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[bookmark: _Toc396824362][bookmark: _Toc275585515][bookmark: _Toc275585649][bookmark: _Toc420656541]Basin Matter - Ecosystem diversity
[bookmark: _Toc275585528][bookmark: _Toc420656542]Why?
Ecosystem diversity describes the range of different ecosystem types within a specified area and it is an important component of biodiversity as a whole (Figure 1).  Principles of ecosystem management suggest that a focus on protecting or restoring ecosystems also preserves valued species, habitats, and critical processes within them in addition to critical ecosystem services that they may provide.  Evaluating the extent to which the range of water-dependent ecosystem types have been protected or restored contributes to assessing the contribution of Commonwealth environmental water to biodiversity in the Basin as outlined in the Outcomes Framework.
Environmental watering outcomes will vary among different ecosystem types. Outcomes that can be quantified within a Selected Area may be extrapolated to similar ecosystem types in areas that are not monitored. This will facilitate the evaluation of outcomes at unmonitored areas, supporting Basin-scale evaluation of the impact of Commonwealth environmental water.
Developing understanding for how and why environmental watering outcomes differ among ecosystem types will inform adaptive management by (1) fine tuning expected outcomes from the delivery of environmental water in different ecosystems, and (2) ultimately improving the efficiency, effectiveness and impact of the use of Commonwealth environmental water in the Basin.
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[bookmark: _Ref386717998]Figure 1. Hierarchical levels of biodiversity in aquatic ecosystems (from Geist 2011)
[bookmark: _Toc275585529][bookmark: _Toc420656543]What?
This component of the Basin Evaluation will address the following short-term (one-year) and long-term (five-year) Basin-scale evaluation question:
What did Commonwealth environmental water contribute to ecosystem diversity?
The interim Australian National Aquatic Ecosystems (ANAE) Classification (Aquatic Ecosystem Task Group 2012) provides a framework for classifying aquatic ecosystems. This framework was applied across the Murray–Darling Basin (Brooks et al. 2014) to produce a consistent classification of river, wetland and floodplain ecosystem types across the Basin.  The MDB ANAE ecosystem map and typology is yet to be rigorously validated.  Therefore, ecosystem types within Selected Areas will be confirmed and updated for all sites at which LTIM Project monitoring occurs.  An assessment of attribution errors within the ANAE classification that result in erroneous ecosystem type assignment will be undertaken during year five to determine the ramifications of these errors for assessing Commonwealth environmental water influences on ecosystem diversity.
Outputs from Selected Area and Basin hydrological evaluations will be used to intersect with the map of ecosystem types across the Basin to derive a catalogue of ecosystem types influenced by Commonwealth environmental water.  Vegetation type is a determining attribute in the ANAE ecosystem typology.  The outcomes from the LTIM project vegetation diversity evaluation will be an important consideration when interpreting the contribution of Commonwealth environmental water to ecosystem diversity. The relationship between data collection, analysis, evaluation and reporting is illustrated in Figure 2.
The following outputs will be produced:
annual report of ecosystem types receiving Commonwealth environmental water at monitored and (where possible) at unmonitored sites
an updated ANAE ecosystem type GIS layer for the Selected Areas
a quantitative assessment of errors within the ANAE classification that may influence our capacity to assess the representativeness of Commonwealth environmental water delivery.
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[bookmark: _Ref263332010][bookmark: _Toc275585197]Figure 2. Schematic of key elements in the LTIM Project evaluation for Ecosystem Diversity.
[bookmark: _Toc275585530][bookmark: _Toc420656544]How?
[bookmark: _Toc420656545]Data
Data inputs to the evaluation of ecosystem type include:
the interim Australian National Aquatic Ecosystems (ANAE) Classification and typology of the Murray–Darling Basin (Brooks et al. 2014)
the LTIM Project M&E Provider data collected using the LTIM Project Standard Protocol: Ecosystem Type at all sampling points
spatial representation of watering extent for all Commonwealth environmental water deliveries determined using:
· the LTIM Project M&E Provider mapping of watering extent
· delivery partner operational monitoring
· modelled inundation (LTIM Basin Matter:  Hydrological connectivity).
Data outputs to inform the evaluation of other basin matters include:
· identification of ecosystem types influenced by Commonwealth environmental water at monitored and unmonitored sites.
[bookmark: _Toc420656546]Developing the evaluation approach
The interim ANAE ecosystem classification for the Murray–Darling Basin will be used as the framework for defining and quantifying ecosystem type.  The ANAE data set consists of GIS mapping layers that integrate the best available jurisdictional feature mapping for palustrine wetlands, lakes, floodplain and rivers.  Typically the mapping is at 1:25,000 to 1:100,000 scales.  Any additional aquatic ecosystem mapping undertaken by LTIM M&E Providers will be integrated into the GIS spatial layers and classification.
