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Agenda — Science symposium

10.00-10.30am - Project overview
10.30-11.45am - Physical connectivity
11.45am-12.45pm — Lunch
12.45-2.15pm - Productivity
2.15-2.30pm — Break

2.30-3.30pm Biological habitat
3.30-4.30pm Biological movement

4.30-5.00pm Wrap Up



Agenda — User workshops

9.30-10am - Acknowledgement of Country/Set up
10-11am - Physical connectivity

11am-12pm - Productivity

12-1pm - Lunch

1-2pm - Biological habitat

2-3pm - Biological movement

3-3.30pm - Wrap up



What are ecosystem functions?
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Alignment to Water Act and Basin Plan

Basin Plan — Chapter 8 (EWP), Schedules 7 (Targets), and 9 (Criteria)

Overall environmental objectives (s8.04, s8.06)

a) protect and restore water-dependent ecosystems of the Murray-Darling Basin

b) protect and restore ecosystem functions of water-dependent ecosystems

c) ensure water-dependent ecosystems are resilient to climate change and other risks
and threats

Criterion 1: The ecosystem function supports the creation and maintenance of vital habitats and
populations

Criterion 2: The ecosystem function supports the transportation and dilution of nutrients, organic
matter and sediment

Criterion 3: The ecosystem function provides connections along a watercourse (longitudinal

connections)
Criterion 4: The ecosystem function provides connections across floodplains, adjacent wetlands
and billabongs (lateral connections)



Basin-wide
environmental watering
strategy (BWS)

* At the Basin scale - sets long-term
quantified expected environmental
outcomes for river flows and connectivity,
vegetation, waterbirds and fish

* Indicators of broader Basin health
* Reviewed every 5 years

* Recommends water management strategies
to achieve these outcomes

River flows and
connectivity

Improve connections along
rivers and between rivers and
their floodplains

Maintained base flows:
o at least 60% of natural levels

Improved overall flow:

* 10% more into the Barwon—
Darling?

* 30% more into the River
Murray?

* 30-40% more to the Murray
mouth (and it open to the sea
90% of the time)

Maintained connectivity in
areas where it is relatively
unaffected:

o between rivers and
floodplains in the Paroo,
Moonie, Nebine, Warrego
and Ovens

Improved connectivity with
bank-full and/or low
floodplain flows:

o by 30-60% in the Murray,
Murrumbidgee, Goulbum and
Condamine-Balonne

* by 10-20% in remaining
catchments?®

Maintain the Lower Lakes
above sea level

Vegetation

Maintain the extent
and improve the
condition

Maintenance of the
current extent of:

« about 360,000
hectares of river red
gum; 409,000 ha of
black box; 310,000
ha of coolibah forest
and woodlands; and
existing large
communities of
lignum

* non-woody
communities near or
in wetlands,
streams and on low-

lying floodplains

Maintain the current
condition of lowland
floodplain forests
and woodlands of:

o river red gum
e black box
e coolibah

Improved condition
of:

o southern river red
gum

Waterbirds

Maintain current
species diversity,
improve breeding
success and numbers

Maintained current
species diversity of:

« all current Basin
waterbirds

 current migratory
shorebirds at the
Coorong

Increased abundance:

® 20-25% increase in
waterbirds by 2024

Improved breeding:

* up to 50% more
breeding events for
colonial nesting
waterbird species

* a 30-40% increase
in nests and broods
for other waterbirds

Maintain current species
diversity, extend
distributions, improve
breeding success and
numbers

Improved distribution:

o of key short and long-
lived fish species across
the Basin

Improved breeding
success for:

o short-lived species
(every 1-2 years)

« |ong-lived species in at
least 8/10 years at 80%
of key sites

» mulloway in at least 5110
years

Improved populations of:

 short-lived species
(numbers at pre-2007
levels)

o long-lived species (with a
spread of age classes
represented)

e Murray cod and golden
perch (10-15% more
mature fish at key sites)

Improved movement:

« more native fish using
fish passages



BWS and Annual Environmental Watering Priorities
* Focus on structural ecosystem outcomes / assets (veg, fish, birds)
* Ecosystem functions addressed in the BWS:

» flows and connectivity

» some life-cycle processes e.g. dispersal and breeding

» Potential benefits of improving approach to ecosystem functions not yet

realised — lots of scope here!




