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Experimental Manipulation of Entire Watersheds through BMPs:

Nutrient Fluxes, Fate and Transport and Biotic Responses in 
Downstream Systems
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Goals
1. To demonstrate, through the experimental watershed 

approach, that implementation of BMPs in agricultural 
dominated watersheds will preserve soil and reduce 
nutrient loss from a  series of sub-watersheds.

2. To evaluate the impact of instituted BMPs by 
considering the impacts on the down stream lake 
community on the watershed scale.

3. To evaluate the fate and transport of nutrients over 
space and time.

Experimental Manipulation of Entire Watersheds 
through BMPs:Nutrient Fluxes, Fate and Transport and 

Biotic Responses in Downstream Systems
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Long Point

Excessive growth of filamentous algae on or around milfoil 
beds is related to loss of nutrients from watersheds heavily 
used in agriculture. The surface area measurements we obtain by GPS are 
multiplied by biomass quadrat measures to estimate the standing crops of milfoil at each site. 
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Area near stream mouths 
dominated by algae species 
Zygnema and Spirogyra which 
grow on Eurasian milfoil
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R2 = 0.87
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p = 0.035

The loading of total and soluble reactive phosphorus were 
good predictors of the standing crop of milfoil beds in areas 
near the mouths of streams.



2

Metaphyton 
• Defined as: littoral algae, neither strictly 

attached to substrata nor truly suspended 
• In Conesus Lake, metaphyton

exists in close association 
with Eurasian Water Milfoil

Zygnema & Spirogyra

Metaphyton at the mouth of 

the stream draining the

Graywood watershed

What Effects Metaphyton Growth?
Stream Loading Contributes to Increased Algae Biomass.Stream Loading Contributes to Increased Algae Biomass.

Nested ANOVA
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R2 = 0.76
P = 0.026

Percent Growth of Metaphyton versus 
Agricultural Activity in the Watershed

*Greater loss of nutrients and soils from agricultural  watersheds – especially   
during hydrometeorlogic events

*Elevated levels of NO3, SRP, TP, TKN and soil in streams

*Macrophyte beds in lake associated with watersheds in agriculture at stream  
mouths

*Macrophyte biomass highly correlated with phosphorus loading

*Algae biomass at stream mouths stimulated by water (e.g. phosphorus) 
from  watershed

*Non-agricultural sources of E. coli are prevalent during non-events.
Geese, rather than  dairy cattle, were predominant

*During events E. coli from cattle are prevalent.

Pre- BMP Results

Experimental
and Reference 

Watersheds

= Monitoring Sites
Isco Automated Samplers
Daily Discharge and event samples
Weekly Grab samples

What effect do the implemented management plans 
have on retaining soil and nutrients within the

watershed?

1. Discharge measured every second and averaged as daily 
discharge

2. Water samples weekly, Events composited- rising and 
descending limbs

3.    TKN, SRP, TP, NO3, TSS

4.    ~70 chemistry (mg/L) samples per year for 5 years

5.     Calculated daily flux (kg/d)

6.      ANCOVA – concentration and flux with discharge as the  
covariate.
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Pre- and Post- BMP  monitoring of stream sites (continuous flow and chemistry) Collaborative approach of local agencies, farming 
community and academics
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Three “Gully Plugs”

244 acre watershed
Mostly Row Crops

Gully Erosion - Loss of 133 tons per year
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Small watershed approach
Land by owned by a few people

Conesus 
Lake

94 acres
Corn
Dairy Cows

Conesus Lake

Graywood Watershed, February 2003
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Effect of Management Practices 
on the Graywood Watershed

Fall – Sig.TKN and TSS 
Spring – no significance

Summer - no significance

** ** **
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Winter

SRP = 210 mg SRP/L
TKN = 1000mg N/L

AEM Planning (All Exp. watersheds)
*Total farm planning

*Nutrient Reduction
*Runoff reduction 
*Strip cropping

**Eliminated winter manure spreading
in hydrologically sensitive areas (HSAs) and
and highly erodable land (HEL)

* Reduced fertilizer use ($5,000 year 1)
while maintaining yields

Graywood  (Baseline + Events)
Nitrate (raw data)
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** Significantly lower than 2003

Total Kjeldahl Nitrogen

**
**

**

**

**

50% reduction in
TKN flux

Year

2002 2003 2004 2005 2006 2007

To
ta

l P
ho

sp
ho

ru
s

C
on

ce
nt

ra
tio

n 
or

 F
lu

x

0.0

0.1

0.2

0.3

0.4 Concentration (mg P/L) 
Flux (kg P/d)

Total Phosphorus

** Significantly lower than 2003

Annual marginal means (+ 95% C.I.) plotted from ANCOVA

Total Phosphorus

**

**
**

**

30% reduction in
TP flux

Reference Watershed

No BMPs

4,394 acres

Year

2002 2003 2004 2005 2006 2007

SR
P

C
on

ce
nt

ra
tio

n 
or

 F
lu

x

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

Concentration (mg P/L) 
Flux (kg P/d)

Soluble Reactive Phosphorus

TP
TKN
TSS
N03

No significant
difference in
flux or chemistry
among years

What effect did these management plans have on 
downstream  biotic streams?

Macrophytes?
Bacteria?
Metaphyton?
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Metaphyton Cover  (BMPs and Reference)
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Summary (preliminary results)

* Concentration versus flux: Results from ANCOVA analysis are similar 

*Able to better retain nutrients and soils in the watershed with
management  practices.

*Able to reduce nutrient (TP, SRP, NO3, TKN) and soil loss to downstream 
systems by BMPs.

*Metaphyton and coliform bacteria were reduced in streams and in 
the lake  in  managed watersheds.

*Macrophytes – some suggestions of a reduction but no significant 
response yet.

Some Thoughts:
1.  Segment analysis to identify sources of pollutants in the 

watershed.
2. Reduce from a large area, an entire watershed, to a small area 

of concern.
3. Allows the construction of a priority list to systematically 

tackle problem areas.
4. If agricultural sources, implement through “Total farm 

Planning” and/or the AEM process institute management 
programs as discussed. Bringing Science to the watershed!!

5. Important aspect is identify through monitoring, the success or 
failure of management plan.  If no success, adaptive 
management becomes a priority - try something else.

Bringing Science to the watershed!!

Monitoring  Post- Best Management Plans

SUNY Brockport
Joe Makarewicz – Organization, Nutrient and hydrologic data
Ted Lewis - Web, Field and Laboratory work
Mark Noll - GIS
Jim Zollweg - Watershed Models
Sarah Wasson    - Graduate Student

SUNY Geneseo
Sid Bosch - Macropytes and metaphyton
Bob Simon - Bacterial abundance -coliforms, BST

Rochester Institute of Technology
Tony Vodacek - Stream mouth modeling and imagery

Cornell Cooperative Extension
Nate Herendeen – AEM, Soil analysis, soil nutrient assessment,
Nancy Glacier outreach

Livingston County SWCD
Pete Kanouse - Construction, liason

Livingston County Planning
David Woods and Heather Ferrero - Liason
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•Mandatory on all CAFO sized farms, over 1000 
animal units

•Voluntary on dairy/livestock farms with  300 -
999 animal units

•Will be required (voluntary compliance) on all 
farms with animals by 2009

AEM Planning
Agricultural Environmental Management


