
Introducing coastal 
marine carbon sink
Climate change is arguably one of the 
biggest issues facing humanity. World 
leaders now recognise that urgent and 
signifi cant reduc  ons in our emissions 
of greenhouse gases are needed if we 
are to avoid future dangerous climate 
change. Alongside such measures is 
an increasingly strong recogni  on that 
there is a need to properly manage 
par  cular habitats that act as cri  cal 
natural carbon sinks.  

The produc  on of the report has been 
s  mulated by an apparent lack of rec-
ogni  on and focus on coastal marine 
ecosystems. There is an urgent need 
to complement ac  vi  es already well 
advanced on land to address the best 
prac  ce management of terrestrial 
carbon sinks such as forests and peat-
land. This report is therefore  mely as 
a number of Governments are now in-
troducing legisla  on to tackle climate 
change and quan  fy carbon sinks. 
Interest in and ac  ons to address the 
underlying causes of climate change 
are also growing– regula  on of an-
thropogenic emissions of greenhouse 
gases into the atmosphere, avoid-
ing deforesta  on, management and 
protec  on of other natural terrestrial 
carbon sinks, and the development of 
fi scal measures that place a value on 
carbon and therefore provide an eco-
nomic incen  ve to reduce emissions. 

It is important that such quan  fi ca-
 ons and processes work with the 

latest science and evidence.

To construct the report we asked 
leading scien  sts for their views on 
the carbon management poten  al of 
a number of coastal marine ecosys-
tems:   dal salt marshes, mangroves, 
seagrass meadows, kelp forests and 
coral reefs. These ecosystems were 

selected because of the ini  al belief 
that they should be good at seques-
tering carbon, and are located in 
situa  ons where management ac  ons 
could secure the carbon sinks.  If 
evidence substan  ated this claim then 
this could expand the range of global 
op  ons for carbon management, 
unlocking new possibili  es for fi nanc-
ing and protec  ng the coastal marine 
environment. 
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The overall take home message 
from the evidence and new analysis 
presented in this report is the globally 
signifi cant role these coastal marine 
ecosystems (but not coral reefs – for 
reasons described in the main report) 
play in carbon fi xa  on, complement-
ing the already widely recognised 
terrestrial carbon sinks. Individual 
chapters set out the contribu  on 
each selected coastal marine habitat 
makes. 

Overall, these coastal marine habitats 
have a far greater capacity (per unit 
of surface area) than land habitats to 
achieve long-term carbon sequestra-
 on in sediments, arising in part from 

the extensive belowground biomass 
of the dominant vegeta  on. The rate 
of carbon storage in the sediment by 
 dal salt marshes, mangroves and 

seagrass meadows is approximately 
10  mes the rate observed in tem-
perate forests and 50  mes the rate 
observed in tropical forests per unit 
area.  Combined with the par  cular 
ways in which such habitats trap 
carbon, this means that they are cri  -
cal components to include in future 
carbon management discussions and 
strategies. 

These coastal habitats are under sig-
nifi cant threat, and the loss of carbon 
sequestra  on capacity associated 
with the annual habitat destruc  on 
of mangroves and seagrass meadows 
is comparable to that of the annual 
decline in the Amazon rainforests.  
Since reducing carbon emissions will 
be a global concern for centuries, 
long-term carbon sequestra  on 
capacity must now also be accounted 
for in the benefi ts associated with 
coastal marine habitat restora  on and 
protec  on.

Despite the rela  vely small areas of 
these coastal marine habitats, the 
capacity of coastal marine vegetated 
habitats for long-term carbon seques-
tra  on is comparable to terrestrial 
forests and may account for a visible 
percentage of carbon sequestrated 
at the country level. These values 
have not been accounted for, es-
pecially in assessments of the cost 
of degrada  on and loss of coastal 
marine habitats.  Most importantly 
the greenhouse gas emissions that 
occur as a result of the management 
of these coastal and marine habitats 
are not being accounted for in inter-
na  onal climate change mechanisms 

(ie UNFCCC, Kyoto, CDM, etc) or in 
Na  onal Inventory Submissions.  Not 
only does this mean that countries are 
under-es  ma  ng their anthropogenic 
emissions, but also that the carbon 
savings from measures to protect and 
restore coastal and marine habitats 
will not count towards mee  ng inter-
na  onal and na  onal climate change 
commitments.

