UHI Research Database pdf download summary

High carbon burial rates by small ponds in the landscape
Taylor, Scott; Gilbert, Peter; Cooke, David A.; Deary, Michael; Jeffries, Michael J.

Published in:
Frontiers in Ecology and the Environment

Publication date:
2019

The re-use license for this item is:
CC BY-NC-SA

The Document Version you have downloaded here is:
Publisher's PDF, also known as Version of record

The final published version is available direct from the publisher website at:
10.1002/fee.1988

Link to author version on UHI Research Database

Citation for published version (APA):
Taylor, S., Gilbert, P., Cooke, D. A., Deary, M., & Jeffries, M. J. (2019). High carbon burial rates by small ponds
in the landscape. Frontiers in Ecology and the Environment, 17(1), 25-31. https://doi.org/10.1002/fee.1988

General rights

Copyright and moral rights for the publications made accessible in the UHI Research Database are retained by the authors and/or other
copyright owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with
these rights:

1) Users may download and print one copy of any publication from the UHI Research Database for the purpose of private study or research.
2) You may not further distribute the material or use it for any profit-making activity or commercial gain
3) You may freely distribute the URL identifying the publication in the UHI Research Database

Take down policy
If you believe that this document breaches copyright please contact us at RO@ubhi.ac.uk providing details; we will remove access to the work
immediately and investigate your claim.

Download date: 21. Sep. 2021


https://doi.org/10.1002/fee.1988
https://pure.uhi.ac.uk/portal/en/publications/high-carbon-burial-rates-by-small-ponds-in-the-landscape(d9d90530-1049-44a8-9005-f22549e26ae7).html
https://doi.org/10.1002/fee.1988

High carbon burial rates by small ponds

In the landscape

Scott Taylor?, Peter J Gilbert?, David A Cooke!, Michael E Deary?, and Michael J Jeffries*

Temperate ponds may be important sinks and sources of greenhouse gases but just how quickly ponds bury carbon (C) is poorly
understood. We derived to the best of our knowledge the first organic carbon (OC) burial rates for small ponds of known age
by digging out the whole sediment from ponds, and determined that the average C burial rate was 142 gm 2yr !, with a range of
79 247 gm 2yr !, depending on the ponds vegetation. Burial rates in the ponds were 20 30 times higher than rates estimated for
many other habitat types, such as woodlands or grasslands, and higher than those of other natural wetlands. Although small ponds
occupy a very small proportion of the landscape as compared to these other habitats, their high OC burial rates result in compara-
ble annual OC burial overall. Ponds are easy to create, can fit in with other land uses, and are a globally ubiquitous habitat. Our
results indicate that ponds have the potential to be a very useful additional tool for mitigating C emissions.
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he 2015 United Nations Climate Change Conference (in

Paris, France) recognized the potential for vegetated habi-
tats to buffer the effects of anthropogenic emissions of green-
house gases (GHGs), including through afforestation and hab-
itat restoration in areas subject to agricultural intensification
(Lamb et al. 2016; Fischer et al. 2017). We argue that ponds and
small wetlands can also make substantial contributions as car-
bon (C) sinks. Although ponds are ubiquitous throughout the
worlds terrestrial biomes and are relatively easy to create, evi-
dence of their capacity to bury C has been scarce until now
(Downing 2010).

Emerging research has described the importance of inland
waters for processing organic carbon (OC), and highlights the
need to include them in strategies for mitigating climate
change (Battin et al. 2009). However, efforts to quantify rates of
OC burial in freshwater systems have generally focused on
larger habitats (eg lakes), and understanding of the efficiency
of the C burial process is confounded by the wide variability
among habitat types (Cole et al. 2007; Kayranli et al. 2010).
Current knowledge about the time required for habitats to
become effective C sinks or how vegetation influences rates of
OC burial (Kayranli et al. 2010) is limited. A comprehensive
study on OC burial in freshwater ecosystems identified dispro-
portionately high rates of OC burial in smaller water bodies
(Downing 2010), but these results were obtained largely from
work in artificial habitats, such as agricultural impoundments.
Dean and Gorham (1998) estimated OC burial rates of 34 60
Tg yr Lin larger lakes as compared to 100 Tg yr ! in the sea,
despite lakes covering barely 0.007% of the area of the worlds
oceans. Conversely, small natural lakes have been cited as
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major sources of GHG emissions due to their high rate of car-
bon processing and carbon dioxide (CO,) release (Hanson
et al. 2004; Torgerson and Branco 2007), even if their net C
processing buries OC in their sediments.

Although the potential for small ponds to capture and store
OC has been spotlighted (eg Downing et al. 2008), accurately
quantified rates of OC burial are rare, leading to the question
of whether ponds bury OC fast enough to be worthwhile C
sinks. Gilbert et al. (2014), one of the first studies to report
sediment OC and burial rates in ponds, observed an OC burial
rate of ~149 g OC m 2 yr *. This represents one of the highest
rates of OC burial reported across natural habitats. Moreover,
these accumulation rates, when combined with the very large
numbers of small ponds (Holgerson and Raymond 2016), sug-
gest that ponds may have a considerable overall capacity for C
sequestration.

