary of Millewa Forest, roygterrallel to the Edward River, and supplies

an area of open plain/swamp and/er red gumin the west of Millewa Forest, before outfalling into the
Edward River further downstream. It does not contribute to flooding elsewhere in the forest.

Broken Creek is the main waterway that flows into the Murray River as it passes through Barmah Forest,
out falling into the Murray River downstream of Barmah Lake. Broken Creek supplies the Goose Swamp
area, but otherwise does not contribute to flooding within the forest.

Other creeks and anabranches that distribute water through Barv#lewa Forest include Gulf Creek,
Budgee Creek, Tullah Creek, Black Engine Creek, Sandpit Creek, and Kynmer Creek in Victoria, as well
Aratula Creek, Toupna Creek, Tooralong Creek anda@@ Creek in New South Wales.
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Figure5: Key flow paths in and around BarmaMillewa Forest (fromGoulburn BrokenCMA 2015).

A series of water management areas (WMPRiglure6) have been established to deal with the complex
nature of waterways and water movement across BarAvillewa Forest (MDBA 2012). These WMAs in
the past provided the basis for prioritising environmental water delivery to floodplain areas to achieve

ecologcal objectives (see Chapter 7 and 8). Henceforth, environmental water management and delivery
will be to meet the needs of water regime clasgsse Section 3.3.5).
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Figure6. BarmaltMillewa water management area boundarie§rom MDBA 202).

3.3.4 Vegetation and wtland types

The Barma@Millewa Forestis characterised by:
w Swamps and marshes in the lower elevated frequently flooded areas where water can pond.
w Rush beds surrounding the swamps and marshes, also generally in wetter areas.

w Deeper lakes and billabongs that provide important reed bed areas during large colonial
waterbirddreeding events.

w Open grassland plains, including large plains of Moira grass. When flooded, these are highly
significant as breeding and feeding habitat for colonial breeding water birds such as egrets,
herons, spoonbills and marsh terns.

w River red gumBEucalyptus camaldulen$irest of various types and healttiepending on
inundation, with the lower elevation areas supporting larger and denser trees.

w Black boxE. largiflorensGrey BoxE. microcarppand Yellow Boxg( melliodorgwoodland in
rarely flooded areas.

w Sandridge woodlands supporting Cypr&see, Buloke, Yellow Box and Grey Box

Vegetation communities have been used previously to describe the floodplain/wetland types that are
inundated by floodingKigure7). Given differences in the scale and approach to mapping vegetation in
New South Wales and Victoria (e jglant community type (PCT) in New South Wales and ecological
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vegetation classes (EVCSs) in Victoria), this EWMP update has adoptddtnalian National Aquatic
Ecosystem (ANAE) typology (Brooks 2021) to provide a consistent approach to assigning aquatic
ecosystem types across Barmhfillewa Foresi{see Section 5.1.1)

Twentytwo PCTs have been recorded in the Millewa Forest in NSW (Appendix 1), whilst 90 EVCs have
been recorded in Barmah Forest in Victoria (many of which are mosaics of individual EVCs).
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Figure7: Map of inundation extent in BarmafMillewa Forest at flows of 65,000 ML/d in the Murray River (Sourdéurray Darling Basin
Authority).
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3.3.5 Water regimeclasss

Three landscape componentSigure8) were previously used to framenvironmental watering
objectives and targets for three forest zones of BaraMiliewa Forest (Goulburn Broken CMA 2015):

1 Lower terraces that are more frequently flooded (4,88®000 ML/d) and characterised by
wetlands(including Moira grass floodplains) amatercourses;

1 The mid terracethat are inundated in medium sized floo¢z0,00660,000 ML/dwhere theriver
red gumandyellow boxcommunities can be found

1 The upper terracethat are only inundated during large flood events (>55,000 ML/day) where box
woodlands occur.

winter - spring

summer -
autumn

Figure8: Crosssection of the BarmakMillewa floodplain showing key vegetation communities and
their water requirements(from Goulburn BrokenCMA 2015)

Theselandscape components have been used as a basis to adopt a Water Regime Class (WRC) system
which uses the ANAE classification typologlgich improves line of sight to the Basin Ptsjectiveson
maintaining representativeness of aquatic ecosystem $ype

For the purposes of this EWMP updatd WRQave been identifiedor BarmahMillewa Forest The
indicativeEVCand PCTassociated witteach ardisted inTable4. The WRCs have been determined by
considering the key vegetation communities and their water requiremessgperFigure8 above) and

the desired outcomes for vegetation condition. The WRCs are a combination of the ANAE classification
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classes relating to ecosystem typeater permanency, vegetation typé€., non-woody or woody) and

dominant vegetation structuré.e., forest, woodland, etc.)

The watering requirements for each WRC presented in Section 8.1

Table4: Water regime classnd indicative EVCs and PCTs.
Water Regimes Class Indicative EVCs

Permanent rivers and
creeks

EVC 81@ Floodway Pond Herbland
EVC 945 Floodway herbland/Swamp
Forest

Indicative PCTs

Temporaryrivers and
creeks

EVC 81@ Floodway Pond Herbland
EVC 945 Floodway herbland/Swamp
Forest

Sedge/forb/grass floodplain EVG309- Floodplain Grassy Wetland

River red gunfloodplain
forest

EVC 106 Grassy Riverine Forest

EVC 812 Grassy Riverine
Forest/Riverine Swamp Forest Comple
EVC 814 Riverine Swamp Forest

EVC 816 Sedgy Riverine Forest

PCT 2 River red gurrsedge
dominated very tall open forest in
frequently flooded forest

PCT 5 River red gunherbaceous
grassy very tall open forest

River red gunfloodplain
woodland

EVC 815Riverine Swampy Woodland
EVC 56 Floodplain Riparian Woodland

PCT 7 River red gum Warrego
Grass herbaceous riparian tall
open forest

Boxfloodplain woodlands EVC 103 Riverine Chenopod Woodlanc
EVC 803Plains Woodland

EVC 823 Lignum Swampy Woodland

PCT 13 Black box Lignum
woodland

PCT 74 Yellow box River red
gumtall grassy riverine woodland
PCT 237 Riverine Western Grey
Box grassy woodland

Permanentmarsh Billabong Aggregate

EVC 821 Tall Marsh

PCT 12 Shallow marsh wetland o
regularly flooded depressions on
floodplains

Temporary swamps EVC 814 Riverine Swamp Forest

EVC 815Riverine Swampy Woodland

Temporary marshes EVC 655 Aquatic herbland

EVC 804 Rushy Riverin8wamp
EV@09-Floodplain Grassy Wetland
EVC 810 Floodway Pond Herbland
EVC 81¢ Spikesedge Wetland

EVC 821 Tall Marsh

EVC 1077 Sedgy Riverine Forest/Tall

Marsh Complex

PCT 12 Shallow marsh wetland o
regularly flooded depressions on
floodplains

PCT 181 Common ReedBushy
Groundsel aquatic tall reedland
grassland

PCT 182 Cumbungi rushland

Permanent lakes EVC 107 Lake Bed Herbland

Temporary lakes EVC 107 Lake Bed Herbland
EVC 810 Floodway Pond Herbland
EVC 809 Floodplain Grassy Wetland

AquaticHerbland
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3.4 Environmental water sources

Environmental water foBarmahMillewa Forest may be sourced from the water entitlements and their
agencies listeih Error! Reference source not foundBoth New South Wales and Victoria supply water
for the environment to Barmaiillewa Forest in partnership with the Commonwealth Environmental
Water Holder and The Living Murray program. In New South Wales, delivery occurs DiaEded in
Victoria via theEWH Decisions on the use of water entitlements are made by the relevant water
holder, noting decisions on using water held by States for The Living Murray program are nthde by
SouthernConnected Basin Environmental Watering Committéete that theMDBA does not owor

hold environmentalwater. Environmental water holders work collaboratively to achieve environmental
objectives, includingbjectivesidentified for theBarmahMillewa Forest, by utilising the collective
water holdings.

Of primary importance is the Barmaillewa Environmental Water Allocation (EWA), which is a rules
based allocation established in 1993 (MDBC 2012, Ecological Associates and SKM 2011), set aside
specifically for BarmaMillewa Forest. The Murrayparling Basin Ministerial Council authorised a high
security environmental water entitlement of 100 GL/y, to be drawn equally from Victoria and New

South Wales, and a legecurity allocation of 50 GL (again to be contributed equally by the two states).
Allocatonma& 0SS Wo02NNBRGSRQ 2y ™M WdzZ & SIFOK &@SIN)oe A
reliability allocations (up to 100%) and general security allocation (up to 30%, or up to 50% for
SEOSLIiA2yLt OANDdzraidl yOSauv NBa rdénteit And Svhildbie fod S T 2 NB
delivery to BarmakMillewa ForestA maximum of 700 GL of the EWA can be carried over in storage.

The EWA spills at Hume Dam when the maximum volume is reached and during wet years.

Table5: Summary of environmental water sources available BarmahMillewa Forest.

Water holdings Responsible agencyr committee

Murray RiverUnregulated Flows

Southern Connected Basin Environmental Watering Commit

River Murray Increased Flows MDBA

Living Murray Program

BarmahMillewa Forest Environmental NSW Department of Planning and Environmand Victorian
Water Allocation Environmental Water Holder

New South Wales Adaptive NSWDepartment of Planning and Environment

Environmental Water and Planned
Environmental Water allocations

Victorian RiverMurray Flora and Fauna Victorian Environmental Watetolder
Bulk Entitlement

Commonwealthheld water shares Commonwealth Environmental Water Holder

* Other sources of water may become available through water traditugationsor changes in water
entitlements.
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4 Hydrological regime and system operations
BarmahMillewa Forest is situated in the centrdurray Riversystem, comprising th®lurray Riverand
its anabranches from Yarrawonga to the confluence with@wailburnRiver atEchuca

Restoring hydrological connectivity, (horizontally) between the Murray River and its floodplains and
(vertically) between surface and groundwater flows, is an essential prerequisite for improving the

health and biodiversity of riveiloodplain ecosystemdike BarmahMillewa Forest, and the biodiversity

these habitats provide (e.gHaleetal.201d ® ! ¢S{ifl yRQa KeRNRf23& A& F
groundwater inflows and outflows in addition to precipitation and evapotranspiration. Duration,

frequency ad seasonality (timing) are the main components of kiyelrological regime for wetlands

and rivers, floodplains and the wetlands they contain.

4.1 Groundwater
There are five aquifers in the West Goulbummo@dwaterManagementArea (GMA), four of which
underlieBarmahNational ParKGMW 2017)

1 Coonambidgal Formation, which is a Quaternary aquifer that is the youngest aquifer in the West
Goulburn GMA. It comprises sands, gravels and clay of varying sizes and is associated with
waterways. It is difficult to differentiate this formation from the derlying Shepparton
Formation, so its thickness is not defined (GHD 2010).

1 Shepparton Formation, which is an Upper Tertiary/Quaternary aquifer comprised of clay, silt
and discontinuous sand lenses. The Shepparton Formation increases in thickness to the north of
the GMA (i.e. near Barmah Forest) where it is over 100 m thick.sYaeld groundwater salinity
can be highly variable. It overlies either the Deep Lead (where present) or bedrock aquifers.

1 Deep Leadwhich is comprised of the Calivil Formation and the Renmark Group, is an ancient
river bed consisting of coarse sand and gravel with some clay. The Deep Lead increases in
thickness and depth from south to north within the GMA, occurring from around 3.
metres beneath the surface in the north. The Deep Lead is higher yielding than the overlying
Shepparton Formation.

1 The Bedrock layer is mostly sedimentary shale, slate and sandstone with some intrusive
granites. The Bedrock is a fractured rock aquifer, with variable yields and salinity.

Previous reports indicated that groundwater salinity in the upper Shepparton Formation that underlies
Barmah National Park was typically less than 500 rtigél dissolved solidsTD$ and less than the

1,000 and 3,500 mg/L TDS in the upper Shepparton Formation near the lower Goulburn River (GHD
2010), likely due to flooding of the forest and groundwater recharge. However, there has not been any
active monitoring of groundwater levels salinity across BarmaMillewa Forest since 2012/13;
monitoring was cased due to declining groundwater levels during the Millennium Drought and in
response to changed irrigation practices in the region.

Overall, goundwater is believed to be of secondary importance to surface flows to the condition of
vegetation at BarmaiMillewa Forest. For example, Hale and Butcher (2011) reported that groundwater
tables at the time of listing under the Ramsar convention (200&ewL1 to 14 metres below the

surface in most areas. Hale and Butcher (2011) also noted that stgfacedwater connectivity along

the Murray River is highly variable with both losing and gaining river reaches. Variation from reach to
reach isikely to be due to a combination of river regulation, floodplain groundwater flow processes and
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the influence of irrigation developmenHowever the direction of water movement is typically from
the river to the groundwater aquifer.

While groundwater levels more than ten metres below the surface were unlikely to support river red
gums (DSE 2008), the perched water tables along the streams and rivers are closer to the surface and
may be important for river red gum health; however, tbentribution of groundwater to maintaining

tree health remains a knowledge gap (Hale and Butcher 2011).

4.2 Surface water

Since regulation of the Murray River, the frequency and magnitude of floods duiimigr and ring
has decreased because rainfall in the upper catchments is caught in s{¢tages Dam, Dartmouth
Dam) and then released ammorecontrolled stablelevelto meet downstream irrigation and
consumptive demandRigure9). River regulation now results in higher than natural sumaetumn
flows, and lower than natural wintespring flows and severely reduces the occurrence of small and
mediumssized floods (e.gMDBA 2015, Gippel and Blackham 2002, Thoms et al. 2000).

Flows downstream oYarrawonga/Neir, the major regulating structurabove BarmatMillewa Forest

are the cumulative result of flomeleased from Hume Dam and inflows from tributaries such as the
Kiewa and Ovens rivershe forest flooding that occurs during June to December is usually the result of
rainfall inthe Ovens and Kiewa catchmenighese enter the Murray below Hume Dam, so their high
flows cannot be stored. Lake Mulwdfarmed by Yarrawonga WejHpcated upstream oBarmah

Millewa Forestis unable to store these flows as it is kept close to capacity to provide sufficient
hydraulicheadto operate the major irrigation supply channels. This results in high flows entering
BarmahMillewa Forest through low points anchanneleffluents and by spilling over the banks through
sections of the foresaffected by constrained channel capacity (eWater Technology 2022; see also
Section3.3.2)

Hydrodynamic modelling for a range of stable river flows downstream of Yarrawuvigizr
Technology 2011) has shawhat:

1 River flows 0f.0,40¢ ML/d downstream of Yarrawonga are retained within channel capacity if all
forest regulators remain closed (apart from a few unregulated waterways that do not result in
forest flooding).

1 For flows letween 10,400 and 18,000 ML/d, increasing numbers of regulators have to be opened
or overbank flow in the river will result, potentially causing erosion and damaging roads. Flows up
to 15,000 ML/d can generally be managed through eitB@amah or Millewa Forest

1 Flows beyond 60,000 ML/d for one month are generally regarded as flooding all the floodplain
within the icon site (which is ~95% of the area of ThdVireserve).

6 Noting that the channel capacity has since decreased, affecting the previously recognised commence-to-flow thresholds (e.g., Ward
2009) for all Barmah-Millewa Forest waterways.
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Figure9. Comparison of current and modelled natural monthly flows in the Murray River at
Yarrawonga (sourceGoulburn Broken CMA 2035

Note:

monthly flows under Natural conditions reflect removal of the influence of dams, regulating structures and

water diversions for agriculture and consumption, but with current land use and practices in place.

4.2.1 Effects of changed flow regime

Specific consequences of changes in the frequency, duration, variability and timing of river regulation
(Goulburn Broken CMA 2015, MDBA 2015) are that:

T

The frequency ofvinter-spring floods habeen greatly reduced; for exampléodds that once
occurred every second year now occur about eveld Yearsandthose that occurred every 10
years now occur about every €80 years

The duration of inundation afiver red gunforest has reduced from an average of five months to
two months per year

The timing of flooding has shifted from predominantly winggring to now include undesirable
small floods in summer.

The maximum length of dry periods has increased k.

The variability of river flows has reduced: under natural conditions, average monthly flows vary
between 100 GL and 980 GL; under current regulated conditions they vary between 110 GL and
400 GL

The volume of river flows hasduced: downstream of Yarrawonga, diversions reduce annual flow
by 25% compared to natural conditions.
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Goulburn Broken CMA (2015) also noted that:

1 Areduction in mearflood duration results in less time for the river to flow onto the floodplain
hence the extent of flooding is reduced. Also, the time that water stays on the floodplain is
shorter, sathe time for the rechargeof soil moisture is also reduced. Water is retained for a
shorter time in wetlands and depressions before evaporating away, hence there is less time for
plants to germinate (or rgrow), flower and set seed (and/or replenish reserves), especially for
submerga and floatingleafedplants. The ecological consequences are potentially quite severe if
accumulated over time.

1 Anincrease in variability of flood duration can have serious effects on plant communities, as this is
likely to favor species or communities with wide tolerances, or opportunists, at the expense of
flood-dependent species.

1 A shift in the timing of floods can result in a gradual alteration in the species composition of
wetland plant communities.
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5 Water dependent values

Wetlands and waterways on floodplaare a vital component of the landscape supporting a vast array
of plants and animals which may vary greatly with the type of wetland/waterway system. The habitat
provided by vegetation communities around wetlands is essential for maintaining populatioveter
dependent fauna species. Other ecological functions provided by floodplain complexes include water
filtration, slowing surface water flow to reduce soil erosion, flood mitigation and reducing nutrient

input into waterways. Protecting the ecological functioning of wetlands ensures these vital services are
maintained. Recognising such values is important in terms of alignment of this EWMP with the
objectives of the Basin Plan, which includes objectives relatedgdmprovement of:

1 Ecosystem type and biodiversity;
1 Ecosystem function (e.g., breeding, recruitmemitrient andcarbon cycliny

1 Ecosystem resiliende climate change and other risks and threéits., the capacity to recover
following disturbance).

Importantly, the Basin Plan also contains criteria for selection of priority ecosystem assets (PEAS) and
priority ecosystem function (PEFs) for which environmental watering objectives will be developed (see
Section 7.3). Acknowledging the environmental ealand preparing environmental watering objectives

for BarmahMillewa Foresis also important in terms of implementing the LTS¥& the Victorian

Murray (DELWP 202)land the MurrayLower Darling (DPIE 202®), and also required under the
BasinPlan@a ¢Sttt Fa O2yGNROdziAYy 3 G2 ! dzAGNI Al Qa 20f A
international waterbird agreements.

5.1 Environmental values
5.1.1 Ecosystem types

The ANAE typology (Brooks 2021) has been adopted to provide a consistent approach to assigning
aquatic ecosystem types across BarnMitiewa ForestThe areas of ecosystem types and vegetation
groupings within the site boundargipplied byGoulburn Broken CMA) were calculated in GIS using
ANAE mapping for the Murraarling Basin (Brooks 2021), the Victorian Ecological Vegetation Classes
(DEECA 2023) and NSW State Vegetation Type mapping (OEH 2017).

Twenty-seven aquatic ecosystem types have been recorded across the entird alike6). Tworiver

red gumecosystem types (F1.River red gunforest riparian zone or floodplain and Pt1.1.2: Temporary
river red gumswamp) dominate, together covering over 91% of Barsvillewa Forest. Other

important aquatic ecosystems include tall emergent maiRt2(1.2: Temporary tall emergent marsh
andPp2.1.2: Permanent tall emergent majsandPt2.2.2: Temporary sedge/grass/forb marshe

latter including extensive stands of the ecologically important Moira giassydoraphis spinescgns
(e.g.,Vivian et al. 2015).
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Table6. Aquatic ecosystem types across BarmBfillewa Forest Note that in NSW the dominant type is
identified as floodplain, in Victorian the dominant system is thgalustrine. This is an anomaly of the Victorian
aquatic ecosystem classification and will be rectified in the near future.

ANAE type Area(Hectare3 Percent coverage ‘
F1.2:River red gunforest floodplain 33,467.36 52.84%
F1.4:River red gumvoodland floodplain 57.36 0.09%
F1.8:Black boxvoodland floodplain 299.36 0.47%
F1.12: Woodland riparian zone or floodplain 675.93 1.07%
F2.2: Lignum shrubland floodplain 6.38 0.01%
F3.2: Sedge/forb/grassland floodplain 22.47 0.04%
F4:Unspecified floodplain 15.11 0.02%
Lpl.1: Permanent lake 406.44 0.64%
Lt1.1: Temporary lake 77.67 0.12%
Pp2.1.2: Permanent tall emergent marsh 601.57 0.95%
Pp2.3.2: Permanent grass marsh 2.35 0.00%
Pp2.4.2: Permanent forb marsh 5.88 0.01%
Pp4.2: Permanent wetland 475.27 0.75%
Pt1.1.2: Temporaryiver red gumswamp 24,281.20 38.34%
Pt1.2.2: Temporarplack boxswamp 85.83 0.14%
Pt1.6.2: Temporary woodland swamp 366.80 0.58%
Pt2.1.2: Temporary tall emergent marsh 721.38 1.14%
Pt2.2.2: Temporary sedge/grass/forb marsh 583.28 0.92%
Pt2.3.2: Freshwater meadow 100.30 0.16%
Pt3.1.2: Clay pan 4.23 0.01%
Pt4.2: Temporary wetland 124.24 0.20%
Rpl.2: Permanent transitional zone stream 1.16 0.00%
Rpl.4: Permanent lowlanstream 578.51 0.91%
Rpl: Permanent stream 1.38 0.00%
Rt1.2: Temporary transitional zone stream 6.01 0.01%
Rt1.4: Temporary lowland stream 361.73 0.57%
Rtl: Temporary stream 3.68 0.01%

As noted in Section 3.3.8e vegetation and wetlantlypes present at Barmahlillewa Forest have
been consolidated in to the following WRCs to facilitate environmental water delivery, being aquatic
ecosystems with particular watering requirements:

Permanent rivers and creeks,
Temporary rivers and creeks,
Sedge/forb/grass floodplain,
River red gunfloodplain forest,
River red gunfloodplain woodland,
Box floodplain woodlands,
Permanent marsh,

Temporary swamps,

Temporary marshes,

Permanent lakes,

=4 =4 =4 =4 =4 -4 -8 -8 -89
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9 Temporary lakes.
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Figurel0. Map of ANAE ecosystem types at BarmBftillewa Forest. Note: Ecosystem types such as Pt1.1.2
and Pt1.2.2 are assigned as palustrine rather than floodplain ecosystems in Barmah Forest. This is an anomaly of the
Victorian mapping included in ANAE, which will Ipetentially addressed in the next update tthe Victorian Wetland

Inventory.
5.1.2 Biodiversity¢ animalsand plants

BarmahMillewa Forest is a known biodiversity hotspBecordsfrom the Victorian Biodiversity Atlas
I NI I K0 pilowdBd bip thes @uburnBrbke i GVl

(VBAK b I G dzNBYAG 6F2NJ

Riverine

__ Rpl.2: Permanent transitional zone
stream

— Rp1.4: Permanent lowland stream

Rt1.2: Temporary transitional zone stream
— Rt1.4: Temporary lowland stream
Floodplain
[ F1.12: Woodland floodplain

F1.2: River red gum forest floodplain
I F1.4: River red gum woodland floodplain
I F1.8: Black box woodland floodplain
[ F2.2: Lignum shrubland floodplain
0 F3.2: Sedge/forb/grassland floodplain
71 F4: Unspecified floodplain
Palustrine

Pp2.1.2: Permanent tall emergent marsh
I Pp2.3.2: Permanent grass marsh
Bl Pp2.4.2: Permanent forb marsh
Bl Pp4.2: Permanent wetland
I Pt1.1.2: Temporary river red gum swamp
Il Pt1.2.2: Temporary black box swamp
Bl Pt1.6.2: Temporary woodland swamp
B Pt2.1.2: Temporary tall emergent marsh

.. Pt2.2.2: Temporary sedge/grass/forb
marsh

Pt2.3.2: Freshwater meadow
Pt3.1.2: Clay pan
Pt4.2: Temporary wetland
Lacustrine
B Lp1.1: Permanent lake
B Lt1.1: Temporary lake

|

7 Icon site boundary

OF 21

(June2023) listed oveBOO animal and ove650plant species. The high number of species is consistent

with previous reports of biodiversitye(g.,Loyn et al. 2002, Hale and Butcher 2011). Of note MBA

and BioNetecords included:

Over 140 aquatic dependent plant species;

Over60 waterbird species;

Over?25 fish species, includingver 20 native species;
Nine frog species;

Threedecapod species, including Murray spiny crayfish;

Over 15reptile species, includinthree turtle species;

=A =/ =4 =4 =4 4 =4
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Over 25nativemammal species, includiriph species of bat.
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The broader icon site is known to support a range of threatened species including at least:

1 21 nationally threatened species; and

1 31 statelisted fauna species.

The threatened species and communities found within the site are jprtesein Table7 and Table8.

Not all woodland birds are listed here, see Appendix 1 for a complete list.

Table7. Listed fauna recorded at BarmaMillewa Forest.** being assessed under EPBC Act.

Scientific name Common hame

Conservation status

Birds

Anthochaera phrygia Regent honeyeater CR CR CR
Aphelocephala leucopsis Southern whiteface VU - -
Ardea alba modesta Eastern great egret - VU -
Ardea intermedia Plumed egret - CR -
Artamus cyanopterus cyanopterus Dusky woodswallow - - VU
Aythya australis Hardhead - VU -
Biziura lobata Musk duck - VU -
Botaurus poiciloptilus Australasian bittern EN CR EN
Burhinus grallarius Bush stonecurlew - - VU
Calidris ferruginea Curlew sandpiper CR CR EN
Circus assimilis Spotted harrier - - VU
Climacteris picumnus victoriae Brown treecreeper VU - VU
Egretta garzetta nigripes Little egret - EN -
Falco subniger Black falcon - CR VU
Geopelia cuneata Diamond dove - VU -
Grantiella picta Painted honeyeater vuUu VU VU
Grus rubicunda Brolga - EN VU
Haliaeetus leucogaster White-bellied seaeagle - EN VU
Hieraaetus morphnoides Little eagle - VU VU
Hirundapus caudacutus White-throated needletail VU VU -
Ixobrychus dubius Australian little bittern - EN -
Lathamus discolor Swift parrot CR EN EN
Lophochroa leadbeateri al22NJ aAtiOKStfQa 0201F+F4d2: EN CR EN
Melanodryas cucullata Southeastern hooded robin EN VU VU
Neophema chrysostoma Bluewinged parrot VU - -
Oxyura australis Bluebilled duck - VU VU
Polytelis swainsonii Superb parrot VU EN VU
Spatula rhynchotis Australasian shoveler - VU -
Stagonopleura guttata Diamond firetail VU VU VU
Stictonetta naevosa Freckled duck - EN VU
Tringa nebularia Common greenshank - EN -
Fish

Bidyanus bidyanus Silver perch CR | EN VU
Galaxiagostratus Flathead galaxias R VU R
Maccullochella macquariensis Trout cod EN EN EN
Maccullochella peelii Murray cod VU EN -
Macquaria australasica Macquarie perch EN EN EN
Melanotaenia fluviatilis Murray-Darling rainbowfish - EN -
Morgundaadspersa Purplespotted gudgeon - EN R
Nannoperca australis Southern pygmy perch (MDB lineage) EN VU EN
Tandanus tandanus Freshwater catfish - EN EN
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Scientific name Common nhame Conservation status
EPBC] Vic | NSW |

Amphibians

Crinia sloanei {t2FySQa FTNR3IAE S EN EN VU
Litoria raniformis Southern bell frog VU VU EN
Invertebrates

Euastacus armatus Murray crayfish *x VU VU
Reptiles

Chelodina expansa Broadshelled turtle - EN -
Emydura macquarii Murray River turtle - CR -
Pogona barbata Bearded dragon - VU -
Varanus varius Lace monitor - EN -
Morelia spilota metcalfei Carpet python - EN -
Mammals

Ornithorhynchus anatinus Platypus - VU -
Phascolarctos cinereus Koala EN - EN
Legend

Status: VU = Vulnerable, EN = Endangered, CR = Critically Endangered

Table8. Threatenedwater-dependentflora for BarmahMillewa Forest

Species name Common name Conservation status
Vic

Ammanniamultiflora Jerryjerry - E -
Amphibromus fluitans Riverswampwallaby-grass VU - VU
Amyema linophyllsubsp.orientalis Bulokemistletoe - R -
Brachyscome muelleroides Mueller daisy \§) EN VU
Callitriche umbonata Wingedwater-starwort - EN -
Cardamine moirensis Riverinabitter-cress - EN -
Centipeda nidiformis Cottonsneezeweed - EN -
Centipeda pleiocephala Tallsneezeweed - EN -
Coronidium gunnianum Paleswampeverlasting - CR -
Cyperus bifax Downsnutgrass - CR -
Cyperusdlaccidus Laxflat-sedge - EN -
Cyperus leptocarpus Buttonrush - EN -
Eleocharis plana Flatspike-sedge - CR -
Glossostigma cleistanthum Smaliflower mud-mat - EN -
Gratiola pumilo Dwarfbrooklime - VU -
Lepidium monoplocoides Wingedpeppercress EN EN -
Nymphoides crenata Wavymarshwort - EN -
Nymphoides geminata Openmarshwort - EN -
Rorippa eustylis Dwarfbitter-cress - EN -
Santalum lanceolatum Northernsandlewood - CR -
Viola betonicifolissubsp novaguineensis Floodplainviolet - EN -
Legend

Status: VU = Vulnerable, EN = Endanger&d# Critically Endangered.
The following sections provide an overview of the signifidaoha and floravzalues of theBarmah

Millewa Forestwith an emphasis on aquatic andater-dependentspeciesa full listing of the spcies
recordedis providedin Appendixl.
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Fish

The aquatic environments within the Barmaillewa Forest support 29 native fish speci&salfle9),

although this number is likely to be higher given recent taxonomic advances on groups such as the Carp
gudgeon complex (Thacker et al. 2022). Nine spetiasl€7) are listed under th&PBC A¢1999)

and/or the VictorianFlora and fauna Guarantee Ad988) and NSWhreatened Species Conservation
Act(1995). Thisncludeslarge-bodied species such as Murray cddlaccullochella peeliiand trout cod
(Maccullochella macquariengiand smatbodied species such as southern pygmy peianhoperca

australig and MurrayDarling rainbowfishNlelanotaenia fluviatili¥.

Table9. Fish species (and Murray spiny crayfish) captured from Barrviitewa Forest (from
Raymond et al. 2021yBA/BioNetaccessedune2023).

Species hame Common name

Native species

Bidyanus bidyanus Silver perch
Craterocephalus fulvus Un-speckedhardyhead
Craterocephalus stercusmuscarum Flyspeckechardyhead
Gadopsis marmoratus River blackfish
Galaxias brevipinnis Climbing galaxias
Galaxias maculatus Common galaxias
Galaxias rostratus Flatheaded galaxias
Hypseleotrispp. Carp gudgeon
Hypseleotriklunzingeri Western arp gudgeon
Nematalosa erebi Bony herring
Maccullochella macquariensis Trout cod
Maccullochella peelii Murray cod

Macquaria ambigua ambigua Golden perch
Macquariaaustralasica Macquarieperch
Melanotaeniafluviatilis Murray-Darling rainbowfish
Morgurnda adspersa Southern purplespotted gudgeon
Nannoperca australis Southern pygmy perch
Philypnodon grandiceps Flatheaded gudgeon
Philypnodon macrostoma Dwarf flatheaded gudgeon
Retropinna semoni Australian smelt
Tandanus tandanus Freshwatercatfish
Euastacus armatus Murray spinycrayfish
Alien species

Carassius auratus Goldfish

Cyprinus Carpio Common carp
Gambusia holbrooki Gambusia

Misgurnus anguillicaudatus Orientalweatherloach
Perca fluviatilis Redfin perch

Salmo salar Atlantic salmon

Salmo trutta Brown trout

Tinca tinca Tench

Amphibians and reptiles

The habitats acrosthe BarmahMillewa Forestsupport native frogs and reptiles, of whi2 species
have been recorded in surveys to daféis includes 1frog speciesTablel0), three turtle speciesfive
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shake species and 11 species of lizdiab{e11). Barmah Forest regularly supports six species of frog,
with a further three species recorded rarely. High spatial and temporal variability in abundance, with
most calling frogs occurring in grassy wetland habitats in spring and in wet years (McGinneg9#&4 al
cited in Hale 2022). Breeding of all six common species occurs in Barmah with well vegetated
intermittent wetlands the preferred habitat for frog activity and breeding (Ward 2006, Hale 2022).

Two of the three turtle species present are listed under the Victorian FFQ &lgle?). This includes

the broadshelled turtle Chelodina expangand Murray River turtleEmydura macqualiithat are

listed as endangered and critically endangered, respectively (DELWP 2021b). In addition, bearded
dragon are listed as vulnerable while lace monitor and carpet python are listed as endangered.