This report provides the essen  al evi-
dence needed to mo  vate discussions 
and ini  a  ves on how such coastal 
ecosystems should be incorporated 
into interna  onal and na  onal emis-
sion reduc  on strategies and, poten-
 ally, carbon revenues schemes.  The 

la  er could take the marine equiva-
lent of the Reducing Emissions from 
Deforesta  on and Forest Degrada  on 
(REDD) scheme on land to safeguard 
these cri  cal coastal marine carbon 
sinks.  Interna  onal ac  on is needed 
now to ensure that these coastal 
marine carbon sinks are also included 
in na  onal greenhouse gas inventories 
as part of UN Framework Conven  on 
on Climate Change.

Take-home messages

Photo: The dense assemblage of understory 
kelps and red algae in a giant kelp (Macrocys  s 
pyrifera) forest off  Santa Barbara, California, USA.  
© Clint Nelson



Tidal Salt Marshes — at a glance

Some of the main fi ndings of this report
• These key coastal marine ecosystems are of high importance because of the signifi cant goods and services 
they already provide, as well as (but not for coral reefs)  the carbon management poten  al recognised in this 
report, thus providing new convergent opportuni  es to achieve many poli  cal goals from few management 
ac  ons.
 
• The carbon management poten  al of these selected coastal marine ecosystems compares favourably with 
and, in some respects, may exceed the poten  al of carbon sinks on land.  Coral reefs, which rather than act 
as ‘carbon sinks’ are found to be slight ‘carbon sources’ due to their eff ect on local ocean chemistry, thus 
heightening the need for strict controls on carbon dioxide emissions.

• Inter  dal ecosystems dominated by 
vascular plants.

• Occur on sheltered marine and es-
tuarine coastlines from the sub-arc  c 
to the tropics, but most extensive in 
temperate climates.

• Their soils store 210 g C m-2yr-1.  This 
is a substan  al rate and the carbon 
stored in  dal salt marsh soils of 
the USA comprises 1-2% of its total 
carbon sink.

• Each molecule of CO2 sequestered 
in soils of  dal salt marshes and 
their tropical equivalents, mangrove 

swamps, probably has greater value 
than that stored in any other natural 
ecosystem due to the lack of pro-
duc  on of other greenhouse gases.  
In contrast to freshwater wetland 
soils, marine wetlands produce li  le 
methane gas, which is a more potent 
greenhouse gas than CO2.  The pres-
ence of sulphates in salt marsh soils 
reduces the ac  vity of microbes that 
produce methane.

• Extensive marsh areas have been 
lost from dredging, fi lling, draining, 
construc  on of roads, and they are 
now threatened by sea level rise. 

• Restora  on of  dal salt marshes can 
increase the world’s natural carbon 
sinks.  Returning the  des to drained 
agricultural marsh can also signifi cant-
ly increase this carbon sink. 

• Sustainability of marshes with ac-
celera  ng sea level rise requires that 
they be allowed to migrate inland.  
Development immediately inland to 
marshes should be regulated through 
establishment of buff er zones. Buff er 
zones also help to reduce nutrient 
enrichment of salt marshes, another 
threat to this carbon sink.

Photo: Marsh near the head of the Bay of Fundy, 
New Brunswick, Canada. © Dr. Gail Chmura



Mangroves — at a glance

Some of the main fi ndings of this report
• The chemistry of some specifi c coastal marine sediments (for example  dal salt marshes) suggests that 
whilst such habitats may be of limited geographical extent, the absolute compara  ve value of the carbon 
sequestered per unit area may well outweigh the importance of equivalent processes on land. This is due 
to the high sediment accre  on rates with associated organic ma  er, o  en under anoxic condi  ons, coupled 
with a lower poten  al for the emission of other powerful greenhouse gases such as methane.

