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EXECUTIVE SUMMARY

This report documents the monitoring and evaluation of Commonwealth environmental watering in
the Edward-Wakool system in 2012-13. It provides details of the environmental objectives of the
watering actions, study design, indicators, methodology, and an assessment of ecosystem responses
to environmental watering with respect to the objectives set by the Commonwealth Environmental
Water Office. Results and conclusions from the monitoring and evaluation underpin

recommendations for future environmental watering in this system.

Edward-Wakool system

The Edward-Wakool system is a major anabranch and floodplain of the Murray River. It is a complex
network of interconnected streams, ephemeral creeks, flood runners and wetlands intersected by
irrigation channels. This system has a long history of regulated flows for irrigation, stock and
domestic water supply but it is also recognised as having high native species richness and diversity,

including threatened and endangered fishes, frogs, mammals, and riparian plants.
Environmental watering in the Edward-Wakool system in 2012-13

Watering options and flow-dependent ecological objectives for 2012-13 for the mid-Murray region
were developed by CEWO (2012). Based on the resource availability and the catchment conditions,
the ecological management objectives for the mid-Murray region were expected to be in the
moderate to wet range. The objective of the moderate range is to ‘maintain ecological health and
resilience to improve the health and resilience of aquatic ecosystems’ and the objective for the wet

range is to ‘Improve the health and resilience of aquatic ecosystems’ (CEWO 2012).

The possibility of a wet to moderate resource availability scenario meant that ecological objectives
for 2012-13 (CEWO 2012) were expressed in terms of improving ecological outcomes. However,
above average temperatures and below average rainfall in 2012-13 meant that environmental water
largely contributed to maintaining ecological outcomes, consistent with a moderate resource
availability scenario. Our evaluation takes this into account by acknowledging the contribution of

environmental water to maintaining ecological outcomes.
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Four instream watering actions occurred in the Edward-Wakool system in 2012-13:

1. Yallakool Creek October to December 2012 environmental watering action. A watering
action in Yallakool Creek commenced on 19 October and finished on 7 December 2012. The
CEWO ecological objective for this event aimed to maintain inundation of habitat for Murray
cod nests and maintain the flow until cod eggs could hatch and larvae drift downstream. The
Yallakool Creek discharge during this event was held in the range of 360 ML/day to 683
ML/day with a median discharge of 526 ML/day. The total volume delivered was 13,620 ML
comprising 10,620 ML of Commonwealth environmental water (CEW) and 3,000 ML of NSW

environmental water.

2. Colligen Creek November to December 2012 environmental watering action. A watering
action under water use option 1 occurred in Colligen Creek to promote golden perch and
silver perch spawning (CEWO 2012). This watering action involved the delivery of two
freshes. The first fresh commenced on 2 November 2012, reaching a peak of approximately
903 ML/day on 8 November 2012. Following the fresh, elevated base flows were maintained
in anticipation of the second fresh. The second fresh commenced on 8 December 2012 and
finished on 18 December with the flows reaching a peak of approximately 655 ML/day on 11
December. The total volume delivered was 10,261 ML, including 7,261 ML of CEW and 3,000

ML of NSW environmental water.

3. Yallakool Creek February 2013 environmental watering action. A watering action in
Yallakool Creek under water use option 1 commenced on 2 February 2013 and finished on 22
February 2013. The fresh increased over 3 days to a peak of 430 ML/d on 13 February 2013.
The CEWO (2012) ecological objective for this event was to provide opportunities for small
bodied fish (instream generalists) to breed. Specifically, the objective was to test if a small
(~¥30 cm) increase in water level can initiate a spawning response in small bodied fish.
Secondary objectives of this action were to test whether or not a small water level rise result
in the movement of medium/large bodied fish and/or spawning of golden perch. The volume

of CEW delivered to Yallakool Creek for this action was 1,796 ML.

4. Yallakool Creek and Colligen Creek March to April 2013 environmental watering action. A
watering action in Yallakool and Colligen Creeks under water use option 1 commenced on 13

March 2013 and ceased on 5 April 2013. In Yallakool Creek the fresh increased to a one day
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duration peak of 563 ML/d on 31 March 2013. In Colligen Creek the fresh increased to a one
day duration peak of 499 ML/d on 31 March 2013. It is estimated that 3,750 ML of CEW was
delivered to Yallakool Creek, and 4190 ML to Colligen Creek. The total volume of CEW
delivered was 4,192 ML to Yallakool Creek, and 5,074 ML to Colligen Creek. The CEWO (2012)
objective of these watering actions was to test whether a spawning response could be
achieved in small bodied fish from a 30 cm rise in water levels in autumn. A secondary
objective was to test whether or not a small water level rise would result in the movement of

medium/large bodied fish during autumn.
Monitoring of responses to environmental watering

The Edward-Wakool system consists of several distributary rivers with regulators controlling inflows.
This facilitates a rigorous assessment of the responses to environmental watering through
comparisons between rivers receiving environmental water (treatment rivers) and rivers in close
geographic proximity not receiving environmental water (serving as controls). In 2012-13
environmental water was delivered to Colligen Creek and Yallakool Creek (treatment rivers), and the

Wakool River and Little Merran Creek served as controls (no environmental water).

Sampling was undertaken in four focus rivers; Colligen Creek, Yallakool Creek, Wakool River and Little
Merran Creek. The Edward River was also sampled to assess the potential source of propagules for
the treatment rivers. In addition, 43 sites were sampled throughout the Edward-Wakool system in an
annual survey to assess the response of the fish community to environmental watering. An acoustic
array established in 2010 to assess fish movement in the Wakool River, Yallakool Ck and Edward
River continued to be monitored in 2012-13. In 2011-12 a set of indicators were selected to assess
the ecosystem responses to environmental watering in the Edward-Wakool system (Watts et al
2013). The same indicators were monitored in 2012-13, with the addition of in-channel inundation

modelling and shrimp abundance (Table i).
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Table i. Indicators used to assess ecosystem responses to environmental watering in the Edward-Wakool
system in 2012-13 in relation to the ecological objectives as listed in CEWO (2012).

Expected outcomes |Related Basin

CEWO (2012) ecological objective of  environmental | Plan Objective Indicators

watering
Support habitat requirements of|e  Fish condition e Biodiversity |e In-channel inundation
native fish. e Vegetation modelling
Support habitat requirements of condition e Rapid habitat assessment
native aquatic species, including of aquatic and riverbank
frogs, turtles and invertebrates. vegetation

Maintain health of existing extent of
riparian, floodplain and wetland
native vegetation communities.

Support ecosystem functions that|e Biotic dispersal|e Ecosystem e Water chemistry
relate to mobilisation, transport and and movement function (dissolved organic
dispersal of biotic and abiotic|e Sediment carbon, total organic
material (e.g. sediment, nutrients transport carbon, nutrients, carbon
and organic matter). characterisation)

e  Phytoplankton biomass
e Biofilm biomass and

diversity
e Whole stream
metabolism
Support breeding and recruitment of |e  Other biota e Biodiversity |e Frog community
frogs, turtles and invertebrates composition, abundance

and recruitment

e Zooplankton abundance,
diversity and size
composition

e Crustacean abundance
and proportion of
females in berry

Support ecosystem functions that|e Hydrological e  Ecosystem e Acoustic tracking of fish
relate to longitudinal connectivity connectivity function
and lateral connectivity to maintain
populations
Support breeding and recruitment of |e  Fish e Biodiversity |e Larval fish abundance
native fish. reproduction and diversity

e Fish recruitment and

community

composition/abundance
e Ageing of larval and

juvenile fish
e Annual fish survey in
main channel and

wetland habitats

Vi



Watts, R.J. et al. (2013). Monitoring of ecosystem responses to the delivery of environmental water in the
Edward-Wakool system, 2012-2013. Institute for Land, Water and Society.

Ecosystem responses to environmental watering

Environmental watering objective 1 - Support habitat requirements of native aquatic species

e There was a small increase in inundated benthic area during the environmental watering actions.
The environmental watering in Colligen Creek resulted in an estimated 14% increase in wetted
benthic surface area compared to the base flow 200 ML/day scenario. The environmental
watering in Yallakool Creek resulted in an estimated 22% increase in wetted benthic surface area
compared to the base flow 170 ML/day scenario. In contrast, the unregulated flows in August
2012 resulted in a considerably larger increase in wetted benthic area. On the peak of the
unregulated flow event on 2 August 2012 the modelled wetted benthic surface area relative to

the base flow scenario increased by 47.8% in Colligen Creek and 58.9% in Yallakool Creek.

e The relationship between discharge and wetted benthic surface area in these rivers is not linear. It
is likely that the relationship between these factors is strongly influenced by in channel
geomorphology. Further modelling is required to determine the optimum discharge for
environmental watering to increase in-channel inundation and create slackwater habitat that will

trigger ecosystem responses to environmental flows, but minimise third party impacts

e There was a significant increase in the percent cover of submerged aquatic vegetation in
Yallakool Creek during the environmental watering action in October to December 2012. The
dominant group were Charophytes, which are a type of macroalgae that are similar to water
plants, as they grow from the sediment into the water and produce seed-like spores. There was
considerable activity of macroinvertebrates and other organisms in the shallow water in this
newly established vegetation. The increase in submerged aquatic vegetation was short lived,
because when the water level receded in December 2012, at the end of the environmental

watering, the submerged aquatic vegetation became fully exposed and was desiccated.

e The environmental watering actions in Yallakool Creek in February 2013 and in Yallakool Creek
and Colligen Creek in March to April 2013 did not result in an increase in aquatic vegetation.
However, these events would have wetted the riverbank and this may have contributed to
maintaining or sustaining riverbank plants that would provide habitat during subsequent flow

events.

vii
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Environmental watering objective 2 - Support ecosystem functions that relate to mobilisation,
transport and dispersal of biotic and abiotic material

Water temperature was similar at all sites and followed a seasonal trend that is consistent with
that recorded in 2011-2012. The dissolved oxygen concentrations remained at acceptable levels
throughout the study period, and no hypoxic blackwater event was associated with any of the

environmental watering actions.

Dissolved organic carbon levels were very similar between all sites, except Little Merran Creek.
Elevated DOC in Little Merran Creek from August through to October 2012 indicates greater

carbon inputs associated with the unregulated flows during this time.

The bioavailable nutrient concentrations, ammonia, filterable reactive phosphorus (nominally
phosphate) and NO, (nitrate plus nitrite) did not exceed ANZECC Trigger concentrations, with the
exception of NO, on one occasion during the large unregulated flows in Little Merran Creek in

August 2012 where substantially larger areas of benthic surface area was wetted.

The environmental watering in Yallakool Creek and the Colligen Creek did not result in the
composition of dissolved organic matter in these rivers becoming substantially different to the
other rivers. The environmental watering did not stimulate ecosystem productivity by moving
nutrients and carbon between the main channel, upper benches and small low commence to flow
floodrunners. This suggests that the areas of in-stream habitat that were re-wet during these
flows did not have substantial amounts of accumulated organic material (such as leaf litter)
and/or the small in-channel watering actions did not reconnect a sufficient area of upper

benches and floodrunners to result in substantial exchange of organic matter and nutrients.

The greatest influence on organic matter composition and concentration over the study period
were the unregulated flows in August and September 2012, where all rivers had elevated organic
matter compared to May 2012. Organic matter inputs associated with these unregulated flows

did not result in a blackwater event, due to the low water temperature at that time of year.

The delivery of environmental freshes in the Yallakool and Colligen rivers had no significant effect
on phytoplankton densities. Environmental watering resulted in higher diversity in biofilms; high
diversity is usually associated with good ecosystem health. There was a reduced biofilm biomass
in rivers that received environmental water compared to the control rivers. This is consistent with

the hypothesis that increased flow variability from in-channel environmental watering will ensure

viii
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biofilm biomass in treatment rivers remains below nuisance levels and that biofilm organic

biomass will be highest in rivers that have a more constant regulated discharge.

Rates of gross primary production and ecosystem respiration in these rivers were typical of
lowland streams with good water quality. There was minimal change in rates of GPP and ER after
freshes. Gross primary production is strongly constrained by low bioavailable nutrient
concentrations and the freshes were not of sufficient magnitude to entrain higher nutrient
concentrations. Similarly, the relative constancy in ecosystem respiration can be attributed to the
low and consistent DOC concentrations. These outcomes should be seen as largely positive, as,
the existing levels of metabolism are able to support the fish population without the risk of either
algal blooms or anoxic events. However, it is unknown whether an increase in production would

result in an increase in fish populations and this could be tested by future studies.

Environmental watering objective 3 - Support breeding and recruitment of frogs and invertebrates

The watering actions in Colligen and Yallakool Creeks during the 2012 — 2013 sampling period did
not increase the abundance of zooplankton, including individual size classes of zooplankton, nor
did it appear to stimulate reproduction. Zooplankton abundance was instead highly seasonal,
affected by factors unrelated to flow, such as temperature. It is possible that the magnitude of
the watering actions were insufficient to inundate habitat and stimulate productivity thereby
increasing abundance and taxonomic diversity of zooplankton. Connectivity and upstream
sources may also play a role in zooplankton abundance, as suggested by the similarity in
zooplankton abundance of Colligen Creek and Yallakool Creek to the Edward River.

The abundance of shrimp during 2012 — 2013 was not significantly different across the four rivers
and the timing of shrimp spawning was not influenced by environmental watering. In fact,
Colligen Creek and Yallakool Creek had fewer shrimp overall compared to the control rivers,
perhaps as a result of the higher flows reducing the size and availability of slackwaters that are
crucial to larval development and juvenile recruitment.

