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Executive Summary

The Lower Goulburn River Long-Term Intervention Monitoring (LTIM) Project is a joint venture between the
University of Melbourne, Jacobs, Arthur Rylah Institute for Environmental Research, Monash University,
Streamology, Goulburn Valley Water, and the Goulburn-Broken Catchment Management Authority. It is funded
by the Commonwealth Environmental Water Office, with additional contributions from the Victorian
Environmental Water Holder and Department of Environment Land Water and Planning, Victoria. It takes a
science-practice partnership approach, where a highly effective and collaborative relationship has been
established between government agencies, local water managers and the scientific community.

River flows in the Lower Goulburn River were lower in 2015-16 than in the first year of the Goulburn LTIM
Project — 2014-15. A dry winter and spring led to low volumes of water in storage and reduced environmental
allocations. Commonwealth environmental water in the lower Goulburn River over the 2015-16 period
contributed to: baseflows, to ensure adequate habitat provision; one major spring fresh, delivered in October
targeting continued recovery of riverbank vegetation; and a smaller autumn fresh delivered in March, to support
new lower bank vegetation and improve macroinvertebrate and fish habitat and water quality.

Monitoring in the Goulburn River LTIM Project focuses on the stretch of river between the confluence of the
Broken River near Shepparton to the Murray River Confluence near Echuca (Zone 2). There is also a smaller
amount of monitoring being done between Goulburn Weir and the Broken River confluence (Zone 1).
Environmental Matters being investigated include the hydraulic, geomorphological, fish, vegetation,
macroinvertebrate and stream metabolism responses to environmental flows. A summary of these matters, with
highlights and implications for adaptive and flow management in year 3 of the monitoring program is provided in
the table below.

Matter 2015-16 highlight Implications for Adaptive Interim recommendations
Management for environmental water
delivery

Physical e Rates of bank erosion and deposition are related to e Environmental water e Maintain current rates of

habitat inundation duration, but the effect of environmental delivery can proceed with flow recession to avoid bank
flows on bank condition is very minor compared to confidence that it is not surcharging and erosion,
changes that occur under the remainder of the having major adverse and allow mud drapes to
regulated flow regime. effects on the banks of the develop.

o Managed recession of flow events allows the Goulburn River. Future e Maintain ‘piggy backing’ on
formation of sediment drapes, providing favourable monitoring will concentrate tributary inflows to ensure
conditions for vegetation establishment on identifying the specific sediment from tributaries is

features of flow regimes that transported and deposited
principally drive erosion, so at higher levels in the
these may be managed. channel (bars, benches,
upper banks) during high
flow freshes.
¢ Maintain variability in base
flows and water levels to
maintain bank wetting at
varying levels on the bank;
and to avoid bank ‘notching’
Stream ¢ In-channel total volumes of Gross Primary e Larger flow events may be e Undertake flow events
metabolism: Production (total amount of O, produced) and required in the future to specifically aimed at
production Ecosystem Respiration (total amount of O, mobilise carbon and improving stream primary
and consumed) are enhanced by environmental flows, nutrients from backwaters productivity when water
respiration but rates are suppressed by dilution of large and the floodplain. Future temperatures are warm (i.e.
volumes of water. work will explore ways of late spring or summer).
reducing third party impacts
to allow these larger flow
events.
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2015-16 highlight

Implications for Adaptive
Management

Interim recommendations

for environmental water
delivery

species.

e Adult surveys demonstrate recruitment of key
species into adult populations, with the highlight
being the capture of the endangered trout cod in
locations (downstream of Shepparton) beyond
where they had been detected in the last 15 years,
indicating a more widespread distribution than
previously thought and possibly a recent range
expansion.

e There are adult fish in the Golden Perch population
in the Goulburn River that were spawned in years
where there successful spawning events in the
Goulburn River. However, it is currently unknown
whether these fish were spawned in the Goulburn
River, have migrated into the system from
elsewhere, or were stocked.

deliveries need to be
explored to avoid further
increase in the abundance
of carp

Macro- e Macroinvertebrate biomass in sweep samples from e Increased primary e Maintain an early spring
invertebrate the river’s edge increased following the spring productivity volumes may fresh (as per 2015-16) to
biomass environmental flows, matched by decreases from in- enhance river-edge habitats increase macroinvertebrate
and stream artificial substrate samples. as areas for improved abundance and biomass for
diversity o Large macroinvertebrates may be moving to edge macroinvertebrate sustaining native fish, and
habitats following flow events. responses. Monitoring will to alleviate stress to

« Responses of individual species have been attempt to test this macroinvertebrates.

consistent across the two years of sampling. hypothesis, possibly in
) . conjunction with a student
e Environmental water may have reduced the impacts .
. research project.

of low flows in the system caused by the very dry

climate over 2015—16.The environmental flows,

while not promoting an increase in

macroinvertebrate abundance, may be preventing a

decline in abundance.
Bankside e Areas of the bank inundated by the spring o The earlier delivery of the e Undertake winter
vegetation environmental flow improved vegetation abundance spring fresh in 2015-16 environmental flow
abundance and diversity pre- to post-flow. This demonstrates compared to 2014-15 may deliveries to facilitate
and the value of bank wetting as the climate grows drier have better buffered the reestablishment of bank
diversity over summer. bankside vegetation vegetation.

« In particular, spring freshes likely contributed to assemblage against the « Maintain variability in base
maintaining the cover of water dependent extreme dry and hot flows and water levels to
vegetation low on the banks. conditions that followed. support young plants until

e Terrestrial species, including woody recruits and they reach a more mature
grasses are more limited in their distribution to areas and robust life stages
that experience shorter and shallower inundation, and/or develop soil seed
demonstrating the effectiveness of CEW. banks.

Fish o Little golden perch movement, and no spawning e Future data collection will ¢ Undertake watering actions
assemblage was seen in 2015-16, but this was expected improve our understanding to promote golden perch
and the because of the earlier timing (and therefore low of the importance of movement and associated
spawning temperature) of the spring fresh. antecedent flows on fish spawning when water

and e Movement data, however, demonstrate large-scale spawning, and whether temperature is 18° C or
movement migrations for some fish, with one fish moving spawning responses above.

of golden approximately 600 km among selected areas. translate to recruitment. « Manage the timing of spring
and silver o Larval surveys demonstrated spawning of 5 native | ¢ Carp management freshes such that they
perch principles for future water benefit native vegetation

and fish, but have less
benefit for carp.
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All matters therefore reported at least some probable benefits of Commonwealth environmental water delivered
to the lower Goulburn River in 2015-16, with some matters showing strong indications of ecological response.
The monitoring program has also generated favourable media attention, with stories in local newspapers, and
multiple posts to social media. The results provide confidence in the value of this investment in the environment.

A general recommendation to arise from the monitoring is to maintain an early spring fresh (as per 2015-16) as
a priority for achieving multiple environmental outcomes: to encourage vegetation establishment on the bank; to
improve bank wetting and vegetation abundance and diversity going into summer; to reduce the potential for
drying and cracking of bank sediments; to increase macroinvertebrate abundance and biomass for sustaining
native fish; and to alleviate stress to macroinvertebrates and mitigate potential declines in populations,
particularly under hot and dry conditions. However, it is also noted that this recommendation is potentially
contradictory to specific matter-level recommendations from the table above. Relative merits of different flow
decisions over one another will remain a balancing act and part of the adaptive management process.

The Goulburn LTIM project team is currently implementing monitoring for year 3 of the monitoring program,
building upon the data sets generated in 2014-15 and 2015-16 and through other monitoring programs (e.g.
Victorian Environmental Flows Monitoring and Assessment Program, CEWO short-term intervention monitoring
program), and taking on board the learnings that result from these.
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1. Introduction

The Commonwealth Environmental Water Office (CEWO) is funding a Long-Term Intervention Monitoring
(LTIM) Project in seven Selected Areas to evaluate the ecological outcome of Commonwealth environmental
water use throughout the Murray-Darling Basin. The LTIM Project is being implemented over five years from
2014-15 to 2018-19 to deliver five high level outcomes:

1. Evaluate the contribution of Commonwealth environmental watering to the objectives of the Murray-
Darling Basin Authorities (MDBA) Environmental Watering Plan;

2. Evaluate the ecological outcomes of Commonwealth environmental watering in each of the seven
Selected Areas;

3. Infer ecological outcomes of Commonwealth environmental watering in areas of the Murray-Darling
Basin not monitored,;

4. Support the adaptive management of Commonwealth environmental water; and

5. Monitor the ecological response to Commonwealth environmental watering at each of the seven
Selected Areas.

This report describes the monitoring activities undertaken in the lower Goulburn River Selected Area in 2015-16
and summarises the results and analysis outcomes of that monitoring. Where appropriate, it compares results to
those obtained in 2014-15. Detailed descriptions of results and analyses for each monitoring discipline are
provided in the appendices. The report has been prepared by all discipline leaders of the Lower Goulburn River
Monitoring and Evaluation Provider and is also used for the Basin-scale evaluation of the LTIM Project.

1.1 Lower Goulburn River selected area

The Goulburn River extends from the northern slopes of the Great Dividing Range north to the Murray River
near Echuca (Figure 1-1). Mean annual flow for the catchment is approximately 3,200 GL (CSIRO 2008), and
approximately 50% of that is on average diverted to meet agricultural, stock and domestic demand.

The Goulburn River Selected Area includes the main river channel between Goulburn Weir and the Murray
River (235 km), along with any low-lying riparian or wetland/floodplain assets that are connected to the river by
in-channel flows up to bankfull. The Selected Area corresponds to Reach 4 (Goulburn Weir to confluence with
Broken River at Shepparton) and Reach 5 (confluence of Broken River to Murray River) described in
environmental flow studies and environmental watering plans (Cottingham et al. 2003, Cottingham et al. 2007,
Cottingham and SKM 2011). Environmental flows in the lower Goulburn River are not used to deliver overbank
flows or to water the floodplain. Therefore, for the purposes of the LTIM Project, the Lower Goulburn River
Selected Area is considered a Riverine System under the Australian National Aquatic Ecosystem (ANAE)
classification (Brooks et al. 2013).

Previous environmental flow monitoring programs in the lower Goulburn River, for example, the Victorian
Environmental Flows Monitoring and Assessment Program (VEFMAP) (Miller et al. 2015), and the
Commonwealth short-term environmental water monitoring programs (Stewardson et al. 2014, Webb et al.
2015), have based their sampling design around the existing environmental flow reaches. In order to
complement this historical monitoring, promote consistency in the data sets, and potentially to allow
incorporation of historical data into analyses, the Goulburn River LTIM Project does the same.

The Goulburn LTIM Project divides its monitoring locations by ‘zones’. These are:

. Zone 1 — Main channel of the Goulburn River and associated wetlands and backwaters that are connected
to the main channel at flows less than bankfull between Goulburn Weir and the confluence of the Broken
River (i.e. Environmental Flow Reach 4).
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Figure 1-1. Map of the lower Goulburn River, with all monitoring sites marked, along with flow gauges used to generate flow
data used in this report. Some sites extend into the Murray and Broken rivers. Colours denote different monitoring activities,
with some sites being used for multiple activities. Sites are indicated with site numbers, with the key providing the site name.
Monitoring Zone 1 runs from Goulburn Weir to the confluence of the Broken River near Shepparton, with Zone 2 downstream
from this point to the confluence with the Murray River.
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e  Zone 2 — Main channel of the Goulburn River and associated wetlands and backwaters that are connected
to the main channel at flows less than bankfull between the confluence of the Broken River and the Murray
River (i.e. Environmental Flow Reach 5).

e There are several sites outside these zones: the control site for macroinvertebrate monitoring in the lower
Broken River, and several acoustic monitoring stations in the Murray River near the Goulburn confluence.

Zone 1 and Zone 2 are physically similar, have similar hydrology and are not separated by significant barriers.
Moreover, they are equally affected by Commonwealth environmental water, which is controlled by the regulator
at Goulburn Weir. The Monitoring Providers for the Lower Goulburn River Selected Area decided to invest effort
in many monitoring activities in a single zone rather than a small number of monitoring activities in both zones
and are focussing on responses to environmental flows in Zone 2. This is where most of the previous fish
surveys in the Goulburn River have been conducted and where high rates of golden perch spawning have
previously been recorded. Improving native fish populations is one of the highest priority environmental flow
objectives for the lower Goulburn River. Zone 2, is also close to other LTIM Project Selected Areas including the
Edward Wakool system, the Murrumbidgee System and the Lower Murray system.

Ecological Matters to be investigated are the hydraulic, geomorphological, fish, vegetation, macroinvertebrate
and stream metabolism responses to environmental flows in Zone 2. Some responses to environmental flows in
Zone 1 are also included, as is the control site for macroinvertebrate monitoring (Broken River) and several fish
movement acoustic monitoring stations (Murray River). Specific monitoring sites within each zone and the
monitoring activities undertaken at each site are detailed in Table 1-1.

Table 1-1. LTIM monitoring sites in each zone and the monitoring activities undertaken at each site.

Site

Site Name

inverte-

Zone 1 - Goulburn Weir to Broken River
1 Moss Road
2 Day Road"

3 Toolamba/Cemetery Bend

4 Darcy’s Track

Zone 2 — Broken River to Murray River

Shepparton Causeway

Shepparton

Shepparton Weir

Zeerust

Loch Garry Gauge

Pogue Road

Kotpuna

McCoy’s Bridge

Murrumbidgee Road

© ([0 |N | 0|~ W (NN

Yambuna

=
o

Sun Valley Road

11 Murray Junction

Outside of zones 1 & 2

1 Central Avenue, Broken River -
2 Murray 2
3 Murray 1
4 Murray -1
5 Murray -3
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1.2 Environmental values and flow regulation of the lower Goulburn River

The Goulburn Broken Regional River Health Strategy (GBCMA 2005) identifies the Goulburn River as a high
priority waterway due to its significant environmental values. The river and its associated floodplain and wetland
habitats support intact River Red Gum forest, and numerous threatened species such as Murray cod, trout cod,
squirrel glider, and eastern great egret. The river and its associated floodplain and wetland habitats also contain
many important cultural heritage sites, provide water for agriculture and urban centres, and support a variety of
recreational activities such as fishing and boating. Further description of the lower Goulburn River is included in
Gawne et al. (2013).

The two major water regulation structures on the Goulburn River are Lake Eildon and Goulburn Weir. Lake
Eildon has a capacity of approximately 3,334 GL and provides water to the majority of the Shepparton, Central
Goulburn, Rochester and Pyramid/Boort irrigation areas. Water may be diverted at Goulburn Weir into the East
Goulburn Main Channel and harvested into Waranga Basin (capacity 432 GL).

Flow in the middle Goulburn River (i.e. Between Lake Eildon and Goulburn Weir) is higher than it would
naturally be in summer and early autumn to supply irrigation needs, but is lower than natural at other times of
the year. The diversion of irrigation water at Goulburn Weir and inflows from tributaries such as the Broken
River and Seven Creeks have helped to retain the natural seasonal flow patterns (i.e. high winter flows and low
summer flows) in the lower Goulburn River. Significant Inter-Valley Transfer (IVT) flows may also be released
into the lower Goulburn River from Goulburn Weir during summer and early autumn to supply water entitlements
traded from the Goulburn River system to the Murray River system. The regulation described above has
reduced the average annual flow in the lower Goulburn River downstream of Goulburn Weir to 1,340 GL, which
is less than half of the estimated pre-regulated flow of 3233 GL.

The sections of the Goulburn River between Lake Eildon and Shepparton (including Zone 1 of the Lower
Goulburn River Selected Area) have a naturally confined floodplain (up to 4 km wide). Constructed levees
confine the floodplain along the Goulburn River downstream of Shepparton (i.e. Zone 2 of the Lower Goulburn
River Selected Area). Flood water leaving the Goulburn River downstream of Shepparton either returns to the
channel (where blocked by levees), or flows north via the Deep Creek system that discharges to the Murray
River downstream of Barmah (but upstream of the confluence of the Goulburn and Murray Rivers). The Broken
River is a major tributary of the Goulburn River, discharging at Shepparton.

As well as the impact of long term flow reduction, the lower Goulburn River was heavily affected by the
Millennium Drought when amphibious and flood tolerant bank vegetation dried-out and was replaced by
terrestrial vegetation. The extended floods in 2010-11 and 2012 killed-off all the terrestrial vegetation leaving
bare river banks susceptible to erosion. Vegetation has begun to re-establish over recent years. Golden perch,
a flow cued spawner, did not spawn during the drought (Koster et al. 2012), making spawning a priority to
rebuild populations and age classes.

1.3 Overview of Commonwealth environmental watering

As of 1 July 2015, the Commonwealth held 255.2 GL of high security and 18.4 GL of low security environmental
water entitlements in the Goulburn River (Table 1-2). The Goulburn River receives other environmental flows
including from the Victorian Environmental Water Holder and The Living Murray program. Inter-Valley Transfers
are also used to meet environmental flow targets when possible (see Gawne et al. 2013 for further details). In
2015-16 the Commonwealth environmental water entitlement provided most of the environmental water used to
meet specific environmental flow objectives in the lower Goulburn River channel.