Tablel0. Frog species recorded from Barmdillewa Forest

Species hame Common name Victoria (Hale NSW (Harrington
2022) and Hale 2011)
Litoria peronii Peron's tree frog Common Not recorded
Litoria raniformis Southern bell frog Not recorded Rare
Limnodynastes dumerilii Eastern banjo frofpobblebonk Common Common
Limnodynastes fletcheri Marsh frog Common Common
Limnodynastes tasmaniensis Spottedmarshfrog Common Common
Neobatrachus sudéll Sudell's frogCommon spadefoot  Rare Present
Crinia parinsignifera Eastern sigtbearing frogletplains Common Common
froglet
Crinia signifera Common froglet Common Common
Crinia sloanei Sloane's froglet Rare Rare
Pseudophryne bibronii Brown toadlet Rare Not recorded
Uperoleia rugosa Wrinkled toadlet Not recorded Not recorded

Tablell. Reptile species recorded at Barmayillewa Forest {from VBA/BioNet accessed June 2023
Species hame Common name ‘

Snakes
Aniliosproximus

Proximusblind snake

Morelia spilota metcalfei

Carpetpython

Notechis scutatus

Tigersnake

Pseudechis porphyriacus

Redbelliedblacksnake

Pseudonaja textilis

Easternbrown snake

Lizards

Christinus marmoratus Marbled gecko
Cryptoblepharus pannosus Raggednakeeyedskink
Ctenotus robustus Robustctenotus

Eulamprusheatwolei

Yellowbelliedwater skink

Eulamprus quoyii

Easternwater-skink

Eulamprus tympanum

Southernwater-skink

Lampropholis guichenoti

Palefleckedgardensunskink

Lerista bougainvillii

Southeasternslider

Morethia boulengeri

Boulenger'ssnake-eyedskink

Pogona barbata

Commonbeardeddragon

Varanus varius

Lacemonitor

Turtles

Chelodina longicollis

Snakeneckedturtle
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Species hame Common name ‘
Chelodina (Macrochelodina) expansa Broadshelledturtle
Emydura macquarii Murray Riverturtle

Mammals

BarmahMillewa Foresprovides critical floodplain forest habitér numerousmammals including 5
bat species and 12 other native mammal speciesh(el2). Threatened mammal species include
squirrel glider Petaurus norfolcensignd the yellowfooted antechinusAntechinus flavipgs whose
preferential habitat is in decline (Lada & Mac Nally 2008).

Thirteen alien mammal species have also been recorded, many of which are known threats to the
environmental values of Barmatiillewa Forest (see Chapter 6).

Tablel2. Mammals recorded from BarmaMillewa Forest from VBA/BioNet accessed June 2023

Species hame Common name

Bats

Austronomus australis

White-striped freetaitbat

Chalinolobus gouldii

Gould's wattled bat

Chalinolobus morio

Chocolate wattled bat

Chalinolobus picatus

Little pied bat

Myotis macropus

Southern myotis

Nyctophilus geoffroyi

Lesser longeared bat

Nyctophilus gouldi

Gould's longeared bat

Ozimops planiceps

Southeastern freetailed bat

Ozimops ridei

Ride's freetailed bat

Pteropus scapulatus

Little red flyingfox

Saccolaimus flaviventris

Yellowbellied sheathtail bat

Scotorepens balstoni

Inland broadnosed bat

Vespadelus darlingtoni

Large forest bat

Vespadelus regulus

Southern forest bat

Vespadelus vulturnus

Little forest bat

Other mammals

Acrobatespygmaeus

Feathertailed glider

Antechinus flavipes

Yellowfooted antechinus

Hydromys chrysogaster

Rakali

Macropus giganteus Easterngrey kangaroo
Ornithorhynchus anatinus Platypus

Petaurus breviceps Sugar glider
Petaurus norfolcensis Squirrelglider
Phascolarctos cinereus Koala

Phascogale tapoatafa

Brushtailed phascogale

Pseudocheirus peregrinus

Commonringtail possum

Tachyglossus aculeatus Shortbeakedechidna
Trichosurus vulpecula Commonbrushtailpossum
Wallabiabicolor Swampwallaby

Alien species

Bos (Bos) taurus

European cattle

Canis lupus Dog
Capra hircus Goat
Dama dama Fallow deer
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Species hame Common name

Rusa unicolor Samba deer
Equus (Equus) caballus Horse
Felis catus Cat
Lepus capensis Brown hare
Mus musculus Housemouse
Rattus rattus Black rat
Oryctolagus cuniculus Rabbit
Ovis aries Sheep
Sus scrofa Pig
Vulpes vulpes Fox

Birds

The habitats acrosBarmahMillewa Foressupportnumerouswater and wodland bird species. Over
100species of birds have beeacordedsince surveys begafe.g, Borrell 2021), of which four are
listed asthreatened(seeTable7). Numbers of waterbirds vary each year in response to local and
regional climatic conditions.

Australasian bitterr{Botaurus poiciloptilusand Australian little bitternikobrychus dubigssurveys

have been undertaken at BarmdaWillewa Forest since 2015 across nine wetlands. Results for 2020 and
2021 reinforce previous findings that the wetlands in the icon site provide critical habitat for
Australasian bitterns on an ongoing basis. Thmber of Australasian bitterns recorded in 2020
represent between 0% of the global population, based on the population estimates of tHD0

and 22% of the éstralian population based on the population estimate of 800 adult birds (Birdlife
International, 2014). There was a 21% increase in the number of Australian little bitterns recorded
compared to 2018 data in 2020 (Belcher and Borrell 2020), and an egsr lsumber of bitterns
encountered in 2021 (Znidersic and Towsey 2022).

TheBarmahMillewa Foresis asignificantbreeding site for colonial nesting waterbirdkundating the
floodplain habitat will support waterbird breeding events through the provision of productive foraging
areasc a critical requirement for breeding succe3$ie main specieare cormorants, ibis, spoonbills,
night-herons and egrets.

TheBarmahMillewa Foresisupport species listed under the Japan Australia Migratory Bird Agreement
(JAMBA), China Australia Migratory Bird Agreement (CAMBA), Republic of Korea Australia Migratory
Bird Agreement (ROKAMBA) and the Bonn Convention. These sgegies occur in large numbers at

the site as the preferred habitat is not a dominant feature of the icon site.

Many woodland birds are associated with floodpl&inests, using them for habitat, foragirmmnd
breeding.BarmahMillewa Foressupports severdistedwoodland birdsof the Victorian temperate
woodland bird communitywhich is a listed ecological community under the Victok&G Acf1988)

Woodland bird surveys were undertaken across four broad habitat types including two river red gum
forest communities (tallest and wettest forest, moderately tall and slightly drier forest), box woodland
(Grey BoxEucalyptus microcarpand yellow boxE. melliodory and sandhill woodland which is a mix

of river red gum, yellow box and white cyprgsise, Callitris glaucophylléTzaros and Tzaros 2021). The
bird communities varied between the four different habitat types surveyed. Assessing habitat types by
bird species richness, box woodland supported the most diverse woodland bird assemblage (total
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species richness of 60 species), whereas the tall, wetter river red gum was the least diverse (total
species richness of 47 species) (Tzaros and Tzaros 2021).

Vegetation communities

The majority of the BarmaMillewa Forest is dominated by eucalyptus forest and woodlands. Riparian
fringes of modern river channels and lower areas of the floodplain support river red gum forest and
woodlands, black box woodland occurs on the higher fessuently inundated floodplain. There are
small areas of sandy soils on higher ground such as levees, old channels, dunes and lunettes, which
supportPlainsWoodland and Lowises Woodland (Ecology Australia 2013).

Lowlying portions of the BarmaMillewa Forest feature a variety of treeless palustrine wetlands,

including Moira grass plains, giant rush beds, common reed beds, moist grasslands and aquatic
herblands. These wetlands are associated with a variety of gegoimc settings including intermittent
drainage lines, floodlunners, oxbow lagoons and floodplain depressions. Two vegetation classifications
have been used to describe the vegetation communities present at the site: in Victoria Ecological
Vegetation Clases (EVCs, see DSE 2013) are used, and in NSW Plant Community Types (PCT) are usec
(see Keith 2004). Both classifications describe characteristic native plant species assemblages in relatior
to environmental conditions, with frequently emccurring specigsncluding combinations of trees,

shrubs and/or ground cover plants forming the descriptions for each type. Ecological Vegetation Classes
found within the BarmakMillewa Forest which are of conservation concern are listedrior!

Reference source not found.The area of each EVC and PCT recorded at the site is presented in
Appendix 1.

Table13. Main Ecological Vegetation Classes of conservation concern in Basidlewa Forest
(Ecology Australia 2013).

EVC No. | EVC Name (Vic) Conservation Status ‘

653 Aquatic Herbland Depleted

809 Floodplain Grassy Wetland Endangered

56 Floodplain Riparian Woodland Depleted

810 Floodway Pond Herbland Depleted

106 Grassy Riverine Forest Depleted

66 Low Rises Woodland Endangered

803 Plains Woodland Endangered

1088 Riverine Grassland Endangered

295 Riverine Grassy Woodland Vulnerable

814 Riverine Swamp Forest Depleted

815 Riverine Swampy Woodland Vulnerable

264 Sand Ridge Woodland Endangered

816 Sedgy Riverine Forest Depleted

819 Spikesedge Wetland Vulnerable

821 Tall Marsh Least Concern
Flora

Two aquatic grasses Moira graBs¢€udoraphis spinescgrand swampvallaby grassAmphibromus
fluitans) are target species for environmental watering and interventions across the icon site. Moira
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grass is an iconic species of the area and representative of the floodplain landscape, especially during
the flooding seasonHale 2022. Moira grass is well adapted to the wetting and drying regime typical of
the floodplain conditions along the miglurray. Under wetter conditions it can extend its stems up to

3-4 metres and develops floating leaves, on drying the stems dry along thalifteation and reroot

multiple times developing new plants in the next wet period (Cooling et al 2019). Swamp wakaky gr
grows mostly in permanent wetlands with fluctuating water levels resulting in exposed mud flats/edges.
Flowering occurs in spring to autumn (November to March).

Vivian et al. (2015) estimated that that only 182chkaresof grassy wetlands remained in Barmah Forest
in 2015, with only 50 éctaresof the monospecific swards that were a historically important part of the
floodplain (Vivian 2013, Vivian et al. 2015). This represents only 12 per cent of the extent at the site
since its Ramsdisting and shows a continuing decline (Colloff et al. 2014

Arial survey of Little Rushy Swamp in Barmah Forest is illustratéidunell. This area of Little Rushy
Swamp is managed as an exclusion zone from feral horses (note fence line/straight edge of the mapped
area in the left of the image) clearly indicating the impacts of feral grazers on aquatic grasses.

Figurell. Aquatic grass classification map for Little Rushy Swamp on Google Earth map background.
Note: Classes were definedased on a survey carried out in May 2018. Moira grass areas are
represented in blue, swamp wallaby grass in dark yellow and other broadleaf species in p(ine
Saurez et al. 2018)

5.2 Shared benefits

BarmahMillewa Foresis an excellent example of a remnant floodplain forest ecosysiémriver red
gumfloodplainand waterwaysprovide essential habitat and resourcést supporta diversity of native
flora and faunge.g., Loyn et al. 20085 0ulburn BrokertCMA 2015), including many threatened species.
Suchhabitats are of high conservation value providing important refuges and hotspots for biodiversity.
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BarmahMillewa Forestlso provides a range cfiltural, social and economic benefjtthesebenefits
are an integral consideration in the annual water delivery and management process

Tablel4. Social, recreational, and economic shared benefits of environmental water in 2023
(Goulburn BrokenCMA 2023)

Waterway Shared Beneficiary Description

benefit

Murray River and Economic Consumptive water Environmental flowsmprove water quality,
distributary channels users¢ GMW irrigators reduces blackwater risk and Blue Green Algal
within BarmahMillewa and diverters blooms which reduces the treatment costs for
Forest downstream urban water authorities and reduces

operational risk.

Water diversion through Barmaklillewa Forest
(when required for environmental purposes) can
alleviate some Choke channel capacity constraint
for downstream irrigation and urban water

demands.
As above Recreational Broader community, = Environmental water improves vegetation and
. local residents, visitors water quality and consequently provides an
Amenity . . S .
(day or camping), attractive area for day visitors and campers with
anglers, bird watchers, enhanced active (e.g., fishing, boating) and passi
photographers, (e.g., birdwatching) recreational pursuits.
kayakers/canoers. Environmental water improves the local
environment and increases species richness in th
riparian and floodplain area to retain or enhance
natural assets that can be enjoyed by everyone a
encourages community conservation and outdool
activities.
As above Recreational Broadercommunity Using environmental water to provide fish

spawning, migration, passage and habitat enhanc
native fish populations for recreational benefit. Th
benefits are extended to other waterways in the

entire southern connected Murray Darling Basin.

Economic Anglers

5.2.1 Aboriginal values

The people of the Yorta Yorta and Bangerang Nations have an ongoing connection to -Béilieah
Forest. This is recognised in the partnership arrangements established within the Joint Management
Plan For Barmah National Park (YYTOLMB 2020), which cotifernigh value First Nations people
place on restoring the habitat of the forest by reinstating a more natural flooding frequency.

1 Sites of significanceburial mounds, scarred trees, artefact scatters, middens and hearths.

1 Totemic species and associated story ligggrticularly Dhungalla (Murrayiver) Bayadherra
the broadshelled turtle,Burnangathe Murray cod Borpathe Murray spiny crayfish,
Nurnamamdatbathe kingfisher andsurranyinthe eagle.

1 Food and resourcesfood (plants and animalsgnd other resources such as reed spears, fibre
for nets and bark for carrying vessels.
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91 Biodiversity values the Aboriginal community understands and appreciates indicators of
forest and river health, as the forest and waterways are part of Country;

1 Ecological values associated with wetlandsjver red gunforest and open box ridgeblack
box).

The Murray Riverdhungallg and the BarmatMillewa forest provided yearound food stocks such as

fish and yabbies, and the annual floods that spread through the forest allowed fish and turtles to breed,
bringing nesting and wading birds in large numbers for months at a time. Kawgand emus grazed

on the grassy plains that occur throughout the forest. River red gum forest and wetlands provided a rich
place to live, with fuel for fires and wood for building shelters and making canoes, weapons and other
implements. Water continued to flow in the creeks as the floods receded, gradually drying out as the
summer and autumn seasons progressed. Aboriginal people camped throughout the forest and moved
across all parts of it, hunting, gathering resources, anaagig the vegetation and wildlife. The entire
forest continues to be a very important place, not just the sites where cultural heritage artefacts of
occupation occur. Water areas are as important as land areas. Most traditional food collecting activities
and lifestyle was shaped by the waterways. Survival depended on water resources such as fish,
crustaceans, freshwater mussels, turtles, cumbungi and the bird life that gravitates to the waters,
particularly ducks and swans. Other resources such as reedsdére for nets and bark for carrying
vessels are watebbased products (Atkinson 2002).

5.2.2 Recreational values

BarmahMillewa Foresprovides social value to the local community and broader public through
recreational activities such as

1 Water-based recreation (such as boating, fishing, kayaking and canoeing)

1 Rverside recreation and amenity (such as birdwatching, picnicking, photography, camping and the
general physical, mental and social benefits of communing with nature)

1 Gommunity events and tourism (such as boat tours)

As an example of recreation value, Dyak et al. (2007) estimated (based on limited data) that
recreational visits to BarmaNillewa Forest had a nemarket value of approximately $13 million (in
2007 dollars, assuming a trip value of $529 per adult visitar 25,000 visits). Dyak et al. (2007) noted
that the most important reason for visiting Barmah Forest was (in descending order):

Relaxing

Catching up with friends

Fishing

Being close to water

Having quality time with family

Water activities

Getting close to nature

Good for my wellbeing

. Enjoying this part of the Murray River
10. Outdoor activities

11. Area offers bestombination of activities
12. Visiting special spots

©e N~ E
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5.2.3 Economic values

BarmahMillewa Foresis important economicallyboth to local communities and Victorians more

generally The surrounding agricultural landlong with tourismis a major economic resource for the
region(e.g, Goulburn BrokerCMA 2015) and proximity to Barmdhillewa Forest can positively affect

land values (Tupsuwan et al. 2015). For example, the site is an integral part of the Murray River system
that delivers water for consumptive use from Lake Hume to South Australiaisnadgacent to

Goulburna dzZNINJ @ LNNR I GA2Y S5AA0GNAOG Ay + fo@bavaRd > & KA
generates $5.9 billion worth of production a year (GMW 2016 citedEh WP 2019).

5.3 Current ecologicatondition
5.3.1 Trajectory of change

The condition of BarmaMillewa Forest, along with many other assets in the Musayrling Basin, has
been in longterm decline in response to regulation of the Murray River and artificial changes to the
floodplain (e.g., levees, blockag@esvaterway9, and adverse landse (cattle grazing, forestry, and pest
plant and animalsjGawne et al. 2011, Bond et al. 2021). There is strong evidence of a decline in
ecosystem condition at BarmaWlillewa Forest, ranging from empirical scientific investigations to more
broad condition monitoring and inferential studies pre the Millenniunoght (Gawne et al. 2011).

Murray River regulation

Regulation of the Murray River and changes to inflow points (e.g., blockages) has created drier
conditions across Barmatillewa Forest, causing an overall shift towards more terrestrial vegetation
types. Changes in extent to Moira grass plains, one ofitbst characteristic wetland types in the icon
site, indicate a deteriorating trend in condition.

Altered water regimes is one of the potential causes of encroachment into Moira grass plains by giant
rush and river red gum (Cooling et al 2019). Analyses of data pre 2000 indicate that incursion of giant
rush and river red gum onto Moira grass wetlands#a plains in Barmah Forest were very large (Brown
and Tolsma 2021). Results for the period 2003 to 2017 indicate a 7.3% loss (102 hectares across 35
sites) of surveyed wetlands to river red gum encroachment, with large sites sustaining larger changes.
Giant rush encroachment was more variable with both increases and decreases observed between 2007
to 2017, with an overall decrease of 3.6% (10 hectares across 13 sites) mostly driven by a single wetlanc
- Barmah Lake. Excluding Barmah Lake indicated a 6@®%ase in encroachment across the remaining
wetlands (Brown and Tolsma 2021).

Current conditions

Wetland and tree canopy response following the extensive natural flooding and above average rainfall
conditions are excellent and have supported very good waterbird breeding outcomes. Flooding in 2022
into 2023 prevented on ground field assessments, howeerial assessments and anecdotal

information indicated the following (GBCMA 2023):

1 Australasian bitternsvere reported to delay nesting in response to the depth and duration of
the recentfloods(Znidersic and Towsey 2023)

1 A significant hypoxic blackwater event occurred following the legme 2022 spring flood
events with associated reports of fish deaths. Relatively large numbers of terrestrial fauna
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(especially kangaroos and feral horses in Barmah) became stranded on unflooded islands are
known to have perished during the floods.

1 Approximately 2000 nests of Australian white Ibis and streaeked ibis (and possibly royal
spoonbill) occurred in several suplonies spread throughout Boals Deadwoods wetland in
Barmah Forest, and approximately 1000 nests of the species in Reed Bedp Bwdillewa
Forest.

1 A substantial size heron colony occurred on both sides of the river adjoining Picnic Point with
numbersestimated to besimilar to 2022.

1 A reasonable size cormorant colony also developed at Harbours Lake in Barmah Forest, with
numbersestimated to besimilar to 2022, possibly larger.

1 A strong response iMoira grass growth and flowering in flooded wetlands was observed where
the species retains its presence. In Barmah Forest the best outcome for this species was in the
six grazingexclusion fenced sites. Feral horse grazing exclusion fencing erectkd Ggulburn
Broken CMA boosted the environmental gains achieved by the environmental watering on
selected floodplain marshes by protecting the vegetation from extreme grazing impacts.

1 Sampling turtle subpopulations in Barmdillewa Forest began i801819, with early results
from monitoring indicatingsub-optimal health with average body condition, little evidence of
recruitment, and a decline in most relative abundance metrics for two of the three species. The
increase in relative abundance edistern longnecked turtles indicates continued recovery for
this species following the mass mortality event associated with the Millennium drought
(Howard et al. 2021).

 Frog monitoringin202& m NB @St SR GKIFdG ONBSRAYy3 gI-G6 WFI |
out of 1, but was highly variable across sites. Species richness across the entire icon site was
Of FaaAFTASR |a W3I22RQD stréepsedsdonirendads urklgar d¢s Redefl i F N
net analysis of frog recordings was a complex and lengthy process that generated a vast
guantity of data. Preliminary interrogation of these data indicated that further consideration is
required about how best to sumarise the data and which calling metrics are useful.

Although the results from flooding events are in part encouragBarmahkMillewa Forestrequires a

more longterm reinstatement of a natural floodingegime, including relaxation of constraints, if its
condition is to improve furtherComplementary management interventions focusing on control of feral
grazers and invasive species are required to ensure gains.

Continuedencroachmentof giant rush andiver red guminto grassy wetlands

Altered water regimes at Barmatillewa Forest (see Section Havestrongly influenced water

dependent vegetation across the site. Colloff et al. (2014) report that giant dusitus ingensvas

limited to around 1 hectare in 1945, expanding significantly post 1B&fu(el2). Brown and Tolsma

(2021) reported that in 2007 the total area of infestation across sampled wetlands was 285 ha,
equivalent to 32% of the total wetland area in Barmah Forest. Various approaches to control have been
undertaken with variable results depeadt on the local conditions at each managed wetland. There

has since been a significant decrease in giant rush at Barmah Lake (initially caused by an extreme
flooding event in 2010), but other sites have increased in cover Brown and Tolsma 2021).
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T [:| Eucalyptus camaldulensis forest
N - Pseudoraphis spinescens plain
10 km - Juncus ingens rushland

[:] Phragmites australis reed bed
[ Eucalyptus spp. woodland

Barmah Forest

Steamer Plain
Barmah Lake

Moira Lake

Juncusingens 2007
Juncusingens 1985
Juncusingens 1967

Juncusingens 1941

(ECORE

Eucalyptus camaldulensis Forest

Open Water

Figurel2. The distribution of dominant vegetation at BarmagjMillewa Forest. From Chesterfield
(1986); Bowen (2005) and DPI (2009). Areas of vegetation in Barmah Forest: MoiraRgasdoraphis
spinescengplains 947hectares(3.2%), giant ruslduncus ingenthat was previously Moira grass 1106
hectares(3.7%), common reed Phragmites australis I3dctares(0.4%). Percentages based on area
estimate of 29 515hectares(DSE, 2008). Inset: detail of Barmah and Moira Lakes, showimgno
sequenceof infilling of Moira grass plains withJuncus ingensFrom Colloff et al. (2014).

Saintilan et al. (2021) undertook tireeries mapping of BarmaWillewa Forest using detailed
photogrammetry, supported by extensive ground survey to investigate response efvoody aquatic
vegetation to tree encroachment over multiple wet and dry pesgodihe results indicate that Moira
grasslands have been declining since 1945 (when air photos first became available) with concurrent
expansion of river red gum. River red gum extent did not decline with the Millennium Drought, with an
11% increase in riveed gum extent in the western half of the Barmkhllewa Forest and a 78%
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decline in Moira grass in the period 192810. There was no overall change in extent of river red gum
as a result of the Millennium Drought, with both giant rush &8rygbhabeing more resistant to river red
gum encroachment than the grass species.

Potential climate change impacts

As part of the 2020 Basin Plan Evaluation and the Victorian Floodplain Restoration Proj&tiDBlde
assessed the vulnerability of ecosystem objectitceslimate changgMDBA 2020c, MDBA 2022

These assessmenitzdicated that the likelihood of natural floodplain inundationligely tofurther

decrease as a result of plausible climate change outcomes. Example ecological consequences due to
reduced flood frequency are presented below and summarisdegarel3.

Changes in rainfall are likely to decrease the frequency of overbank and flood events and the
magnitude, duration and seasonal timing of large flow events. Reduced lateral connectivity will have
implications for floodplain species and change ecosystemetifums such as food web productivity and
nutrient, sediment and carbon cycling (including increases in blackwater events).

Reduced floodplain inundation may contribute to water quality issues as there is less capacity to flush
salt and other pollutants from waterways. Reduced flows may also lead to low dissolved oxygen in
thermally stratified waterbodies, increase the occurcenof blackwater events, and lead to more
frequent algal blooms due to increases in temperature. More intensive rainfall events would increase
erosion and surfaceunoff resultingin other water quality issues.

Vegetation communities adapted to a wetting and drying regime will be vulnerable to reduced rainfall
and floodplain inundation. Reduced flooding may facilitate the encroachment of drought tolerant plant
species (including mass germination of river red gumi® channels and open water areas. Saintilan et

al. (2021) predict that further loss of grassy wetlands, such as the Moira grass and swamp wallaby grass
systems in BarmaMillewa.

Loss or changes to plant species and communities will affect the availability of habitat for water
dependent fauna and in turn food web structure.

Reduced floodplain inundation frequency and duration can also affect key lifeaymlponents suclas
movement and migration, spawning and recruitment, and habitat quality and quantity. For example,
there may be a loss of freshes that provide breeding and migration cues for native fish.

The ecological changes described above emphasise the need for managed inundatiorte@wesds
environmental objectives foBarmahMillewa Forest
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Figurel3: Conceptual model of possible impacts of river regulation and climate change on the
abundance and diversity of native fish communities in the MOB(n Balcombe et al. 2011).

Indirect impacts from climate change are also likely to compound environmental changes in aquatic
ecosystems. Indirect impacts include increased interception by farm dams, increased fire intensity and
frequency, norstationary dominant hydrological process land use changes in response to climate
conditions, water quality issues such as algal blooms and hypoxic black water events, and pest animals
and plants (Robertson et al. 2021).
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6 Managing water related threats

Detailedecological risk assessmartave beemndertakenfor BarmahMillewa Forests part of
Ramsar sitecological character descriptions apthns of managemene(g, Hale and Dickson 2020
Harrington and Hale 20),1andas part of the joint management plagYYTOLMB 202@nd strategic
action plars (Parks Victoria 203.

6.1 High priority threats
Threatsassessed as beimgxtreme orhigh riskto environmentalvalues(Appendix2) include:

1 Dams and water management/ugeater resource use) resulting in altered water regimes:

0 reduced frequency and duration of floodplain inundation due to reduced Murray River
inflows caused by increased frequency and severity of drought and climate change
across the southern MurraRarling Basin.

o reduced frequency and duration of floodplain inundation due to reduced Murray River
inflows caused by river regulation and consumptive water extraction.

1 Invasive speciethat increase disturbangepredationor competitionincluding

0 grazing, foraging and damage caused by feral herbivores as well as incursions by
invasive plants, that adversely affect ecologically important floodplain marshes and
threatened vegetation species (e.g., Moira grass and swamp wallaby grass).

0 predation by foxes andats on native animal species

0 competition from alien fish species (e.g., carp, gambusia) that affect fish abundance and
diversity, including threatened native fish such as Murray cod and silver perch.

1 Modification of key vegetation communities:

o Degradation of key vegetation communities, including reed bed wetlands, cypress pine
sandhills, river red gum forests and black box woodlands, from the combined effects of
river regulation, river flow constraints, drought/climate change, forestry operatiamd
timber extraction, land clearing, wildfire, and high total grazing pressure.

1 Climate change impacts leading to altered water regimes adversely affects:

o floodplain marshes and threatened vegetation species.

o wetland bird breeding and threatened waterbird species (Australasian bittern).
9 Largescale riverbank erosion along the Murray and Edward rivers:

o Degradation of the natural levees andAlboriginal sites and other cultural values.
Degradation of irstream habitats and the aquatic foodweb.
Sedimentation across large areas of river red gum forest.

Adverse impacts to the ecological character of the Ramsar sites.

O O O O

Adverse impacts to the hydrological function and ecological character of waterways and
wetlands.

Of the threats listed above, graziffgragingand predation byferal animals was considered an extreme
risk to environmental values at Barmdillewa Forest, while inappropriate water regim@tue to

water management/use and climate changepmpetition from alien fish species and incursions by
invasive plant species were considered high risk.
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Climate change is an emergiirsguethat can exacerbate other threats to environmental values, such as
those listed above. In particular, shifting rainfall and runoff patterns in tributary catchments (e.g., Kiewa
and Ovens) has led to reduced inflows to the Murray River (HARC 2021). dingswith increased air
temperature, can increase consumptive water demand and reduce the amount of water available for
the environment.As mentioned in Section 5.3.1, reduced floodplain inundation frequency and duration
predicted to occur with climate change (MDBA 2021) has the potential to exacerbate the impact of the
threats listed above.

6.2 Management actions

ThevariousRamsar sitand othermanagemenplansrelevant to BarmatMillewa Foresi{Hale and
Dickson 2020YYTOLMB 202Parks Victoria 2020nclude a suite of activities to address the high
priority threats, including by:

1 Managing water regimes

1 Protecting flora and fauna

1 Improving our understandingnd knowledge base

1 Programs of ammunication,education participation andawareness (CEPA)

For example, the Barmah Ramsar site management plafe(andDickson 202Dincludes a series of
management activities linked to implementation responsibilities and complementary programs to
address high priority threatsT@blel5). It is expected that the implementation of existing programs will
continue to manage priority threats in both Barmah and Millewa Forests.

Tablel5. Management activities to address threatening processes occurring at the Barmah Forest
Ramsar sitelale and Dickson 2030

Managementactivity Responsibility Linkages to existing

(lead agency programs/activities
indicated in bold)

1. Managing water regimes

1.1 Continue to develop and implement watering  Goulburn Broken Barmah Seasonal Watering
proposals forenvironmental watering to maintain = CMA,VEWH, Proposals, BarmaNillewa
the ecological character of the Ramsar site. Parks Victoria Environmental Watering Plan
1.2 Work with partner agencies to remove Yorta Yorta, Parks = Joint Management Plan

barriers to the passage of native fish, turtles and  Victoria,
other aquatic species in waterways of the Ramsa GoulburrgMurray

site Water, MDBA,
Goulburn Broken
CMA
1.3 Work with partner agencies to identify MDBA VEWH, Barmah Seasonal Watering
opportunities and options for managing Goulburn Broken Proposals, BarmaNillewa
environmental water in a changing climate. CMA, Parks Environmental Watering Plan
Victoria

2. Protecting flora and fauna
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Managementactivity

Responsibility
(lead agency
indicated in bold)

Linkages to existing
programs/activities

2.1 Implement actions in the Parks Victoria
Strategic Action Plan: Protection of Floodplain
Marshes in Barmah National Park and Barmah
Forest Ramsar Site aimed at reducing the
population of feral horses from the Ramsar Site.

2.2 Implement actions in the Parks Victoria
Strategic Action Plan: Protection of Floodplain
Marshes in Barmah National Park and Barmah
Forest Ramsar Site aimed at controlling other pe:
grazing species (feral deer, goats, pigs, sheep,
rabbits)

2.3 Continue to protect remaining areas of
floodplain marsh vegetation and trial methods to
re-establish Moira grass in suitable habitats.

2.4 Continue pig and fox control programs and
trial feral cat control in the Ramsar site
particularly at sites where waterbirds are
vulnerable.

2.5 ldentify options to reducexotic fish
populations within the Ramsar Site.

2.6 Implement actions in the Parks Victoria
Strategic Action Plan: Protection of Floodplain
Marshes in Barmah National Park and Barmah
Forest Ramsar Site aimed at controlling invasive
native plant species (giant rush arider red gum
and exotic wetland weeds.

2.7 Implement measures identified in the Draft
Joint Management Plan for Barmah National Par
aimed at protecting potential nest trees for
superb parrot are protected from damage and
disturbance.

2.8 Implement Barmah NP Ramsar Site PPA
Strategy

3. Improving our understanding

3.1 Investigate options to minimise or mitigate
the effects of future blackwater events.

3.2Investigate options to increase the extent and
condition of Moira grass.

Parks Victoria
Yorta Yorta,
Goulburn Broken
CMA

Parks Victoria
Yorta Yorta,
Goulburn Broken
CMA

Goulburn Broken
CMA Parks
Victoria, Yorta
Yorta, DECA

Parks Victoria
Yorta Yorta,
Goulburn Broken
CMA

DEECAGoulburn
BrokenCMA

Parks Victoria
Yorta Yorta,
Goulburn Broken
CMA

Yorta Yorta Parks
Victoria,Goulburn
BrokenCMA

Parks Victoria
Goulburn Broken
CMA,Yorta Yorta

MDBA VEWH,
Goulburn Broken
CMA

Parks Victoria,
Goulburn Broken
CMA DEECA
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Park and Barmah Forest
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Parks Victoria Strategic Action
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Managementactivity Responsibility

(lead agency
indicated in bold)

Linkages to existing
programs/activities

3.3Investigate options to increase populations of Parks Victoria,
threatened plant species, including establishing =~ Goulburn Broken
exsitu seed orchards CMA DEECA

3.4 Continue research into relationships between
flood regimes, vegetation dynamics and fauna
responses

4. Communication, Education, Participation and Awareness (CEPA)

4.1 Work closely with Yorta Yorta to protect Goulburn Broken
Country and sites of cultural significance. CMA, Parks
Victoria,Yorta
Yorta, DEECA
4.2 Develop and implement a Barmah Forest Goulburn Broken
Ramsar site wetland information and CMA, Parks
interpretation program. Victoria,Yorta
Yorta, DEECA
4.3Build capacity and collaboration with Goulburn Broken
community and industry groups by supporting CMA, Parks
citizen science and eground community action Victoria, Yorta
in Ramsar site management. Yorta, DEECA
4.4 Manage Park use and visitor access to Parks Victoria
minimise damage to vegetation, particularly Yorta Yorta
floodplain marshes and reduce disturbance to
waterbirds.
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7 Management goalspbjectives,and targets

7.1 Management goal
In 2001, the Murray Darling Ministerial Council establishedLiiveng Murray progranfincluding
BarmahMillewa Fores}to maintain

Ahealthy River Murray system, sustaining communities and preserving unique.values

A seriesof ecological objectives and targets hasiacebeen developed foBarmahMillewa Foresthat
represent the desired ecological outcomes of an improgadironmental wateringegime. These are
presented in the following sections.