There was little response of frogs to environmental watering actions in Colligen and Yallakool
Creeks. The highest frog calling activity was observed during September and October 2012 prior
to the environmental watering actions when there were inundated backwaters present from
larger unregulated flows within the Edward Wakool system. The limited response of frogs to

environmental watering may be due to low availability of slackwater and inundated habitat.
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Environmental watering objective 4 - Support ecosystem functions that relate to longitudinal
connectivity and lateral connectivity to maintain populations

e All four fish species monitored (Murray cod, golden perch, silver perch and carp) displayed
increased activity in response to increasing temperature and flow during spring and early
summer. This period of increased movement corresponded with spawning periods for these
species. This increased activity did not result in significant displacement movements, but may
represent survival related behaviour, such as an increased feeding response.

e Individual displacement for Murray cod ranged from 10 km downstream to 50 km upstream.
Golden perch exhibited a displacement range of 150 km downstream to 10 km upstream. Silver
perch were highly mobile, undertaking frequent short (<2 km) return movements. Some
movement occurred during environmental watering actions, however this pattern of movement

was not restricted to these watering actions.

Environmental watering objective 5 - Support breeding and recruitment of native fish

e The analysis of fish community structure from 2010 to 2013 recorded nine of the 21 species
thought to occur in the central Murray region of the Murray-Darling Basin prior to European
settlement. There was high biomass of apex predators and flow specialists in channel habitat

and high abundance of flow generalists in wetland habitat.

e Flooding and subsequent blackwater events in 2010 and 2011 are still having a strong influence
on fish community structure. Following the blackwater events, Murray cod largely disappeared
from all but the upstream zone of this system, where in 2010 and 2011 irrigation outfalls were
used improve water quality. Flooding in 2010 also triggered the proliferation and widespread
recruitment of carp and goldfish throughout the system. There was stronger native fish

recruitment and lower alien species recruitment during drought conditions.

e There has been a small recovery of native fish populations in the system since the blackwater
events in 2010 and 2011. Successive years of environmental water delivery targeted at Murray
Cod recruitment in the upper zone have contributed to recovery of the fish community through
connection of critical habitat, maintenance of low flow refuges and providing conditions to
promote dispersal of individuals to recolonise areas impacted by the blackwater events.
However, the environmental watering in 2012-13 did not trigger widespread recruitment that is

necessary for population growth.
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e There was no evidence of golden and silver perch spawning as a result of the environmental
watering actions. No large scale increase in displacement movements by golden perch were
detected, however, there was an increase in the proportion of tagged fish moving during all
three environmental watering events. It is not known if any of these movements were spawning
related behaviour because most adult golden perch migrated downstream outside the larval
monitoring zone. No eggs or larvae of silver or golden perch were found during or immediately
after the watering actions. Furthermore no young-of-year were collected from any of the focus

rivers or fish community sampling sites.

e There was no evidence that the nursery and larval dispersal conditions of Murray cod were
enhanced as a result of the October to December 2012 Yallakool Creek watering action. The
watering action was provided to maintain the water level moving through Yallakool Creek during
the Murray cod breeding season. Adult Murray cod did not utilise Yallakool Creek in response to
environmental water delivery. Furthermore, although Murray cod larvae and young-of-year
recruits were found in the Yallakool Creek, they were not in significantly greater numbers than

the rivers that did not receive environmental watering actions.

e  Spawning and recruitment of carp gudgeon, one of the five small bodied fish species found in the
Edward-Wakool system, benefited from the November 2012 environmental watering action.
Spawning activity increased, with greater numbers of larvae found after the November
environmental water action compared to the other rivers. The number of recruits was also
significantly higher in Yallakool Creek and Colligen Creek during and immediately after the
November environmental watering actions compared to rivers that did not receive
environmental water. However, the number of recruits in the Edward River, the source of the
environmental water, was equally high or higher than those found in Yallakool and Colligen
Creeks at this time. Therefore, it is not possible to determine if the increase in number of
recruits in Yallakool and Colligen Creek is due to increased recruitment within these rivers, or is

due to more recruits moving, or being transported, into these systems from the Edward River.

Xi
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Synthesis of findings

The possibility of a wet to moderate resource availability scenario meant that ecological objectives
for 2012-13 (CEWO 2012) were expressed in terms of improving ecological outcomes. However,
above average temperatures and below average rainfall in 2012-13 meant that the magnitude and
duration of 2012-13 environmental watering actions largely contributed to maintaining ecological

outcomes, consistent with a moderate resource availability.

The 2012-13 environmental watering generally contributed to the maintainence of the habitat of
native aquatic species. There was a short-term improvement in submerged aquatic habitat in
Yallakool Creek from October to December 2012. More work is needed to model the extent of in-

channel inundation under a range of flow scenarios to assist the planning of future watering actions.

The overarching conclusion from the assessment of water chemistry and stream metabolism is that
throughout the entire period, encompassing base flow and freshes in all streams, water quality
posed no threat to these aquatic ecosystems. At no stage did the dissolved oxygen concentration fall

below 4 mg O,/L, which may then threaten viability of invertebrates and fish communities.

There was no response of zooplankton, shrimp or frogs to the environmental watering actions in
2012-13. Under the objective to ‘Improve the health and resilience of aquatic ecosystems’ we would
expect to observe higher abundances and evidence of breeding of zooplankton, shrimp and frogs,
but this was not achieved. The main reason for the absence of the predicted response appears to be
because critical habitat (slackwaters and inundated vegetation) was not created during watering
actions. The environmental freshes did not reach sufficient discharge to introduce nutrients and

stimulate zooplankton production, nor create slackwater habitat for frogs and shrimp.

Overall there was little effect of the environmental watering on the spawning and recruitment of
native fish community of the Edward-Wakool system. Of the ten native fish species occurring in the
system, we found that nine spawned during 2012-13, however, only one species (carp gudgeon) had

a significant spawning response to the October to December 2012 environmental watering actions.

In summary, in 2012-13 there were a small number of significant responses to the October to
December 2012 in-channel environmental watering, however, some of the expected benefits of
environmental watering were not observed. In contrast, there were almost no significant responses

to the February, March and April 2013 environmental watering actions.
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Environmental watering recommendations

The ecological objectives for environmental water use in the Edward-Wakool system in 2012-13 were
expressed in terms of improving ecological outcomes (CEWO 2012). However, above average
temperatures and below average rainfall in 2012-13 meant that environmental water largely
contributed to maintaining ecological outcomes, consistent with a moderate resource availability
scenario. Better alignment of the timing, magnitude and duration of environmental watering is

required to achieve these objectives.

Recommendations relating to the timing of environmental watering

1. To achieve the objective of ‘improving the health and resilience of aquatic ecosystems’,
environmental watering actions under water use option 1 should be targeted during spring and
early summer. This is the time of year when the greatest benefit for spawning and recruitment of
most aquatic species can be realised. An additional benefit of undertaking environmental
watering in spring and early summer is that it is less likely to cause water quality issues than
environmental watering undertaken in late summer or early autumn when water temperatures
are higher and the concentration of dissolved oxygen is lower. Furthermore, delivery of
environmental water in spring or early summer may be more straightforward to implement given
existing operational constraints, as it can be difficult for river operators to meet all license
holders water needs in the Edward-Wakool system during late summer and early autumn during

periods of high consumptive demand.

2. Environmental watering actions under water use option 2 (Edward-Wakool system refuge
habitat) can be implemented at any time of the year to avoid damage to key assets and provide
refuge during hypoxic blackwater events. If there is a high likelihood of a blackwater event, the
ecosystem can benefit from environmental watering to provide refuges that have a higher

concentration of dissolved oxygen. This option was implemented in 2011-12.

3. Decisions involving the timing of environmental watering should consider the water temperature
at the proposed time of of the environmental watering actions because it will strongly influence
the success of fish spawning, the risk of hypoxic blackwater events and rate of ecosystem

productivity.

xiii
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Recommendations relating to the magnitude of environmental watering

4.

6.

To achieve the objective of ‘improving the health and resilience of aquatic ecosystems’ under
water use option 1, the magnitude of environmental watering freshes should be larger than
environmental flow actions delivered in 2012-13. In contrast to the small or absent responses to
environmental watering in Yallakool Creek and Colligen Creek in 2012-13, the larger magnitude
unregulated flow events in August and September 2012 inundated a significantly larger area of
riverbank and triggered an increase in river productivity. Better ecological outcomes could be
achieved through delivery of environmental freshes of sufficient magnitude to inundate low lying
benches and backwaters and create shallow water habitat and slackwaters and inundate
riverbank vegetation. Additional modelling of inchannel inundation should be undertaken during
the planning of environmental watering actions to assist with optimisation of flow magnitude to
help achieve watering objectives and maximise the creation of shallow inundated areas. It is
possible that for a given volume of environmental water, a better ecological outcome could have
been achieved in 2012-13 by delivery of fewer larger freshes rather than several smaller freshes,

however this hypothesis needs to be tested in an adaptive management context

Smaller magnitude freshes (such as those delivered in 2012-13) can be delivered to achieve the
ecological objective of ‘avoid damage’, or to ‘provide capacity for recovery or maintain health’.
When smaller magnitude watering actions are being planned and implemented it is important

that realistic watering objectives are set for each watering action.

A comprehensive community engagement program will be required to facilitate the delivery of
larger environmental freshes to the Edward-Wakool system. The in-channel inundation
modelling, mentioned in recommendation 4, will enable scenarios to be presented to
stakeholders prior to implementation, which will help identify and minimise risks and serve to

inform and engage stakeholders in the planning process.

Recommendations relating to the duration of environmental watering

7.

The duration and shape of the hydrograph of environmental watering events should be carefully
planned to avoid rapid rates of recession to minimise stranding of aquatic biota and desiccation
of newly established submerged plants. For example, future watering actions could include a
longer, gradual recession to ensure a portion of newly established submerged habitat remains

inundated and has the opportunity to increase in area following the flow recession. This will also

Xiv
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ensure that organisms utilising the inundated shallow areas have sufficient time to return to in-

channel habitats and avoid stranding.

There is a need to consider multiple objectives when setting the duration of environmental
watering events. For example, the objective of the environmental watering event in Yallakool
Creek from October to December 2012 was targeted for Murray cod but was also of sufficient
duration that it resulted in a significant increase in aquatic vegetation that was not observed
during the shorter duration environmental watering events in Colligen Creek or Yallakool Creek

later in the year.

General recommendations for environmental watering

10.

The quality of source water should be carefully considered prior to each environmental watering
action as it will influence the outcome of environmental watering. The quality of source water for
environmental watering actions in the Edward-wakool system (e.g. the Edward River or Mulwala
canal) can vary considerably. For example, on occasions when there is considerable overbank
flooding in the Murray catchment, the water in the Edward River or the Mulwala canal may carry

high dissolved carbon loads (Watts et al 2013).

Decisions around the timing of environmental watering should consider the antecedent
hydrological conditions because they can strongly influence the success of subsequent

environmental watering actions.

XV
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1. INTRODUCTION

This report documents the monitoring and evaluation of Commonwealth environmental watering in
the Edward-Wakool system in 2012-13. It provides details of the environmental objectives of the
watering actions, study design, indicators, methodology, and an assessment of ecosystem responses
to environmental watering with respect to the objectives set by the Commonwealth Environmental
Water Office. A summary of stakeholder consultation and community involvement in the project is
also provided. Results and conclusions from the monitoring and evaluation underpin

recommendations for future environmental watering in this system.

2. BACKGROUND

Assessment of ecosystem responses to in-channel environmental flows

The regulation of the world’s major river systems is a threat to global biodiversity (Nilsson et al.
2005; Poff et al. 1997; Ward et al. 2001; Poff et al. 2007). Under natural flow regimes, riverine
systems are a complex mosaic of habitats which vary across space and time with changes in water
volume, velocity and flooding duration (Stanley et al. 2010; Ward et al. 2001). Periods of high flows
(flood pulse) inundate river benches, fill backwaters and small anabranches and raise ground water
levels, which can lead to the creation of groundwater ponds along river margins (Poff et al. 1997;
Ward et al. 1999). Furthermore, periods of low flow result in slow-flowing or still water, which can
provide habitat for taxa sensitive to higher flow velocities (Bogan and Lytle 2007; Hazell et al. 2003).
Under river regulation, these periods of very high and very low flows are reduced, with subsequent

declines in the availability of habitat types linked to these flow conditions (Ward et al. 1999).

Growing awareness of the impacts of river regulation has led to increased interest in the delivery of
environmental water to restore the ecological function of regulated river systems (e.g. Poff 2009;
Arthington et al. 2010). Two major types of environmental watering are overbank flows, that
inundate wetlands and floodplains, and instream flows that are contained within the channel.
Internationally, there have been a few high-profile examples of the monitoring and evaluation of
instream environmental flows, such as the experimental flood downstream of the USA’s Glen
Canyon Dam in the mid-1990s (e.g. Speas 2000; Shannon et al. 2001; Valdez et al. 2001) and more

recently in 2009 (Cross et al. 2011), and an experimental flood in the Spdl River in Switzerland
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(Robinson et al. 2003, 2004). In Australia instream flows have historically been used to disperse algal
blooms and other contaminants (e.g. Maier et al. 2004; Mitrovic et al. 2003). Prior to 2009 there
were few examples in Australia where environmental water was used to create instream pulsed

flows (Watts et al. 2009a).

Water managers need a means of evaluating the success of environmental watering, however our
understanding of flow-ecology relationships is limited, especially in large and complex floodplain
systems, which hinders our attempts to manage these systems (Poff and Zimmerman 2010). There
are only a small number of empirical studies testing the mechanisms whereby changes to the river
flow regimes drive changes in key population processes and ecological functions (Arthington et al.
2006; Arthington et al. 2010). In the case of fish, changes in natural flooding regimes may be
associated with reduced recruitment success (Humphries et al. 2002), changes in movement
patterns (Tonkin et al. 2008a) and increased densities of exotic fish species (Gehrke and Harris
2001). Changes to aquatic macroinvertebrate communities (Grubbs and Taylor 2004; Sheldon et al.
2002; Vallania and Corigliano 2007) and biofilm production (Ryder 2004) also occur following the
simplification of flow regimes. The impacts of changes of flow regime on other riverine taxa, such as

frogs, are poorly understood (Kingsford et al. 2010).

