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The EWKR food web theme identified that the relationship between flow variability and the provision of
resources for consumers at critical life stages was a key knowledge gap in the management of
environmental flows. The first phase of the EWKR food web theme (the conceptualisation phase) reviewed
existing conceptual models and empirical research to assess our current knowledge status and the
knowledge gaps surrounding the influence of flow on lowland river food webs. This work generated three
scientific manuscripts that identified a framework for monitoring the effects of hydrological regimes on
food webs, evaluated a range of analytical methods suitable for their assessment and highlighted that
consideration of food web-hydrology interactions will improve environmental flow planning.

Empirical research carried out within the EWKR food web theme set out to address knowledge gaps
identified within the conceptualisation phase. This work was undertaken at three scales: 1) mesocosm (an
outdoor experimental system that examines the natural environment under controlled conditions) 2) river
and 3) basin. Mesocosm experiments showed that green algae are a key basal resource for consumers,
providing a high-quality food source. Essential fatty acids were traced from green algae through Food Webs
from invertebrates to fish. Dissolved organic carbon (DOC) based Food Webs by contrast, provided the
lowest invertebrate density, richness and lowest fish growth and survival.

Patterns observed in mesocosms were reinforced by observations made at the river scale. Although
floodplain inundation is known to be important for riverine productivity, field experiments suggest that
reconnection of floodplain habitats to the main channel following initial inundation may be an important
management application. Wetland and anabranch habitats contained higher concentrations of essential
fatty acids in the water column than river habitats. Differences in food quality between habitats were
attributed to a higher concentration of green algae in the water column within floodplain habitats. River
scale research also showed that consideration of specific waterbird species trophic requirements is
important when tailoring management of environmental watering to maximise food availability to support
waterbird recruitment.

Basin scale research conducted by the food web theme has led to the development of a monitoring tool for
managers that evaluates changes in the trophic position of fish communities in the Murray-Darling Basin.
The trophic niche indicator provides a cost-effective annual monitoring tool that can assess the influence of
environmental flows on food sources of native fishes.

Foundational, mesocosm, river and basin scale activities informed development of a model of energy
pathways from water provision through to larval fish that builds on our current understanding of trophic
responses to environmental watering. Our work shows that by targeting shifts in diet composition and
producer quality, watering events can be designed to disproportionately benefit fish.
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Figure 2 Conceptual diagram illustrating the effects of environmental flows on the movement of energy and resources
across and between the four Themes of MDB EWKR.
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2 Individual Research Activity Summaries

2.1 Review and conceptualisation

Darren Baldwin, Ben Gawne, Nick Bond, Rebecca Lester, Darren Ryder, Ross Thompson, Barbara Robson,
Garth Watson, Rob Rolls, Romain Drouart and Paul Mclnerney.

2.1.1 Research Question

Review and conceptualisation formed the first phase of the food web themes research activity and
identified our current knowledge status and critical knowledge gaps surrounding the influence of flow on
lowland river food webs. The activity centred on development of three peer reviewed journal articles (see
Appendix 1.1 for full article details) to inform and direct future research planning for the EWKR food web
theme.

The first article comprised a global literature review of research investigating the influence of flow on
lowland river food webs (Rolls et al. In prep). The review aimed to inform development of a conceptual
model, identify critical knowledge gaps, and provide the logic and rationale for the research activities
proposed in the theme’s research plan.

The second article reviewed potential food web indicators that could be incorporated into the monitoring
and evaluation of environmental flows (Rolls et al. 2017). The review sought to address a management
need to evaluate ecosystem function outcomes of environmental flows.

The third article reviewed approaches to modelling predictive capacity (Robson et al. 2017). The review
sought to inform the development of the theme’s research plan by identifying the most appropriate
approaches to modelling food web responses to environmental flows and thereby underpinning predictions
of how changes in flow would affect food webs.

2.1.2 Research Outcomes Summary

Article 1 — Rolls, R. J, Baldwin, D. S,, Ryder, D. S, Bond, N. R, Gawne, Lester, R. E, McInerney, P. J, Robson, B
J, Thompson, R. M. Hydrological drivers of trophic dynamics in river and floodplain ecosystems as a basis
for process-based restoration using environmental flows. In Prep.

Article 1 identified:

* four primary questions that future EWKR food web research should address:
(1) the sources and production of organic matter
(2) transport and accessibility of energy throughout river and floodplain systems
(3) nutritional value of energy resources for consumers
(4) the transfer of energy through food chains to higher consumers;

* aneed to distinguish interactions between hydrology and trophic dynamics;

* that more work is needed to understand context-dependency and spatial and temporal scales of

the effects of hydrology on trophic dynamics in river and floodplain systems.

Article 2 — Rolls, R.J., Baldwin, D.S., Bond, N.R., Lester, R.E., Robson, B.J., Ryder, D.S., Thompson, R.M., and
Watson, G.A. (2017) A framework for evaluating food-web responses to hydrological manipulations in
riverine systems. Journal of Environmental Management 203, 136-150.

Article 2 identified:

* aframework for monitoring the effects of hydrological regimes on riverine trophic dynamics
* that meaningful indicators are dependent on a conceptual model of food web drivers

* analytical methods to quantify trophic dynamics are evaluated

* challenges and opportunities for integrating trophic dynamics in monitoring
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* abetter integration of food-web and hydraulic models, taking physiologically-based approaches to
food quality effects, and better representation of variation in space and time that may create
ecosystem control points

The three foundational articles collectively identify the following research knowledge gaps:
* A better understanding of the four principles adapted from Beechie et al. (2010):
(1) Explicit consideration of hydrology in studies of trophic dynamics in river and floodplain systems
(2) Context-dependence of trophic dynamic responses to hydrology
(3) Identification of the spatial scales at which trophic dynamics operate in response to hydrology

(4) Integration of trophic dynamics into experimental monitoring of hydrological manipulations to
determine timeframes for recovery

* Understanding complexity of trophic dynamics of whole ecosystems

* Context-dependency and spatial and temporal scales of the effects of hydrology on trophic
dynamics in river and floodplain systems
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Figure 5. Conceptual diagram summarizing mechanisms by which floodplains may influence essential nutrient
dynamics in riverine food webs: 1. Initial flood pulse and floodplain connectivity — liberation of DOC from litter and
nutrients from floodplain sediments 2. Disconnection — DOC and nutrients drive microbial activity on floodplain,
including synthesis of essential nutrients by algae and bacteria 3. Reconnection — Consumer access to high quality
basal resources and transport of high-quality food back to river.
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Dietary Sources

Figure 7. Diet composition of Royal spoonbills at (a) Barmah-Millewa, (b) Kerang wetlands and Straw—necked ibis at (c)
Barmah-Millewa, (d) Kerang wetlands and (e) Kow Swamp, derived from mixing models using stable isotopes ratios of

nitrogen (6*°N) and carbon (6*3C).

MDB EWKR Food Web Theme Research Report

14






