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Synthesis

• Man-made ponds have replaced wetlands as a dominant 
landscape filter
 Ponds are numerous in the landscape
 Ponds are heterogeneous and understudied

• Man-made ponds and lakes are tremendous 
accumulators and transformers of materials

• Planning, construction, and management can maximize 
material storage and transformation
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Density of farm ponds 
in the landscape:
Renwick et al. 2005
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How many lakes in Oklahoma?

Min. size: 0.1 km2

Max. size: 245 km2

# lakes: 1043
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How many lakes in Oklahoma?

Min. size: <0.001 km2

Max. size: 245 km2

# lakes: 388,648
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Zoom in on eastern Oklahoma
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But how do all these lakes influence water quality?

Global lakes
Oklahoma
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N = 23
P = 3.8

Units = g m-2 y-1

N = 12.5
P = 0.4

Average Eutrophic Ozark Lake/Pond

Algae & 
aquatic life

N2

N = 1.8
P = 0.7

N = 4.7
P = 1.5N = 0.3

P = 0.03 

N = 2.5
P = 3.4

Nitrogen 
fixation = 9.4

Denitrification
= 18

% Retention + 
Removal (of new inputs)

N = 7.5 (ret.) + 55 (rem.) = 63%
P = 90%

Grantz et al. 2014



(n=73)

Prochnow et al. 2007

North Bosque River 
SWAT Model
Increased reservoir abundance 
decreases nutrient & sediment 
loading exponentially



Nürnberg 1984

Estimating ecosystem phosphorus storage:
1. Direct measurement (mass balance)
2. Hydrologic retention models

• Areal water load
• Water residence time
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42% P Retained in 
8190 Lakes

58% P Retained in 
13 Lakes
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West Fork 
White River 
Watershed

Watershed 
delineated into
1-5 km2 subbasins
(278 total)



142 subbasins
Identified as priority based on high 
landscape position
Curve numbers developed from 
soil and landuse



West Fork 
Soils
NRCS SSURGO layer
http://www.nrcs.usda.gov/wps/portal/nrcs/
detail/soils/survey/?cid=nrcs142p2_053627

West Fork 
Landuse
2006 NLCD
http://www.mrlc.gov/nlcd2006.php

http://www.mrlc.gov/nlcd2006.php


HYDROLOGIC SOIL GROUP

LANDUSE CATEGORY A B C D

Developed - Open Spaces 72 82 87 89

Developed - Low Impact 76 85 89 91

Developed - Medium Impact 83 89 92 93

Pasture 68 79 86 89

Deciduous Forest 32 58 72 79

Curve Number

West Fork Subbasin Curve Numbers:

Range: 58 - 91
Median: 72



All Sub-basins
143 Ponds

Curve Number ≥ 70
115 Ponds

Curve Number ≥ 75
41 Ponds

Curve Number ≥ 80
22 Ponds



Lower

Upper
Forest

Upper
Field

Pond Demonstration Project



Discharge above and below proposed pond location

-2018 -2019-2018 -2018 -2018 -2018



Total phosphorus load during storm event sampling

Discharge (L s-1)
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Lower - y = 0.668x - 0.755 r2 = 0.63
Upper Field - y = 1.291x - 1.021 r2 = 0.91
Upper Forest - y = 0.741x - 1.554 r2 = 0.80 
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Continuing work

Continue pre-
pond monitoring

Pond 
construction

-2018 -2019-2018 -2018 -2018 -2018 -2019 -2019 -2019 -2019

Post-pond 
monitoring

Sep. 2020



Lower

Upper
Forest

Upper
Field

Pond construction

Pond with:
• 1 acre-ft permanent
• 6 acre-ft temp. flood
• Perforated pipe riser that 

creates 7-day WRT
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Center for Oceans, 
Human Health, & Climate 
Change Interactions

Microcystis aeruginosa
• Growth rates decreased by ~40% 

under most N-deficient condition
• Growth rate predicted microcystin

production in N-limited conditions
• Microcystin production was 

magnified by N-rich conditions
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