* 3 year research collaboration
* CSIRO/DCCEEW/MDBA/CEWO
* DCCEEW provided $3 million funding

* MDBA managing project of behalf of Commonwealth
partners



Governance
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The objectives of this project are to describe and demonstrate at the Basin-scale an

understanding of
1. Ecosystem functions in the MDB for the purpose of their protection and restoration

2. Management of water for Ecosystem Function outcomes to support a healthy, working

basin; and
3. Evaluation of Ecosystem Function outcomes and the contribution of management
Scoping statement

To achieve these objectives this project will focus on Basin scale connectivity as a management

aim and a key driver for ecosystem function of the Basin



Ovutcomes and Impacts

Outcomes
* Improved capacity to understand ecosystem functions

* Improved science and tools for ecosystem functions to inform decision making for

river planning and management as demonstrated through use-case(s)

* Improved ability to communicate to the Australian public the importance of

ecosystem functions and their management
Impacts
* To advance science-policy tools for water management

* To have improved outcomes for water management in the Murray-Darling Basin



Thank you

Office locations
Adelaide
Albury-Wodonga
Canberra
Toowoomba

mdba.gov.au (® 1800 630 114
@ engagement@madba.gov.au
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Purpose and expectations

Purpose:
e Build a shared understanding of research objectives and questions

e Refine and build consensus around use-cases

Expectations:

* This is the first of multiple workshops — begin with broad oversight,
subsequent workshops in finer detail

* Seeking feedback to improve the utility of products



Ecosystem Functions Research Themes
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e =N —T——
1. Demographic processes
2. Habitat

3. Food resources
4. Competition/

harvesting/predation

5. Germination or spawning
cues

6. Movement cues
7. Chemical (water quality)
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~

. Physico-biochemical processes ***
. Habitat (creation + maintenance) **
. Life cycle **

. Biological movement + dispersal**
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Biological connectivity Hydrological connectivity
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Inform basin-wide medium to long term e-watering
strategies (CEWO)

* Application of response-relationships developed

* Guidance pathways that evaluates resource availability scenarios

Inform the establishment of long-term EEO(s) for
ecosystem functions (MDBA)

* Inform the establishment of long term expected environmental
outcomes (EEO) for ecosystem functions

* Metrics/indicators to enable monitoring and evaluation

* Define interim measures of success



@ Hydrological Connectivity

Biological connectivity
eDNA monitoring Temporal and Spatial
o~y data layers of animal
IDENTIFICATION movement/habitat
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- - -

DNA SPECIES 1D
EXTRACTION

Tags to track
animal movement

oo
S
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Long term — high resolution
water observation from space

Real time response —

lateral and longitudinal

hydrological connectivity
]

....

Distributed sensor based —
flow gauge data

Basin Scale Lateral Connectivity

* two monthly maximum inundation mapping (30
years)

* multi-index surface water detection

e water depths at 25 m pixel

* merged lidar and stream network

Basin Scale Longitudinal Connectivity

Productivity responses to
Habitat provision flow and connectivity
DATA INTEGRATION MODEL Carbon flux
Q,@ TRUE STATE OBSERVED STATE
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(occurence, o < : < B0
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* barrier mapping across the Basin

* Channel segments with distance to fragmentation
(1km)

* channel depth and width (currently average)

* velocity and flow at 1 km segment granularity (in
development) (30 years max dependent on flow
gauge data)



@ Depth and extent of inundation (two monthly)
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https://map.easi-eo.solutions/#share=s-5gDCU9gh91CmSurBN2uK5gKCCzt

RGB

Multi-Index

* Simple and fast
* Minimise dry pixels misclassified as water
* |dentify small water bodies
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@ Flood Water Depth Estimation Tool
(FWDET:Cohen et al.2019)

Boundary elevation from DEM
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Interpolated water surface elevation
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Visit https://map.easi-eo.solutions/#share=s-5gDCU9gh91CmSurBN2uk5gKCCzt to visualise the data.



https://map.easi-eo.solutions/#share=s-5gDCU9gh91CmSurBN2uK5gKCCzt

@ LiDAR DEM and SRTM fusion

5m LiDAR
Aggregated

to 256m \



Barrier network
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» Dataset with 1338 monitoring points

* Channel segment distance from
fragmentation
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Biological Connectivity



Biological Connectivity Modellin

* Basin-scale connectivity models for waterbirds and fish

 Modelled probability of movement between two locations

given a suite of environmental conditions

7 December 2022



How can you use these models?

