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Summary

_I Murrayc¢DarlingBasin Environmental Water Knowledge and Research Project

Projectoutcome (summary) | The MurragDarling Basin Environmental Water Knowledge and Research (MDB E
Project aims to improve the science available to water managers by better understandi

1 the links between ecological responses to flow and medium andtkenmmg changes
in condition

9 the impacts othreats (hydrological, aquatic and terrestrial) which may reduce or
prevent the ecological improvement expected through environmental flow regim

MDFR@oject Leader Ben Gawng02 6024 9647)

Projectstatus information
Executivesummary and comment

The201%16financial year began with a briefirmy the draft Annual and Muliyear Research Plams the Jurisdictional
Reference GroufJRGpn 22July.The research plansere developedin AprilgMay 2015and had already beepresented to
the Project Steering Committee in JuR@l15

In Augus®015 the coordinators of the four research themes (Fish, VegmiaWaterbirds and Food Webs) presented the
researchplansii 2 § K S ScidhBe\&vidaryGHoBAG). The SAG recommendeat further work be undertaken to
refine the research questions) demonstrate how the project could improve predictive cajpaandto showhow
integrationwould occur betweerthe themes.

TheTheme Coordinatoresorked with theirThemelLeadership Groupsetween September and December 2015 to adapt t
researchplansin accord withthe feedback from theSAG The updatedesearchplansnow included a extended
GonceptualisatiorPhase which provided the research groupsth the opportunity to address the matters raised by the SA

Theupdated research plansere presented tdhe JRG in FebruaB016 Between January antine 2016 Theme
Coordinatorsand ThemelLeadership Groupsorked to address the matters raised by SAG and this conceptualisation wg
expected to be completed in September 20Véhile the extendedConceptualisation Phaseas delayed the research phase
of the project, ithas helped to bettefocus the research effort, improve predictive capagieading to better decisions by
waterway managensandensuregreatersynergy in data collection, analysis and reseatstween and across themes.

Project leaderfip, management and administratidravegone through aignificanttransition phasen the 201516 financial
year. From October 2013YIDFRC Pty. Ltekasincorporated as part of La Trobe Universityd the projectransitioned to
management by La Trobe Waisity as the Centre Ageriiringing new contractual, financial, reporting and administrative
arrangements into effect.

In October 2015the MDFRC Director transitioned bzingfull time asthe Project Leader forthe MDB EWKR and related
LTIM projectsand a new MDFRC Director was appoireaed commencednh March2016 A newfull time Project Manager
was appointedn April 20160 replace an interinpart-time contractProject Manageand formerProject Manager. These
changes have resulted in more senior level resources being dedicated to the MDB EWKR project.

During the financial year, six project milestones were delivered in accordance with the Project Head Agreement. The
include:
the AnnualProgress Report f2014¢15
financial information fo2014¢15
the Mid-year Rogress Repor201516
the annualwork planand budget for 201617 (includinga revisedActivities Schedule andRisk Management
Register)
9 the AnnualResearch PlaR016c17
MurraycDarling Basin Environmental Knowledge and Researgad®Pwnnual Progress Report July 20dine
2016 !
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1 the Multi-year Research Pl&016;19

The Projecteadeship Project Leadeand Project Manag@ralsoran five regional workshops for waterway managers at t
four MDB EWKR research sites. More than 50 waterway managers attended the workghichswereheld in midMay and
earlyJure 2016. Overalil KSNBE ¢l 4 NBaz2dzyRAy3d AyiSNBad Ay (GKS as5. ¢
broader approach to improving environmental flows in the Basin.

Exceptionreporting forthe Departmentto note

Delays irproject delivery. The unscheduledxtendedConceptualisatiorPhase has led to delays planningfor the 2016¢17
field seasor{OctobegNovember onwardsind commencement of mesocosm studies the Fish, Food Wetand
Vegetation themes Theme CoordinatorBave been attempting toninimisedelays by working with theireadership Groups
to plan field work in parallel with work ozonceptualisation.

Safety Work Health and Safe(yWHS)ssuest it is expected that these may have a higher probability of arising afelie
work and mesocosm studies commengéetive management and oversight will be needed to ensure that WHS policies
procedures in place with MDFRC and each of the projectbzoBdors are being followed.

Advice/Action required by theDepartment

For advice/action:
T Nil

Financialsummary for thereporting period

These figures are based on a financial statentbat was issued by La Trobe University Finance in September
2016.This statement is being reviewed by external auditors.

WBS code | WBS element Budget201516 Expenditure2015;16
3.1015.01 EWKR > $263,819
3.1015.02 | Project management, governance $164,954 $276,907
3.1015.03 | Communications - $766
3.1015.04 | VegetationTheme $541,609 $166,572
3.1015.05 FishTheme $380,288 $180,759
3.1015.06 | Waterbird Theme $319,005 $163,658
3.1015.07 FoodWebs Theme $467,748 $135,769
3.1015.08 Ecosysten8ynthesisTheme $128,481 $6,834
3.1015.09 Decision support tool $55,071 $6,752
3.1015.10 Queenslam FloodplainvegetationWater Requirementproject $338,800 $588,800
Total $2,395,956 $1,790,636

MurraycDarling Basin Environmental Knowledge and Researgad®Pwnnual Progress Report July 20dine
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1. Introduction

This is the Annual Progress Report for tiharraycDarlingBasin (MDB) Environmental Water
Knowledge and Research (EWKR) project foR@1é;16 financial yearMDB EWKR a five year (to
2018;19), $10 million project being undertaken Tiye Murray;Darling Freshwater Research Centre
(MDFRCin collaboration withscientists from other research centres to improve the science available
to support environmental water management, and thereby contribute to achieving Basin Plan
objectives.

TheMDB EWKRroject team collaborates with water managers, environmental assstagers,

water planners and relevant community groups to identify research priorities and undertake
research targeted at addressing those priorities. The client for the project is the Departntéet of
Environmentand Energythe Departmen}. The purposef this report is to document project
progressincludingfinancialperformance (as required by 5.4 of Schedule 2 of the Head Agreement)
for the period 1 July 2015 to 30 July 2016.

This report includes:

details of work undertaken within the reportingeriod

status of scheduled activities against the project plan

explanations of any delays in scheduled tasks

actions proposed to address any delays

astatement of the potential impacts of any delays on delivery of project milestones and the
overall compleibn of the project.

= =4 —a —Aa A

This report alséncorporatesinformation on projectbudget expenditure and includes:

1 astatement as to whether the project is proceeding within budget

1 an explanation of the budgetary situation

1 the actions proposed to address dmydget variations

1 astatement of the potential impacts of any delays mnoject budgetexpenditureand the
overall completion of the project.

2.Progress against scheduled activities

An Activities Schedule was providedie Departmentin November 20150 showwhen project
activities were taake placebetween November 2015 and December 2@de§er to Attachment ).
This Schedulevas updated in June 2016 in conjunction with #enual Research PI§ARPR016¢17
andthe Multi-year Research PIgMYRPR016¢19.

The Schedulwill befurther updated and replacedn completion of theConceptualisation Phase
SeptembegOctober 2016nd replacedvith acomprehensiveMS Project Gantt chart to show
project activities for the remainder of the project.

For thepurposes of the 201816 Annual Progress Repothe November2015Schedulas used as

the baseline for reporting on commencement and completion of project activii¢ise 201516

financialyear! WO N} FFAO f AIK(GQ adzYY expldnatianlon thethe pray@8sS 0 K SNJ ¢
is provided later in this reporthis refersto the Novembei2015Schedule as necessary

In thefirst four months of the2015¢16 financial year (prior to development of the Schedule), the
followingtook place

MurraycDarling Basin Environmental Knowledge and Researgad®Pwnnual Progress Report July 20dine
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1 July 2015 briefing to the Jurisdictional Reference Group (JRG) on the draft Annual and Multi
year Research Plans

1 August 2015 draft research planpresentedto the Science Advisory Gro(BAG), who
subsequentlyrecommended that further work be undertakem theFish, Vegetation and
Food Welsthemesto refine the research questions, demonstrate how the project could
improve predictive capacity and show how integration would occur betweethtimes
Minimal further work was required to the draft Waterbsdeseart plan.

