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Mangroves among the most carbon-rich forests in

the tropics

Daniel C. Donato'*, J. Boone Kauffman?, Daniel Murdiyarso®, Sofyan Kurniant

and Markku Kanninen®
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tropics, and support services,
fisheries production and nutrient cycling. However, the areal
extent of mangrove forests has declined by 30-50% over the
past half century as a result of coastal development, aqua-
culture ion 2ad ing"™. Carbon emissi
ulting from loss are owing in part to
a lack of broad-scale data on the amount of carbon stored
in these ecosystems, particularly below ground®. Here, we
quantified whole-ecosystem carbon storage by measuring tree
and dead wood biomass, soll carbon conteat, and soil depth in
25 mangrove forests across a broad area of the Indo-Pacific
reglon—spanning 30" of Iatitude and 73 of longitude—where
mangrove srea and diversity sre greatest’. These data indi-
cate that mangroves are among the most carbon-rich forests
in the tropics, containing on average 1,023 Mg carbon per
hectare. Organic-rich soils ranged from 0.5 m to more than 3m
In depth and sccounted for 49-98% of carbon storage in these
systems. Combining our dats with other published information,
wa adtl that mangrove dek e
of 0.02-0.12 Pg carbon per year—as much as around 10% of
emissions from deforestation globally, despite accounting for
Just 0.79% of tropical forest area®’.

Deforestation and land-use change currently account for 8-20%

of global anthropogenic catbon dioxide (CO;) emissions, second
oaly to fossil fuel comb 4. Recent int tional climate
agreements highlight Reduced Emissions from Deforestation and
Degradation (REDD+) as a key and relatively cost-effective option
for mitigating climate change: the strategy aims to maintain
terrestrial carbon (C) stores through financial incentives for forest
(for example, carbon credits). REDD+ and similar
programs require rigorous monitoring of C pools and emissions**
underscoring the importance of robust C sorage estimates for
: 3 combination of high

nd use and
climate dung: has received significant attention since 1997, when
peat fires associated with land clearing in Indonessa increased

i CO; earchment by 13-40% over global annual

Overlooked in this discussion are mangrove forests, which occur
along the coasts of most major oceans in 118 countries, adding
~-30-35% to the global area of tropical wetland forest over peat
swamps alone'*". Renawned for an array of ecosystem services
including fisheries 2nd fibre production, sediment regulation, and
storm/tsenami protection’ ™, mangroves are nevertheless declining
rapidly as a result of land ounng aquaculture expansion.
overharvesting, and development™. A 30-30% areal decline over
the paet half-century’’ hay prompted estismates th

may functionally disappear in 2s litthe as 100 years (refs
twenty-first century sea-level rise has also been cited 25 2 primary
threat 1o mangroves”, which have responded to past sea-level
changes by migrating landward or upward

Althoogh mangroves are well known for high C assimilation
and fhux rates’**, data are surprisingly lacking on whole-ecosystem
carbon storage—the amount which stands to be released with
land-use conversion. Limited components of C storage have been
reported, most notably tree biomass'™™, but evidence of deep
organic-rich soils™ = suggests these estimates miss the vast majorty

of total ecosystem carbon. Mangrove soils consist of a variably

thick, tidally submerged suboxic layer (variously called ‘peat’ or
muck’) supporting 2naetobi decamposition pathways aad havieg
maoderate to high C concentration™*". Below-ground C storage
in mangrove soils is difficult to quantify™* and is not a simple
function of measured Bux rates—it alwo integrates thousands of
years of variable deposition, transformation, and crosion dynamics
associated with fluctuating sez levels and episodic disturbances™
No studies so far have integrated the necessary measurements for
total mangrave C storage across brasd grographic domaim

In this study we quantified whole-ecosystems C storage
mangroves across 2 broad tract of the Indo-Pacific region, the
geographic core of mangrove area (~40% globally) and diversity**
Study stes mprised wide variation in stand composition
and statur Supplementary Table S1), sponning 30
R 73* of longitude (90°~163°E), and

indh i (Kosrack western Micronesia
(Yap . Java, Bomeo (Indonesia): and the
Sunda) ang naputra Delta, Bangladesh). Along

transects running nd from the seaward edge, we combined
established biometric techniques with soil coring to assess variations
in above and bedow-ground C pools as a function of distance
from the scaward edge in two major geomorphic settings

This importance has prompted calls to
3 Iy rnational climate

river-deltz and oceanic/fringe Estuarine mangroves
(n = 10) were situated on large alluvial deltas, often with 2
protected lagoon; oceanic mangroves (n = 15) were stuated in
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