Key documentsvhich reference avironmental objectives and flow recommendations for Barmah
Millewa Foresinclude(Goulburn BrokerCMA 2022):

1 BarmahMillewa Environmental Water Management Plan (MDBA 2012)
1 BarmahMillewa Ecological Operating Strate@ydulburn BroketCMA 2015)
1 Barmah Forest Strateghction Plan (Parks Victoria 2018) and Extension (Parks Victoria 2023),
1 Joint Management Plan for Barmah National Park (YYTOLMB 2020).

The Victorian Murray LTWP management goals are specified as (DEWLP 2021c):

1 Maintain or improve populations of threatened species and communities that are dependent

upon waterways and wetlands in the region.

91 Improve lateral connectivity and enhance floodplain productivity

1 Restore and maintain a mosaic of healthy floodplain communities across the region which will

ensure that indigenous plant and animal species and communities survive and flourish
throughout the site

1 Create and maintain a range of wetland types, with water regimes that vary from permanently

inundated through to occasionally inundated.

The NSW Murraj.ower Darling LTWP has specified objectives for the following themes, consistent with

the BWS (BIE2020a):

1 Native vegetation
1 Waterbirds
9 Native fish,
1 Ecosystem functionsand
9 Other species

7.2 Regional significance
The values and importance of the Barmiglillewa Forest icon site at a Murrdyarling Basin and

regional landscape scale are detailed in previous sections, in particular Section 3 and Section 5. The

Murray River, with its floodplain, wetland and forest sysis, forms a unique environment with
outstanding ecological values. The floodplain is home to many rare and endangered species and

48



OFFICI4

internationally significant wetlands, is a biodiversity hotspot for a diverse range of animals and provides
vital refuge during extreme drought.

7.3 Environmental objectives and targets

A hierarchical approach that aligns objectives and targets of the Baiviildwa Forest icon site to the
Environmental Watering Plan (Chapter 8, Commonwealth of Australia 2012) of the Basin Plan has been
adopted (Butcher 2022). Detailed objectives and agsted targets have been aligned to the Bawiide
Environmental Watering Strategy and Victorian Murray Long Term Watering Plan where appropriate,
and support achievement of the outcome specified in the overarching objective (Appendix 3). SMART
criteria wae also applied, as well as terminology consistent with the Basin Phasi has increased the

line of sight of objectives and targets for Barmlillewa Forest to the Basin Plan and associated
reporting requirementsTargets are not presented for the overarching objectives as the detailed
objectives and associated targets should be designed to achieve the general outcome specified in the
overarching objectivésThe overall logic for formulating objectives and targets is summarisEyire

14.

The overarching objectives for the icon site are (MDBA 2012):
1 Restore the extent and distribution of healthy wetland and floodplain vegetation communities

1 Provide suitable feeding and breeding habitat for a range of waterbirds, including colonial
nesting species

1 Support successful breeding and recruitment of native fish species
1 Provide high quality feeding, breeding and nursery habitat for native frogs, turtles and crayfish

The detailed objectives and targefBablel7 to Table24) specify an achievement by 2033, reflecting
the 10 year cycle of review for EWMPS (DEWLP 2022).

7 Noting that the overarching objectives were not written to be quantitatively measured.
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TLM Overarching objectives
Restore the extent and distribution of healthy wetland and floodplain vegetation communities
Provide suitable feeding and breeding habitat for a range of waterbirds, including colonial nesting species
Support successful breeding and recruitment of native fish species

Provide high quality feeding, breeding and nursery habitat for native frogs, turtles and crayfish.

!

Environmental objectives
Protect and restore ecosystem type and biodiversity at
B-MF that is dependent on Basin water resources
(Ramsar, migratory spp, non-woody and woody veg by
WRC, representative pops hative species - waterbirds, fish
turtles, frogs, crayfish, bushbirds)

Environmental objectives
Protect and restore the ecosystem functions at B-MF that
support life cycles of water dependent biota
(waterbird breeding, feeding, fish recruitment, dispersal)

Target attributes
* Ramsar ecol character - cascade
+ Migratory species - cascade
« Rare ecosystem type - cascade
= Threatened species - cascade
« Representative subpopulations -
species richness/extent/abundance

l

Environmental objectives
Protect and restore the ecosystem functions at B-MF that
improve hydrological connectivity

Target attributes
= Colonial and non-colonial breeding
= Recruitment and population structure
+ Feeding and breeding habitat
+ Movement

A

e

Environmental objective
Protect and restore ecosystem functions which support
floodplain and wetland ecosystems at B-MF that are
resilient under a range of climatic conditions and other
threats

-

Target attributes
+ Longitudinal connectivity
« Lateral connectivity

Targets
+ Multiple targets specifying magnitude
of change and time bound
= Rational to be provided with the
targets

= e.g. By 2033, By 2033, the total species
richness of waterbirds in each surveyed
wetland at Barmah-Millewa Forest should
be at least 0.7 (best achievable reference
based on total species richness indices) in
8 years out of any 10-year period where
conditions are suitable. Measured as index
score per wetland/year and moving

smoothed average for each wetland..

elc.

Target attributes
+ Refugia
« Feral/invasive species control

Figurel4. Objective logic adopted for the BarmaWMillewa Forest EWMP.
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7.3.1 Ecosystem andbiodiversity objectives and targets

The majority of the ecosystem and biodiversity objectives relate to the condition of the icon site. These objective® natetgty environmental
asset criteria for the maintenance of the ecological character of the Ramsar sites, supporting migoatoeg ind representative ecosystem
types and supporting representative subpopulations of watependent biota (sedablel6to Tablel8). Cascading outcomes are those which
will be achieved by meeting the objectives and targets for other values. Cascading outcomes are not directly moiiterednultiple targets

are set for arobjective,they are either required to all be met (indicated with an AND) or only one is needed to be met (indicated with. an OR)

Tablel16: Objectives and associated targets for biodiversity outcomes.

Mapping element | Description

BMF1 2023 Contribute to the maintenance of the ecological character of the Barmah Forest and Central Murray Ramsar sites.
environmental
objective

BMF1_2023 target No target as cascading outcome achieved by other objectivesdosystem type and biodiversity. Relevant objectives which will
contribute to the maintenance of the ecological character of the Ramsar site in8ivies_2023, BMF6_2023, BMF7_2023, BMF8_2(
and BMF10_2023

BMF2_2023 Continue to support key life cycle stages for migratory waterbirds listed under international treaties.
environmental

objective
BMF2_2023 target No target as cascading outcome achieved by other objectives for ecosystem type and biodiysesiBMF5_2023 which will support
habitat outcomes for migratory species

BMF3_2023 A positive trajectory in the condition of representative ecosystem types (i.e., Water Regime Classes/ANAE) atMBéemat-orest by
environmental
o 2033.
objective
BMF3_2023 target No target specified, cascading outcome achieved by meeting objectiB&¥5_2023, BMF6_2023
BMF4_2023 By 2033, maintain the presence of threatened watipendent species that are recorded on a regular basis at Baiviiidkawa Forest
environmental . ,
o icon site.
objective

BMF4_2023arget No target as cascading outcome achieved by other objectives for ecosystem type and biodiversity. Relevant objectivesi which wi
contribute to supporting threatened species incluB&F5_2023, BMF6_2023, and BMF7_2023. Taéée7 and Table8 for listed
threatened species that occur at Barmddillewa Foresticon site.
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Tablel7: Objective and associated targets for watelependent native vegetation outcomes.

Mapping Description
element

BMF5_2023 By 203, a positive trajectory in the condition of native naody aquatic vegetation in permaneriver andcreek temporary river and
environmental  creek temporary marshand permanent lakéVRCsit BarmahMillewa Forest.
objective
BMFS_2023 Condition
targets
By 2033jmprove the condition of noswoody wetland vegetation at Barmaillewa Forest measured as increased number of sites witt
each WRC (>20%) in compliance with all indices as detailed in Robinson (2018a, b) including:
1 Native species richness
1 Totalcover.
1 Native cover
Permanent creekscludeGulpa Creek and Budgee Creek in Barmah, Gulpa Creek in Millewa
Temporarycreeks include Toupna Creek and Towrong Credkiliewa.
Temporary marshes include Harbours Lake and Steamer Plain in BarmalH®edkain and Algabohny#&Hain in Millewa
Permanent dkesinclude Barmah Lake and Millewa Lake
Extent
By 2033, increase the extenf open water and norwoody wetland vegetation in Millewa Forest measured as increased area of Phrag
by 15% compared to 2020 baseline
1 Relevant areas for monitoring include: Moira Forest, including the Melraldrakes area, and remnantsAl§abonhyaand Porters
plains, Millewa Forest west from James Swamp to the Edward River, and along the Towrong Creek from where thecteskthe
F2NBald FTNRY 5dzRf SéeQa yR 06S02YSa | O0NFXARSR aeéai SdwardiRdveri K ¢
where the Geraphna Creek and Winter creeks return flows from the Cornalla to the Edward River.
BMI.:6—2023 A positive trajectory in condition of native woody vegetation associated vivgr red gumforest and woodlandsnd box woodland3VRCs
environmental .
objective at BarmahMillewa Forest by 2033.
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Mapping Description
element

BMF6_2023

River red guntree condition and recruitment
targets

By 2033 a positive trajectory in condition of 20% in woody vegetation at 80% of sites assessed
OR

By 2033 a positive trajectory of >35% over armyear rolling period in condition status (as per Cunningham et al. 2008psély fringing
river channels

AND

By 2033 at least two recruitment events where germination and seedling establishment are sustaMgi@wa Forest
AND

River red gununderstorey condition

By 2033, a positive trajectory in condition in understory vegetation in floodplaér red guntforest, floodplainriver red gumwoodland
and temporary swamp Water Resource Class sites measured as compliance with indices as detailed Robinson 2018

1 Characteristic Plant Functional Group species richness for\Wah
1 Characteristic Plant Functional Group species cover for each WRC

Condition of plant functional groups at 70% of tim@nitored sitesmeasured by:
1 native species richness
1 native species cover/abundance
Understorey condition is measured at &ites includingArcadis 2021)
Barmah Forest 2 I £ Qa 5, $dp Rlargl 2BRraf)Top Island (Original).ittle Rushy Swam@op LakeSteamer Plain
Millewa ForestWalthours LagooyReed Beds SwamBlack Gatéagoon Duck LagoopAlgeboia Plain

Tablel18: Objective and associated targets for restoration of representative subpopulations of watependent biota.
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Mapping Description
element

BMFE7 2023 Restorerepresentative subpopulations of native water dependent biota at BarMilewa Forest, by 2033.

environmental
objective

BMF7_2023 Plants:

targets By 2033 increase the extent (cover)@dtegory Moira grasswardsat sixkey wetland sites in Barmalillewa Forest byd0% compared

to 2014 (approximately 28ha)Sites to be assessed as pévian et al. (2015)

1 Category is defined as aidtinct patch, or sward, dP. spinescensvith a relatively clear boundarf. spinesceris the dominant
(often only) species in the patch (Vivian et al. 2015).

1 Extentin 2014 of all Moira grass assessed at 31 lakes and treeless plains was approximately 1460 ha using 2012 aerial imag

1 Extent of Category 1 Moira grass at six sites was approximately 28ha, with most found at Steamer Plain.

1 Six key wetlands included: Steamer Plain, Bucks Lake, Harbours Lake, Hut Lake, Top Lake and Little Rushy Swamp.
Waterbirds:

By 2033, the total species richness of waterbirds in each surveyed wetland at Barthdht Sgl C2NBald &dK2dzZ R 0
achievable reference based on total species richness indices to be developed as per Robinson 2018) in 8 years ouyedapgridl
where conditions are suitable. Measured as index score per wetland/year and moving smoothed average for each wetland.

AND

By 2030, average total species richness for waterbirds at Baamatt f S C2 NS &l xn ®yweahpgrioy. Mé@aSutedlds
moving smoothed average acrosssghsons byvetland (see Robinson 2018c)

OR

By 2033, maintain a-$ear rolling average of 23 or more waterbird species across all sites assessed within Béiteah Forest with all
functional groups represented.

Fish:

By 2033, fish populations in permanent and temporary raved creeKVRG at BarmahMillewa Forestwill be composed predominantly of
native fish as measured by abundance, biomass and species (see Robinson 2015, Raymond et al. 2020)

Population indices
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Mapping Description
element

1 The proportion of fish abundance that is native
1 The proportion of fish biomass that is native (average of site scores)
1 The proportion of fish species that is native

AND

By 2033, positive trajectory in native fish communitiepefmanent and temporary riveWWRC across the whole Barmbfillewa Forest
measured as number of native species, large bodied fish and extent of occurrence (see Robinson 2015, Raymond 2020)

Community indices

1 The expected number of historic native species collected
1 The number of largdodied native fish above or below length at maturity
1 Extent, the number of sites each native species is detected in.

Turtles:

By 2033, maintain the condition dfoad-shelled turtle Chelodina expandasnakenecked turtle Chelodina longicolljsand Murray River
turtle (Emydura macquapiisubpopulations at Barmaklillewa Forest measured by the following (from Howard et al. 2021):

Recruitment metrics

1 Proportion of inhabited sites with juvenile turtle detectians

91 Proportion of sukadult turtles compared to historical levels (speesgeecific)
Relative abundance metrics

1 Mean CPUE (catgber-unit-effort) per site

1 Mean CPUE psite per species

1 Mean CPUE per species per habitat type and water permanence

Distribution metrics

1 Species occurrence at sites over time

Body condition metric
1 Mean body condition per species per year
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Mapping Description
element

Note that post 202384 sampling undertake a refinement of metrics and update targets to specify a magnitude of change.
Frogs:

By 2033, maintain presence of common native frog species at Bahfilidgwa Forest in 575% of survey sites annually. Species include
t SNRP Y Q& LitoNaSpSronf, B&Bteln banjo froglimnodynastes dumerijjibarking marsh frod.( fletcherj, spotted marsh frogL(
tasmaniensiy plains frogletCrinia parinsigniferpand the common frogletQ. signiferi Sampling design for monitoring to be refined to
account for different life history traits.

OR

By 2033, maintain subpopulations of common native frog species at Bakfilldwa Forest measured as per Howard et al. 2021). Speci
Ay Of dzZRS t S NEtofi@geron), B&®rn FaNj@ fibd_[nodynastes dumeriljibarking marsh frod( fletchen), spotted marsh frog
(L. tasmaniensjs plains froglet Crinia parinsigniferaand the common frogletQ. signifera Sampling design for monitoring to be refined
to account for different life history traits. Metrics are (from Howard et al. 2021):

Community composition
1 Community composition, overall
Gommunity composition, pooled site average
1 Relative abundance
1 Calling activity over time, all sites (not reported this year)
i Calling activity, per site (not reportetis year)

Recruitment metrics are used to assess breeding objectsee BME1_2023

Crayfish:

By 2033, positive trajectory in condition of the subpopulation of Muspinycrayfish in riverine WRC at Barmbtillewa Forest measured
as per Raymond et al. (2017, 2020) including:

9 yield an Index of Abundance (IOA)
1 subpopulation sexatios.
1 subpopulation size structure

Woodland birds:
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Mapping Description
element

Maintain species richness of woodland birds at Barrvillewa icon site to average more thatb%of best achievable point of reference
assessed every-3years (see Tzaros and Tzaros 2022):

1 Total species richnegsseasonal and annual

1 VictorianWoodland Bird Community species richness
1 Tree hollow using species

9 Dietary guilds

Monitoring to occur at 20 sites across four habitat types as described in Tzaros and Tzaros (2022). Woodland bird peeclear@s anc
Tzaros (2022).

7.3.2 Ecosystem function

In previous versions of the objectives for condition monitoring in TLM icon sites the objectives were listed in themes telgitoups of biota
(i.e., vegetation, waterbirds, fish, other fauna). To improve line of sight to the Basin Plan the objantivessociated targets in this updated
EWMP are grouped according to the functions that are supported by environmental watering and include supporting breediimg afied:
connectivity.

Tablel9: Objective and target for ecosystem functions that support populationsaterbird breeding and feeding

Mapping Description
element
BMFS8 2023 By 2033, regularly support waterfow! breeding and sraa#lle colonial breeding events at Barridillewa Forest icon site.

environmental
objective

BMF8_2023 By 2033, maintain successful waterfowl breeding in 9 out of 10 years.
targets AND

By 2033, support small scale colonial breeding events in 3 out of 10 years when suitable conditions are present.

1 Key sites for Millewa are (Borrell 2018):
0 St Helena Swamp, Reed Beds wetland complex (North and South), Picnic Point (not on park), War Plain and Boals
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Mapping Description
element

Deadwood
1 Colonial nesting species may include (from Borrell 2018):
0 Australian white ibi§hreskiornis moluc¢a
Royal spoonbilPlatalea regia
Eastern great egreArdea modesta
Intermediate egretArdea intermedia
Nankeen night herolNycticorax caledonicys
Little black cormoranPhalacrocorax sulcirostris
Little pied cormoranMicrocarbo melanoleucos
Australasian darteAnhinga novaehollandiae

O O O0OO0OO0OO0oOOo

BMF9 2023
environmental
objective

By 2033, maintain or increase representative species richness of shailtev and deepwater feeding guilds of waterbird (F2 and F
respectively, after Jaensch 2002) at Barahdilewa Forest.

BMF9_2023
targets

By 2033, functional guild richness at individual wetlands (F2 and F3 feeding guilds, Jaensch 2002) of waterbirds -dliBawadforest
xn®p Ay y @ Syehdperigdduihere cbnditiofiarensuitable). Measured as index score per wetlandfyéanaving smoothed
average for each wetland.

1 Representative F2 species include Pacific black durgks(supercilio9awhite-faced heron (Bretta novaehollandiag)yellowbilled
spoonbill Platalea flavipes Australasian shoveleAfas rhynchotis black swanQygnus atratus Australasian grebd achybaptus
novaehollandiag

1 Representative F3 species include Australian pelitate¢anus conspicillafygreat cormorantPhalacrocorax carbolittle black
cormorant Phalacrocorax sulcirost)iswhite-bellied sea eagleHaliaeetus leucogastgrblack swan@ygnus atratuls Pacific black
duck @Anas supercilio9aAustralasian grebd &chybaptus novaehollandipAND

By 2030, average function guild species richness (F2 and F3 feeding guilds, Jaensch 2002) of waterbirds-at Bdrrhaf 6 I C 2 NJ
years out of any 1§@ear period where conditions are suitable. Measured as moving smoaikiethge across all wetlands.

Monitoring sites areNlSW National Parks and Wildlife Service 2021)

Barmah Forest: Pig Hole, Steamer Plain, Barmah Lake, Goose Swamp, Bunyip Hole, Top Island, Boals Deadwood

Murray Valley National Park (precinct): Horseshoe Lagoon (Gulpa Is), Reed Beds Nort (Moira), Reed Beds South (Moigapuck La
(Moira), Moira Lake (Moira) and St Helena Swamp (Millewa)
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Table20: Objective and associated targets for ecosystem functions that support populatiofish recruitment

Mapping Description

element

BMF10 2023 By 2033 support successful breeding and recruitment of native fish across the whole Bdilleafa Forest in permanent and temporal

environmental  "verine WRCs

objective

BMF10_2023 By 2033, support recruitment in permanent and temporary river WRC at Baiviibkdwa Forest (see Robinson 2015, Raymond et al. 20:
targets including:

1 Large bodied species: Murray cod, trout cod, golden peactasilver perch to facilitate subpopulation expansion.
1 Small bodied species: Murray rainbowfish, fteaded gudgeon, uspecked hardyhead, Australian smelt and carp gudgeons.

Recruitment as per Robinson 2015, Raymond et al. 2020)
9 The number of sites with recruits
1 The number of species with recruits
1 The number of recruits as a proportion saflppopulation

Table21: Objective and associatethrgets for ecosystem functions that support populatiorgsother fauna recruitment/breeding

Mapping Description
element
BMF11_2023 By 2033 support successful breeding and recruitment of frogs at Bahtilidwa Forest.

environmental
objective

BMF11 2023 By 2033, maintain subpopulations of common native frog species at Bakfilldwa Forest measured as per Howard et al. (2021). Targ

targets speciesh y Of dzRS t S NEtgfi@@eron), BREs@rn BaNj@ fibd_{lhnodynastes dumerijjibarking marsh frog( fletcher), spotted
marsh frog L. tasmaniensjs plains froglet Crinia parinsigniferpand the common frogletQ@. signiferqa Sampling design for monitoring to
be refined to account for different life history traits. Metrics are (from Howard et al. 2021):

Recruitment metrics

1 Evidence of breeding, overall
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1 Evidence of breeding, species per habitat type
1 Relative abundance of recruitsCPUE, all sites pooled
1 Relative abundance of recruitsCPUE, per site

Table22: Objective and associated targets for ecosystem functions that support populatiQesnnectivity/dispersal

Mapping Description
element

BMF12 2023 By 2033, support access to habitat for small bodied fish and movement of large bodied riverine native fish by ensutowvg sleguences, ant

environmental  Inundation and recession events, meet ecological requiremefikey speciet BarmahkMillewa Forest.

objective

BMF12_2023 Small bodied fish; off channel species

targets No target as cascading outcome achieved by other objectives for ecosystem type and biodiversity, and ecosystem funetao. Rele

objectives which wiltontribute to cascading outcome include BMF7_2023, BMF5_2023, BMF6_2023, BMF10_2023

Large bodied fish movement:

No target as cascading outcome achieved by other objectives for ecosystem type and biodiversity, and ecosystem funeto. Rele
objectives which will contribute to cascading outcome include BMF7_2023, BMF5_2023, BMF6_2023, BME10_ 2023

7.3.3 Ecosystem resilience under climate change and other threats

Table23: Objective and associated targets for resilience against climate change and extreme dry pegiods/ision of refugia

Mapping Description
element

BMF13 2023 By 2033, regularly provide refugia to support the lgagn survival of wateddependent biota on the managed floodplain of the Barridiiewa

environmental  Foresticon site and Gulpa Creek during drought.

objective

By 2033, maintaipermanent water refugia ilGulpa CreekMoira Lake, Reed Beds Swamp and Duck Lagoong periods of regional
BMF13_ 2023 . } . -
targets_ drought (i.e., serious rainfall deficiency)
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Table24: Objective and associated targets for resilience amitigation of human induced threatg invasive and feral species control

Mapping Description
element

By 2033, mitigate the impact of invasive species and feral animals on floodplain and wetland ecosystaatis/anthterdependent species a

BMF14_2023 i ) ;

environmental  BarmahMillewa Forest icon site

objective

BME14 2023 Feral Horses:

targets_ Cascading outcome reliant of currenéf Plant andAnimal management activities as per Parks Victoria (2G2@) YYTOLM&020)

Pigs and other feral herbivores:

Cascading outcome reliant of curreneé® Plant andAnimal management activities as per Parks Victoria (2020).

Invasive natives:

By 2033, reduce encroachment of invasive native flora species (giant rugfivanded gun by 20% at nominated sitetd support Moira
grass recovery.

AND

Control arrowheadnvasionat nominated sitedby 80% to support Moira grass recovery (Parkgoria2020).

61



OFFICI£

62



OFFICI4

8 Environmental water requirementsnd intended water regime

8.1 Watering requirements and intended watering regimes

The environmental watering regimes presentedlrable25 and Table26 have been derived from the
environmental objectives identified in Chapter 7 aniRG identified inSection 3.3.5To allow for
adaptive and integrated management, the watering regiéniave beerframed using the seasonally
adaptive approach used for water planning by the VEWH (e.g., VEWH 2021), which identifies the
watering that will likely occur under a given set of climatic conditions (dry through to wet). This
approach has been linked to th/RCsncluded inTable25, whichare thoselikely to receive water
depending on water availability (i.e., there is likely to be less water available during droughts than
during wet periods).

Due to the interannual variability of these estimates (particularly the climatic conditions),
determination of the predicted volume requirements in any given year will need to be undertaken by
the environmental water manager when watering is planned.

Table25: Target water regime class in response to climatic conditioN®te: there may be variation in
the WRCs actually watered in given year, depending on factors such as sharing arrangements for the
BarmahMillewa EWA.

Permanent rivers and creeks Permanent rivers and creeks Permanent rivers and creeks
Temporary rivers and creeks Temporary rivers and creeks Temporary rivers and creeks
Sedge/forb/grass floodplain Sedge/forb/grass floodplain Sedge/forb/grass floodplain
Permanent marsh River red gunfloodplain forest River red gunfloodplain forest
Permanentiakes River red guniloodplain woodland = River red guniloodplain woodland

Permanent marsh Box floodplain woodlands

Temporary swamps Permanent marsh

Temporary marshes Temporary swamps

Permanent lakes Temporary marshes

Temporary lakes Permanent lakes

Temporary lakes
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Table26: BarmahMillewa Forestwatering regimes (adapted from MDBA 2012 anGoulburn BrokenrCMA 2015and Cooling et al. 201)9
Objective Events per Maximum Duration of Equivalent Murray River flow
10 years interval events threshold (ML/d)
between (months)
events
BMF1_2023 (maintain Cascading outcome: see watering requirements for BMF5_2023, BMF6_2023, BMF7_2023, BMF8_2023 and BMF10_2023.
ecological character)
BMF2_2023 (support key life = Cascading outcome: see watering requirements for BMF5_2023.
cycle stages for migratory
waterbirds)
BMF3_2023 (improve condition Cascading outcome: see watering requirements for BMF5_2023 and BMF6_2023.
of representative ecosystem

types)
BMF4_2023 (maintain Cascading outcome: see watering requirements for BMF5_2023, BMF6_2023 and BMF7_2023.
threatened waterdependent
species)
Permanentriversand  9in 10 1 year 9-12 Winter- Not critical Up to 10,400 ML/d
creeks spring
BMF5_2023 (improve condition Temporary marshes 6-10 in 10 3 years 5-9 Winter-mid Min 0.5 12,00025,000 ML/d for Moira grass
of native nonwoody aquatic summer met.res
vegetation) Optimal 1.5
2.0 metres
(based on
Moira grass)
BMF6_2023 (improve condition River red gunforest 4-9in 10 4 years 3-5 months Winter- Not critical 15,00035,000 ML/d
of native woody vegetation) spring
River red gum 3-5in 10 5 years 1-4 months Winter- Not critical 35,000655,000 ML/d
woodland spring
Box floodplain 1-2in 10 12 years 1-3 months Spring Not critical 55,00065,000 ML/d
woodland
BMF7_2023 (restore For plants and 6-10 in 10 3 years 5-9 Winter- Min 0.5 4,00025,000 ML/d overall
representative subpopulations = waterbirds: spring metres 12,00025,000 ML/d for Moira grass
of native water dependent Sedge/forb/grass Optimal 1.5
biota) floodplain 2.0metres
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Objective Events per Maximum Duration of Timing Equivalent Murray River flow
10 years interval events threshold (ML/d)
between (months)
events
Temporary marshes (based on
Temporary lakes Moira grass)
For fislt¥, turtles, frogs 9in 10 1 year 12 Late wnter- Varies with Up to 10,400 ML/d
and crayfish: spring fish species
Permanent rivers and
creeks
For fish and frogs: 3-10in 10 1 year 9-12 Late winter Varies with 4,50012,000 ML/d
Temporary rivers and spring fish species
creeks
Forwoodland birds: 3-5in 10 5 years 1-4 months Winter- Not critical 35,00055,000 ML/d
River red gum spring
woodland
For woodland birds: 1-2in 10 12 years 1-3 months Spring Not critical 55,00065,000 ML/d
Box woodland
BMF8_2023 (support waterfowl Permanent marshes 4in 10 2 years 10-12 months = Spring Maintain 18,00030,000 ML/d
breeding and smaikcale summer relatively
colonial breeding) stable water
levels
Temporary marshes 6-10 in 10 3 years 5-9 Spring Maintain 18,00030,000 ML/d
summer relatively
stablewater
levels
River red gunforest 4in 10 2 years 10-12 months = Spring Maintain 18,00030,000 ML/d
summer relatively
stable water
levels
BMF9_2023 (maintain or See watering requirements for BMF2023and BMF8_2023.

increase representative species

8 See also Figure 14 in Goulburn Broken CMA (2015) for the preferred hydrograph for large-bodied fish.
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Objective Events per Maximum Duration of Timing Equivalent Murray River flow
10 years interval events threshold (ML/d)

between (months)
events

richness of shallowwater and
deep-water feeding guilds of

waterbird)
BMF10_2023 (support Permanent rivers and 9in 10 1 year 12 months Late winter Not critical 4,50012.000 ML/d
successful breeding and creeks spring
recruitment of native fish) Temporary rivers and | 3-10 in 10 1 year 9-12 Late winter | Varies with 4,50012,000 ML/d
creeks spring fish species
BMF11_2023 (support See watering requirements f@MF7_2023 and BMF8_2023.
successful breeding and
recruitment of frogs)
BMF12_2023 (support small Permanentriversand  9in 10 1 year 12 months Late winter Not critical 4,50012.000 ML/d
bodied fish and movement of = creekg? spring
large bodied riverine native Temporary rivers and 3-10in 10 1 year 9-12 Late winter | Varies with 4,50012,000 ML/d
fish) creeks spring fish species
BMF13_2023 (provide refugia = Permanent rivers and 9in 10 1 year 12 months Late winter Greatest 4,50012.000 ML/d
to support the longterm creeks spring depth
survival of waterdependent practicable
biota) Permanent marshes 4in 10 2 years 10-12months = Spring Greatest 18,00030,000 ML/d
summer depth
practicable
Permanent lakes 9in 10 1 year 12 months Late winter Greatest >3,000ML/d
spring depth
practicable
BMF14_2023 (mitigate the Cascading outcome: see complementary activities (Parks Victoria 2020) and BMF5_2023.

impact of invasive species and
feral animals)

9 See also Figure 14 in Goulburn Broken CMA (2015) for the preferred hydrograph for large-bodied fish.
10 See also Figure 14 in Goulburn Broken CMA (2015) for the preferred hydrograph for large-bodied fish.
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8.2 Expected watering effects

Environmental water delivery tBarmahMillewa Foresis expected t@enerate a range of environmental
benefitsrelated to filling hydrological gaps on the floodplain as a result of river regulation and supply of
water for consumptive use&€nvironmental water delivery and managemaevitl benefit flow-ecology
relationships and processdéisroughimproved

1 Aguatic biodiversity,
Floodplain vegetation,
Hydrological variation,

1
1
1 Habitat connectivity
)l

Fish passage

1 Ecosystem function

A summary of expected watering effects is presentetdable27. Further details on the benefitsxpected
with environmental water managemerian be found irthe annualseasonal water proposajgovided to
Commonwealth and State water delivery partners (eGpulburn BrokertCMA 2022 and 2023

Table27: Expected environmental watering outcomes at Barmakillewa Forest.The watering regimes
to meet environmental objectives is presented ihiable26.
BMF1_2023 (maintain ecological The ecological character of Barm#tillewa Forest will be
character) maintained by providingvateringregimes that supports a mosaic ¢
ecosystem types, as well as ecosystem components, processes
service CPSas identified in the ECD for Barmah Forétle and
Butcher 201) and Millewa ForestH{arrington and Hale 20}1This
includes theaquatic ecosystem (ANAE) typ&/Cs and PCTs
identified across the siteThis will be achieved by watering for othe
outcomes, most notably for vegetation, waterbird and fish

outcomes.

BMF2_2023 (support key life cycle stage: Environmental watering will maintain a mosaic of habittitat will

for migratory waterbirds) support foraging by migratory waterbird¥his will be achieved by
watering for other outcomes, most notably for vegetation and fist
outcomes.

BMF3_2023 (improve condition of Outcomes asor BMF1_2023, above.

representative ecosystem types)
BMF4_2023 (maintain threatened water = Environmental watering will maintaiforagingand breedinghabitat

dependent species) for threatened waterbird fish, crayfishand turtle species
BMF5_2023 (improve condition of native Environmental watering will provide floodplain inundation and
non-woody aquatic vegetation) maintain soil moisture to improve or maintain the condition of

ecologically important aquatic and amphibious plants (e.g., Moire
grass). Maintaining an appropriate watering regime will also help
control the incursion of river red gum seedlings and giarshthat
occurs at the expense of Moira grass extent (e.g., Cooling et al.
2019, Ecological Associates and Roberts 2019).
BMF6_2023 (improve condition of native Environmental wateringvill provide floodplain inundation and
woody vegetation) maintain soil moisture to improver maintain the condition of
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Environmentalobjective code and intent Watering outcomes

ecologically importantiver red gumyellow boxandblack box
communities and their understorey vegetation.