1 Septembetto December 201% the Fish, Food WebWaterbirds and VegetatiorTheme
Coordinatorsand theirLeadership Groupadaptedtheir research plans in accordance with
feedback from the SA® includean extendedConceptualisatiorPhase This pocess was
lengthier than expected due to the time required to establish team roles and responsibilities,
agee to research methodologiemnd deliverables and to develop work schedules. To expedite
O2YYSYyOSYSyld 2F NB&SIFNOK RN LINPIXKSKISEH ARRASYHKI AGFz
undertaken regardless of the outcomes of the Conceptualisation process. Overall these
included literature reviews and data analysis, as well as undertaking a Waterbird pilot field
study andmetagenomicsvork for the Food WedTheme.

1 November 2015 to January 2016 The Waterbir@ Themecompleted &field pilot studyand
continued work on the literature review.

Thedraft research plasoutlined the process for the knowledge review and conceptualisation
however, the Christmas br&dimited activity orimplementation of this workin February 2018he
updated plans were presented the JRGand feedbaclncluded identifying opportunities to
collaborateand involve water managers in adopting the reseagestd consideingincorporating
further researchareas to investigate

There was then an extended periémdm Februanthroughto April2016 during which time,
subcontracts to engage members thfe Leadership Teain the conceptualisation process were
prepared negotiatedand sent to collaborating institutions for approv@his process is ongoing as at
June 30 2016Theimpact ofdelays in getting contracfinalised andsigned variedwith some
collaborators willing to commence work whigaiting completion of contract@ndothersbeing
unable or reluctant to start without contracts being in place

The major reasons for the delaysgetting contracts in place were:

1) the Christmas and January holiday pendtkenLa Trobe University legahd contractsstaff
were on leae

2) issues around getting MDFRC contrgoespared,approved and signedmergingfrom the
new MDFRC Agreement and transition of Centre Agent from MDFRC Pty. Ltd. To La Trobe
University

3) protracted legal negotiations between LTU andltiple (13)collaborating institutions

From February to Jundheme Coordinatorasorked with theirLeadership Grougs varying

capacities on th&nowledge review and conceptualisatiphase Theme Coordinatorkeld meeting

and workshops with their groups to progrgthis work and to reflect this in the updateshnual
Research Plans amdulti-year Research Planis May 2016tevised versions dhe document were
submitted to the Department for feedback, before being finalised and submitted to the Department
in June2016

A narrative describing the work undertaken in the reporting period under each activity is given
below, as is the status of activities against the work plan timeline.

Throughout the report, a traffic light system is used to indicate progresnms of adhering to the
proposed approaches and delivery datéalflel). Tasks considered to be amber or red are further
examined in theRisks and Issuegctionin Table 3

MurraycDarling Basin Environmental Knowledge and Researgad®Pwnnual Progress Report July 20dine
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Tablel. Definition of progress traffic light categories

. Underway. On track for completion by planned date.

Underway but some difficulties. May be completed slightly after the planned date, or scope or
approach modified. Unlikely to impact project delivery.

. Underway but majodifficulties. Unlikely to be completed by planned date. Likely to impact projec
delivery.

Yet to proceed. Awaiting completion of foundation tasks and milestones.

MurraycDarling Basin Environmental Knowledge and Researgad®Pwnnual Progress Report July 20dine
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Table2. Milestone and payment schedule status

Financial yea?015¢16

1 Annual
Progress
Report for
201415

2 Financial
information
for 2014c15

3 Mid-year
Progress
Report

4 Annual
Report and
budget for
201516

5 Annual
Research
Plan for
201617

The Recipient must submit
an Annual ProgressReport
for the 2014¢15 period in
accordance with clause 5.4
of Schedule 2 of the Head
Agreement

TheRecipient must submit
financial information in
accordance with clause 5.5
of Schedule 2 of the Head
Agreement.

The Recipient must submit
detailedMid-yearProgress
Report in accordance with
clause 5.3 of the Head
Agreement.

The Recipient must submit
detailed projectwork plan
for 2016;17. Thework plan
will be substantially in the
form of the template
provided by the
Department, as updated
from time to time.

The Recipient must submit
an AnnualResearchPlan for
2016c17that includes a
section for each research
site. TheAnnualResearch
Pan must be developed in
accordance with théhase 2
requirements provided by
the Department as updated
from time to time.

Within 40
business
days after
the end of
the 2014
15
financial
year.

$600,000 = Completed

Within 60
business
days after
the end of
the 2014
15
financial
year.

n/a Completed

Within 40
business
days after
the end of
the 2015
calendar
year

$600,000 Completed

MaycJune = $150,000
2016

Compleed

MaycJune = $150,000
2016

Completed

First draft
submitted Jan
2016.

Final Feb
2016.

Provided Feb
2016

First draft
submitted
April 2016.
Final May
2016.

Submitted and
accepted June
2016

Submitted and
accepted June
2016
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Multi-year The Recipient must annuall; May-June = $150,000 @ Completel | Submitted and
Research reviewthe Multi-year 2016 accepted June
Pan ResearchPlan and update or 2016

amend the plan (if required)

in consultation with the

Department. TheMulti-year

ResearchPlan must be

amended in accordance

with the Phase 2

Requirements provided by

the Department as updated

from time to time.
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Per for mance

against project i

Table3. Table of performancagainst project indicators for the period 1 July 2@130 June 2016

ndigdft dupsef 8230616 he

peri od

Projectindicators

Comment

Health status indicator

Overallrating

Phase 1 has now been completed. Towards the end of Phase 1, feedback from a SAG workshop (Augus
resulted inadditional planning via review ammbnceptualisation for the Fish, Food VWeind Vegetation themes
and to a lesser extent, for the Waterbirdeeme. This work will be concluded in September 2016. It has beeg
agreed that an addendum to the Annual Researlem Bnd Multi-year Research Plamill be provided tahe
Departmentin Septembegearly October2016) to detail changes to the research questiadashowmeasures
to integrate across themes and actions to be taken to improve predictive capacity. leistegghat the
research work will remain aligned with overall project objectiv@sncurrent work has commended where
possible on Phase Ihcluding designing field work and mesocosm studies and conducting pilot studies.

The process of engagement (inclugliwiththe SAG (August 2015), JRG (February 2016)he&nDepartmeny
was lengthier and more time consuming for the project team and researchers than envisaged by the Hea
Agreement. There have also been delays that were both unexpected and beyond tihel odithe project
team/Theme Coordinatorassociated with getting contracts with collaborators in place due to the transition
MDFRC Pty. Lttb La Trobe University. On balance however, these delays should not have a material imp
the success orchieduling of the overall project.

Is the MDB EWKR project delivering outcomes
directly associated with the project scope as defing
in the Funding Agreement?

OYes

The201516 budgetis underexpendedby approximately25% reflecting the delays due to the unscheduled
extension to theConceptualisatiorPhase Payments have beemadeto the Queendand Floodplainvegetation
Water Requirementprojed as contracted outputs have been deliveredth only one further payment tbe
made.

Is the MDB EWKR project forecast cost of comple
tracking b budget?

Budget
A revisechigh levelprojectbudgetwill be prepared fo2016;19and provided tahe Departmentat the end of A revised budget will address delays to date
September 2016 following the completion of tenceptualisatiorPhase and make adjustments to ensure the project is
completed on time and within budget.
The overall project is currently running behind the original project scheduteimber of factors have Is the MDB EWKR project forecast date of
Sched contributed to these delays including: an unschedubmhceptualisation Phase2 NB & L2 y R (i 2 | completion tracking to the baseline sched@le
chedule

feedback, the transitiofrom MDFRCtp | ¢ NP0 S | yAOBSNEA (& QA
changes irProject Ladership arrangements and resourcing

02y i MhdO

Underway but some difficulties. May be
completed slightly after the planned date, or scope
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Projectindicators

Comment

Health status indicator

The MDFReEroject LeadershipTeam has developed strategies to minimise the material impact on the
timeframe and outcomes of the project including:

- structuring and documenting the work flow to maximise efficiencies and synergies between differ
components of the project. For example, using work generated durin@treeptualisation Phagde
feed into SAG and JR@d Adoption (water manageworkshoys, inform the project budget and
updating of the AnnuaResearchPlan and to provide content for #nASL conference in September

- structuring theConceptualisation Phag®ocess in a way that enables data collection (including fielg
work) to commence irspring 2016

- developing efficient processes for preparationre$earch plans and other outputs by providing
easyto-use templates, long leath timesfor Theme Coordinatort start work onresearch planand
quick feedback from th@rojectLeadership

- dedicating time during fortnightly theme coordinator meetings to identify potential time saving
synergies between theme work, identifying opportunities to share research, data and insights ang
integrate research and field work

- coordinating and streamliningroject management tasks including streamlining the preparation (an
payment) of subcontracts for project partners

- streamlining project reporting by using monthly project reports preparedime Coordinatorand
the Project Leadership to brief the Depaent, the MDFRC Executiged Boardand for inclusion in
Mid-year and Annual Progress Reports.

