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Helping the Upper Oconee River ‘work’ towards nutrient 
reduction and other ecosystem services in ACC – and 

downstream!



Upper Oconee stream health and ecosystem 
services. How are we doing? How could we 

improve?
1. Ecosystem services
2. Working condition of ecosystem services of UOW streams –

Research results
3. How can capacity to provide services be improved?

http://www.miseagrant.umich.edu/explore/coastal-
communities/harmful-algal-blooms-in-the-great-lakes/

http://www.freshwatersillustrated.org/Artist.asp?ArtistID=39
742&Akey=3SWCG6TC



Streams and rivers provide important 
ecosystem services!

Physical/chemical/biological interactions that 
provide high quality drinking water

Support of stream life and biodiversity

Uptake and retention of nutrients to protect 
downstream ecosystems from algal blooms



How are Upper Oconee ecosystem 
services affected by watershed land 

use?

http://www.freshwatersillustrated.org/Artist.asp?ArtistID=39
742&Akey=3SWCG6TC http://www.miseagrant.umich.edu/explore/coastal-

communities/harmful-algal-blooms-in-the-great-lakes/

Stream biodiversity (biomass 
and # species) and watershed 
impervious surface cover

Nutrient uptake capacity 
and watershed impervious 
surface cover / land use



↑ ISC,↓ Stream life

12 sites in UOW that ranged in ISC – 32,900 ‘Stream bugs’ 
identified and measured.  Each 1% ↑ ISC, 7% ↓ in biomass.  
Sterling, Rosemond and Wenger, 2016. Sterling et al. 2016



Sensitive taxa declined more precipitously 
than tolerant taxa.

This suggests both altered hydrology and 
pollution have negative effects on UOW 
stream organisms. 

(Altered hydrology because both declined –
pollution because sensitive declined more)

Number of species: 28 vs 16 at rural to urban 
sites.

Sterling et al. 2016

↑ ISC,↓ Stream life



Stream nutrient uptake important for 
downstream lakes

Fisher et al. 2000

https://earthzine.org/2014/11/23/the-bloom-gloom-
monitoring-cyanobacteria-in-georgias-lakes/
Map shows Phycocyanin concentration 
(indicating cyanobacteria – algae that 
potentially cause water quality 
problems); Dr. Deepak Mishra, Dr. Susan 
Wilde, Advisors.

https://earthzine.org/2014/11/23/the-bloom-gloom-monitoring-cyanobacteria-in-georgias-lakes/


Previous study shows ↑ N and P 
downstream of Athens

Fisher et al. 2000

P doubles  (2x)
N increases by 1.2-1.8x



Photo: Ryan Utz

Nutrient retention occurs by microbes 
associated with biofilm, FPOM, leaves

Biofilm FPOM Leaves



Measured Carbon & Nitrogen 
retention in biofilms and FPOM

Sterling, Rosemond unpublished data

http://www.phillywatersheds.org/what_were_doing/waterways_assessment/algae



↑ ISC,↓ Carbon & Nitrogen retention 

Sterling, Rosemond unpublished data

12 sites, 2 seasons.  Quantified biofilm 
and FPOM.  Determined C and N 
content of each and scaled by % cover 
of that substrate (biofilm or FPOM) in 
each stream.  

Each 5% ↑ ISC, 21% ↓ Carbon, 17% 
↓ Nitrogen.



Summary: Watershed land use effects 
on Upper Oconee streams

1. ↑ Watershed ISC ↓ biomass of stream life and↓ number of 
species.  Altered hydrology and pollutants implicated.

2. ↑ Watershed ISC ↓ retention of C and N.   This reduces capacity 
for production of stream life (which is based on carbon), and 
suggests that at high ISC, nutrients are mobilized down stream.  



http://journeywithstevenmichael.blogspot.com

Solutions: We can improve ecosystem 
services in ‘working’ streams

1. Solutions are in our hands – Control quantity and quality of storm-
water and runoff; reduce demand (green infrastructure, 
conservation, water reuse). 

2. Reduce nutrient loading.  Streams can only retain and process ‘so 
much’ – we need tighter controls on WWTP to protect water quality 
in Lake Oconee (harvest P for fertilizer?). 

3. Protect and expand riparian 
buffers.  We can improve the 
capacity of streams to support life, 
be resilient to climate change, and 
retain nutrients by improving 
riparian tree and vegetation cover.



Solutions: Restoration example; add 
leaves, ↑P uptake

PRE PREPOST POST

SR
P

~ 20 g/m2 added to TREATMENT stream compared to CONTROL; Aldridge et al. 
2009

CONTROLTREATMENT

Studies in our lab 
show that high 
concentrations 
of N and P of 
streams reduce 
these substrates



http://www.chesapeakebay.net/issues/issue/forest_buffers

Solutions: Streamside vegetation cools streams 
+ provides carbon for production of stream life 

and retention of nutrients
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