Table 1-2. Commonwealth environmental water entitlements as at 1 July 2015.

Entitlement type Entitlement held (GL) Entitlement held - Long term average annual yield
(GL)

Goulburn (high reliability) 255.2 242.0

Goulburn (low reliability) 18.4 9.5
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131 What type of watering was planned?

Potential watering actions for 2015-16 in Reaches 4 and 5 included continuous baseflows throughout the year
for habitat, a spring fresh for bank vegetation, a spring/summer fresh for native fish, a summer/autumn fresh for
continued recovery of bank-vegetation and a winter fresh to maintain habitat. Watering actions that can occur
depend on climatic conditions and water availability and the viability of each option is discussed between all
water holders and the river operators throughout the year.

When environmental flows are to be above 3,000 ML/day at Goulburn Weir landowners are advised ahead of
time to allow for pumps at risk of being inundated to be moved. To avoid flooding of private property or
infrastructure, fresh actions are unlikely to exceed 9,500 ML/day at McCoy’s Bridge and Commonwealth
environmental water will not be used to contribute to flows greater than 18,000 ML/day at Shepparton. In the
event of high natural flows, watering may commence at 15,000 ML/day at McCoy’s Bridge to slow-down
recession flow rates.

To maximise the efficient and effective use of Commonwealth environmental water, where possible, return flows
from the Goulburn River are traded for use downstream, providing significant environmental benefits at multiple
sites including the lower River Murray channel and floodplain wetlands, Lower Lakes, Coorong and Murray
Mouth (CEWO 2014).

1.3.2 What were the expected watering outcomes?

Environmental flows in the lower Goulburn River were intended to achieve the following ecological outcomes:

¢  Year-round minimum and high baseflows - to maintain water quality and provide suitable habitat and food
resources to support native fish and macroinvertebrates condition and survival.

e  Winter fresh (Jun-Aug) - to support the condition and survival of native vegetation and promote the
transport of nutrients, carbon, sediment and biota.

e  Spring fresh (Sep-Nov) - long duration - targeting in-channel native vegetation condition and reproduction;
macroinvertebrate diversity and abundance; movement and condition of native fish; biotic dispersal; and
the transport of nutrients, carbon and sediment.

e  Spring/summer fresh (Oct-Dec) - short duration - to promote movement and breeding of native fish (flow
cued spawners).

e  Summer/autumn fresh (Feb-Apr) - low magnitude, long duration - to support the survival and condition of
in-channel native vegetation and promote the transport of nutrients, carbon, sediment and biota.

These are the priorities for the lower Goulburn River Selected Area monitoring (Table 1-3).
1.3.3 Practicalities of watering

Commonwealth environmental water is sourced using managed releases from Lake Eildon and/or Goulburn
Weir. Throughout the year river flows from natural catchment runoff, normal minimum flows or irrigation releases
(e.g. Inter-Valley Transfers) are assessed to see how well they are meeting identified flow targets in the lower
Goulburn River. If available, environmental water can be released to increase the flow rate and duration to meet
these targets.

Monitoring the physical and ecological effects of environmental flows is particularly sensitive to the timing of
fresh actions, as well as catchment runoff and irrigation releases, because high flows and localised heavy
rainfall can restrict access to the river or monitoring sites and reduce sampling efficiency. These constraints can,
in some cases, affect the capacity to reliably evaluate the effect of particular flow events, although it is not
expected to be a major issue for managed environmental flow releases.
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1.4 Environmental water delivered in 2015-16 and context

In 2015-16 a total of 228 GL of environmental water was delivered, with the major environmental water holders
providing 190 GL (Commonwealth Environmental Water Holder), 10 GL (Victorian Environmental Water Holder),
and 28 GL (The Living Murray). High priority base flows were delivered and the spring and autumn freshes were
partially delivered. IVT delivered 49 GL, contributing to base flows (Table 1-3).

Table 1-3. Summary of planned and actual environmental flow for the Lower Goulburn River 2015-16. Information on planned

delivery and expected outcomes from (CoA 2015). Information on actual delivery provided by CEWO (unpubl. data).

Dates Flow component type and Expected outcomes Actual delivery details and any operational
(start/ target/planned magnitude, as at delivery) issues that may have affected expected
end) duration, timing and/or outcomes
inundation extent
9Jul-2 Baseflow targeting 830 ML/d - maintain water quality Baseflow requirements were met throughout
Oct minimum flow at Murchison - support native fish condition & Jul-Nov with a combination of unregulated
(940 ML/d at McCoy’s) in macroinvertebrate abundance/diversity | flows, e-water and IVT.
winter/spring (July-Nov). - longitudinal connectivity - fish
passage
- support ecosystem function (e.g.
connectivity, dispersal, primary
production)
3 Oct to Fresh — improved condition and cover of Action delivered as planned with respect to
29 Oct Targeting a peak magnitude native in-channel vegetation (especially | timing and duration, however peak magnitude
of 8,500 ML/d at Murchison, on banks) was reduced. The peak flow target was
with 14 days above 5,600 - discourage terrestrial vegetation revised down to 7,000 ML/d shortly before the
ML/day at both Murchison encroachment on lower bank commencement of the action due to high
and McCoy’s in spring/early — support ecosystem function irrigation demand as a result of unusually hot
summer - breeding and movement of native fish and dry weather. Eeak flow was 6,200 ML/d
average and duration of flows above 5,600
ML/d was 11 days which is slightly shorter
than the 14 day target.
30 Oct to | Baseflows - maintain water quality Baseflows met using IVT. The target was not
12 Mar Targeting 500-830 ML/day at | - support native fish condition & met for around 10 days at the end of
Murchison (540-940 ML/d at | macroinvertebrates November due to higher than expected river
McCoy’s) in summer (Dec- - longitudinal connectivity - fish diversions or losses.
Feb). passage
— support ecosystem function
13 Mar to | Autumn fresh — improved condition and cover of A combination of Commonwealth and VEWH
5 Apr Targeting 4,500 ML/d at native in-channel vegetation environmental water and IVT, reaching a peak
Murchison in Feb-Apr - Support ecosystem function of 4,072 ML/day at McCoy's, followed by a
gradual recession.
6 Apr to Autumn/winter baseflows As above for summer and winter/spring | Target maintained. Rainfall increased flows in
30 Jun Targeting a stepped/variable baseflows the last week of June.
elevated baseflow (around
750 ML/day)

Flows in the Goulburn River were much lower in 2015-16 compared to 2014-15 (Figure 1-2). The major use of
environmental water in 2015-16 was to deliver a spring and autumn fresh (Figure 1-2b).
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Figure 1-2. Summary of environmental flows delivery in the lower Goulburn River 2014-15 (a) and 2015-16 (b). Chart shows
total flow rate (ML/d) at the McCoy’s Bridge gauging station near the bottom of the system, along with managed environmental
flows delivered at that point, and inter-valley transfer flows, which were also managed to deliver parts of environmental flow
components (see Appendix A for explanation of the hydrological data used in this report). Evaluation in this report covers the
period from the start of the monitoring program (~September 2014) to the collection of adult fish monitoring data in May 2016.
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2. Overview of monitoring undertaken in 2015-16

All of the planned monitoring activities outlined in the Monitoring and Evaluation Plan (MEP; Webb et al. 2014)
were implemented during 2015-16, although some activities were delayed by 1-2 months because of flow
conditions (see Table 2-1). Bank condition monitoring, in particular, was dependent upon flow conditions and
deliberately scheduled to take advantage of high and low flow events. Therefore, visits do not correspond to the
initial 2-monthly estimated schedule (see Table 2-1). Bank condition monitoring was overall more intensive
during 2015-16 than initially planned following a delay to the commencement of monitoring in 2014-15. For
stream metabolism, in addition to the deployed monitoring periods shown below, the McCoy'’s bridge logger was
left installed over winter 2015.

The periods of monitoring for each activity are based upon the expected responses to flow variation, optimised
for budgetary and logistic considerations. These reasons are given more fully in the MEP (Webb et al. 2014).
More detailed discussions of monitoring activities, how they differed from planned activities, and preliminary
results are presented separately for each discipline in the following chapters, and more particularly in the
technical appendices.

Table 2-1. Schedule of planned and actual monitoring activities by month for 2015-16. D indicates planned/actual timing for
downloading data from fish movement loggers; | indicates planned/actual deployment of artificial substrates for
macroinvertebrate sampling, O indicates planned/actual retrieval of artificial substrates for macroinvertebrate sampling. C
indicates 2 trips done to obtain calibration data for the 2-dimensional hydraulic models

Monitoring activity No of sites per Zone ‘ Planned /

Zone 1 Zone 2

‘ Actual

Adult Fish

Fish Larvae 1 3

Fish Movement 3 8

+ 4 stations in the Murray River

Vegetation Diversity 2

Macroinvertebrates 1

+ 1 control site in the Broken River

Stream Metabolism | 2 2
Bank Condition 2 2
2D Hydraulic Model | 2 2

11
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3. Physical habitat and bank condition

Physical habitat monitoring aims to translate flow rates into the conditions experienced by biota, and the role
this plays in ecosystem health. Physical habitat monitoring includes hydraulic modelling and bank condition

monitoring.

Hydraulic modelling enables us to quantify habitat in terms of velocity, depth, and other hydraulic parameters.
These relationships allow targeted flow delivery to maximise habitat (or prevent reduced habitat). Hydraulic
modelling has been completed for four sites and a range of relationships have now been developed. A selection
of these relationships is presented in Appendix B. These have been developed to specifically target physical
habitat requirements of fish, macroinvertebrates and plants. The details of hydraulic model development are
also provided in Appendix B.

River bank condition monitoring (erosion and deposition) was continued with environmental flows delivered in
2015-16. The period of monitoring to date has provided a range of hydrologic characteristics conducive to
fieldwork and the assessment of physical habitat.

The adaptive management approach to bank condition on the Goulburn River has involved staff from the
VEWH, CEWO and GBCMA and resulted in ongoing adjustments to flow management as well as improved
opportunities for monitoring. This is an important story that is captured in Vietz et al. (in review).

3.1

3.1.1

Question

Evaluation

Were appropriate flows

provided?

Area specific evaluation questions

Effect of environmental flows

What information was the evaluation
based on?

What did CEW
contribute to the
provision of
productive habitat
(e.g. slackwaters) for
the recruitment,
growth and survival
of larval and juvenile
fish?

The provision of
baseflows and freshes
in the 2015-16 season
contributed to changes
in the hydraulic (i.e. flow
velocity, depth, etc.)
habitat known to be of
value to fish.

Both baseflows and freshes increase
wetted perimeter, pool area and mean
depth. Slackwaters (slow and shallow)
habitats are increased for baseflows, i.e.
as the bed is inundated. For higher flows
(~2,000-4,000 ML/d) slackwaters are
reduced in area and patch size, but
freshes above 5,000-6,000 ML/d
increase slackwaters as benches are
inundated. High velocities are considered
to be important triggers for fish
recruitment and migration and increases
in flow increase the high velocity (99™
percentile), most dramatically for flow
rates up to ~ 2,000 ML/d.

What did CEW
contribute to the
provision of diverse
and productive
macroinvertebrate
habitats?

Baseflows and freshes,
such as those provided
in the 2015-16 season,
are known to provide for
macroinvertebrates.

Baseflows increase the wetted area of the
channel bed, and freshes increase
wetting on higher, often more productive
features such as bars and benches.

Habitat relationships developed from
hydraulic habitat models for four
sites. These relationships were used
to undertake further hydrologic
understanding of the influence of
environmental flows.

What did CEW
contribute to
inundating specific
riparian vegetation
zones and creating
hydraulic habitats
that favour the

Freshes and variable
flow levels, such as
achieved through flow
management during the
2015-16 season, are
known to increase
opportunities for the

Variable flow rates and levels provide
greater opportunities for the recruitment,
transport and dispersal of seeds and
propagules. High flow freshes, in
particular, may transport the seeds and
provide favourable conditions (wetting,
low velocity) to encourage vegetation

Hydraulic models have demonstrated
changes in velocities at banks where
vegetation is sampled. Further
coordination of hydraulic results and
vegetation will confirm relationships.
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Question

Were appropriate flows

Effect of environmental flows

What information was the evaluation
based on?

dispersal and
deposition of plant
seeds and
propagules?

provided?

dispersal and deposition
of plant seeds and
propagules.

germination and growth on benches and
banks. High velocities may also be an
important factor in the creation of niches
for seed deposition and the removal of
plants at higher flow rates. These
outcomes require confirmation by
coordinating hydraulic results with
vegetation analyses.

How does CEW
affect bank erosion
and deposition?

Yes. Magnitude,
frequency and duration
of flows were all
appropriate to prevent
excessive rates or
riverbank erosion.

Environmental flows have little influence
on bank erosion. The levels of erosion
were higher than the levels of aggradation
but this may also be an artefact of
sensitive banks being targeted for this
study. No mass failure (bank slumping)
was observed at any of the four reaches.
Episodic changes observed are not
expected to be outside natural levels of
variation, and where erosion does occur
this was observed to provide niches for
vegetation establishment.

Bank condition is based on
guantitative measurements of bank
erosion using erosion pins. At each
site, erosion pins located at varying
levels and locations, are re-
measured pre/post environmental
watering actions to assess bank
change. Statistical models compared
predicted erosion/deposition under
actual flow regime and one from
which environmental flows had been
removed.

How does the
amount of river bank
erosion affect
vegetation
responses to
environmental water
delivery?

Yes. Inundation
frequency was
appropriate to
encourage lower bank
vegetation, velocities at
banks were not
excessive, and mud
drapes resulted from
flow drawdown.

Whilst vegetation response has not been
formally incorporated into the bank
condition assessment at this stage the
flows delivered maintained appropriate
rates of erosion and deposition and were
found, in some cases, to encourage
vegetation establishment. Low rates of
recession commonly left ‘mud drapes’ on
banks.

Assessment of hydrologic conditions,
qualitative assessments of erosion
mechanisms, and observations
(including repeat photographs) have
enabled an assessment of bank
condition and the potential for
vegetation establishment and this will
be quantified by coordinating the
bank monitoring and vegetation
results.

3.2

Main findings from physical habitat and bank condition monitoring program

Relationships between flow and physical habitat show that pool area and wetted area increase with flow, with a
noticeably steeper increase for flow rates up to 2000 ML/d (for wetted area) or 5000 ML/d (pool area). Beyond
these flows diminishing returns are seen for increases in flow rate. These relationships are similar for all sites.

Slackwater area (where depth is less than 0.5 m and velocity is less than 0.05 m/s) is increased from zero flow
as the bed is inundated. However, for increasing flow rates between 3,000 and 6,000 ML/d, slackwaters
decrease to a minimum for McCoy’s Bridge, Loch Garry, and the Darcy’s Track sites. Beyond these flow rates
slackwater area increases. For the Moss Rd site, however, the area of slackwater habitat increased until a flow
rate of ~2,000 ML/d, as large vegetated benches become inundated, then decreased and stabilised for flows of
4,000 ML/d and greater. Mean slackwater patch size follows a similar relationship for the sites.

The relationship between velocity and flow rate depends greatly on the metric selected, thus the metrics must
be specifically defined relative to the hydraulic habitat of interest. For example, mean velocity increases with

flow rate (for all sites). Maximum velocity, however, decreases for increasing flow rate until approximately 2000
ML/d, then gradually increases for increasing flows, as shown for McCoy’s Bridge (Figure 3-1a). Some extreme
velocities (e.g. 2.5 m/s) may be a result of wood in the stream. Velocity relative to vegetation on the bank,
however, is quite distinct from that experienced for the entire channel. Taking velocity at the point of monitoring
for bank vegetation demonstrates the opposite, with a general increase in maximum velocities as flow rate
increases, with peaks around 7,000-10,000 ML/d (Figure 3-1b). These maximum velocities at the bank,
however, are considerably lower than those experienced in the channel (compare Figure 3-1a and b velocity
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magnitudes). Velocities greater than 0.3 m/s (pers. comm. Kay Morris) may have the capability to influence
vegetation and may assist with explaining changes to bank vegetation. The rate of change in velocity with flow
rate is of interest to fish spawning and migration cues. The modelling suggests that rates of change in velocity
are greatest for lower flows, less than ~2,000 ML/d.
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Figure 3-1. Maximum velocities for McCoy’s Bridge by location: a) maximum velocity for the channel, and b) maximum velocity
at the bank at the location of vegetation assessments. Note the differences in velocity depending on location.

Bank erosion monitoring evidence suggests that strategic environmental water management, including water
provided as freshes, has not caused erosion beyond what would have occurred under the regulated flow
regime. Since the additional water had little impact on the probability of erosion, and since this study
deliberately targeted locations suspected to be most susceptible to erosion, it is considered that environmental
flow actions are not significantly contributing to increased erosion in the lower Goulburn River. The perception of
risk, and the perception of erosion occurring in the Goulburn River, appears to be greater than the actual
erosion measured. Indeed, many banks that appeared to be eroding experienced deposition. These facts
relative to visual observations may demonstrate the importance of community education on the dynamics of
rivers and how appearance may differ from actual impacts.
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3.3 Discussion, implications and recommendations for Commonwealth
Environmental Water

The results for bank condition monitoring demonstrate that environmental flow delivery can proceed with
confidence that it is not having major adverse effects on the banks of the Goulburn River. Future research using
data collected as part of the LTIM Project will concentrate on identifying the specific features of flow regimes
that principally drive erosion, so these may be managed.