Phase 2 Milestones 1 to 6 for tR€1516 financial year have been completed schedule and accepted.

The budg¥ timeframe impacts of the additional unschdeéd Conceptualisation Phasell be assessed as part
of evaluation othe Planningthase (ie. Phase 1 and Conceptualisatjaf the project commencing in

September 2016.

or approach modified. Unlikely to impact project
delivery.
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Projectindicators

Comment

Health status indicator

Scope

The project is currently on track to deliver its objectives and the scope of activities ast $etthe amended
funding agreement.

Is the MDB EWKR project delivering outcomes
directly associated with the project scope as defing
in the Funding Agreement?

OYes

Risksandissues

A comprehensive review of the Risk Schedule was undertaken as a part of the update of the Phase Two
Plan in June 2016.

The MDB EWKR Risk Schedule is reviewed fortpightl any new risks identifieate added to the Schedule
The Schedule has idéfied a number oModerate and two Major risks. The Schedule details actions that ar
being employed to actively manage these risks. The Major risks identified are as follows:

Delays irproject delivery. The unschedule@onceptualisation Phases led todelays with planning th2016;
17field season and commencement of mesocosm studies. This is being actively managed Mtbrtiee
Coordinatorsand support is being provided where possible.

Safety Work Health and Safety issuesit is expected that these may have a higher probability of arising as
field work and mesocosm studies commengetive management and oversight will be needed to ensure th
WHS policies and procedures in place with MDFRC and each of the projdmbredties are being followed.

Are there any risks that may impact our ability to
achieve committed outcomes?

Requires active managemendnlikely to
impact project delivery.

(Note, the MDB EWKR Project Risk Schedule use
different assessment criteria to assess risk. It does
not identify these two risks as likely to lead to maj
impacts on the project hence an orange circle is
used here).

Major activities
identified for the
first half of 2016
17

JulycSeptember

- Providing a MDB EWKR team response to comments providdeISBAG at the August 2016 SAG
workshop

- Updating the MDB EWKR Webpage and Collaboration Space

- Finalising the Communications aAdoption Strategy

- Submitting the Annual Research Ptrd Multi-year Research PId2016;17) tothe Departmentfor
approval following thesAG workshom August 2016 and on completion of thegpect
Conceptualisation Phase

- Submitting therevisedhigh level project budget for approval llye Depatmentin September 2016

- Submitting the Annual Financial Information and financial audit in accordance with Milestone 2 in
September 2016

AugustOctober

- Finalising detailed theme project budgets for imal budgeting purposes

AugustDecember

MurraycDarling Basin Environmental Knowledge and ResearghdPrdnnual Progress Report July 2Qliine 2016
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Projectindicators

Comment

Health status indicator

- Preparing contracts for researchers for the Phase Two field and mesocosm studies, data analysis
reporting

SeptembegMarch

- Implementation of the Phase 1 and Conceptualisation Evaluation

Ongoing

- Updating the MDEEWKR webpage and Collaboration Spaeei€wing and updating the Activities
Shedule, Risk Scheduded Traffic light reporter)

- Conducting regulameetings with the Department, MDFRC Centre director &meime Coordinators.

- Providing monthly updates on pect progress to the Department and MDFRC Executive and Boarg

MurraycDarling Basin Environmental Knowledge and ResearghdPrdnnual Progress Report July 2Qliine 2016
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Work plan deliverables

1.1 Theme 18 Vegetation

Table4. Tasks and progress fa015;16.

Component | Activity Scheduled | Scheduled| Responsible | Status | Comments
start end agencies against
timeline
V1a. Knowledge V1.1 Knowledge Dec 2015 EndFeb Leadership Delayed due
review and review and 2016 Group to subcontract
conceptualisati conceptualisatio preparation.
on n. Expected Oct
2016
V1.1.1 Drafting Dec 2015 Mid-Jan Leadership Delayed due
2016 Group to subcontract
preparation.
Expected Oct
2016
V1.1.2 Review Mid-Jan End Feb Leadership Delayed due
and approval 2016 2016 Group to subcontract
preparation.
Expected Oct
2016
V1.2 Analysis of V1.2.1 Scoping Nov2015 Nov 2015  Leadership Completed
existing data preliminary Group
planning,
scoping data
sources
V1.2.2Data Dec 2015 Mid-Apr Leadership Underway,
collation 2016 Group data-share
agreement in
place
V1.2.3Data Mid-Mar Mid-Jul Leadership Underway,
analysis 2016 2016 Group led by trialling a
Cassie James subset of data
while data
collation still
occurs
V2. Field site V2.1Field work =~ Mid-March  Mid-Jul Leadership O On track
assessments  planning 2016 2016 Group
Aug2016

MurraycDarling Basin Environmental Knowledge and Researgad®Pwnnual Progress Report July 20dine
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Component

Activity

Scheduled
start

Scheduled| Responsible

agencies

Status
against

Comments

V3. Mesocosm

studies

V4. Theme
coordination,
leadership and
reporting

V2.1.1
Questions and
preliminary
experimental
design

V2.1.2 Site
selection

Vv2.1.3 Final
experimental
design

V3.1 Mesocosm

planning and
pilot study

V3.1.1
Literature
review

V3.1.2 Pilot
experimental
design

V3.1.3 Pilot
Study

V3.1.4 Review
and reporting

Theme
coordination

201%16
reporting
ARP, MYRP,
progress
reports,

SAG/IRG/regior

al

Mid-March
2016

May 2016

Jun 2016

Nov 2015

Nov 2015

Jan2016

Mid-Feb
2016

Mid-Apr
2016

Jul 2015

Jul 2015

Mid-Jul
2016

Mid-Jun
2016

Mid-Jul
2016

Mid-May
2016

Mid-Dec
2015

Feb 2016

Mid-Apr
2016

Mid-May
2016

Jun 2016

Jun 2016

Leadership
Group

Leadership
Group

Leadership
Group

Leadership
Group led by
MDFRC

Leadership
Group led by
MDFRC

Leadership
Group led by
MDFRC

Leadership
Group led by
MDFRC

Leadership
Group led by
MDFRC

MDFRC

Leadership
Group led by
MDFRC

timeline

On track

@

Completed June 2016

Completed June 2016
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theme in meeting projeetvide obligationssuch as knowledge review and conceptualisation,
revising research plans and undertaking field wé&kceptons to this reporting for the Vegetation
Theme are detailed below and summarised in Tabld dummary otheme planning,activities and
expectedoutputs for the reporting periods provided in thefollowing section.

V1.1t Theknowledge andtonceptualiséion process has been delayed as outlined in Section 2 of
this report.

V1.2t Analysis of existing data

The revision of the MYRP and A&®Rvell as delays Bubcontractingmembers ofthe Leadership
Teamhave delayed this component of work, but because the risks of starting work have been
perceived as low, work has continued while these processes have been underway.

V2.1t Field work planning

This component of work has been affected by the delays in the launel review and
conceptualisation proces8Vork commenced in April, and has continued in parallel with the
knowledge review, conceptualisation and review of the MYRP and ARP, but at a lo@tikeeaa for
the selection of survey sites were developed amatk commenced on the experimental desigs a
consequence, these activities were rast schedule to be completed loyid-July2016

V3.1 Mesocosm studies

This component of work has been affected by the delays in the knowledge review and
conceptualisation proces8Vork commenced in April, and has continued in parallel with the
knowledge review, conceptualisation and review of the MYRP andA&Re work on the design of
the experiment was underway in May and continued through June dsugtechnical challenges
were recognised and addressetb at June 30, 2016, thizaft literature review was completand
circulated to theLeadershipGroup for commenthowever, the experimental design for the pilot had
not been completed and this meatitat subsequent activities were also delayed.

