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The ecological significance of pond ecosystems
at local and global scales



Tompkins County
• The county is 305,000 acres 

(excluding Cayuga Lake)
• 15,302 acres of wetlands 

and waterbodies
- ~5% of total land area

• 1,618 acres of which are 
ponds (most are human-
made)… ~3900 ponds total

                       (Hollingshead 2016)

Wetland & Ponds in Tompkins County



Ponds have been constructed for fire protection, aesthetics, 
recreation, and now for climate resiliency
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Ponds are not just locally abundant, this is a global pattern
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Over 75% mapped waterbodies < 1 ha (2.4 acres) in size



Ponds are not just locally abundant, this is a global pattern
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Estimated 500 million – 3 billion waterbodies in smallest 
size class



• Biodiversity: protect “pondscapes” 
(Oertli et al. 2002, Davies et al. 2008, Hill et al. 2018)
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Why should we care about ponds?
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• Biodiversity: protect “pondscapes” 
(Oertli et al. 2002, Davies et al. 2008, Hill et al. 2018)

• Biogeochemical:

– Intercept and retain nutrients and 
sediments (Schmadel et al. 2019)

– Emit high amounts of CH4
(Holgerson and Raymond 2016, Deemer and Holgerson 2021)

– Can store high quantities of carbon in 
sediments (Taylor et al. 2019, Holgerson et al. in press)

Why should we care about ponds?

Yet, these ecosystem properties 
remain understudied



Three short stories

I. Greenhouse gases 
• Primer
• Global estimates

II. Carbon sequestration
• Artificial ponds
• Natural ponds

Our lab studies how pond ecosystems function, including 
greenhouse gas emissions + carbon sequestration

III. Current project
• 28 ponds in greater Ithaca 

area
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Carbon cycling in lakes + ponds
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Predict high emissions 
from ponds:

• High edge effect
• Low water volume
• Shallow → polymictic

Carbon cycling in lakes + ponds



Deemer and Holgerson 2021, Journal of Geophysical Research - Biogeosciences 

• Compiled CH4 fluxes from 227 lakes and ponds (Rosentreter et al. 2021)

• Included diffusive and ebullitive fluxes

• Evaluate role of small waterbodies + the drivers of flux

Dr. Bridget Deemer, USGS

CH4 flux from ponds and lakes globally



R2 = 0.15 
p < 0.001
n = 199

• 227 lakes and ponds

• Total CH4 fluxes (diffusive + ebullitive) 

• CH4 flux inversely related to waterbody size

Drivers of CH4 flux from ponds and lakes

Deemer and Holgerson 2021, Journal of Geophysical Research - Biogeosciences 



R2 = 0.15 
p < 0.001
n = 199

• 227 lakes and ponds

• Total CH4 fluxes (diffusive + ebullitive) 

• CH4 flux inversely related to waterbody size

37% flux 

60% flux < 0.01 km2 (1 ha)

Drivers of CH4 flux from ponds and lakes

Deemer and Holgerson 2021, Journal of Geophysical Research - Biogeosciences 
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• Ebullitive fluxes: best predicted by chlorophyll a
R2 = 0.15 
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Drivers of CH4 flux from ponds and lakes
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As runoff increases carbon and nutrient inputs to our 
waterbodies, CH4 emissions will increase



IPCC, Climate Change 2021: The Physical Science Basis

Global Methane Budget

• Emissions from inland waters 
and wetlands are similar to fossil 
fuels and livestock

• Uncertainty is high (and higher 
still in our smaller systems!)

• Opportunity to reduce 
emissions, particularly in human-
managed ponds



Three short stories

I. Greenhouse gases 
• Primer
• Global estimates

II. Carbon sequestration
• Artificial ponds
• Natural ponds

III. Current project
• 28 ponds in greater Ithaca 

area



Ponds are GHG emitters, but how much carbon can they store?