The results suggest that mud drapes (Figure 3-2), which encourage vegetation establishment, were more
common during slow rates of recession of flow events. Re-establishment of bank vegetation has previously
been assumed to be driven primarily by spring freshes. However, these observations also highlight the potential
importance of winter environmental flow deliveries for this purpose.

Figure 3-2. Sediment drapes (deposition) were more common during slow rates of recession and encourage vegetation
establishment.

Interim recommendations for upcoming environmental flow deliveries support the current management
approaches including:

e Maintain variability in flows and water levels to maintain bank wetting at varying levels on the bank; and
thus avoid bank ‘notching’ (these are hypotheses still to be tested);

e Maintain current rates of flow recession to avoid bank surcharging and erosion, and allow mud drapes
to develop (no major erosion events e.g. slumping have been observed from recent environmental flow
management);

e Maintain ‘piggy backing’ on tributary inflows to ensure sediment from tributaries is transported and
deposited at higher levels in the channel (bars, benches, upper banks) during high flow freshes; and

e Continue the modification of flow management as a collaborative effort between the researchers and
water managers. This includes altering the duration of flows at specific levels so as to increase
variability and reduce the potential for bank notching, and managing rates of fall to reduce the potential
for bank surcharging and mass failure.
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4. Stream metabolism

Whole stream metabolism (Figure 4-1) measures the production (or Gross Primary Production — GPP) and
consumption (or Ecosystem Respiration - ER) of dissolved oxygen gas (DO) by the key ecological processes of
photosynthesis and respiration (Odum 1956). Healthy aquatic ecosystems need both processes to generate
new biomass (which becomes food for organisms higher up the food chain) and to break-down plant and animal
detritus to recycle nutrients to enable growth to occur. Hence metabolism assesses the energy base
underpinning aquatic food webs. Metabolism is expressed as the increase (photosynthesis) or decrease
(respiration) of DO concentration over a given time frame; most commonly expressed as (change in) milligrams
of dissolved oxygen per litre per day (mg O2/L/Day).
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Figure 4-1. Relationships between photosynthesis, respiration, organic matter, dissolved gases and nutrients.

Stream metabolism was monitored at four sites (Figure 1-1) over the period August 2015-April 2016. During this
period there was one spring fresh, an inter-valley transfer (at a smaller level to 2014-—15), and an autumn fresh.
No major changes were observed to rates of stream metabolism as a result of these flows, but there were
effects upon the total amount of metabolism, as outlined below. The derivation of results, issues encountered,
and more detailed analyses are included in Appendix C.

4.1 Evaluation

41.1 Basin-scale evaluation questions
Question Were appropriate | Effect of environmental flows What information was the evaluation
flows provided? based on?

What did Yes There was no consistent relationship between daily Simple linear regression of rate of ER vs

CEW Ecosystem Respiration (ER) rates and flow across the flow rate showed a weak positive

contribute four monitoring sites. It is expected that increases in ER | relationship at two sites (Darcy’s Track

to patterns will follow days after a flow event as it takes time for and McCoy’s Bridge), a weak negative

and rates microbial populations to increase in response to the relationship at another (Loch Garry) and

of decomp- larger amounts of organic carbon. Total oxygen no significant relationship at Day Rd. A

osition? consumption in the river reach (based on ER) increased | Bayesian model examining flow rate vs

with flow and was best fitted to a model using a lag time | total oxygen consumption showed a
of 2 days consistent positive relationship. This is

consistent with the time needed for
microbial populations to increase after an
influx of organic carbon.

What did Yes Similar to ER rates, there was no consistent relationship | Simple linear regression of GPP vs flow

CEW between daily rates of Gross Primary Production (GPP) | rate showed a weak positive relationship

contribute and flow across the four monitoring sites. It is expected | at two sites (as per ER, these sites were

to patterns that if environmental watering actions introduce more Darcy’s Track and McCoy'’s Bridge), a

and rates nutrients, algal growth will take days to a few weeks to weak negative relationship at another

of primary respond. This is based on the hypothesis that flow (Loch Garry) and no significant
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Question | Were appropriate | Effect of environmental flows What information was the evaluation
flows provided? based on?

productivit events introduce nutrients which can then fuel algal and | relationship at Day Rd. A Bayesian model

y? biofilm growth. Bayesian modelling showed a positive examining flow vs oxygen consumption
relationship between total oxygen production (Tonnes of | showed a consistent positive relationship,
O; per day) and flow rates, and that the best model and had a best fit with a lag time of one
involved a lag time of just one day. This is in contrastto | day between flow and oxygen
the expectations just stated. The origin of this difference | consumption.
will be explored later in the LTIM Project.

4.1.2 Area specific evaluation questions

Question Were appropriate

flows provided?

Effect of environmental flows

What information was the
evaluation based on?

metabolism responses
to CEW in the lower
Goulburn River differ
from CEW responses
in the Edward Wakool
system where the
likelihood of overbank
flows is higher and
nutrient concentrations
are generally much

the Goulburn River compared to the Edward-
Wakool. The actual CEW and natural flows in
the Edward-Wakool prevented determination of
flow-metabolism relationships. In neither system
did flows get out of the river channel. Both
systems had very low bioavailable nutrient
concentrations (especially phosphorus) which
was a significant constraint on GPP (and
affected ER too). Very low bioavailable
phosphorus (and nitrogen) is the reason

How does the timing Yes As noted above, there was no consistent Based on simple linear regression of
and magnitude of immediate effect of flow increases (including rates of GPP and ER, and on
CEW delivery affect those from CEW delivery) across the 4 sites on | Bayesian models relating daily
rates of Gross Primary rates of either GPP or ER. However, there was a | estimates of GPP and ER to flow
Productivity and positive effect of flow rate on total amounts of rate. Future models will increase the
Ecosystem Respiration GPP and ER. It is expected that if flows lag times considered compared to
in the lower Goulburn introduce nutrients there will be a post-flow lag those presented here. In addition, we
River? of perhaps 10-20 days for significant increases will be able to follow individual
in GPP to occur (shorter response times are packets of water as each travels
expected for ER as bacterial populations downstream from logger to logger.
increase in size more quickly than algal This requires excellent hydrological
populations). The key point is that rates of both modelling and data regarding water
GPP and ER were in the lower range of normal | velocities and transit times between
behaviour for river systems worldwide and all each of the logger sites.
variability observed occurred within these low
ranges.
How do stream Yes Stream metabolism rates were slightly lower in Based on daily estimates of rates of

GPP and ER regressed with daily
flow rate, photosynthetically active
radiation (PAR) (GPP only), and
temperature. Monthly nutrient
sampling was assumed to be
representative of nutrient
concentrations most/all of the time.

lower? metabolic parameters are at the low end of
international values.
4.2 Main findings from stream metabolism monitoring program

The main findings from the second year of stream metabolism data (Aug 2015 —Apr 2016) included:

e Rates of Gross Primary Production (GPP) and Ecosystem Respiration (ER) showed no consistent
relationship with flow rate (Figure 4-2). There were some indications of suppression of metabolism due
to dilution effects of large flow events.

¢ In contrast, total amounts of oxygen produced (GPP) and consumed (ER) increased with flow rate, with
a stronger effect on GPP. The relative importance of metabolic rates versus total amounts depends on
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whether immediate benefits for the lower Goulburn River (rates) or for receiving waters downstream
such as the lower Murray River (total amounts) are considered.

e Stream metabolism, and hence the energy base of the aquatic food webs, was almost certainly
constrained by very low bioavailable nutrient concentrations, most notably phosphate which was
typically only 0.003 mg P/L. Again as noted in 2014-15, these concentrations are marginally lower than
median values measured over the last decade at McCoy’s Bridge.
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Figure 4-2. Stream Metabolism-Flow Relationships for Day Rd (Zone 1) from August 2015 to April 2016.

Rates of Gross Primary Production (GPP) and Ecosystem Respiration (ER) vary with flow but still sit within a
small range at the lower end of rates observed in river systems around the world. Whether these rates are ‘low
or are typical of Australian lowland river systems, will become more apparent as the LTIM Project progresses.

4.3 Discussion, Implications and Recommendations for Commonwealth
Environmental Water

Flow rates experienced during the 2015-16 monitoring period meant that water was always retained within the
river channel, rather than reconnecting major backwaters or accessing the floodplain. Hence there was no
significant introduction of nutrients and organic carbon into the river. Higher flows are required to facilitate
reconnection, with approximately 18,000 to 19,000 ML/d required to provide substantial reconnection of flood
runners below bankfull level (GBCMA, unpubl.). While such flows are allowed-for in environmental flows
planning, they are currently constrained by third party risks and infrastructure limitations.

The natural floods that occurred in September 2016 will provide an opportunity to test this hypothesis, although
data from the McCoy’s Bridge logger may not be able to be used because the extended inundation likely
resulted in data being overwritten while the logger could not be retrieved. Flooding results will be looked at. In
future however, it is likely that third party constraints will continue to restrict the amount of benefit stream
metabolism that can be achieved using Commonwealth environmental water. Relaxation of constraints should
remain a priority for further research.

In 2015-16 there were several instances of very low DO that raise some concerns about the immediate effects
on aquatic biota. These poor water quality events were of short duration (typically 3-4 days). It is strongly
suspected that the origin of the poor water quality lies within the Nagambie Lakes or originates even further
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upstream. Of highest relevance to this project, it is readily apparent that the reaeration rate and gross primary
production rate are both insufficient (singly and in combination) to overcome this low DO further downstream.
This is noted as matter for attention over summer, especially if these low DO events reoccur in 2016-17.
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5. Macroinvertebrates

Macroinvertebrates are an important component of aquatic ecosystems, providing essential services for
ecosystem functioning such as nutrient cycling. Macroinvertebrates form a key component of the diets of many
native fish species and other vertebrates, so an important aspect of understanding how Commonwealth
environmental water affects native fish is to determine how it affects their prey.

Macroinvertebrate objectives were measured in relation to Commonwealth environmental water delivered as a
spring fresh in 2015. Sampling occurred before (15t August to 15t October), during (15t October to 9t October)
and after (4" November to 9" December) the spring fresh. The spring fresh was delivered to promote bank
vegetation and was expected to also increase macroinvertebrate diversity (number of taxa), abundance (the
number of animals), biomass (their total weight) and adult emergence.

Three methods were employed to assess the effects of Commonwealth environmental water on
macroinvertebrates in the Goulburn River: artificial substrates, which consist of a plastic mesh cylinder
containing a substrate (onion bags) for macroinvertebrates to colonise; replicated edge sweep samples, which
involve assessing the major edge habitat types present using a sweep net; and yellow sticky traps that were
used to capture adult macroinvertebrates. The methods were used at two sites: the impact site (Goulburn River
at McCoy’s Bridge), which received environmental water, and the control site (Broken River at Shepparton
East), which does not receive environmental water. The derivation of results, issues encountered, and more
detailed analyses are included in Appendix D.

5.1 Evaluation
511 Area specific evaluation questions

Question Were appropriate | Effect of environmental flows What information was the evaluation

flows provided? based on?

What did CEW Unknown. Environmental flows did not appear to Qualitative analysis of monitored results

contribute to affect macroinvertebrate diversity in the from the 2015-16 survey period from the

macroinvertebrate lower Goulburn River. This is consistent three survey methods, and comparison to

diversity in the lower with previous sampling (2014-15) the first year of monitoring (2014-15).

Goulburn River?

What did CEW Yes. Environmental flows were associated with | Qualitative analysis of monitored results

contribute to an increase in macroinvertebrate biomass. | from the 2015-16 survey period (for

macroinvertebrate The abundances of some replicated edge sweep samples and yellow
abundance and macroinvertebrate taxa also increased in sticky traps), and comparison to the first

biomass in the lower association with the environmental flows. year of monitoring (2014-15).

Goulburn River? Statistical analyses were conducted on
biomass samples from edge habitats and
abundance data from artificial substrates.

What did CEW Unknown. Overall, environmental flows did not Qualitative analysis of monitored results

contribute to appear to stimulate macroinvertebrate from the 2015-16 survey, which were

macroinvertebrate emergence, although some taxa did compared to the first year of monitoring

emergence (and increase in abundance during and after (2014-15).

hence recruitment) in the environmental flow was delivered.

the lower Goulburn

River?

5.2 Main findings from the macroinvertebrate monitoring program

The following is a summary of results from 2014-15 and 2015-16 monitoring (unless otherwise specified), with
more detailed results given in Appendix D
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While diversity and abundance did not appear to be affected by the delivery of environmental water, there was
evidence that an increase in macroinvertebrate biomass was associated with the spring fresh. The abundances
of individual taxa also showed responses to environmental water.

Artificial substrates

Diversity (number of taxa) did not show a response to Commonwealth environmental water, which is
consistent with Year 1 (2014-15).

Macroinvertebrate abundance decreased in both the Goulburn River and the control site (Broken River)
post- Commonwealth environmental water (Figure 5-1a), but this decrease was less severe in the
Goulburn River, suggesting a beneficial effect of the spring fresh.

Macroinvertebrate biomass (for 2015-16 only) decreased in the Goulburn River post- Commonwealth
environmental water, whereas it remained largely unchanged in the Broken River (Figure 5-1b). This
was largely due to a decrease in crustacean, EPT (Ephemeroptera, Plecoptera and Trichoptera—
mayflies, stoneflies and caddisflies) and Odonata (dragonflies and damselflies) biomass.

Individual taxa that were common in both years differed in their responses to the spring fresh. For
example, several taxa increased in abundance at both sites, but this increase was much greater in the
Goulburn River in response to Commonwealth environmental water (e.g. the midges Rheotanytarsus
sp. and Cladotanytarsus sp.). The mayfly Atalophlebia sp. AV6 (AV6 is the voucher code; the species
name is not known) benefited from the spring fresh in the Goulburn River and increased in abundance
post-Commonwealth environmental water, whereas it decreased in the Broken River. However, some
taxa showed a negative response to environmental water. For example, the mayfly Tasmanocoenis reiki
decreased in abundance at both sites, but this decrease was much more severe in the Goulburn River
in response to environmental water.

Replicated edge sweep samples (2015-16 only)

There appeared to be no effect of Commonwealth environmental water on the number of taxa in edge
habitats, with species richness decreasing in both the Goulburn and Broken Rivers.

Macroinvertebrate abundance decreased in both the Goulburn and Broken Rivers, but this decrease
was much less in the Goulburn River, suggesting a beneficial effect of environmental flows (Figure
5-1c).

Macroinvertebrate biomass increased in the Goulburn River after environmental water was delivered
whereas it decreased slightly in the Broken River; there is a 92% probability that the positive change in
the Goulburn River but not the Broken was associated with Commonwealth environmental water (Figure
5-1d).

Individual taxa showed very different responses. Some showed a clear preference for one river over the
other (e.g. the shrimp Paratya australiensis was only found in the Goulburn River whereas the mayfly
Offadens confluens was only present in the Broken River). Other taxa displayed a preference for
sampling time (e.g. the Orthocladiinae midges Cricotopus hillmani and Parakiefferiella sp. were only
present at both sites before the spring fresh).

The prawn Macrobrachium australiense crassum showed a positive response to Commonwealth
environmental water, increasing in abundance post-Commonwealth environmental water in the
Goulburn River but not in the Broken River (Figure 5-2).

Yellow sticky traps

Far fewer adults of aquatic species were caught in sticky traps in 2015—16 (1% of total abundance)
compared to 2014—15 (24%). This may be caused by the overall drier conditions over winter and spring
in 2015—16.
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The midge family Chironomidae dominated the aquatic taxa (40%), which is similar to observations in
2014-15. Environmental water appeared to have a negative effect on adult aquatic chironomids, with a
large decrease in their abundance post- Commonwealth environmental water in the Goulburn River
(Figure 5-1e). This effect was not observed in 2014-15. Aquatic chironomid species richness increased
during and after the Commonwealth environmental water, but this was observed at both sites, and to a
greater extent in the Broken River, so it is probably influenced by increasing ambient temperatures
rather than an effect of flows.

