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Mangroves among the most carbor Seagrass ecosystems as a globally significant
the tropics carbon stock

Daniel C. Donato'*, J. Boone Kauffman?, Daniel Murdiyarso?, Sofyan K James W. Fourqurean'*, Carlos M. Duarte?3, Hilary Kennedy*, Nuria Marba?, Marianne Holmer®,
and Markku Kanninen® Miguel Angel Mateo®, Eugenia T. Apostolaki’, Gary A. Kendrick®2, Dorte Krause-Jensen®,

Karen J. McGlathery™ and Oscar Serrano®
Mangrove forests occur along ocean coastlines throughout the Overlooked in this di:
tropics, and support numerous ecosystem services, including  along the coasts of mo:
fisheries production and nutrient cycling. However, the areal ~30-35% to the global

The protection of organic carbon stored in forests is considered as an important method for mitigating climate change. Like

A Pt terrestrial coastal store large amounts of carbon, and there are initiatives to protect these ‘blue
extent of }:4 forests has by 30-50% over the swamps alone o Ren carbon’ stores. Organic carbon stocks in tidal salt marshes and mangroves have been il d, but uncertainties in the
I“IISt half century as : fes"“h of coasta‘IAtlegelobpment, aqua-  including fisheries and f} stores of seagrass meadows—some of the most productive ecosystems on Earth—hinder the application of marine carbon
culture expansion and over-harvesting'™. Carbon emissions storm/tsunami protectio| conservation sck Here, we il blished and of the organic carbon content of living
resulting from mangrove loss are uncertain, owing in part to  rapidly as a result of] seagrass biomass and underlying soils in 946 dlstmct seagrass meadows across the globe. Using only data from sites for which
a lack of broad-scale data on the amount of carbon stored overharvesting, and dev fulli ies exist, we esti that, gl could store as much as 19.9 Pg organic carbon; according
in these ecosystems, particularly below ground®. Here, we the past half-century" to a more conservative approach, in which we incorporate more data from surface soils and depth-dependent declines in soil
quantified wholl Y carbon st by measuring tree  may functionally disappq carbon stocks, we estimate that the seagrass carbon pool lies between 4.2 and 8.4 Pg carbon. We estimate that present rates
and dead wood biomass, soil carbon content, and soil depthin  twenty-first century sea- of seagrass loss could result in the release of up to 299 Tg carbon per year, assuming that all of the organic carbon in seagrass
25 mangrove forests across a broad area of the Indo-Pacific  threat to mangroves', biomass and the top metre of soils is remineralized.
region—spanning 30° of latitude and 73° of longitude—where  changes by migrating lan|

T a6 g
mangrove area and diversity are greatest®®. These.data indi Although mangroves —I_he remineralization of organic carbon (Corg) stored in  C,y storage in seagrass soils has rarely been quantified, because
cate that mangroves are among the most carbon-rich forests  and flux rates'®??, data a demiasiial ccossiame hocay 3 ion ond 1ood Beuienoneas il densin Lose oral
in the tropics, containing on average 1,023 Mg carbon per carbon storage—the ar
hectare. Organic-rich soils ranged from 0.5 m to more than3m  land-use conversion. Lir] OPEN a ACCESS Freely available online @ PLos ONE
in depth and accounted for 49-98% of carbon storage in these  reported, most notably
systems. Combining our data with other published mformahon, organic-rich soils” ™ sug
we estimate that mangrove def of total ecosystem carb H 1 ” ” 1 1
of 0 02-0.12 Pg carbon per year—as much as around 10% of  thick, tidally submerged| EStI matl n g G I Obal B I u e Ca rbon Em 1 SSIons from
i from defi lobally, despite ing for ‘muck’) supporting anae| H H

just 0.7% of tropical forest area®”. moderate to high € con Conversion and Degradation of Vegetated Coastal