M&E Providers identify the correct ANAE ecosystem type that applies to each sample point within the Selected Area through application of the LTIM Ecosystem Type Category 1 Standard Method.  Any discrepancies with the ANAE data set are identified and collated annually. Consistent errors that can be applied to unmonitored areas will be identified. The ANAE typology of Brooks et al. (2014) will be applied to the corrected attributes to create a revised ecosystem type map for the Selected Areas. The corrected ecosystem type classification will be used as the basis for all subsequent evaluation.  A measure of the error rate (e.g. expressed as number of attribution errors per 100 polygons of each ecosystem type) will provide a basis for documenting uncertainty when extrapolating or modelling outcomes at unmonitored sites.
[bookmark: _Toc420656547]Annual Evaluation (years 1–5)
Ecosystem types that receive Commonwealth environmental water will be identified and compared to all ecosystem types known to occur that could be influenced by environmental flows. This will be performed for each Selected Area and cumulatively across all Selected Areas.  Initially, the evaluation will:
1. Identify ecosystems that received Commonwealth environmental water for specific watering actions using inundation data provided by M&E Providers and operational monitoring by delivery partners.
2. Estimate the total population of ecosystem types that could be influenced by environmental water deliveries using existing MDBA floodplain inundation modelling (e.g. MDBFIM2) and discharge data.
Existing floodplain inundation modelling is not considered accurate enough to reliably predict the spatial extent of influence of environmental water.  The initial evaluation approach will therefore use the models as proof-of-concept only, and focus instead on measured inundation data within Selected Areas. Additional watering events elsewhere in the Basin will be included if the area of inundation can be reliably estimated (e.g. if water is supplied to a discrete wetland).  Over the duration of the project it is planned for more accurate inundation extent mapping to be modelled (particularly within Selected Areas) as part of the LTIM Hydrological Connectivity Basin matter evaluation.
These data will be used to construct watering extent maps in GIS that will be intersected with the ANAE mapping layers to determine the ecosystem types influenced by Commonwealth environmental water each year.
[bookmark: _Toc420656548]Cumulative Assessment (years 4 and 5)
The types of ecosystems that receive water will vary from year to year in response to water availability and river conditions.  Assessments of representativeness or rarity of ecosystem types receiving Commonwealth environmental water are therefore made cumulatively to integrate all watering actions for the duration of the LTIM project.  An initial evaluation will be undertaken using data from years 1–4 and then refined in the final year with the incorporation of year 5 data.  This staged approach will facilitate the identification of any additional hydrological modelling refinements (see Improving Evaluation Capacity) or complementary data one year prior to the final analysis.
Comparing those ecosystem types influenced by Commonwealth environmental water to all types in the Basin that could potentially receive environmental water will allow an assessment of how representative the watering actions are for ecosystems in the Selected Areas.  An assessment of the distribution and frequency of watering of different ecosystem types within the Selected Area will be developed as in an input to inform future CEWO delivery planning.
Vegetation type is an important component of ecosystem type. The cumulative evaluation of ecosystem type will therefore be linked to the LTIM evaluation of vegetation diversity.  Vegetation types that are shown to be maintained by Commonwealth environmental water, or are shown to change in response to Commonwealth environmental water will be examined in terms of their contribution to ecosystem diversity within Selected Areas and the whole Basin.

[bookmark: _Ref418813725][bookmark: _Toc420656549]Improving Evaluation Capacity
Over time a number of improvements may be expected to occur that will improve capacity to evaluate environmental flow outcomes on ecosystem diversity.  These include;
1) Improved mapping and classification of wetlands.  LTIM is specifically contributing to this process through the validation of ecosystem types within each Selected Area to provide a level of ground truthing not previously possible in the application of the interim ANAE classification and typology developed by Brooks et al. (2014).
2) The LTIM project hydrological evaluation will develop modelling of watering extent and duration for watering actions within Selected Areas and in unmonitored areas of the Basin.  These data will augment observational data provided by M&E Providers and water delivery partners and will increasingly be an important component of the ecosystem diversity evaluation as the models are refined and confidence in them improves.
3) The ecosystem typology provides a framework for extrapolating outcomes to unmonitored sites.  Understanding of how biotic and functional responses vary among ecosystem types that are monitored within Selected Areas will permit extrapolation of Selected Area outcomes to watering events that might occur in the same ecosystem types located in other areas of the Basin that are not being monitored.  The intersection of ecosystem type and watering extent mapping with be provided as an input to evaluation of other basin matters.
[bookmark: _Toc420656550]Risks
· LTIM Hydrological modelling may not produce inundation extent mapping for watering actions.  Mitigation:  The ecosystem diversity evaluation can still proceed for a subset of watering actions where extent can be determined using M&E Provider data, operational monitoring by delivery partners, observations from land holders and knowledge of past events.
· M&E Providers may not identify correct ecosystem types at monitoring locations (e.g. when wetland extent mapping is unclear). Mitigation:   The annual evaluation of ecosystem diversity will tabulate differences in ecosystem boundary mapping and individual ANAE classification attributes for all Sample Point ecosystem type determinations that differ from the 2014 interim ANAE classification.  M&E Providers will be given opportunity to confirm the difference before they are integrated into the revised Basin map of ecosystem types.
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