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Issues with:

– Goal setting

– Implementation

– Multiple stressors

– Local context

– Monitoring

– Scaling/transfer

– Expectations

Why do freshwater restoration projects fail?
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Big influence of waterway size on stream condition
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Greenwood et al (2012) J Appl Ecol
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… riparian management over 8,000+ km of waterway!

Conclusion 1: Start at the top!

Small waterways are disproportionately important

B. Dealing with SEDIMENT & ‘leaky plumbing’
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Change‐point analysis reveals a potential sediment threshold
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There is a fine sediment threshold for stream inverts

Burdon et al (2013) Ecological Applications

Natural stream bed High deposited sediment

Compacted
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layer

Riparian zone improved – 2 years post-planting
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Have complete riparian protection systems in place.

Eliminate slumps, rills & bank collapse and manage 
intermittent channels, tile & open drains that circumvent 
riparian protection systems.

Conclusion 2: Fix ‘leaky plumbing’!

Sediment Traps: remove legacies
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Conclusion 3: Remove sediment legacies

Recovery unlikely unless instream fine sediment cover 
is less than 20%
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C. Dealing with aquatic WEEDS

Can result in:

– Over-steepened banks

– Habitat loss

– Fauna become entrained

– Succession reset

– Fragments released 
downstream

– 25 x 5m tunnels

– Different shade cloth 
intensities used to 
create a gradient

How much shade is enough?
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Long term fix

Conclusion 4: Shade = ultimate solution for weeds

Find the shade ‘sweet spot’ and implement long- term 
control techniques
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D. Dealing with NUTRIENTS

Most variation in nitrate is between waterways
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Conclusion 5: Stream nutrient problems ultimately need 
to be solved mainly at catchment levels

Be involved in the community decision making 
processes around catchment nutrient levels

High NO3 in connecting tile/surface drains = hot spots
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Denitrification bioreactor construction 

Goeller et al 2016 Journal of Environmental Quality
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Tile drain bioreactor removes 8% NO3-N

2016 mean mass removal rate of ~30 g N m3 d-1
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Bioreactor 1: longer residence time at low flow

0.50

0.75

1.00

1.25

0.002 0.003 0.004 0.005 0.006

Q (m3 s -1

H
R

T
(h

)

)

Upflow bioreactors



Freshwater Ecosystems – BIOL 375

Angus McIntosh,  Nov-17 13

Upflow bioreactors remove 44-99% NO3-N
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Residence time >4 hours

Sediments deposition & 
denitirification

Artificial floodplains: enhance sediment deposition & 
denitrification where there is flow variation
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Overcome carbon limitation to enhance
instream denitrification

Model of Cam River: O’Brien et al (in press) Ecosphere

Wood chip addition expt, Sth
Canty: Goeller PhD

Conclusion 6: Implement downstream tools

Match nutrient tools to local situation & with long-term 
focus
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Summary & take home messages

1. Start at the top

2. Fix leaky plumbing

3. Remove sediment legacies

Summary & take home messages

4. Shade out macrophtyes

5. Negotiate on-land nutrient 
inputs at catchment level

6. Implement end-of-pipe solutions 
in the interim
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