Summary of theme activities for the reporting period

Knowledge review and conceptualisation

At the Vegetation Theme workshop in Melbourne¢20 May 2016, the Leadership Group agreed
on the direction othe conceptualisation and on the structure of the models and tables that
underpinthe conceptualisatior{Figurel). Thefocus will be on providing a framework to defineeth
variety of vegetation responses possible, across different functional traits, levels of ecological
organisation and different spatial and temporal scaldse Leadership Growgill also focus on
different types of functions (e.g. habitat, regulating, pess and information) provided by a variety
of vegetation responses. The flow componentlaf conceptualisation recognises the nested nature
of the influence of flow and climatic cycles on vegetation responses, from responses to individual
events, througho the influence of shorterm flow regimes (annual to decadal) and letegm flow
regimes (decades to centuries). The overarching management fothie adnceptualisation is to
provide information and frameworks to assist the design of watering eventsfgeted vegetation
responses. For further detajleefer to the presentation for the SAG workshop, 3 August 2016.

A draft paper outline has been developed and is being led by Sam Capon. The Leadership Group are

continuing to progress this arekpectto have adraft scientific papecompletedby December 2016
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Following feedback from the presentation of our conceptualisation to the SAG (3 August 2016), the
Leadership Group will also focus on creating a better link betwleenonceptualisation and
research components within MDB EWKR.

Figurel. Development of conceptual models at the Vegetation Theme workshop, Melbourne20OMay
2016.

Data integration and synthesis

The Vegetation Theme conducted a workshop expldénge-scale vegetation data analysi;b
November 2015, Canberra). The workshop was about connecting vegetation ecologists, water
managers, statisticians and modellers with a broad range of experiences and knowledge, as well as
about discussing the poteiatl for analysing large, combined datasets. An overview of the EWKR
project was presented and provided context for why the Vegetation Theme is seeking data from
collaborators. A series of thougptovoking presentations were given that led into group
convasations. These conversations and break sessions resulted in robust discussions around
priority questions from both science and management perspectives, potential datasets, challenges
associated with accessing and managing datasets, as well as pbéeatigsis approaches.

There was agreement that combining and utilising existing datasets is a potentially powerful way of
testing hypotheses or looking for patterns on large spatial (and possibly temporal) scales. It is also
recognitionof the value of dtasets and the extensive work undertaken by large numbers of people
from a range of organisations and locations. This is the start of the journey! It was a deliberate
decision to engage collaborators early and this workshop was just the beginning obtiesg. The
workshop highlighted the importance of having a strong theoretical basis underpinning our analysis
and the need to refine data analysis questions.

Approximately 30 people from a range of agencies, universities and organisations were ifnolved
the workshop. Ten presentations were given, and six of these were from participants outside of the
Vegetation Theme Leadership Group. Prior to the workshidprmation about potential datasets

was collated. This involved communication with a large neind external stakeholders. This meta

data (indicating potentially available datasets) was collated from:

1 41 contributors

1 240 individual datasets (53 related to trees, 187 related to understorey)

1 arange of geographic regions (rimver Murray (Barmah domstream to Chowilla), Lower
Lakes, tributaries of the Murray (e.g. Goulburn, Broken, Campaspe), Darling Anabranch, Lower
Murrumbidgee, Macquarie Marshellorthern Basir{e.g. Balonne, Gwydir, Narran, Paroo))

i predominantly from grey literature (onlyine datasets in peereviewed publications)
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Detailed notes and outcomes were circulated from the November workshop including:
aworkshop summary
guiding principles
workshop notes
additional recruitment notes
the workshop patrticipation list
the metadataspreadsheet
PDFcopies ofthe nine presentationgjiven, which related to:
o the data workshop and EWK®erview (Cherie Campbell)
0 Australian vegetation ecology of wetlands, rivers and floodplains: output (Dr Jane
Roberts)
analysing large datasets (Dr Casdames)
the metadata summary (Dr Daryl Nielsen)
arehash of Day 1 (Cherie Campbell)
the Queensland-loodplainvegetation project (Dr Bill Senior)
applications of stand condition assessments (Dr Shaun Cunningham)
aNSW perspectiveesearch opportunities uret EWKR (Drs Patrick Driver, Sharon
Bowen and Simon Williams)
0 gaining predictive capacityerrestrial vegetation in river channels (Dr Angus Webb)

=4 =4 =4 =4 -4 -4

O O 0O o0 oo

A datashare agreement has been prepared and approved by La Trobe legal and is able to be used to
enter ino agreements with data providers. Conversations have commenced around obtaining data
from external providers and subsetof data has been provided to Dr Cassie James to commence
preliminary analyses and trial approaches.

Field site assessments

At the Vegetation Theme workshop in Melbourd€¢20May 2016, the Leadership Group refined
the research questions and methodology for the field site assessments (refer to Annual and Multi
yearResearchPlans).

The desktop process for the selection ofdisites was also confirmed at this workshop and this
process has commenced. Relevant data has been sourced, collated and analysed to define
monitoring strata for desktofibased site selection, includingate-based or sitebased vegetation
layers, RIMFIMIlayers, and ML.dayhydrology time series data from relevant locks. Using this
information, combinations of the following strata have been defined and mapped as applicable to
individual sites:

1 vegetation structurenon-woody wetlandsjnland shrublandsinland woodlands

1 flood return frequency: <1.5 years (near annual)¢3.9ears, 85 years and &10 years

Potential field sites (25 per stnatn have been randomly selected within each strata (Bigare2 as

an example). To date this desktop mapping and random selection of sites has been completed for
both the Lower Murray and Mi\lurray sites. A smaller selection of sites for monitoring (five per
stratum will be finalsed against agreed criteria (refer to Annual and MydtarResearchPlans) and

in consultation with relevant site managers. A meeting was held with staff from the Mallee
Catchment Management Authority (5 August 2016) to refine site selection with sitageas for

the Lower Murray site. Consultation will also occur with NSW and South Australian representatives
as well as relevant staff at the other MDB EWKR field sites. Documentation of site selection, field
methods and consistent data sheets is underway.
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Figure2. Randomly selected potential field sites stratified by vegetation structure and flood return
frequency for the Lower Murray location.

Mesocosm studies

At the Vegetation Theme workshop in Melbourne¢20May 2016, the Leadership Group refined
the research questions and methodology for the seedling mesocosm experiment. Conversations
around this component have continued via email and teleconference (4 August 2016) and
documentation of the finalised methodugy is being refined to reflected these conversations. The
mesocosm experiments will apply to all four key ldingd woody specieRiver Red Gum
(Eucalyptus camaldulendixehnh.), Black Bokgcalyptus largiflorens.Muell.), CoolibalHucalyptus
coolaba Blakely) and Lignunb@ma florulentaMeisn.) The experiments will focus on the response
of seedlings to sequential flow combinations as well as the influence of seedling condition on
response. Technical planning for the experiments is well underwaygguipment/seedlingbave
beencosted Y dzNB& $Havéb@eicorfait€d @ndthe use of equipmenhas beertrialled). It is
anticipated that the methodology document will be finalised by the end of August 2016.

Theme coordination, leadership and repontj

This component includes theme research planning, coordination and reporting, including
contributions to Annual and Mulear Research Planglid-year andAnnualProgressReports,
within-theme and betweeftheme communication, SAG, JRG #meDepartmentcommunication,
and external communication. There has been significant investment in this component. A list of
activities that have occurred between 1 July 2015 and 30 June 2016 are given below.

1 Theme Coordinatorg/orkshop 23 July 2015, Wodonga
1 Development ofiraft researchplans and associated budgenfual andMulti-year), August
2015

1 Science Advisory Group Workshop 27 August 2015, Sydney, presentation of proposed theme

research
1 Theme Coordinatorsleeting 2 September 2015
1 Vegetation Theme Datlntegration and Synthesis workshogbNovember 2015, Canberra
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1 Revision ofiraft researchplansand associated budget&rfnual andMulti-year), December
2015

1 Research teams contracted

1 EWKRhe DepartmenfTheme Coordinators, JRG and SAG Work$8gpl Felruary 2016,
Canberra

1 Ad hoc discussion of EWKR and potential linkhi Living MurrayTLM projectat the TLM
Icon Site Managers Forudg5 May, Mildura (crosgroject collaboration)

1 Queensland-loodplain Vegetation Project Steering Committee Meetiigiviay 2016,
Brisbane

1 Lower Murray Regional Workshop, 17 May 2016, Buronga

1 Vegetation Theme Workshd®¢20 May 2016, Melbourne

1 Ad hoc updates of EWKR to the NSW Murray Lower Darling Environmental Water Advisory
Group,25¢26 May, Deniliquin (as well as updates at earlier meetings)

1 Commonwealth Environmental Water Offic@EWQBIlack Box Working Group
teleconference, 31 May 2016 (cregroject collaboration)

1 Attendance and input at the NS®ffice of Environment and HeritageEH Murray Lower

Darling Long Term Watering Plan workshig®, June 2016, Albury (highly relevant to the

adoption of EWKR outcomes)

CEWO Black Box Working Group Workshop, 24 June 2016, Mildurapfcjess

collaboration)

Theme Coordinator and Integratideleconference meetings weekly or fortnightly

Revision of Annual and Mulfear Research Plans and associated budgets

Other meetings, teleconferences, email discussions and stakeholder engagement

Progress reporting

=

= =4 =4 =4

FlguréS. Vegetation Theme Leadership Group at our annual workshop, May 2016, Cherie Campbell, Daryl
Nielsen, Rachael Thomas, Sam Capon, Jason Nicol, Kay Morris, Cassie James.