• Salt-tolerant, mainly arboreal, 
fl owering plants growing in the inter-
 dal zone of tropical and sub-tropical 

shores.

• Global area of 157,000 km2 - 
160,000 km2.

• Global carbon burial of 
~18.4 Tg C yr-1 .

• Mangrove forests are es  mated to 
have occupied 75% of the tropical 
coasts worldwide, but anthropogenic 
pressures have reduced the global 
range of these forests to less than 
50% of the original total cover.

• These losses are largely due to 
over-harves  ng for  mber and fuel-
wood produc  on, reclama  on for 
aquaculture and saltpond construc-
 on, mining, oil spills, pollu  on and 

damming of rivers that alter water 
salinity levels.

• Rehabilita  on/restora  on or planta-
 on of mangrove forests are not only 

to be encouraged based on ecological 
or socio-economical considera  ons, 
but also have the poten  al of provid-
ing an effi  cient sink of CO2.

Photo: Complex root structure of Rhizophora 
mucronata stand, Gazi Bay, Kenya © Steven 
Bouillon, K.U.Leuven



Seagrass Meadows — at a glance

• Alongside the carbon management poten  al of these ecosystems, another key fi nding is the lack of distri-
bu  onal data for some coastal marine habitat types. Having comprehensive habitat inventories is cri  cally 
important. This research highlights the urgent need, alongside recognising the carbon role of such ecosys-
tems, to ensure that such inventories are completed for salt marsh and kelp forests, and then all such inven-
tories are eff ec  vely maintained over  me.

• These coastal marine ecosystems are also vital for the food security of coastal communi  es in developing 
countries, providing nurseries and fi shing grounds for ar  sanal fi sheries. Furthermore, they provide natural 
coastal defences that mi  gate erosion and storm ac  on. Therefore, be  er protec  on of these ecosystems 
will not only make carbon sense, but environmental sense as the co-benefi ts from ecosystem goods and 
services are clear.

• Flowering marine plants that form 
extensive meadows and are globally 
distributed. Found in shallow waters 
of all con  nents except the Antarc  c.

• Responsible for about 15% of total 
carbon storage in the ocean.

• Global extent of seagrass now es  -
mated to be about 0.3 million km2.

• Turnover  me of seagrass biomass 
is long (2 weeks to 5 years for leaves 
and roots an rhizomes can some  mes 
persist for millennia) rela  ve to that 
of phytoplankton, making the role 

of seagrasses in the oceanic carbon 
budget propor  onally more signifi cant 
than expected from their areal cover.

• Long-term carbon burial of 
83 g C m-2 yr-1. This translates to global 
storage rates of between 27 and 
40 Tg C yr-1.

• The seagrass Posidonia oceanica 
is currently thought to be the most 
eff ec  ve species in terms of long-term 
carbon storage. It is endemic to the 
Mediterranean and locally wide-
spread. The capacity of it’s meadows 
to accumulate carbon exceeds that of 

many terrestrial ecosystems such as 
boreal forests and show values com-
mensurate with wetlands.

• However, two-thirds of seagrass 
meadows of the world within inhab-
ited areas have been lost through hu-
man ac  vi  es due to eutrophica  on 
and silta  on. 

• Management plans aimed at reduc-
ing the nutrient loads and preserving 
water clarity of coastal waters are a 
priority.

Photo: Shallow Thalassodendron ciliatum bed mixed 
with corals, Zanzibar Tanzania © Mats Björk



Kelp Forests — at a glance

Some of the main fi ndings of this report
• Signifi cant losses are occurring in the global extent of these cri  cal coastal marine ecosystems due to poor 
management, climate change (especially rising sea levels), coupled to a lack of policy priority to address cur-
rent and future threats.  Sustained degrada  on of coral reefs may further threaten some of these habitats, 
such as mangroves and seagrass beds, by removing protec  on from erosion and wave ac  on.