Some aquatic taxa showed clear preferences for site (for example, bathroom flies Psychodidae were
more abundant in the Broken River), while others varied primarily over time (e.g. adult midge
Microcricotopus parvulus were not present at either site during pre-fresh sampling). The delivery of
environmental water did appear to benefit some taxa, with the abundance of M. parvulus increasing
post- Commonwealth environmental water at the Goulburn River (compared to a large decrease in
Broken River) (Figure 5-1f).
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Figure 5-1. (a) Average abundance of macroinvertebrates in artificial substrates combined across 2014-15 and 2015-16 (+

standard error of the mean), (b) average biomass of macroinvertebrates in artificial substrates in 2015-16 (+ standard error of
the mean), (c) average abundance of macroinvertebrates in replicated edge sweep samples in 2015-16 (+ standard error of the
mean), (d) average biomass of macroinvertebrates in replicated edge sweep samples in 2015-16 (+ standard error of the mean),
(e) abundance of adult aquatic midges (Chironomidae) on yellow sticky traps in 2015-16 and (f) abundance of midge

Microcricotopus parvulus on yellow sticky traps in 2015-16.
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Figure 5-2. Large macroinvertebrate (>5mm) biomass of (a) all macroinvertebrates, (b) Crustacean, (c) prawn Macrobrachium
australiense crassum, (d) shrimp Paratya australiensis and (e) Ephemeroptera, Plecoptera and Trichoptera (EPT) (average +
standard error of the mean) from replicated edge sweep samples in the Goulburn and Broken Rivers in spring 2015.

5.3 Discussion, Implications and Recommendations for Commonwealth
Environmental Water

Macroinvertebrate responses to Commonwealth environmental water delivered as a spring fresh in 2015-16 are
similar to those observed in 2014-15. Across all three sampling methods, macroinvertebrate diversity (richness)
and abundance appeared unaffected by environmental water delivery. There was evidence, however, that
environmental water was providing some benefit to macroinvertebrates—such as reducing the magnitude of
abundance decreases in the Goulburn River compared to Broken River post-Commonwealth environmental
water, and increasing the abundance or biomass of some taxa (e.g. prawns). Invertebrate biomass in the edge
habitats also increased in response to Commonwealth environmental water delivery.

Macroinvertebrate biomass in sweep samples from the river's edge increased following the spring
environmental flows, matched by decreases from artificial substrate samples. Large animals, such as the
crustacean Macrobrachium, may be moving to edge habitats following flow events. Responses of individual
species have been consistent across the two years of sampling.
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Under the dry and warm conditions experienced in 2015—186, the delivery of spring freshes may have alleviated
stress to the macroinvertebrate fauna, with declines in the macroinvertebrate fauna less severe in the Goulburn
River than those observed in Broken River (which ceased to flow during post-Commonwealth environmental
water sampling).

Increased primary productivity volumes may enhance river-edge habitats as areas for improved
macroinvertebrate responses, stimulating the movement of large macroinvertebrates to this environment.
Monitoring will attempt to test this hypothesis, possibly in conjunction with a student research project.

Monitoring methods being used in the LTIM Project are somewhat experimental, as there is little history of being
able to link macroinvertebrate responses to flow events in lowland systems. An ‘adaptive monitoring’ approach
may be necessary to continue to improve monitoring in this area. ldeas generated during 2015-16 include
delaying post-fresh sampling by longer to allow a greater response from the disturbance created by the flow
event, and the examination of biofilm formation (as a food source for macroinvertebrates) in different portions of
the river channel.

Interim recommendations:

e Continue the delivery of spring freshes for increasing macroinvertebrate abundance and biomass for
sustaining native fish.

e Investigate the role of variable summer baseflows for stimulating macroinvertebrate food sources
(biofilms).

e Use an ‘adaptive monitoring’ approach to improve monitoring. For example, delay post-fresh sampling
to allow a greater response from the disturbance created by the flow event.
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6. Vegetation diversity

Riparian and aquatic vegetation underpins aquatic systems by: (1) supplying energy to support food webs, (2)
providing habitat and dispersal corridors for fauna, (3) reducing erosion and (4) enhancing water quality. In the
Goulburn River drought and floods have reduced the quantity, quality and diversity of riparian and bankside
vegetation over the last 10-15 years. Minimum summer and winter low flows and periodic freshes are
recommended to help rehabilitate and maintain vegetation along the lower Goulburn River. The recommended
flow components shape aquatic plant assemblages by influencing (1) inundation patterns in different elevation
zones on the bank and hence which plants can survive in each zone; (2) the abundance and diversity of plant
propagules dispersing in water; and (3) where those propagules are deposited and germinate.

Bankside vegetation was measured at two sites (Loch Garry and McCoy’s Bridge) before and after spring
freshes were delivered in 2014 and 2015. These freshes were delivered to improve vegetation outcomes by
wetting banks to provide opportunities for germination and growth of inundation-adapted native species. In 2014
a second fresh was also delivered in early summer, primarily to meet fish objectives and with a secondary
objective of maintaining bank soil moisture stores.

In 2015 the delivery of the spring fresh differed in two ways compared to 2014. First, in 2015 the spring fresh
was delivered two weeks earlier than in 2014. This was done to provide a longer growth window after the
recession of the fresh and before the onset of hot dry conditions over summer. Second, a second fresh was not
delivered due to limited water availability and because these flow events are not required annually to support
fish populations.

Determining the effects of environmental flows is made difficult as flows and climatic conditions in the year prior
to the fresh, as well as climatic condition after flow recession, also influence vegetation. Nevertheless, the
gradient of inundation duration up the bank allows some inference as to the likely benefit of environmental
flows.

The derivation of results and more detailed analyses are included in Appendix E.

6.1 Evaluation

6.1.1 Basin-scale evaluation questions

What information
was the evaluation

Effect of environmental flows

Were
appropriate

Question

flows based on?

provided?

What did
Commonwealth
environmental
water contribute to
vegetation species

The spring fresh
flows delivered
are of the type
expected to be
of benefit to

diversity? species diversity.
What did The spring fresh
Commonwealth flows delivered

environmental
water contribute to
vegetation
community
diversity?

are of the type
expected to be
of benefit to
community
diversity.

Spring freshes did not increase total species number at either Loch
Garry or McCoy'’s Bridge in 2015-16.

Spring freshes increased the cover of several water dependent species
in 2014-15. Responses to the spring fresh in 2015-16 were minimal,
possibly due to the drier conditions in the year prior. However, it is likely
that spring freshes contributed to maintaining the cover of water
dependent vegetation on the banks.

Although highly variable, data from both years showed that freshes
tended to increase the probability of occurrence of aquatic vegetation as
a group, and decrease the probability of occurrence of grasses as a
group.

Change in the cover and probability of occurrence of vegetation along
the elevation gradient reflects the longer term influence of spring
freshes. The cover and probability of occurrence of aquatic vegetation
as a group tended to be higher in regions of the bank inundated by
spring freshes and declined at elevations above this.

Count of species at
each site and
sampling time in
2015

Qualitative
examination of
species cover plots
versus elevation
and inundation
profiles.

Statistical analyses
of probability of
occurrence across
the elevation
gradient.
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6.1.2

Question

What has CEW
contributed to the
recovery
(measured through
species richness,
plant cover and
recruitment) of
riparian vegetation
communities on
the banks of the
lower Goulburn
River that have
been impacted by
drought and flood
and how do those
responses vary
over time?

How do vegetation
responses to CEW
delivery vary
between sites with
different channel
features and
different bank
conditions?

Does the CEW
contribution to
spring freshes and
high flows trigger
germination and
new growth of
native riparian
vegetation on the
banks of the lower
Goulburn River?

Were
appropriate

flows
provided?

The spring fresh
flows delivered
are of the type
expected to be
of benefit to

species diversity.

However it is not
known how the
duration and
height of freshes
influence bank
soil moisture or
how antecedent
flows and
climate
conditions
modify these
relationships
(see Appendix E
for further
discussion of
flow
management)

Area specific evaluation questions

Effect of environmental flows

Over the two years of the monitoring program, CEW appears to have
promoted the re-establishment of water-sensitive vegetation on the
banks of the Goulburn River and reduced encroachment of terrestrial
vegetation. Spring freshes in 2014-15 increased the cover of water-
sensitive taxa such as Lesser Joyweed (Alternanthera denticulata) and
Cyperaceae. However, spring freshes in 2015-16 had little effect on the
cover of bank vegetation possibly due to the dry conditions leading up to
the 2015-16 survey.

Although highly variable, spring freshes tended to increase the
probability of occurrence of Lesser Joyweed and aquatic vegetation as
a group, and decrease the probability of occurrence of grasses as a
group. The probability of occurrence of Cyperaceae and Creeping
Knotweed (Persicaria prostrata) were not altered by spring freshes.

Although short term responses of vegetation to freshes were limited, the
cover of vegetation along the elevation gradient reflects the longer term
influence of spring freshes.

The cover and probability of occurrence of vegetation associated with
wet habitats as a group tended to be higher in regions of the bank
inundated by spring freshes and declined at elevations above this. In
contrast, the cover and probability of occurrence of grasses as a group
tended to be higher along parts of the bank not inundated by freshes.

The data suggest that freshes are likely to have contributed to
maintaining species with an affinity for wet habitats.

In line with expectations, the recruitment of woody species (Acacia
dealbata and Eucalyptus camaldulensis) was limited and restricted to
higher areas of the bank which experience shallow and less frequent
inundation.

What information
was the evaluation
based on?

Qualitative
examination of
species cover plots
versus elevation
and inundation
profiles.

Statistical analyses
of probability of
occurrence across
the elevation
gradient.

Data analysed in 2014-15 found that the cover of vegetation tended to
be lower on outside bends of the river compared with straight sections
or inside bends. This pattern is consistent with typical distributions of
bank stability in rivers with inner bends generally being most stable and
thereby providing suitable conditions for vegetation establishment.

In 2014-15 differences among sites were apparent with vegetation
responses to the spring fresh more evident at Loch Garry than McCoy’s
Bridge. In 2015-16 differences between sites were not evident.

Qualitative
examination of
species cover plots
versus elevation
and inundation
profiles.

Spring freshes increased the total cover of species associated with wet
habitats in 2014-15. Increased cover was due mostly to increases in the
cover of Cyperaceae (mostly Cyperus eragrostis) and Lesser Joyweed
(Alternanthera denticulata). Similar responses were not observed in
2015, possibly due to the dry conditions leading up to the survey.

Although short term responses of vegetation to freshes were limited, the
cover of vegetation along the elevation gradient reflects the longer term
influence of spring freshes. Although highly variable, the cover and
probability of occurrence of vegetation associated with wet habitats as a
group tended to be higher in regions of the bank inundated by spring
freshes and declined at elevations above this. In contrast, the cover and
probability of occurrence of grasses as a group tended to be higher
along parts of the bank not inundated by freshes.

Visual observation
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Question Were Effect of environmental flows What information
appropriate was the evaluation
flows based on?
provided?

How does CEW Conditions at other times of the year exerted a strong influence on Visual observations

delivered as low vegetation. Between the post-fresh survey in Dec 2014 and the pre-

flows and freshes fresh survey in Sept 2015 several water dependant species had

at other times of colonised the river margin at low flows and vegetation cover tended to

the year contribute shift toward lower elevations. This was most evident for Lesser Joyweed

to maintaining new which was almost eliminated from the high elevation it has occupied

growth and previously.

recruitment on the

banks of the lower

Goulburn River?

6.2 Main findings from vegetation surveys in 2014-15 and 2015-16
The main findings from the first two years of vegetation data can be summarised as:
Responses to spring freshes

e Species richness did not change in response to the spring fresh at either Loch Garry or McCoy’s Bridge.
Seasonal patterns of plant growth, particularly annual species, made it difficult to compare total species
number pre- and post-fresh. Longer-term changes in species number in similar seasons are more
appropriate but cannot be attributed to particular flow events.

e The spring fresh delivered in 2014 increased the cover of several water dependant species in 2014-15.
Similar increases in cover were not evident in 2015-16, possibly due to the dry condition over the prior
year.

¢ Although increases in cover following the spring fresh were limited, it is likely that they contributed to
maintaining water dependent vegetation particularly at higher elevations given the dry conditions
leading up to the 2015-16 spring fresh.

e Changes in the probability of occurrence, although highly variable, indicate that the probability of water
dependent species as a group tended to increase after spring freshes while the probability of
occurrence of grasses as a group tended to decrease.

e Although short-term responses of vegetation to freshes were limited, the cover of vegetation along the
elevation gradient reflects the longer-term influence of spring freshes. The cover and probability of
occurrence of aquatic vegetation as a group tended to be higher in regions of the bank inundated by
spring freshes and declined at elevation above this. In contrast, the cover and probability of occurrence
of grasses as a group tended to be higher along parts of the bank not inundated by freshes.

e Woody recruits represented by Acacia dealbata and Eucalyptus camaldulensis were rare on the banks
and restricted to higher elevations that experience shorter and more shallow inundation. This indicates
that environmental flows are achieving their objective of limiting the encroachment of terrestrial
vegetation down the bank by maintaining sufficient duration of inundation above the threshold for woody
plant establishment.

Responses of vegetation to flows at other times of the year

e Conditions at other times of the year exert a strong influence on vegetation. In the period between the
post-fresh survey in Dec 2014 and the pre-fresh survey in Sept 2015 several water dependant species
had colonised the river margin exposed at low flows and vegetation cover on the banks tended to shift
toward lower elevations. This was most evident for Lesser Joyweed, which was almost eliminated from
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the higher elevations it had occupied previously. The drier conditions over the year prior to the spring
fresh 2015 are likely to have contributed to these vegetation changes.

6.3 Discussion, implications and recommendations for Commonwealth
Environmental Water

Spring freshes appear to contribute to maintaining water dependant species on the bank face and limit the
occurrence and cover of grasses and woody species at lower elevations along the bank. The earlier delivery of
the spring fresh in 2015-16 compared to 2014—15 may have better buffered the bankside vegetation
assemblage against the extreme dry and hot conditions that followed.

Flow and climatic conditions the year prior to spring freshes exert a strong influence on vegetation. The dry
conditions prior to the spring fresh in 2015 was associated with a shift in bank vegetation toward lower
(presumably wetter) elevations, the colonisation of some water dependent species along the river margin
exposed at low flows and the near elimination of Lesser Joyweed from higher elevation.

Providing rigorous evidence of vegetation responses to spring freshes remains challenging, as vegetation
communities reflect cumulative responses to flow and climate over short and long time frames. As the dataset
builds and a larger range of flow and environmental conditions are sampled, the influence of these factors can
be better elucidated in quantitative models. In particular, it is necessary to further explore how the duration of
the spring freshes affects vegetation cover and establishment. This may be possible with ongoing data
collection.

Seasonal patterns of plant growth, particularly annuals make it difficult to assess the influence of freshes on
species diversity. Changes over annual cycles in similar seasons are more appropriate but cannot be attributed
to particular flow events.

Maintaining these young plants until they reach more mature and robust life stages and/or develop soil seed
banks that will promote recovery from unfavourable conditions is a key objective of flow management in 2016-
17. Due to natural high flows occurring in the lower Goulburn in spring 2016, and the likely persistence of high
water levels, both planned spring freshes for 2016-17 were cancelled. This will reduce the impact of prolonged
inundation on young plants that have colonised the river margin.

Studies are needed to establish the influence of freshes in replenishing bank soil moisture stores as this is a key
assumption underlying flow management for vegetation but remains untested.

Interim recommendations:

e Continue spring environmental flows to improve bank wetting and vegetation abundance and
diversity going into summer. In particular, consider an early first spring fresh as undertaken in
2015-16 to better buffer bankside vegetation against potential dry and hot conditions.

e When possible maintain a flow regime to support young plants until they reach a more mature and
robust life stages and/or develop soil seed banks that will promote recovery in the event of
unfavourable conditions. This may be difficult to achieve when substantial inter-valley transfers are
being delivered down the river.

e Continue data collection to further explore how the duration of the spring freshes affects vegetation
cover and establishment.

e Undertake studies to establish the influence of freshes in replenishing bank soil moisture stores.
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7. Fish

Supporting native fish populations is a key element of the Basin Plan’s goal to protect biodiversity. Species of
conservation significance in the Goulburn River include trout cod, Murray cod, silver perch, and Murray River
rainbow fish. Three fish monitoring methods are employed in the Goulburn River LTIM Project: annual adult fish
surveys, larval surveys, and fish movement.

e Movement within and between ecosystems (i.e. connectivity) can be crucial for sustaining populations
by enabling fish to recolonise or avoid unfavourable conditions. For some fish species, movement also
occurs for the purposes of reproduction and populations may be naturally connected over large scales.
The LTIM Project targets golden perch, building on the existing six-year set of acoustic telemetry
monitoring data in the Goulburn River and Murray River.

e Larval surveys collect larvae of all fish species, but are designed to detect golden perch spawning in
particular. Golden perch is one of only two fish species (along with silver perch) in the Murray Darling
Basin for which there is strong evidence of the need for increased flow rates to initiate spawning. One of
the key flow objectives in the Goulburn River is to deliver freshes to promote golden perch spawning.

e Annual fish surveys track changes in adult populations of all species. Flow-related improvements in
populations may be caused by improved movement and spawning for flow-cued species (as above), but
may also reflect improved conditions for adults and juveniles over the full year (e.g. provision of more
pool habitat from improved baseflows.

Environmental water was not delivered to the Goulburn River specifically for golden perch or silver perch
spawning in spring 2015 due to limited water resource availability. Environmental water was delivered in
October 2015 for vegetation objectives but the timing of this flow pulse was too early (with lower water

temperatures) to induce golden or silver perch spawning.

The derivation of results and more detailed analyses are included in Appendix F.