Since 2010, instream freshes have been delivered to several river systems in the Murray-Darling
Basin. The ecosystem benefit of instream watering actions is not well understood and is being
assessed through monitoring and evaluation programs. In addition, water managers require
information on the most appropriate timing, duration and magnitude of flows to assist the adaptive
management of future flow events. The monitoring of in-stream environmental watering in the
Edward-Wakool system in 2012-13 will provide an assessment of the ecosystem responses in this
system, as well as provide information to inform decisions on the timing, duration and magnitude of

flows in this system

The Edward-Wakool system

The Edward-Wakool system is a large anabranch system of the Murray River main channel. The
system begins upstream of the Barmah choke, and travels northwest through a series of river red
gum forests before discharging back into the Murray River downstream of Kyalite (Figure 1). It is a
complex network of interconnected streams, ephemeral creeks, flood-runners and wetlands

including the Wakool River, Yallakool Creek, Colligen-Niemur Creek and Merran Creek.
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Figure 1. Map showing the main rivers in the Edward-Wakool system.

The Edward-Wakool system is considered to be important for its high native species richness and
diversity including threatened and endangered fish, frogs, mammals, and riparian plants. It is listed
as an endangered ecosystem, as part of the ‘aquatic ecological community in the natural drainage
system of the lower Murray River catchment’ in New South Wales (NSW Fisheries Management Act
1994). This system has abundant areas of fish habitat, and historically had diverse fish communities

which supported both commercial and recreational fisheries.

Like many areas of the Murray-Darling Basin, the Edward-Wakool anabranch system has suffered
from the effects of river regulation, migration barriers and degradation of water quality. Water
regimes within the Edward-Wakool River have been significantly altered by river regulation (Green
2001; Watkins et al. 2010), with changes to the timing and volume of flows. Natural flows in the
river system would have been high in spring and very low in summer and autumn. River
regulation is likely to have resulted in changes in water velocities, the availability of in-channel
habitat types, and ecosystem processes and functions. These problems were manifested in a fish kill
event in 2007-08 which resulted in a loss of many hundreds of native fish, including large individuals

of the iconic Murray cod.

Between February 2006 and September 2010 there were periods of minimal or no flow in the
Edward-Wakool system (Figure 2) due to severe drought conditions. A number of large natural flow

events occurred in the Edward-Wakool system between September 2010 and March 2011 coinciding
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with heavy rainfall in the catchment (Figure 2). Commonwealth environmental water has been

delivered to the Edward-Wakool system since 2010.
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Figure 2. Daily discharge between 01/01/2008 and 28/02/2013 in four rivers in the Edward-Wakool system:
Colligen Creek, Yallakool Creek, Wakool River and Little Merran Creek. Daily discharge data was obtained from
NSW Government water information website (NSW Office of Water, 2012) for four gauging stations: Colligen
Creek regulator (409024), Wakool River offtake regulator (409019), Yallakool Creek offtake regulator (409020),
and the Little Merran Creek gauge at Franklings Bridge (409044).

A preliminary fish monitoring program was established by NSW Department of Primary Industries
(DPI1) in 2010 to provide information on native fish populations in the system. The work involved
establishing long-term fish monitoring sites throughout the Edward-Wakool system that have been
sampled for three consecutive years. In addition, an array of acoustic receivers was established and
a population of tagged fish has been maintained in the Edward-Wakool system to monitor
behavioural responses to environmental watering. In 2011-12, Charles Sturt University, Monash
University and the Murray CMA monitored ecosystem responses to environmental watering in the
Edward Wakool system (Watts et al. 2013) focussing on four rivers: Colligen Creek, Yallakool Creek,
Wakool River, and Little Merran Creek. The project involved comparing ecosystem responses in
rivers that received environmental water to those in rivers that did not receive environmental water.
The current project ‘Monitoring the ecosystem responses to Commonwealth environmental water
delivered to the Edward-Wakool river system, 2012-13’ follows on from the previous projects by

bringing together the long-term fish monitoring, fish movement and ecosystem monitoring.
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3. COMMONWEALTH WATER USE OPTIONS AND FLOW-
DEPENDANT ECOLOGICAL OBJECTIVES 2012-2013

Water use options and flow-dependent ecological objectives for 2012-13 for the mid-Murray region
were developed by the CEWO (2012), taking into account likely resource availability and the
catchment conditions. During the 2011-12 water year, the mid-Murray region experienced relatively
wet conditions with significant rainfall and floodplain inundation occurring during late summer and
early autumn, and the rainfall in the catchment from 1 July 2011 to 30 June 2012 was greater than

the seasonal average (CEWO 2012).

Consistent with the Basin Plan, the ‘Framework for determining Commonwealth environmental
water use’ outlines ecological objectives for environmental watering under a range of water
resource availability scenarios (Table 1). The ecological objectives that guided environmental
watering under the range of possible circumstances expected in 2012-13 are outlined in Table 2.
Based on the resource availability and the catchment conditions, the ecological management
objectives for the mid-Murray region were expected to be in the moderate to wet range. The
ecological objective of the moderate range is to ‘maintain ecological health and resilience’ and the
ecological objective for the wet range is to ‘improve the health and resilience of aquatic ecosystems’

(CEWO 2012).

Three water use options relevant to the Edward-Wakool system are listed in Table 3. As these
options focus on the delivery of in-channel flows, the ecological objectives for this system focus on
breeding, recruitment and habitat requirements of native fish and other aquatic organisms, as well

as in-channel ecosystem functions.

Table 1. Ecological and management objectives for environmental water use under different resource
availability scenarios. (From CEWO 2012)

Extreme Dry Dry Moderate Wet Very Wet
Avoid damage Build future
Ecological Ensure ecological Maintain Improve the health
to key capacity to support
watering capacity for ecological health and resilience of
environmental ecological health
objectives recovery and resilience aquatic ecosystems
assets and resilience
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Table 2. Planning and resource availability scenarios to assist with water use options, with arrow showing the
expected resource availability in the mid-Murray region as at 1 July 2012. (From CEWO 2012)

Resource Possible Inflows Probability of Likely resource | Relevant ecological objective
availability in 2012-13 exceedance availability for environmental watering
scenario as at 1 based on scenarios 2012-
July 2012 historical inflows | 13 for the given
for the catchment inflows
S Build future capacity to
Very high infl
ery high inflows 10% Very wet support ecological health and
(very wet) L
resilience
L Improve the health and
?\Lgefl)mﬂows 25% Wet resilience of aquatic
Wet- ecosystems
Moderate inflows
Moderate 50 % N .
(moderate) Moderate x?ill?éilcr;ecologlcal health and
Low inflows (dry) 75 %
Very low inflows 90 % Dry Ensure ecological capacity for
(very dry) recovery

Table 3. Water use options and flow-dependent ecological objectives as listed in CEWO (2012) for the mid-
Murray system that are relevant for the 2012-13 monitoring program in the Edward-Wakool system.

Option Site Flow-dependent ecological objectives

Option 1 - Edward Wakool | Edward  River | e Support breeding and recruitment of native fish.

River system fish freshes | downstream of | e Support habitat requirements of native fish.

A number of freshes|Stevens Weir,| e Support habitat requirements of native aquatic species,
throughout the water year. | Wakool River,| including frogs, turtles, invertebrates, etc.

Current planning allows for
freshes in spring / early
summer and autumn.

Yallakool Creek,
Colligen Creek-
Niemur River

e Maintain health of existing extent of riparian, floodplain and
wetland native vegetation communities.

e Support ecosystem functions that relate to longitudinal
connectivity and lateral connectivity to maintain populations.

Option 2 - Edward-Wakool
River system refuge
habitat

Dependent on the need to
provide refuge habitat
which is contingent on

catchment conditions.
Hypoxic blackwater is most
likely to occur from Nov
onwards, as water
temperatures increase

Edward River,
Wakool River,
Yallakool Creek,
Colligen Creek,
Niemur River

e Support habitat requirements of native fish.

e Support habitat requirements of native aquatic species,
including frogs, turtles, invertebrates, etc.

e Support ecosystem functions that relate to mobilisation,
transport and dispersal of biotic and abiotic material (e.g.
sediment, nutrients and organic matter).

e Support ecosystem functions that relate to longitudinal
connectivity (i.e. connectivity along a watercourse) and lateral
connectivity (i.e. connectivity between the river channel,
wetlands and floodplain) to maintain populations.

Option 4 - mid-Murray
freshes

Unregulated
most likely to occur in
spring, however could
occur at any time.

peaks are

Edward River,
Wakool River,
Yallakool Creek,
Colligen Creek-
Niemur River

e Support breeding and recruitment of native fish, frogs, turtles,
invertebrates etc.

e Support habitat requirements of native fish, frogs, turtles,
invertebrates etc.

e Maintain health of existing extent of riparian, floodplain and
wetland native vegetation communities.

e Support ecosystem functions that relate to mobilisation,
transport and dispersal of biotic and abiotic material (e.g.
sediment, nutrients and organic matter).

e Support ecosystem functions that relate to longitudinal
connectivity and lateral connectivity to maintain populations.
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4. ENVIRONMENTAL WATERING IN 2012-13

Up to 60 GL of Commonwealth environmental water was made available for use in the Edward-
Wakool River System during 2012-13 (CEWO 2013). Commonwealth environmental water was
delivered in conjunction with water supplied by the New South Wales Government. Commonwealth
environmental water was used to provide several in-stream freshes delivered between spring 2012
and autumn 2013. Target creeks and rivers included the Edward and Wakool rivers, and Yallakool
and Colligen Creeks (CEWO 2013). The Commonwealth environmental water will help build on the

outcomes of environmental water provided to the Edward-Wakool River System in previous years.

The possibility of a wet to moderate resource availability scenario meant that ecological objectives
for 2012-13 (CEWO 2012) were expressed in terms of improving ecological outcomes. However,
above average temperatures and below average rainfall in 2012-13 meant that environmental water
largely contributed to maintaining ecological outcomes, consistent with a moderate resource
availability scenario. Our evaluation takes this into account by acknowledging the contribution of

environmental water to maintaining ecological outcomes.

Four instream watering actions occurred in the Edward-Wakool system in 2012-13 (Figure 3).

1. Yallakool Creek October to December 2012 environmental watering action. A watering
action in Yallakool Creek under water use option 1 commenced on 19 October 2012 and
finished on 7 December 2012. The CEWO (2012) ecological objective for this event was
aimed at maintaining inundation of habitat for Murray cod nests and maintaining the flow
until cod eggs could hatch and larvae drift downstream. The Yallakool Creek discharge
during this event was held in the range of approximately 360 ML/day to 683 ML/day with a
median discharge of 526 ML/day (Figure 3). The total volume delivered was 13,620 ML
comprising 10,620 ML of Commonwealth environmental water and 3,000 ML of NSW

environmental water allocation.

2. Colligen Creek November to December 2012 environmental watering action. A watering
action under water use option 1 occurred in Colligen Creek to promote golden perch and
silver perch spawning (CEWO 2012). This watering action involved the delivery of two
freshes between 2 November 2012 and 17 December 2012. The first fresh commenced on 2
November 2012, reaching a peak of approximately 903 ML/day on 8 November 2012 (Figure
3). Following the fresh, elevated base flows were maintained in anticipation of the second

fresh. Due to operational considerations, the second fresh was delayed, and elevated based

7
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flows were reduced and ceased by the end of November. The second fresh commenced on 8
December 2012 and finished on 18 December with the flows reaching a peak of
approximately 655 ML/day on 11 December (Figure 3). The total volume delivered was
10,261 ML, including 7,261 ML of CEW, and 3,000 ML of NSW environmental water.

3. Yallakool Creek February 2013 environmental watering action. A watering action in
Yallakool Creek under water use option 1 commenced on 2 February 2013 and finished on
22 February 2013. The fresh increased over 3 days to a peak of 430 ML/d on 13 February
2013. The CEWO (2012) ecological objective for this event was to provide opportunities for
small bodied fish (instream generalists) to breed. Specifically, the objective was to test if a
small (~¥30 cm) increase in water level can initiate a spawning response in small bodied fish.
Secondary objectives of this action were to test whether or not a small water level rise
resulted in the movement of medium/large bodied fish and/or spawning of golden perch.
Note that a fresh in Colligen Creek in February 2013 (Figure 3) was not part of this
environmental watering action but was due to an water order rejection. The volume of CEW

delivered to Yallakool Creek for this action was 1,796 ML.

4. Yallakool Creek and Colligen Creek March to April 2013 environmental watering action.
Watering actions in Yallakool and Colligen Creeks under water use option 1 commenced on
13 March 2013 and ceased on 5 April 2013. In Yallakool Creek the fresh increased to a one
day duration peak of 563 ML/d on 31 March 2013 (Figure 3). In Colligen Creek the fresh
increased to a one day duration peak of 499 ML/d on 31 March 2013 (Figure 3). It is
estimated that 3,750 ML of CEW was delivered to Yallakool Creek, and 4190 ML to Colligen
Creek. The total volume of CEW delivered was 4,192 ML to Yallakool Creek, and 5,074 ML to
Colligen Creek. The CEWO (2012) ecological objective for these watering actions was to test
whether a spawning response could be achieved in small bodied fish from a 30 cm rise in
water levels in autumn. A secondary objective was to test whether or not a small water level

rise would result in the movement of medium/large bodied fish during autumn.