BMF7_2023 (restore representative Environmental watering of the various WRCs will maintain a mos
subpopulations of native water of ecosystem types that in turn suppostater-dependent biota such
dependent biota) as:

1 Moira grass extent
Waterbirds species richness
1 Nativefish speciesichness including threatened species
such assilver perch(Bidyanuss9idyanug and southern
pygmy perchlannoperca austral)s
1 Turtle species, including threatened species suchraad
shelled turtle Chelodina expangand Murray Riveturtle
(Emydura macqualbjii
1 Frog species richness and Murray spiny crayfish
1 Woodland bird species richness.
BMF8_2023 (support waterfowl breeding Environmental water deliverio marsh andiver red gunforest

=

and smallscale colonial breeding) WRCwill continue to support waterfowand colonialnesting
waterbird breedinghabitat.
BMF9 2023 (maintain or increase Outcomes asor BMF7_2023above

representative species richness of

shallow-water and deepwater feeding

guilds of waterbird)

BMF10_2023 (support successful breedir Delivery of the preferred hydrograph for native fishqulburn

and recruitment of native fish) BrokenCMA 2015) will provide flow cues for migration and
spawning by large and smddbdied native fish.

BMF11_2023support successful breedin¢ Outcomes as for BMF7_2023, above.

and recruitment of frogs)

BMF12_2023 (support small bodied fish  Delivery of the preferred hydrograph for native fisadulburn

and movement of large bodied riverine BrokenCMA 2015) will provide water depth fonovement through

native fish) permanent rivers and creeks by large and srballlied native fish,
as well asaccess to temporary rivers and cregksorder to access
feeding and breeding habitat

BMF13_ 2023 (provide refugia to support Maintenance of permanent rivers, creeks and lakes will help ensi

the longterm survival of water the survival of wateldependent biota during times of drought, or

dependent biota) during other disturbances such as times of poor water quality (e.!
blackwater events).

BMF14 2023 (mitigate the impact of Delivery of environmental water in combination with

invasive species and feral animals) complementary management activities will mitigate the threat of

invasive species.

8.3 Do nothing scenario

Under a do nothing scenario, the current trajectory of values and condition described in Section 5.3 is
likely to continuelf no active management intervention is implemented to restore a more natural
flooding regime and alleviate water stress, the ecological values and condit®arofakMillewa Forest
and itsfloodplain ecosystemare likelyto decline due tqe.g, Goulburn BrokerfCMA 2022 and 2023,
Gawne et al. 2011, Bond et al. 2021
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1 Simplification of ecosystem types.§.,viareplacement of Moira grass floodplain with giant rush
andriver red guny;

1 Reduced extent of wetland areas and the habitats they support,@i@ging habitat for
waterbirds, habitat for threatened species);

91 Decline inriver red gumandblack boxtree health inwoodlandareas;

1 Encroachment of terrestrial species into wetlands anédas ofriver red gumandblack box
woodland

Changes such as those listed above would also be exacerbated by the effects of climate change (e.qg.
MDBA2021,2020¢). The provision of a more natural flooding regime is expected to assist in managing a
number of these threats and imprevhe condition and resilience of ecological values.
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9 Environmental waterdelivery infrastructure

9.1 Overview of water delivery infrastructure

Flows in the BarmaMillewa Forest are principally governed by releases from Yarrawonga Weir on the
Murray River. Once water arrives at the site, a series of regulators can be used to control water flow into
the forest or retain it within the Murray Rivedepending upon volume.

There are more than 50 existing water management structa@®ss BarmaiMillewa Forest Goulburn
BrokenCMA 205, Appendix). Most of the larger structures were built in the late 1930s following
regulation of the Murray River to prevent water loss from the regulaigedr intoforest areas More
recently, many smaller structures have been constructed tpeamit flow into previously blocked creeks
or into areas where improved water management for the wetland system ecology had been identified.
Structures are managed as joint ventures with the MDBA (Jacobs 2018), or by NSW or Victorian
management agencieExamples of@me of the main regulators are listed Trable28.

Table28. Example regulators and their capacity (Ecological Associates and SKM 2011).

Regulator name Wetland/creek system | State | Murray River commence tq Capacity at low
flow (ML/d) | Murray River
flows (ML/d)

Mary Ada Toupna Creek NSW 3,500 2,800
House Creek House Creek NSW 6,000 630
Pinchgut Creek Pinchgut Creek NSW 4,500 375
Nestrons Douglas Swamp NSW 4,500 240
Walthours Walthours Wetland NSW 4,500 90
n/a Duck Lagoon NSW  ~4,700 toprovide Gulpa C} unknown
flow of 400
n/a Reed Bed North NSW  ~4500 to provide Gulpa C unknown
Wetland flow of 370
n/a Reed Bed South NSW ~4500 to provide Gulpa C unknown
Wetland flow of 370
Horseshoe Lagoon Horseshoe Lagoon NSW unknown unknown
Crumps St Helena NSW unknown unknown
Black Swamp Black Swamp NSW unknown unknown
Sandspit Regulator Smiths Creek VIC 9,000 340
Gulf Regulators Gulf Creek VIC 3,000 2,400
Stewarts Kitchen unknown VIC 9,000 20
Bull Paddock unknown VIC 9,000 40
PuntPaddock unknown VIC 8,000 90
Big Woodcutter unknown VIC 7,500 90
Boals Creek Boals Creek VIC 5,000 90
Sapling Creek Sapling Creek VIC 7,500 40
Island Creek Island Creek VIC 7,500 40

As described in Section 3.3.3, water management structures sugakators are used to deliver water

to individual water management areas across Barrviithewa Forest. Despite the flexibility provided by

the regulators, ptions to use infrastructure to create larggeale flooding are limited. The shedding

nature of the floodplain means that once river flows drop, water runs off the floodplain, with few wetland
basins that will retain water for longer periods. Achieving ¢éeelogical objectives for the forest wyill
therefore, generally require sustained high river flovedten achieved by combiningatural river freshes

and environmental water allocation$his work will be assisted by new regulating structures such as those
proposed under the NSW SDLAM project andyatmer Creek
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9.2 Constraints

There are two delivery constraints that influence the delivery of environmental water to the Barmah
Millewa Forest(Table29) (Goulburn BrokertCMA 2023)For exampleimposed flow constraint on the

Murray River downstream of Yarrawonga currently limits releases to a maximum of 18,000 ML/d until the
end of September (pendirgtakeholderapproval) and to 15,000 ML/d for the remainder of the year to
prevent flooding of private access points across the Bullatale Creek system in NSW. In recognition of this
constraint,annualwatering proposa accept that both BarmaFRorestand Millewa Forest cannot achieve
Floodplain Marsh flood inundatiofa key objective)o the required minimum depths if both forests were

to be flooded during the same manageedwvater event, and hence instead accept a continuation of the

f 20t aasSH&AYSING | FiyAyWdl tY kshate EagraeSghtiohly andl @aivndh or Millewa
Forestcan be flooded at the minimum depth target in any given event.

Table29. Environmental waterdelivery constraints(Goulburn BrokenCMA 2023)

Priority environmental Potential constraint Impact on priority watering action

site

BarmahMillewa Forest = Bullatale Creek flooding of Limited to releases of 18,000 ML/d unti
access to private land issue the end of September
unresolved (pendingstakeholderapproval) and

15,000 ML/d thereafter.

Barmah Forest At presentMDBA River Cannot deliver to Millewa Floodplain
Operations may need to supply Marsh plains if this situation arises,
bulk water delivery through hence will capitalise on Barmah Forest
Barmah Forest during August to flooding to ensure developing
December, thereby using full environmental gains are achieved (e.g.
Murray River channel capacity = maintain flows to complete waterbird
and thus renderingnability to nesting outcomes if one initiateduring
deliver environmental water to = Murray River Oprations delivery).
Millewa Forest given preference
to pass water through Barmah
Forest.This may change in the
future.
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10 Demonstrating outcomesg, monitoring andassessment

10.1 Monitoring againstEWMP objectives
The detailed objectives for Barmaillewa Forest EWMP are presented Trable30 and relate to the
scale at which water will be managed and outcomes monitored

Demonstrating outcomes from environmental watering is important for the ongoing adaptive
management of BarmaMillewa Forest, and for reporting against the Basin Plan; thus, Basin Plan
language and themes are adopted to improve line of sight to the vaBasén Plan instruments (e.g.,
Basinwide Environmental Watering Strategy, Long Term Watering Rlans)

Much of the monitoring outlined iTable30is already being undertaken as part of TLM progeard
therefore not repeated here.

Table30: Monitoring required for the BarmakMillewa EWMP detailed objectives.

EWMP objective Key monitoring component

BMF1_2023 (maintain ecologica All themes See monitoring proposed f@MF5_ 2023, BMF6_2023,
character) BMF7_2023, BMF8 2023 aBi#MF10_ 2023

BMF2_2023 (support key life Ecosystem type and Number of migratory waterbird species.
cycle stages for migratory Biodiversity
waterbirds)

BMF3_2023 (improve condition Ecosystem type and ANAE ecosystem type

of representative ecosystem Biodiversity

types)

BMF4_2023 (maintain Ecosystem type and Presence of threatened plant species.
threa_ter;ed water-dependent Biodiversity Presence of threatened bird species.
species

Presence of threatened fish species.

BMF5_2023improve condition  Ecosystem type and Cover and number of species.
of native nonwoody aquatic Biodiversity
vegetation)

BMF6_2023 (improve condition = Ecosystem type and Stand condition, stand structure oifver red gumand

of native woody vegetation) Biodiversity box woodland, understorey condition.

BMF7_2023 (restore Ecosystem type and Vegetation:Moira grass extent

representative subpopulations iodi i

ofpnative water dep%n%ent Biodiversity Waterbirds:species richnes@ndividual wetlands and
biota) whole site).

Fish:native fish species, abundance and biomass

Turtles: CPUE for each species; species occurrence ¢
body condition per species.

Frogs: presence alixcommon species
Crayfishpopulation condition.
Woodland birds: speciaschness.

BMF8_2023 (support waterfowl Ecosystem function Number of waterfowl species breeding
breeding and smaikcale
colonial breeding)
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EWMP objective Key monitoring component

BMF9_2023 (maintain or Ecosystem function = Waterbird feeding guildsspecies richness.
increase representative species

richness of shallowwater and

deep-water feeding guilds of

waterbird)

BMF10_2023 (support successfi Ecosystem function Number of large and smaliodied fish species with
breeding and recruitment of recruits.
native fish)

BMF11_2023 (support successft Ecosystem function Number of species breeding; relative abundance of

bree(iing and recruitment of recruits for each species breeding.
frogs

BMF12_2023 (supporaccess to = Ecosystem function = See monitoring foBMF7_2023, BMF5_2023,
habitat for small bodied fish and BMF6 2023, BMF10 2023

movement of large bodied B B

riverine native fish)

BMF13_2023 (provide refugia to Ecosystem Capacity of Gulpa Creek during drought.
support the longterm survival resilience, climate
of water-dependent biota) change and other

risks and threats
BMF14_2923 (mitigate f[he Ecosystem Number and extent of invasive speciéspacts of
impact Qf invasive species and  resilience, other invasive species predation of turtles nests, cover of hi
feral animals) risks and threats threat weeds
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11 Knowledge gaps and recommendations

Thepartners involved irmanagingwater delivery at Barmailillewa Foresttan gain additional insights
to inform future adaptive management by addressing knowledge gaadicularly those related to
optimizing the volume and delivery of water across the Icon site and the response of target flora and
fauna to water delivery.

Knowledge gaps related to optimising water delivery across Baihilewa Forestsee alsaGoulburn
BrokenCMA 2023)nclude:

T

Confirming groundwater levels under Barmbfillewa forest, particularly in response to recent
years of flooding and the role groundwater rechargén maintairingthe health of River Red
Gum forest

Confirming volumes to watdndividualWRG. WRCéave been applied as a meansednosure
wateringof EVC&nd PCTwith common watering requirementsurther work is required to
determine the volume of water that would be required to inundate e®¢RC under different
climatic conditionsFilling this knowledge gap will assist the jgpatrtners in decisiofmaking,
such as when there is limited environmental wagsailable and it is not possible to inundate
allWRCs

Modelling¢ the areas of forest influenced by individual regulators rather than operating them as a
collective open or shut scenario.

Watercourseg; the hydrological requirements of each individual watercourse depending on the
specific values present e,fnstream vegetation which is not currently documented or monitored.

Vegetation unitg; how the different approaches to defining management zones in Barmah
Millewa Forest relate to each othde.g, what landscape componentd WRCare present in
each of the Water Management Areas, what E®i@s PCTand plant functionalgroups are found
in which landscape components, what important species occur within eachiVE2C?).

Knowledge gaps related &cosystem response to water delivgisee alsdsoulburn BrokertCMA 2023)
include:

T

Bird movementg particularly for colonial nesting species. This includes migration (when and
where) and what cues stimulate nesting in Barmdilewa Forest and broader regions where

birds have been captured and tagged. Weerbird tracking projectl commenced as an
EWKRunded project between 20189 and has since continued as a CEivi@led project.

The project has already greatly assisted with answering many basic movement questions whilst
continuing to discover much more and providing useful coesitions for water management.
Further opportunity remains to capture additional birds for tagging.

Largebodied fish movements, spawnir@nd recruitment¢ cues responsible for accessing the
main river, creeks and wetlands, breeding, larvae drift, recruitment migration and movement
response to water quality, as well as cues responsible for inducing spawning and recruitment
outcomes. This is lieg investigated through Barmatillewa Intervention MonitoringWard
2022 in addition to other research projects along the Murray River.

11 https://flow-mer.org.au/satellite-tracking-waterbird-movements-what-can-it-tell-us-and-how-does-it-work/
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Smalibodied wetland dependent fish identify sites within Brmah-Millewa Forestwhere flows
and physical habitats could be maintained/restored to help restore populations of sodiéd
fish species such as tlssuthern pygmyperch. ARI is currently investigating potential re
introduction sites in Barmah Forest feouthern pygmy perchnd possibly alspurple-spotted
gudgeon.

Frogsg species, numbers, breeding locations and cues, and recruitment outcomes. Currently
being investigated by BarmaWlillewa Condition Monitoring projeatHoward et al. 2021)

Murray crayfish¢ population, movement and the impacts of blackwater events. Currently being
investigated by BarmaMillewa Condition Monitoring projedte.g, Raymond et al. 2018)

Swampyabby habitat preference currently forms a trial interventiomonitoring project with
ARI(Ward 2022 that is intended to be refined based on preliminary results achieved.

Turtle movementg; continue GPS transmitter tracking of a sample of tur{ldeward et al.
2021)of all three species to determine movements in relation to water management and
nesting locations (which also has ramifications for pest animal control programs and potential
drought refuge management).

Macro invertebrates; very little is known of their significance or water requirements in
BarmahMillewa Forest.

Causes and significance of filamentous algae coating wetland plants at Btitiaa
wetlands in occasional years.

Carbon cycling importance of floodplairriverine interaction to support riverine foedebs
(thereby potentially increasing the importance of return flow management).

Rare or threatened speciesundertake targeted surveys to determine location for potential
water management.

Erosion and sedimentation rates (main river channel and other waterwayalue would be
obtained from resurveying existing erosion monitoring transect sites in Barmah Forest that
have previously survey data from 1998, 1999, 2002 and 2006, in addit@rbto ! Qa &l y R
and erosion studies.

Exploringhe best method (particularly timing) to restore wetlands with Mogiass
propagules. Currently subject to a Ramfanded project managed b&oulburn BroketfCMA
(Ecological Associates and Jane Roberts 2019

Further refine remote maping of thedistribution of Moiragrass (and other targeted species).
Recent Ramséaiunded project managed bihe Goulburn Brokel€MA showed some
encouraging resultéWhite et al. 2021,)but this needs to be refined.
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13 Abbreviations and acronyms
13.1 Abbreviations and acronyms

CAMBA
CMA
DEECA
DELWP
DEPI
DSE
EVC
EPBC
EWMP
EWH
EWR
FFG
FSL
WMU
IWC
JAMBA
MCMA
MDBA

Ramsar

ROKAMBA
RRG

SDL

TLM

TSL

VEWH
VWMS
WMU

ChinaAustralia Migratory Bird Agreement

Catchment Management Authority

Department of Energy, Environment and Climate Action
Department of Environment, Land, Water and Planning
Department of Environment and Primary Industries (how DEWLP)
Department of Sustainability arieinvironment (now DELWP)
Ecological Vegetation Class

Environment Protection and Biodiversity Conservation Act
Environmental Water Management Plan

Environmental Water Holder

Environmental Water Reserve

Flora and Fauna Guarantee Act

Full Supply Level

Floodplain Management Unit

Index of Wetland Condition

JapanrAustralia Migratory Bird Agreement

Mallee Catchment Management Authority

Murray-Darling Basin Authority (formally Murrdyarling Basin Commission, MDBC)

The Convention on Wetlands is an intergovernmental treaty that provides the
framework for national action and international cooperation for the conservation and
wise use of wetlands and their resources. The treaty was first signed in the Iratyian ci
of Ramsar in 1971, and the convention entered into force in Australia on 21 December
1975.

Republic of Koredwustralia Migratory Bird Agreement
River red gun{Eucalyptus camaldulen3is
Sustainable Diversion Limit

The Living Murray Initiative

Targeted Supply Level

Victorian Environmental Water Holder

Victorian Waterway management Strategy

Waterway Management Unit
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WRC Ecological Water Regime Class

13.2 Glossary

Table31: Glossary of terms

Adaptive management

Anabranch

Containment bank

Culverts

Drop structure

Environmental Water
Management Plan

Fishway

Adaptive management is a procedure for implementing management while
learning about which management actions are most effective at achieving
specified objectives. Adaptive managemémtorporatesplanning, management,
monitoring and evaluation mechanisms to allow waterway managers to adjus
their approach in response to current climatic conditions, new information anc
local knowledge when planning for the future.

Adaptive management would be implemented during operation to
ensurechanges in management actions are most effective at achieving the
identified benefits of the projects

An anabranch is a section of a river or stream that diverts from the main char
or stem of the watercourse and #jeins the main stem downstream. Local
anabranches can be the result of small islands in the watercourse.
Containment banks are a raised embankmearid predominantlyearth

fill. Theirprimary objective is to provide water containment for the purpose of
containing environmental water on the floodplain and avoiding or / controlling
the breakout of water to prevent unintended floodinGontainment banks may
include a road or track, especialljhere constructed along an existing road or
track.

A tunnel carrying a stream or open drain under a road, access track or simila
obstruction from one site to the other. Typically embedded to be surrounded
soil, a culvert may be made from reinforced concreteotiter material.

Culverts (pipe and box) will allow water to move within the site, whilst also
maintaining access for operational staff and the public.

Drop structures are rock chutes constructed from large rocks and small boulc
that cover the surface of descending channels to control the erosion associat
with discharge of managed releases from the floodplain to the river.

Drop structures and rock chutes are constructed near rivers to control the
erosion associated witbischarge of managed releases from the floodplain to t
river.

The Environmental Water Management Plan details the operational manager
of the projects and their water regime. This document would provide a
framework for water planning, delivery, monitoring and consultation processe
and would be responsive to changi water resource conditions, opportunities,
and environmental priorities.

Fishways would be included in selected regulators where the movement of fi
into and/or out of the inundated floodplain areas is critical for sustaining fish
populations. The fishways will typically be vertical slot fishways, which provid

85



OFFICI4

Flood runne

Infrastructure

Inundation

Managed Inundation

MaximumInundation Area

Monitoring, Evaluation

and Reporting Plan

Natural Flood

Operation

Regulator

channel around the regulator structure with baffles forming a vertical opening
that controls head drop and velocity through the fishway.

A cone fishway refers to a cone shaped baffle that forms a series of ridges
through which fish pass. The fishway at low discharge volumes allow-small
bodied fish to pass while at higher flows the physical dimensions of the gaps
between the cones increas@dlowing larger fish to pass.

Aflood runneris a natural depression. Water gravitates into fih@d runnerto
form a small channel.

General term to collectively descriladl works, including physical structures, to
be delivered as part of VMFRP

Inundation is the deliberate flooding of landlso used to indicate presence of
water within a wetland/system.

The delivery of environmental water to a specific location to achieve pre
determined environmental objectives. Delivery of environmental water may
occur before or iraddition to natural a natural flood, taking advantage of the
naturally wetted conditions to extend the duration of inundation.

The Maximuninundation Area is the maximum area able to be watered by the
proposed works based on the design¢luding private land that would only be
subject to managed inundation if private flood agreements are established.
The Monitoring, Evaluation and Reporting Plans will provide the framework,
variables and triggers for monitoring and evaluating the delivery of
environmental water across the VMFRP sites.

A scenario where high rainfall results in the passage of water that is no longe
confined within the banks of a defined waterway (erixer, steam, drain) and
begins to fill wetlands, the floodplain and, in extreme events, higher ground
hLISNF GA2y> faz2 1y26y a GKS 2LISNI
lifecycle. This project phase is the longest stage ofpttogect lifecycle and
includes the maintenance of infrastructure

A structure of varying sizes used to deliver, move or retain water on the
floodplain to meet the environmental watering regime (expJume and duration
of flood water). The various regulator sizes include:

Very largeg major regulatorstructures on large waterways that will require
individual design. They typically are mtby structures with more than
3-4m headheightwith bridge crossings for access and willdesigned
as cast in situ concrete structures wiheet pilecut offs for seepage
control. Some will require piled foundations for structural support and
some have fishways

Largec intermediate sized regulator structures nominall8& in heightwith
some degree of individual design of the structure required. They will
typically have box culverts for the road crossing but the remainder wi
be cast in situ concrete, typically withestt pile cut offs for seepage
control.

86



OFFICI4

River floodplain

Road(see also track)

Spillway

Threshold

The Living Murray (TLM)
program

Track

Water-dependent

Water Management Area

Small¢ control regulators that retain water less than 2m deep. The small
regulators generally comprise box culvert style regulators with box
culvert units up to 1.8m high, and variations of these. Mtendard
small regulators consist of small irrigation typevilaontrol structures.

Some regulators will be operated so that fish passage (targeting $rodied

fish) can occur both in managed release and natural flood scenarios and flown
velocities are also appropriate for fish passage

An area of lowlying ground adjacent to a river, which is subject to flooding
during periods of high river flow

Roads refer to existing Council or State managed public roads, comprised of
formalised sealed or unsealed pavement structures consistingpoépared
subgrade with base and / or subbase layers.

Spillways are hydraulic structures built to divert or control the release of flooc
waters.

Spillways have been incorporated into some containment banks or integratec
with regulatorstructures to control overflow during a natural or managed flooc
For water¢ A water height, or flow that defines a critical transition in operatior
conditions

For ecology; A time or ecological health condition that defines a critical
transition in ecological conditions

The Living Murray program was established in 2002 in response to concerns
about the environmental health of the Murray River. The initiative aims to
improve the environmental health of six icon sites that were chosen for their
significant values

The six icon sites include the Barngdillewa Forest,GunbowerKoondroolk
PericootaForests, Hattah Lakes, Chowilla Floodplains and Ligtgéalpolleg
Mulcralslands, Lower Lakes, Coorong and Murray Mouth and Murray River
Channel.

The program has recovered 500 GL of environmental water and has construc
water management structures to enable the efficient and effective use of
environmental water.

Tracks refer to public access trackdNational Parks or State ForestsNational
Parksand range from formalised pavements to unformed tracks established b
clearing vegetation, rggrading and reprofiling utilising existing materials. There
are also some tracks located on private land.

An ecosystem or species that depends on periodic or sustained inundation,
waterlogging or significant inputs of water (in addition to water held in the soi
profile) for natural functioning and survival.

A WaterManagement Area is defined as a subset of the Maximum Inundation
Area, used to manage surface water. Each Water Management Area has a
different target inundation water level, and several areas are designed to cas
water to extend the inundation benefitsy reusing water
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14 Appendix1: Plant Community Types (PCTs) and Ecological
Vegetation Types (EVCs) recorded in BarahMiiewa Forest.

14.1 Plant Community Types (New South Wales)

PCT description Area of each PC
(hectares)
River red gunherbaceousgrassy very tall open forest 21386.7
River red gunsedge dominated very tall open foreist frequently flooded forest 8752.5
Riverinewesterngrey box grassy woodland 2017.8
Shallow marsh wetland of regularly flooded depressions on floodplains 1551.8
River red gum Warregograss- herbaceous riparian tall open forest 867.5
Yellow box river red gumtall grassy riverine woodland 731.0
Cypress pinavoodland of sourcébordering dunes 704.3
Non Native 643.2
River red gum black boxwoodland wetland 501.4
Westerngrey box tall grassy woodland 371.8
Derived corkscrew grass grassland/forbland on sandplains and plains 237.8
Forbrich speargrass Windmill grass- White Top grassland 218.2
Black box Lignum woodland wetland 133.7
Commonreed- bushygroundsel aquatic tall reedland grassland 48.5
River red gurrsedge dominated very tall open forest in frequently flooded fore 41.7
Derived mixed shrubland on loantyay soils in the Cobar Penepl&ioregion 19.9
River red gunherbaceousgrassy very tall open forest wetland on inner 1.2
floodplains
Plainsgrass grassland on alluvial mainly clay soils 1.2
River red gum Warregograss- couchgrass riparian tall woodland 0.3
River red gum lignum very tall open forest or woodland wetland on floodplain 0.2
Cumbungi rushland 0.2
Nitre goosefoot shrubland 0.2

14.2 Ecological Vegetation Types (Victoria)

EVC description Area of each EV(
(hectares)

Sedgy Riverine Forest 5,741.0
Sedgy Riverine Forest/Riverine SwakRgrest Complex 3,735.5
Riverine Swamp Forest 3,638.0
Grassy Riverine Forest/Riverine Swamp Forest Complex 2,760.5
Riverine Grassy Woodland 2,670.3
Grassy Riverine Forest 1,508.9
Riverine Swampy Woodland 1,002.7
Mosaic of Riverine Swanforest/Floodway Pond HerblasRliverine Swamp Forest 898.1
Complex

Riverine Swamp Forest/Sedgy Riverine FeRigerine Swamp Forest Complex 862.2
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EVC description

Area of each EV(

(hectares)
Tall Marsh 689.1
Plains Woodland 667.2
Riverine Swamp Forest/Tall Marsh Mosaic 572.3
Floodway PondHerbland/Riverine Swamp Forest Complex 519.4
Floodplain Grassy Wetland 470.4
Drainageline Aggregate 410.2
Floodplain Riparian Woodland 371.8
Mosaic of Floodway Pond Herbland/Grassy Riverine Fé&te&rine Swamp Forest 367.8
Complex
Mosaic ofSedgy Riverine Forest/Sedgy Riverine FeRdgerine Swamp Forest Comple) 270.1
Grassy Riverine Forest/Sedgy Riverine Forest Mosaic 268.4
Low Rises Woodland 257.1
Riverine Grassy Woodland/Riverine Swampy Woodland Mosaic 247.7
Water Body Fresh 197.7
Mosaic of Grassy Riverine Forédtverine Swamp Forest Complex/Riverine Swamp 191.0
Forest
Mosaic of Drainagéine Aggregate/Grassy Riverine For&sverine Swamp Forest 147.4
Complex
Aquatic Herbland 144.8
Riverine Grasswoodland/Sedgy Riverine Forest Mosaic 141.3
Spikesedge Wetland 107.1
Floodway Pond Herbland 104.1
Floodplain Grassy Wetland/Riverine Swamp Forest Mosaic 98.9
Mosaic of Tall Marsh/Floodway Pond HerblaRiverine Swamp Forest Complex 83.5
Mosaic ofSedgy Riverine ForeRiverine Swamp Forest Complex/Floodway Pond 77.0
HerblandRiverine Swamp Forest Complex
Aquatic Herbland/Tall Marsh Mosaic 68.1
Grassy Riverine Forest/Riverine Swamp Forest Mosaic 66.6
Riverine Grassland 62.5
AquaticHerbland/Floodplain Grassy Wetland Mosaic 58.3
Mosaic of Grassy Riverine Forest/Sedgy Riverine F&igstine Swamp Forest Comple 57.6
Riverine Swamp Forest/Sedgy Riverine Forest Mosaic 41.0
Rushy Riverine Swamp 40.2
Drainageline Aggregate/Riverine Swamp Forest Mosaic 35.3
Mosaic of Riverine Swampy Woodland/Sedgy Riverine F&tizgtrine Swamp Forest 32.9
Complex
Riverine Swamp Forest/Riverine Swampy Woodland Mosaic 29.9
Mosaic of Sedgy Riverine Forest/Floodway Pond HerbRimdrine Swamp Forest 29.8
Complex
Grassy Riverine Forest/Riverine Grassy Woodland Mosaic 23.5
Drainageline Aggregate/Sedgy Riverine Forest Mosaic 23.2
Mosaic of Grassy Riverine Forest/Floodway Pond HerbiRindrine Swamp Forest 22.5
Complex
Floodplain Grassy Wetland/Spikedge Wetland Mosaic 22.0
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EVC description

Area of each EV(

(hectares)
Mosaic of Floodplain Grassy Wetland/Grassy Riverine F&iesrine Swamp Forest 21.9
Complex
Floodplain Grassy Wetland/Tall Marsh Mosaic 20.5
Tall Marsh/NonVegetation Mosaic 15.8
SandRidge Woodland 14.7
Riverine Swampy Woodland/Sedgy Riverine Forest Mosaic 14.7
Riverine Grassy Woodland/Riverine Swamp Forest Mosaic 13.7
Mosaic of Drainagéine Aggregate/Sedgy Riverine For&sverine Swamp Forest 9.7
Complex
SpikesedgeWetland/Tall Marsh Mosaic 8.9
Mosaic of Floodway Pond Herbland/Sedgy Riverine Férastrine Swamp Forest 8.5
Complex
Mosaic of Sedgy Riverine Fordiverine Swamp Forest Complex/Tall Marsh 6.9
Riverine Swamp Forest/Spisedge Wetland Mosaic 6.2
Floodway Pond Herbland/Tall Marsh Mosaic 6.1
Floodplain Grassy Wetland/Floodway Pond Herbland Mosaic 5.8
Floodplain Riparian Woodland/Riverine Grassy Woodland Mosaic 5.0
Grassy Riverine Forest/Floodway Pond Herbland Mosaic 4.7
TallMarsh/Riverine Swamp Forest Mosaic 2.8
Grassy Riverine Forest/Drainafijiee Aggregate Mosaic 2.7
Drainageline Aggregate/Tall Marsh Mosaic 2.7
Riverine Grassy Woodland/Grassy Riverine FeR@gtrine Swamp Forest Complex 2.7
Floodplain Riparian Woodland/Floodway Pond Herbland Mosaic 2.4
Grassy Riverine Forest/Tall Marsh Mosaic 2.0
Sedgy Riverine Forest/Tall Marsh Mosaic 1.8
Mosaic of Floodplain Grassy Wetland/Sedgy Riverine F&tiesrine Swamp Forest 1.8
Complex
Floodplain RiparialVoodland/Sedgy Riverine Forest Mosaic 1.8
Sandy Beach 1.7
Billabong Wetland Aggregate 1.7
Mosaic of Aquatic Herbland/Floodway Pond Herbkiderine Swamp Forest Complex 1.6
Floodplain Grassy Wetland/Riverine Swampy Woodland Mosaic 1.6
Low Rise$Voodland/Riverine Swampy Woodland Mosaic 15
Aquatic Herbland/Riverine Swamp Forest Mosaic 1.2
Mosaic of Riverine Grassy Woodland/Floodway Pond HerbiRindrine Swamp Forest 1.2
Complex
Grassy Riverine Forest/Riverine Swampy Woodland Mosaic 1.0
Riverine Ephemeral Wetland 0.9
Mosaic of Floodplain Grassy Wetland/Floodway Pond HerbRindrine Swamp Forest 0.8
Complex
Aquatic Herbland/Floodway Pond Herbland Mosaic 0.7
Floodplain Riparian Woodland/Tall Marsh Mosaic 0.7
FloodplainRiparian Woodland/Riverine Swamp Forest Mosaic 0.7
Floodway Pond Herbland/Riverine Swamp Forest Mosaic 0.6
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EVC description Area of each EV(
(hectares)
Mosaic of Drainagéine Aggregate/Floodway Pond HerblaRiverine Swamp Forest 0.6
Complex
Sedgy Riverine Forest/Spikedge Wetland Mosaic 0.4
Mosaic of Aquatic Herbland/Sedgy Riverine FoRisterine Swamp Forest Complex 0.3
Grassy Riverine Forest/Plains Grassy Woodland/Grassy Woodland Mosaic 0.2
Riverine Grassy Woodland/Plains Woodland/Riverine Chenopod Woodland Comple 0.1
Floodplain Riparian Woodland/Grassy Riverine Forest Mosaic 0.0
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14.3 Fauna species

The following lisbf fauna was compiled by the Goulburn Broken CNMi#e list presented below
includeswater-dependent specieg defined aghose that spend a substantial part of their liégcle in

or around waterandor wetland ecosystems (incl mudflat€). Barlow, GBCMA, pers. comm. June 2023)
as well as terrestrial species

NB: This species list has been compiled from reports generated by the Victorian Biodiversity Atlas (for
Barmah NP) and NSW BioNet (for Murray Valley NP) on 08/06/2023. No assurances can be made
regarding the accuracy of the data, and therefore any ligbfbir consequences of use.