7.1

7.1.1

Question

Evaluation

Basin-scale evaluation questions

Were appropriate flows

provided?

Effect of environmental flows

What information was the
evaluation based on?

Long-term evaluation questions

What did CEW contribute
to native fish populations?

What did CEW contribute
to fish species diversity?

Recommended baseflows
provided for adults.

No provision of fresh flows
for reproduction.

It is not possible to associate fish population
makeup or diversity to the provision of
baseflows at this stage. Over five years,
improvements may become apparent.

Population and diversity
responses integrate long-term
effects of long-term flow
regimes. Short-term
assessment is not possible.

Short-term evaluation questions

What did CEW contribute
to fish community
resilience?

Unknown at this stage

What did CEW contribute
to native fish survival?

Unknown at this stage

What did CEW contribute
to native fish
reproduction?

Environmental water was
not delivered for spawning
of golden perch or silver
perch in 2015-16 because

of limited water availability.

Environmental water was delivered in
October 2015 to provide a within-channel
pulse for vegetation objectives. No golden
perch or silver perch eggs or larvae were
collected. Spawning of other native species
was observed (Murray cod, flathead

Qualitative observations
based on drift netting data.
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Question

Were appropriate flows

provided?

Effect of environmental flows

gudgeon, carp gudgeon, Murray River
rainbow fish, Australian smelt) and is
expected regardless of environmental flow
delivery, as they are not flow-cued spawners

What information was the
evaluation based on?

What did CEW contribute
to native fish dispersal?

Partly (for golden perch)

Long-distance movements coincided with
environmental flow freshes. However, in the
2015 spawning season there was only
limited movement compared to the 2014
spawning season.

Qualitative observations and
statistical analysis of
telemetry data.

7.1.2

Question

Area specific evaluation questions

Were appropriate flows

provided?

Effect of environmental flows

What information was the
evaluation based on?

Long-term evaluation questions

What did CEW contribute to
the recruitment of golden

perch in the adult population
in the lower Goulburn River?

Unknown

Golden perch spawned in 2014-15 during
an environmental flow release in November,
but no 0+ (i.e. young-of-year) or 1+ fish were
collected in surveys in autumn 2015 or
2016, respectively. This result suggests that
spawning may not necessarily translate into
immediate recruitment of juveniles into the
local population.

Qualitative observations
based on comparisons
between electrofishing and
drift netting data

Short-term evaluation questions

What did CEW contribute to
golden perch spawning and
in particular what magnitude,
timing and duration of flow is
required to trigger

No. Environmental water
was not delivered
specifically for spawning
of golden perch or silver
perch in 2015-16.

No golden perch eggs or larvae were
collected in 2015-16. These data have been
used to update the predictive statistical
model developed with 2014-15 data.

Qualitative observations
based on drift netting data.
No golden perch eggs or
larvae were collected in 2015.

the movement of golden
perch in the lower Goulburn
River and where did those
fish move to?

downstream) coincided with environmental
flow releases. These movements are
believed to be a pre-cursor to fish spawning,
with eggs/larvae found mostly at the
downstream sites.

spawning?
What did CEW contribute to | Unknown No golden perch eggs or larvae were Qualitative observations
the survival of golden perch collected in 2015-16. Golden perch did based on electrofishing and
larvae in the lower Goulburn spawn in 2014-15 during an environmental netting data
River? flow release in November, but did not show

evidence of local recruitment (i.e. there were

no 0+ (i.e. young-of-year) fish in 2015

electrofishing surveys, or 1+ fish in 2016

surveys).
What did CEW contribute to | Yes Long-distance movements (mostly Qualitative observations

based on telemetry data.

7.2

Annual surveys (electrofishing and netting)

Main findings from fish monitoring program

e Intotal, 1442 individuals were caught in 2016, compared to the 876 in 2015, with a larger number of
individuals of each species caught in 2016 compared to 2015.
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Annual electrofishing and netting survey results suggest that adult native fish populations may be
increasing, regardless of whether or not they spawn according to flow cues. These increases could
potentially be attributed (at least partly) to flow changes that have increased the quality and quantity of
in-stream habitat and food, which increases the health, survival and reproductive success of adult fish.

Significant populations of native fish occur in the lower Goulburn River, including several species of
conservation significance, namely trout cod, Murray, silver perch and Murray River rainbowfish. In the
last two years (2015 and 2016) trout cod (Figure 7-1) of a range of sizes (110 — 354 mm) have been
recorded downstream of Shepparton, indicating a more widespread distribution than previously thought,
and probable localized breeding and recruitment.

Figure 7-1. Trout cod collected during 2015 adult fish surveys.

Several young-of-year golden perch were collected in the Goulburn River in 2016 at Shepparton (Figure
7-2). Golden perch fingerlings were stocked by Fisheries Victoria at this site in April 2016 immediately
prior to the autumn survey, which may explain this result. Otolith (the ear bones of fish) microchemistry
will be used to determine whether these young-of-year golden perch were spawned in the Goulburn
River, were stocked, or have migrated into the system from elsewhere.

Golden perch have spawned in the Goulburn River each year between 2010 and 2014, and silver perch
spawned each year between 2010 and 2014 except in 2012, yet no young-of-year fish (i.e. age 0+)
have been collected in surveys in each of the following autumns (Figure 7-2).

Otoliths collected from golden perch and silver perch show fish that were spawned between 2010 and
2013 are present in the population, but is unknown whether these fish were spawned in the Goulburn
River, have migrated into the system from elsewhere, or—in the case of golden perch—were stocked.

Given that golden perch and silver perch eggs are semi-buoyant and drift downstream, potentially over
large distances, it is possible that eggs drift downstream into the Murray River, and that any recruitment
into the Goulburn River occurs at a later stage by older fish and also potentially by fish from other river
systems.

A range of introduced fish species, namely carp, goldfish, eastern gambusia and oriental weatherloach,
were collected. The abundance of young-of-year carp was considerably higher than in previous years,
indicating recent successful spawning and recruitment, possibly associated with increases in flow rates
in October 2015 during the carp breeding season.

31



Commonwealth Environmental Water Office Long-Term
Intervention Monitoring Project - Goulburn River Selected
Area evaluation report 2015-16

e Oriental weatherloach were collected in low numbers at Stewarts Bridge in the lower part of zone 2.
This introduced species has been recorded occasionally, but only in low numbers in surveys since
2003. It appears to be restricted to the lower reaches of the Goulburn River, but can be difficult to
capture in turbid waters using electrofishing. Therefore, its relative abundance and distribution may be

underestimated.
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Figure 7-2. Age structure of golden perch (upper panel) and Murray cod (lower panel) from fish collected in the Goulburn River

in 2014, 2015 and 2016. Bar colour denotes year of collection.
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Surveys of eggs and larvae (drift nets and light traps)

e No golden perch or silver perch eggs or larvae were collected in spring 2015. Environmental water was
not delivered to the Goulburn River specifically for spawning of golden perch in 2015 due to limited
water resource availability, although environmental water was delivered in mid-October 2015 to provide
a within-channel pulse for vegetation objectives.

e The mid-October environmental flow action likely occurred too early to induce golden perch or silver
perch spawning. Water temperature around the time of the flow peak in October 2015 was only about
17-18° C. Golden perch and silver perch typically spawn in spring during increases in flow rates, with
the greatest spawning outcomes at water temperatures around18-20° C. Indeed, in 2014 golden perch
exhibited a strong spawning response during an environmental flow fresh in the Goulburn River in
November when water temperature was about 20° C.

e Spawning of Murray cod and Murray River rainbow fish were detected in the 2015-16 period.

e Carp larvae were collected coinciding with the fresh delivered for vegetation objectives in mid-October
2015. Carp spawn in spring-summer amongst submerged vegetation and flows that provide access to
bank vegetation can enhance spawning opportunities.

Movement of golden perch

e Movement of golden perch was strongly seasonal, being most prevalent during the spawning season
(i.e. October—November).

e Some golden perch movement occurred outside of the spawning season (e.g., in March). This could be
due to the fact that golden perch spawning can occur between September to March or this movement
could be due to occasional exploratory behaviour.

e Movement occurred primarily downstream into the lower river reaches during elevated flows, including
environmental flow freshes, and corresponded to the timing of spawning. Most long-distance
movements were between 50 and 150 km. Several golden perch moved downstream into the Murray
River, with one of these fish also being detected in another LTIM Project Selected Area (Wakool River),
having travelled approximately 600 km over a two month period.

e Movement varied substantially among spawning seasons, with greater prevalence of movement in the
2014 spawning season compared to 2015. This result might relate to differences in the timing of freshes
and associated water temperature.

e In 2014, water temperature was about 20° C during the environmental flow fresh in November, whereas
in 2015 water temperature was only about 17-18° C during the fresh in October.

7.3 Discussion, Implications and Recommendations for Commonwealth
Environmental Water

The 2016 findings regarding golden perch movement and spawning are an important consideration for
Commonwealth environmental water management. The findings suggest that to promote golden perch
movement and spawning, water releases should be coupled with preferred water temperatures (=18° C).

The findings, particularly the long-distance migration — from the Goulburn River to the Murray River to near the
junction of the — Wakool River also highlight the importance of hydrological and biological connectivity and the
need for a river-scale perspective for the management of flows and habitat for golden perch.

Natural recruitment of young-of-year golden perch and silver perch in the Goulburn River appears to be limited.
It is possible that recruitment sources outside of the Goulburn River, such as the Murray River, act as a key
source of recruits for these species in the Goulburn River.



Commonwealth Environmental Water Office Long-Term
Intervention Monitoring Project - Goulburn River Selected
Area evaluation report 2015-16

While good spawning outcomes for golden perch are achievable, adjusting the timing of the second spring fresh
to times of different water temperatures will be important for determining how closely spawning is tied to
temperature. Future data collection will improve our understanding of the importance of antecedent flows on fish
spawning, and whether spawning responses translate to recruitment.

One negative to come out of the fish monitoring in 2015-16 was the widespread spawning and recruitment of
carp, an event that is rare for the Goulburn River. We very tentatively hypothesise that carp recruitment may
have benefited from the improved littoral habitat caused by the desired recruitment of semi-aquatic vegetation
species low down on the banks of the river. One focus for adaptive learning for the future will be to try to fine-
tune timing of spring freshes such that they benefit native vegetation and fish, but have less benefit for carp.
Consideration could also be given to carp management principles such as drawing down water levels
immediately after carp spawning events to desiccate carp eggs to minimise the potential for carp spawning
associated with environmental flows in the Goulburn River.

Interim recommendations:

e Future environmental water releases to promote golden perch movement and associated spawning are
to be coupled with preferred water temperature (218° C).

¢ Ongoing monitoring and possibly new research should be undertaken to determine how closely
spawning is tied to temperature and improve our understanding of the importance of antecedent flows
on fish spawning and whether spawning responses translate to recruitment

e Manage the timing of spring freshes such that they benefit native vegetation and fish, but have less
benefit for carp.

e Explore carp management principles for future water deliveries to avoid further increase in the
abundance of carp

e Apply ariver-scale perspective for the management of flows and habitat for golden perch including the
importance of hydrological and biological connectivity

e As part of this, future monitoring should explore whether golden perch and silver perch were spawned
locally or have migrated into the system from elsewhere and relating this to patterns of flow.
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8. Integration of monitoring results

The monitoring and evaluation plan for (MEP) for the Lower Goulburn LTIM Project hypothesised linkages
between the different components of the monitoring program, highlighting the importance of multiple lines of
evidence (monitoring matters) to more fully understand the effects of environmental flows within the system.
After two years of monitoring, it is appropriate to assess whether evidence has emerged to support that original
conceptual model, what linkages remain to be supported or disproved, and what new evidence has emerged to
update our understanding of linkages (Figure 8-1).

‘/ Hydrology — CEW flow
enhancement

Physical Habitat Physical Habitat

Rl (hydraulic habitat) (bank condition)

Vegetation
Diversity

Fish Movement Fish Larvae

Macroinvertebrates Adult Fish

Figure 8-1. Conceptual model of the linkages among monitoring matters in the Goulburn LTIM Project (modified from Webb et
al. 2014). Ticks represent linkages supported by data to date, with question marks yet to be confirmed or disproved.

8.1 Hydrologic or hydraulic predictors of ecosystem response to changing flows?

One of the original hypotheses was that understanding of the hydraulic responses to flow variation was
necessary to understand ecological responses. The 2-dimensional hydraulic habitat models translate river flow
rate data into hydraulic parameters that more closely approximate the conditions actually experienced by the
riverine biota. For example, there is now a statistical link between the probability of golden perch spawning and
movement and the velocity of river flows. Linking these behavioural responses to velocity rather than flow rates
volume means the relationship can be more readily transferred to other river systems, which is very useful for
river managers. Similarly, the hydraulic models have allowed us to model changes in ecosystem metabolism as
a function of the cross sectional area of river inundated. It is acknowledged that both of these metrics are
correlated with flow rate, and this is explored further in Section 9.

Some monitoring matters — bank condition and vegetation — are well explained by simpler hydraulic metrics,
namely, the number of days of inundation experienced at different elevations on the river bank. This information
can be taken directly from the hydrologic record for model fitting (i.e. developing the relationship), but hydraulic
models are used to predict how inundation regimes would differ under ‘no environmental flows’ scenarios.

The scale of the data being collected for macroinvertebrate and adult fish monitoring makes it more difficult to
link the observed responses to detailed descriptions of the flow regime (or its hydraulics), although as more data
accumulate over the term of the project, we should be able to make progress in this area. Changes in
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macroinvertebrate species, abundance and biomass have been related to the occurrence (but not specific
hydrologic or hydraulic descriptions) of the spring freshes in 2014 and 2015. The slow changes in adult fish
populations make linking results to changes in flows harder again. However, in 2016—-17, changes in
populations will be assessed over a longer term (i.e. three years of data from the current project plus data
collected from studies conducted prior to the LTIM Project) to determine whether changes in fish populations
can be related to the availability of deep water pools, as predicted by the 2-dimensional hydraulic models.

8.2 Linkages among biological monitoring results

Ecosystem metabolism results in 2015-16 demonstrate that the total amount of gross primary productivity
increases with environmental flow actions, but not the specific volumetric rate of production. In general, rates of
primary production will be more important to local aquatic biota, which respond to the local concentration of
food, while total amounts of primary productivity will help biota in downstream environments. Higher overall
loads may still provide some benefit to local biota, especially if there are a mix of substrates in the littoral zones
(i.e. edges of the channel) where biofilms and algae can grow and ultimately fuel localised secondary
production.

The macroinvertebrate results are consistent with this hypothesis. We saw an increase in biomass, particularly
of large crustaceans, in the edge habitats following the spring fresh, matched by a concomitant decrease in
biomass from the artificial substrates further out in the channel. Large grazers may be shifting habitats to take
advantage of increased primary production in the edges following environmental flows. A student may be
recruited to investigate whether biofilm production in edge habitats is improved by environmental flow delivery,
which would provide greater support for this interpretation of the data. For this research, the 2-dimensional
hydraulic models would be used to identify slow-flowing, shallow ‘slackwater zones’ that would be expected to
benefit from increased primary production loads.

The comparative result among the edge samples and artificial substrates highlighted the importance of using
multiple approaches for sampling macroinvertebrates. Had the artificial substrates only been used, a different
picture would have emerged. Related to this, the yellow sticky traps did not provide any strong evidence of
responses to environmental flow actions in 2015-16, but did capture far fewer aquatic insects compared to the
first year of data collection in 2014-15. It is hypothesised that this might have been a result of the much lower
flows experienced in year two of the monitoring program (Figure 8-1), and further years’ data will resolve this
question, especially with the extremely high flows experienced over winter and spring 2016.

Vegetation, while displaying overall similar responses to inundation as in 2014—15, also seemed to be reduced,
possibly in response to the lower flows experienced in 2015-16. The original conceptual model of the program
also proposed closer linkages of bankside vegetation to hydraulic parameters such as sheer stress, and to
changes in the bank caused by erosion and deposition. Modelling vegetation responses in terms of these
variables is yet to occur, but that will be a focus for year 3 analyses.

The adult fish surveys demonstrate improving populations of some important native fish species like golden
perch and Murray cod. Trout cod were also found in greater numbers and at a greater range of locations than
previously seen for the Goulburn River. The spring fresh provided in October 2015 for riparian vegetation
probably occurred when the water was too cold to trigger golden perch or silver perch to spawn, but larval
surveys confirmed that some non-flow dependent spawning native species including Murray cod, flathead
gudgeon, Murry River rainbow fish, carp gudgeon and Australian smelt did spawn later in spring 2015. These
results collectively paint a favourable picture of long-term river conditions in the lower Goulburn River, with flow
enhancement through various water holders, including the CEWO, being part of an integrated approach to
managing the system.