Integration across themes

A number of activities have occurred to progress and improvegiation between the themes,
including fortnightly teleconferences with theme coordinators, fieldwork planning in consultation
with other themes and workshops. Specific plans for links in terms of field data collection and
analysis have now been formed beten the Waterbird and Vegetation Theme and will continue in
terms of finalising site selection and shared data sheets. The Webd Theme is investigating the
leachate quality from different vegetation and this will conceptually link to the Vegetatiem&lin
terms of maintaining distributions of different vegetation types in the landscape. Links between the
Vegetation Theme and the Fish Theme will be more theoretical and will be explored through
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2016 18



conceptual models and articulation of the functions vag@spects of vegetation play in the
landscape.

Stakeholder engagement (table and text describing highlights/achievements)

There has been stakeholder consultation at various stages throughout the MDB EWKR planning
process. Some of this cor&tion has occurred at the wholef-project scale and other
communication has been more specific to themes. Consultation and communication has occurred
through both formal channels (e.g. structured workshops, targeted phone calls) as well as ad
hoc/opportunistic communication around other projects and/or attendance at-MibB EWKR

related workshops. Where possible, a record of this communication has beenTibjs(

Stakeholder communication and consultatipn.
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Table5. Stakeholder communication and consultation.

Type of communication

Person(s)

Organisation(s)

Science Advisory Group Workshoy
Sydney

ThemeQoordinators,
MDFRC Project
Management

23¢24 April Workshop The DepartmentTheme | Multiple organisations | Initial workshop with alThemeLeadership Group® initiate the
2015 Initial MDB EWKR leadership tean| Leadership members, | (see attendance list) research planning component of EWKR
workshop,Albury MDFRC Project
Management
21¢22 May Presentation(Cherie Campbell) Multiple people (see Multiple organisations | Presentation and panel discussion at the 2015 Environmental
2015 2015 Environmental Watering attendance list) (see attendance list) Watering Forum. Brief mention of EWKR (and LTBVBreexample of &
Forum, Wentworth large-scale basitwide program in Australia.
16¢17 June Workshop Vegetation Leadership | Multiple organisations | Research planning
2015 Annual 014¢15) Vegetation Group (see leadership list)
Theme research workshop, Sydne
27 Aug 2015 Presentation (Cherie Campbell) The DepartmentSAG, | Multiple organisations | Presentation of Vegetation Theme research direction to the SAG

(see attendance list)

16 Sept 2015

Presentation (Cherie Campbell)
International Symposium on
Aquatic PlantgISAPP015,
Edinburgh

Multiple people (see
attendance list)

Multiple organisations
(see attendance list)

Presentation at the ISAP conference. Brief mention of EWKR (and
LTIM) as anxample of a largecale basifwide program in Australia.

Midclate Sept

Presentation, conversations,

Multiple people (see

Multiple organisations

Presentation at the University of DuisbdEgsen and conversations

EWKR Data component workshop
Canberra

workshop attendance
list)

2015 (and planning emails (Cherie Campbell) Fellowship information) | (see Fellowship with people there and at the ISAP conference

earlier information)

preparation)

October 2015 | Emails/phone calls Multiple people (see Multiple organisations | VegetationTheme Leadership Group members and Christine Reid

Undertaken by multiple people: meta-data table and (see metadata table O2y Gl OGSR @I NR2dza LIS2LX S Ay NXEB
1 All LeadershipGroup associated emails) and associated emails) | collated record ofvho was contactephowever, this can be inferred
members from whose data ended up in the metkata table for the data
1 Christine Reid workshop (45 Nowember). Most people who attended the data
workshop were contacted.
4¢5Nov 2015 | Workshop Multiple people (see Multiple organisations | See email and circulated outputs (summary, notes, metadata

(see workshop
attendance list)

information, copy of presentations)

10¢11Feb 2016

Presentation

Multiple people (see

JRG Workshop Canberra

attendance list)

Multiple organisations
(see attendance list)

See notes/feedback captured in EWKR project management
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Type of communication

Person(s)

' Organisation(s)

4¢5 May 2016

Ad hoc workshop discussion

TLM Icon Site Managers Forum
(Mildura/Hattah)

(Darren Baldwin, Cherie Campbell
TF2t€26AYy 3 51 NNJ

Multiple people (see
attendance list)

Multiple organisations
(see attendance list)

9 Discussion around the potential for EWKR to relate to TLM
1 Overlap of icon sites is an obvious link but other icon sites
also interested  keen to know specifics of activities and
potentially value add by undertaking activities at their sites
too

Keen to be kept in the loop generally

Would like to see updates on the website

Most people were unaware of JRG representation of their
organisatonst it would be beneficial to communicate who
the JRG members are to help facilitate communication wit
organisations

=a —a —9

16 May 2016 Workshop attendance (Sam Capot Multiple people (see Multiple organisations 1 The Queenslantfegetation project team provided an updatg
QueenslandHoodplainVegetation | attendance list) (see attendance list) of progress to date and planned activities
project workshop 1 This update was passed on to the Vegetation Theme
Leadership Group at the annual workshdgq20 May 2016)
17May 2016 Presentations and workshop Multiple people (see Multiple organisations | See notes / feedback captured in EWKR project management
Lower Murray Regional Workshop, attendance list) (see attendance list)
Buronga
19¢20 May Workshop Vegetation Leadership | Multiple organisations | Research planning
2016 Annual 01516) Vegetation Group (see leadership list)
Theme research workshop,
Melbourne
25¢26 May Ad hoc workshop discussion Multiple people (see Multiple organisations | Ad hoc updates for both EWKR and LTIM, particularly where
2016 NSW Murray Lower Darling attendance list) (see attendance list) information relates to sites along the Murray River and Edward
Environmental Water Advisory Wakool
Group,Deniliquin
31 May 2016 Teleconference Working group memberq Multiple organisations | Inter-project communication through representation on the Working

CEWO Bck Box Working Group

(see attendance list)

(see attendance list)

Group from the CEWO proje8thieving longerm ecological
outcomes for BlacBox through active groundwater management

1¢2 June 2016

Workshop

NSW OEH Murray Lower Darling
Long Term Watering Plan
Workshop, Albury

Multiple people (see
attendance list)

Multiple organisations
(see attendance list)

Attendance and input at this worksho@f relevance to EWKR in tern
of adoption pathways for the uptake of EWKR research outcomes
well as ensuring the relevance of research outputs to {tarm
planning challenges faced by state and regional water managers

24 June 2016

Workshop

Working group members
(see attendance list)

Multiple organisations
(see attendance list)

Attendance and input at this workshop. Of relevance to EWKR in te
of inter-project communication and ensuring outputs fraach
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Type of communication Person(s) \ Organisation(s)
CEW@lack Box Working Group project are complementary and will vakeeld to each other rather
meeting, Mildura than duplicate effort.
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1.2 Theme 2d Fish

Table6. Tasks and progress for 20456.

Component

F1.Knowledge
review and
conceptualisatio
n

Activity

start

F1.1 Fish
recruitment and
conceptualisatio
n

Jan 2016

Fl1.1.1
Theoretical
synthesis and
conceptualisatio
n

Jan 2016

F1.1.2 Jan 2016
Knowledge and
management of

flows and fish

recruitment in

the MDB

F1.1.3 Review
and synthesis of
the factors
limiting spawning
and recruitment

Jan 2016

Scheduled

Scheduled
end

Dec 2016

Dec 2016

End Sep
2016

End Oct
2016

F1.1.4 MDB fish | End Apr 2016 End Oct

recruitment
conceptualisatio
n integration

2016

Responsible

agency

MDFRC,
CharlesSurt
University and
Arthur Rylah
Institute

CharlesSurt
University

Arthur Rylah
Institute

MDFRC

MDFRC

Status
against
timeline

Comments

O On track

On track

Date was
modified to
end Dec
O due to
delays in
getting
contract
signed

The date
and nature
of this
deliverable
for this
activity was
modified (as
discussed
and agreed
O to 25/8).
The delivery
dateis now
end Dec
2016 and
the
deliverable
isa
summary/
position
paper.

