	Environmental Water Benefits Black Box

	Environmental watering at Hattah Lakes Icon Site improves individual Black Box tree health, flowering and seed production


[image: Open forest of Black Box trees]

[image: Mirring Logo- DELWP's Aboriginal artwork inspired by our role as land and water managers.]
	Environmental Water Benefits Black Box





Environmental Water Benefits Black Box

[image: ][image: J:\Biodiversity Research\AA Threatened Ecosytems\DrylandMalleeProjects\HattahLakes\MDBA_AG_crest_uncoated_CMYK_inline.jpg][image: ][image: ]OFFICIAL
[bookmark: Here]delwp.vic.gov.au
ari.vic.gov.au


2OFFICIAL


OFFICIAL

Key Points:
Environmental watering improves Black Box tree health, flowering and seed production.
Land managers can be confident that environmental watering at the Hattah Lakes Icon Site can produce sustained improvement in Black Box tree health.
Why apply environmental water?
[bookmark: _Hlk66886147]Floodplain trees across the Murray-Darling Basin are declining in condition. Changed flooding regimes (frequency, duration, extent) due to water regulation and drought, is largely the cause of this decline.
[image: Forest of poor health and dead black box trees]




[bookmark: _Hlk66886267]The Living Murray initiative is designed to improve the health of the Murray River and its floodplain through targeted environmental watering events (managed flooding). The Hattah Lakes Icon Site was selected to be part of the program due to its significant cultural, recreational, heritage and ecological values, including floodplain trees.
[bookmark: _Hlk63768650][bookmark: _Hlk66886252]To effectively deliver environmental water, a clear understanding of how plants, animals and ecosystems respond to watering events is needed. Monitoring can provide this information and be used to refine future watering events and management actions.
Black Box floodplain trees
Black Box (Eucalyptus largiflorens) are a long-lived (ca. 250 years) floodplain tree that inhabits the drier parts of the floodplain that are periodically flooded. 
Delivering environmental water to improve floodplain tree health requires an understanding of the species key life cycle phases (see figure below). Tree health can be measured from different aspects of the life cycle phases including:
canopy health
reproductive output (buds, flowers, fruit and seed)
seed fall 
seed viabilityBlack Box trees are important, culturally and ecologically
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[image: Life Cycle of the Black Box - Seeling to Juvenile to Mature Tree, then reproductive outputs, flower, fruit, seed, seed fall and germination.]Research Program Overview[bookmark: _Hlk63769252]DELWP’s Arthur Rylah Institute (ARI), in partnership with several organisations, has been undertaking a suite of research projects to evaluate the effectiveness of environmental watering in maintaining or improving Black Box tree health.
This research is helping us evaluate the ecological objective of environmental watering: ‘to restore communities of wetland and terrestrial plant assemblages by maintaining sustainable populations of Black Box communities’.
A range of studies, some highlighted below, are being undertaken that investigate key aspects of the Black Box life cycle and the watering response of canopy health, reproductive output (bud, flower, fruit and seed production), the timing of seed fall and seed viability. Studies were undertaken over a range of years (1-7yrs) and environmental watering events.














Black Box life cycle phases
Dotted boxes indicate life cycle phases that the research investigated






[image: Black Box tree before environmental watering (limited canopy growth)]Tree HealthEnvironmental watering at Hattah Lakes has led to improved Black Box tree health and condition.  Floodplains that received environmental water had greater canopy cover, crown extent, new tip growth, reproductive output, and Tree Condition Index compared to unwatered floodplains. This response was greater at the lake edge compared to the higher floodplain.









Data demonstrates that environmental watering improves tree health





[image: Black box after 3 environmental watering events - improved canopy growth]Improved
condition
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Improved flowering and fruiting




Tree Canopy Condition Index at unwatered (red) and watered (blue) sites over a seven-year period.  Droplets show environmental watering events (blue) and natural flooding (green).















Black Box tree prior to (top) and seven years after (bottom) three environmental watering events.




[bookmark: _Hlk66449150][image: A close up of a Black Box tree flowering]Reproductive Output
Following environmental watering at Hattah Lakes in 2014, Black Box reproductive output improved until 2018. Trees that received environmental water had greater abundance of buds, flowers, and fruits. Overall, there was a 9-fold increase in reproductive output in watered trees compare to unwatered trees.





[image: Graph- Reproductive extent at unwatered (red) and watered (blue) sites over a seven-year period.  Watered sites had a higher reproductive extent than unwatered after 2014 until 2019.][image: ]



Reproductive extent




[image: Water][image: Water][image: Water]



[bookmark: _Hlk66449327]
Reproductive extent at unwatered (red) and watered (blue) sites over a seven-year period.  Droplets show environmental watering events (blue) and natural flooding (green).Shading represents the confidence interval.Environmental watering improved reproductive output



[image: Seed trap collection- plumbing pipes with funnels at the top.]Seed Fall

Environmental watering at Hattah Lakes has led to improved Black Box seed production.  Experimental sites that received environmental water had greater seed fall (15% greater) and fruit production (20% greater) compared to unwatered sites. 
Distinct peaks in seed and fruit production occurred during the spring/summer of the year following a watering event.
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Seed trap monitoring and seed collection (bimonthly).












[bookmark: _Hlk67476796]Average number of seeds for each month sampled at the unwatered (red circles) and watered (teal triangles). Shading indicates confidence intervals. Droplets show environmental watering events (blue) and natural flooding (green). Shading represents the confidence interval.

[bookmark: _Hlk66449397][image: Researcher analysing seeds under a microscope][image: Black box seeds]Seed ViabilityGrowth cabinet experiments showed that seed viability and germination rates were not influenced by environmental watering.
More than 75% of tested seeds germinated within five days, independent of whether trees had been inundated.



[image: Seedling germinating]



Seed viability is not dependent on environmental watering






Lessons for Managers
Land managers can be confident that environmental watering at the Hattah Lakes Icon Site can be used to produce a sustained improvement in Black Box tree health, condition, reproduction, recruitment and population structure. 
This research highlights the value and effectiveness of using environmental watering to improve floodplain tree condition. Findings provide an evidence-base on which land managers can reliably report management outcomes and refine future decision making.
Key management considerations:
At unwatered sites tree health, reproduction, seed supply and recruitment are poor. These sites will require active management to improve condition.
Seedling and sapling surivial rates are unknown.
Initial tree health will influence recovery time and flooding requirements.
A single flooding event can improve tree health.
Additional floods can further improve tree health.
Trees in poor health may need more than one flood event to improve condition.
Maintenance of tree condition and recovery trajectories require further investigation.
Seedling and sapling survival are key knowledge gaps in the Black Box life cycle
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Further information 
For more information on this project contact research.ari@delwp.vic.gov.au 
Report: Moxham C., Duncan M., Leevers D. and Farmilo B. (2020) The Living Murray Hattah Lakes Intervention Monitoring:  Impact of Environmental Watering on Black Box health, reproduction and recruitment – Final Report 2020. Unpublished Report for the Mallee Catchment Management Authority. Arthur Rylah Institute for Environmental Research, Department of Environment, Land, Water and Planning, Heidelberg, Victoria.
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