It is yet to be demonstrated that golden perch spawned in the Goulburn River prior to 2015-16 are recruiting
back to the river. The younger fish in the adult fish surveys are too old to be recruits from the successful
spawning event recorded in 201415, and no young-of-year were found. It is noted, however, that there are fish
in the population that were spawned during years when there were successful spawning events in the Goulburn
River. It is possible that fish larvae from spawning events in the Goulburn River are washed downstream,
successfully recruit in the Murray River and then some of those individuals return to the Goulburn River in later
years.
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Indeed, fish telemetry data are improving our understanding of the large spatial scales over which golden perch
move, with one fish in particular moving from the Goulburn to the Edward-Wakool system - a distance of
approximately 600 km over the course of ~2 months. Changes to the fish monitoring program have freed up
some funding to do microchemical analyses of otoliths. These can identify the river in which adult fish were
born, as well as where they have spent periods of their life. This information will help us to better understand the
causes of improvements in the adult fish populations.

8.3 Conclusion

Overall, there is confirmation (sometimes tentative) for many of the linkages proposed in the MEP (Figure 8-1).
Some links are evident between the hydrology and (i) ecosystem metabolism, (ii) physical habitat (hydraulic
habitat) and (iii) physical habitat (bank condition). There is also some tentative support for links between
ecosystem metabolism and macroinvertebrates, and between the hydraulic habitat, fish and vegetation.
However, uncertainty remains, particularly for the links between environmental flows and slower responding
variables (e.g. adult fish populations and bank vegetation). Analyses in future years of the LTIM Program will
attempt to better elucidate these linkages.
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9. Adaptive management

Ecological monitoring has been ongoing for decades across the Murray-Darling Basin and has strongly
influenced environmental water management decisions. However, the findings of such efforts are typically
considered retrospectively, and there are commonly delays between the delivery of environmental water and
description of the results of those actions. The LTIM Project is uniquely underpinned by a two-way transfer of
information between the environmental water delivery planners (particularly the VEWH, CEWO, GBCMA, MDBA
and GMW) and the researchers. Proactive engagement with the researchers to inform management decisions
has occurred via formal presentations and workshops, telephone and e-mail communications, and informal, ad-
hoc conversations conveying monitoring results and recommendations.

Environmental water planners now have access to real-time advice and field observations (ahead of formal
reporting) to inform decision making before, during and after managed environmental water delivery actions.
This is additional to the annual formal reporting, and allows monitoring results to more rapidly inform flow
planning for the following water year (i.e. in this case there can otherwise be up to a 2-year gap between
monitoring and finalised written results). This highly effective and collaborative relationship established between
government and the scientific community allows for an immediate response by water managers throughout the
year to both enhance environmental outcomes, and mitigate unintended adverse impacts.

The science-practice partnership has two particular advantages in the management of environmental flows.
First, researchers have better access to ongoing and up-to-date information on forecasted flows from the water
and catchment management authorities to target sampling periods. Second, practitioners see field verification of
management intentions. Specific examples of adaptive management in operation for the individual monitoring
matters, and implications for future monitoring and management are listed below (Table 9-1).

Table 9-1. Specific examples of adaptive management undertaken through the Goulburn River LTIM Project and/or implications
of 2015-16 monitoring results for adaptive management of future environmental watering decisions. See main sections and
technical appendices for more detail.

Examples of adaptive management and implications for future monitoring and management
2-dimensional | What is the advantage of the extra time and expense required to develop hydraulic models that correlate parameters
hydraulic such as water velocity, depth and shear stress with flow rate (see Section 8)? The answer lies in the transferability of
models learnings from the Goulburn system to other systems in the LTIM project and to systems for which monitoring is not

being done. For example, the flow rate required to initiate spawning in golden perch will be much greater in the
Goulburn River than in the Edward-Wakool, but this is because of a difference in channel size. If water velocity is the
critical factor that triggers golden perch spawning, then investigations that identify critical velocity thresholds in the
Goulburn River can be used to design flow pulses that achieve the same velocity (and presumably spawning) in other
systems with different sized channels such as the Edward Wakool.

Bank Flow management has been modified through collaboration with researchers. This includes altering the duration of
Condition flows at specific levels so as to increase variability, and reduce the potential for bank notching, and managing rates of
fall to reduce the potential for bank failure. Further monitoring of altered flow events suggested low rates of erosion,
providing confidence for continued operations.

Erosion pin measurements also suggested that mud drapes (that encouraged vegetation establishment) were more

common during slow rates of recession. Re-establishing bank vegetation had previously been assumed to be driven
by spring freshes; however, these observations suggest winter environmental flow deliveries may be more important
for this purpose.

Stream The strong association between metabolism parameters and temperature implies that any flow events specifically
Metabolism aimed at improving stream primary productivity should take place when water temperatures are warm (i.e. late spring
or summer). The results highlight the need for larger flow events in the future to mobilise carbon and nutrients from
major backwaters and the floodplain. The constraints project currently being undertaken by the Goulburn-Broken
Catchment Management Authority may allow the release of higher flows in future.
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Macro-
invertebrates

Examples of adaptive management and implications for future monitoring and management

Monitoring methods being used in the LTIM Project are somewhat experimental, as there is little history of being able
to link macroinvertebrate responses to flow events in lowland systems. An ‘adaptive monitoring’ approach may be
necessary to continue to improve monitoring in this area. ldeas generated during 2015-16 include delaying post-
fresh sampling by longer to allow a greater response from the disturbance created by the flow event, and the
examination of biofilm formation (as a food source for macroinvertebrates) in different portions of the river channel.

Vegetation

A number of water dependant species were recruited along the river margin exposed at low flows in 2015-16. A key
objective for environmental water management in 2016-17 is to maintain these young plants until they reach more
mature and robust life stages and/or develop soil seed banks that will promote recovery from unfavourable conditions
including long periods of inundation. High flows over winter/spring 2016 submerged young emergent plants along the
lower bank for extended periods; 2016-17 monitoring will determine how much of that vegetation has survived.

Fish

The absence of spawning by golden perch following the 2015 spring fresh was expected, and further improves
knowledge regarding the spawning requirements of this species. In particular, it appears that spawning outcomes for
golden perch are improved at water temperatures = 18°C under appropriate flow conditions. Movement in response
to high flows was also reduced compared to 2014-15, and this is attributed to lower water temperatures.

Several adult golden perch moved downstream into the Murray River in response to elevated flows, with one of these
fish also being detected nearby to another LTIM Project Selected Area (Wakool River). These findings highlight the
importance of hydrological and biological connectivity and the need for a river-scale perspective for the management
of flow and habitat for golden perch.

The lack of golden perch young-of-year in the annual electrofishing surveys may indicate that eggs or larvae
spawned in the Goulburn River are exported from the system, potentially only recruiting back into the Goulburn River
in later years. Environmental flows to promote recruitment into the Goulburn River may represent a targeted
management action to support golden perch populations.

One negative to come out of the fish monitoring in 2015-16 was the widespread spawning and recruitment of carp,
an event that is rare for the Goulburn River. It is very tentatively hypothesised that the recent increase in semi-aquatic
vegetation on the lower parts of the river bank (a desirable effect of recent flows) may have provided conditions in
littoral habitat that facilitated successful carp recruitment. One focus for adaptive learning for the future will be to try to
adjust the timing of spring freshes so they benefit native vegetation and fish, but have less benefit for carp.

A number of key learnings have already come from the science-practice partnership that underpins the
Goulburn River LTIM Project. First, is the need to better integrate science and practice, incorporating best
available science into practice and driving targeted science through collaborations between researchers and
managers. This is being achieved, through strong, transparent, yet often informal lines of communication
between scientists and environmental water managers and is supplemented by formal reviews that enable
holistic consideration of findings from all the different monitoring matters to be incorporated into the design of
the environmental flows for 2016—17 and beyond. Second, our knowledge of responses to environmental flows
has continued to grow, but complete knowledge and absolute certainty of outcomes is not possible in complex
environmental systems. Better environmental outcomes may be achieved through doing (i.e. making
management decisions), then knowing (through monitoring and evaluation). This approach enables managers
to build on current knowledge and modify flows for maximum environmental benefit. The benefits of this
approach are quickly realised as managers are provided with rapid feedback about what works and what does
not, which in turn provides greater certainty about environmental outcomes in future years. Third, knowledge
developed in one system can often be transferred to other systems. For example, results from the bank
condition monitoring are being used by the CEWO to inform flow management in the nearby Loddon River to
reduce risks of bank notching associated with freshes. The full value of the LTIM Project will be realised once
the results from the seven key locations are combined to develop generalised relationships and understanding.
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10. Stakeholder communications

The following planned communication and engagement actives were undertaken over the 2015-16 period to
inform stakeholders and the broader community about the aims and results of the Goulburn River LTIM Project
and the role of the CEWO in environmental water management. Selected examples of communications are
included in Appendix G.

10.1 Media Releases and Articles

Five media releases were prepared and distributed between May 2015 and April 2016. These promoted the
Goulburn River LTIM Project, Commonwealth environmental water use in the Goulburn River, and ecological
responses (native fish movement and breeding, bank vegetation growth and bank erosion) to environmental flows.
The media releases resulted in corresponding articles in the Country News and Shepparton News. Articles were
also included in the Goulburn Broken Catchment Management Authority (GB CMA) electronic newsletter
‘Connecting Community and Catchment’, which has over 900 subscribers.

In addition, Dr Angus Webb wrote an article in The Conversation about the use of macroinvertebrates in stream
condition monitoring. The Goulburn River LTIM Project macroinvertebrate monitoring was held up as an example
of this type of monitoring. This article has been read 3400 times and been tweeted 31 times as of October 2016.

e http://theconversation.com/how-healthy-is-your-river-ask-a-waterbug-43842
10.2 Technical publications

Dr Geoff Vietz, along with Drs Angus Webb and Anna Lintern from The University of Melbourne and David
Straccione from the CEWO submitted a journal paper to a special issue of the international journal Environmental
Management on the bank condition monitoring results. This article is currently undergoing peer review, and is
expected to be published in 2017.

10.3 Social Media

A total of 10 posts to the GB CMA iSpy Facebook page and the GB CMA Facebook page promoted the Goulburn
River LTIM project, Commonwealth environmental water use in the Goulburn River and fish monitoring results.
These posts were viewed over 20,000 times, and associated tweets reached over 10,000 people.

e https://lwww.facebook.com/gbcmaispyfish

e https://lwww.facebook.com/gbcma
10.4 Fact sheets

Goulburn River LTIM Project fact sheets were developed incorporating feedback from all environmental water
holders, waterway managers and delivery partners. One of these outlined the overall project with additional fact
sheets for each of the key monitoring activities (fish, vegetation, macroinvertebrates, stream metabolism and
riverbank condition). The fact sheets have been distributed to partners, government agencies and the broader
community at meetings, workshops and field days. The fact sheets are available for viewing and downloading on
the GB CMA website along with the associated web videos (see 10.5).

e http://www.gbcma.vic.gov.au/projects/environmental-water/monitoring
10.5 Videos
Short web videos (3-5 minutes) have been developed on each of the key monitoring activities (fish, vegetation,

macroinvertebrates, stream metabolism and riverbank condition) and are available for viewing on the GB CMA
website. The videos have been viewed a total of 560 times.
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¢ Physical habitat: https://www.youtube.com/watch?v=I8KN2b9sEbw
e Ecosystem metabolism: https://www.youtube.com/watch?v=eiOk0BcstJU
e Macroinvertebrates: https://www.youtube.com/watch?v=00cqNOFoxol
e Vegetation: https://www.youtube.com/watch?v=vKdFxu9_mfc
e Fish: https://www.youtube.com/watch?v=dvnPb6pITQc

10.6 Presentations

Dr Geoff Vietz presented to the Goulburn River Environmental Water Advisory Group on the findings of the
riverbank condition monitoring. The Goulburn River Environmental Water Advisory Group is run by the GBCMA
and is comprised of community members and representatives from key agency partners. Presentations to this
group on other monitoring findings are planned for 2016-17.

In February 2016 Dr Geoff Vietz spoke at the 11th International Symposium on Ecohydraulics held in
Melbourne. The talk discussed the findings of the riverbank condition monitoring and was titled ‘Knowing then
doing, or is it doing then knowing? Environmental flows and bank condition monitoring in the Goulburn River,
Australia’. Geoff's presentation was accompanied by a peer-reviewed proceedings paper

e http://proceedings.ise2016.org/tracks/1018/abstract/26972.html

At the same conference, the plenary presentation by the Commonwealth Environmental Water Holder, David
Papps, used golden perch monitoring in the Goulburn River as an example of how the Commonwealth
Environmental Water Office is undertaking adaptive management as part of the LTIM Project.

In May 2016, Dr Angus Webb was a plenary speaker at the international Society for Freshwater Science
meeting, held in Sacramento, California. Speaking on the general topic of water reform and responses to water
scarcity in south-eastern Australia, Angus also mentioned the LTIM Project and the golden perch spawning
results from the Goulburn River.

e https://vimeo.com/168858392

GB CMA staff presented/provided updates to a number of community and agency groups throughout the year on
the Goulburn River LTIM Project, the role of the Commonwealth Environmental Water Office and Goulburn River
environmental water management. These groups included:

e GB CMA Indigenous Consultation Group;

e Yorta Yorta Nation Aboriginal Corporation;

e Goulburn-Murray Water;

e Parks Victoria;

e GB CMA partnership group;

e Shepparton Irrigation Region People and Planning Integration Committee;

e Farm and Environment Working Group;

e Goulburn Broken Water Quality Coordination Group;

¢ recreational fishing groups and fish management agencies at the Talking Wild Trout Conference;

e Broken Environmental Water Advisory Group; and

e Fairley Leadership Group.

In addition, the GB CMA consulted with over 250 landholders along the mid and lower Goulburn River and eight
State and Federal Members of Parliament concerning the development of the Goulburn Constraints
Management Strategy Business Case. As part of this consultation Goulburn River environmental water
management was discussed.
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Appendix A. Hydrology and Hydraulics Methods

Al Introduction

There are five established flow gauges in the lower Goulburn River that provide high-quality data over a long
period and have good rating curves (Table A-1). The gauges at Goulburn Weir and Murchison provide good

information about flow rates in Zone 1, and the gauges at Loch Garry and McCoy’s Bridge provide good flow
information for Zone 2. The fifth gauge is at Shepparton, which is close to the boundary between Zone 1 and
Zone 2 and can be used to check flow conditions and assumptions for either Zone. An additional established
gauge in the lower Broken River is being used to provide flow data for the macroinvertebrate analysis.

Reliable daily and instantaneous discharge records are critical to determine whether the environmental water
released from storages meets the target flows throughout the river. These hydrological data are critical to
analysing the results of all of the biological and physical monitoring activities taking place in the Lower Goulburn
River LTIM Project. The existing flow gauge network in the lower Goulburn River and the small number of large
tributaries that flow into it, provide a reliable measure of discharge at most points along the river from Goulburn
Weir to the Murray River and therefore meet the hydrological monitoring requirements for the LTIM Project.

A.2 What hydrological data have been used for the analysis?

Verified hydrology data have been drawn from the Victorian Water Measurement Information System
(http://data.water.vic.gov.au/monitoring.htm). Data were obtained for the sites outlined in Table A-1. Where data
were unavailable, unverified (or operational) data were obtained direct from Goulburn-Murray Water (G. Ortlipp,
pers. comm.) or via the Victorian Environmental Water Holder (K. Chalmers, pers. comm.), and the verified data
sequence infilled with the operational data. Both discharge (ML/day) and level (m AHD) data were available at
each gauge for verified data, but only discharge data were available from the operational data.

Table A-1. Available gauge data

405204 Goulburn River at Shepparton
405232 Goulburn River at McCoy'’s Bridge
405253 Goulburn River at Goulburn Weir
405276 Goulburn River at Loch Garry
405200 Goulburn River at Murchison
404222 Broken River at Orrvale

409215 Murray River at Barmah

Loch Garry discharge data were unavailable for several lengthy periods of the record, including all periods
covered by monitoring in this report. Therefore a regression was developed to infill flows with the McCoy’s
Bridge flows. The regression equation used was:

Loch Garry = 0.9297 x McCoy’s (next day) +91.781,

R? of 0.9702

McCoy’s (next day) represents the discharge at McCoy’s on the next day to account for travel time
With Loch Garry being a focus site for monitoring within the Lower Goulburn River LTIM Project, it is important
that high quality discharge data are available at this site. Discussions have occurred with the Victorian

Department of Environment, Land, Water and Planning (DELWP) about re-instatement of the gauge at Loch
Garry, but to this point have not been successful.
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There are several sites where discharge data were not available; these are listed in Table A-2, and the method
to derive flows at each location summarised.

An environmental flow series is available from Goulburn Murray Water. This series is only available at McCoy's
Bridge gauge and is adapted to other locations using a delay (or time-lag). The flow series from Goulburn
Murray Water could be adapted to exclude environmental flows, and was also converted to levels (for
vegetation and bank condition analysis) using rating tables at each of the sites.

Table A-2. Discharge data where no gauge exists.

Method for deriving a flow series

Darcy’s Track Flows at Shepparton the next day. This represents the
correct magnitude and pattern of flows, when compared
to the next downstream site, McCoy'’s Bridge.