List of fauna species for Barmatillewa Forest. CR: Critically Endangered, EN: Endangered, VU:
Vulnerable C: CAMB, J: JAMBA, RoK: ROKAMBA

EPEC

Waterbirds

Accipitridae Circus approximans Swamp harrier

Accipitridae Haliaeetudeucogaster White-bellied seaeagle EN VU
Acrocephalidae Acrocephalus australis Australian reedwvarbler

Alcedinidae Ceyx azureus Azure kingfisher

Anatidae Anas castanea Chestnut teal

Anatidae Anas gracilis Grey teal

Anatidae Anasrhynchotis Australasian shoveler

Anatidae Anas superciliosa Pacific black duck

Anatidae Aythya australis Hardhead VU
Anatidae Biziura lobata Musk duck wJ
Anatidae Chenonetta jubata Australian wood duck

Anatidae Cygnus atratus Blackswan

Anatidae Dendrocygna eytoni Plumed whistlingduck

Anatidae Malacorhynchus membranaceus Pinkeared duck

Anatidae Oxyura australis Bluebilled duck VU VU
Anatidae Spatula rhynchotis Australasian shoveler VU
Anatidae Stictonetta naevosa Freckled duck EN VU
Anatidae Tadorna tadornoides Australian shelduck

Anhingidae Anhinga novaehollandiae Australasian darter

Ardeidae Ardea alba Great egret

Ardeidae Ardea intermedia Intermediate (plumed) egret CE
Ardeidae Ardea pacifica White-neckedheron

Ardeidae Botaurus poiciloptilus Australasiarbittern CE EN
Ardeidae Casmerodius modesta Easterngreat egret VU
Ardeidae Egretta garzetta Little egret EN
Ardeidae Egrettanovaehollandiae White-facedheron

Ardeidae Ixobrychus dubius Australianlittle bittern

Ardeidae Nycticorax caledonicus Nankeennight heron

Charadriidae Elseyornis melanops Blackfronted dotterel

Charadriidae Erythrogonys cinctus Redkneed dotterel

Charadriidae Vanellus tricolor Banded lapwing

Cisticolidae Cisticola exilis Goldenrtheaded cisticola

Gruidae Grus rubicunda Brolga EN VU
Laridae Chlidonias hybrida Whiskered tern

Laridae Chroicocephalusovaehollandiae Silver gull

Locustellidae Poodytes gramineus Little grassbird

Pelecanidae Pelecanus conspicillatus Australian pelican

Percidae Perca fluviatilis Redfin perch * *
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EPEC

Phalacrocoracidae Microcarbo melanoleucos
Phalacrocoracidae Phalacrocorax carbo
Phalacrocoracidae Phalacrocorax sulcirostris
Phalacrocoracidae Phalacrocorax varius

Podicipedidae Podiceps cristatus
Podicipedidae Poliocephalus poliocephalus
Podicipedidae Tachybaptus novaehollandiae
Rallidae Fulica atra

Rallidae Gallinula tenebrosa

Rallidae Porphyrioporphyrio

Rallidae Porzana fluminea

Rallidae Porzana tabuensis

Rallidae Tribonyx ventralis

Recurvirostridae
Recurvirostridae
Recurvirostridae
Scolopacidae

Scolopacidae
Scolopacidae
Scolopacidae
Threskiornithidae
Threskiornithidae
Threskiornithidae
Threskiornithidae
Threskiornithidae

Fish
Atherinidae

Cobitidae
Cyprinidae
Cyprinidae
Cyprinidae
Eleotridae
Eleotridae
Galaxiinae
Galaxiinae
Galaxiinae
Melanotaeniidae
Percichthyidae
Percichthyidae
Percichthyidae
Percichthyidae
Percichthyidae
Percichthyidae

Plotosidae
Poeciliidae
Retropinnidae
Terapontidae
Amphibians

Himantopus himantopus
Himantopus leucocephalus
Recurvirostra novaehollandiae
Calidris ferruginea

Calidris ruficollis
Gallinago hardwickii
Tringa nebularia
Platalea flavipes
Platalea regia
Plegadis falcinellus
Threskiornis moluccus
Threskiornis spinicollis

Craterocephalustercusmuscarum
fulvus

Misgurnus anguillicaudatus
Carassius auratus

Cyprinus carpio

Tinca tinca

Hypseleotris klunzingeri
Philypnodon grandiceps
Galaxias brevipinnis

Galaxias rostratus
Galaxiasspp.

Melanotaenia fluviatilis
Gadopsis marmoratus
Maccullochella macquariensis
Maccullochella peelii
Macquaria ambigua
Macquaria australasica
Nannoperca australis

Tandanus tandanus
Gambusia holbrooki
Retropinna semoni
Bidyanus bidyanus

Little piedcormorant
Great cormorant

Little black cormorant
Pied cormorant

Great crestedyrebe
Hoaryheaded grebe
Australasian grebe
Eurasian coot

Dusky moorhen

Purple swamphen
Australian spotted crake
Spotless crake
Blacktailed nativehen
Blackwinged stilt

Pied stilt

Rednecked avocet
Curlew sandpiper R EN CR C,
J RoK
Rednecked stint

Latham's snipe

Common greenshank EN
Yellowbilled spoonbill

Royal spoonbill

Glossy ibis

Australian white ibis

Strawnecked ibis

Unspeckedardyhead

Oriental weatherloach * *
Goldfish * *
European carp * *
Tench * *
Western carp gudgeon
Flatheaded gudgeon
Climbing galaxias
Flatheaded galaxias
Galaxias

Murray-Darling rainbowfish
River blackfish

Trout cod

Murray cod

Golden perch

Macquarie perch

Southern pygmy perch
(Murray-Darling)
Freshwater catfish
Mosquito fish

Australian smelt

Silver perch

3

e

2 &3 23 2 9
€2 &2

3
3
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Hylidae

Hylidae
Limnodynastidae
Limnodynastidae
Limnodynastidae
Myobatrachidae
Myobatrachidae
Myobatrachidae
Myobatrachidae
Reptiles
Chelidae
Chelidae
Chelidae
Elapidae
Scincidae
Scincidae
Crustacea
Parastacidae
Parastacidae
Mammals
Muridae
Ornithorhynchidae
Vespertilionidae

OFFICI4

Litoriaperonii

Litoria raniformis
Limnodynastes dumerilii
Limnodynastes fletcheri
Limnodynastesasmaniensis
Crinia parinsignifera

Crinia signifera

Crinia sloanei
Uperoleiarugosa

Chelodina expansa
Chelodina longicollis
Emydura macquarii
Pseudechis porphyriacus
Eulamprus heatwolei
Eulamprus tympanum

Cherax destructor destructor
Cherax latimanus

Hydromys chrysogaster
Ornithorhynchus anatinus
Myotis macropus

Peron's tree frog
Southern bell frog

Eastern banjo frog
Longthumbed frog
Spotted grass frog
Eastern sigtbearing froglet
Common eastern froglet
Sloane's froglet

Wrinkled toadlet

Broadshelled turtle
Snakenecked turtle
Murray River turtle
Redbellied black snake
Yellowbellied water skink
Southern waterskink

Common yabby
Barmah Swamp yabby

Rakali

Platypus
Southern myotis

94
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14.4 Flora species

The following plant species ligtas compiled by the Goulburn Broken CMAe list presented below
only includes aquatic dependent speciedefined aghose that spend a substantial part of their life
cycle in or around wateand/or wetland ecosystems (incl mudflat§). Barlow, GBCMA, pers. comm.
June 2023).

NB: This species list has been compiled from reports generated by the Victorian Biodiversity Atlas (for
Barmah NP) and NSW BioNet (for Murray Valley NP) on 08/06/2023. No assurances can be made
regarding the accuracy of the data, and therefore any ligbfbir consequences of use.

List of waterdependent flora for BarmakMillewa Forest. CR: Critically Endangered, EN: Endangered,
VU: Vulnerable, K: Poorly known, #: Unclear origirintroduced species

EPEC

Acaena novagelandiae Bidgeewidgee

Alisma plantageaquatica Water plantain

Alopecurus aequalis Orangefox-tail * *
Alopecurus geniculatus Marshfox-tail * *
Alternanthera denticulatas.|. Lessejoyweed

Ammannia multiflora Jerryjerry EN
Amphibromus fluitans Riverswampwallaby-grass \§) \§) VU
Amphibromus macrorhinus Longnosedswampwallaby-grass

Amphibromus neesii Southernswampwallaby-grass

Amphibromus nervosus Commonswampwallaby-grass

Amyema linophyllsubsp.orientalis Bulokemistletoe R
Amyema miquelii Boxmistletoe

Amyema pendula Droopingmistletoe

Aphanes arvensis Parsleypiert * *
Aphanes australiana Australianpiert

Asperula subsimplex Water woodruff

Azolla pinnata Fernyazolla

Azolla rubra Pacificazolla

Bellardia latifolia Redbartsia * *
Bolboschoenus medianus Marshclub-sedge

Brachyscome muelleroides Mueller daisy EN VU VU
Brachyscome paludicola Woodlandswamp-daisy

Callitriche brutissubsp .brutia Threadwater-starwort * *
Callitriche sonderi Matted water-starwort

Callitriche stagnalis Commonwater-starwort * *
Callitriche umbonata Wingedwater-starwort

Calystegia sepiursubsp.roseata Largebindweed

Cardamine moirensis Riverinabitter-cress

Carex appressa Tallsedge

Carex bichenoviana Plainssedge

Carex gaudichaudiana Fensedge

Carex inversa Knobsedge # #
Carex inversédwarf matted form) Knobsedge (dwarf matted form)

Carex tereticaulis Poong'ort

Centipeda cunninghamii Commonsneezeweed

Centipeda elatinoides Elatinesneezeweed

Centipeda minima s.I. Spreadingneezeweed

Centipeda nidiformis Cottonsneezeweed EN
Centipeda pleiocephala Tallsneezeweed EN
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Convolvulus erubescess.
Coronidium gunnianum
Cotoneaster glaucophyllus
Cotula coronopifolia
Craspedia glauca.l.
Craspedia paludicola
Craspedia variabilis
Crassula colorata
Crassula decumbensr.decumbens
Crassula helmsii

Crassula peduncularis
Crassula sieberiaml.
Crassula tetragonaubsp.robusta
Cuscuta australis
Cycnogeton multifructum
Cycnogeton procerums.s
Cyperus bifax

Cyperus difformis
Cyperus eragrostis
Cyperus exaltatus
Cyperudlaccidus

Cyperus gunnsubsp.gunnii
Cyperus gymnocaulos
Cyperus leptocarpus
Cyperus victoriensis
Damasonium minus
Datura stramonium
Deyeuxia quadriseta
Dichondra repens
Dodonaea viscossubsp.cuneata
Duma florulenta

Elatine gratioloides
Eleocharis acuta
Eleocharis pallens
Eleocharis plana
Eleocharis pusilla

Elodea canadensis
Eragrostis infecunda
Eucalyptusamaldulensis
Eucalyptus camaldulensssibsp.camaldulensis
Eucalyptus largiflorens
Eulalia aurea

Exocarpos cupressiformis
Exocarpos strictus
Fimbristylis aestivalis
Fumaria bastardii

Fumaria muralis subsp. muralis
Glinus lotoides

Glinus oppositifolius
Glossostigmaleistanthum
Glossostigma drummondii
Glossostigma elatinoides
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Pinkbindweed
Paleswampeverlasting
Largeleaf cotoneaster
Water-buttons
Commonbilly-buttons
Swamphbilly-buttons
Variablebilly-buttons
Densecrassula
Spreadingrassula
Swampcrassula
Purplecrassula
Siebercrassula
Shrubbycrassula
Australiandodder

Northernwater-ribbons

Commonwater-ribbons
Downsnutgrass
Variableflat-sedge
Drainflat-sedge
Tallflat-sedge
Laxflat-sedge
Fleckedlat-sedge
Spinyflat-sedge
Button rush

Yelka

Starfruit
Commonthornapple
Reedbent-grass
Kidneyweed
Wedgeleaf hop-bush
Tangledignum
Waterwort
Commonspike-sedge
Palespike-sedge
Flatspike-sedge
Smallspike-sedge
Canadiampondweed
Southerncane-grass
Riverred gum
Riverred gum
Blackbox
Silkybrowntop
Cherry Ballart
Palefruit Ballart
Summerfringe-sedge
Bastard'sumitory
Wall fumitory
Hairycarpetweed
Slendercarpetweed
Smaliflower mud-mat
Desertmud-mat
Smallmud-mat
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Goodenia fascicularis
Goodenia glauca
Goodenia gracilis
Goodenia humilis
Gratiola peruviana
Gratiola pubescens
Gratiola pumilo

Grevillea robusta

Hakea tephrosperma
Haloragis aspera
Haloragis glauca f. glauca
Haloragis heterophylla
Hemarthria uncinatavar. uncinata
Hypsela tridens

Isoetes muelleri

Isolepis hookeriana
Isotoma fluviatilissubsp.australis
Juncus amabilis

Juncus aridicola

Juncus australis

Juncus bufonius

Juncus flavidus
Juncusoloschoenus
Juncus ingens

Juncus radula

Juncus remotiflorus
Juncus semisolidus
Juncus subglaucus
Lemna disperma
Limosella australis
Limosella curdieana
Lobelia concolor

Lobelia pratioides
Ludwigia palustris
Ludwigia peploidesubsp.montevidensis
Lyciumferocissimum
Lythrum salicaria
Maclura pomifera

Malus pumila

Marsilea costulifera
Marsilea drummondii
Marsilea hirsuta
Melaleuca parvistaminea
Melia azedarach

Mentha australis

Mentha satureioides
Mimulus gracilis
Muellerinaeucalyptoides
Myosurus australis
Myriophyllum capuimedusae
Myriophyllum crispatum
Myriophyllum papillosum
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Silkygoodenia
Palegoodenia
Slendergoodenia
Swampgoodenia
Australbrooklime
Glandularbrooklime

Dwarfbrooklime VU
Silkyoak * *
Hookedneedlewood

Roughraspwort

Bluishraspwort
Variedraspwort
Mat grass
Hypsela
Rockquillwort
Grassyclub-sedge
Swampisotome
Hollowrush
Tussockush
Australrush
Toadrush # #
Goldrush
Jointleafrush
Giantrush
Hoaryrush
Diffuserush
Plainsrush

Rush
Commonduckweed
Australmudwort
Largemudwort
Poisonpratia
Poisonlobelia

Marshludwigia * *
Clovestrip # #
Africanbox-thorn * *
Purpleloosestrife

Osageorange * *
Apple * *
Narrow-leaf nardoo

Commonnardoo

Shortfruit nardoo
Roughbarkedhoney-myrtle
White cedar * *
Rivermint

Creeping mint
Slendemonkey-flower
Creepingnistletoe
Mousetail
Coarsewater-milfoil
Uprightwater-milfoil
Robustwater-milfoil
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Myriophyllum simulans
Myriophyllum variifolium
Myriophyllum verrucosum
Nymphoides crenata
Nymphoides geminata
Ornduffia reniformis

Ottelia ovalifoliasubsp.ovalifolia
Parietaria debilis.s.
Paspalidium jubiflorum
Paspalum distichum
Persicaria decipiens
Persicaria hydropiper
Persicaria lapathifolia
Persicaria praetermissa
Persicaria prostrata
Phragmites australis

Phyla nodifloravar. minor

Poa labillardierei

Polygonum plebeium
Polypogon monspeliensis
Potamogeton australiensis
Potamogeton cheesemanii
Potamogeton sulcatus
Potamogeton tricarinatus.l.
Pseudocrossidium crinitum
Pseudoraphis spinescens
Pteridium esculentursubsp esculentum
Pycnosorus globosus
Ranunculus inundatus
Ranunculus lappaceus
Ranunculus muricatus
Ranunculus pentandrugr. platycarpus
Ranunculus pumiligar. politus
Ranunculus pumiligar. pumilio
Ranunculus sceleratssibsp.sceleratus
Ranunculus sessiliflorus
Ranunculus sessiliflorwvsr. sessiliflorus
Ranunculus trilobus
Ricciocarpos natans

Rorippa eustylis

Rorippa laciniata

Rorippa palustris

Rosa canina

Rosarubiginosa

Rubus anglocandicans
Rubus fruticosuspp. agg.
Rubus ulmifoliugar. ulmifolius
Rumex brownii

Rumex conglomeratus
Rumex crystallinus.|.

Rumex tenax

Rytidosperma duttonianum
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Amphibiouswater-milfoil
Varied Watemilfoil
Redwater-milfoil
Wavymarshwort
Openmarshwort
Runningmarshflower
Swamplily
Shadepellitory
Warregosummer-grass
Water couch
Slenderknotweed
Water pepper
Paleknotweed
Spottedknotweed
Creepingknotweed
Commonreed

Fogfruit
Commontussockgrass
Smallknotweed
Annualbeard-grass
Thinpondweed
Redpondweed
Furrowedpondweed
Floatingpondweed
Duskybeard-moss
Moira grass
Australbracken
Drumsticks
Riverbuttercup
Australianbuttercup
Sharpbuttercup
Inlandbuttercup
Fernysmall-flower buttercup
Fernysmall-flower buttercup
Celerybuttercup
Annualbuttercup
Annualbuttercup
Largeannualbuttercup
Fringedheartwort
Dwarfbitter-cress
Jaggeditter-cress
Marshyellow-cress
Dogrose

Sweetbiar
Commonblackberry
Blackberry

Elmleaf blackberry
Slenderdock
Clustereddock
Glisteningdock
Narrow-leaf dock
Brownbackwallaby-grass

98

D3



OFFICI4

EPEC
* *

Sagittaria platyphylla

Salix babylonica.l.

Salix X rubens

Santalum lanceolatum

Schinus molle

Solanum aviculare

Solanum esuriale

Solanum laciniatum

Solanum nigruns.|.
Solanunpseudocapsicum
Spirodela punctata

Stellaria angustifolisubsp.angustifolia
Stellaria angustifolisubsp.tenella
Swainsona procumbens
Syntrichia papillosa

Tribulus terrestris

Triquetrella papillata

Typha domingensis

Typha orientalis

Urtica incisa

Urtica urens

Utricularia australis

Vallisneria americansar.americana

Viola betonicifolissubsp novaguineensis

Wahlenbergia fluminalis

Sagittaria
Weepingwillow
Basketwillow
Northernsandlewood
Peppertree
Kangarocapple
Quena
Largekangarooapple
Blacknightshade
Madeirawinter-cherry
Thinduckweed
Swampstarwort
Matted starwort
Broughtonpea
Screwmoss

Caltrop
Commontwine-moss
Narrow-leaf cumbungi
Broadleaf cumbungi
Stingingnettle
Smallnettle
Yellowbladderwort
Eelgrass
Floodplainviolet
Riverbluebell
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15 Appendix2: Riskassessment

Smi-quantitative risk analysis often usedanalyse risks associated with infrastructure projects. The
approachis compliantwith the AS/NZS ISO 3102009Risk managementPrinciples and Guidelines.
This riskassessment process is basgebn an Ecological Risk Assessment process developéitioyia
EPA (EPA 2004), and has seven steps:

1 Clearly define the management context for the risk assessment

1 Identify the values associated with the ecosystems to have TLM operatiatertaken and any
connected waterways;

1 Identify the threats posed to the values associated with the TLM operations;

1 Develop an explicit statement of investigation and associated conceptual n@alapleting
problem formulation) for the risk assessment;

1 Undertake a preliminary risk analysis with existing information and local knowledge;

1 Document and incorporate gaps identified and assumptions made during the primcess
characterise the risk; and,

1 Report recommendations for appropriate risk mitigation actions to protect valueseahgce
threats to these values.

Semiquantitativerisk assessmentsse a categorical approach to describe ttensequencesnd
likelihood (or probability) of threats having impacts on the valueshat site

1 Risk = Consequence x Likelihood
I Risk Attribute Definitions

Risk tables provide a consistent way of allocating the level of consequence and likeliheadHor

threat on the values of each site. The risk scores are calculated as the proawctsefuenceTable

32) and likelihood Table33) under conditions likely to be experiencddring operational phase of the
project works for TLM projeciable34 details the definitions of the levels of risk and the management
response required.

Table32: Definitions for assigning levels of the consequences of threats

Minor (1) The effects are limited in extent or duration and do not significantly impact ¢
the assetvalues

Moderate (2) The effects are moderate in extent or duration and are in conflict wihet
Consequences values or will have minor impacts on offsite values
Severe (3) The event significantly underminessetvalues or moderately impacts on offsi
values

Catastrophic (4) | The event is in significant conflict wilssetvalues or has severely impacts
offsite values and will result in a serious deterioration of the system

100



OFFICI4

Table33: Definitions for assigning levels of the likelihood of threats

Remote (1) An event which is not expected to occur but may occur under rare, exception
circumstances

Unlikely (2) An event which is not expected to occur as a result of normal activities but m

Likelihood oceur

Possible (3) An event which is possible and will occasionally occur as a result of normal
activities

Likely (4) An event which is expected to occur as part of normal activities

Certain (5) An event which is certain to occur as a resulhofmal activities

Table34: Risk is calculated as the product of consequence and likelihood scores.

Consequence

Minor (1) Moderate (2) Severe (3) Catastrophic (4)

Remote (1)

Unlikely (2)

Likelihood

Possible (3)

Likely (4)

Certain (5)
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Table35: Definitions of the levels of risk.

Definitions

There is no reasonable prospect that thevironmentalobjectives will be
affected by the event.

1-2 Negligible

The risk is a moderate priority for management. Risk management
measures should be undertaken.

5-8 Moderate

The risk is a high priority for management. There is a reasonable likelih|
9-12 High it will occur and will have harmful consequenéegerms of achieving
environmental objectivesRisk management is essential.

15.1 BarmahMillewa Ramsar sitgisk assessment and mitigation

A detailed risk assessment was undertaken as part of the Ramsar site managemeribplBarmah
and the NSW Centrurray forests(DELWP 2018as well as the Barmah Forest joint plan of
managemen{(YYTOLMB and YYNAC 20Biagh priority threats are presented irable36.
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Table36. Key threats and levels of risk to conservation assets and values (adapted #¥TOLMB and YYNAC 2020)

Threat

Inappropriate(altered)

River red gum
forest and
woodlands
condition and
extent

Floodplain

marshes Moira Colonial

grass extent nesting
waterbirds

Wetland birds

Native fish

Recreational
values

First Nation
cultural
heritage values

Other water
dependent
species(e.g.
Murray spiny
crayfish, frogs,
turtles)

Mitigation measures

Provision for
environmental water
deliveries to maintain

fish (e.g, carp)

. Low High Medium Low Medium Medium Low .

water regimes ecological character.
Diverting irrigation
rejection.

Inappropriate(altered) Maintaining tolerable fire

fire regimes intervals through the

Medium Low Negligible Negligible Low Medium Medium exclusion of fire, plus

preparedness and effective
response,

Predation by foxes and Fox control (baiting) of the

cats Negligible Negligible Medium Negligible High High Low park boundary and turtle
nest sites.

Grazing, browsing and Feral pig trapping and

trampling (foraging) shooting. Horse exclusion

pressure on wetlands anc fence trial (one wetland).

cultural sites from feral Medium Low Negligible Medium Medium Rabbit baiting and night

horses, feral pigs and shooting. Site protection.

goats, feral deer, rabbits,

kangaroos

Competition from alien Negligible Low Negligible High Medium Medium High No current mitigation

measures.
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Floodplain Wetland birds  Native fish

marshes Moira Colonial

River red gum
forest and

Recreational
values

First Nation
cultural

Other water
dependent

Mitigation measures

woodlands grass extent nesting species(e.g, heritage values
condition and waterbirds Murray spiny
extent crayfish, frogs,
turtles)
Incursion bynvasive Environmental watering.
plants €.g.,arrowhead, Herbicides
incursion by giant rush . .
andRiver red gum Low High Medium Low Low Medium Medium registered for use in
saplings) aqugtlc S|tuqt|ons.
Cutting/burning for
rush/saplings.
Illegal recreation activity Enforced compliance on
(off road, damage to Medium Low Low Low Low Medium Medium illegal activities, education.
vegetation)
Legal recreation activity Maintenance activities e.g.
(ger_1eratmg erosion, Medium Medium Medium Medium Low Medium Low roads, boat ramps.
sedimentation,
disturbance)

Table37. Extreme and high risk threats to environmental values (adapted frétale and Dickson 2020

Pressures Stressors Effect L'k.e“hOOd ansequence Risk Evidence / comments
of impact of impact

Water There is a large body of evidence that indicates that unseasonal and
Altered water Adversely affects ) . ) o . T o . .

resource . ) Almost certain | Moderate High insufficient inundation is contributing to the demise Mibira grass(Ward
regimes floodplain marshes

use 2019)
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Evidence / comments

Pressures Stressors Effect L|I<_e||hood
of impact
Water Adversely affects
Altered water )
resource ) threatened Almost certain | Moderate
regimes . )
use vegetation species
Water Impacts fish
Altered water )
resource ) abundance and Almost certain | Moderate
regimes . .
use diversity
Impacts wetland
) bird threatened
Invasive . . .
. Foxes and cats | species Likely Major
species )
(Australasian
bittern)
Impacts wetland
Invasive bird threatened ) .
) Foxes and cats ) Likely Major
species species (superb
parrot)

105

ansequence Risk
of impact

There is some evidence afer red gumencroachment into swamp wallaby

grass wetlands as a result of insufficient duration of inunda{Raymond et
al. 2019) Mueller daisy recorded in Barmah meadows in August 2019 (Tir
Barlow pers. comm.).

While overall condition scores for fish with respect to population and
recruitment have been fair to good in recent years, there are a number of
species that were previously common in the site that are now absent, (e.g
freshwater catfish Tandanus tandanysriver blackfishGadopsis
marmoratug, Murray hardyheadGraterocephalus fluviatiljssouthern
pygmy perchNannoperca austral)s and olive perchletAmbassis agassiyii
In addition, the fish condition scores were better in permanent rivers and
streams than in the temporary wetland environments. Both of these findin
were attributed to insufficient wetland inundatio(Raymond et al. 2019)

Recent bittern monitoring at Barmah Forest has suggested that foxes anc
cats may be predating on Australasian bittékfivian 2013, Colloff et al.
2014b, Ward 2017)

As identified in the superb parrot recovery plan.
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Pressures Stressors Effect L'k.e“hOOd ansequence Risk Evidence / comments
of impact of impact

Adversely affects

Horsescan affect both the understory of forest communities as well as lim

Invasive river red gum ) ) . ] ; . N )
i Feral horses Likely Major recruitment of seedlings througrazing &rampling.In addition, grazing car
species forests and - ) ) )
remove grass competition, allowing tree seedlings to establish en masse
woodlands
There is a large body of evidence of feral horses, impacting on floodplain
) marshegWard 2019) The extent oMoira grass has declined significantly,
Invasive Adversely affects ) .
) Feral horses . Almost certain | Extreme and the LAC has been exceeded, largely due to feral horse trampling and
species floodplain marshes

grazing. Fencing that excludes horses (but not native grazers such as
kangaroos) have highlighted that impact of feral horses on wetland flora.

] Adversely affects )
Invasive ) ) Swamp wallabygrass has been threatened by feral horses grazing and
) Feral horses threatened Almost certain | Major ) ]

species ) ) trampling at Little Rushy Swamp.

vegetation species

Impacts wetland

Invasive bird threatened Wetland areasn Barmah Forest that support bitterrend colonial nesting
) Feral horses species Likely Major birdsare being impacted by feral horses, impacting habitat and potentially
species (Australasian breeding success
bittern)
Impacts wetland
Invasive bird threatened ) ) ) . .
) Feral horses ] Likely Major Grazing unlikely to affect hollow bearing trees.
species species (superb
parrot)
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Pressures Stressors Effect L|I<_e||hood ansequence Risk Evidence / comments
of impact of impact

Invasive . Adversely affects ) ) .
) Pigs . Almost certain | Extreme As per Pest Plant and Animal Strategy (Ecokaggtralia 2013)
species floodplain marshes
. Adversely affects
Invasive . ) ) ) .
) Pigs threatened Likely Major As per Pest Plant and Animal Strategy (Ecology Australia 2013)
species
P vegetation species
| ) Impacts wetland Wetland areasn Barmah Forest that support bitterremd colonial nesting
nvasive
) Pigs bird abundance and Almostcertain | Major birdsare being impacted by fergligs impacting habitat and potentially
species
P diversity breeding success
Invasive ) Impacts wetland ) ) Evidence of waterbird nesting being impacted by pigs trampling and
) Pigs . . Almostcertain | Major .
species bird breeding predation.
Impacts wetland
) bird threatened
Invasive . . . . . .
. Pigs species Likely Major Based on impact to habitat
species )
(Australasian
bittern)
] Adversely affects
) DeerRabbits, ) ) )
Invasive river red gum ) As per Pest Plant and Animal Strategy (Ecology Australia 20itng that
) goats, other Almost certain | Moderate . . . .
species forests and risk from rabbits was considered higher than that fmats and deer.
razers
9 woodlands
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Evidence / comments

ansequence Risk
of impact

Pressures Stressors Effect L'k.e“hOOd
of impact
] Rabbits, goats, | Adversely affects
Invasive . .
) other grazers threatened Almost certain | Major
species i i
vegetation species
Rabbits, goats, | Impacts wetland
) other grazers bird threatened
Invasive ) ) )
) species Likely Major
species )
(Australasian
bittern)
) Exotic fish (carp,
Invasive ] Adversely affects ) ]
. gambusia, . Likely Major
species ) floodplain marshes
goldfish)
o Impacts fish
) Exotic fish (carp,
Invasive ) abundance and ) )
) gambusia, ) o ] Likely Major
species . diversityincluding
goldfish) )
threatened species
Climate Altered water Adversely affects ) )
) ) Possible Major
change regimes floodplain marshes

108

As per Pest Plant and Animal Strategy (Ecology Australia 2013)

Wetland areas that support bitterns at Barmah Forest are being impacted
feral horses, impacting habitat and potentially breeding success.

Carp can have an effect on vegetation in wetland systems through
disturbance of sediments and uprooting plants. Risk based on Pest Plant
animal strategy (Ecology Australia 2013)

In wetland habitats, the abundance of exotic fish species has remained
consistently greater than native fish numbers over the past decade, with |
numbers of gambusia since 20{Raymond et al. 2019There has however,
been studies suggesting that removal of gambusia from wetland habitats
not improve native fish condition (Tonkin et al. 2013)

Floodplain marshes are already affected by reduced frequency and durat
of inundation and this is likely to continue (or be exacerbated) into the
future.
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Pressures Stressors Effect L|I<_e||hood ansequence Risk Evidence / comments
of impact of impact

. Adversely affects Floodplain marshes are already affected by reduced frequency and durat
Climate Altered water . ) . . L . .
) threatened Possible Major of inundation and this is likely to continue (or be exacerbated) into the
change regimes i i
vegetation species future.
Waterbird breeding is vulnerable to climate chan@arnett et al. 2013)
Climate Altered water Impacts wetland Likel Mai Providing adequate duration of inundation for completion of breeding cyc
ike ajor
change regimes bird breeding y : by waterbirds is likely to become increasingly difficult in a future with less
water availability.
Impacts wetland
. bird threatened Bitterns have been identified as bring highly vulnerable to climate change
Climate Altered water ] ) ] ] ] - ) ] ]
) species Likely Major impacts(Timbal et al. 2016)in addition, the floodplain marsh habitat for thi
change regimes ) o )
(Australasian species is also highly vulnerable.
bittern)
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16 Appendix3: Objective mapping to Basin Plan

Environmentabbjectivesrepresent the desired environmental outcomes based onrtr@nagement
goal in Section 7.1, as well as the key values outlined in the Environmental Values section (Section 5.4).

Environmental watering objectives f@armahMillewa Forest icon sitevere first prepared in 204
(MDBA 2012and have subsequently undergone a number of refinements. The various iterations of
objectives for the icon site are listed Trable38.

Theupdate of theobjectivestakesinto consideration the values in each of the Water Regime Classes
(see Sectiors.3.5 and 5.1 The EWMP objectives and associated targets have been aligned to the
Basinside Environmental Watering Strategy ahé Victorian Murray LTWP (DEL\&M219. Overall,

this will increase line of sight to the Basin Plan d@adeporting requirements. The objectives have
adopted the language/terminology of the Basin Plan and written using the SMa&titept as per the
Victorian EWMP Guidelines (DELR2).

The primary environmental outcome of the Basin Plan is the protection and restoration of-water
dependent ecosystems and ecosystem functions in the Muragling Basin, with strengthened
resilience to a changing climate (Basin Plan themes). The MDBAJigetktp measure progress

towards achieving the objectives of the Environmental Watering Plan (EWP) (Chapter 8 of the Basin
Plan) by using the targets in Schedule 7 and having regard to thedomgaverage sustainable

diversion limits, environmental obgtives, and targets. These are set out in LEWIP the asset scale

the Basiawide Environmental Watering Strategy (BWS) and annual Basin environmental watering
priorities for the Basin scale

When updating existing EWMP objectives all changes are requireddodenented including a
rationale or justification of why changes have been made. Where alignment to the Environmental
Management Framework of the Basin Plan is applicable line of sight to the following is required (DELWP
2022):

1 The Chapter 8 Environmental Watering Plan objectives and expected environmental outcomes

as specified in the Basinide Environmental Watering Strategy,

1 Long Term Watering Plan objectives and targatsl

1 Schedules -B targets and criteria.

The mapping has been presented according to the objective logic of the Basin Plan: Ecosystem type and
biodiversity, ecosystem function and ecosystem resilience and climate cligiggeel5s).