A steering committee led by the CEWO contributed to the planning and delivery of these flows.
Participants included representatives of CEWO, NSW OEH, Murray CMA, State Water Corporation,
NSW Office of Water, MDBA River Murray Operations, and scientists from NSW DPI Fisheries and
Charles Sturt University. Teleconferences were generally bi-weekly in the months preceding the
watering event, and weekly during each event. Preliminary results from the monitoring program
were provided during these teleconferences to help inform the watering decisions and delivery of

Commonwealth environmental water and water supplied by the New South Wales Government.
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Figure 3. Daily discharge (ML/day) between 1/7/12 and 15/5/13 in Colligen Creek, Yallakool Creek, Wakool River and Little Merran Creek. Timing and duration of
environmental watering in Yallakool Creek and Colligen Creek in 2012-13 is shown with coloured bars. The star symbols on the y axis indicate estimated bankfull discharge
in each river.
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5. MONITORING DESIGN AND LOCATION OF SAMPLING SITES

The monitoring of ecosystem responses to environmental watering in the Edward-Wakool system in

2012-13 was undertaken as follows:

1. Focus rivers — Monitoring under watering option 1

The nature of the Edward-Wakool system provides a unique opportunity to assess responses to in-
channel environmental watering. In this system there are several distributary rivers with regulators
that control inflows. Under watering option 1 (Table 3), environmental water can be delivered as
freshes via regulators to Colligen Creek, Yallakool Creek and the Wakool River from the Edward River
(Figure 4). This facilitates a rigorous assessment of the responses to environmental watering through
comparisons between rivers receiving environmental water (‘treatment’ rivers) and rivers in close
geographic proximity not receiving environmental water (‘control’ rivers). The study reaches in each
focus river ranged from 3 to 5 km in length. These focus reaches were also sampled to assess

ecosystem responses to environmental watering in 2011-12 (Watts et al. 2013).

In 2012-13 environmental water was delivered to Colligen Creek and Yallakool Creek (treatment
rivers), and the Wakool River and Little Merran Creek served as controls (no environmental water).
The Edward River was sampled to assess the potential source of propagules for the treatment rivers
(Figures 4, 5). A detailed description of sampling design and data analysis for each indicator is
presented in section 5. When linking the monitoring design to the CEWO (2012) ecological objectives,

the expected responses are presented in Table 4.

Table 4. Expected ecosystem responses in treatment and control rivers in response to environmental watering
in the Edward-Wakool system in 2012-13.

Resource CEWO (2012) | Expected ecosystem response in | Expected ecosystem response in

availability | ecological treatment’ rivers: ‘control’ rivers:

scenario: objective:

Moderate | “Maintain No change relative to antecedent | Reduced ecological health and
ecological conditions (eg. No change in | resilience relative to antecedent
health and | abundance and recruitment of | conditions as a result of not receiving
resilience” aquatic organisms, water chemistry | environmental water. (eg. reduced

and habitat availability) abundance and recruitment of
aquatic organisms, reduced habitat
availability)

Wet “Improve the | Improved ecological health and | No change or reduced ecological
health and | resilience (eg. greater abundance | health and resilience relative to
resilience of | and  recruitment of aquatic | antecedent conditions as a result of
aquatic organisms, improved water | not receiving environmental water.
ecosystems” | chemistry and increased habitat

availability)

10
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2. Focus rivers- Monitoring under watering option 2

Under watering option 2 (Table 3) there is the opportunity to deliver environmental water to the
Edward River and Wakool River via escapes from the Mulwala canal. To facilitate assessment of
environmental watering from the Wakool escape in the event of a blackwater event, sampling in the
Wakool River was undertaken upstream and downstream of the Wakool escape (Figure 4) and in the
Mulwala canal as a potential source of propagules (Figure 4). Samples from downstream of the
escape were processed immediately and were used in the analysis of watering option 1. As no
environmental water was delivered from the Mulwala canal to the Wakool River under watering
option 2 in 2012-13, the samples from the canal and the upstream Wakool River site were not

required to assess watering and are hereafter not referred to in this report.

Collfgen Creek

Yallakool Creek

Wakool escape

wakool River

Kilometres

0 5 10 20

Figure 4. Location of four focus rivers for the assessment of ecosystem responses to environmental watering in
the Edward-Wakool system (shown in red). The Edward River and Mulwala canal (shown in pink) were sampled
as potential sources of propagules.
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WakoiRlver o ’ Little Mérr{ah Creek

Figure 5. Photos of the four focus rivers; Colligen Creek, Yallakool Creek, Wakool River and Little Merran Creek.

3.  Whole of system assessment

A total of 43 sites were sampled throughout the Edward-Wakool system (Figure 6) to assess the
response of the fish community to environmental watering. The sampling included 30 sites that were
established in 2010 and 7 sites established in Werai Forest in 2011 (Figure 7). A selection of the
sample sites are shown in Figure 8. An acoustic array established in 2010 to assess fish movement in

the Wakool River, Yallakool Ck and Edward River continued to be monitored in 2012-13 (Figure 9).
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Widgee, Yallakool Creek Ventura, Neimur River

Thule Creek Bridge, Thule creek Dunn’s, Coobool Creek

Figure 8. A selection of the 43 sites sampled for the annual fish community assessment across the study area.
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Figure 9. Overview of acoustic receiver array used to detect fish movements in response to environmental
water delivery in the Edward-Wakool system. The array was established to detect movements in the Wakool-
Yallakool River (orange) and also the upper Edward system (yellow). Detailed coverage of the original tagging
location at the Wakool-Yallakool junction is enlarged for clarity.

6. INDICATORS

As it is not possible to measure every ecosystem response to environmental watering, a selection of
potential indicators was assessed. The best indicators are those where there is a high level of
predictability in response to environmental changes. Cairns et al. (1993) suggest that a good indicator
should also be relatively cheap and quick to measure, repeatable and sensitive to environmental
change. Furthermore, numerous authors have stated the most important attribute of an indicator is
that it can be quantitatively validated, requiring the reliability of the data and what the response

indicates to be unambiguous (Fairweather 1999).

In 2011-12 a set of indicators were selected to assess the physical, chemical or biological responses
to environmental watering in the Edward-Wakool system (Watts et al. 2013). As these indicators
were considered to be appropriate for assessment of the flow-dependent ecological objectives
identified in CEWO (2012), the indicators monitored in 2011-12 were monitored again in 2012-13.
The indicators selected for the assessment of environmental watering in the Edward-Wakool system
are tightly linked with the CEWO (2012) ecological objectives for the proposed water use options for

this system (Table 5). These indicators reflect the in-channel focus of the water use options for the
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Edward-Wakool system; the majority of indicators focus on assessment of breeding, recruitment and
habitat requirements of native fish and other aquatic organisms and in-channel ecosystem functions.
The expected responses of these indicators to watering objectives, if the ecological objectives are

met, are outlined in Table 4.

The frequency of sampling and locations where the indicators were monitored are listed in Table 6.
Some indicators were monitored continuously via logging equipment and others were sampled
fortnightly or monthly. Some indicators can be assessed quickly and provide real time information to

water managers allowing them to modify the watering regime to achieve the watering objective.

Table 5. Monitoring indicators used to assess ecosystem responses to environmental watering in the Edward-
Wakool system in 2012-13 in relation to the ecological objectives as listed in CEWO (2012).

CEWO Ecological objective Wa?ermg Indicators
option
Objective 1: 1,2,4 ¢ Inundation modelling
e Rapid habitat assessment of aquatic and
Support habitat requirements of native fish. riverbank vegetation
Support habitat requirements of native aquatic
species, including frogs, turtles and invertebrates.
Maintain health of existing extent of riparian,
floodplain and wetland native vegetation
communities.
Objective 2: 2,4 e Water chemistry (Dissolved organic
Support ecosystem functions that relate to carbon, total organic carbon, nutrients)
mobilisation, transport and dispersal of biotic and e Carbon characterisation)
abiotic material (e.g. sediment, nutrients and e  Phytoplankton biomass
organic matter). e  Biofilm biomass and diversity
e Whole stream metabolism
Objective 3: 4 e Frog community composition,
Support breeding and recruitment of frogs, turtles abundance and recruitment
and invertebrates e Zooplankton abundance, diversity and
size composition
e  Crustacean abundance and proportion of
females in berry
Objective 4: 1,2,4 Longitudinal connectivity
Support ecosystem functions that relate to e Acoustic tracking of fish
longitudinal connectivity (i.e. connectivity along a
watercourse) and lateral connectivity (i.e.
connectivity between the river channel, wetlands
and floodplain) to maintain populations
Obijctive 5: 1,4 e Larval fish abundance and diversity
Support breeding and recruitment of native fish. e Fish recruitment and community
composition/abundance
e Ageing of larval and juvenile fish
e large-scale fish survey of main channel
and wetland habitats

Table 6. Summary of location and frequency for sampling of indicators
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7. RESPONSES OF INDICATORS AGAINST ENVIRONMENTAL
WATERING OBJECTIVES

7.1. Objective 1: Support habitat requirements of native aquatic

species

7.1.1.Inundation modelling

Discharge Scenarios
I 30MUd (estimated low flow)
[ 170ML/d (estimated base flow)

I 271MLId (median flow 2011-2013)
I 550ML/d (e-watering)
800MLId (estimated half bankful)
| | I 1913ML/d (max discharge 2011-2013) |
|| I 4000MLsd (estimated bankful)
|| Digital Elevation Model
- 846m
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Background

Understanding the extent of riverbank inundation under different discharge scenarios is essential to
describe changes in wetted benthic surface area and shallow water habitat during environmental
watering actions. Inundation modelling can also assist the interpretation of other indicators, such as
nutrients, river metabolism, and emergence of zooplankton from riverbank sediments. Remote
sensing is a useful method for estimating the extent of inundation under different flow scenarios
because it provides results more cheaply and efficiently than ground based survey methods. Previous
studies modelling river flow and floodplain inundation have been undertaken for wetlands on the
Darling River (Shaikh et al. 2001), and floodplains on the Murrumbidgee River (Frazier et al.2003) and
the River Murray (Overton 2005; Overton et al. 2006). These studies have generally focussed on
estimating floodplain inundation during overbank flows. Methods employed include optical satellite
image analysis, radar remote sensing and of landsat TM (Townsend and Walsh 1998; Shaikh et al.

2001; Frazier et al. 2003; Overton et al. 2006).

The use of digital elevation models to create a floodplain surface that can be inundated under
different discharge scenarios may not give the best representation of floodplain inundation, because
even small impediments on a predominantly flat floodplain can affect the models. However, in a
system such as the Edward-Wakool system where environmental watering is contained within the
channel, the use of digital elevation models to create flow path assessments below bankfull is an
appropriate approach to compare the extent of riverbank inundation under different discharge
scenarios. The inundation models can also serve as a tool to help predict the likely outcome of

different flow management options on patterns of riverbank inundation.

Methods

Discharge scenarios were modelled for the four focus reaches; Colligen Creek, Yallakool Creek,
Wakool River and Little Merran Creek. Each reach was represented within the hydraulic model using
a digital elevation model (DEM) supplied by the Murray Catchment Management Authority-NSW.
Inundation modelling was undertaken by Marine Solutions. Digital elevation models derived from
LiDAR survey can be used for detailed flow path assessments. However, unless carefully checked,
small scale artefacts can remain during the conversion of mass point clouds to surface models.
Artefacts remaining within DEMs can impede normal flow and impact the results of hydraulic
models. Several significant artefacts were removed from the Little Merran Creek and Colligen Creek
DEMs to ensure normal stream flow was not impeded. Artefacts were removed by identifying

erroneous elevation values and integrating corrected values directly into the elevation surface using
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a process of data fusion. To account for vegetation in each reach the surface friction coefficient
(Manning’s n) within the model was set to a value of 0.05 with the exception of the Yallakool Creek

site where a value of 0.04 was deemed more appropriate.

Six discharge scenarios were modelled for each river ranging from low flow to estimated bank-full
flows (Table 7). The exceptions were Yallakool Creek where an additional environmental watering
scenario was modelled and Little Merran Creek where only three scenarios could be successfully
replicated because the LiDAR survey was undertaken when discharge was approximately 200ML/day,
so low flow and base flow scenarios could not be modelled in this system. In Colligen Creek the
environmental watering scenario was the same as estimated half bankfull. Discharge values were

converted from ML/day to m>.sec™ and supplied to the model as static flow values.

Each scenario was modelled assuming an initial dry starting condition with no residual water in the
system with the exception of Little Merran Creek reach where it was identified that a base flow of
200 ML/day was present when the DEM was captured. All scenarios were run until stable state flow
was achieved whereby the instantaneous flow rate at the downstream boundary condition stabilised
and matched the upstream inflow value. The exception was scenario 6 for the Wakool River reach
where a steady state flow could not be achieved without a loss from the system into the Edward
River. Under the 3000 ML/day discharge a stable state flow of approximately 2820 ML/day was
recorded at the downstream boundary condition for the Wakool site with 180 ML/day escaping into
the Edward River. Inflow values were provided to the upstream boundary condition as a static value
and did not vary over the duration of a model run. Discharge scenarios were modelled using the 2D
grid implementation of Eonfusion Flood (Myriax Software) with model outputs post-processed using

the GIS functionality of Eonfusion (Myriax Software).

Upon reaching stable state flow, an extent output from the model was captured representing the
spatial coverage of the water surface. Within each cell of the extent the water depth and surface
elevation were captured allowing a 3D surface of the stream bed underlying the water surface to be
constructed. The wetted benthic surface area covered by the water surface was then calculated
using the derived 3D surface. Post-processing, including surface area calculations, was achieved using

Eonfusion (Myriax Software), Quantum GIS and made distributable using Google Earth.
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Table 7. Summary of discharge scenarios modelled for the four focus reaches; Colligen Creek, Yallakool Creek,

Wakool River and Little Merran Creek.

Scenarios Discharge ML/day

Wakool Yallakool Colligen Merran
1 - low flow (estimated) 25 30 30
2 - base flow (estimated) 50 170 200
3 - median flow (2011-2013) 110 271 314 230
Environmental watering 560 800
4 - half bank (estimated) 500 800 800 500
5 - maximum daily discharge (2011-2013) 1442 1913 2808 1062
6 - bankfull (estimated) 3000 4000 4000

Results and discussion

The estimates of wetted benthic surface area (Table 8) and inundation maps (Figure 10) illustrate
that estimated low flows, estimated base flows and the calculated median flow for 2011-2013 were
constrained within the river channel. There was a small increase in wetted benthic surface area from
the low flows to the median flow scenario. In Colligen Creek the environmental flow of 800 ML/day
resulted in a 14% increase in wetted benthic surface area from the base flow 200 ML/day scenario. In
Yallakool Creek the environmental flow of 560 ML/day resulted in a 22% increase in wetted benthic

surface area from the base flow 170 ML/day scenario.