1. Provide metrics/indicators of connectivity

* Calculate predicted movement scores between important sites in the basin
* Visualise connectivity at the basin scale for specific scenarios

2. To determine the conditions conducive to connectivity

* Integrates weather, inundation and landscape (birds)
* Integrates flow, barriers (fish)

3. Evaluate connectivity under different resource availability
scenarios

* Support connectivity between important sites at required times of the year given the prevailing
climatic and resource availability scenarios (e.g. wet year vs dry year)
 Test “what-if” scenarios to evaluate proposed management actions



Waterbirds modelling: overview

* A calculator tool that computes the probability that ibis can
move between two points in the basin (e.g. breeding sites)
given environmental conditions and a resource availability
scenario (e.g. wet/dry year)

* Integrates high-resolution water, weather and landscape

variables to recreate environmental conditions experienced by
birds in flight.

* Plan to make this available as either an app (e.g. Shiny) or
integrated into Terria: in development

* Daily timestep for simulated connectivity

7 December 2022



Woaterbird connectivity modelling: outputs

Compare predicted connectivity under different water, landscape and weather scenarios

145°C -0 145°C
Larg fude Larg fude




Woaterbird connectivity modelling: under the hood

i . 1. Predict distance travelled
. Identify

1 1
1 1
1 1
1 1
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Do - :
! | / 1
1 1 e 1
1! : = 1
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Fish modelling: overview

* An interactive layer that computes the proportion of
fish movements that are unimpeded in the basin given
flow conditions and a barrier network

* Integrates modelled hydraulics, barrier characteristics and
permeability

* Plan to make this available through integration with Terria:
in development

* 1 km river segment resolution

7 December 2022



Fish connectivity modelling: outputs

Compare predicted connectivity under different flow and barrier permeability conditions

Improved connectivity

You can also summarize specific rivers/segments, e.g.:
All barriers High barrier
B
QUEANBEYAN RIVER 0.16 0.83

MURRUMBIDGEE RIVER 0.63 0.93
WAKOOL RIVER 0.82 0.96



Fish connectivity modelling: under the hood

(Longitudinal connectivity)

Model potential fish movement

Distance travelled given: Commencing position
Season l
Flow condition
Species and life-stage

&

0 > :
dfs distance ufs
moved
021

Fish connectivity

* Compute connectivity of each segment based on:
location,
barrier network
barrier permeability

Identify Barriers

(weir information system)

e 446 barriers identified

River segmentation

* Segment river at 1km resolution
* Calculate distance to barriers



Discussion

Discussion time

Reminder of suggested uses:
1. Provide metrics/indicators of connectivity

2. To determine the conditions conducive to connectivity

3. Evaluate connectivity under different resource availability
scenarios



Productivity



Products

Productivity responses to
flow and connectivity
Carbon flux — . . .
1. Basin wide terrestrial GPP layer —
lgal dynamics — redicted . .
RO A T ettty hotspots for litter generation
Floodplain and — hotspots and
in-channel — ow-productivi . .
roductty | relstionships 2. Carbon production from floodplains
st — 3. Mechanistic model of in-channel GPP
- —>




1. Basin wide terrestrial GPP layer — hotspots for litter generation

e Basin wide terrestrial GPP layer generated from
remote sensing

* Identify locations in the basin that generate
high quantities of carbon for incorporation into
aquatic ecosystems

1. Basin-wide terrestrial GPP Layer

Calculated from ET using Sentinel. The rate of
generation of new biomass expressed as mass per
unit time. Converted to bimonthly kg of new biomass.
Governed by: light, season, water (inundation layer),
rainfall, temperature, and nutrients

2. Litter that falls to the floodplain n! ii!

Percentage of total yearly generated biomass (kg) that
accumulates on the floodplain (literature estimates)
Governed by: climatic conditions, drought,

inundation frequency, veg type, litter type etc

N

3. Available allochthonous carbon inputs for river

Percentage of total generated floodplain litter stocks
that can be transported to the river channel (estimated
from literature, PyBrat)

Governed by: antecedent flooding, position on
floodplain, magnitude of flood, terrestrial
decomposition rates etc.