Deforestation and land-use change currently account for 8-20%  in mangrove soils is di
of global anthropogenic carbon dioxide (CO,) emissions, second  function of measured f Ecosystems
only to fossil fuel combustion”®. Recent international climate  years of variable depositi
agreements highlight Reduced Emissions from Deforestation and  associated with fluctuati . .- e 1% m e e .24 .. - aa 1 3 P |
Degradation (REDD+-) as a key and relatively cost-effective option ~ No s Stephen Crooks™, W. Aaron Jenkins',
for mitigating climate change; the strategy aims to maintain  total J. Boone Kauffman’, Naria Marba®,

- N e, . 1 . 12
terrestrial carbon (C) stores through financial incentives for forest In Gordon', Alexis Baldera

conservation (for example, carbon credits). REDD+ and similar ~ mang

programs require rigorous monitoring of C pools and emissions®’,  geog! Jnited States of America, 2Ecosystem & Landscape Ecology Lab,

underscoring the importance of robust C storage estimates for  Stud siates, San Francisco, California, United States of America, 4 United
n ica, 5 School of Public and Environmental Affairs, Indiana University,

vironmental Research Center, Florida International University, North

ersity, Corvallis, Oregon, United States of America and Center for
Ilatlll'e inean Institute for Advanced Studies, Esporles, llles Balears, Spain,

l' h 0 Conservation International, Arlington, Virginia, United States of
climate change nited States of America, 12 The Ocean Conservancy, Baton Rouge,
e | e |

H ion i d I —marshes,
Global patterns in mang oo vy e, Powera &

ols of previously-sequestered carbon. Residing

1ere when these ecosystems are converted or

a nd I osse S X aluate its economic implications. Combining the
l I wr-surface carbon stocks in each of the three

] 0.15-1.02 Pg (billion tons) of carbon dioxide are

" 1,2% 3 hat account only for lost sequestration. These
Trisha B. Atwood ’ Rod M. C°nn°||y r Hanan / ... . . .. _ Aresultineconomic damaaes of $US 6-42 billion
. 5 . . s 78
Carolyn J. Ewers Lewis>, Xabier Irigoien”®, Jeffrey J. Kellev Wetlands (2011) 31:831-842
Oscar Serrano'", Christian J. Sanders™, Isaac Santos™, A DOI 10.1007/513157-011-0197-0 .

and Catherine E. Lovelock"”

ARTICLE OPEN @ ACCESS Freely available online - PL

CONCEPTS. . L Salinity Influence on Methane Ex (Dz Eflux from (Qeared Mangrove Peat
Assessing the risk of cai from Tidal Marshes

emiSSions from blue Ca] Hanna J. Poffenbarger sBrian A. Needelman s

J. Patrick Megonigal

Catherine E Lovelock'*, Roger W. Ruess?, llka C. Feller®

1 School of Biologica Sciences, The University of Queendand, & Lucia, Queendand, Austrdia, 2 Indtitute of Arctic Biology, University of Alaska Fairbanks, Fai
- . United Stales of America, 3 Smithsonian Environmenta Research Center, Elgewater, Manand, United States of America

Catherine E Lovelock'?*, Trisha Atwood™?, Jeff Baldock*, C:
Pere Masque®®!'! Peter I Macreadie!?, Aurora M Ricart”, C

Abstract

“Blue carbon” ecosystems, which include tidal marshes

F : ; : : Received: 2 August 2010 /Accepted: 13 June 2011 /Published online: 5 L. i i i i
stocks of organic carbon (Corg) in their soils. These car % Society of Wetland Seicnfists 2011 Background: 00, emissions from cleared mangrove areas may be substantial, increasing the costs of continued Ic
degraded - can be released to the atmosphere in the for

relative risk of COz emissions from degraded soils, ther these ecosystems, particularly in mangroves that have highly organic soils.