Figure 10 demonstrates that the wetted benthic surface area during the maximum daily discharge
scenario experienced in 2011-2012 during high unregulated flows was considerably higher than the
wetted area during the base flow or environmental flow scenarios. The models estimate there would
be a considerable further increase in wetted benthic surface area during a bankfull flow, however

this type of flow event did not occur during the study period.

Table 8. Estimates of wetted benthic surface area under a range of discharge scenario in the four focus
reaches; Colligen Creek, Yallakool Creek, Wakool River and Little Merran Creek.

Scenarios Wetted surface area (m°)

Wakool Yallakool Colligen Merran
2 - base flow (estimated)
3 - median flow (2011-2013) 46,222 41,858 49,982 160,908
Environmental watering _
4 - half bank (estimated) 58,547 49,734 55,110 242,902
5 - maximum daily discharge (2011-2013) 200,455 60,789 71,337 542,584

6 - bankfull (estimated)
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Discharge Scenarios
I 30ML/d (estimated low flow)
|| 200ML/d (estimated base flow)
[ 314ML/d (median flow 2011-2013)
I 800ML/d (e-watering and estimated half bankful)
|10 2808ML/d (max discharge 2011-2013)
I 4000ML/d (estimated bankful)
Digital Elevation Model
859m

. 83.0m
80.1m

Discharge Scenarios
I 30ML/d (estimated low flow)

| 170ML/d (estimated base flow)
I 271MUId (median flow 2011-2013)
I s60MLId (e-watering)
) 800ML/d (estimated half bankful)
ml [ 1913MU/d (max discharge 2011-2013)
| I 4000ML/d (estimated bankiul)
| | Digital Elevation Model
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Discharge Scenarios
I 25ML/d (estimated low flow)
| 50ML/d (estimated base flow)
I 110MLId (median flow 2011-2013)
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[ 1442MUd (max discharge 2011-2013)
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[ 1062ML/d (max discharge 2011-2013)
Digital Elevation Model

76.7m

. 739m
711m

I 230ML/d (estimated median flow 2011-2013)

Figure 10. Maps showing representation the spatial coverage of the water surface under different discharge

scenarios

Figure 11 shows that the relationship between discharge and wetted surface area in these rivers is

not linear. It is likely that the relationship between these factors is strongly influenced by

geomorphology. The modelling has demonstrated that a fresh of a given discharge in one river may

not result in the same increase in wetted benthic surface area in another river. For example, an

increase from 200 ML/day to 800 ML/day in Colligen Creek resulted in a modelled 14% increase in

wetted benthic area, whereas a similar increase from 170ML/day to 800 ML/day in Yallakool Creek

resulted in a modelled 30% increase in wetted benthic area (Table 8). There is a large increase in

estimated wetted surface area with increasing discharge in Little Merran Creek.
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Figure 11. Modelled relationship between discharge (ML/day) and wetted surface area (m>) for study reaches
in Colligen Creek, Yallakool Creek, Wakool River and Little Merran Creek.

In summary, the inundation modelling results suggest that the environmental watering in Yallakool
Creek and Colligen Creek increased the inundated benthic area in these systems, but the increase
was small relative to increases for unregulated events or bankfull discharge. As the data presented
here are for only a small section of each river, it is important to consider that the relationship
between discharge wetted benthic surface area will be reach specific and that these relationships
need to be examined over a longer river distance in the study rivers. This would facilitate better

planning for the magnitude and duration of environmental watering events.

These results have important implications for in-channel environmental watering actions. It may be
more appropriate to examine the relationship between inundation area and ecosystem responses to
in-channel flows rather than focussing on relationships with daily discharge data, as has commonly

been the practise. In-channel hydrodynamic modelling under different flow scenarios can be used to:

i) better understand the relationship between in-channel flows and ecosystem responses,
ii) predict the consequences of in-channel flows on biota and ecosystem functions, and
iii) facilitate better planning and management of the future in-channel environmental flows.

The modelling can help managers determine the optimum discharge to increase the
inundation to produce ecosystem responses to environmental flows, but with minimal

third party impacts.
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7.1.2.Habitat assessment
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Background

Riverbank vegetation and aquatic vegetation plays an important role in river ecosystems and
provides habitat for fish, invertebrates, frogs and birds (Roberts and Marston 2011). The cover and
composition of aquatic vegetation can determine the availability of oviposition sites for macro
invertebrates and calling and spawning locations for frogs (Wassens et al. 2010) and support wetland
food webs and zooplankton communities (Warfe and Barmuta 2006). Furthermore, the response of
aquatic and riverbank vegetation following a flow event can assist understanding the response of

other biological indicators.

Riverbank plant survival and growth is affected by the frequency and duration of inundation (Toner
and Keddy 1997; Johansson and Nilsson 2002). Frequent inundation can delay reproduction of (Blom
and Voesenek 1996), whilst long duration of inundation can reduce growth (Blom et al. 1994;
Johansson and Nilsson 2002). Favourable soil moisture and nutrient conditions created by a receding
flood can encourage rapid recovery and root and shoot development and many plants, including
emergent macrophytes and riparian understorey herbs, often germinate on flood recession (Nicol
2004; Roberts and Marston 2011). Differences in seasonal patterns of inundation within a single year
can result in different survival, growth and reproduction responses of riverbank and aquatic plant

species (Lowe 2002).

The aim of the monitoring was to assess habitat responses to environmental watering in two zones:
1. Aquatic vegetation within 5 m of water adjacent to the waters edge — representing shallow
inundated terrestrial vegetation or submerged and emergent aquatic vegetation, and 2. Riverbank
vegetation in a 5 m transect adjacent on the riverbank to the waters edge. This riverbank vegetation

becomes inundated aquatic habitat when water levels rise during instream freshes.

Hypothesis

The percent cover of aquatic vegetation and riverbank vegetation will be higher in rivers receiving
environmental water than in those not receiving environmental water. Environmental flows of longer

duration will result in greater response than those having a short duration.
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Methods

A rapid habitat assessment was undertaken once per month at the four focus rivers (Colligen Creek,
Wakool River, Yallakool Creek and Little Merran Creek) over the eight month survey period
(September 2012 to April 2013). Overall river characteristics were recorded including surrounding
land use, general assessments of the surrounding vegetation communities, soil type, continuity of
fringing vegetation, percent open water and percent inundated vegetation cover. Inundation levels
and extent from watering events were monitored using photopoints. The photo points were set up at

sites within each focus river to assess inundation of key features such as point bars and benches.

Three sites within each focus river were surveyed monthly between September 2012 and April 2013.
One hundred (100) metre long transects that ran along the water’s edge of the river channel were
surveyed to monitor changes in the percent cover of terrestrial and aquatic vegetation over time.
Each transect was ten metres in width, which allowed for five metres on the riverbank side to
represent terrestrial riverbank vegetation and 5m within the water representing submerged and
emergent aquatic vegetation plus , in some cases, inundated riverbank vegetation. Measurements of
percent cover along each 100m transect were taken visually at 5 m intervals. The riverbank transect
was was classed as grasses (tall and short), herbs (tall and short), logs and litter, and bare ground.
Aquatic vegetation was classed as tall emergent, short emergent, broadleaf emergent, attached

floating, or submerged and the percent cover of each class was recorded.

Results and discussion

Aquatic habitat assessment

There was a different response in each river in terms of aquatic vegetation cover and diversity over
the survey period (Figure 12). Hydrological conditions, such as water depth and stability of water
levels (Casanova and Brock 2000), and channel geomorphology can both strongly influence aquatic

vegetation community and structure (Brock et al. 2006; Thoms et al. 2006).

The aquatic vegetation cover in Little Merran Creek and Wakool Rivers (control river) remained
relatively constant over the survey period (Figure 12). There was a trend towards and increase in the
percent cover of tall emergent aquatic plants slightly over time in the second control, Wakool River,

but this was not statistically significant due to high variation among replicates.

26



Watts, R.J. et al. (2013). Monitoring of ecosystem responses to the delivery of environmental water in the

Edward-Wakool system, 2012-2013. Institute for Land, Water and Society.

Colligen Creek Wakool River
5 20 1 é 20
s ®
§ 5 g b
¢ v
. > 10
5 101 2
: 505
- ’_h ’_h ’_h :
% s
o [
% 0 T T -l—I—l T rl—l. . . ) § Sep Ot Nov Dec Jan  Feb  Mar  Apr
g X
- Sep Ot Nov Dec Jan  Feb  Mar  Apr : sunveymonth
5 survey month g
£ Dtallemergent aquatic (>50cm) B short emergent aquatic (<50cm)
Dshort emergent aquatic (<50cm) O submerged aquatic
Yallakool Creek Little Merran Creek
c 204 c 204
9 o
) =
g 151 £ 15
w w
g g
9 101 o 101
H 5
: :
T 51 g 5
) 1]
% O-LrEI-rEI-rE"—rE"—v-E-v-E-v-E-ﬂ % 0
\‘; Sep Ot Nov Dec Jan Feb  Mar Apr \L; Sep Oct Nov Dec Jan Feb Mar Apr
o )
c
g survey month 5 survey month
£ E
D short emergent aquatic (<50cm) B submerged aquatic Dtall emergent aquatic (>S0cm) B short emergent aquatic (<50cm)

Figure 12. Mean percent cover (+ 1SE) of aquatic vegetation cover observed at focus rivers between September
2012 and April 2013.

There was a significant response of submerged aquatic vegetation in the Yallakool Creek October to
December 2012 environmental watering action (Figure 12). Submerged aquatic vegetation cover was
very low in September 2012, but increased during October and November 2012 (Figure 12). The
dominant group were Charophytes, which are a type of algae that are similar to water plants, as they
grow from the sediment into the water and produce seed-like spores. The duration of inundation
provided the opportunity for submerged vegetation (in particular Characeae sp) to increase in area in
the shallow water zone that was created during the environmental watering. There was a visible
increase in the activity of macroinvertebrates and other organisms in the shallow water zone in this
newly established vegetation. The increase in submerged aquatic vegetation was short lived, because
the water level receded in December 2012 at the end of the environmental watering, and the
percent cover of submerged aquatic vegetation decreased as the banks became exposed and the
aquatic vegeration was desiccated (Figure 13). Although Yallakool Creek received additional

environmental freshes from March to April 2013, no increase in aquatic vegetation cover was
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observed as a result of’ these shorter environmental watering events (Figure 12; Figure 13). These
observations support the hypothesis that environmental watering of longer duration will result in

greater response in aquatic vegetation than those having a short duration.

A higher cover of inundated short emergent vegetation, comprised mostly of grasses and rushes, was
present in Colligen Creek between September and October 2012 compared to the other focus rivers
(Figure 12). The higher cover of aquatic vegetation in Colligen Creek during the November to
December 2012 environmental watering action appeared to be due to riverbank plants becoming
inundated during the environmental watering, not necessarily due to an increase in production of
aquatic vegetation. When the watering action concluded in mid December 2012, the wetted areas
receded and dried and several rushes, sedges and short herbs were identified on the drying/dry
banks which likely emerged from the receding environmental fresh. The Colligen Creek March to
April 2013 environmental watering action resulted in a slight (but non-significant) increase of

inundated vegetation (Figure 12).

Figure 13. Exposed bank of Yallakool Creek during environmental freshes during survey period (September
2012 and April 2013): where a) spring, (b) summer and (c) autumn

28



Watts, R.J. et al. (2013). Monitoring of ecosystem responses to the delivery of environmental water in the
Edward-Wakool system, 2012-2013. Institute for Land, Water and Society.

Riverbank vegetation

Riverbank vegetation consisted of the four vegetation classes (tall and short grass and tall and short
herbs) at each river (Figure 14). Colligen Creek contained the highest cover of tall grasses (~20%
cover) and tall herbs (~¥10% cover), whereas Yallakool Creek and Wakool River both contained the
highest short herb cover (~¥35% and ~15% respectively) (Figure 14). Little Merran Creek had the least

percent cover of riverbank plants of all the focus rivers.

Riverbank vegetation was similar across all rivers and did not change substantially during the survey
period, regardless of whether the river received an environmental fresh or not (Figure 14). The lack
of change in vegetation cover may be, in part, because only minor inundation of the riverbank
occurred at the study reaches during the environmental watering (Table 8, Section 7.1.1). The study
area also experienced extreme mean maximum temperatures consistently above 40 degrees
between November 2012 and February 2013, as well as very low rainfall (4.4 mm in January) (Figure
15). Combined with limited riverbank inundation, it is not surprising there was little change in the

cover and community compositions of vegetation within the focus rivers.

Riverbank vegetation productivity and structure can be influenced by hydrological conditions such as
frequency, duration, magnitude and timing of events (Casanova and Brock 2000; Kehr et al. 2013;
Robertson et al. 2001) and understorey vegetation community composition can vary in response to
wet and dry periods (Reid et al. 2011). The inundation of riverbank vegetation following larger flow
events may be important for the Edward-Wakool system, as increased plant productivity can
contribute to carbon and nutrient dynamics in aquatic and terrestrial ecosystems (Sims and Thoms

2002) and provde habitat for a range of organisms.