The date
O and nature
of this

deliverable
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Component Activity Scheduled Scheduled | Responsible Status Comments

start end agency against
timeline

for this
activity was
modified (as
discussed
andagreed
to 25/8).
The delivery
date is now
end Dec
2016 and
the
deliverable
isa
summary/
position
paper.

F1.2 Summary of Jan 2016 End May MDFRC Delayedt

prior and current 2016 see relevant

projects section
below

F3 Theme F4.1 Theme Jul 2015 Jun 2016 MDFRC Complete = Jun2016
coordination, coordination d
leadershipand

reporting F4.3 Jul 2015 Jun 2016 MDFRC Jun2016

Project reportin Con:jplete
g

Progress against scheduled theme activities

{SOGA2Y H 2F (KA aschedbled? Qi A @A GR SNB A HB LIANK a8y G KS
FishTheme in meetingrojectwide obligationssuch as knowledge review and conceptualisation,

revising research plans and undertaking field work. Exceptions to this reporting fBisthifneme

are detaled below and summarised in Table&Ssummary of themelanning,activities and

expectedoutputs for the reporting period is provided in the following section.

Overall

After the SAG workshop and associated feedbtiek| eadership Teamvorked betweenAugust and
October to develop an approach for the conceptualisation procEss process was finalised at a
teleconference or20 October 2015 and an update providedttee Departmentin early November
2015 A draft AnnuaResearchPlan wasthen completed n earlyDecember 2015This outlined the
process for thehree knowledge review, conceptualisation andubsequent integrationin order to
progress work on the theoretical review, MDFRC agreed to emplo8ldtaff on a casual basis
These staff were tbn able to start the review procedsor the other reviewghe Christmas break
limited activity on both the Knowledge Review and the preparation of subcontracts until the end of
January when leadership team members and LTU legal staff returned to work
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There was then period extending from late January through into April during which time, contracts
to engage members dhe Leadership Teatn the conceptualisation process were prepared and
sent to collaborating institutions for approvdlhis process described in more detail in the
Vegetation Theme.

TheMYRP and ARAere both revisedin April and May 201@&nd submitted to the Department in
early June

F1.1t Theoretical synthesis and conceptualisation

This component of worlwvas commenced after thapproach to conceptualisation had been agreed
and approved by the Department in early November 20Aragress was facilitated by the MDFRC
agreeing to employ two CSU patactoral research fellows to undertake the literature revidy

early May, enough mgress had been made that Paul Humphries (lead researcher for this activity)
was able to start discussions with Darren Baldwiood Webs Them@ordinator) about integration
between the Fish and Food Wethemes.

F1.2t Knowledge andnanagement oflowsand fish recruitment in the MDB

This component of worlwasaffected bythe delays in the contracting process and then once
contracts were approved, further delays were encountered due to other project commitments for
key staff including John Koehfhe magr activities undertaken were planning and then hosting a
conference for water managers in Melbourne ®May. Theworkshop provided an opportunity to
discuss current approaches to the delivery of environmental flows for fish and critical knowledge
gaps The workshop complemented a review of the scientific and management literature on
management of flows to achieve outcomes for fish in the MDB.

V1.3.1 Review ofactors limiting spawning

The review of factors limiting spawning and their interaction withwflvas delayed due to demands
placed orthe Theme2 2 NR A {irmelagsotatad witlproject coordination, preparation for the
JRG workshop and development of the contraGsce these commitments were completed, the
review was commenced artbe scientificand management literaturevere assessetb identify and
prioritise key threats to fish recruitment

V1.4t Integration

The Integration component is relianh the outputs from the other threeeviews and so
commencement was delayetdhelntegration actvity was focussed on a workshop of the Theme
Leadershipream, whichs scheduled to be held d26 to 28 Jul016.

Summary of activities for the reporting period

The following sectionexplainhow each component of the theme is being developed antlines
the expected research outcomes.

Knowledge review and conceptualisation

This activity seeks to improve our conceptual understanding of the relationship between fish and
flow and will:
1. improve our conceptual understanding of the relationship betwéew and fish populations
in such a way that greater and more appropriate levels of detail and complexity can be
understood and communicated
2. underpin the design of the other activities undertaken by the Fish Theme
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3. represent a significant project output dfrect and immediate value to both water managers
and researchers
4. pbSO02YS Iy AyLlzi G2 GKS RS@St2LYSyd 2F GKS

The conceptualisation process has been divided into four components: theoretical (global),
management (MDB), maflow related stressors and threatand an integration of all of these to
providea managementfocussed, MDBpecific conceptualisation of fish recruitment based on the
best available science and most-tqpdate management informationRigure4).

Activity F1.1.1: Theoretical
synthesis and
conceptualisation

Activity F1.1.2: Knowledge
and management of fish and
flows in the MDB

Activity F1.1.3: Review of the
factors limiting spawning and
recruitment

Activity F1.2: Identification
and summary of relevant
projects

[ |
]

Activity F1.1.4 MDB fish
recruitment conceptualisation
integration

i

Identification of priority focus
areas and associated hypotheses

Activity F1.3: Review multi-
year research plan

l

Component 2: Research
Activities

Figure4. Diagram depicting the linkages between the foundational activities that are being undertaken by
the Fish Theme

Theaetical synthesis and conceptuaation

This activity was subontracted to be undertaken by Paul Humphriebdfes Sturt University &L)
in collaboration with Nicole McCasker (CSU), Richard Kopf (CSU), Alis@hiites(Darwin
University CDU)), RickStoffels (MDFRC) and Brenton Zamp&utth Australian Research and
Development Institute $ARD). The work was commenced in February 2016 and is due to be
completed by December 201Beliverables from this activity include:

1 dissemination of key findirsgand answers to the integration questions (as identified in the

integration framework) prior to thé-ish Theme Workshop in July 2ql6ly 3t completed)
1 a <ientific publication.

Projectobjective: to integratelife-historytheory, behaviour and physiology, river ecosystem

concepts and fish recruitment hypotheses to establish current understanding, determine knowledge

gaps and develop testable hypotheses relating to flow/fish recruitment relationships. Specifically,

this acivity aims to:

1. investigate if and how physiological, behavioural &fedhistorytraits are correlated

2. how these three components interact with the key features of river ecosysteraad flow in
particulart to contribute to fish recruitment

3.  explore therelevance of river ecosystem concepts for explaining patterns and processes in
fish recruitment and population dynamics

4.  relate current ideas and hypotheses about fish recruitment from all aquatic environments to
rivers and riverine fishes

5. identify knowledge gaps, generate hypotheses and guidelines for future research to better
inform future management
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In addition, this activity took on the additional task of reviewing the literature in order to provide
information to enable an appropriate definitioof recruitment for the EWKR Fish Theme.

Good progress has been made with this activity and progfiestate is summarised below:

Recruitment definition

Based on an extensive review of the freshwater, marine and estuarine literature regarding relative
mortality rates among different developmental stages and the frequency in whichf&etages

were attributed to driving recruitment variability in fish populations, the following definition of
recruitment was recommended (and has subsequently been dc@R 0 Y WG KS LINR OS
GKS SyR 2F (KS FANRG @8SINI2F tAFSQd . 20K (K
that govern survival to the first year are considered as part of this definition.

~

aa
S

Current hypotheses about fish recrument to riverine fish

An extensive literature review was conducted examining the relative importance of different sources
of mortality and how these vary with development stage. Most studies examined one source of
mortality only with a limited number oftgdies examining two factors simultaneously and even

fewer examining three factors. This limitation in the approach of most recruitment studies means
that the relative importance of different sources of mortality is virtually impossible to assess. In
addition, very few studies were undertaken in riverine systems.

There are a large number of recruitment hypotheses that have been developed and in most of these
the temporal coincidence of food or predatorsli® dominant paradigm. One recruitment
hypothesisthe Fundamental Triad, which was developed for marine pelagic broadcast spawning
species considers spatmhdtemporal coincidence of food and larvae. This type of model may be
well-suited to being adapted to freshwater systems and spetiesever, it nust also consider

predation, temperature as well as movement (movement relates to how an individual accesses food
and avoids predation). A freshwater adapted model would also need to explicitly incorporate flow
variability and geomorphic complexities.