Moss Road Adopt flow series from Goulburn Weir

Yambuna Adopt flow series from McCoy'’s Bridge

Cable Hole Adopt Goulburn Weir data (same as Moss Road)
Day Road Adopt Goulburn Weir data (same as Moss Road)

1-Dimensional Hydraulic models are available for several sites, and were adopted as part of the Victorian
Environmental Flows Monitoring and Assessment Program (VEFMAP) monitoring. A summary of these models
is in Table A-3. Many of these models will be superseded in future years by the 2-dimensional hydraulic models
being developed for the physical habitat assessments.

Table A-3. Hydraulic models available.

Vodel cererce

Loch Garry VEFMAP site 34
McCoy’s VEFMAP site 36
Moss Road VEFMAP site 26
Broken River at Orvale VEFMAP site 9

Darcy’s Track VEFMAP site 32

These models have primarily been used to model inundation depths (levels) under ‘no-environmental flow’
conditions for vegetation and bank condition analyses. The 2-dimensional hydraulic models are now being used
to model more spatially explicit hydraulic parameters, such as velocity, at different points of the river and under
different flow conditions (Appendix B).
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Appendix B. Detailed Results for Physical Habitat and Bank Erosion

B.1 Introduction

Hydraulic conditions, the state of river banks and sediment dynamics, greatly influence fish, vegetation and
macroinvertebrate population dynamics. However, the relationships between discharge and river bank condition
(sediment dynamics) are not well known. As such, in the physical monitoring program, (i) hydraulic models are
being developed to quantify flow-habitat relationships, and (ii) bank condition is being monitored to assess the
influence of Commonwealth environmental water flows on erosion and deposition of bank sediments.

Hydraulic conditions specifically refer to metrics such as velocity and depth, rather than flow volume. Whilst,
river managers often use flow volume as the main metric of study, it is the hydraulic conditions that influence the
biota. For example, slackwater habitats are important nursery areas for fish larvae and juvenile fish, and are
also areas of high productivity for zooplankton and macroinvertebrates. As such, flows that maximise the quality
and quantity of slackwater habitats at critical times in a particular river system are most likely to trigger a
significant ecological response. Measuring changes in the distribution and quality of hydraulic habitats under
different flow conditions is therefore important in determining whether specific flow management actions are
providing the conditions required for an intended ecological outcome. Such information will improve the
interpretation of ecological monitoring results, specifically the attribution of good ecological outcomes to the
delivery of Commonwealth environmental water.

Hydraulic models are being used to quantify the relationships between discharge and ecologically relevant
hydraulic metrics, to better understand the physical habitats in the Goulburn River. Model results can be used to
produce discharge-habitat curves that allow us to predict the quality, quantity and distribution of specific
hydraulic habitats under a wide range of flow magnitudes.

River banks influence the velocity of flow, depth of water, and provide the sediment conditions for biota
including flora and fauna. For example, some erosion can help streamside and instream vegetation become
established, yet, excessive erosion can lead to sediment smothering of bed habitats, and harm to biota.
Quantifying the relationship between Commonwealth environmental water and bank condition can assist with
identifying critical flow ranges to support specific aquatic biota and ecological processes.

B.2 Monitoring sites and methods

Four sites are used for the hydraulic habitat and bank condition monitoring (Table B-1). However, Moss Road is
only used for hydraulic habitat monitoring, and Yambuna Bridge is only used for bank condition monitoring. This
variation is to maximise the value of the specific questions being posed for each of these monitoring programs.

The methods for monitoring hydraulic habitat and bank condition are described in detail in the Standard
Operating Procedures (SOPs) (Webb et al. 2014). Hydraulic data are described in the Commonwealth
Environmental Water Office Long Term Intervention Monitoring Project Goulburn River Selected Area evaluation
report 2014-15 (Webb et al. 2016). That report further describes hydraulic model development and verification.
Methods for bank condition monitoring were described in detail in the 2014-15 report and are therefore only
briefly summarised here. Additional statistical analyses have been performed on data collected during 2015-16
and more details about those analyses are provided in the following pages.
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Table B-1. Goulburn River LTIM physical habitat monitoring sites for physical habitat (hydraulic modelling) and bank condition.

Site Coordinates
(Component)
1 Moss Road E 337458.08
(physical habitat) N 5936838.35
2 Darcy’s Track E 351721.99, N

(physical habitat and | 5966032.91
bank condition)

3 Loch Garry E 345932.83 N

(physical habitat and | 5987637.56
bank condition)

4 | McCoy's Bridge E 330801.78 N

(physical habitat and | 5994732.86
bank condition)

5 | Yambuna Bridge E 360741.50 N
(bank condition) 1450010.78
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B.3 Hydraulic habitat model development

Hydraulic habitat (i.e. velocity, depth etc.) is assessed by using a hydraulic model that can be used to
characterise hydraulic conditions for particular discharges. The model is two-dimensional (velocity in both x and
y directions) and requires bed topography as an input. This is obtained from LIDAR (provided by the GBCMA)
and bathymetry captured by Austral Research using a remote controlled Sonar boat (Z-Boat 1800, Figure B-1,
left). These data points are joined in GIS to produce a topographic surface (Figure B-4). For verification
purposes field velocities were measured using an Acoustic Doppler Current Profiler (ADCP) at a range of
discharges for model verification (Figure B-1, right). The hydraulic models will be run to quantify changes in
hydraulic habitat once metrics are selected in consultation with ecologists.

Figure B-1. Instruments used to collect field data for development and verification of the hydraulic model: (left) Sonar
bathymetric survey boat, (right) Acoustic Doppler Current Profiler (tethered to a rope to obtain velocities across fixed cross
sections).

B.3.1 Elevation data verification

The same procedure for model development and verification is followed for each of the four sites. For brevity,
only the Moss Rd model development, verification and results are presented here.

The bathymetry XYZ file was triangulated in ArcGIS and converted to a 1 m resolution grid. The bathymetry TIN
was compared to the LIiDAR grid in the areas where they overlapped. The area of overlap was based on visual
assessment and clipping out of water surface from LiDAR.

The mean difference between the two datasets was 0.22 m (LiDAR higher than bathymetry) and the standard
deviation of differences was 0.36 m, indicating noise in one or both datasets. The median difference was
0.17 m.

B.3.2 Spatial processing

The bathymetry TIN was extended upstream and downstream by approximately 15 m by inserting manually
extrapolated points. The TIN was also smoothed to meet the LIDAR on the banks by adding a 3D line draped on
the LIDAR as a breakline. The TIN was clipped to this extent. The TIN exhibited a significant amount of noise,
due to some points representing non-bed surfaces such as snags. Each noise area was inspected and
compared to aerial images and photos to ensure the surface was representative of snags. The bathymetry grid
was then mosaicked with the LIDAR data, with preference given to the bathymetry in areas of overlap.

The final LIDAR/bathymetry grid is shown in Figure B-2 below with the raw bathymetry survey overlaid.
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Figure B-2. Topography used to develop the hydraulic model for Moss Rd based on LiDAR and bathymetric survey. The main
channel (represented here in green) has path of the bathymetric survey overlain in black to demonstrate coverage. This
includes some verification runs of the boat into the backwater section (already covered by LiDAR).

B.3.3 Mesh Setup
The 1 m LiDAR/bathymetry grid was exported to text format for input to the River 2D program.

The R2DMesh program was used to create a triangular mesh of the following approximate resolution:

e In-channel (bank to bank): 2 m
e Floodplain: 8 m
e Transition: 4 m

An example of the mesh setup within the Moss Road model is shown in Figure B-3.
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Figure B-3. Example of computational mesh resolution and setup for Moss Road. Greater detail (higher resolution) is provided

within the channel to capture small-scale hydraulic variation on the bed of the channel and for lower velocities.

B.3.4 Boundary Conditions

The upstream boundary condition was set to a constant inflow. The downstream boundary condition was set to

a constant water level boundary. The tailwater levels corresponding to a range of design flows are shown in
Table B-2. The initial water level was set to the same level as the downstream boundary condition to ensure

stability.

Table B-2. Design flows and tailwater levels

Flow (ML/d) Flow (m3/s) DS water level (m AHD) ‘
300 35 111.16
500 5.8 111.36
1000 12 111.79
2000 23 112.36
3000 35 112.80
4000 46 113.13
5000 58 113.47
6000 69 113.75
7000 81 114.02
8000 93 114.28
9000 104 114.51
10000 116 114.75
11000 127 114.95
12000 139 115.17

52



Commonwealth Environmental Water Office Long-Term
Intervention Monitoring Project - Goulburn River Selected
Area evaluation report 2015-16

B.3.5 Roughness

River2D requires the input of a roughness height in metres. A variable roughness height was used for different
bed cover types, with the following values:

e Background: 0.2 m

e Rougher channel adjacent to large bar: 0.3 m

e Wood not in bathymetry: 1 m

e Sparse Riparian Vegetation: 0.5 m

e Moderate Riparian Vegetation: 0.8 m

e Dense Riparian Vegetation and Wood: 1.0 m

The roughness zones are shown in Figure B-4.

Legend
[ modet xtent
Roughness Zones
N ) Rougher Channel
| Sparse Riparian Vegetaton
Sy Moderate Riparian Vegetation
S Dense Ripanan Vegetation and Wood
S Wood not in Bathymetry

N
0 1020 40 60 80 100 N
- — —) Meter LA

Figure B-4. Roughness zones for Moss Road
B.3.6 Calibration

Two calibration events were available, as summarised in Table B-3. The events were run through the model
using the average flow from the ADCP profiles, which were considered more representative at the site than the
gauged data at Murchison. The ADCP flows were internally consistent (9—10 m?/s for the low flow event and
33-40 m?/s for the high flow event) and reasonably consistent with the gauged flow (0—10% lower for the low
flow event and 13—-28% lower for the high flow event). The tailwater was calculated from interpolation of the
design tailwater levels shown in Table B-2.
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Table B-3. Moss Road calibration data

Average flow | Gauged flow at Observed data Adopted Adopted
from ADCP Murchison flow (m3/s) tailwater
data (m3/s) (m?3/s) (m AHD)

12/6/2015 | 9.4 10.0 ADCP velocity (x, v, 9.4 112.8
magnitude and direction)
at 5 sections

25/6/2015 | 37 46 ADCP velocity (x, v, 37 111.6

magnitude and direction)
at 5 sections

Velocity magnitude results were extracted at each ADCP observation point for comparison. Average differences
for each section, as well as standard deviations of the differences and maximum differences, are given in Table
B-4. Modelled velocities were generally within +/- 0.1 m with no apparent bias.

Table B-4. Moss Road calibration results

Date Section Average difference (modelled — St. dev. of differences Max difference
measured) (m/s) (m/s) (m/s)

12/6/2015 4 | w001 | - 017 |
6 0.008 0.08 -0.16

8 -0.04 0.14 -0.32

9 -0.04 0.04 -0.15

10 -0.02 0.02 -0.12

Total -0.02 0.08 -0.32

25/6/2015 4 0.03 0.06 0.18
6 0.05 0.14 0.32

8 -0.03 0.19 -0.95

9 0.005 0.05 0.12

10 -0.01 0.06 -0.15

Total 0.01 0.12 -0.95

For the low flow event, a scatter plot showing observed and modelled velocity magnitude values for each
section is given in Figure B-5, and a plot showing the velocity differences spatially is shown in Figure B-6. The
same plots for the high flow events are given in Figure B-7 and Figure B-8. For the low flow event, Section 8
had the worst match, with some observed velocities near the channel margins being underestimated by up to
0.32 m/s by the model. The observed velocity profile had higher velocity at the channel margins (around 10 m
on each side of the channel) and lower velocity in the middle, whereas the modelled profile had higher velocity
in the middle. There is no blockage evident in the survey data which would cause this split of the current, and
the density of survey data is good through this section. The observed velocity profile may have been produced
by a local but temporary blockage. Rather than make arbitrary changes to the topography, the calibration was
accepted as is, noting that results in this region may have higher uncertainty than elsewhere.
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For the high flow event, Section 8 again had some significant discrepancies between observed and modelled

velocities. At three points in particular observed velocities were underestimated by 0.6—0.95 m/s by the model.

Given these observed velocities were outside the bounds of any other measured velocities in this event, and
much higher than adjacent velocities on the same section, this was attributed to instrument or measurement

error.

Moss Road Low Flow (12/06/15)
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Figure B-5. Calibration results (velocity comparison) for Moss Road low flow event (12/06/15)
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Figure B-6. Calibration results (velocity difference) for Moss Road low flow event (12/06/15)
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Moss Road High Flow (25/06/15)
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Figure B-7. Calibration results (velocity comparison) for Moss Road high flow event (25/06/15)
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Figure B-8. Calibration results (velocity difference) for Moss Road high flow event (25/06/15)
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B.3.7 Hydraulic Habitat Results

Results of a range of steady state simulations, from a low flow of 300 ML/d up to approximately bankfull flow of
12,000 ML/d, are given in Table B-5. The results include the total wetted area, the area of pools deeper than
1 m, and the area of pools deeper than 1.5 m (Figure B-9).

The area of slackwater habitat (Figure B-10), where depth is less than 0.5 m and velocity is less than 0.05 m/s,
increases sharply as discharge increases to around 2,000 ML/d then decreases and stabilises at around 2,000
m?2 when discharge exceeds 4,000 Ml/d. Mean slackwater patch size is high for discharges less than 2000 ML/d,
is at a maximum for 2000 ML/d, and is very low for discharges of 3000 ML/d or greater (Figure B-11).

The area of slackwater habitat (Figure B-10), where depth is less than 0.5 m and velocity is less than 0.05 m/s,
increases sharply as discharge increases to around 2,000 ML/d, as large vegetated benches become
inundated. Slackwater area decreases and stabilises at around 2,000 m2 at discharges of 4,000 Ml/d and
greater. Mean slackwater patch size is high for discharges less than 2000 ML/d, is at a maximum for 2000 ML/d,
and is very low for discharges of 3000 ML/d or greater (Figure B-11).

Velocity metrics including the mean velocity and rate of change with flow are identified in Table B-6 and
graphed in Figure B-12 and Figure B-13. Maximum velocity at vegetation transects was developed by extracting
velocity at the specific locations vegetation samples were undertaken. The nearest velocity node was used to
develop a relationship to (Figure B-14)

Table B-5. Moss Road habitat area results

Flow Mean patch
pools > pools > habitat (D < 0.5 m of size of

1.0m 1.5m and V < 0.05 m/s) slackwater slackwater

(m?) (m?) (m?) habitat habitat (m?)
300 | 3 | 24268 | 13,849 | 9696 | 3747 | 111 | 34
500 6 26,120 15,632 11,382 3,593 117 31
1,000 12 30,278 20,414 14,792 3,506 140 25
1,500 17 36,288 23,520 18,162 7,085 150 47
2,000 23 41,232 25,962 21,080 7,790 157 50
2,500 29 43,735 28,210 23,411 4,318 168 26
3,000 35 45,070 | 30,359 25,381 2,742 185 15
4,000 46 46,646 36,951 28,577 2,079 182 11
5,000 58 48,117 | 42,722 33,539 1,930 185 10
6,000 69 49,236 | 44,790 39,248 1,829 196 9
7,000 81 50,301 | 46,151 43,212 1,758 208 8
8,000 93 51,309 | 47,328 44,963 1,766 222 8
10,000 | 116 53,116 49,239 47,186 1,687 243 7
12,000 | 139 54,854 50,885 48,943 1,789 162 11
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Figure B-9. Results (wetted area and area of pools) for Moss Road
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Figure B-10. Results (area of slackwater habitat) for Moss Road
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Figure B-11. Results (mean patch size of slackwater habitat) for Moss Road

Table B-6. Moss Road velocity and velocity change results

Flow Mean velocity Flow range (ML/d) Change in velocity
(ML/d) (m/s) per ML/d change in
flow (m/s/(ML/d))*
300 3 0.08 0-300 0.000283
500 6 0.11 300-500 0.000139
1,000 12 0.16 500-1,000 0.000088
1,500 17 0.16 1,000-1,500 0.000008
2,000 23 0.18 1,500-2,000 0.000031
2,500 29 0.20 2,000-2,500 0.000041
3,000 35 0.22 2,500-3,000 0.000039
4,000 46 0.25 3,000-4,000 0.000031
5,000 58 0.27 4,000-5,000 0.000024
6,000 69 0.29 5,000-6,000 0.000020
7,000 81 0.31 6,000-7,000 0.000024
8,000 93 0.33 7,000-8,000 0.000012
10,000 116 0.35 8,000-10,000 0.000014
12,000 139 0.38 10,000-12,000 0.000011

* This metric can be used to estimate the change or rate of change of velocity for a certain change or rate of
change of flow, within each flow range. For example, at a flow rate of 6,500 ML/d, an increase of 100 ML/d

would produce an increase in velocity of 0.0024 m/s over the same time period.
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Figure B-12. Results (mean velocity) for Moss Road
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Figure B-14. Maximum velocity at vegetation transects for McCoy’s Bridge
B.4 Bank condition
B.4.1 Methods

Equipment used for this monitoring program consists of 200 erosion pins (50 pins at each of the four sites),
which are 300 mm long bicycle spokes with colour coded heat shrink (Figure B-15, left). Each pin is inserted into
the bank so that 25 mm is exposed. Erosion pins are located at five different elevations (up to approximately
bankfull) on each of ten transects at each site. Changes in surface level relative to each erosion pin are made
using digital callipers (see Figure B-15, right). Qualitative assessments are also made at each transect on
erosion process, failure mechanism, and weakening process (see proforma in the SOP; Webb et al. 2014).

