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Introduction

* Overview of Pocosin peat bogs as NBs

* Pocosins are degraded by human
activities? DRAINAGE (farming, forestry)

* DRAINED pocosins are restorable through
rewetting

* Discuss the implications of rewetting for
significant reductions in CO, emissions,
soil C storage

* Assess their role in climate change
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} R Ty * Occur across the southeastern coastal plain, VA to FLA, but

primarily in NC
* 4-10,000 YEARS OLD

R * Typical peat depth 1- 3 m (up to 6m)
PSEsaet ; * High summer temperature (up to 40°C) and Evapotranspiration
Lot wm e - * Summer water table often > 1.2 m

* Fire-adapted dominant plants
* Pond Pine (Pinus serotina)
* Ericaceous, llex sp. shrubs
* Fire Return Interval 6 -25YR
* Peat is formed from wood rather than mosses

* Pocosins have characteristics between tropical and
temperate peatlands: Sub-tropical

* Complex peat C chemistry with high content of phenolic
and aromatic compounds (slows decomposition)

* NC has estimated 1.2 billion tons of CO,-e stored in
coastal peatlands




Hydrologic Balance for Natural and Drained Pocosin

Natural Pocosin: Drainage Alterations:

Point source water flow through
ditches and canal systems to
coastal rivers and estuaries

Water flows over the broad
landscape to coastal
marshes and rivers PET

Outflow via Ditch

System o Reach
Area Rivers

Water Flow in cro/year

Water Flow in cm/year

Richardson, C.J. and E.J. McCarthy. 1994. Effect of land development and forest management on hydrologic response
in southeastern coastal wetlands: A review. Wetlands 14:56-71.



E——
5 S 4

T " E

: Drainage in Eastern North Carolina &

| . . E e L L I ] |
o 5 10 20 Miles

US04 is an equal opportunty empioyer and prowvider




Coastal Freshwater Wetlands if not Drained can Protect Against Sea Level Rise &
Salt Water Intrusion

f . Mixchaline Zone
Fresh Water §
Head
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- Mixohaline Zone

Y SaltWater
e —3 Head

Fresh Water - Salt Water : Peat Peat Subsidence - Mineral Soil

Organic Sails in the Roancke-Tar-Neuse
G and Cape Fear Watersheds in NC and WA,

Drained and Converted to agriculture.

Approximately 230,000 acres




Peatland degradation

Threats to Pocosin
Carbon Stores

Peat drainage
Artificial canals cause
peat to dry out increasing
fire risk

* Drainage for agriculture,
tree farming and logging

palm oil planted on
shallow and deeper peat

Crops on deep peat
Crops such as rice and

* Resulting carbon losses . Carbon emissions
. g . . . 3 ::l:;t;tllos; . CO, Drained peatland is subject Photo credit USFWS
* Microbial oxidation  CAEal ot los AN ) ooicetonandathigher

(decomposition)
* Fire
-Especially deep
smoldering fires in
drained peatlands

Panel 1: Fleming et al., 2021
https://www.nature.com/articles/s41599-021-00878-
8/figures/1

Photo credit USFWS







Long-term Pocosin Questions

» How have Pocosins existed in the SE sub-tropical coastal Plains for the
past 10,000 years during increased warming, droughts and fire?

» What accounts for reported low decomposition rates when Pocosins are
Drained ?

» Are Natural Pocosins a C Sink or Source of GHGs on the landscape today ?
» What mechanisms control GHG fluxes in drained and natural Pocosins ?

» Can Pocosins function again as a long-term C sink if restored?
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Phenolics >=
a phenol
group-a
hydroxyl
functional
group on an
aromatic ring
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Phenolics/Aromatics Inhibit Soil Respiration in Bog Soil

FTIR Of Peat Area-Normalized Peak Height
from ,.._,40 Cm (arbitrary unit)
[I) 0'|2 0.l4 U.IG 0'.8 1.‘0
Sweden palsa Boreal
Sweden bog
Sweden fen

Minnesota P6
Minnesota RL-II
Minnesota bog

North Carolina PN 40
North Carolina FY2 Sub-Tropical
North Carolina DNL
Florida LOX8
Panama

Tropical

Data from Hodgkins  Brunei
et al., Nature

icati M Carbohydrataes (1030)
Communications, Aromatics (1510+1620)
2018




Most Natural Wetland Fires
(Light Surface Fires)

US FWS

Wet burn in the Green Swamp, Brunswick County, NC. Photo: Gary Curcio, NC https://www.flickr.com/photos/usfwssouth
Division of Forest Resources. Vo ) T 2

Reardon and Curcio, 2011

G x

oL

o o

Croatan NF, Spring 2017

Photo by Caleb Spiegel, US FWS


https://www.flickr.com/photos/usfwssoutheast/
https://www.flickr.com/photos/usfwssoutheast/

XPS spectra (x-ray photoelectron spectroscopy)