Rivea ecosystem models

Literature pertaining to river ecosystem models and river ecosystem functioning more broadly was
reviewed to assess the relationship between riverine ecosystem functioning and fish recruitment.
Most river ecosystem models have been depeld to explain:

1 sources of energy (C)
1 sources of nutrients (MndP)
1 nature of storage, transport & transformation or material and energy

as they pertain to different types of rivers and/or climates. With the exception of the flood pulse
concept and the river wave concept, flow is not explicitly considered in these models. Most models
also do not relate directly to fish and fish recruitmemd most fish recruitment studies do not
consider river ecosystem models or even mechanisms that underpin fish responses.

Life history, physiology, and behavioural traits and fish recruitment

The review of the literature pertaining to species traits rdeezahat the traits most commonly and
traditionally thought of as influencing recruitment drge-historytraits. However, other traits such
as physiology and maternal condition are increasingly being considered. For example, tué-Pace
Life Syndrome ia mode] which incorporatedife-historytraits with behavioural and physiological
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traits. Winemillerandw 2 & I8e¢h&torymodel adds an additional intermediate group. Recruitment
variability is also expected to differ accordindite-history strategyin part as a result of metabolic
constraints (size, temperature and energy/food). Movement patterns, which do not always correlate
strongly withlife-history strategy must also be considered.

How fish traits, river ecosystems and flow contribute to fisacruitment

Significant progress has been made towards developing a river ecosystem recruitment model that
integrates all of the above to make qualitative predictions regarding the likely recruitment success of
different types of species under varyilgyels offlow and geomorphic complexity. This model will
continue to be developed and refined.

Knowledge andnanagement offlows andfishrecruitment in the MDB

This activity was subontracted to be undertaken by John Koehn (ARI) in collaboration with &teph
Balcombe (Griffith University) and Brenton Zampatti (SARDI). The work was commencedprimid
(commencement delayed by approximately 10 weeks due to delays in a draft contract being
supplied) and is due to be completed by December 2016. Deliverminldss activity include:

1 dissemination of key findings and answers to the integration questions (as identified in the
integration framework) prior to the Fish Theme Workshop in July 2016 (Julyc@inpleted)

1 an ARI client report to La Trobe/MDFRC

1 amanagemenffocussed publication. This will then be converted to a refereed scientific
journal article.

1 outputs, whichmay also be communicated directly to the funders and fish and flow managers
via presentations and fact sheets.

Project objective:to provide an ugto-date synthesisf information (knowledge and management)
for fish and flows in the MDB.

Approach:
1.  Current knowledge: Literature review to determine the current knowledge concerning flow

related ecology and directions for managing fish gagians in the MDB. Published journal
papers and grey literature (reports).

2. Current fishflow management: Questionnaire and workshop with key-fisivs managers to
determine needs angriorities. The workshop held at ARI on the 5 May that included fish
ewologists and fistilows managers representing regions across the MDB

3.  The workshop then used a consensus approach to identify priority knowledgelgapder to
get a range of views regarding knowledge gaps for potential EWKR projects, the workshop
utilised the results from a previously distributed questionnaire, workshop presentations
(ecological literature, management directions and regional managers), and held considerable
discussions, to develop a priority list of knowledge gaps from an ecalg¢gtance only)
perspective and those priorgéd by managers. These knowledge gaps were collated, and sent
to all participants for their further consideration, amendment and agreement.

Results

Current knowledge

We undertook a review of the published@grey literature to elucidate contemporary knowledge
and emerging trends in flowelated fish ecology relevant to the MDS8tarting with 750 papershis
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list was reduced down to 57 relevant filbw ecology papers from information provided by titles

and abstracts. All relevant papers were published from 2000 onwards. Most papers were limited in
both spatial (e.g. single site or river) and temporal scale (<1 year duration) and the mdialfitdt
topics were related to water quality. The majority obthesearch occurred in lowland habitats.

The review found some key knowledge gaps:

scalet understanding about scale temporal and spatial

rates T growth, survival

understanding of factors that grow populations

outcomes of watering for a target speci@s associated species)

links between flow and habitat hydrodynamics leading to fish outcomes

location relevanca how transferrable are results?

limited information about theNorthern Basin

threatened species often targeting last gasp efforts ratherah longer term understanding
of population needs.

= =4 =4 =4 =4 -8 -8

The trends indicate that our fish flow ecology science has moved from single site Jifénsfiege
outcomes to more integrated studies that consider multiple interactions between flow components
and lifestages to enable the understanding of whole population responses to flow.

Keyspecies

Considering initial consultation with State and Commonwealth water managers (2014), outcomes
fromthe fishflow Y I vy 3SNRA& [jdzSad A 2 yy |l A NBithih gaitBhmenss Nijleie K 2 LJ
flow can be managed, key larpedied species are: Murray c@llaccullochella peelii peelii

Mitchell), Golden perch(Macquaria ambigudichardson)Trout cod(Maccullochella macquariensis
Cuvier) Siver perch(Bidyanus bidyanuislitchell), Macquarie percliMacquariaaustralasicaCuvie),
andFreshwater catfisTandanus tandanulitchell). The flow requirements for the priority small
bodied species in the lowland habitats are lasdl known and tend to be largely restricted to-off
channelhabitats. The priority small bodiesbecies areSouthern pygmy percfNannoperca
australisGulinther) Southern purplespotted gudgeorfMogurnda adspers&astelnau)Olive
perchlet(Ambassis agassi8ieindachney, Murray hardyheadCraterocephalufiuviatilis
McCulloch)and Yarrgygmy perchiNannoperca obscurdlunzinger,)

Current knowledge and thinking regarding the ecology on MDB fishes and their populations in
relation to flows in the MDB

Current flow ecology knowledge is limited to a resgttnumber of species arlde-stages, with the
major knowledge being for spawning and recruitment for Murray cod@olden perchandthen to
a lesser extent fo8lver perch and Macquarie perch. There is limited knowledgérfeshwater
catfish and muchof this knowledge is from coastal strean@ur understanding around flow
requirements for promoting recruitment of the smdlbdied priority species is even more limited
than the largesbodied species (Table.1)

As with the general knowledge life-stages for the MDB priority fish species, most of our
understanding of key recruitment driverslates tothe largerbodied species, particularly Murray

cod, Trout cod andGolden perch (Table 2Yhere is limited knowledge for understanding the

influence of fbw as a driver and its influence on other drivers for the successful recruitment of
smaltbodied species anBreshwater catfishThere are clear knowledge gaps for all species in

relation to biotic recruitment drivers, such as competition and predation diedase.

In general, our knowledge of the influence of flow and other drivers is ladkiren where we do

have some confidence in our knowledge of these factors, how strongly they link to actual population
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increase is less well knowiRor example, we argaining more knowledge on fish movements, but
the actual outcomes for the populations is often unknown.

Contemporary fishiflow management in the MDB

In 2014, EWKR sought to capture the research priorities of State (SA, VIC, NSW and QLD) and

CommonwealtiMDBA andhe Departmen} water and natural resource managers through

guestionnaires and a series of workshops. The common fish research themes/questions resulting

from this process were:

1 What scale do populations operate at? Population dynamics anditexnt, demographic
processes, connectivity etc. Scales include: site, regional and, landscape.

= =4 =4 =4

Drivers for population dynamics and recruitment.
Food webs, primary productivity, food resources
Flowrelated thresholds, less than optimum duration, pargaknts, etc.
Refuge habitats, intermittent river&§yorthern Basin

In addition to this preliminary engagement, this current phase of the project involved consultation
with managers that have specific responsibilities for fish and flows. We invited repatise
management agencies across the MDB to attend a workshop and participate in an associated
guestionnaire .The fishflow manager workshop had 19 attendees, with questionnaire responses

from 13 {n bold).

Objective:To engage with fislow managersa determine their needs and perceived research
priorities in an MDB context.

Table7. Categorised list of participants at the Fish and Flow Workshop held in May 2016.