Figure B-15. (left) Colour coded erosion pins inserted at each transect to indicate location/elevation on the river bank and measured by
digital callipers, and (right) field placement.
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Recordings with positive values (relative to starting position) indicate bank retreat (erosion) and negative values
indicate bank aggradation (deposition). Data presented in this report are from the program start (January 2015)
to the end of March 2016. Further details on the erosion assessment protocol can be found in Vietz et al. (in-
review).

B.4.2 Hydrologic variables and statistical analysis
Flow metrics that have been used at this stage to characterise environmental flows are described in Table B-7.

Table B-7. Flow metrics used for comparison with bank erosion measurements

Duration of How many days an The time over which a bank is exposed to inundation
inundation erosion pin is under water | and/or flowing water influences bank wetting and
between surveys saturation, and the effect of cumulative shear stress on
erosion. Similarly, deposition may be a function of
cumulative time over which sediments can move through
the water column to deposit on the bank.
Peak flow Peak flow of an event that | Erosion/deposition may be driven by the maximum
maghnitude inundated an erosion pin shear stress associated with an event, with sediment
between surveys (the bank sediments being mobilised, or accumulated (if
maximum if multiple scoured from elsewhere) during the period around peak
peaks are experienced) flows.
Flow volume | Volume of flow of the A metric that combines duration and magnitude to
event above the level of assess the ‘work’ being done on the bank by water.
the pin that inundates an
erosion pin
Maximum Maximum number of days | Banks may become more sensitive to erosion when
dry weather | without inundation of the inundated if they are allowed to dry out completely,
period pin prior to inundation inducing desiccation and cracking of clay-rich sediment
particles.

A hierarchical Bayesian logistic regression model was used to identify the relationship between the flow metrics
and bank erosion/deposition. The probability of erosion and deposition was assessed as a function of each
metric, as experienced by the erosion pin during each of the nine survey periods. Other flow characteristics,
such as the rate of drawdown, are sometimes considered with respect to bank condition, but have not been
statistically assessed for the results presented here. Details of the statistical analysis can be found in Vietz et al.
(in review).

The statistical model is formulated as:
vijk~Bern(pji)
logit(pijk) =int+eff. I Ljjx +ef f.sitey + ef f.surv; + ef f.pin,

The occurrence of erosion or deposition (y) for pin j at site k during survey i is a Bernoulli-distributed event with
probability p. This is driven by a global average erosion/deposition across all sites in the absence of inundation
(int), plus the effect of the inundation metric being analysed (eff.l) for each site multiplied by the metric value for
that survey (1). There is a random effect of site (eff.site) that acknowledges that local conditions may enhance or
retard overall erosion/deposition, a random effect of survey (eff.surv) to capture any seasonal or other
systematic differences among survey periods in erosion/deposition, and a random effect of pin (eff.pin) to
account for the repeated measures taken for each pin.

The random effects (eff.pin, eff.surv, eff.site) were modelled as normal distributions with a mean of zero, and
standard deviations of s.site, s.surv and s.pin, respectively:
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eff.site,~N(0,s.site?)
eff.surv;~N(0, s. surv?)

eff.pinj~N(0,s.pin?)

The site-level estimates of eff.| were modelled hierarchically and drawn from a normal hyper-distribution with a
mean of mu.eff.l and standard deviation of s.eff.I:

eff.I,~N(mu.eff.I,s.1?)

Minimally informative prior distributions were assigned to int, mu.l (normal distributions with means of 0 and
variances of 10) and to sd.l, sd.pin, sd. surv, sd.site (uniform distributions with limits of 0 and 10).

The regression models were implemented in OpenBUGS version 3.2.1 (Lunn et al. 2009), using the
R20penBUGS package (Sturz et al. 2005) in R (R Development Core Team 2010). Three independent Markov
chains were used to confirm convergence of chains during model burn-in. Different burn-in periods were
employed for different models, with the criterion for establishing convergence being an Rhat value of
approximately 1 (Sturz et al., 2005). Different periods were also used for parameter estimation, based upon
autocorrelation within the Markov chains. The model was implemented separately for three different thresholds
of activity (> 0 mm of erosion, > 30 mm of erosion and < 0 mm of erosion), and for each different flow metric
(i.e., total inundation duration, peak flow, flow volume during inundation and maximum dry weather period). The
‘step’ function in OpenBUGS was used to assess the probability of significant erosion/deposition for individual
pins for each analysis.

Posterior predictions were used to assess the effects of environmental flows. Predicted erosion/deposition
values and probabilities for individual erosion pins were generated from the fitted model using the observed flow
series (including environmental flows) and a counter-factual flow series (from which environmental flow releases
had been removed).

B.4.3 Results: Relevant flow components delivered

Flow management and flow events (freshes), including low flow periods, have been well captured by monitoring
thanks to good lines of communication (Figure B-16).
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Figure B-16. Bank erosion sampling visits relative to discharge with eflows (blue) and without (purple). Data for McCoy’s stream gauge.
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B.4.4 Overall bank condition results

Bank erosion and deposition is highly variable both in time and space in the regulated lower Goulburn River.
Measurements from a single erosion pin can often oscillate from erosion following one event to deposition
following another.

Significant erosion (>30 mm) was not common, observed in less than 6 percent of pin measurements. No mass
failure events occurred at the erosion pin sites, or were observed at the sites more generally. Many erosion pins
displayed no erosion or deposition between surveys, especially at the most upstream site Darcy’s Track. For the
three most downstream sites bank activity was more common and results were surprisingly consistent. For these
sites deposition occurred approximately 25% of the time and erosion approximately 30% of the time (Table B-8).

Table B-8. Results at a glance: Proportion of deposition, no change, erosion, or significant erosion for each erosion pin
measurement. The number of erosion pin measurements is given by n.

Proportion of measurements Darcy’s Track | Loch Garry McCoy’s Yambuna
Bridge

n 435 441 401 448

<0 mm (deposition) 21% 25% 29% 27%

No change 60% 43% 40% 40%

>0 mm (erosion) 19% 32% 31% 33%

>30 mm (significant erosion) 2% 6% 4% 5%

B.4.5 Changes in probability of erosion and deposition with changing flow metrics

There were positive relationships between the probability of erosion (both >0 mm and >30 mm) and the duration
of inundation, although erosion also occurs in the absence of inundation, i.e. note the graph intercepts (Figure
B-17). The probability of deposition was negatively related to the duration of inundation (Figure B-18).

Effects of inundation duration on erosion and deposition were weaker for the upstream site at Darcy’s Track,
with the three lower sites (McCoy’s Bridge, Loch Garry and Yambuna) responding similarly (Figure B-19).

Probability of erosion >30 mm was substantially lower than probability of any erosion, and the probability rose
more slowly with increasing duration of inundation (Figure B-17). Compared to the effect of inundation duration,
there was no evidence of any relationship between erosion/deposition and either the peak flow during a survey
period or the total volume of flow above a pin (Figure B-20).

There were weak negative relationships between the probability of erosion and maximum dry weather period,
indicating that erosion is less likely the longer a bank is allowed to dry between inundation events. The
probability of deposition also decreased slightly with increasing maximum dry weather period (Figure B-21).
Summary statistics for all regressions are provided in Table B-9.
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Figure B-17. Probability of erosion of > 0 mm (a, b) and > 30 mm (c, d) with increases in the duration of inundation. Results are
shown for two sites, Darcy’s Track (a, ¢) and Yambuna (b, d). The solid line is the median probability of erosion with the dotted
lines encompassing the 95% credible interval for the estimate.

B.4.1 Effects of environmental flows upon probability of erosion and deposition

Positive relations between the duration of inundation and probability of erosion translate to increased
probabilities of erosion under the environmental flow regime, because environmental flows lead to increased
bank inundation. However, the effect is relatively small, and is restricted to those erosion pins relatively low on
the bank. For pins more than approximately 2 m up the bank, there is no difference in erosion attributable to
environmental flows (Figure B-22a-d). It should be noted that the increase in inundation duration due to
environmental flows also increases the probability of deposition at lower elevations (Figure B-22e,f). Given the
lack of relation between erosion and either peak flow or total volume, no results are presented of the effects of
environmental flows on erosion/deposition based upon these variables. The removal of environmental flows
from the hydrograph did less to change the maximum dry weather period experienced by pins compared to
changes in the duration of inundation. Consequently changes in erosion and deposition as a function of MDWP
are smaller when the environmental flows are removed from the hydrograph (Figure B-23).
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Figure B-18. Probability of deposition of > 0 mm (i.e. negative erosion) for Darcy’s Track (a) and Yambuna (b) with increases in

duration of inundation.
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Figure B-19. Probability of erosion > 0 mm at Loch Garry (a), McCoy’s Bridge (b) and Yambuna (c) with increasing duration of
inundation. Results for erosion > 30 mm and deposition > 0 mm were also similar among the three sites.
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Figure B-20. Probability of erosion > 0 mm at Yambuna (the most responsive site in the study) with increasing peak flow (a)
and the volume of discharge above a pin (b). Relationships were similarly lacking for erosion > 30 mm, deposition > 0 mm, and

at all other sites.



Commonwealth Environmental Water Office Long-Term

Intervention Monitoring Project - Goulburn River Selected
Area evaluation report 2015-16

(a) Darcy's Tk (b) Yambuna
1 - 14
08 - .08 -
(=]
2 06 £ 06
50 -
8 8 04
5 2
= 02
0

(days)

() (d)
o) o)
A A
=1 =1
S S
= =
(7] (7]
2 2

204 - 204 -
2 2
o o

0.2 - 0.2 -

0 T T 1 0 T T 1
0 500 1000 1500 0 500 1000 1500

Maximum ADWP in survey period (days) Maximum ADWP in survey period (days)

Figure B-21. Probability of erosion > 0 mm (a, b) and deposition > 0 mm (b, c) at Darcy’s Track (a, ¢) and Yambuna (b, d) with
increasing duration of maximum dry weather period (MDWP).
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Table B-9. 95 percent credible intervals of regression coefficients (Eff.l) for three erosion levels and for each flow metric. Bold
values represent instances where there is a relationship between erosion/deposition and flow metric.

Erosion Flow

level metric

Darcy’s Track | Loch Garry Yambuna
Bridge
Percentile 2.5t 97.5M | 2.5t 97.5th | 2.5t 97.5t | 2.5t g7.5% | 2.5t 97.5th
Inundation 0.08 0.63 0.39 0.87 0.06 0.58 0.36 0.84 -0.05 | 0.98
Duration
(days)
Peak Flow -0.27 | 0.19 -0.1 0.28 -0.14 | 0.25 -0.24 | 0.13 -0.27 | 0.30
ML/d
g (ML/d)
R Inundation -0.34 | 0.16 -0.13 | 0.26 -0.11 | 0.27 -0.22 | 0.14 -0.28 | 0.28
Volume (ML)
Maximumdry | -0.71 |-0.23 | -1.89 | -0.39 | -0.76 | -0.2 -0.89 | -023 |-0.13 | 1.54
weather period
(days)
Inundation -0.3 1.04 0.26 1.19 0.4 14 0.34 1.25 -0.02 | 1.40
Duration
(days)
Peak Flow -0.3 0.89 -0.42 | 0.49 -0.19 | 0.72 -0.38 | 0.44 -0.47 | 0.79
e | (ML/d)
1S
2 Inundation -0.5 0.71 -0.52 | 0.45 -0.14 | 0.70 -0.29 | 0.48 -0.51 | 0.74
N
Volume (ML)
Maximumdry | -558 |-0.83 |-7.15 |-1.96 |-582 |-1.58 |-554 |-145 |-0.15 | 1.55
weather period
(days)
Inundation 0.22 0.74 -0.07 | 0.44 0.4 0.93 0.18 0.64 -0.17 | 1.03
Duration
(days)
Peak Flow -0.37 | 0.16 -0.49 | 0.00 -0.49 | 0.01 -0.12 | 0.33 -0.65 | 0.42
£ (ML/d)
1S
C\? Inundation -1.86 | -0.41 | -0.38 | 0.18 -0.52 | -0.01 |-0.51 |-0.01 |-0.64 | 0.40
Volume (ML)
Maximumdry | -0.55 | -0.41 | -0.54 | 0.16 -0.73 | -0.19 | -0.96 | -0.26 | -0.94 | 0.17
weather period
(days)
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Figure B-22. Effect of the environmental flow component on the probability of erosion (erosion > 0 mm), significant erosion
(erosion > 30 mm) and deposition (erosion < 0 mm), at each erosion pin, relative to bank elevation (m) for Darcy’s Track and
Yambuna (when bank erosion/deposition is modelled as a function of inundation duration).
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Figure B-23. Effect of the environmental flow component on the probability of erosion (erosion > 0 mm), significant erosion
(erosion > 30 mm) and deposition (erosion < 0 mm), at each erosion pin, relative to bank elevation (m) for Darcy’s Track and
Yambuna (when bank erosion/deposition is modelled as a function of maximum dry weather period).
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B.5 Discussion of bank condition results
B.5.1 Variability and value of riverbank erosion

Bank erosion and deposition is highly variable with time, with a single point on the bank changing from erosion
to deposition with subsequent flow events. Erosion also varies spatially, both along the riverbank and with
elevation, often over small spatial scales of centimetres to metres. These findings are not confined to riverbanks
on regulated river systems, with riverbanks naturally known to be dynamic with considerable spatial variability
(Clarke et al. 2003, Newson and Large 2006).

The variability of active riverbanks has been found to play an important role in the condition of the river
ecosystems (Florsheim et al. 2008). Based on observations, bank erosion and subsequent deposition provide
niches that encourage regeneration of riparian vegetation (Figure B-24a-b). Vegetation can play a role in the
resistance of banks to erosion (Osterkamp and Hupp 2010). Sub-aerial preparation of banks as a result of
drying and cracking is exacerbated when vegetation is not available to shade soils, and root wads enhance
structural integrity of soils (Abernethy and Rutherfurd 2001). Deposition is also enhanced by vegetation through
increased roughness, encouraging further vegetation establishment (Corenblit et al. 2009).

Figure B-24. a) Bank vegetation (Aster subulatus) regenerating following mud drapes, and b) the perception of erosion of a
bank that has instead experienced deposition (mud drapes during flow recession).

B.5.2 Riverbank erosion and environmental flow management

Riverbank erosion can be related to various characteristics of the flow regime and there are myriad components
of a flow event or period that could be assessed. Of the four attributes that were considered important to
riverbank erosion, the duration of inundation was the most influential, with a positive, mostly linear relationship.
For example, doubling the duration of bank inundation from 10 to 20 days leads to a 50% increase in the
probability of erosion (see example for Yambuna Bridge, Figure B-25). There was, however, no strong
relationship between riverbank erosion and peak discharge or inundation volume, the latter incorporating both
flow duration and magnitude.

The effects of environmental flows on top of normal erosion/deposition processes are extremely minor.
Probabilities of significant erosion changed very little with environmental flows for the vast majority of samples,
and all samples that did show a change were very low on the bank, where inundation profiles were maximally
impacted by the removal of environmental flows from the hydrograph. Large-volume environmental flow events
(e.g. spring freshes) provide temporary inundation of portions of the bank that might otherwise have been
exposed at that time. The erosion pin placement deliberately targets those areas of the bank for which
inundation profiles will change by the most, and yet probabilities of erosion were little different with and without
environmental flows for almost all pins. The statistical analysis demonstrated that the additional effect of this
water on probabilities of significant erosion is very small.
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Figure B-25. Erosion relative to inundation for Yambuna Bridge, for a) erosion > 0 mm, and b) significant erosion > 30 mm.

Since peak magnitude and total flow volume were not significantly related to riverbank erosion it can be inferred
that the dominant erosion mechanism is not related to high velocities but the influence of inundation on the
bank. This supports the role of sub-aerial preparation of bank sediments whereby drying of clay-rich soils

(desiccation) leads to cracking and preparation of banks for erosion during subsequent inundation (Figure
B-26).

Figure B-26. a) Drying of clay-rich sediments prepares bank materials for removal during subsequent inundation, and b) note
erosion pin exposed (centre picture) at the Yambuna site with 54 mm of erosion measured following the first fresh of 3000
ML/d as desiccated sediment was removed.

Considering the suspected role of bank drying and desiccation in sub-aerial preparation, it was expected that
the greater the number of dry days prior to an event the greater the erosion at the next event would be. This
was not the case, and the opposite relationship was found with a negative relationship between riverbank
erosion and MDWP. This relationship, however, may be confounded. Firstly, MDWP is negatively correlated
with inundation duration of the subsequent flow event, with a greater inundation duration corresponding to a
lower value in MDWP (p=0.5, p<0.05). Furthermore, desiccation of bank sediments is most likely to occur during
the dry weather summer period, when temperatures are highest. However, winter periods (during dam storage
filing) now ofte