NC UNBURNED NC BURNED
X ]ﬂz X 102
25] 304
71 Name Pos. %Area 4 Name Pos. %Area
41 C=C-C 284.2850 26.83 45—; C=C-C 284.8914 36.16
] c¢c cH 284.6850 21.42 407 C-C,C-H 285.2914 20.70
20: C-0, C-OH 285.9850 31.93 j C-O,C-OH 286.5914 25.07
4 0O-C-0,0=C 287.4850 1538 354 0-C-0,0=C 288.0914 17.15
1 0=C-O 288.8850 443 i 0=C-O 289.3914 093
15] 304
n ] »n T
5 G 253
10] 20
5 15
5 103
: *
7 T T T I T T T I T T T I T T T E T T T I T T T I T T T I T T T
296 292 288 284 280 296 292 288 284 280
Binding Energy (eV) Binding Energy (eV)

Soil Surface Aromaticity

1.5
B unburned Mburned
1.0
=
0.5
0.0
MN NC FL PERU

Flanagan, Wang, Winton, Richardson, 2020. Low-severity fire as a mechanism of organic matter protection in
global peatlands: Thermal alteration slows decomposition. Global change Biology. 26: 3930-3946.
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Slow-growing Microbes with Low Carbon Turnover Rates Dominate in High-Phenolic Peats

Wang, et al., Commun Earth Environ 2, 67 (2021).



Secondary Factors Can Act as Key C Decomposition
Controls in Lower Latitude wetlands ?

» Low-latitude shrub peatland C decomposition is down regulated
by higher production of phenolics and aromatic compounds than
found in northern Sphagnum/Carex communities.

> Higher concentrations of phenolic/aromatic compounds = highly
recalcitrant peat compounds, which inhibit microbial activity.

» Recurring low-intensity fires = higher aromatic C peat
compounds, lower carbohydrates and decreased microbial
respiration.

» Slow growing microbes found with higher phenolics, lower Temp
response for decomposition
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Drained Pocosin

Peat Profile
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ASSESSING RESTORATION IMPACT

Reduction of Carbon Losses to
atmospheric CO, Emissions
through rewetting on 4,000 ha

Quantify regional
emission reductions:

e Reduced microbial
oxidation

e Reduced losses to fire
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Eddy Covariance measurement of Net Ecosystem Exchange

Eddy-Flux Towers used
to Measure Green House

B Gas Losses (CO,) &
el Net Ecosystem Exchange
S (NEE) and C accretion
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Cumulative NEE, GPP and R__,

DRAINED SITE
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Proxy model NEE predictions with water table depths raised 20 or 30 cm vs 60 cm
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Modeling results comparing the CO, stored by raising water tables to within 30
or 20 cm of the surface compared to drained pocosin sites (baseline). Water table
depths (WTD) refer to annual mean depth below soil surface.

Scenario NEE Delta”
Mg CO, ha! yr!
. t/acre
Linear
I\/I o d e | Baseline (unrestored, WTD = 60 cm) 21.2. 8.6 —
Restored, annual Mean WTD =30 cm 2.0 0.8 19.2
P e d | Ct| ons Restored, annual Mean WTD =20 cm -3.3 -1.3 24.5 10

*Delta is the differences between the restored scenarios and baseline (unrestored) scenario

Linear Model
NEE = WTD + Rg R2=0.73

NEE =half-hour average values from Eddy Covariance
R, = Global Radiation

WTD = Distance to Water Table below soil surface
Richardson et al., GCB 2022



Tropical Peatlands
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SE Peatland Inventory

CO, Losses for Drained & Burned

Peatlands
State Histosol Restorable Restorable C Losses
Area (ha) Histosols on Histosols on
Cropland and Non-Wetland
Pasture (ha) LUs (ha)
Microb. Oxidation Fire
21.2Mg COz ha'yr™’ 36.7MgCO, hayr™’
NC 218,900 43,861 71,320 930,000-1,512,000 1,610,000-2,617,000
SC 46,726 1,185 3,104 25,000-66,000 43,000-114,000
GA 136,987 209 1,159 4,400-25,000 7,700-42,000
VA 55,379 186 1,154 3,900-24,000 6,800-42,000 .
Sum 757,992 45,441 76,737 963,000-1,62/7,000 1,668,000-2,816,000

Richardson et al., GCB 2022:

Total; 2,631,000 - 4,443,000
or2.6t0 4.4 Tg CO, yr’

Note- 21.2 assumes net zero losses after rewetting



CONCLUSIONS

* Rewetting of 45 and 77
hectares of pocosins could
reduce annual GHG emission
up to 4.4 Tg of total avoided
loss of CO, per year across
the region

» Despite covering <0.01% \of
continental USA land area,

rewetting degraded pocosin
can potentially provide 2&6}
of the annual CO,
nationwide USA reduction
target of 180 Tg necessary to
achieve net zero in 28 years
(total reduction 5Gt)
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