
NTS Ecology Studies

• Laboratory Biofilter Study (Monash)
• Effects of Plant Maintenance and Presence of Animals 

(earthworms) on biofilter performance (as judged by 
nutrient removal, GHG emissions (CH4, N2O,CO2) , C-
sequestration)

• Field Chronosequence Study (Perth, Melbourne, 
Sydney, Brisbane)
• Evaluate changes in plant cover and diversity, microrrhizae, 

animal abundance and diversity, and heavy metal 
accumulation as biofilters age, in four regions with very 
different climates

• Southern California Biofilter Lab and Field Studies 
(UCLA)



NTS Ecology: Lab Biofilter Study
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Lab Experiments: Key Questions

• Does pruning biofilter plants, a common practice, increase or 
decrease biofilter’s ability to treat stormwater runoff? Do infiltration 
rates change? C-sequestration?

• Similarly, do earthworms play a large role in removing nutrients from 
stormwater runoff in biofilter columns (e.g., by enhancing redox
heterogeneity)? Does infiltration increase when earthworms are 
present?



Approach: Lab Experiments

• 40 biofilters have been 
constructed
• 10 unplanted, 15 planted with 

Ficinia nodosa, and 15 planted with 
Carex appressa

• Earthworms added to 5 unplanted, 
5 planted with Ficinia nodosa, and 
5 planted with Carex appressa

• Dosed with stormwater bi-weekly
• All columns assessed relative to N-

removal (15N-labeled NO3
- to 

determine fate of stormwater
nitrate—denitrification, plant 
uptake), P-removal, C-
sequestration, GHG emissions 

Ficinia nodosa

Carex appressa + earthworm



Experiment Timeline (5 mo. project):

9/1/14:  Columns constructed and 
planted

10/20/14: Added synthetic stormwater
runoff (cont. bi-weekly)

11/18/14: Sampled greenhouse gases 
and water quality 

11/21/14: Added earthworms
12/8/14:  Sample GHG and WQ
12/16/14: Test Infiltration Rates
1/26/15: Sample GHG and WQ
1/30/15: Harvest plant biomass
2/9/15:  Sample GHG and WQ
3/16/15:  Sample GHG and WQ
3/23/15-4/3/15: Disassemble columns 

and evaluate final biomass/plant 
tissue N and P

Sampling 
anoxic 

zone for 
N2
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Conclusions and Products



NTS Ecology: Field Chronosequence Study

• Does biofilter age affect plant 
richness and diversity? Total root 
length and mass, and 
mycorrhizae? Invertebrate 
communities? Heavy metals?
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Approach: Animal and Metal 
Chronosequence

• Sediment cores were 
collected from 35 biofilters:
• Brisbane, Sydney, Melbourne

• <1 to 15 years old

• Sediment cores collected from 
three locations in each biofilter
and analyzed for 26 metals, C, 
N, P, and soil invertebrates

Mehring & Levin – in review at 
Journal of Applied Ecology



Approach: Plant Chronosequence

• Plant surveys conducted and 
roots collected from 36 
biofilters
• 13 Melbourne, 11 Sydney, 12 

Perth
• Native status of plants assesed
• WinRhizo system (at Monash) 

used to determine root length, 
surface area, average diameter, 
percent <0.5 mm

• Mycorrhizae identified by 
clearing and staining roots prior 
to investigation under dissecting 
microscope.



Results: Animal Chronosequence
• Invertebrate abundance and diversity 

did not change substantially with 
biofilter age. Biofilters are colonized 
rapidly, and/or invertebrates are 
introduced with initial planting. 

• Invertebrate communities dominated by 
oligochaetes (some large earthworms, 
but primarily tiny enchytraeids), 
fungivorous Collembola (springtails), and 
Acari (mites)

• Most invertebrates concentrated toward 
the inlet of the biofilter (due to 
moisture, OC content,..)

• (in a separate study with UPP 
Invertebrate abundance correlated with 
OC content)

Oligochaeta (earthworms 
& enchytraeids)

Acari (mites)

Collembola



Results: Metal Chronosequence

• Initial results for Cd, Cr, Cu, 
Pb, Mn, Hg:
• Higher concentrations at 

biofilter surface, compared 
to 10 cm depth

• All but Cd show a positive 
correlation with biofilter
age

• Implications for biofilter
maintenance schedules, 
and survival of “bio” 
component



Results: Plant Survey Chronosequence

• Plant cover, diversity, and 
richness not correlated with 
biofilter age

• Instead, plant community 
may depend on 
• Management regime
• Setting
• Initial Planting

• Driving forces for biofilter
“succession” may be social-
ecological, rather than 
strictly ecological



Poorly 
Maintained 

Biofilters

Well-Maintained 
Biofilters

Potential Drivers of Plant Diversity: Maintenance



Potential Drivers of Plant Diversity: Setting

Biofilters in Sydney, NSW: above, system in forested 
conservation area contains >10 species; below and 
right, systems in urban areas contain 1–2 species.



Results: Root Chronosequence

• Root length and root mass 
increases with age of 
biofilter

• Root surface area does not 
increase with age

• Roots are becoming 
“coarser” as biofilters age

• Implications for 
treatment? 



Summary: Preliminary 
Chronosequence findings

• Animal abundance and 
diversity not correlated with 
biofilter age

• Heavy metals accumulate 
with biofilter age, 
concentrated at surface

• Plant cover and diversity not 
correlated with biofilter age

• Biofilter structure and 
function may be less 
influenced by age and more 
by initial planting, 
maintenance, and setting

First year’s UPP Down Under samples of 
biofilter invertebrates sorted by 
undergraduate student Diana Kraikittikun
(on left, not sure who is on right)



NTS Ecology: UCLA Lab Biofilter Studies

• Do California native 
plant species perform as 
well as Australian 
analogues?

• How does antecedent 
dry period effect biofilter
performance (+/-
saturation zone)?

• How do the removal 
efficiencies of nutrients 
and metals compare in 
UCLA vs Monash
biofilters?

UCLA mesocosm column design adapted from 
Melbourne mesocosms



• How does the 
structure/function of 
biofilters in southern 
California and Australia 
compare?

• Are mycorrhizae
present in southern 
California
biofilters?

NTS Ecology: UCLA Field Biofilter Studies



Southern California Collaborations

• Orange County biofilters
• Experimental, field-scale biofilters to be installed at Orange 

County Public Works Glassell Campus as part of a 
stormwater LID Retrofit. 

• Collaboration between UCI Water-PIRE scientists and 
Orange County to evaluate biofilter performance and 
ecology with field scale manipulations.

• Ventura County biofilters
• Similar to OC project: working with VC to install field-scale 

biofilters with specifications that allow us to monitor water 
quality
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Products: Biofilter Animal Studies
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