mall Ponds are Water
Quality Sentinels In
gricultural Landscapes

J. Thad Scott
Baylor University

3y @Scottbiogeochem

BAYI(Q
LIMNOLO@Y

Center for Reservoir & Aquatic Systems Research




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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Percent wetland
loss by state:
Dodds and Whiles 2012
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How many lakes in Oklahoma?
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How many lakes in Oklahoma?




How many lakes in Oklahoma?

Min. size: 0.1 km?
Max. size: 245 km?
# lakes: 1043
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How many lakes in Oklahoma?

e

Min. size: <0.001 km?2
Max. size: 245 km?
# lakes: 388,648




How many lakes in Oklahoma?

Global lakes
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How many lakes in Oklahoma?

— Global lakes
® Oklahoma

10L

1

0.1

0.01

0.001

# lakes per km?

0.0001

0.00001
0.001 0.01 01 1 10 100

Lake surface area (km?)




Zoom In on eastern Oklahoma
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# lakes per km?
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But how do all these lakes influence water quality?
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Average Eutrophic Ozark Lake/Pond N Units = g m2 y-2
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Denitrification
=18

Nitrogen
fixation =9.4

Algae &
aquatic life ¢ ———— ||>\I=3ZZ
N=18 N=4.7 e

P=0.7 P=15
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% Retention +
Removal (of new inputs)

N =7.5(ret.) + 55 (rem.) = 63%
P=90%
Grantz et al. 2014



North Bosque River
SWAT Model

Increased reservoir abundance
decreases nutrient & sediment
loading exponentially

e PL566(n=73)
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Estimating ecosystem phosphorus storage:

1. Direct measurement (mass balance)
2. Hydrologic retention models

e Areal water load

e  Water residence time

Table 3. Six retention models tested here. g,— Arcal
water load (m-yr~'), 7—water residence time (yr).

Formula Reference

y = 10/(10 + ¢ Vollenweider 1975
» = 13.2/(13.2 + g, Dillon and
3

R
R
Kirchner 1975
R,=16/(16 + q,) Chapra 1975
R,=24/(30 + ¢, Ostrofsky 1978a
Rs; =0.426 exp(—0.271¢g,) Kirchner and
+0.574 exp(—0.00949¢ Dillon 1

R, = 1/(1 + 11\/7) Larsen and
Mercier 1976

Nurnberg 1984
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Phosphorus loss or storage (kg)

Annual P Retention by Lakes (kg)
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142 subbasins

|dentified as priority based on high
landscape position

Curve numbers developed from
soil and landuse
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http://www.mrlc.gov/nlcd2006.php

Curve Number
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Curve Number = 70
115 Ponds

All Sub-basins
143 Ponds

Curve Number >
22 Ponds

Curve Number = 75
41 Ponds




Pond Demonstration Project
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Discharge above and below proposed pond location
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Phosphorus load (g h™)
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Discharge (L 5'1)

Continuing work
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Pond construction

Pond Storage (acre-feet)
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Small Ponds are Water
Quality Sentinels in
Agricultural Landscapes




Microcystis aeruginosa

 Growth rates decreased by ~40%
under most N-deficient condition
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