Fishecologists

Fishflow managers

Water managers

Projectmanagers

Attended

John Koehn*

Anthony TownsendNSW)

Damian McCrae (CEWO)

Amina Price

Brenton Zampatti*

Katherine CheshiréNSW)

LouiseChapman (Mallee)

Nadia Kingham

Harry Balcombe*

Emma Wilson (OEH)

Anthony Moore

Lee Baumgartner

Alana Wilkes (CEWO)

Jessica Davison

Wayne Koster

James Dyer (OEH)

Jan Whittle (SA)

Fiona Spruzen (Vic. W & C)

Rebecca Turner (SA)
Apologies
Ivor Stuart Heleena Bamford (MDBA) | Tim Hosking (NSW)
Zeb Tonkin Adam Sluggett (MDBA) Beth Ashworth (VEWH)
Jase Thiem Sam DavigNSW) Ryan Breen (SA)

Marty Asmus (NSW)

Peter Brownhall¢QId) del

Andrew Warden (CEWO)

Debbie Love (Nth) staff

Tracey Steggles

Anna Lucas (Vic. W & C)

Courtney Johnson (VEWH)

Paul Reich (Vic. W & C)

tFdAl 5Q{Fyd2

*Project team
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1. To ultimately have moreative fish in their rivers. They want successfuldifele completion
from spawning and recruitment right through to a larger adult population size.

2. Measurable benefits from flow management (e.g. increased distributions, abundantte3
may include inérim measures (e.guantifiable improvements in dife-stages).

Hydrographs are a useful tool for flow managers and are now widely used; there is much interest in
refining these. Providing causal relationships of fish response to flow componerkeyigequest

from fishflow managers. Managers are looking for more guidance/interaction with fish ecologists
and the provision of definitive, easily applicable information.

Summary of the agreed priority knowledge gaps identified in the fiébws managea 6 2 NJ a K2 LJ
Following the presentations outlined above, the workshop concluded by undertaking a consensus
process to derive an agreed list of knowledge gaps. This list was then refined and sent to all

workshop participants for their further comment aiagireement. The priority knowledge gaps are

listed below:

Ecological knowledge gaps

Highest priorities

1. Population dynamics (incorporating dife-stages)

2.  Spatial and temporal scales and population processes
3. Rates: survival; growth

4, Recruitment (driversfood, etc)

Secondary priorities
5. Fish condition (and effects on survival and recruitment)

6. Fecundity

Management knowledge gaps

Highest priorities

1. Population dynamicgi.e. alllife-stages)

2. Recruitment(into adult population)

3. Movement, dispersal and corectivity

4. Mechanisms/causal links and thresholds (scale of variability; what are the drivers)

Secondary priorities
5.  Tradeoff processes

Speciesspecific responses to flows

Life-stagespecific responses to flows

Scale: Landscape/system site

Refugiaflow thresholds, maintain or not, top up or not

10. Recovery time (drought/blackwater}y recolonisation, barriers

© 0o N

al yFr3SNDRa LINA2NRGe alLISOASa

al yI 3SNRa &aLISOASE LINA2NRGASA | NB -badied e fishd= t A O RN
Neverthelessthere is also consideration of the whole of fish community, umbrella or keystone

species and particularly the need to address the needs of threatened species. Estuarine and

diadromous species are also priorities in South Australia.

Largebodied (priorityorder): Murray codGolden perch;Trout cod,Slver perch, Macquarie perch,

Freshwater catfish.
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Small bodied (priority order): Southepygmyperch,Southern purplespotted gudgeon, Olive
perchlet, Murrayhardyhead, Yarra pygmy perch.
Carp.

Review and sgthesis of the factors limiting spawning and recruitment and how these are
influenced by flow and other stressors
This activity is being undertaken by Amina Price (MDFRC) in collaboration with Lee Baumgartner
(CSUV), Paul Humphries (CSU) and John Koen (ARI). Work on the activity commenced in February
2016 and will be completed by December 2016. The aim of this adsititysynthesise existing
knowledge to describe the key limitations on potential fish responses (focussing on spawning and
recruitment), how these vary spatially and temporally and the influence of flow and other stressors.
The specific questions that Wile addressed are:
- What are the factors limiting fish spawning and recruitment?
What is the relationship between these factors, flow and other stressors?
Do these factors vary in space and time?
Are there any factors which are data poor?
- Arecomplementa¥ I OGA2yad YySSRSR ¢gKSNB FI Od2NA

Deliverables from this activity include:
1. Dissemination of key findings and answers to the integration questions (as identified in the

integration framework) prior to thé&-ish Theme Workshop duly 201completed)
2. A managemenfocussed report which will then be converted to a refereed scientific journal

article. The report will be delivered by December 2016.
3. It is anticipated that we will also communicate the outcomes from this activity djrést

funders and managers via presentations and a fact sheet.

Good progress has been made with this activity Bredprogressto-date is summarised below:

1. Identification of direct and indirect recruitment drivers (factors which limit recruitmésge
Table8 below).

2. Development of conceptual threat models depicting the relationships between threats, flow
and recruitment drivers. These include a description of the key spatiporal scales that
influence these relationships, and where appropriate, this variabilitycisrporated into the
models. These models also provide an indication of the relative influence of flow versus non
flow related factors on each recruitment driver under different spaéimporal scenarios.

The key threats, impacts, ecological effects assbaiated recruitmendirivers are shown
below (Table8). Examples of the threat models developed for water tempaeare also
shown Eigure5 and Figure6).

Table8. Direct and indirect (mediating) recruitmendrivers.

Directrecruitmentdrivers Mediating (indirect) recruitment drivers

Quality and quantity of foods ingested Nutrient and carbon inputs

Temperature Connectivity

Predation Hydraulic habitat

Disease and parasites Macrophyte cover

Desiccation Snagcover

Water quality Water quality

Pollutants Community composition (competition and
predation)
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Other sources of mortality (infrastructure)

Species traits

Movement and retention

cues; spawning habitat)

Spawning success (adult populations; spawning

Table9. The key norflow related threats and processes that might impact on the recruitment drivers.

changes to adult population size,
structure andcondition

Keythreat | Key impacts (stressors) Ecological effects Affected
recruitment drivers
Altered Erosion, channedation, altered | Smothering, infilling oscouring of Temperature;
land use patterns ofrunoff and overland | aquatic habitat (substrates and predation rates;
flow, sedimentation, hydraulic habitat); loss of shading; | food quality and
geomorphologicathange; loss of instream structural habitat; | quantity;
riparian alteration and changes to fooavebs; changes to | turbidity and
degradation; altered substrateg water quality; changes to communit| sedimentation;
altered nutrient regimes, composition; changes to adult salinity;
pollutants; raised groundwater| population, size and condition; eutrophication;
levels;de-snagging changedo organic matter inputs dissolved oxygen;
(amount, timing type) acidification
Barriers Loss of lateral (floodplain) Altered nutrient regimes; changes t( Temperature
connectivity, loss blongitudinal | organic matter inputs (amount, food quantity and
connectivity; cold water timing, type); altered sediment quality;
pollution; raised groundwater | regimes; channelisation and dissolved oxygen;
levels;stranding in scouring; geomorphological change| turbidity and
impoundments and weir pools;| alteration to hydraulic habitat; sedimentation;
pumping into inappropriate changes to community composition] salinity;
habitat changes to adult population size, eutrophication;
structure andcondition; leduced up | acidification;
and downstream dispersal of infrastructure-
juveniles; reduced downstam related mortality
dispersal of eggs and larvae; reduc
growth or mortality resulting from
stranding in sukbptimal habitats;
physical damage and mortality
resulting from passing though
pumps, weirs and dams.
Climate Increased water temperatures;| Changes to species distribution Temperature;
change changes to precipitation patterns; tianges to aquatic predation rates;
patterns; changes to vegetation; changes to riparian and| food quantity and
evaporation rates floodplain condition; altered nutrient| quality;
regimes; changes to organic matter| dissolved oygen;
inputs (amount, timingtype); turbidity and
altered sediment regimes; sedimentation;
salinity;
eutrophication;
acidification
Alien Disturbance of substratum Changes to species distribution Predation rates;
species patterns and community food quality and
composition; changes to aquatic quantity;
vegetation; competition rates turbidity and
sedimentation
Harvesting Changes to community composition Predation rates;

food quality and
guantity

MurraycDarling Basin Environmental Knowledge and ResearghdPrannual Progress Report July 201iine

2016

33




Landuse How regulation Barriers Qimate change

I
] l
\ 4 ) 4 v v

Riparian Geomorphic Altered flows Cold water Increased water
alteration change pollution temperatures

| —

A A 4
/ li .
‘ nggg? %% Hoodpkﬁ‘ | Temperam
ing <_

[ . . -
. landsape | | disconnedton | inflowing wate I

«

Water
temperature

Figure5. Temperature threatmodel for unregulated headwaters and tributaries.
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Figure6. Temperature threat model for main channel habitats.
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