4. Basin-wide allochthonous carbon hotspot layer

Used to predict hotspots of 'potential’ allocthonous
carbon (energy) at a basin-scale available to riverine
heterotrophs




DODOc (Disolved Oxygen | Dynamic Organic Carbon)

This is a process-based model for assessment of the risk of hypoxic blackwater generation based on variable flooding scenarios for a generic floodplain.

2. Carbon production from floodplains

7 this model, water is routed onto a floodplain with a defined maximum input volume, inflow duration and

inundation area. Carbon leached from inundated organic material on the floodplain, and carbon and oxygen
consumption from the water column, are calculated on daily time steps. Water exits the floodplain after a defined

transit time, with a defined maximum outflow rate. Dissolved oxygen and carbon in the outflo

water,

and in receiving waters inmediately after dilution, are calculated on a daily time step.

This model is based on a number of simplifications and assumptions including:

- normal distribution of inflow and outflow

- constant inundation depth
complete mixing of influent water with that already on the floodplain
fixed re-aeration rate constant

Select configuration file

Parameter file:
Change

Select input files

put file, In Flow:

Change /data\

le, Out flow:

Change  /data

le, Temperature:
Change /data\

Seloct global parameters

Pick a Start Date: | 20-Nov-2010 a
Pick a End Date: | 17-Aug-2011 [w}
Temperature mode:  saasonal ~

Water temperature (degress C): 20

er transit time (days) 10

Select DO parameters

Inflow DO mode:  custom ~

Inflow DO (mg/L) (if custam}

Saturated ~

DO dilution {mg/L) (if custom): 6

River/dilution water discharge/flow rate (ML/day): 2000

Running model
/data\allpar

OQutputs are here --> ./data/results.csv
pYBRAT run complete|
.

DO and DOC at Outfall

00.00_do_outfall
— DOC DOC_doc_at_outfall

DO and DOC after Dilution

— DO.0O_do_after_diution
— DO.DO_doc_after_diluation

D Feb Mar Apr May n M Aug

Bn
211

Inflow rate adjusted, Outflow rate adjusted and Area Inundated m~2

168
— FP_infiow_rate_sajusted 3000 10
w0 FP_outflom_rate_ad)
- FP_total_area_inundated msq [ 2500
5 6000
£ 1500 &'
34000 H
[ 1000 &,
&' 2000 -
500
) o 00

River main channel

Floodplain inflow
Wet litter

Leaf litter accumulation * —_———_——_——_
Dissolved erganic

carbon

Accumulation rate
can vary with
elevation and
vegetfation type

Microbial mineralisation

Reaeration Dissolved oxygen

: DO consumption

Return flow

* Estimates carbon production from
floodplains in response to antecedent
flow conditions, habitat types and
inundation

* Estimate carbon export as a function of
floodplain inundation area, flow and
water temperature




3. Mechanistic model of in-channel GPP

Statistical model of in-channel gross
primary productivity on the Lachlan
River

Prediction of metabolic responses to
different flow scenarios e.g. what
primary productivity patterns can we
expect from a given flow?
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Habitat provision and maintenance



Habitat modelling

Karel Mokany, Rocio Ponce-Reyes, David Peel, Scott Foster
Andrew Freebairn, Paul Mclnerney, Brenton Zampatti, Heather McGinness, Danial Stratford

TIME MODEL DEVELOPMENT
as past-present
A ) i
Biological data N N ol o
(occurrence, abundance) £3, F“v MED N f' I f mechanistic responses
[time series] O ;z‘:( BN %R -
2} vr’ A S ) im £l T
1

Inundation/flow data
[time series]

Other environmental data
[static or time series]

Predicted habitat availability
[time series]