2 SMART i Specific, Measurable, Achievable, Relevant and Timebound
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Ecosystem type and biodiversity
Chapter 8, S8.05

* Representative ecosystem types

* International obligations - Ramsar, JAMBA/CAMBA/RoKAMBA/Bonn
» Episodically productive

* Threatened entities

* Restore representative subpopulations of water-dependent biota

A /

Ecosystem function
Chapter 8, S8.06

k. Water quality - consistent with Chapter 9

» Connectivity - longitudinal and lateral

* Habitat diversity

» Functions that maintain subpopulations - recruitment, movement, etc.
» Community structure, energy transport, nutrients, carbon, productivity,
Ve respiration .

<

Ecosystem resilience, climate

change and other risks and threats

Chapter 8, S8.07

. Resilient to climate change and climate driven disturbances and
variability

» Refugia including from drought

» Wetting and drying cycles

* Invasive species

e Fragmentation - e.g. barriers to passage

Figurel5. Basin Plan Environmental Watering Plan objective logic adopted.

Objectives and where detailed, targets, have been extracted from the following documents:

1
1

BarmahMillewa Forest Environmental Water Management Plan (MDBA 2012)

Barmah Forest ecological watering guide, A practical guide for managing environmental water

on the Barmah Forest floodplain, version 1.1. (Ward 2015)

Reports from the TLM refinement project (Robinson 2014, 2018a)

Victorian Murray LT\R/(DELWP 2021c)

Murray-Lower Darling LTWP (DPIE 2020a, b)
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Table38 Objectives from key documents for Barma¥dillewa Forest Icon site

Objective type Asset Mapping Comment Source
code
Overarching TLM BMF 01 Restore the extent and distribution of healthy wetland anc Retain with no change. MDBA(2012),
objectives for floodplain vegetation communities Targets are not set for Butcher(2018),
BarmahMillewa BMF 02 Provide suitable feeding and breeding habitat for a range overarching objectives
Forest waterbirds, including colonial nesting species
BMF 03 Support successful breeding and recruitment of native fisl
species
BMF 04 Provide high quality feeding, breeding and nursery habita
for native frogs, turtles and crayfish
Detailed TLM BMF D1 Promote healthy and diverse vegetation communities, wit D1la, b- MDBA
objectivescg an emphasis on restoring natural extent and distribution ¢ (2012)
vegetation giant rush,Moira grassriver red gunforest andriver red
gumwoodland in aeast 55% of the BarmaMillewa icon
site.
BMF D2 Facilitate healthy and diverse vegetation to provide suitak
breeding and foraging habitat for a diverse range of
waterbirds and bush birds.
BMF D3 Promote vegetation with aappropriate abundance and Need to specify which creeks Ward (2015)
richness of native species in wetlands and ephemeral cre this refers to.
BMF D4 Maintain and restore the abundance of legislatively 52SayQid YI L G
threatened water dependent flora species. objective¢ not captured in
LTWP despite Schedule 8
criteria being met.
Threatened frogs have
objectives in the NSW LTWP
but no flora.
BMF D5 Restrict the abundance, spread and incursion of invasive

aquatic species
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code

Successful growth and flowering of Moigeass plants.

BMF

D7

Promote populations of healthy trees in forests and
woodlands with appropriate density, recruitment and
habitat trees.

BMF

An appropriate diversity and abundance of native Understorey is not captured
understorey species in forests and woodlands. in the LTWP objectivescan
it be assumed to be implicit?

D9

Promote the open character of the Moigrassplains and
restore the total area dominated by Moiigrass plants.

Detailed TLM BMF
objectives- birds

D10

Promote and/or sustain successful breeding events for Tranter and
thousands of colonial and migratory waterbirds at least or Ward (2014)
every five years by inundating selected floodplain and cited in Ward
wetland areas to provide suitable nesting and feeding (2015)
habitat.

BMF

D11

Healthy waterbird assemblages as defined by high specie
richness and relative abundance present in BarrAviliewa
Forest each year.

D12

The overall health or condition dfie floodplain and non Need to unpack this further

floodplain habitat types present in Barmabillewa Forest  to determine point of

will be reflected in woodland bird populations. reference and update the
objective language

Detailed TLM BMF
objectives- fish

D13

Promote sustainable native fish communities across the Tranter and
whole BarmakMillewa Icon Site waterways and wetlands Ward (2014)
and the adjacent River Murray channel. cited in Ward

BMF

D14

Facilitate the recovery of rare natifish species. Maps to B28 refined (2015)
objective; no other objective
specific to threatened fish.
Retain as PEA criteria met.
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Objective type Asset Mapping Comment Source
code
BMF D15 Allow (for bidirectional movement to provide) access to a
diversity of feeding and breeding areas for native figthin
and between river and @®1F) floodplain habitats.
BMF D16 Fish populations atB1F will be composed predominantly ¢
native fish.
BMF D17 Provide enhanced breeding opportunities for native riverir
fish species in the main rivehannel adjacent to the Icon
Site.
Detailed TLM BMF D18 Promote sustainable Murray Crayfish populations in Abundance of subpopulation, MDBA (2012),
objective - crayfish BarmahMillewa Forest waterways and the adjacent River not about habitat aper D23 =~ Ward (2015)
Murray channel.
Detailed TLM BMF D19 Facilitate successful breeding and feeding opportunities fi Breeding of frogs, not about
objective - frogs native frog species by seasonal inundation of selected habitat as per D23
floodplain and wetland areas for appropriate season and
duration as required for each species.
Detailed TLM BMF D20 Facilitate successful breeding of native turtle species by = Breeding, not about habitat
objective - turtles inundation of selected floodplains and wetland areas to = as per D23
provide suitable breeding and nursery habitat.
Specific objectives BMF D21 Promote healthy and diverse vegetation communities, wit Split into major veg types in  Butcher(2018)
for BarmahMillewa an emphasis on restoring natural extent and distribution ¢ the LTWP see DEWLP 2021i ¢ updated
ForestTLM giantrush Juncus ingensMoiragrass Pseudoraphis The magnitude of change is = objectives were
condition spinescensriver red gum(Eucalyptus camaldulengiforest = more specific in this version = provided by
monitoring andriver red gumwoodland in at least 55% of the Barntah needs to be aligned with the MDBA
Millewa icon site. objectives and targets in the
LTWPs.
BMF D22 Facilitate healthy and diverse vegetation to provide suitak
breeding and foraging habitat for a diverse range of
waterbirds and bush birds.
BMF D23 Promote and/or sustain successfuleeding events for

thousands of colonial and migratory waterbirds in at least
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Objective type Asset Mapping Comment Source
code
years in 10 by inundating selected floodplain and wetland
areas to provide suitable nesting and feeding habitat.
BMF D24 Promote successful recruitment of native fispecies by Hydraulics, recruitment,
improving flow variability in spring and early summer to  habitat ¢ split.
replicate natural cues, and by inundation of floodplain anc
wetland areas to provide breeding and nursery habitat.
BMF D25 Provide highguality feeding, breeding and nursery habitat About habitat for fauna
for native frogs, turtles and crayfish.
Refined condition BMF D26 Promote vegetation with an appropriate abundance and Maps to D1 Robinson

objectives-

richness of native species in wetlands and ephemeral cre

(2018a), Arcadis

vegetation BMF D27

An appropriate diversity and abundance of native

understorey species in forest and woodlands.

Maps to D5. Understorey not (2022)
captured in LTWP objectives

Refined condition BMF D28
objectives- birds

Healthy colonial water bird assemblages as defined by hi
species richness and relative abundance presemarmah

Millewa Forestach year

Robinson
(2018b)

Additional fish BMF D29
objectives

Promote sustainable nativi'sh communities across the
whole BarmakMillewa Icon Site waterways and wetlands

and the adjacent River Murray channel

Maps to D14 Robinson(2015)

BMF D30

(Facilitate) the recovery of rare native fish species (South
pygmy perch, dwarflathead gudgeon, trout cod, lamprey

and catfish)

BMF D31

Fish populations at Barmatillewa Forest will be
composed predominantly of native fish

Maps to

Barmah Forest, Barmah VIC1
including Tullah
Creek¢ LTWP

(2021a)

Va. Promote healthy andiverse vegetation communities,
with an emphasis on restoring natural extent and
distribution of giant rush in at least 55% of the Barmah

Millewa icon site.
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Asset Mapping Comment Source

code

Barmah VIC2 Vb. Promote healthy and diverse vegetation communities Maps to D1, D2, D3, D19 (in
with an emphasis on restoring natural extent and part), D24 (in part), NSW2a
distribution ofMoira grass in at least 55% of the Barmah
Millewa icon site.

Barmah VIC3 Vc. Promote healthy and diverse vegetation communities Maps to D4 (in part), D19 (in
with an emphasis on restoring natural extent and part), NSW5, NSW6
distribution ofriver red gunforest in at least 55% of the
BarmaltMillewa icon site.

Barmah VIC4 vd. Promote healthy and diverse vegetation communities Maps to D4 (in part), D19 (in
with an emphasis on restoring natural extent and part), NSW5, NSW7
distribution ofriver red gumwoodland in at least 55% of the
BarmaltMillewa icon site.

Barmah VIC5 Ve. Promote healthy and diverse vegetation communities Maps to D4 (?), D5 (?), NSW
with an emphasis on restoring natural extent and Black boxnot overtly
distribution of blackbox woodland in at least 55% of the me_ntiqned in original

. . . objectives for the Barmah
BarmafgMillewa icon site. section of the icon site.

Barmah VIC6 Whba. Promote and/or sustain successful breeding events
thousands of colonial and migratory waterbirds in at least
years in 10 bynundating selected floodplain and wetland
areas to provide suitable nesting and feeding habitat.

Barmah  VIC7 Fa: Promote successful recruitment of native fish species Maps to D22, in part to D11,
improving flow variability in spring and early summerto D13, D15
replicate naturakues,and by inundation of floodplain and
wetland areas to provide breeding and nursery habitat.

Barmah VIC8 OFN: Provide high quality feeding, breeding and nursery Editing issue in the LTWP

habitat for native frogs, turtles and crayfish by: Facilitate
successful breeding arfdeding opportunities for native

not sure what the remainder
of the objective relates to.
Maps to D1618
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frog species by seasonal inundation of selected floodplair
and wetland area$or

Comment Source

Overarching
objective ¢ Lower
Murray LTWP (DPIE
2020a)

Millewa ONSW1

Maintain and improve the viability and extent afer red
gum, black boxand coolabah communities, lignum
shrublands and nomwoody wetland and irchannel
vegetation

DPIE (2020a, b)

NSW2  NVi: Maintain the extent and viability of nemoody Maps in part to D1, and
vegetation communities occurring with or closely fringing POSSiPly VIC1, VIC2. Specific
river channels to river channels is distinct to

Barmah objectives for nen
woody vegetation outcomes
which is about wetlands and
ephemeral creeks.

NSW3  NV2a: Maintain the extent and viability of namody Maps in part to D1, VIC1,
vegetation communities occurring in wetlands and on vicz.
floodplains (sempermanent, intermittent, temporal and
ephemeralwetlands)

NSW4  NV2b: Maintain the extent and viability of namoody Maps to DX refers to
vegetation communities occurring in wetlands and on understorey
floodplains (ephemeral understorey vegetation within
forests, woodlands and opeffoodplain areas)

NSW5  NV3: Maintain the extent and maintain or improve the Maps to D4 but Barmah
condition ofriver red gumcommunities closely fringing rive RzsayQu KI@s
channels. river channels.

NSW6  NV4a:Maintain the extentand maintain or improve the Maps to D4 (in part)
condition ofriver red gumforest

NSW7  NV4b:Maintain the extentand maintain or improve the Maps to D4 (in part)

condition ofriver red gumwoodland
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Comment

NV4c:Maintain the extentand maintain or improve the 52SayQd YL d

condition ofblack boxwoodland objectives black boxnot
mentioned explicitly in

Source

Barmah
NSW9 WB1: Maintain the number and type of waterbird present
NSW10 WB2:Increase total waterbird abundance
NSW11  WBS3: Increase breeding activity in nonlonial nesting
waterbirds
NSW12  WB4: Increase opportunities for colonial waterbird breedi
events
NSW13 @ WB5: Maintain the extent and improwendition of
waterbird habitats
NSW14 NF1: No loss of native fish species 525ayQi YI L &
Barmah objectives, but intent
of B29 may overlap to some
degree. Will need to decide
on the language adopted if
the focus is on biomass/
abundance as per D28 or los
of species.
NSW15 = NF2: Increase theistribution and abundance of shortto WS T SNBy OS {2
moderate lived generalist native fish species map to Barmah fish
objectives. Need decision on
if include this level of
specificity¢ does have
greater alignment to BEWS.
NSW16 @ NF3:Increase the distributiomndabundance of short to

moderatelived floodplain specialist native fish species
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code

NSW17 = NF4:Improve native fish population structure for moderate Population structure could

to longlived flow pulse specialist native fish species refer to recruitmentc need
to specify the species

involved
NSW18 NF5:Improve native fish population structure for moderate Population structure could

to longlived riverine specialist native fish species refer to .recruitment.c need
to specify the species

involved.
NSW19 NF6:A 25% increase in abundance of mature (harvestabl 5 2 S&y Qi Y LJ
sized) golden perch & Murray cod objectives
NSW20 NF7:Increase the prevalencandor expand thepopulation =~ May in part map to D28 if
of key short to moderatdived floodplain specialist native ~ translocation is involved.
fish species into new areas (within historical range)
NSW21 ' NF8:Increase the prevalencandor expand the population
of keymoderate to longlived riverine specialist native fish
species into new areas (within historical range)
NSW22  NF9:Increase the prevalencandor expand the population
of key moderate to longived flow pulse specialists native
fish species intmew areas (within historical range)
NSW23 ' NF10:ncrease the prevalencandor expand the
population of key moderate to lonrtived diadromous native
fish species into new areas
NSW24 = OS1Maintain species richness of fleslependent frog
communities

NSW25  OS2:Maintain successful breeding opportunities for flow
dependent frog species

NSW26 = OS3aMaintain & increase number of wetland sites
occupied by the threatened southern bell frog
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code

NSW27 = OS3bMaintain & increasewumber of wetland sites
occupied by the threatened Sloane's froglet

NSW28 0S4:Maintain waterdependant species richness Needs further clarificatior
this is too open ended.

NSW29 @ EF1Provide & protect a diversity of refugia across the
landscape

NSW30 @ EF2cCreate quality instream, floodplasndwetland habitat

NSW31 EF3aProvide movement & dispersal opportunities within
catchments for wateidependent biota to complete
lifecycles

NSW32  EF4Support instream &loodplain productivity

NSW33  EF5Support nutrient, carbon & sediment transport along
channels, & exchange between channels &
floodplains/wetlands

NSW34  EF6:Support groundwater conditions to sustain
groundwater dependent biota

NSW35  EF7increase NSW Murralyower Darling contributions to
the South Australian Murray
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16.1 Mapping to Basin Plan
The process for identifying priority ecosystem assets differs in NSW and Victoria, Millewa Forest contains

43 separate assets whereas Barmabh is treated as a single asset. For the purposes of this report Millewa is
assessed against the Schedule 8 and @riitas a single asset, reference to assets identified in DPIE

(2020) will be made in the targets for the Icon site. The main issue this creates is that in NSW priority
ecosystem functions are identified, but they have not been identified for Barmah.

The Victorian Murray River LTWP avdrraycLower Darlind- TWP contain higlevel assessments against
the Basin Plan Schedule 8 and 9 criteria (DPIE 2020, DELWP PBh2%et ofSchedule 8 and &iteria
specified as being méty BarmahMillewa Forest are shown ifable39. Anupdated assessment based on
the current values of the site, refines this understanding of which criteria are met by the site. The
updated assessment reflects the values listed in the EWMP and the objectives as they currently stand.
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Table39. Basin Plan Schedule 8 and 9 criteria relevanB@armahMillewa Forest Those criteria shaded in the updated assessment require

objectives to be developed.

Schedule 8 criteria met

From DEWP 20219

From DPIE (2020a)

Schedule9 criteria met

From DEWP 20219

From DPIE (2020a)

Note: Barmah Forest is considered a
single Priority Environmental Asset

1: RamsarJAMBA, CAMBA, ROKAMB
Bonn Convention

3: Important breeding, nursery and
feeding habitatg waterbirds and fish

4: EPBC Act, FFG Act

5: Supports significant numbers of
water dependent species

Note: Millewa Forest support2 creeks, a
section of the Murray and 21 forest lakes ang
wetlandslisted as separatePriority
Environmental Asset¢$DPIE 2020b).

1: The waterdependent ecosystem is formally
recognised in international agreements or wit
environmental watering is capable of
supportingspeciedisted in these agreements
2: The waterdependent ecosystem is natural
or near naturd, rare or unique

3: the waterdependent ecosystem provides
vital habitat

4: water-dependent ecosystem that support
Commonwealth, State or territorgpeciesor
communities

5: The waterdependent ecosystem support, 0
with environmental waterings capable of
supporting sigificant biodiversity

None identified for Barmah Forestthe
LTWP notes PEF criteria met in iIMRPA
but Barmabh is not listed as an asset at
which the PEFs are identified as relevai

52SayQia | Oldz tte

rather paraphrases into 7 ecological

functions.

1  Drought refuge

1  Quality instream habitat

1 Movement and dispersal
opportunities for animals

1 Instream and floodplain

productivity

Groundwater dependent biota

Sediment, carbon and nutrient

exchange

= —a

Barmah pdated assessment

Millewa updated assessment

Barmah \pdated assessment

Millewa updated assessment

1(a):a declared Ramsar site

1(b): supports migratory species listed
under JAMBA, CAMBA, RoKAMBA or
Bonn

2(c):represents a rare example of a
particular type of waterdependent
ecosystem in the Murrajparling Basin
3(a)(i): provides vital habitat, including:
a refugium for native watedependent
biota during dry spells and drought
3(a)(ii): provides vital habitat, including
pathways for the dispersal, migration

1(a):a declared Ramsar site

1(b): supports migratory species listed under
JAMBA, CAMBA, RoKAMBA or Bonn
2(c):represents a rare example of a particula
type of waterdependent ecosystem in the
Murray-Darling Basin

3(a)(i): provides vital habitat, including: a
refugium for native wateidependent biota
during dry spells and drought

3(a)(ii): provides vital habitat, including:
pathways for the dispersal, migration and
movements of native watedependent biota

1(a):a refugium for native water
dependent biota during dry periods and
drought

1(b): pathways for the dispersal,
migration and movement of native
water-dependent biota

1(c):a diversity of important feeding,
breeding and nursery sites for native
water-dependent biota

1(e):a vital habitat that is essential for
preventing the decline of native water

dependent biota

1(a):a refugium for native water
dependent biota during dry periods
and drought

1(b): pathways for the dispersal,
migration and movement of native
water-dependent biota

1(c):a diversity of important feeding,
breeding and nursery sites for native
water-dependent biota

1(e):a vital habitat that is essential
for preventing the decline of native
water-dependent biotéd

122



OFFICI£

and movements of native water
dependent biota

3(a)(iii): provides vital habitat,
including: important feeding, breeding
and nursery sites for native water
dependent biota

3(b):is essential for maintaining, and
preventing declines of, native water
dependent biota.

4(a): supports a listed threatened
ecological community or listed
threatened species

4(c) supports one or more native
water-dependent species treated as
threatened or endangered (however
described) under State or Territory law
5(a): Supports significant numbers of
individuals of native water dependent

species

3(a)(iii): provides vital habitat, including:
important feeding, breeding and nursery sites
for native waterdependent biota

3(b):is essential for maintaining, and
preventing declines of, native water
dependent biota

4(a): supports a listed threatened ecological
community or listed threatened species

4(c) supports one or more native water
dependent species treated as threatened or
endangered (however described) under State
or Territory law

5(a): Supports significant numbers of
individuals of native water dependent specie

3(a):longitudinal connections for
dispersal and reolonisation

4(a): lateral connections for foraging,
migration and recolonisation of native
water-dependent species and
communities

2(b): the dilution of carbon and
nutrients from the floodplain to the
river systems

3(a):longitudinal connections for
dispersal and r&olonisation

4(a). lateral connections for foraging
migration and recolonisation of
native waterdependent species and
communities

*GDE vegetation communities

16.2 Updated objectives and alignment to Basin Plan instruments

Updated objectives are presented in the logic of the Basin Plan E\M&T Byurel4.

16.2.1 Ecosystem type and biodiversity

Objective X Supports Ramsawetlands ofinternational importance

Mapping element Description

BMF1_2023 environmental
objective

Maintain the ecological character of thgarmah Forest and Central Murr®amsar siteby 284
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No target as cascading outcome achieved by otitgectives for ecosystem type and biodiversiBelevant objectives
which will contribute to the maintenance of the ecological character of the Ramsar site inBM&®_ 2023, BMF6_2023,
BMF7_2023, BMF8 2023 and BMF10_2023

Relevant objective(s)

Nonespecifiedg new objective

Comments/rationale

As the site contains two Ramsar sites, it meets the PEA 1(a).

The Barmah Forest Ramsar site meets listing criesia wetland of international importander (Hale 2022)

Criteria 1:A wetland should beonsidered internationally important if it contains a representative, rare, or unique
example of a natural or nearatural wetland type found within the appropriate biogeographic region.

Criteria 2:A wetland should be considered internationally important if it supports vulnerable, endangered, or critically
endangered species or threatened ecological communities.

This criterion is only applied to wetland dependent flora, fauna and ecological communities, and the site regularly
supports three plant and five animal species listed under the EPBC Act and / or IUCN Red List:

Australasian bitternBotaurus poiciloptilus; endangered (EPBC Act and IUCN)

Superb parrotRolytelis swainson)ig vulnerable (EPBC Act)

Murray cod Maccullochella pee)i endangered (EPBC Act) and critically endangered (IUCN)
Silver perchBidyanus bidyanyg critically endangered (EPBC Acl)rrently being reassessed)
Trout cod Maccullochella macquariensis endangered (EPBC Act) and vulnerable (IUCN)
Mueller daisy Brachyscome muelleroidesvulnerable (EPBC Act)

Swamp wallaby grasaiuphibromus fluitansg vulnerable (EPBC Act)

Winged peppercresd.épidium monoplocoidgs endangered (EPBC Act).

=4 =4 -8 a8 -8 _a_9_2

Criterion 3 A wetland should be consideradternationally important if it supports populations of plant and/or animal
species important for maintaining the biological diversity of a particular biogeographic region

1 553 native species of flora and 273 fauna at Barmah
1 the site is bioregionally significant with respect\wira grassRseudoraphis spinescéns

Criterion 4:A wetland should be considered internationally important if it supports plant andfomal species at a
critical stage in their life cycles, or provides refuge duadgerse conditions

1 Atleast 31 species of wetland dependent bird species have been recorded breetdihgles colonial nesting of
ibis, herons and egrets.
supports breeding of three species of turtle and six species of frog.
drought refuge for many species of fish, waterbirds, frogs and turtles.

f
f
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Criterion 6:A wetland should be considered internationally important if it regularly supports 1% of the individuals in a
population of one species or subspecies of waterbird.

1 During spring and summer period Barmah Forest Ramsar site may support in excess of 4% and as much as 8
south eastern Australian populatiaf Australasian bitterns

Criterion 8:A wetland should be considered internationally important if it is an important source of food for fishes,
spawning ground, nursery and/or migration path on which fish stocks, either within the wetland or elsewhere, depen:

The Central Murray Forest Ramsar site meets listing critexia wetland of international importander (RIS 2015)
Criteria 1:Awetland should be considered internationally important if it contains a representative, rare, or unique
example of a natural or nearatural wetland type found within the appropriate biogeographic region.

Criteria 2:A wetland should be considered internationally important if it supports vulnerable, endangered, or critically
endangered species or threatened ecological communities.

This criterion is only applied to wetland dependent flora, fauna and ecological communities, and the site regularly
supports three plant and five animal species listed under the EPBC Act and / or IUCN Red List:

Australasian bitternBotaurus poiciloptilus; endangered (EPBC Act and IUCN)

Australian painted snipeRpstratula australisc vulnerable (EPBC Act)

Superb parrotPolytelis swainsonig vulnerable (EPBC Act)

Murray cod Maccullochella pee)i; endangered (EPBC Act) and critically endangered (IUCN)
Silver perchBidyanus bidyanyg critically endangered (EPBC Actirrently being reassessed)
Trout cod Maccullochella macquariensis endangered (EPBC Act) and vulnerable (IUCN)
Swamp wallaby grasaihphibromus fluitansg vulnerable (EPBC Act)

= =4 —a —a 8 _a 9

Criterion 4:A wetland should be considered internationally important if it supports plant andfomal species at a
critical stage in their life cycles, or provides refuge during adverse condiiiRiSs2015)

1 The site provides habitat for migratory birds with 11 species listed in migratory bird agreements between Austr
and Japan (JAMBA), China (CAMBA) and the Republic of Korea (ROKAMBA)recorded from within the site. Th
species are Australian painted seifRostratula benghalensis austrgligastern great egrefAfdea modesty cattle
egret Ardea ibi}, sharptailed sandpiperCalidris acuminatg greenshankTringa nebularig marsh sandpiper
(Tringa stagnatiliy Latham's snipe3allinago hardwickjj glossy ibisRlegadis falcinelljsCaspian ternHydropogne
caspig, rednecked stint Calidrisruficollig and whitebellied seaeagle Haliaeetudeucogastey.

important in supporting breeding of colonial nesting waterbirds

In 1998, 2000, 2005, 2010 and 2012 environmental flows were used to extend the duration of natural floods. T
managed floods triggered and maintained waterbird breeding events with successful nesting of thousands of b

= =
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1 provides refuge for mobile and sedentary fauna during environmentally stressful periods.

Criterion 8:A wetland should be considered internationally important if it is an important soafdeod for fishes,
spawning ground, nursery and/or migration path on which fish stocks, eitlitin the wetland or elsewhere, depend.

Parks Victoria (2020) strategic plan for the Barmah Forest Ramsar site and Barmah National Park overarching goal
Improve the health of the floodplain marshes of Barmah Forest, increasing the extent and cover of Moira grass and
associated wetland vegetatioiVhich contributes to the Barmahlilewa EWMP (MDBA 2012), to:

1 Restore the extent and distribution of healthy wetland dwbdplain vegetation communities;

1 Provide suitable feeding and breeding habitat for a range of waterbirds, including colonial nesting species;

1 Support successful breeding and recruitment of native fish species; and,

1 Provide high quality feedindpreeding and nursery habitat for native frogs, turtles and crayfish

PEA 1(a)a declared Ramsar site

PEA/PEF criteria met

Basin Plan Chapter 8 (EWP) 8.05,2(a) An objective is to protect and restore a subset ofater-dependent ecosystems of the Murrdyarling Basin,
objective(s) including by ensuring that: declared Ramsar wetlands that depend on Basin reatarrces maintain their ecological
character; and (Note: see paragraph 21(3)(c) of the Act

Schedule 7 targets There are improvements in:

2(c) river, floodplain and wetland types including the condition of priority environmental assets and priority ecosyster
functions

BEWS outcomécodes as per = Not specified.
DELWP 2022c)

LTWPobjective(s) and targets Victorian Murray LTWPOEEWLP 2023c
Not specified.
NSW MurrayLower Darling LTWP (DPIE 2020a)
Not specified.

Objective Z; Supports species listed under international agreements
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BMF2_202%nvironmental
objective

By 2033 continue to support migratory waterbirds listed under international treaties on asgular basis at Barmah
Millewa Forest icon site.

BMF2_2023 targets

No target as cascading outcome achieved by otiigectives for ecosystem type and biodiversitgeeBMF5_2023vhich
will support habitat outcomes for migratory species

Relevant objective(s)

None specified; new objective

Comments/rationale

Bothcomponents of the icon sitkst PEA1(b): supports migratory species listed under JAMBA, CAMBA, RoKAMBA or
as being met

f
f

1

1

DPIE (2020b) includes 6 threatened and 10 migratory spp.

592[t OoHnumMOO R2SayQi ftAald ydzyoSNARI |yR (KS 206280
miscommunication referring to Australian migratory or nomadic species.

At Barmah the focus is Australian nomadic species which breed at Barmah, and this will be captured under
ecosystem function objectives for colonial nesting species.

Also, Robinson (2018) noted that migratory waterbird species are so infrequent in Millewa forest that they are
insensitive as an indicator of condition.

Migratory waterbird species likely to occur at the site include (from Harrington and Hale 2011):

= =4 -8 -8 _a8_2_42_-9_4._.2_-2

Australian painted snipeRpstratula austral)s
Caspian ternterna caspip

Cattle egret Ardea ibi}

Common greenshanK (inga nebularia
Eastern great egrefAfdea modestha

Glossy ibisRlegadis falcinellys

Latham's snipeGallinago hardwicKji
Marshsandpiper {ringa stagnatiliy
Rednecked stint Calidris ruficoll)s
Sharptailed sandpiper@alidris acuminata
White-bellied sea eagleHaliaeetus leucogaster

Outcome:It was agreed thammigratory species, whilst they occur at the site, are asignificanttarget group for
environmental wateringAs both components of the site list PEA 1b as being met a cascading objective is included, b
RANBOG Y2yAil2NRyYy3a 2F (KAa 202SO0GABS 62y Qi 06S dzy RSNI |
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PEA 1) with environmental watering, capable of supporting a species listed in or under the JAMBA, CAMBA, ROKA

PEA/PEF criteria met the Bonn Convention

Basin Plan Chapter 8 (EWP) 8.05,2(b) An objective is to protect and restore a subset of all waégrendent ecosystems of the Murrdyarling Basin,
objective(s) including by ensuring that: watedtependent ecosystems that depend on Basin wasources and support the life cycles
of species listed under the Bonn Convention, CAMBWBA or ROKAMBA continue to support those species

Schedule 7 targets Not specified.

BEWS outcomécodes as per  Not specified.
DELWP 2022c)

LTWP objective(s) and targets Victorian Murray LTWPOEEWLP 2023c
Not specified
NSW MurrayLower Darling LTWP (DPIE 2020a)
Not specified

Objective3 ¢ Supports rare ecosystem type

Mapping element Description

BMF3_ 2023 environmental A positive trajectory in the condition of representative ecosystem types (i.e., Water Regime Classes/ANAE) at Barmi
objective Millewa Forest by 2033

BMF3_2023argets No target specified; cascading outcome achieved by meeting objectB&5 2023, BMF6_2023
None specifiedn MDBA (20123 new objective

Relevant objective(s)

Both components of the site list PEA criterioft2represents a rare example of a particular type of wadependent
ecosystem in the Murrajparling Basimas being met at the site. The BarmBtillewa Forest is the largesiver red gum
forest in the world and is a key reason for both components being listed as Wetlands of International Importance unt
the Ramsar Convention. Watering objectives for the condition of floodplain and palustrine vegetation condition will
support meeting thiobjective.

Comments/rationale

Outcome:retain an objective forare ecosystem typand achieve as a cascading outcome from-aaody and woody
vegetation objectives.
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PEA/PEF criteria met

PEA 2(cjepresents a rare example of a particular type of wadependent ecosystem in the Murrdyarling Basin

Basin Plan Chapter 8 (EWP)
objective(s)

8.05,2(c) An objective is to protect and restore a subset of all wagg@endent ecosystems of the Murrdyarling Basin,
including by ensuring that: watetependent ecosystems are able to suppepisodically high ecological productivity and
ecological dispersal

Schedule 7 targets

There are improvements in:

2(c) river, floodplain and wetland types including the condition of priority environmental assets and priority ecosyster
functions

BEWS outcomécodes as per
DELWP 2022c)

Not specified.

LTWP objective(s) and targets

Victorian Murray LTWPOBEWLP 2023c

Not specified.

NSW MurrayLower Darling LTWP (DPIE 2020a)
Not specified.

Objective4 ¢ Supports threatened species and communities

Mapping element

BMF4_2023 environmental
objective

Description

By 2034, maintain the presence of watdependent threatened species recorded at Barmdhlewa Forest icon site.

BMF4_2023 targets

No target as cascading outcome achieved by other objectives for ecosystem type and biodiversity. Relevant objectiv
which will contribute to supporting threatened species inclBMF5_ 2023, BMF6_2023, and BMF7_2023. Tadde7 and
Table8 for listed threatened species that occur at Barmidliilewa Forst icon site.

Relevant objective(s)

D4: Maintain and restore the abundance of legislatively threatened water dependent flora species

D14: Facilitate the recovery of rare native fish species.

NSWI19NF6: A 25% increase in abundance of mature (harvestable gip&tbn perch & Murray cod

NSW26 OS3&aintain & increase number of wetland sites occupied by the threatened southern bell frog
NSW27 OS3aintain & increase number of wetland sites occupied by the threatened Sloane's froglet
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Two objectives for Barmah refer to threatened species, and the PEA criteria are listed as met for nationally and state
species. Murray crayfish, several flora, fish and waterbird species are (sedection 5.1.2above) and regularly occur in
the site. The NSW LTWP includes objectives for two threatened, fbagshis were identified as not being relevant to the
Millewa component (P. Childs pers. comm., May 202ZBgre is an ongoing bittern monitoring program under the TLM
intervention monitorhg in Millewa (Znidersic and Towsey 2022).