Chelsea Russ (undergraduate)

• Collected 2 sediment cores in each of 22 
experimental ponds

• Mapped sediment thickness

Estimating carbon burial: Cornell’s experimental ponds

Holgerson et al. in press, L&O Letters



Peri Cooper (undergraduate)

• Collected 2 sediment cores in each of 22 
experimental ponds

• Mapped sediment thickness

• Analyzed sections of sediment cores for 
sediment characteristics and % C

Estimating carbon burial: Cornell’s experimental ponds

Holgerson et al. in press, L&O Letters



• Collected 2 sediment cores in each of 22 
experimental ponds

• Mapped sediment thickness

• Analyzed sections of sediment cores for % C

• Estimated carbon burial rates 

- Burial rate: 67 g C m-2 year-1

(range: 38 – 114)

- ~2x greater than north temperate lakes

- Similar to temperate wetlands

Heathcote et al. 2015

Villa et al. 2018

Estimating carbon burial: Cornell’s experimental ponds

Holgerson et al. in press, L&O Letters



• High burial does 
not offset GHG 
emissions, at 
least at Cornell’s 
experimental 
ponds

Estimating carbon burial: Cornell’s experimental ponds

Ray and Holgerson 2023, Geophysical Research Letters



Comparisons to C burial in other aquatic systems

Holgerson et al. in press, L&O Letters

Natural 
ponds
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NYS DEC Office of Climate Change Grant
GHG emissions + C burial in natural wetlands, natural ponds, and artificial ponds

Pond Study:
• 28 ponds in greater Ithaca, 2023
• Located across land use gradient 

(forested → agriculture)
• 8 ponds sampled monthly April - Oct
• 20 ponds sampled 2x in summer
• GHGs, C burial, water chemistry
• Stay tuned!



Ponds are:

• Globally abundant + ecologically significant
• Biogeochemical hotspots 
• Big GHG emitters; potential for net C storage if 

we get a handle on CH4

To conclude: Ecological significance of ponds

I. Greenhouse gases 
• Ponds emit more than lakes
• Emissions will increase with 

more runoff
• High uncertainty!

II. Carbon sequestration
• Ponds sequester a lot of carbon 

(more than lakes)
• Can C sequestration 

compensate for emissions?

III. Current project
• 28 ponds in greater Ithaca
• GHGs, C sequestration 

across land use gradient



Thank you: Funding Sources:
Global Collaborators:
• Dave Richardson + entire GLEON PONDING team
• Adam Heathcote
• Pete Raymond
• Bridget Deemer
• Global Methane Budget + RECCAP teams

Cornell team:
Nick Ray, Katie Gannon, Chelsea Russ, Peri Cooper, Meredith 
Theus, Pascal Bodmer, Kathy Stenehjem, Ellie Socha, Beatriz 
Ferreira, Benj Sterrett, Danielle Preston, Wulfgar Ramsey, 
Daniel Consolvo, Lee Fitzgerald, Isaac Webster, Ruby Ricisak, 
Emma Zatz



Thank you for your time!

What questions 
do you have?

Meredith Holgerson
meredith.holgerson@cornell.edu

https://blogs.cornell.edu/holgersonlab

@pondscience



EXTRA SLIDES



Gas Sampling Gear



Mudd Pond
0.5 ha
2.75 m max depth

Texas Hollow Pond
0.6 ha
3.9 m max depth

Estimating carbon burial: Natural ponds



• Organic matter differs dramatically 
between two ponds

- Likely due to bottom water anoxia

Avg: 26.4%Avg: 70.5%
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• Organic matter differs 
dramatically between two ponds

- Likely due to bottom water 
anoxia

• C burial rates largely similar

- OM matter content 
balanced by differences in 
sedimentation rates

Avg: 206

Avg: 165

Estimating carbon burial: Natural ponds



Natural 
ponds

Comparisons to C burial in other aquatic systems



• We examined a suite of ecosystem 
functions in relationship with size 
and depth

Richardson, Holgerson et al. 2022, Water Resources Research

Conclusion: Ponds are not just little lakes



• We examined a suite of ecosystem 
functions in relationship with size 
and depth

– Relationships often non-linear

• Average threshold changes:

– 3.7 ± 1.8 ha

– 5.8 ± 2.5 m

Conclusion: Ponds are not just little lakes

Richardson, Holgerson et al. 2022, Water Resources Research



Ponds are small (< 5 ha), 
shallow (< 5 m), permanent 
or temporary, natural or 
human made, with < 30% 
emergent vegetation

Surface area (ha)
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m
)

Conclusion: Defining ponds

Richardson, Holgerson et al. 2022, Water Resources Research



• Examining pond + lake data to 
explore ecosystem function

• Relationships often non-linear 
with waterbody size + depth

• Average threshold changes:

– 3.7 ± 1.8 ha

– 5.8 ± 2.5 m

Do ponds function 
Differently than lakes?



What is a pond: 
Depth, Veg
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