projects and establishing a means to prioritize managen Abstract The relationship between methane emissions and

emissions after various kinds of distarbances can be acc salinity is not well understood in tidal marshes, leading to Methodology/Principal Findings: V\e measured OO efflux from mangrove soils that had been cleared for upto 20y
TSSO 1OUS RINES 01 CSHIIbar nbed uncertainty about the net effect of marsh conservation and the isands of Twin Cays, Belize. We also disturbed these cleared peat soils to assess what disturbance of soils after «
s0il Corg stock at a site and the likelihood that the soil € vy : : : : 22 21
ors restoration on greenhouse gas balance. We used published and may have on CO; efflux. CO, efﬂux from soils declines from time of clearing from , 10 600 tonnes km~ < year™ " in
Front Ecol Environ 2017; 15(3): 257-265, doi: 10.1002 ffec. 1491 unpublished field data to investigate the relationships between year to 3000 tonnes km? year’ ' after 20 years since clearing. Disturbing peat leads to short term increases in QO
tidal marsh methane emissions, salinity. and porewater (27 umol m*2 §* "), but this had returned to baseline levels within 2 days.

concentrations of methane and sulfate, then used these
relationships to consider the balance between methane
emissions and soil carbon sequestration. Polyhaline tidal
marshes (salinity >18) had significantly lower methane
emissions (mean = sd=1=2 gm ™ yr}) than other marshes,

Conclusions/Sgnificance: Deforesting mangroves that grow on peat soils results in OO, emissions that are compar
rates estimated for peat collapse in other tropical ecosystems Preventing deforestation presents an opportur
countries to benefit from carbon payments for preservation of threatened carbon stocks.
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00, Hflux from Ceared Mangrove Peat ="' ="

Catherine E. Lovelock'*, Roger W. Ruess?, llka C. Feller®

1 School of Hological Stiences, The University of Queensiand, 3 Lucia, Queensland, Ausiralia, 2 Inditute of Arclic Bology, University of Alaska Fairbanks, Fairbanks, Alaska,
United Rates of America, 3 Snithsonian Environmental Research Center, Edgewater, Marland, United Rates of America

Table 1. Elimates of OO, efflux from modified mangrove and other habitals with pea soils

CO, efflux tonnes

Habitat Modification

km?? year®' Method Reference
Mangrove, Belize Cleared 2900 Q0O efflux THIS STUDY
Mangrove, Honduras Forest damaged by hurricane 1500 Inferred from peat collapse Cahoon et a. 2003
Mangrove, Australia Shrimp pond 1750 (220-5000) Q0O efflux Burford and Longmore 2001
Rainforest, Indonesia Drained for agriculture 3200 Inferred from peat collapse and Couwenburg et al. 2010 and
measured as OO, efflux references therein
Tundra, Alaska Thawed (vegetation intact) 150430 Net CO, exchange Schuur et al. 2009

doi:10.1371/jouma pone 0021 2791001
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Future carbon emissions from global mangrove forest loss
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Integrating Blue Carbon Science into Policy Tools
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Caribbean Sea

Cispata Bay
Mangrove Forest
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Cispata, Colombia

Protect and restore 11,000+ hectares of
mangrove forests

1 million tons of VCUs

financing for sustainable ecotourism,
aquaculture, and improved fishing
practices in community of 12,000




MANGROVE BLUE CARBON

Total organic carbon stored in the

world's mangroves is estimated at 21,914.17 Mt
CO,e with 2,820.50 Mt CO,e stored in above-ground
biomass and 19,093.67 Mt CO,e stored in the upper

Total carbon density
(t COe / ha)

1m of soil.
Total |‘

§ 2800--3500

" 2100--2800
§ 1400--2100

§ 700--1400
§ 0--700




Mangrove conversion to open water

RIOMAR

Barranquilla

Ciéenaga Grande
de Santa Marta

Restorable area = 14,531 ha

Carbon benefit from restoration =
7,309,093 MgC

Goldberg et al (2020)
(data courtsy of Lola Fatoyinbo, N,IAS___A 0
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