Grazing by domestic livestock can also influence riparian vegetation (Robertson, 1997; Robertson and
Rowling 2000) and evidence of pugging and grazing by sheep, cows and horses was observed during
the survey period at all focus rivers. Thus, the relatively low cover of riverbank vegetation at the
study sites may be, in part, due to grazing which can reduce plant biomass (Lunt et al. 2007; Reid et
al. 2011; Robertson and Rowling 2000) and species diversity in flood prone areas (Robertson 1997).
Grazing can also alter plant community composition by advantaging species, such as grasses, that
respond positively to grazing (Landsberg et al. 2002). Although grazing impacts were not monitored
during this study, the impacts of grazing by domestic livestock should be considered in future

monitoring.
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Figure 14. Mean percentage cover of terrestrial and fringing vegetation observed, and accompanying
photograph representing typical cover at each focus reach.
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Figure 15. Weather experienced during the survey period (September 2012-April 2013): a) mean monthly

maximum temperature and mean temperature; b) mean monthly rainfall
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7.2. Objective 2: Support ecosystem functions that relate to
mobilisation, transport and dispersal of biotic and abiotic

material

7.2.1.Water quality and chemistry
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Background

A range of parameters can be measured as indicators of water quality in river systems and many of
these are directly or indirectly influenced by environmental watering. Parameters such as dissolved
oxygen and temperature will directly influence the suitability of the water for aquatic organisms,
such as fish. These may be influenced by flow through changes in water volume, turbulence and
through indirect processes, such as alterations in rates of bacterial metabolism and photosynthesis.
Nutrients and organic matter concentrations may be influenced by flow, either by dilution or through
inputs associated with water contacting parts of the channel or floodplain which were previously dry
and which have stores of nutrients and carbon in both plant materials and the soil (Baldwin 1999;
Baldwin and Mitchell 2000). Inputs of these substances may have a positive influence on the river
community through the stimulation of productivity and increased food availability for downstream
communities (Robertson et al. 1999), however, excessive inputs can result in poor water quality
through the development of problem algal blooms or blackwater events resulting in very low
dissolved oxygen concentrations (Howitt et al. 2007; Hladyz et al. 2011). This project aims to assess
changes to water quality in response to alterations in flow and to consider changes in both the

guantity and type of organic matter present in the system.

Hypotheses

e Environmental watering is expected to stimulate ecosystem productivity by moving nutrients and
carbon between the main channel, upper benches and small low commence to flow
floodrunners.

e Environmental watering is not expected to trigger blackwater events in these systems.

Methods

Water temperature and dissolved oxygen were logged every ten minutes at two sites in each of the
four focus river reaches, with loggers located approximately 3-5 km apart. Data were downloaded
and loggers calibrated approximately once per month, although on some occasions it was a longer
period if high flow events made it difficult to retrieve loggers. Light and depth loggers were deployed

at the commencement of the 2012-13 monitoring period and data downloaded on a monthly basis.

Water quality parameters (temperature (°C), specific conductivity (mS/cm), dissolved oxygen (%), pH,

and turbidity (NTU)) were also measured as spot recordings, fortnightly at two sites within each river.
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Water samples were collected from four sites within each river reach to assess for:

e Total Organic Carbon (TOC)

e Dissolved Organic Carbon (DOC)

e Nutrients (Ammonia (NHj3), filtered reactive phosphorus (FRP), dissolved nitrate + nitrite

(NOx), Total nitrogen (TN) and Total phosphorus (TP))

DOC and nutrient samples were filtered on-site using 0.2 um membrane filters. Samples were frozen
and organic carbon samples refrigerated for transport to Monash University for analysis. Nutrient
analysis (by Flow Injection Analysis) and organic carbon analysis (high temperature conversion to CO,
followed by infra-red detection) were undertaken by the National Association of Testing Authorities
(NATA) accredited laboratory at the Monash University Water Studies Centre using accredited

Quality Assurance protocols, thereby ensuring the integrity of data and analysis procedures.

An asymmetrical BACI (before-after, control-impact) (Underwood 1991) statistical design was used to
test the effect of specific environmental water actions on water chemistry parameters. Differences in
mean values between control/impact rivers and before/during/after environmental watering were
evaluated statistically for each watering action using 2-way mixed effects analysis of variance
(ANOVA). Because there were multiple sampling times used to represent before, during and after
environmental flows, and multiple rivers used as ‘control’ and sometimes ‘impact’ rivers, sampling
trip (random effect) was nested within Period (fixed effect, three levels: before, during and after),
and river (random effect) was nested in Treatment (fixed effect, two levels: control rivers, impact
rivers). Impact rivers received environmental freshes, while Control rivers were those that did not
receive environmental water. For this analysis particular interest is in the Period x Treatment
interaction term, which indicates a significant effect of the environmental watering action. Visual
assessment of plots, grouped by Period and Treatment, were used to confirm if the significant

interaction term was positively or negatively associated with the environmental watering action.

In November, two watering actions took place, one in Yallakool Creek and the other in Colligen
Creek. For the Yallakool Creek November fresh, we compared the two sampling times Before (3
October, 17 October 2012) with the three times During (31 October 2012, 14 November, 28
November 2012) and two times After (12 December, 29 December 2012) the fresh (Table 9). Here,
the Yallakool Creek was the ‘Impact’ river, and the Wakool River and Little Merran Creek the
‘Control’ rivers. The Colligen Creek November 2012 fresh was delivered as two distinct pulses and so
the BACI analyses were run on each pulse separately. For the first pulse, we compared one sampling
time before (17 October 2012) with two times during (31 October, 14 November 2012) and one time

after (28 November 2012) the fresh. For the second pulse, we compared one sampling time before
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(28 November 2012), with one time during (12 December 2012) and one after (29 December 2012)
the pulse. Here, Colligen Creek was the ‘Impact’ river, and the Wakool River and Little Merran Creek

the ‘Control’ rivers (Table 9).

Yallakool Creek received a second fresh in February 2013, and here we compared two sampling times
before (9 January 2013, 23 January 2013) with two sampling times during (5 February 2013, 20
February 2013), with one sampling time after (6 March 2013) (Table 9). Yallakool Creek was the
Impact river, and the Wakool River and Little Merran Creek the Control rivers. In March 2013,
Colligen and Yallakool Creeks received freshes of similar magnitude, duration and ‘shape’. The similar
hydrographs in both Impact rivers meant we were able to perform an ANOVA with both Yallakool
and Colligen Creeks used as Impact Rivers, and Wakool River and Little Merran Creek as Controls.
Before the fresh was represented by one sampling time (6 March 2013), during by two sampling
times (20 March 2013, 3 April 2013), and after by one sampling time (17 April 2013) (Table 9). The
null hypothesis was that water chemistry parameters in the rivers which received environmental

water were not significantly different to the control rivers.

Table 9. Summary of dates and rivers used to detect changes in water chemistry parameters (this section),
phytoplankton (section 7.2.3), zooplankton (section 7.3.1) and larval fish densities/abundances (section 7.5.1)
for the individual 2012-2013 watering actions. A‘BACI’ style 2-way nested ANOVA was used.

Treatment Period
Water action (impact river/s) (control river/s) (before- date
during-after)
Yallakool River Nov 2012 Yallakool Wakool, Merran before 1-5 Oct 2012
watering action 5 15-19 Oct 2012
i during 29 Oct-2 Nov 2012
' 10-14 Nov 2012
: 26-30 Nov 2012
| after 10-14 Dec 2012,
___________________________________________________________________________ o........2730Dec2012
Colligen River Nov 2012 Colligen Wakool, Merran : before 15-19 Oct 2012
watering action - fresh #1 ' during 29 Oct-2 Nov 2012
i 12-16 Nov 2012
___________________________________________________________________________ after  26-30Nov2012
Colligen River Nov 2012 2 Colligen Wakool, Merran : before 26-30 Nov 2012
watering action - fresh # i during 10-14 Dec 2012
___________________________________________________________________________ after 27-30Dec2012
Yallakool River Feb 2013 Yallakool Wakool, Merran ! before 7-11 Jan 2013
watering action 21-25 Jan 2013
i during 4-8 Feb 2013
; 18-22 Feb 2013
___________________________________________________________________________ | after ___4-8Mar2013
Yallakool and Colligen Yallakool, Colligen Wakool, Merran | before 4-8 Feb 2013
Rivers March 2013 i during 18-22 Mar 2013
watering actions i 2-5 Apr 2013
1 after 15-19 Apr 3013
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Results and Discussion

The data collected by the loggers was used to calculate daily average dissolved oxygen
concentrations (Figure 16) and temperature (Figure 17) for each of the rivers from September 2012
to April 2013. Water temperature at all sites was similar and followed a seasonal trend that is
consistent with that recorded in 2011-2012 (Watts et al. 2013) The dissolved oxygen concentrations
remained at acceptable levels throughout the study period, indicating that no hypoxic blackwater

event was associated with any of the environmental watering actions.

Spot water quality measurements taken in August 2012, prior to the loggers being installed,
indicated that dissolved oxygen concentrations were above 7.6 mg/L at all sites, and the only values
below 8 mg/L were recorded in Little Merran Creek on 3 August 2012. The water temperature during
this period was 9 °C and the measured oxygen concentrations were well below saturation, indicating
elevated respiration associated with unregulated flows at this time. Little Merran Creek was most
affected, but the concentrations remain well above the level at which fish are expected to be

seriously impacted (Gehrke et al, 1993).
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Figure 16. Average Daily Dissolved Oxygen concentrations (mg O,/L). Data were collected continuously at 10
minute intervals over the period 23/9/2012 to 15/4/2013. Wakool data prior to 17/4/2012 were not included
as the sensor was out of the water.
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Figure 17. Average Daily Water Temperature (°C). Data was taken from the DO loggers which were collecting
data continuously at 10 minute intervals over the period 23/9/2012 to 15/4/2013. Wakool data prior to
17/4/2012 were not included as the sensor was out of the water.

Dissolved organic carbon levels (Figure 18) were very similar between all sites, except Little Merran
Creek, on most sampling dates. Elevated levels recorded in the Edward River on 17 October 2012 are
not consistent with other water quality parameters (see section 7.2.2). Elevated DOC in Little Merran
Creek from August through to October 2012 is consistent with the lower DO concentrations noted
above and indicates greater carbon inputs associated with the unregulated higher flows during this
time. While the DOC in Little Merran Creek was higher than in the other rivers, at no time did the
DOC concentrations reach the levels observed during the unregulated flow event that occurred in
March and April 2012 (Watts et al. 2013). After the unregulated flow event DOC concentrations
returned to the normal base range (2-4 mg/L) observed in this system. Particulate organic carbon
concentrations (Figure 19) remained low throughout the study period and high levels of variability

were observed (as might be expected in this concentration range).

The ANZECC (2000) water quality guidelines do not provide trigger levels for total organic carbon and
dissolved organic carbon, and this reflects the expectation that there will be large variation in the
‘normal’ concentrations of organic carbon between ecosystems and also in the chemical and
biological reactivity of the mixture of organic compounds making up the DOC and TOC at a particular
site. Trigger levels are concentrations of key water quality parameters designed to provide guidance
for ecological protection. Where it has been determined that the measured concentration of one or
more parameters in the water body exceed this level (or for some parameters, fall outside the given
range) the trigger levels are designed to ‘trigger’ further investigation to establish whether the

concentrations are causing harm in that system. Exceedance of a trigger level is not an absolute
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indicator of ecological harm. Given the variable make-up of organic carbon, and the possible range of
ecological responses to this mixture, a trigger level for this parameter would not be appropriate.

However, trigger levels are provided for a number of nutrients and these are discussed below.
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Figure 18. Dissolved Organic Carbon (DOC) concentrations in water from Colligen Creek, Yallakool Creek,
Wakool River, Little Merran Creek and the Edward River between July 2012 and May 2013. Blue and green bars
represent the start and finish dates of environmental watering. (error bars: 1 s.d., n=4)
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Figure 19. Particulate Organic Carbon (POC) concentrations in water from Colligen Creek, Yallakool Creek,
Wakool River, Little Merran Creek and the Edward River between July 2012 and May 2013. Blue and green bars
represent the start and finish dates of environmental watering. (error bars: 1 s.d., n=4).
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While there were no large scale changes in DOC or POC concentrations associated with the
environmental watering actions, a small number of significant interactions were detected using the
BACI statistical analysis (Table 10, Figure 20). The analysis has detected differences in the pattern of
changing concentrations over time, rather than a clear separation of average concentrations
between the treatment and control rivers during the watering action. The only significant
interactions between control-impact rivers and before-during-after treatments occurred on the
second fresh in Colligen Creek in November. The DOC concentration in the Colligen increased very
slightly during this watering action while the control rivers had decreasing concentrations. It should
be noted that Colligen Creek started with a slightly lower DOC concentration than the control rivers
and only rose to an equivalent concentration during the watering action —the during and after
concentrations of DOC are equivalent for the three rivers. No significant interactions were detected
for Yallakool Creek. The only significant interaction for the POC data (p=0.041), was associated with
a decrease in POC during the same flow event. As this pattern was also not noted in Yallakool Creek
and the concentrations are both low and variable, the impact of flow at the scale of these watering

actions was minimal.

39



Watts, R.J. et al. (2013). Monitoring of ecosystem responses to the delivery of environmental water in the
Edward-Wakool system, 2012-2013. Institute for Land, Water and Society.

Table 10. Statistical results for 2 way mixed-effects Analysis of Variance (ANOVA). A significant interaction
between the two fixed factors: Period (before, during, after) and Cl (control rivers, impact rivers) indicates that
mean POC or DOC (mg/L C) in Impact Rivers was significantly different to changes that occurred over the same
period of time within the Control Rivers. Significant interactions highlighted in bold print.