However, numerous threats could undermine their potential
to buffer atmospheric C. Pond loss is a worldwide problem
(Jeffries et al. 2016) driven largely by land drainage and neglect,
despite the role of ponds in providing key ecosystem services,
such as flood mitigation and water-quality improvement (eg
C@r@ghino et al. 2013). For example, small ponds constructed
adjacent to streams can remove 85 90% of nitrates, phosphates,
and suspended sediments from watercourses (Zedler and
Kercher 2005), and networks of ponds can reduce catchment
flooding during extreme weather events (Biggs 2007). Given
the diversity of beneficial ecosystem services that ponds pro-
vide, creating more of them would help to meet a range of envi-
ronmental policy objectives and address some of the toughest
current challenges both regionally and globally, including C
sequestration. Moreover, ponds are far easier to create than
many other habitat types, and can be readily integrated among
land uses such as urban development and intensive arable
agriculture.
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Figure 1. Examples of (a) a mature pond and (b) a newly dug pond. The
mature pond is full of the floating grass Glyceria fluitans, over a thick
moss sward, whereas the new pond is approximately 2 years old and still
has very little vegetation other than filamentous algae.

Inadequate information exists regarding how GHG fluxes
may vary over the years as ponds develop and the climate
changes. Increased emissions of methane (CH,) and/or nitrous
oxide (N,O) given their greater global warming potential
have the potential to offset CO, sequestration. Small ponds
have been identified as potentially important sources of CO,
(Abinoza et al. 2012; Holgerson and Raymond 2016), CH,
(Bastviken et al. 2004; Holgerson and Raymond 2016; Wik
et al. 2016), and N,O (Soued et al. 2015). Moreover, Yvonne-
Durocher et al. (2017), in an unusual experimental approach,
tracked CO, and CH, fluxes in experimental ponds over a
period of 7 years and showed that emissions of CH, increased
with warming, and that the effect was greater as the pond aged.
Maintaining the effectiveness of ponds as C sinks over time
therefore poses a challenge for site managers.

We present data on rates of OC burial in small ponds of
precisely known age and vegetation history in a temperate low-
land area in the UK, and in doing so demonstrate the potential
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of small ponds to help buffer C emissions. We also provide
insights on the role of vegetation that can inform the construc-
tion and engineering of ponds to target OC burial. The agri-
cultural lowland landscape and the ponds in which this study
was conducted are characteristic of lowlands across Europe,
North America, temperate South America, China, and Russia
(Jeffries et al. 2016); as such, although we focus on estimating
C burial for the UK, we believe that our results have global
application.

Methods

Our experimental pond site was located at Druridge Bay,
Northumberland, UK. e site was formerly an open-cast
coalmine that was restored in the 1970s with clay back I,
and is now a nature reserve. irty ponds were constructed
on the site in November 1994 to monitor ecological succes-
sion, and have exhibited similar patterns of succession (Je ries
2008), transitioning from bare substrate supporting submerged
aquatic species such as common stonewort (Chara vulgaris)
and white water crowfoot (Ranunculus aquatilis), to contem-
porary swards of dense ora dominated by Knei s feather-
moss (Leptodictyum riparium), common spikerush (Eleocharis
palustris), oating sweetgrass (Glyceria fluitans), and jointed
rush (Juncus articulatus) overlying ~10 cm of accumulated
sediment on top of the clay back Il. Our study also involved
the construction of three new ponds in the winter of 2012/2013
to identify OC storage across the early stages of succession
when plant cover was very limited.

For this analysis, we used 12 of the mature ponds constructed
in 1994 (which were therefore 18 or 20 years old when sampled
in either 2012 or 2014) and three new ponds constructed in the
winter of 2012/2013 (which were sampled 3 years later). The 12
mature ponds were chosen to represent three distinct plant suc-
cession histories. For up to 20 years, Group 1 ponds had
retained species of submerged aquatic plants (eg C vulgaris)
scattered over bare substrate, whereas Group 3 ponds had
established thick swards of the moss L riparium with emergent
species G fluitans and E palustris within 2 3 years. Group 2
ponds were an intermediary group between Groups 1 and 3.
Four ponds from each group were sampled.

Both the original and the newly constructed ponds were
dug out to a uniform size (~1 m 1 m) and depth (~30 cm)
and filled with water within a day, to provide as close to repli-
cate ponds as is possible under natural conditions. Examples of
a mature and a new pond are shown in Figure 1: note the
extensive vegetation in mature ponds versus the sparse plant
life of the new ponds. Knowing the exact age of the ponds, the
vegetation history of each pond, and that they have a visibly
distinct base of clay on which the accumulated sediment sits
enabled us to make precise estimates of OC burial rates. To the
best of our knowledge, no other dataset provides such precise
measurements of C burial rates by small ponds.

Previous evaluations of CO, flux rates in these study ponds
(Gilbert et al. 2016) showed rapid changes during the transi-
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