Discussions with site managers for Barmah bfiiewa components of the site indicated that specific monitoring for
threatened species was not to be included in the EWMP. Survey and other monitoring activities will record threatene
species as encountered. Watering of other ecosystem condition anctitmoutcomes should support these key species

Barmah Forest Ramsar site is listed under criteria 2 for supporting threatened species including the followirg water
dependent species (from Hale 2022):

Australasian bittern (8aurus poiciloptilus¢ endangered (EPBC Act and IUCN)

Superb parrotRolytelis swainson)ig vulnerable (EPBC Act)

Murray cod Maccullochella pee)i endangered (EPBC Act) and critically endangered (IUCN)
Silver perchBidyanus bidyanyg critically endangered (EPBC Act)

Trout cod Maccullochella macquarien3is endangered (EPBC Act) and vulnerable (IUCN)
Mueller daisy Brachyscome muelleroidesvulnerable (EPBC Act)

Swamp wallaby grasauphibromus fluitansg vulnerable (EPBC Act)

Winged peppercresd.épidium monoplocoidgg endangered (EPBC Act)

=4 =4 -8 4 -8 _a_9_2

Amphibromus fluitanss listed as Vulnerable under the EPBC Act and in NSW under the TSC Act. It is monitored und
Ramsar monitoring.

Outcome:retain an objective for threatened species but change to a presence index rather than a measure of abund
and achieve as a cascading outcome from-saaody and woody vegetation objectives. The rare species indices may n
to be developed.

PEA/PEF criteria met

PEA 4(a) supports a listed threatened ecological communiligted threatened species.
PEA 4(c) supports one or more native watiependent species treated as threatened or endangered (however describt
under State or Territory law.

Basin Plan Chapter 8 (EWP)
objective(s)

8.05, 3(a) An objective is to protect and restore biodiversity that is dependent on Basin water resources by ensuring
water-dependent ecosystems that support the life cycles of a listed threatened species or listed threatened ecologic:
community, @ species treated as threatened or endangered (however described) in State law, are protected and, if
necessary, restored so that they continue to support those life cycles.

Schedule 7 targets

There is improvement in:
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2(f) recruitment and populations of native watelependent speciesncluding vegetation, birds, fish and
macroinvertebrates.

BEWS outcomécodes as per

DELWP 2022c)

Not specified

LTWP objective(s) and targets Victorian Murray LTWPEEWLP 2023c

Not specified.
NSW MurrayLower Darling LTWP (DPIE 2020a)
Not specified.

Objective5 - Non-woody aquatic vegetation

BMF5 2023 environmental
objective

By 2034, a positive trajectory in the condition of native meoody aquatic vegetatiom permanentriver andcreek
temporary river and creekemporary marshand permanent lak&Vater Regime Classas BarmahMillewa Forest

BMF5_2023 targets

Condition

By 2033, improve the condition of nemoody wetland vegetation at Barma¥illewa Forest measured ascreased
number of sites within each WRC (>20%) in compliance with all indices as detailed in Robinson (2018a, b) including

1 Native species richness
 Total cover
Native cover

Permanent creeks includ@ulpa Creek and Budgee Creek in Barmah, Gulpa Cré&ikewa
Temporary creeks include Toupna Creek and Towrong Creek in Millewa
Temporary marshes include Harbours Lake and Steamer Plain in Barmah, Duck Hole Plain and AlgabohnyahPlain ii

Permanent dkesinclude Barmah Lake and Millewa Lake
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Extent

By 2033, increase the extenf open water and norwoody wetland vegetation in Millewa Forest measured as increasec
area of Phragmiteby 15% compared to 2020 baseline.
1 Relevant areas for monitoring include: Moira Forest, including the Melraldrakes area, and remnants of
Algabohnyah
1 and Porters plains, Millewa Forest west from James Swamp to the Edward River, and along the Towrong Cree
wherethecreekrSy 4 SNE G KS FT2NBad FNBY 5dzRf SeQa IyR 6S02Y
the area of forest along thed#ard River where the Geraphna Creek and Winter creeks return flows from the
Cornalla to the Edward River

Relevant objectives

D1 Promote vegetation with an appropriate abundance and richness of native spegieands and ephemeral creeks.
D9 Promote the open character of the Moigrassplains and restore the total area dominated by Mogass plants.

D6 Successful growth and flowering of Moigeass plants.

D21 Promote healthy and diverse vegetation communities, with an emphasis on restoring natural extent and distribul
giantrush guncus ingensMoiragrass(Pseudoraphis spinescgnsver red gum(Eucalyptus camaldulengifrest andriver
red gumwoodland in at least 55% of the Barngillewa icon site.

D26 Promote vegetation with an appropriate abundance and richness of native species in wetlands and ephemeral c
VIC1Va. Promote healthy and diverse vegetation communities, with an emphasis on restoring natural extent and
distribution of giant rush in at least 55% of the Barmhtillewa icon site.

VIC2Vb. Promote healthy and diverse vegetation communities, with an emphasis on restoring natural extent and
distribution of Moira grass in at least 55% of the Barmpfillewa icon site.

NSW2 NV1: Maintain the extent and viability of Aenody vegetation communities occurring with or closely fringing rivt
channels

NSW3NV2a: Maintain the extent and viability of nemody vegetation communities occurring in wetlands and on
floodplains (sempermanent, intermittent, temporal and ephemeral wetlands)

Comments/rationale

Assume D1 is about nemoody vegetation but not cleaRelevant WRC are those in bold:

1 Permanent rivers and creeks
I Temporary rivers and creeks
1 Sedge/forb/grass floodplain

1 River red gunfloodplain forest
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River red gunfloodplain woodland
Box floodplain woodlands
Permanent marsh

Temporary swamps

Temporary marshes

Permanent lakes

Temporary lakes

= =4 -8 a8 8 -8 9

Millewa marshes are managed for open water outcomes and to promote Phragmites growth to reach natural extent i
distribution. In Barmah the marshes are managedNtmira grass outcomes and Phragmites is considered a problem
native species.

Outcome only two WRC were to be included in the objective for wamody vegetation outcomeg namely permanent
rivers and creeks and temporary marshes.

PEA/PEF criteria met

PEA 1(a) A watatependent ecosystem is an environmental asset that requeregronmental watering if it is: a declared
Ramsar wetland.

PEA 3(a) (iii) provides vital habitat, including: important feeding, breeding and nursery sites for nativelegeéedent
biota.

PEA 3(b) is essential for maintaining, and preventing declines of, native-dependent biota.

PEF 1(e) An ecosystem function requires environmental watering to sustain it if it provides vital habitat, including:
a vital habitat that is essential for preventing the decline of native walgpendent biota.

Basin Plan Chapter 8 (EWP)
objective(s)

8.05,3(b) An objective is to protect and restore biodiversity that is dependent on Basin water resources by ensuring
representative populations and communities of native biota are protected and, if necessary, restored.

8.06,5An objective is to support habitat diversity for biota at a range of scales (including, for examphMuthrey-Darling
Basin, riverine landscape, river reach and asset class).

8.06,6(a) An objective is to protect and restore ecosystem functions of vipendent ecosystems that maintain
populations (for example recruitment, regeneration, dispersal, immigration and emigration) including by ensuring ths
sequences, and inutation and recession events, meet ecological requirements (for example, cues for migration,
germination and breeding).

8.07,4 An objective is to provide wetting and drying cycles and inundation intervals that do not exceed the tolerance
ecosystem resilience or the threshold of irreversible change.

Schedule 7 targets

There is improvement in:
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2(e) condition, diversity, extent and contiguousness of native wdigendent vegetation.

2(f) recruitment and populations of native watelependent species, including vegetation, birds, fish and
macroinvertebrates.

BEWS outcomécodes as per
DELWP 2022c)

B2.13By 2024, increased periods of growth for communities that form extensive stands within wetlands ahdrigw
floodplains including Moira grasslands in Barmgiliilewa Forest

LTWPobjective(s) and targets

Victorian Murray LTWPOEWLP 2023c

VM2:Improve the species richness of aquatic vegetation in wetlands
VM3:Improve the species richness oféhannel aquatic vegetation
VM4:Improve the extent of aquatic vegetation

NSWMurray-Lower Darling LTWP (DPIE 2020a)

NV1: Maintain the extent and viability of nemoody vegetation communities occurring with or closely fringing river
channels

NV2a: Maintain the extent and viability of nemoody vegetation communities occurring in wetlands and on floodplains
(semipermanent, intermittent, temporal and ephemeral wetlands)

S-yeartargets
1 NV1:No loss of existing newoody vegetation occurring within channels or closely fringing river channels
1 NV2: Over a 5year rolling periodmaintain the extent of norwoody, inundation dependent vegetation occurring in
wetlands & floodplains
0 No loss of key species, populations or communities occurring in wetlands or on floodpainated at selected
sites only

o0 No loss of key species, populations or communities occurring in wetlands or on floodplains. Evaluated at s
sites only.

10-yeartargets

1 NV1:ncrease extent & viability of watetependent noawoody vegetation in at least 50% representative sites4 (10
years) & in at least 75% representative sitesy2ars) within channels or closely fringing river channels

1 NV2: Increase viability of key species, populations or communities in at least 40% representative sites (witdan 10
period actively managed floodplain, current constraints) & in at least 60% representative sites (witfgarateriod,
actively manageddiodplain, constraints relaxed) following inundatiements
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Objective6 - Woody vegetation objective

BMF6_ 2023 environmental
objective

A positive trajectory in condition of native woody vegetation associated vivr red gumforest and woodland®Vater
Regime Classem the managed floodplaiat BarmahMillewa Fores by 203.

BMF6_2023 targets

River red guntree condition and recruitment
By 2033 a positive trajectory in condition of 20%wimody vegetation at 80% of sites assessed
OR

By 2033 a positive trajectory of >35% over aryear rolling period in condition status (as per Cunningham et al. 2009)
closely fringing river channels

AND

By 2033t least two recruitment events whergermination and seedling establishmeate sustainedn Millewa Forest
AND

River red gumunderstoreycondition

By 2033, a positive trajectory in conditiamunderstoryvegetationin floodplainriver red gumforest, floodplainriver red
gumwoodlandand temporary swampater Resource Class sites measured as compliance with indices as detailed
Robinson 2018

9 Characteristic Plant Functional Group species richness for each WRC
1 Characteristic Plant Functional Group species cover for each WRC

Condition of plant functional groups at 70% of th@onitored sitesmeasured by:
1 native species richness
I native speciesover/abundance
Understorey condition is measured at 11 sites includiigcadis 2021)
Barmah Forest 2 I f Qa 5, $dp Rlargl 2BRraf)Top Island (Original).ittle Rushy Swam@op LakeSteamer Plain

Millewa ForestWalthours LagooyReedBeds SwamBlack Gateéagoon Duck LagoopAlgeboia Plain

Relevant objectives

D7 Promote populations of healthy trees in forests and woodlands with appropriate density, recruitment and habitat t
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D8AN appropriate diversity and abundancerddtive understorey species in forests and woodlands.

D21 Promote healthy and diverse vegetation communities, with an emphasis on restoring natural extent and distribut
giant rush Juncus ingensMoiragrass(Pseudoraphis spinescensver red gum(Eucalyptus camaldulengiforest andriver
red gumwoodland in at least 55% of the Barntlillewa icon site.

D27 An appropriate diversity and abundance of native understorey species in forest and woodlands.

VIC3Vc. Promote healthy and diverse vegetation communities, with an emphasis on restoring natural extent and
distribution ofriver red gunforest in at least 55% of the Barma¥illewa icon site.

VIC4Vd. Promote healthy and diverse vegetation communities, with an emphasis on restoring natural extent and
distribution ofriver red gumwoodland in at least 55% of the Barn¥illewa icon site.

VIC5Ve. Promote healthy and diverse vegetation communities, with an emphasis on restoring natural extent and
distribution ofblack boxwoodland in at least 55% of the Barnt¥illewa icon site.

ONSWMaintain and improve the viability and extent a¥er red gumblack boxand coolabah communities, lignum
shrublands and nomvoody wetland and irchannel vegetation

NSWA4ANV2h: Maintain the extent and viability of namoody vegetation communities occurring in wetlands and on
floodplains (ephemeralinderstoreyvegetation within forests, woodlands and open floodplain areas)

NSW5 NV3: Maintain the extent and maintain or improve the conditiorivef red gumcommunities closely fringing river
channels.

NSWeNV4a:Maintain the extentand maintain or improve the condition afver red gumforest.

NSW7 NV4bMaintain the extentand maintain or improve the condition afver red gumwoodland

Comments/rationale

Relevant WRC are those in bold:

Permanent rivers and creeks
Temporaryrivers and creeks
Sedge/forb/grass floodplain

River red gunfloodplain forest
River red gunfloodplain woodland
Box floodplain woodlands
Permanent marsh

Temporary swamps

Temporary marshes

Permanent lakes

=4 =4 -8 _a_a_9a_98_2._2.-2-2
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1 Temporary lakes

In the Vic LTWP thELM objectivas split into 5 objectives (see \W/e) but same magnitude of changept for all
vegetation groups. This is not considered appropri@kck boxnot overtly mentioned in original objectives for the
Barmah section of the icon site.

Outcome:tree and understorey condition in three WRC are the focus of the objective and tafgetgriver red gum
forest and woodland included black boxis not within scope currently in Victoria

PEA/PEF criteria met

PEA 3(b): Iessential for maintaining, and preventing declines of, native wdtgrendent biota.

PEF 1(e): An ecosystem function requires environmental watering to sustain it if it provides vital habitat, including:
a vital habitat that is essential for preventing the decline of native walpendent biota.

Basin Plan Chapter 8 (EWP)
objective(s)

8.05,3(b): An objective is to protect and restore biodiversity that is dependent on Basin water resources by ensuring
representative populations and communities of native biota are protected and, if necessary, restored.

Schedule 7 targets

There are improvements in:

2(c) river, floodplain and wetland types including the condition of priority environmental assets and priority ecosyster
functions

2(e)condition, diversity, extent and contiguousness of native watependent vegetation;

2(f) recruitment and populations of native watdependent species, including vegetation, birds, fish and
macroinvertebrates.

BEWS outcomécodes as per
DELWP 2022c)

B2.2 No decline in the condition afver red gumandblack boxacross the Basin

B2.7 Maintain extent of waterdependent vegetation near river channels and on-ging areas of the floodplain. Improve
condition ofblack boxandriver red gum(90,600ha RRG, 41,700ha BB NSW & Vic).

LTWP objective(s) and targets

Victorian Murray LTWPOEEWLR20229

VM5: mprove the condition ofiver red gumdominated EVCs
Target: The condition or riparian EVCs in the asset is better at the end than at the start of a ten year monitorin
period as measured by the following stdrgets:
- health of adulttrees
- recruitment and survival of juvenile trees
- native species richness
- native species cover/abundance
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- recruitment of understorey vegetation
NSW MurrayLower Darling LTWP (DPIE 2020a)

NV2b: Maintain the extent and viability of namoodyvegetation communities occurring in wetlands and on floodplains
(ephemeral understorey vegetation within forests, woodlands and open floodplain areas)

5-year targets
1  Over a 5year rolling period, maintain the extent of namoody, inundation dependent vegetation occurring in wetland:s

floodplains
o No loss of key species, populations or communities occurring in wetlands or on floodpalnated at selected
sites only
o0 No loss of key species, populations or communities occurring in wetlands or on floodplains. Evaluated at s
sites only.

10-year target

1 Increase viability of key species, populations or communities in at least 40% representative sites (wytrn A€riod
actively managed floodplain, current constraints) & in at least 6&8ftesentative sites (within 2Qear period, actively
managed floodplain, constraints relaxed) following inundation events.

NV3: Maintain the extent and maintain or improve the conditiorrigér red gumcommunities closely fringing river
channels.

1 Maintain the 2016 mapped extent?7 afrer red guncommunities closely fringing river channels

S5-year targes
1 Over a 5year rolling period, maintain the proportion afzer red gumcommunities closely fringing river channels (withir
50 m) that are in moderate or good condition

1 Over a 5year rolling period, no further decline in the conditionrofer red gumcommunities closely fringing river
channels (within 50 m) that are in poor or degraded condition

10-year target

1 Over a 5year rolling period, increase9 the proportionrdfer red guncommunities closely fringing river channels (withi
50 m) that are in moderate or good condition8 by at least 35% (within thged® period) & at least 65% (within the-20
year period)

f  Over a 5year rolling period, improve the condition score of at least 20% (within thé 80 NJ LISNA 2 R0 9
(within the 20year period) oRiver red guntcommunities closely fringing river channels (within 50 m) that are in poor,
degraded or severely degraded condition by at least one condition score

138



OFFICI£

NV4a: Maintain the extent and maintain or improve the conditiomieér red gumforest.
1 Maintain the 2016 mapped extent oiver red gunforest and woodland communities

5-year target
1 Over a 5year rolling period, maintain the proportion afver red gunforests & woodlands in moderate or good conditio

10-year target
1 Over a 5year rolling period, maintain the proportion aier red gunforests & woodlands in moderate or good conditio

NV4b: Maintain the extent and maintain or improve the conditiorrigér red gumwoodland.
1 Maintain the 2016 mapped extent ofver red gunforest and woodland communities

5-year target
1 Over a 5year rolling period, no further decline in the conditionrofer red gumforests & woodlands in poor or degradec
condition

1  Over a 5year rolling period, increase the abundanceivér red gunseedlings & saplings in degradeder red gum
forests & woodlands on the activityanaged floodplain

10-year target

1 Over a 5year rolling period, increase the proportion¥er red gunforests & woodlands in moderate or good conditiol
by at least 25% (within Xgear period, on the actively managed floodplgiourrent constraints) & at least 50% (within
20-year period, on the actively managed floodplginonstraints relaxed)

1 Over a 5year rolling average, improve the condition score of at least 15% (withiredBperiod, on the actively manage
floodplain, current constraints) & at least 30% (withiny2&ar period, on the actively managed floodplain, constraints
relaxed) ofriver red gunforests & woodlands in poor, degraded or severely degraded condition by at least one conc
score

1 Support successful recruitment ofrer red guntrees in the longerm by increasing the abundance of young adult tree:
(10¢30 cm DBH) compared to the previous target periods

Objective7 - Restore representative subpopulations of native water dependent fauna
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BMF7_2023 environmental
objective

Restore representative subpopulations of native water dependent badtBarmahkMillewa Forest, by 2033

BMF7_2023 targets

Plants:
By 2033 increase the extent (cover)@étegory IMoira grasswardsat six keywetland sites irBarmahMillewa Foresty
30% compared to 204 (approximately 28 h&ites to be assessed as pévian et al. (2015)

1 Category is defined as aidtinct patch, or sward, d?. spinescensvith a relatively clear boundar?. spinesceris
the dominant (often only) species in the patch (Vivian et al. 2015).

1 Extentin 2014 of all Moira grass assessed at 31 lakes and treeless plains was approximately 1460 ha using 2!
imagery.

1 Extent of Category 1 Moira grass at six sites was approximately 28ha, with most found at Steamer Plain.
1 Six key wetlands included: Steamer Plain, Bucks Lake, Harbours Lake, Hut Lake, Top Lake and Little Rushy S

Waterbirds:

By 2033, the total species richnesswterbirdsin each surveyed wetlanat BarmahkMillewa Forest should be at leagtn ¢
(best achievable referendeased on total species richness indices to be developed as per Robinson 2018) in 8 years

any 10year period where conditions are suitable. Measured as index score per wetland/year and moving smoothed

average for each wetland.

AND

By 2030, average total species richness for waterbird3aamahMillewa Forestk n @y Ay y & S-yebidperi@ddzi
where conditions are suitable. Measured as moving smoothed average across all wetlands.

OR

By 2033, maintain a-$ear rolling average of 23 or more waterbird spe@esoss all sites assessed witlarmahkMillewa
Forestwith all functional groupsepresented.

Fish:

By 2033, ih populationsn permanent and temporary river WREBarmahMillewa Foreswill be composed
predominantly of native fislas measured by abundance, biomass and species (see Robinson 2015, Raymond et al. 2

Population indices
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I The proportion of fish abundance that is native
1 The proportion of fish biomass that is native (average of site scores)
1 The proportion of fish species that is native

AND

By 2033, positive trajectory imative fish communitie®f permanent and temporary riveWRCacross the whole Barmah
Millewa Forest measured as number of native species, large bodied fish and extent of occurrence (see Robinson 20
Raymond 2020)

Community indices

I The expected number of historic native species collected
1 The number of larg&odied native fish above or below length at maturity
1 Extent, the number of sites each native species is detected in

Turtles:

By 2033 maintainthe conditionof broad-shelled turtle Chelodina expan3asnakenecked turtle Chelodina longicolljsand
Murray River turtle Emydura macqualisubpopulationsat BarmahMillewa Foresimeasured by the following (from
Howard et al. 2021)

Recruitment metrics
1 Proportion of inhabited sites with juvenile turtle detectians

9 Proportion of sukadult turtles compared to historical levels (speeggscific)

Relative abundance metrics
1 Mean CPUE (catgber-unit-effort) per site
I Mean CPUE per site pgpecies

1 Mean CPUE per species per habitat type and water permanence

Distribution metrics

I Species occurrence at sites over time

Body condition metric

1 Mean body condition per species per year
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Note that post 20234 sampling undertake a refinement of metrics and update targets to specify a magnitude of chai
Frogs:

By 203, maintain presence of common native frog species at BarMdlewa Forest in 5/5% ofsurveysites annually.
{ LISOA S& A Y ok faB Bitorta Pexdr)yEQsierrbanjo frog (Limnodynastes dumerijjibarkingmarshfrog (.
fletcher), spotted marshfrog (L. tasmaniensjsplainsfroglet (Crinia parinsigniferpand thecommonfroglet (C. signifera
Sampling design for monitoring to be refined to account for different life history traits

OR

By 203, maintainsubpopulations otommon native frog species at Barmbfillewa Foresimeasured as per Howard et al
2021){ LISOA Sa A vy ek fuaB (Sitoria Pexdd)yEQsierrbanjo frog (Limnodynastes dumerijjibarkingmarshfrog (.
fletcher), spotted marshfrog (L. tasmaniensjsplainsfroglet (Crinia parinsigniferaand thecommonfroglet (C. signifera
Sampling design for monitoring to be refined to account for different life history trstrics are (from Howard et al.
2021):
Community composition

 Community composition, overall
Gommunity composition, pooled site average

I Relative abundance

9 Calling activity over time, all sites (not reported this year)

9 Calling activity, per site (not reported this year)

Recruitment metrics are used to assess breeding objectsee BME1_ 2023

Crayfish
By 2033 positive trajectory in condition athe subpopulation of Murray River crayfish in riverine WR@aamah-Millewa
Forestmeasured as per Raymond et al. (2017, 2020) including:
1 vyield an Index of Abundance (I0A)
1 subpopulation sexatios.
1 subpopulation size structure
Woodland birds:

Maintain species richness of woodland birdsBdarmahMillewa icon siteo average more thai5%of best achievable
point of referenceassessed every-3 years(see Tzaros and Tzaros 2022

1 Total species richnegsseasonal and annual
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9 Victorian Woodland Bird Community speciehness
1 Tree hollow using species
1 Dietary guilds.

Monitoring to occur at 2Gsitesacrossfour habitat types as described in Tzaros and Tzaros (2022). Woodland bird spec
per Tzaros and Tzaros (2022).

Relevant objectives

D18: Promote sustainable Murray Crayfish populations in Bariiwblflewa Forest waterways and the adjacent River Murr
channel.

NSWOWB1: Maintain the number and type of waterbird present
NSW10WB2: Increase total waterbird abundance

NSW14ANF1: No loss of native fish species

NSWI1SNF2: Increase the distribution and abundance of short to moderate lived generalist native fish species
NSW16 NF3ncrease the distributiomnd abundance of short to moderatikved floodplain specialist native fish species
VICT7Fa: Promote successful recruitment of native fish species by improving flow variability in spring and early sumrmr
replicate natural cues, and by inundation of floodplain and wetland areas to provide breeding and nursery habitat.
NSWINF6: A 25% increase in abundance of mature (harvestable sized) golden perch & Murray cod
NSW2ONF7:Increase the prevalencand/or expand the population of key short to moderaliwed floodplain specialist
native fish species into new areas (within historical range)

NSW21 NF8ncrease the prevalencandor expand the population of key moderate to lotiged riverine specialist native
fish species into new areas (within historical range)

NSW22 NF9ncrease the prevalencandor expand the population of key moderate to lotiged flow pulse specialists
native fish species into new areas (within historical range)

NSW23\F10:Increase the prevalencand/or expand the population of key moderate to lofiged diadromous native fish
species into new areas

NSW24 OSMaintain species richness of fledependent frog communities
NSW28 OSMaintain waterdependant species richness
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Supporting representative populations is about abundance and distribution measures not about habitat, breeding, or
movement.

Plants:

Many threats may impede Moira grasscovery,however,reducing grazing pressure and applying ideal depth and
duration of flooding weradentified by Nicol et al. (2018) as the most likely to achieve recoveloifa grass within
Barmah Forest. Mitigation of threats tdoira grass are coverdd BMA4 2023

Waterbirds:
The primary focus for waterbird outcomes is to focus on supporting colonial nesting species. The watering requirem
for successful breeding will also support diversity in habitat and therefore species richness.

Fish:

No loss of native fish speciBs2 Say Qi YI LJ aLISOAFAOLEE& G2 . FN¥YIFIK 2062580
Based on a review of Robinson (2015) and Raymond et al. (2017) the TLM condition monitoring indices can mostly |
covered under sustaining representative populations of native water dependent species.

WSTSNBYOS (2 tAFS &Ly & LISNIb{2 [¢2t 202S00A0Sa R2

Have nominated to split the fish condition indices into two pattds objective and target includes the community
Turtles:

Turtles have significant cultural importance. They are predominantly associated with the permanent rivers and perm
lakes.

Frogs:
D16is about abundance of subpopulations not about habitat as per D23. D17 and D18 are about breeding of frogs, r
about habitat as per D23.

Crayfish:
Probably not able to set targets in terms of a magnitude of chandata are still variable and may need to be revisited ir
a few years to set a magnitude of change in population metrics.

Woodland birds

TheVictorian Woodland Bird Community is a group of bird species characteristically found within temperate woodlan
habitats of Victoria (FFG SAC 20@8)ch includesk S W g 2-R R £J6 y R S y7ithat n&akeR ujttde Victorian
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temperate woodland bird community listed under ti/=GAct as a threatened ecological communifydopting method as
per recent monitoring report by Tzaros and Tzaros (2022).

Outcome:this objective and associated targets are about supporting representative subpopulations and focus on
measures of abundance and species richness. Habitat, breeding, and movement outcomes are covered elsewhere
ecosystem functions.

PEA/PEFEriteria met

PEA 3(a)(iiiprovides vital habitat, including: important feeding, breeding and nursery sites for native \defndent
biota

Basin Plan Chapter 8 (EWP)
objective(s)

8.05,3(b) An objective is to protect and restore biodiversity thatependent on Basin water resources by ensuring that:
representative populations and communities of native biota are protected and, if necessary, restored.

Schedule 7 targets

There are improvements in:

2(c) river, floodplain and wetland types including the condition of priority environmental assets and priority ecosyster
functions

2(f) recruitment and populations of native watdependent species, including vegetation, birds, fish and
macroinvertebrates

BEWS outcomécodes as per
DELWP 2022c)

B3.1 That the number and type of water bird species present in the Basin will not fall below current observations

B4.1:No loss of native fishpeciescurrently present within the basin

LTWP objective(s) and targets

Victorian Murray LTWPOEEWLP 2023c

VM2 Improve the species richness of aquatic vegetation in wetlands
VM3 Improve the species richness ofdinannel aquatic vegetation
VM4 Improve the extent of aquatic vegetation

VM14 Improve the abundance tdrgebodied native fish

VM15 Maintain the abundance of smdlbdied native fish in wetlands

Target

1 In small wetlands, maintain the presence of shmitiied native fish every year in the ten year monitoring period

and,;

1 inlarge or networkvetlands, the average number of sites where srbaltlied native fish species are detected in the fire
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five years is not less than in the last five years of a ten year monitoring program.
VM18 Maintain species richness of native fish
VM20 Maintain species richness of frog communities
NSW MurrayLower Darling LTWP (DPIE 2020a)

WB1: Maintain the number and type of waterbird present

5-year target
I Maintain a 5year rolling average of 23 or more waterbird species across the 5 functional groups in tMuNay

10-year target
1 Identify at least 67 waterbird species in the Mid Murray in ay&@r period

WB2: Increase total waterbird abundance

5-year target
1 Total waterbird abundance of the 5 functional groups maintained in the Mid Murray comparegiéar2012,16 period

10-year target

1 Total waterbird abundance increased by;28% in the Mid Murray compared to they®ar 201216 period, with
increases in all functional groups

NF1: No loss of native fish species

S5-year targe
1 All known species detecteghnually

10-year target

1 Fish community status improved by one category compared to 2014 assessment

NF2: Increase the distribution and abundance of short to moderate lived generalist native fish species
NF3: Increase the distribution and abundance of short to modeligedl floodplain specialist native fish species
Targets

1 Increased distribution & abundance of short to moderiiteed species compared to 2014 assessment

1 No more than one year without detection of immature fish (skibred)

1 No more than two years without detection of immature fish (moderlited species)
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NF7: Increase the prevalence and/or expand the population of key short to modkvatkfloodplain specialist native fish
species into new areas (within historical range)

Targets

flathead galaxias, Murray hardyheaghuthern pygmy perch, olive perchlgturple-spotted gudgeonl
1 Adults detected annually in specifietU®

1 No more than 1 year without detection of immature fish in specified PUs (divert)

1 No more than 2 years without detection of immature fish in specified PUs (modbvatd species)

10-year target
1 Increased distribution and abundance in specified PUs

NF8: Increase the prevalence and/or expand the population of key moderate tdil@triverine specialistative fish
species into new areas (within historical range)

Targets
trout cod, Macquarie perch, freshwateatfish, twaspined blackfish, Murragrayfish, purplespotted gudgeon, olive

perchlet

1 Adults detected annually in specified PUs

1 No more than 2 years without detection of immature fish in specified PUs (mod&vatd species)
1 No more than 4 years without detection of immature fish in specified PUs-{leed species)

NF9: Increase the prevalence and/or expand the population of key moderate tdil@tflow pulse specialists native fish
species into new areas (within historical range)

S5-year target
Silver perch
1 Adults detected annually in specified PUs

10-year target
Silver perch

Increased distribution & abundance $pecified PUs
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NF10:Increase the prevalence and/or expand the population of key moderate toliord diadromous native fish species
into new areas

Target

short-headed lamprey, pouched lampreshort-finned eel

1 Adults detected annually in specified PUs

OS1: Maintain species richness of fldapendent frog communities
Target

1 Detect all flowdependent frog species known from the Mid Murray (9 species) regions based on comprehensive su
over the 201@2017 period

0OS4: Maintain watedependant species richness
Target

1 Overthe longer term (20 years) no reduction in the number and range of wadépendent species that are found
throughout the catchment.

16.2.2 Ecosystem function

Objective8 - Ecosystem functions that support populationsvaterbird breeding

Mapping element Description

BMF8_ 2023 environmental By 203, regularly supporhon-colonial waterbirdbreeding and smakcale colonial breeding events at BarrAdiilea
objective Forest icon site.

BMF8_2023 targets By 203, maintain successfulon-colonialbreeding in 9 out of 10 years.
AND

By 2033, support small scale colonial breeding events in 3 out p¢ass when suitable conditions are present.

1 Key sites for Millewa are (Borrell 2018):
0 St Helena Swamp, Reed Beds wetland complex (North and South), Picnic Point (not,dBgoaréh Lake,
War Plain and Boals Deadwood
9 Golonial nesting specieway includgfrom Borrell 2018):
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Australian white ibig hreskiornis molucca
Royal spoonbilPlatalea regia

Eastern great egreArdea modesta
Intermediate egrefArdea intermedia

Nankeen night herolNycticorax caledonicus
Little black cormoranPhalacrocorax sulcirostris
Little pied cormoranMicrocarbo melanoleuces
0 Australasian darteAnhinga novaehollandiae

O OO0 OO0 O0oOOo

Relevant objectives

D23: Promote and/or sustain successful breeding events for thousands of colonial and migratory waterbirds in at lea!
years in 1My inundating selected floodplain and wetland areas to provide suitable nesting and feeding habitat.
NSW11WB3: Increase breeding activity in nonlonial nesting waterbirds

NSW12WB4: Increase opportunities for colonial waterbird breeding events

Comments/rationale

No real issues with this objective and target.

PEA/PEF criteria met

PEFL(c): a diversity of important feeding, breeding and nursery sites for native whgpendent biota

Basin Plan Chapter 8 (EWP)
objective(s)

8.06,6@) An objective is to protect and restore ecosystem functions of waegendent ecosystems thahaintain
populations (for example recruitment, regeneration, dispersal, immigration and emigratiohjding by ensuring that: flov
sequences, and inundation and recession events, meet ecolagigairements (for example, cues for migration,
germination and breeding);

8.06,6(b)An objective is to protect and restore ecosystem functions of waiwendent ecosystems thaaintain
populations (for example recruitment, regeneration, dispersal, immigration and emigratiochjding by ensuring that:
habitat diversity, extent, condition and connectivity that supports the difeles of biota of watedependent ecosystems
(for example, habitats that protect juveniles fropnedation) is maintained.