Environmental flow DOC/POC Main effect d.f F-test p-value
Nov 2012 — Colligen Creek fresh #1
DOC Period (B-D-A) 2,42 4.006 0.025
cl(c-) 1,42 2.740 0.105
Period*Cl 2,42 2.928 0.064
POC Period (B-D-A) 2,39 0.667 0.518
cl(c-) 1,39 1.38 0.246
Period*Cl 2,39 0.46 0.633
Nov 2012 — Colligen Creek fresh #2
DOC Period (B-D-A) 2,29 110.622 0.003
cl(C-1) 1,1 1.136 0.450
Period*Cl 2,29 16.064 <0.001
POC Period (B-D-A) 2,29 6.776 0.003
Cl (C-1) 1,1 2.768 0.344
Period*Cl 2,29 3.569 0.041
Nov 2012 — Yallakool Creek fresh
DOC Period (B-D-A) 2,78 6.123 0.003
Cl (C-1) 1,78 0.997 0.321
Period*Cl 2,78 0.949 0.391
POC Period (B-D-A) 2,77 0.118 0.888
Cl(C-1) 1,77 0.153 0.696
Period*Cl 2,77 1.224 0.299
Feb 2013 - Yallakool Creek fresh
DOC Period (B-D-A) 2,54 0.339 0.714
cl(c-) 1,54 1.139 0.290
Period*Cl 2,54 0.175 0.840
POC Period (B-D-A) 2,53 4.220 0.019
Cl (C-1) 1,53 4.667 0.497
Period*Cl 2,53 0.357 0.701
Mar 2013 — Yallakool & Colligen Creek freshes
DOC Period (B-D-A) 2,58 0.809 0.450
Cl (C-1) 1,58 9.941 0.002
Period*Cl 2,58 1.458 0.241
POC Period (B-D-A) 2,58 0.534 0.589
cl(C-1) 1,58 0.125 0.724
Period*Cl 2,58 0.373 0.690
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Figure 20: Mean concentration (+1SE) of dissolved organic carbon (DOC) and particulate organic carbon (POC)
present in the Edward-Wakool system before, during and after the second environmental flow ‘fresh’ in
Colligen Creek in November 2012. The Wakool River and Little Merran Creek did not receive environmental
water, and were used as controls. Planned comparisons with significant interactions between control-impact
rivers (impact river; Yallakool Creek, control rivers; Wakool River, Little Merran Creek) and Period (before,
during, after) are marked with an asterisk, indicating that mean DOC changed significantly in Colligen Creek
during the environmental watering.

Concentrations of Total Nitrogen (Figure 21) and NO, (nitrate plus nitrate) (Figure 22) also indicate
that the unregulated flow in August 2012 resulted in a different response in Little Merran Creek than
in the other rivers. Both TN and NO, were elevated in Little Merran Creek relative to the other rivers
over this period, while there is no clear pattern in the ammonia data (Figure 23). The environmental
watering actions have not impacted on the nitrogen concentrations in either of the impact rivers,

relative to the control rivers.

While the TN concentrations at times exceed the ANZECC (2000) trigger value for lowland rivers of

500 pg/L (0.5 mg/L) (Figure 21), the bioavailable forms of nitrogen are well below the trigger values
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(with the exception of NO, in Little Merran Creek at the beginning of August). This pattern is
repeated with the concentrations of P - while the Total P concentrations frequently exceed the
trigger value of 50 pg/L (0.05 mg/L) (Fgure 24), the filterable reactive P (the more bioavailable
fraction) is well below the trigger value of 20 pg/L (Figure 25). A slight increase in bioavailable P
occurs in early August 2012 and is greatest in Little Merran Creek, but FRP is not impacted by any of
the environmental watering actions. Total P concentrations in November and December indicate that
when freshes are being delivered in Colligen and Yallakool Creeks, a decrease in Total P is observed in
these two rivers and the Edward River and, while the control rivers retain higher concentrations. This

effect was not repeated with freshes later in the season.

The ANZECC Water Quality Guidelines recommend that in order to minimize the risk of algal blooms
and other adverse outcomes in lowland rivers in south-eastern Australia, the bioavailable
concentrations of ammonia, FRP and NO, should be below 20, 20 and 40 pg/L respectively (Figure
26). The median concentrations were nearly an order of magnitude lower than these guidelines. The
occasional high NO, values in Little Merran Creek coincided with a natural higher flow event in

August-September 2012.
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Figure 21. TN Average Total Nitrogen Concentrations in water from Colligen Creek, Yallakool Creek, Wakool
River, Little Merran Creek and the Edward River between July 2012 and May 2013. Blue and green bars
represent the start and finish dates of environmental watering. (error bars: 1 s.d., n=4). The dashed line
indicates the ANZECC (2000) trigger level for this nutrient.
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Figure 22. Average NO, (Nitrate and Nitrite) concentrations in water from Colligen Creek, Yallakool Creek,
Wakool River, Little Merran Creek and the Edward River between July 2012 and May 2013. Blue and green bars
represent the start and finish dates of environmental watering. (error bars: 1 s.d., n=4). The dashed line

indicates the ANZECC (2000) trigger level for this nutrient.
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Figure23. Average ammonia concentrations (error bars: 1 s.d., n=4) in water from Colligen Creek, Yallakool
Creek, Wakool River, Little Merran Creek and the Edward River between July 2012 and May 2013. Blue and
green bars represent the start and finish dates of environmental watering. (error bars: 1 s.d., n=4). The dashed

line indicates the ANZECC (2000) trigger level for this nutrient.
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Figure 24. Average Total Phosphorus Concentrations (error bars: 1 s.d., n=4) in water from Colligen Creek,
Yallakool Creek, Wakool River, Little Merran Creek and the Edward River between July 2012 and May 2013.
Blue and green bars represent the start and finish dates of environmental watering. (error bars: 1 s.d., n=4).
The dashed line indicates the ANZECC (2000) trigger level for this nutrient.
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Figure 25. Average filterable reactive phosphorus concentrations (error bars: 1 s.d., n=4). in water from
Colligen Creek, Yallakool Creek, Wakool River, Little Merran Creek and the Edward River between July 2012 and
May 2013. Blue and green lines represent the start and finish dates of environmental watering. (error bars: 1
s.d., n=4). The dashed line indicates the ANZECC (2000) trigger level for this nutrient.
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Figure 26. ‘Box and Whisker Plot’ Summary of bioavailable nutrient concentrations in the four study rivers: C =
Colligen Creek, LM = Little Merran Creek, W = Wakool River, Y = Yallakool Creek. Note that the concentration
axis is on a logarithmic scale for ease of presentation. All concentrations less than the detection limit of 1 pg/L
were plotted as 0.5 ug/L. The boxes represent the data range 25" to 75" percentile, with the ‘middle’ line in
the box being the median. The “whiskers” indicate 10" and 90" percentiles in the data. Outliers are shown as
circles. The two dashed horizontal lines represent the ANZECC (2000) Trigger Values for FRP and Ammonia (20

ug/L) and NO, (40 pg/L).
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7.2.2.0rganic matter characterisation
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Background

Australian riverine ecosystems can be heavily reliant on both algal and terrestrial dissolved organic
matter for microbial productivity and can be limited by dissolved organic carbon concentrations
(Hadwen et al. 2010). While water quality guidelines (ANZECC 2000) include trigger values
(concentrations of concern) for a number of water quality parameters such as chlorophyll a,
nutrients, dissolved oxygen and pH, no guidelines are given for organic matter and aquatic

environments are expected to have quite varying dissolved organic matter concentrations.

Organic matter is made up of a complex mixture of compounds from a diverse range of sources.
Microbial communities do not respond to all types of organic matter in the same way (Baldwin 1999;
O’Connell et al. 2000; Howitt et al. 2008) although it has been shown that bacterial communities can
respond to changes in organic carbon source quite rapidly (Wehr et al. 2002). The very large,
complex type of organic matter referred to as humic substances has been shown to be less available
to bacterial communities than simpler non-humic carbon (Moran and Hodson 1990) although this

can be altered over time with exposure to ultraviolet light (Howitt et al. 2008).

One way of examining the mixture of organic substances present is to measure the spectroscopic
behaviour of the substances i.e. to study which wavelengths of light they absorb, and to examine
which wavelengths of light they emit (fluoresce) in response to this absorption of incoming light
(Dahlen et al. 1996; Mobed et al. 1996; Baker and Spencer 2004; Howitt et al. 2008). Both
absorbance and fluorescence spectra are used to examine the organic matter in this study. As a
general guide, absorbance at longer wavelengths indicates larger, more complex organic matter
(Bertilsson and Bergh 1999). Absorbance at a particular wavelength may be increased by increasing

concentration of organic matter or a change in the type of organic matter.

The consideration of changes in both the quantity and type of organic matter present in the system
allows for a more detailed examination of the hypotheses around the movement of organic carbon

and the creation of blackwater events.

Hypothesis

If environmental watering facilitates inundation of extensive new sources of organic matter it would
result in changes to the spectroscopic responses of the organic matter through alteration of the

mixture of compounds that make up dissolved organic matter.
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Methods

Samples for organic matter characterisation were collected fortnightly from August 2012 until early
May 2013. Four samples were collected from each river reach on each sampling date. On each
sampling trip the samples were collected in the following sequence: Little Merran Creek, Yallakool
Creek, Wakool River (day 2), Colligen Creek, Edward River, (day 3). All graphs are labelled with the
date indicating day 3 (usually Wednesday) of the relevant sampling trip. Water samples were filtered
through a 0.2 um pore-sized membrane at the time of sampling and then stored on ice until returned
to the laboratory and then analysed within a 2 days of returning from the field. Absorbance scans
were collected using a Varian Cary 4000 instrument across a wavelength range of 550 nm to 200 nm
(green through to ultraviolet) with a 1 nm step size. Absorbance is a measure of light absorbed by the
sample and is a logarithmic scale. An absorbance of 1 indicates that only 10% of the light of that
wavelength is transmitted through the sample. Fluorescence scans were collected using a Varian
Eclipse spectrofluorometer scanning both emission and excitation wavelengths to give an excitation-
emission matrix (EEM). Excitation wavelengths were scanned from 200 to 400 nm with a 10 nm step
size and for each excitation wavelength, emission of light at 90° to the source was recorded from 200
nm to 550 nm with a 1 nm step size. Fluorescence results were corrected for sample absorption and
plotted as contour plots (Howitt et al., 2008). To correct for drift in the instrument zero position,
each contour plot was scaled by subtracting the average emission intensity across the range 200-210
nm for an excitation of 250 nm from all fluorescence intensities (effectively setting this region of the

contour plot to zero on all plots).

An example of a contour plot is shown in Figure 27. The contour plots have the excitation wavelength
(light shone into the sample) on the y-axis. On the x-axis is the emission wavelength (light given off
by the sample). The intensity of the fluorescence (how much light is given off, corrected for
absorbance by the sample) is represented by the colours of the contour plot, with more intense
fluorescence represented by the blue end of the scale. The two blue diagonal lines are artefacts of

the technique and will be present in all samples- key data is found between these two lines.
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Figure 27. Sample excitation emission contour plot indicating key features of the data. (from Watts et al. 2013)

Results and discussion

Absorbance scans of representative water samples from each sampling trip are presented in Figure
28. The greatest variation between replicates for each river is expected at 200 nm and the range was
less than 10% of the measured absorbance on most occasions (up to 20% during higher flows in
August but commonly 2-5% later in the season). An exception was a sample from Little Merran Creek
on the 14 November, where the shape of the scan indicated sample contamination and the sample
was excluded. In general, this data indicates that the greatest influence on organic matter
composition and concentration over the study period were the unregulated flows in August and
September 2012, where all rivers had elevated organic matter compared to May 2012 (Watts et al.
2013). Over the period from August to early October 2012, the organic matter content of Little
Merran Creek is clearly higher than that found at all the other sample sites. This reflects differences
in the hydrograph (the elevated flows are spread over a longer period for the Little Merran), the
spatial coverage of the water surface and the water source. The organic matter loading in the Little

Merran Creek is influenced by overbank flows from the Murray River into the Koondrook-Perricoota
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Forest upstream of the offtake and scenario modelling also indicates that the flows at this time
resulted in considerably more new riverbank being wetted in Little Merran Creek than for the other
study rivers. Throughout the study period the absorbance scans for the Wakool River, Colligen Creek
and Yallakool Creek generally match those of the Edward River, where overbank flows through the
Barmah-Millewa Forest can be a source of organic matter upstream. Shortly after Little Merran Creek
returned to base flows in mid-October the absorbance results become fairly consistent with those of
the other study sites. The in-channel pulsed flows in both the Yallakool Creek and the Colligen Creek
do not result in the absorbance scans at these sites becoming substantially different to the other
sites, suggesting that the areas of in-stream habitat that were re-wet during these flows did not have

substantial amounts of accumulated organic material (such as leaf litter).

Representative fluorescence scans are shown in Figure 29a, 29b and 29c. Fluorescence spectroscopy
is @ more sensitive technique for the characterisation of organic matter and so the difference
between the Little Merran organic matter and the other river sites is evident for longer following the
unregulated flows in August and September. The fluorescence analysis indicates that by early
December 2012 the amount and type of organic matter at all sites is very consistent. Consistent with
the absorbance results presented above, there is no evidence that the freshes in the Colligen and
Yallakool resulted in changes in the organic matter load or the composition of the mixture of
compounds making up the fluorescent dissolved organic matter. There are increases in the aromatic
protein region of the spectrum in all rivers during December and these persist through to March
2013, but this appears to be a seasonal effect and the increased signal in this region is consistent
with that observed throughout most of the 2011-2012 study period (Watts et al. 2013). Increases in
fluorescence in this region of the spectrum may indicate the presence of a more bioavailable fraction
of organic matter and may be associated with breakdown of humic and fulvic components by
sunlight (Howitt et al. 2008). Peaks in this region have also been associated with bacterial
metabolism (Elliott et al. 2006), and have been found in marine environments (Coble 1996) where
their presence is likely of algal origin. The patterns observed in the absorbance and fluorescence
results are consistent with those observed in 2011-2012 (Watts et al. 2013) - the organic matter
profiles become complex and the rivers are different from each other during periods of high flow
where overbank flow may occur for individual river sites or for the source rivers upstream, but long
periods of in-channel flow result in a reduction and simplification of the organic matter signals and

there is consistency across the rivers.
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The absorbance and fluorescence results are consistent with the dissolved organic carbon results,
which indicate that the dissolved carbon loading in the rivers fed by the Edward River are generally
consistent with each other and the source water, irrespective of the flow conditions in the individual
rivers. The higher carbon loading in Little Merran Ceek at the beginning of the study period is
reflected in all three data sets. The exceptions to the correlations between the data sets are the
small reduction in DOC at the end of December which is not evident in the spectroscopic analyses
and the very high DOC result in the Edward River on 17 October 2012. This dramatic increase in DOC
at this site is not reflected in the absorbance scans, where the Edward is indistinguishable from the
connected rivers, which is surprising as a dramatic increase in even quite simple organic matter
would be expected to affect at least the very shortest wavelengths in these scans. There is a very
slight increase in humic and fulvic signature in the Edward on this date, but an increase in DOC from
normal floodplain sources to the concentrations recorded here would be expected to result in higher
fluorescence in this region. Increases in DOC at this site have not been accompanied by increases in
nutrients, as might be expected with overbank flows and was seen in Little Merran data in August.
There is no evidence of a flow-on effect to the connected rivers on this or the following sampling
date. In the absence of a highly localised input of extremely simple dissolved organic compounds
(which would be expected to be reflected in a dip in dissolved oxygen at the site), it seems likely that

the DOC samples for this site may have been contaminated in some way.

