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K Steensma

D O’Dell



Moist Soils 
Low Oxygen

Saturated Soils 
No Oxygen

Oxygen

Nitrate 
Iron 

Manganese 

Sulfate 

Carbon Dioxide 

Decomposers

Denitrifiers 
Fe/Mn 

Reducers 

Sulfate Reducers 

Methanogens 



Not all microbial assemblages 
are created equal

*microbes not to scale

microbial 
‘black box’

sequences!!!



How do environmental features of urban 
wetlands influence microbial community 
structure and denitrification potential?



Urban stream 
restoration

NC Environmental Enhancement Grant (Collaborators: M. O’Driscoll, C. Humphrey, E. Bean)

Town Creek, Greenville, NC 

• Replacement and 
Enhancement 

• Construction planned to begin 
in March 2018 (!) 

• Stormwater control measures: 

• Bioretention 

• Permeable Pavement 

• Stormwater Wetlands 

• Regenerative Stormwater 
Conveyance



Tar River
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Indicator Bacterial Taxa
WATER 

• Massilia spp. 

• Rheinheimera spp. 
SEDIMENT BED  

• Dermatophilaceae spp. 

• Quadrisphaera spp. 
SEDIMENT BANK 

• Desulfurellales  

• Nitrospirales 

• Rhizobiales
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•Microbes with higher 
denitrification capacity are 
more related to each other 
(stream bed) 

•Nitrogen removal function 
occurs in stream bed > 
stream bank > water column 
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Microbial communities in saturated conditions (with higher 
capacity for nitrate removal) are more related to each other

How do environmental features of urban 
wetlands influence microbial community 
structure and denitrification potential?



How can an undersized stormwater wetland be 
managed for increased N processing function?

•Hydrologic gradient        

•Vegetation (varies along hydrologic gradient) 

•Flow control (riser installation)

Integrating biology into green stormwater 
infrastructure design



How can an undersized stormwater wetland be 
managed for increased N processing function?

1. Quantify nitrogen removal (via denitrification, 
incomplete denitrification) capacity across 
hydrologically distinct zones  

2. Measure how seasonality affects nitrogen removal 
capacity associated with complete denitrification  



How can an undersized stormwater wetland be 
managed for increased N processing function?

•Hydrologic gradient        

•Vegetation (varies along hydrologic gradient) 

•Flow control (riser installation)



south 
inlet

outlet

main 
inlet

heat map showing elevation  
warm colors = high elevation 

cool colors = low elevation

Retrofitting Constructed Stormwater Wetlands

• Hydrologic gradient   
• Vegetation  
• Flow control

Outlet

Main Inlet

Inlet

Permanently wet 

Shallow land



●

●

●

●250

500

750

spring summer fall winter
Season

D
en

itr
ifi

ca
tio

n 
R

at
e 

(n
g 

N
2O

 g
−1

 D
M

 h
r−1

)

Hydrology

●
PI
SL

season: F3,172=27.76, P<0.001; season*hydrology: F3,172=3.95, P=0.009
Sam  

Austin

Permanently wet 

Shallow land

Seasonal denitrification potential is similar between habitats 
(except during spring)

●

●

●●

●

●

●●

●

●

●●●●●●

●

●

●

10

20

30

sp
rin

g

su
mmer

fal
l

wint
er

Season

So
il 

Te
m

pe
ra

tu
re

 ( 
°C

)

Season
spring

summer

fall

winter



Tradeoffs in Biogeochemical 
Functions at a CSW

Visit Gina Bledsoe’s Poster # 6 
“Greenhouse Gas Potential of a 

Constructed Stormwater Wetland”

Ecosystem Services
• Mitigate Stormwater
• Nutrient Filtration
• Carbon Sequestration

Ecosystem Dis-services
• Greenhouse Gas 

Emissions: 
N2O, CH4, CO2

• Nuisance species

Learn more about …



What happens to N processing 
function under multiple stressors?

C. Forbes

A. Stucy
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Salinity significantly reduced denitrification rates 
under the most saturated conditions

●

●

●

●

●

●
●

●
●

●

●
● ● ●

●

●

●

● ●

●

1.5

2.0

2.5

3.0

20 40 60
Soil Moisture (%)

(n
g 

N
2O
−N

 g
−1

 s
ed

im
en

t h
r−

1 )

Salinity
●
●
●
●

0

1

2.5

5

salinity × moisture (F1,54=1.2;P=0.274) 
salinity (F1,54=15.7;P=0.0002) 
moisture (F1,54=115.0;P<0.0001) 
[ANOVA model; log10DEA ~ moisture | salinity]

log10DEA



Take-home

Managing  
microbial functions can 

 improve water quality in urban wetlands 
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