Biological data

past lJresem". past-present

© Golden perch,

Biological data

. M u rray COd, (occurrence, abundance)
[time series]
® Pouched lamprey*

Waterbirds ‘ StraW-neCked ibiS Inund[:tion/ﬂov;vdah ;,:’ -
® Royal spoonbill '
® Musk duck* .
Other environmental data

VEgetation ([ Lignum [static or time series]
® River red gum

® Wetland amphibious responder*

WV ETC I - OBl @ Decapods (shrimp) P et
® Benthic Riverine*

* will be modelled if data and time permit
® Model-ready data
© Data preparation ongoing

® Data preparation not commenced
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Biological data

Straw-necked ibis

Reproductive Stage
A Adult,J Juveniles
Breeding
c4

[l present
[7]absent

o o . - - EEggs
E Eggs,J Juveniles
E Eggs,J Juveniles,N Nesting
2 D% E Eggs,N Nesting
. o 0 J Juveniles

. e %‘“@aagc‘“’ b W‘& ; 7 J Juveniles,N Nesting

. . o Ja o w2 o & g { . . ‘ M Nestling
M - g 0% o “‘ﬁ&‘ . % ) © N Nesting
_ B ¢§-cmm Bgamwm g b ot . - 3 - b Nest with eggs
B get s %}”” : NY
' 00® o a B

k-
a D@% 1
5

Qoo

Latitude
&

E 1 Y Yes, but no details
. Young out of nest

140 145 150
Longitude

o g oo
s ¥
it %ﬁ”%%w%mw o

29 ﬂ&
E350s

o9

Latitude

30000

DataSource

20000 U ALA

] E-bird

| EAWS-UNSW
Heather

count

10000

140 145 150 70 1980 1990
Longitude

Year



latitude (degrees_north)

nundation/flow data

Inundation data used to create meaningful variables :

- Number of months since last inundated

- Mean depth of inundation in the previous 5 yrs
- Area inundated to waterbird foraging depth range within

foraging radius

Area of water within foraging depth (0.5-1.0m)
(3km radius)
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Modelling approach

Initial models
- boosted regression trees

MODEL DEVELOPMENT
past-present

Final models e
- data integration models
Inundation/flow data 7 o

[time series]

True spacies. Observation Observed
distribution error data
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Habitat suitability

Lighum habitat
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Lighum habitat — response to inundation
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Inform basin-wide medium to long term e-watering
strategies (CEWO)

* Application of response-relationships developed

* Guidance pathways that evaluates resource availability scenarios

Inform the establishment of long-term EEO(s) for
ecosystem functions (MDBA)

* Inform the establishment of long term expected environmental
outcomes (EEO) for ecosystem functions

* Metrics/indicators to enable monitoring and evaluation

* Define interim measures of success



What is a medium to long term outcome?

* Assessment of four key components of the Basin’s water-dependent ecosystems are expected to
respond in the medium-term given the available environmental water and the rules and arrangements in
place for managing water in the Basin. The anticipated responses are expressed in terms of quantified
‘expected environmental outcomes’ (EEO)

* Long-term watering plans must identify the important environmental assets and ecosystem functions in

the catchment, and their associated environmental watering requirements.

* In this multi-scale approach, long-term objectives, which are described by this Strategy and in long-term
environmental watering plans, are achieved through the accumulated benefits of numerous smaller-
scale, short-term interventions.

7 December 2022



Medium to Long Term Planning

Longer-term
- -

Flow components restored to a more natural regime
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Environmental watering plan implemented and key constraints addressed

More water available for the environment

Sustainable Diversion Limits in place
Shorter-term

7 December 2022



Ecosystem Functions

e Spatial and temporal capture of the Basin responses

* |dentification of key variables

* Development of response relationships to drive decision making and interim EEOs and scenario

testing

7 December 2022



Annual Portfolios
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Depth and extent of inundation (two monthly)
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nundation/flow data

Inundation data used to create meaningful variables :

Number of months since last inundated
Mean depth of inundation in the previous 5 yrs
Area inundated to waterbird foraging depth range within

foraging radius

Area of water within foraging depth (0.5-1.0m)

(3km radius)
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Project outputs Project inputs