The small in-channel watering actions did not reconnect a sufficient area of upper benches and
floodrunners to result in substantial exchange of organic matter and nutrients. The hypothesis that
environmental watering would stimulate ecosystem productivity by moving nutrients and carbon
between the main channel, upper benches and small, low commence-to-flow floodrunners was not
adequately tested through a substantial increase in wetted area and was not upheld for the in-

channel watering actions in 2012-13.

It was expected that dissolved organic carbon and particulate organic carbon levels would remain
relatively unchanged following in-channel environmental watering. The environmental watering was
not expected to trigger blackwater events in these systems. These hypotheses were supported- in-
channel environmental watering did not result in large inputs of dissolved or particulate organic
matter and no blackwater event was observed. Organic matter inputs associated with the
unregulated flows in August did not result in a blackwater event, primarily due to the low water

temperature at this time of year.
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Figure 28a. Absorbance scans of water samples (1 August 2012 to 31 October 2012)
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Figure 28b. Absorbance scans for water samples (14 November 2012 to 23 January 2013)
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Figure 28c. Absorbance scans for water samples 6 February to 17 April 2013
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Figure 29a: Fluorescence scans for water samples collected between August and October 2012.
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7.2.3.Phytoplankton biomass
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Background

Phytoplankton are photosynthetic organisms that live in the water column of water bodies. They are
a major energy source in standing and slow-flowing water bodies where they are primarily fed upon
by zooplankton. They are also an important source of organic carbon through production of dissolved
carbon compounds and through settling out to the bottom of rivers and lakes, contributing to
sediment particulate organic matter. Algal growth depends on the availability and supply of the

nutrients nitrogen and phosphorus, light and warm water temperatures.

Phytoplankton are potential indicators of ecological responses to environmental flows because they
proliferate under low flow conditions, potentially outcompeting biofilms for light and nutrients
(Carter 2011). Phytoplankton can be influenced by flow through changes in water volume, turbulence
and through indirect processes, such as change in bioavailable nutrients and turbidity (influencing

light penetration into the water body).

Studies examining the relationship between flows and phytoplankton have tended to focus on the
issue of controlling algal blooms. The success of pulsed flows to disperse algal blooms has been
demonstrated in the Murray Darling Basin (e.g. Sherman et al. 1998; Webster et al. 2000; Maier et al.
2004; Mitrovic et al. 2003; Bormans et al. 2005). The provision pulsed flow has been recommended
as best-practice for controlling algal blooms (Edgar and Davis 2007) and has become part of the
operating protocols for many systems including the Murray River. For example, in February 1999,
water in addition to operational requirements was released from storages along the Murray and
Murrumbidgee rivers to flush a blue-green algae bloom between Euston and Wentworth on the

Murray River.

Hypothesis

The environmental watering will result in an initial decline in phytoplankton biomass, due to the
enhanced turbidity from that fresh causing light limitation of photosynthesis. Following that initial
decline, phytoplankton biomass will increase to a higher than pre-fresh levels due to the influx of

nutrients. Environmental watering is not expected to trigger an algal bloom in these systems.

58



Watts, R.J. et al. (2013). Monitoring of ecosystem responses to the delivery of environmental water in the
Edward-Wakool system, 2012-2013. Institute for Land, Water and Society.

Methods

Five 500 mL water samples were collected from each river reach fortnightly on each sample date to
determine the biomass of phytoplankton in the water column. Water was filtered through a GFC-50

0.5 um pore-sized filter and the filter papers frozen until processing.

Chlorophyll-a concentrations were determined using the phaeophytin/acidification method where
the total amount of pigment (chlorophyll plus phaeopigments) is determined in an methanol extract
by spectrophotometry. The same sample is then acidified, and the chlorophyll degrades to
phaeopigment, which is then measured spectrophotometrically. The chlorophyll-a concentration can

then be determined from the difference in the two absorbance readings following Ritchie (2006).

Samples were placed in 10 mL of 90% methanol containing 150 mg magnesium hydroxide carbonate,
extracted for 18 hours at 4°C, transferred to a 70°C water bath and boiled for two minutes. Samples
were centrifuged at 4500 rpm for three minutes and optical densities at 750 and 666 nanometres

measured pre- and post-acidification (1 M HCl) using a UV/Visible Spectrophotometer.

An asymmetrical BACI (before-after, control-impact) (Underwood, 1991) statistical design was used
to test the effect of specific 2012-2013 environmental water actions on phytoplankton biomass in
the Edward-Wakool system. Differences in mean densities of phytoplankton between control/impact
rivers and before/during/after environmental freshes were evaluated statistically for each watering
action using 2-way mixed effects analysis of variance (ANOVA). Because there were multiple
sampling times used to represent before, during and after environmental flows, and multiple rivers
used as ‘control’ and sometimes ‘impact’ rivers, sampling trip (random effect) was nested within
Period (fixed effect, three levels: before, during and after), and river (random effect) was nested in
Treatment (fixed effect, two levels: control rivers, impact rivers). Impact rivers received
environmental freshes, while Control rivers were those that did not receive environmental water. For
this analysis particular interest is in the Period x Treatment interaction term, which indicates a
significant effect of the environmental watering action. Visual assessment of mean (+1SE) biomass
plots, grouped by Period and Treatment, were used to confirm if the significant interaction term was
positively or negatively associated with the environmental watering action. A summary of dates and
rivers used to detect changes in phytoplankton biomass is presented in Table 9 (section 7.2.1). The
null hypothesis was that mean phytoplankton densities in the rivers which received environmental

water were not significantly different to the control rivers.
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Results and discussion

Throughout the study planktonic chlorophyll-a concentrations were similar to levels reported for
other lowland rivers (Reynolds and Descy 1996). The concentrations observed in the Edward-Wakool
system were slightly higher than ANZECC (2000) trigger levels (Figure 30), but not of concern as they

were similar to levels measured in the Murray River near Yarrawonga (Howitt et al. 2004).

The delivery of environmental freshes in the Yallakool and Colligen rivers had no significant effect on
phytoplankton densities during the November 2012 Yallakool watering action, the February 2013
watering action, or the March 2012 Yallakool and Colligen watering actions (p>0.05, Table 11).
Missing data for the sampling trip 26-30 November 2012 meant that the November 2012 Colligen
watering action could not be statistically analysed. In general, phytoplankton chlorophyll-a
concentrations increased from August 2012 through to April 2013, with a reduction in all rivers

recorded in May 2013 as water temperature started to decrease.

—A— Colligen
—A— Yallakool
—&— Wakool
Little Merran
—&— Edward
I Colligen watering actions

I Yallakool watering actions

Water chlorophyll-a (mg/ms)

0 T T T T 1
1/07/12 1/09/12 1/11/12 1/01/13 1/03/13 1/05/13
Date
Figure30. Phytoplankton chlorophyll-a concentrations (mg/m3) + 1 SE in water from Colligen Creek, Yallakool
Creek, Wakool River and Little Merran Creek between July 2012 and May 2013. Blue and green bars represent
the start and finish dates of environmental watering.
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Table 11: Results of 2-way mixed-effects Analysis of Variances, comparing mean phytoplankton biomass (ug/L)
between control/impact rivers (Cl), before, during and after (Period) the 2012-2013 environmental watering
actions. A significant interaction between the two fixed factors indicates that the mean phytoplankton biomass
within ‘Impact’ rivers was significantly different to changes that occurred over the same period of time within

the Control Rivers. There were no significant interactions.

Environmental watering action Main effects d.f F-test p-value
Nov 2012 - Yallakool River watering action
Period (B-D-A) 2,69 0.290 0.748
Cl(C-1) 1,69 3.450 0.067
Period*Cl 2,69 0.166 0.857
Feb 2013 - Yallakool River watering action
Period (B-D-A) 2,54 0.207 0.813
Cl(C-1) 1,54 0.505 0.480
Period*Cl 2,54 0.036 0.965
Mar 2013 - Yallakool & Colligen River watering actions
Period (B-D-A) 2,72 0.749 0.476
Cl(C-1) 1,72 0.139 0.709
Period*Cl 2,72 1.113 0.339
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7.2.4.Biofilm biomass and composition
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Background

Biofilms (also known as periphyton) are a combination of bacteria, algae and fungi that grow on
submerged surfaces (e.g. wood, rocks, sediment) in aquatic systems. They are a major instream

source of carbon in river systems and provide food and habitat for a range of organisms.

The biomass and productivity of biofilms are influenced by light, nutrients, temperature and
availability of substratum (Peterson 1996; Burns and Ryder 2001) and disturbances such as grazing,
changes in water level and flow velocity (Stevenson 1996). Disturbance by flood events is one of the
most important regulators of spatial and temporal variability in benthic communities of streams
(Davis and Barmuta 1989), with shifts in benthic algal community structure and function being well
documented (e.g. Biggs et al. 1999; Uehlinger et al. 1996). Previous studies in lowland river reaches
in the Murray-Darling Basin (e.g. Ryder 2004) and faster flowing upland systems (e.g. Watts et al.
2006, 2008, 2009b) have shown that regulated flow regimes with reduced variability in discharge can
result in reduced productivity, reduced diversity, and cause the biomass of biofilms to increase to
levels that become a nuisance (over 100 mg/m?; Quinn 1991). Pulsing flows and increasing variability
in flow (towards that in unregulated conditions) is a way to reduce biofilm biomass and improve river
health. Pulsed flow events have been shown to reset biofilms (Watts et al. 2005, 2008, 2009b), which
can have a positive effect on the instream ecosystem by reducing the biomass of biofilm and
enabling early successional algae (e.g. diatoms) to become established, facilitating a shift in the

biofilm community towards that of a reference stream (Watts et al. 2008; 2011).

Biofilms are excellent indicators of ecological responses to inchannel environmental watering
because they respond to flow changes in a time frame (days to weeks) that is appropriate for flow
management (Burns and Ryder 2001). The benefits of resetting biofilms through the delivery of in-
channel environmental flows include:
e To promote of early successional algal taxa (e.g. diatoms) and higher biofilm diversity. A high
diversity of biofilms usually indicates good ecosystem health.
e To contribute to nutrients and particulate organic matter in the water column, thus providing
an important food resource for downstream communities
e To reduce in the nuisance of a high algal biomass of biofilm growing on the beds of rivers to
avoid it increasing to levels unacceptable to the public. Quinn (1991) recommended that “the
seasonal maximum cover of stream or river bed by periphyton as filamentous growths or
mats (greater than about 3 mm thick) should not exceed 40% and/or biomass should not

exceed 100 mg chlorophyll-a /m2”.
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Hypotheses

e Environmental watering is expected to increase flow variability in these systems, increasing
diversity in riverine biofilms, in particular increasing the relative biovolume of early successional
taxa (eg diatoms).

e Increased flow variability from in-channel environmental watering will ensure biofilm organic
biomass in these systems remains below nuisance levels. Biofilm organic biomass will be highest

in rivers that have a more constant discharge.

Methods

Blocks of red gum wood (10 x 8 x 2 cm, 232 cm?) were established at sites in five focus river reaches
in October 2012. The biofilm redgum blocks could not be deployed prior to this time due to high flows
in Yallakool Creek. Five blocks were suspended on metal racks mounted on star pickets (Figure 31)
and placed in the photic zone at a known height relative to river discharge. This enabled biofilms to
colonise the blocks and be sequentially harvested at regular and opportunistic intervals to compare

the response of biofilm attributes to hydrological and water quality conditions.

Figure 31. Redgum blocks prior to deployment for assessment of bioilms, and b). Redgum block with biofilm
established on it.

There were two biofilm treatments a) blocks set out each month and harvested the following month
representing newly colonised biofilm and b) blocks set out at the beginning of the project (16
October 2012) and harvested at the end of the project (30 April 2013), representing long-term
standing stock. Five ‘one month old’ blocks were harvested each month and five ‘standing stock’

blocks were harvested at the end of the study period. For some sample dates there are missing data
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because the water levels dropped and the blocks were out of water. Biofilm blocks for that month

were removed but not processed as they would not represent the true growth over that period.

The following biofilm attributes were assessed:
e Chlorophyll a (algal biomass)
e Organic biomass and organic matter percent (percent of total weight)

e Biofilm algal species composition (biodiversity) and relative biovolume of major algal groups

The biofilm from each redgum block was scrubbed into 200 mL of distilled water using a soft
nailbrush. Sub-samples were removed from the 200 mL residue (biofilm slurry) for determination of
chlorophyll-a, and a 20 mL sample collected for the assessment of taxonomic composition and stored
in Lugols solution (Figure 32). Using GC-50 0.5 um filter papers, a recorded amount of the solution
was filtered, the filter paper dried at 80°C for 24 hours, weighed, combusted for four hours at 500°C
and reweighed. All samples were weighed to four decimal places a