Schedule 7 targets

There is improvement in:

2 (f) recruitment and populations of native watelependent species, including vegetation, birds, fish and
macroinvertebrates

BEWS outcomécodes as per
DELWP 2022c)

B3.3 Breeding events (the opportunities to breed rather than the magnitude of breeding per se) of colonial nesting
waterbirds to increase by up to 50% compared to the baseline scenario

B3.4 Breeding abundance (nests and broods) for all of the other functional groups to increased®fy/@6ompared to the
baseline scenario, especially in locations where the Basin Plan improves over bank flows
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LTWP objective(s) and targets Victorian Murray LTWP (DELWP 2022c)

VM10: Improve breeding opportunities for colonial nesting waterbirds
Target: The minimum water regime required for colonial nesting waterbird breeding is met overyaaen
monitoring period.

VM11: Improve breedingpportunities for waterbirds
Target: Not pecified

NSW MurrayLower Darling LTWP (DPIE 2020a)
WB3: Increase breeding activity in nonlonial nesting waterbirds

S-year target

I Total abundance of nenolonial waterbirds in the Mid Murray maintainedi&eeding recorded in at least 1 nalonial
waterbird species compared to theyear 201216 baseline period

10-year target

I Total abundance of nenolonial waterbirds in the Mid Murray maintained & breeding recorded in at least ico@nial
waterbird species compared to they®ar 201216 baseline period

WBA4: Increase opportunities for colonial waterbird breeding events

Support active waterbird colonies in the Mid Murray by maintaining the wdtgth & duration of flooding (as required) tc
support breeding through to completion (from egg laying througliléolging including postiedgling care) & maintain
duration of flooding in key foraging habitats to enhartmeeding success & the survival of young

S5-yeartarget

1 Inline with natural cuesitiate & support smalkcale colonial waterbird breeding in the Mid Murray in at least 2 colon
sites in 2/5 years

10-yeartarget

1 Inline with natural cues initiate & support smatiale colonial waterbird breeding in the Mid Murray in at least 3 colon
sites in 3/10 years

Objective9 - Ecosystem functions that support populationsvaterbird feeding
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BMP_2023 environmental
objective

By 203, maintain or increase representative species richness of shallater and deepwater feeding guilds of waterbird
(F2 and F3, respectively, after Jaensch 200BaamahkMillewa Forest.

BMP_2023 targets

By 203, functional guild richness at individual wetlands (F2 and F3 feeding guilds, Jaensch 2002) of wateBz#rdsat
MillewaC2 NS &l xndp Ay -yearpedisdMiiere 2aimitiord @re duiyalle). iWaasured as index score per
wetland/year and moving smoothed average for each wetland.

1 Representative F2 species include Pabifickduck @nas supercilio§awhite-facedheron (Eretta novaehollandiag)
yellow-billed spoonbill Platalea flavipels Australasiashoveler Anas rhynchotis blackswan Cygnus atratus
Australasian grebeT@chybaptus novaehollandige

1 Representative F3 species include Australian peliafe¢anus conspicillafygreat cormorantPhalacrocorax

carbo), little black cormorantRhalacrocorax sulcirostjisvhite-bellied sea eagleHaliaeetus leucogastirblack swan
(Cygnus atratus Pacific black duclkfas supercilio9aAustralasian grebd échybaptus novaehollandipe

AND

By 2030, average function guild species richness (F2 and F3 feeding guilds, Jaensch 2002) of wat@dsirddiktillewa
C2NBald xndt Ay -yearpefiodMbBerezalmfitiors @ire $uiyable. Measured as moving smoothed average
across all wetlands.

Monitoring sites areNlSW National Parks and Wildlife Service 2021)

Barmah Forest: Pig Hole, Steamer Plain, Barmah Lake, Goose Swamp, Bunyip Hole, Top Island, Boals Deadwood.

Murray Valley National Park (precinct): Horseshoe Lagoon (Gulpa Is), Reed Beds Nort (Moira), Reed Beds South (M
Duck Lagoon (Moira), Moira Lake (Moira) and St Helena Swamp (Millewa).

Relevant objectives

D22: Facilitate healthy and diverse vegetation to provide suitable, breeding and foraging habitat for a diverse range ¢
waterbirds and bush birds.
NSW13WBS5: Maintain the extent and improvendition of waterbird habitats

Comments/rationale

Jaensch (20023 a different functional guild classification than currently used for Millewa (Robinson 2021). Jaensch (
R2Say Qi O2y¥F2dzyR KIoAGlIG I yRNRAFAOWEHZ AKABILRNNEFSSSRAY
WESyaOK | LILINRIOK g2dzf R 0SS LINBTFSNIoftS +ta AdG R2SayQqi Y
Robinson(2018) refinement relevant to Millewa only, so may need an additional piece of wolkayne Robinson.

PEA/PEF criteria met

PEFL(c): a diversity of important feeding, breeding and nursery sites for native widpendent biota

Basin Plan Chapter 8 (EWP)
objective(s)

8.06,6(b)An objective is to protect and restore ecosystéumctions of waterdependent ecosystems thahaintain
populations (for example recruitment, regeneration, dispersal, immigration and emigratiohjding by ensuring that:
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habitat diversity, extent, condition and connectivity that supports the difeles of biota of watedependent ecosystems
(for example, habitats that protect juveniles fropnedation) is maintained.

Schedule 7 targets There is improvement in:

2 (f) recruitment and populations of native watelependent species, includinggetation, birds, fish and
macroinvertebrates

BEWS outcomécodes as per B3.2 A significant improvement in waterbird populations in the order of 20 to 25% over the baseline scenario, with
DELWP 2022c) increases in all waterbird functional groups

LTWP objective(s) and targets Victorian Murray LTWP (DELWP 2022c)
VM13: Improve feeding areas for waterbirds
NSW MurrayLower Darling LTWP (DPIE 2020a)

WB5: Maintain the extent and improve condition of waterbird habitats

Target
1 Maintain or increas@xtent & improve condition of waterbird foraging & breeding locations in the Mid Mut@ié
evaluated under targets set for native vegetation)

Objective10 ¢ Ecosystem functions that support populationdish

Mapping element Description

BMFLO 2023 environmental By 2033 support ecosystem functions suppsutcessful breeding and recruitment mdtive fishacross the whole Barmah
objective Millewa Forest in permanent and temporary riverine WRCs

BMFLO_2023 targets By 2033, suppontecruitmentin permanent and temporary river WREBarmahMillewa Forestsee Robinson 2015,
Raymond et al. 2020) including:

1 large bodied species: Murray cod, trout cod, golden perch, silver perch and bony herring to facilitate subpopulz
expansion.

1 Small bodied specieMurray rainbowfish, flaheaded gudgeon, uspecked hardyhead, Australian smelt and carp
gudgeons

Recruitmentas per Robinson 2015, Raymond et al. 2020)
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9 The number of sites with recruits
1 The number of species with recruits
1 The number of recruits as a proportion of population

Relevant objectives

NSW17MNF4:Improve native fish population structure for moderate to lelnged flow pulse specialist native fish species
NSWI18NF5:Improve native fish populatiostructure for moderate to longdived riverine specialist native fish species
NSWI1NF6: A 25% increase in abundance of mature (harvestable sized) golden perch & Murray cod

Comments/rationale

The Millewa Native Fish Strategy (DPIE 2022) g@aliid native fish populations and recovkreatened and locally
extinct speciesThe objectives are stated as (DPIE 2022):

1 Restore annual recruitment and healthy demographics for Murray codrand cod populations

1 Provide regular spawning, recruitment and dispersal opportunities for golden perch, silver perch, and bony her
populations, and facilitate population expansion.

1 Increase abundance and distribution of existing sthatlied native fish species including Murray rainbowfish; flat
headed gudgeon, ugpecked hardyhead, Australian smelt and carp gudgeons, among others

1 Reintroduce locally extinct native fish species including southern pggaéed gudgeon, river blackfish, catfish,
Murray galaxias, olive perchlet, southern pygmy perch and, use these as source populations for further recove

Subpopulations oMurray cod and trout codre likely driven by local recruitmentith management of these species
should focus on locadcale actions, such as resnaggiaiggd water delivery that promotes local juvenile survival and
recruitment. Golden perch and silver perdurelikely driven by immigratioso management for these species should foct
on connectivity of reaches bgonstructing fishways and delivering water that triggers migratory movem@w&wV DPIE
2022)

Outcome:focus of objective and targets is on population dynamics, namely recruitment metrics. Abundance of matut
golden perch and Murray cod are not addressed in the EWMP.

PEA/PEF criteria met

PEFL(c): a diversity of important feeding, breeding and nursery sites for native wigpendent biota
PEFL(e): a vital habitat that is essential for preventing the decline of native wadégendent biota.

Basin Plan Chapter 8 (EWP)
objective(s)

8.06,6@) An objective is to protect and restore ecosystem functions of waEggendent ecosystems thahaintain
populations (for example recruitment, regeneration, dispersal, immigration and emigratiohiding by ensuring that: flov
sequences, and inundation and recession events, meet ecolagigairements (for example, cues for migration,
germination and breeding);
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8.06,6(b)An objective is to protect and restore ecosystem functions of waewendent ecosystems thaaintain
populations (for example recruitment, regeneration, dispersal, immigration and emigratiohjding by ensuring that:
habitat diversity, extent, condition and connectivity that supports the difeles of biota of watedependent ecosystems
(for example, habitats that protect juveniles fropnedation) is maintained.

Schedule 7 targets There is improvement in:

2 (f) recruitment and populations of native watglependent species, including vegetation, birds, fish and
macroinvertebrates

BEWS outcomécodes as per B4.2:Improved pop'ula_'uon_structure of_key fish §peC|es through r_egular recruitment
DELWP 2022¢) B4.4:Expanded distribution of key fish species and populations
B4.5:Improved community structure of key native fish species

LTWPobjective(s) and targets Victorian Murray LTWP (DELWP 2022c)

VM15:Improve abundance of largleodied native fish
VM16:Maintain abundance of smallodied native fish in wetlands

NSW MurrayLower Darling LTWP (DPIE 2020a)

NF4:Improve native fistpopulation structure for moderate to lonrtived flow pulse specialist native fish species
Targets

golden perch, silver perch

1 Juvenile & adult fish detected annually

1 No more than two consecutive years without recruitment in mode#ated species

1 No more than four consecutive years without recruitment in ldingd species

NF5:Improve native fish population structure for moderate to loliged riverine specialist native fish species
S5-year target

Murray cod, trout cod, Macquarie perchiyer blackfish, twespined blackfishfreshwater catfish (eefailed catfish), Murray
crayfish, southern pygmy perch, purgpotted gudgeon, olive perchlet

1 Minimum of 1 significant recruitment event in 5 years

10-year target

Murray cod, trout cod, Macquarie perchiyer blackfish, twespined blackfishfreshwater catfish (eefailed catfish), Murray
crayfish, southern pygmy perch, purgpotted gudgeon, olive perchlet
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1 Minimum of 2 significant recruitment events in 10 years

Objectivell ¢ Ecosystenfunctions that support populations; other water dependent species

Mapping element Description

BMFL1 2023 environmental
objective

By 2033 supporsuccessful breeding and recruitmentfsbgsat BarmahMillewa Forest

BMFL1 2023 targets

By 2033, maintain subpopulations of common native frog species at Bakfilldwa Forest measured as per Howard et g
(2021).Target $JS OA Sa Ay Of dzR SLitdri&Spedry, Basteri DaijSfrodEiNd® dE/nastes dumerijjibarking marsh
frog (L.fletcheri, spotted marsh frogl(. tasmaniensjs plains frogletCrinia parinsigniferaand the common frogletQ.
signiferg. Sampling design for monitoring to be refined to account for different life history traits. Metrics are (from Ha
et al. 2021):

Recruitment metrics

1 Evidence of breeding, overall

1 Evidence of breeding, species per habitat type

1 Relative abundance of recruitsSCPUE, all sites pooled
1 Relative abundance of recruitsSCPUE, per site

Relevant objectives

D19: Facilitatesuccessful breeding and feeding opportunities for native frog species by seasonal inundation of select
floodplain and wetland areas for appropriate season and duration as required for each species.

D20: Facilitate successful breeding of native turtle species by inundation of selected floodplains and wetland areas tt
provide suitable breeding and nursery habitat.

D25: Provide high quality feeding, breeding and nursery habitat for native frogs, turtles and crayfish.
NSW250S2:Maintain successful breeding opportunities for flalgpendent frog species

Comments/rationale

No issues with this objectivesite managers expressed agreement that frog breeding was to be included in the EWMF

PEA/PEF criteria met

PEFL(c): a diversity of importarfeeding, breeding and nursery sites for native watipendent biota
PEFL(e): a vital habitat that is essential for preventing the decline of native wadégendent biota.
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Basin Plan Chapter 8 (EWP) 8.06,66) An objective is tgrotect and restore ecosystem functions of watdependent ecosystems thahaintain

objective(s) populations (for example recruitment, regeneration, dispersal, immigration and emigratiohjding by ensuring that: flov
sequences, and inundation and recession events, meet ecolagigairements (for example, cues for migration,
germination and breeding);

8.06,6(b)An objective is to protect and restore ecosystem functions of wagpendent ecosystems thahaintain
populations (for example recruitment, regeneration, dispersal, immigration and emigratiohjding by ensuring that:
habitat diversity, extent, condition and connectivity that supports the difeles of biota of watedependent ecosystems
(for example, habitats that protect juveniles fropnedation) is maintained.

Schedule 7 targets There are improvements in:

2 (f) recruitment and populations of native watelependent species, including vegetation, birds, fish and
macroinvertebrates

BEWS outcomécodes as per Not specified
DELWP 2022c)

LTWP objective(s) and targets Victorian Murray LTWP (DELWP 2022c)
Not specified
NSW MurrayLower Darling LTWP (DPIE 2020a)
0OS2:Maintain successful breeding opportunities for flalgpendent frog species

5-year target
i Establish baseline data on the number and distribution of wetlands with breeding actiVibjweflependant frog species.

10-year target

1 Maintain proportion of wetlands sites where breeding activity of fidependent frog species is detected in the Lower
Darling, Lower Murray and Mid Murray regions compared to comprehensive surveys in the22@4%eriod

Objectivel2 ¢ Ecosystem functions that support populatiorisconnectivity/dispersal
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BMFL2_2023 environmental
objective

By 2033, supporaccess to habitat for small bodied fish and movement of large bodied riverine native fish by ensuring
flow sequences, and inundation and recession events, meet ecological requirenfég speciesn BarmahMillewa
Forest

BMFL2 2023 targets

Small bodied fish; off channel species

No target as cascading outcome achieved by other objectivesdasystem type andiodiversity, andecosystenfunction.
Relevant objectives which will contribute tascading outcomancludeBMF7_2023, BMF5 2023, BMF6_2023,
BMF10 2023

Large bodied fish movement:

No target as cascading outcome achieved by other objectivesdosystem type antiodiversity, andecosystenfunction.
Relevant objectives which will contribute tascading outcomacludeBMF7_2023, BMF5_ 2023, BMF6_2023,
BMF10_2023

Relevant objectives

NSW31EF3a: Provide movement & dispersal opportunities within catchments for wipendent biota to complete
lifecycles

Comments/rationale

Connectivity of riverine and floodplagcosystems within the icon site is predominantly focused on allowing movement
fish; however, the role of connectivity in productivity, management of litter accumulation re black water events and
contribution of carbon to the mainstream of the Murray veeall discussed.

Outcome:connectivity is to focus on movement of fish.

PEA/PEF criteria met

PEF 1b) pathways for the dispersal, migration and movement of native wdegendent biota;

PEF 1c) a diversity of important feeding, breeding andrsery sites for native watedependent biota;

PEF %a) for dispersal and reolonisation of native watedependent communities; or

PEF 3b) for migration to fulfil requirements of lifaistory stages;

PEF 4a) lateral connections fdioraging, migration and reolonisation of native watedependent species and
communities

Basin Plan Chapter 8 (EWP)
objective(s)

8.06,3(b)(i) An objective is to protect and restore connectivity within and between widpendent ecosystemséncluding
by ensuring that: ecological processes dependent on hydrologic connectivigndijudinally along watercourses;

8.06,3(b)(ii) An objective is to protect and restore connectivity within and between wipendent ecosystemsncluding
by ensuring that: ecological processes dependent on hydrologic connectivitatdidlly between watercourses and their
floodplains (and associated wetlands)

Schedule 7 targets

There is improvement in:
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2 (b) hydrologic connectivity between the river afidodplain and between hydrologically connected valleys

BEWS outcomécodes as per B1.2:30% overall increase in flows in the River Murray: from increased tributary contributions from the Murrumbidge
DELWP 2022c) Goulburn,Campaspe, Loddon and Lower Darling catchments collectively

LTWP objective(s) and targets Victorian Murray LTWP (DELWP 2022c)
VML1: Improve connectivity between floodplains, anabranches and wetlands
NSW MurrayLower Darling LTWP (DPIE 2020a)

EF3a: Provide movement & dispersaportunities within catchments for watedependent biota to complete lifecycles
Dispersal of eggs, larvae, propagules & seeds downstream and irtbhasfhel habitats

0 Migration to fulfil lifehistory requirements

o Foraging of aquatic species

0 Recolonisation after disturbance
Targets

I Rates of fall does not exceed the 5th percentile of modelled natural rates during regulated water deliveries.
9 Period for which instream freshes are held at constant level (+ 5%) does not exceed modelled natural durations.

1 Atleast 2 fresh events per year in relevant planning units to inundatdhannel habitat & provide movement &
breeding cues for native fish & other aquatic biota.

1 Floodplains wetlands to undergo a drying phase (partial or full draw down) for at leakty®) €10 years in 10 years
(including Lower Murray wetlands & floodplains influenced by weir pools).

16.2.3 Ecosystem resilience, climate change and other risk factors

Objectivel3 - Provide refugia
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BMFL3_2023environmental
objective

By 203, regularly provide refugia to support the lotgrm survival of wateildependent biota on the managed floodplain «
the BarmahMillewa Forest icon site and Gulpa Creek during drought.

BMFL3 2023 targets

By 203, maintainpermanent water refugia itbulpa CreekMoira Lake Reed Beds Swamp and Duck Ladonng periods
of regional drought (i.e., serious rainfall deficiency)

Relevant objectives

NSW2%EF1Provide & protect a diversity of refugia across the landscape

Comments/rationale

Key refugia in the Millewa Forest includ&luent and anabranch creekgswhich providerefuge for native fish, turtlesand
water rats(DPIE 2020aKey Australasiatittern breeding sites such as Moira Lake, Reed Beds Swamp and Duck Lagc
are also identified as refuge sites to be managed in drought.

PEA/PEF criteria met

PEA 3(a)(iprovides vital habitat, including: a refugium for native watlapendent biota during dry spells and drought;
PEF 1(aa refugium for nativavater-dependent biota during dry periods and drought

Basin Plan Chapter 8 (EWP)
objective(s)

8.07,2 An objective is that watatependent ecosystems are resilient to climate change, climate variabilidydisturbances
(for example, drought andire).

8.07,3 An objective is to protect refugia in order to support the kbegn survival and resilience of watdependent
populations of native flora and fauna, including during drought to allow for subsequent recolonisetymmd the refugia.

Schedule 7 targets

There are improvements in:

2(c) river, floodplain and wetland types including the condition of priority environmental assets and priority ecosyster
functions

BEWS outcomécodes as per
DELWP 2022c)

Not specified

LTWPobjective(s) and targets

Victorian Murray LTWP (DELWP 2022c)
Not specified
NSW MurrayLower Darling LTWP (DPIE 2020a)

EF1Provide & protect a diversity of refugia across the landscape
0 Water depth & quality in pools (ichannel), core wetlands &kes
o Condition of vegetation in core wetlands & riparian zones
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Targets
1 Very low flows (VFs) & baseflows (BF1) are provided at target magnitudes & durations as specified in PU EWRs

1 Ceaseo-flow (CTF) periods do not exceed maximum durations as specified in PU EWRs
1 Adequate water depth is maintained in key refuge pools during dry times

Objectivel4 - Mitigate the impact of invasive specieand feral animals

BMFL4 2023 environmental
objective

By 203, mitigate the impact ofnvasive species arféral animals on floodplain and wetland ecosysteamsl native water
dependent specieat BarmahMillewa Forest icon site

BMFL4 2023 targets

Horses:

Cascading outcome reliant of currelRest Plant and Animahanagementactivities as per Parks Victoria (2020)d
YYTOLMB (2020)

Pigs and other feral herbivores:

Cascading outcome reliant of curreRest Plant and Animahanagement activities as per Parks Victoria (2020).
AND

Invasive natives:

By 2033reduce encroachment of invasive native flora species (giant rushigadred gum by 20% at nominated site®
support Moira grass recovery.

AND

Control arrowhead invasiomat nominated sitedy 80%to support Moira grass recovefyictoria Parks 2020)

Relevantobjectives

D5: Restrict the abundance, spread and incursion of invasive aquatic species.

Comments/rationale

The longterm aim for feral horses in Barmah Forest is to reduce their numbers to zero, thereby alleviating the total g
andtrampling pressure caused by this introduced spe@asks Victorian 2020). An intermediate action is to install
enclosures in key areas to mitigate grazing pressure from horses.
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Reduce total grazing pressures and other impacts exerted by feral pigs and introduced large herbivores on Moira gr:
other floodplain marsh communities, and Aboriginal Cultural sites by implementing strategies and actions to minimis
those impacts(Parks Victorian 2020).

Weeds- A future complementary analysis could be to score weediness in conjunction with the PFG index (Robinson
veg report)

Two native plant species, giant rushuficus ingensandriver red gum(Eucalyptus camaldulengjsare recognised as
potential invasive species encroaching Moira grass floodplain marshes. The goal for reducing the impacts of these t
species is:

To reduce the encroachment of invasive native flora species (giant rugivanded gun), and control arrowhead
invasion, to support Moira grass recovery.

Outcome:as both horse and other feral animal control are not undertaken with the management of environmental we
the targets and implementation of mitigation of these threats are captured in other management plans for the icon si

PEA/PEF criteria met

PEA 3(bjs essential for maintaining, and preventing declines of, native wdégrendent biota.
PEF 1(ea vital habitat that is essential for preventing the decline of natirsger-dependent biota.

Basin Plan Chapter 8 (EWP)
objective(s)

8.07,4 An objective is to provide wetting and drying cycles and inundation intervals that do not exceaetethace of
ecosystem resilience or the threshold of irreversible change.

8.07,5 An objective is to mitigate humamduced threats (for example, the impact of alien species, watanagement
activities and degraded water quality).

Schedule 7 targets

There are improvements in:

2(c) river, floodplain and wetland typéscluding the condition of priority environmental assets and priority ecosystem
functions

BEWS outcomécodes as per
DELWP 2022c)

Not specified

LTWP objective(s) and targets

Victorian Murray LTWP (DELWP 2022c)

Not specified

NSW MurrayLowerDarling LTWP (DPIE 2020a)
Not specified.
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17.1 Water regulating structures in Barmah Forest

Table40. Summary of structure informatior(Jacobs 2018).

-- pssetegise

10
11
12
13

14
15

16

17

18

Flat Swamp regulator

Sandspit regulator

Gulf Creek 1 regulator

Gulf Creek 2 regulator

Unnamed structure
(tertiary regulator d s
Gulf)

Stewarts Kitchen
regulator

Unnamed structure
(tertiary regulator d/s
Stewarts

Kitchen)

Bull Paddock regulator

Red Tank regulator
Sapling Landing

Punt Paddock regulator
Green Engine

Big Woodcutter 2
Tertiary

Big Woodcutter regulatol

Little Woodcutter 1
regulator

Little Woodcutter 2
regulator

Little Woodcutter 3
regulator

Little Woodcutter 4
regulator

Secondary
regulator

Primary regulator

Primary regulator

Primary regulator

Tertiary regulator

Secondary
regulator

Tertiary regulator

Secondary
regulator

Tertiary regulator
Tertiary regulator
Primary regulator
Tertiary regulator

Tertiary regulator

Primary regulator

Tertiary regulator

Tertiary regulator

Tertiary regulator

Tertiary regulator

-35.8607 145.2438

-35.8374  145.1956

-35.8416 145.1518

-35.8408 145.1521

-35.8406 145.1531

-35.834 | 145.1358

-35.833 | 145.1344

-35.8299 145.1249

-35.8302  145.0968

-35.8361 145.0909
-35.8304 145.0855
-35.8318 145.0768

-35.8384 145.0592

-35.8386 145.0582

-35.839  145.0532

-35.8389 145.0508
-35.8383  145.0497

-35.8391 145.0457
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17 Appendix4: Details of water management infrastructure

Parks Victoria

MDBA, GMW (As MDBA asset) d&uatks

Victoria

MDBA, GMW (As MDBA asset) datks

Victoria

MDBA, GMW (As MDBA asset) d&atks

Victoria

None

MDBA & GMW (As MDBA asset)

None

MDBA & GMW (As MDBA asset)

None

Parks Victoria

MDBA & GMW (As MDBA asset)

Parks Victoria

Parks Victoria

MDBA & GMW (As MDBA asset)

MDBA

MDBA

MDBA

MDBA &Parks Victoria



-- psse regise

20
21

22

23
24

25

26

27
28
29
30
31
32
33
34
35
36
37
38
39
40

41
42

Boals Creek regulator

Sapling Creek regulator

Island Creek regulator

Unnamed structure
(tertiary regulator d/s

Island Creek regulator)

Two-mile Gully regulator

Dharnya tertiary
regulator

Goose Neck tertiary
regulators

Goose Swamp tertiary
regulators

Green Deadwoods

Burnt Landing

Hooks Territory regulatol

Mill Log

Sapling Landing
Green Engine

Flat Swamp
Tongalong Creek 1
Frenchmans

Burnt Landing
Tarragon Lodge
Tongalong Creek 2
Stewarts Kitchen 3

Red Tank Tertiary
Regulator

Bull Paddock 4

Gulf Tertiary Effluent
Pipe

Primary regulator

Primary regulator

Primary regulator

Tertiary regulator

Tertiary regulator

Tertiary regulator

Tertiary regulator

Tertiary regulator

Tertiary regulator
Tertiary regulator
Tertiary regulator
Tertiary regulator
Tertiary regulator
Tertiary regulator
Tertiary regulator
Tertiary regulator
Tertiary regulator
Tertiary regulator
Tertiary regulator
Tertiary regulator
Tertiary regulator

Tertiary regulator

Tertiary regulator

Tertiary regulator
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-35.8537  145.024

-35.855 | 145.0046

-35.8556 144.9986

-35.861 | 144.9737

-35.956  144.9894

-35.9601 144.9652

-35.9712  144.9725

-35.9729 144.9713

-35.8383  145.2083

-35.8421 145.1796
-35.8341 145.1581
-35.8256  145.122
-35.8379 145.0574
-35.8309 145.086
-35.8514 145.2325
-35.8433 145.2234
-35.8296  145.1413
-35.829  145.1232
-35.9764  144.9757
-35.8498 145.2303
-35.8321 145.1284

-35.8285 145.102

-35.8273  145.1181

-35.5043 145.0918
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MDBA, GMW (As MDBA asset) datks
Victoria

MDBA & GMW (As MDBA asset)

MDBA, GMW (As MDBA asset) datks
Victoria

Parks Victoria

None

None

None

None

Parks Victoria
Parks Victoria
Parks Victoria
Parks Victoria
Parks Victoria
Parks Victoria
Parks Victoria
Parks Victoria
Parks Victoria
Parks Victoria
Parks Victoria
Parks Victoria
Parks Victoria

Parks Victoria

Parks Victoria

Parks Victoria
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17.2 Water regulating structures in Millewa Forest

Table41. Summary of structure informatior(B. Cronin NSW NPWS, pers. comm.).

- Reguitor Norting

Toupna Bullatale Irrgation = 339393 6033266
2 Gloweries NPWS 337436 6032947
3 House Creek State Water 334736 6032488
4 Pinch Gut State Water 331412 6033683
5 Mary Ada State Water 330850 6034477
6 Maddens Decommissioned = 330563 6034332
7 Potts Creek State Water 329777 6034341
8 Fishermans State Water 325971 6033634
9 Nine Panel State Water 323937 6032833
10 Nestrons State Water 322823 6032285
11 Thistle Decommissioned = 321594 6031266
12 Walthours State Water 319854 6030833
13 Edward River Off State Water 319237 6030921
14 Warrick State Water 316802 6029642
15 Porters State Water 316966 6027133
16 O'Shannassy State Water 316357 6024694
17 Swifts State Water 315447 6023589
18 Bunnydigger State Water 314962 6022356
19 Moira Creek State Water 315103 6019175
20 Little Edwards State Water 315782 6035531
21 Collins State Water 316314 6037553
22 McLaurens State Water 316449 6037966
23 Correys State Water 316292 6038144
24 Bonners State Water 316230 6038400
25 Husseys State Water 316288 6038621
26 Dwyers State Water 316278 6038674
27 Opitz State Water 316402 6038884
28 Crumps State Water 316492 6039328
29 V Block State Water 316292 6039547
30 Edwards State Water 315689 6039695
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- Reguitor Norting

Mains State Water 315129 6039818
32 Buchanans State Water 314817 6039810
33 Atkinsons State Water 314313 6040801
34 Keech State Water 314572 6040998
35 Black Swamp State Water 314309 6042128
36 Taylors State Water 314035 6042492
37 Wragges State Water 314217 6042643
38 Horseshoe Lagoon NPWS 311860 6039977
39 Horseshoe Lagoon NPWS 311942 6039904
40 Horseshoe Lagoon State Water 311805 6039891
41 Horseshoe Lagoon NPWS 312145 6039248
42 McCartneys State Water 311376 6037387
43 Torrumbarry State Water 271547 6019492
44 Tumudgery State Water 286750 6080549
45 Niemur State Water 275274 6088994
46 Reed Bed State Water 270551 6091989
47 Unnamed State Water 273624 6018512
48 Unnamed State Water 605781 6004925
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18 Appendix 5: Conceptual models of key aquatic plants

Research into the life history and response to management interventions for Moira grass and giant rush has improved ptuaionce
understanding of these key speci€sgurel6 illustrates the response to watering of Moira grass &figlurel?7 to Figurel9 illustrate the growth,
establishment, and suppression gint rush in response to water regiméfiese models help inform management decision regarding timing,

duration and depth of environmental water.
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June July

Dry phase

Spiny Mud-grass* nodes
remain dormant under the
thatch. The floodplain
must dry completely
every autumn for 2-3
months.

August September

Rising flood

Flooding triggers the

growth of new shoots,
which is supported by
energy and nutrients
stored in nodes. The
thatch rots.

October | November

Flood peak

Stems reach the surface
and produce a floating
leafy sward. The optimum
depthis 0.5t0 2.0 m.

December | January

Flood recession

When flooding is
maintained into summer,
the stems produce
flowers and seed.

February March

Drawdown

Stems collapse and take
root in shallow water to
form a dense turf.
Shallow waters at end of
flood favour the
accumulation of energy
and nutrients in the
nodes.

April May

Dry phase

The turf dies off to form a
thatch. The soil dries out
and the nodes become
dormant.

Figurel6. Conceptual model oMoira grass response to water regime (from Cooling et al. 2019).
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June July

Dry phase

Giant Rush is
dormant in dry
conditions.

August September

Rising flood

Growth is initiated
by flooding.

October | November

Flood peak

Giant Rush continues
to grow while partly
flooded.

December | January

Flood recession

Shallow summer
flooding promotes
growth. Giant Rush

clumps expand.

February March

Drawdown

Giant Rush displaces
Spiny Mud-grass from
the floodplain.

April May

Dry phase

Giant Rush returns
to dormancy
through autumn.

Figurel7. Conceptual model of growth pattern of giant rush stands (Cooing et al. 2019).
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June July

Dry phase

Giant Rush seedlings
survive dry
conditions over
autumn.

August September

Rising flood

Seedlings grow
rapidly and can
outpace a
slow-rising water
level.

October | November

Flood peak

Sustained deep
flooding eventually
kills seedlings that

are completely

submerged.

December | January

Flood recession

L) LDyl

4#———_——_—--4—-?

Giant Rush
seedlings
eliminated from
floodplain
marshland.

February

Drawdown

Spiny Mud-grass
turf establishes
without being
excluded by Giant

Rush.

March

April May

Dry phase

g - ’r —
e —

New seedlings
germinate
on muddy floodplain.

Figurel8. Conceptual model for suppressing giant rush seedlings (Cooling et al. 2019).
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June July

Dry phase

£F
|
&
Giant Rush seedlings
survive dry

conditions over
autumn.

August September

Rising flood

Seedlings grow above
shallow flooding. Growth
accelerates when stems

reach the air.

October | November

Flood peak

Growth continues in
shallow water.

December | January

Flood recession

Growth continues in
shallow water.

February March

Drawdown

New stems grow in
shallow water.

April May

Dry phase

New generation of
Giant Rush now
established.

Figurel9. Conceptual model of establishment of giant rush seedlings (Cooling et al. 2019).
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