• Certain human impacts – notably nutrient and sediment run-off  from land, displacement of mangrove 
forests by urban development and aquaculture, and over-fi shing - are degrading these ecosystems, threaten-
ing their sustainability and compromising their capacity to naturally sequester carbon. The good news is that 
with strong poli  cal will such impacts can be mi  gated by eff ec  ve management interven  on and establish-
ment of eff ec  ve management regimes.

• Assemblages of large brown algae in 
the Order Laminariales.

• Kelps dominate the autotrophic bio-
mass and produc  on of shallow rocky 
substrates in temperate and arc  c 
regions of the world but a complete 
survey of the world’s kelp forest has 
never been done.

• Carbon cycling within kelp forests is 
characterized by rapid biomass turno-
ver that can be as high as 10  mes 
per year.  There are few data on the 
frac  on of kelp carbon that is incorpo-
rated into long-term carbon reservoirs 
such as marine sediments.

• It is likely that carbon storage by 
kelp dominated ecosystems will 
mainly be a func  on of the size of the 
standing biomass of kelp and associ-
ated understory algae.  This means 
that the limit of carbon storage in 
these systems will be a direct func  on 
of the amount and condi  on of suit-
able habitat.

• The global kelp standing crop can be 
es  mated to be from  ~7.5  Tg C and 
(if modelled predic  ons of distribu-
 on are accurate) could be as much as 

20 Tg C. 

• Applying a conserva  ve es  mate for 
kelp forest net primary produc  on of 
1000 g C m-2 yr-1 to the area of shallow 

coastline with signifi cant kelp yields a 
global kelp produc  on of 15 Tg C yr-1.   
If deep tropical areas of poten  al kelp 
are accounted for, then global kelp 
produc  on approaches 39 Tg C yr-1.
 
• Land use prac  ces that alter the 
amount and cons  tuents of runoff  
and the coastal discharge of munici-
pal, agricultural and industrial wastes 
nega  vely impact kelp forests by 
increasing turbidity, sedimenta  on 
and nutrient loads. Human harvests 
of top predators such as lobster, fi sh, 
and sea o  ers have been implicated 
as a cause of kelp forest degrada  on 
world wide.

• To protect kelps, it is necessary 
to implement policies that restrict 
the chronic discharge of municipal 
and industrial waste waters into the 
nearshore, and land use prac  ces 
that elevate the concentra  ons of 
sediments, nutrients and pollutants in 
runoff  delivered to the ocean.  Fishing 
damage is best managed by restrict-
ing the harvest of kelp and associated 
biota, which can be done using tradi-
 onal fi shery management prac  ces 

in combina  on with the establish-
ment of marine protected areas.

Photo: The elkhorn kelp Pelagophycus porra 
growing off  Santa Catalina Island, California USA 
© Ron McPeak



Coral Reefs — at a glance

•  Management approaches already exist that could secure the carbon storage poten  al of these ecosys-
tems, and most governments have commitments to put such measures in place for other reasons. These 
include biodiversity protec  on and achieving sustainable development. Agreed management ac  ons that 
would be eff ec  ve include Marine Protected Areas, Marine Spa  al Planning, area-based fi sheries manage-
ment approaches, buff er zones to allow inland migra  on of coastal carbon sinks, regulated coastal develop-
ment, catchment management, and ecosystem rehabilita  on.

"Smith and Ga  uso show from ocean 
chemistry that coral reefs are not a 
sink for the greenhouse gas carbon 
dioxide. The point is we cannot count 
on reefs to clean the atmosphere of 
our carbon dioxide emissions. We 
have to act decisively and do it right 
now, before it is too late." – Richard B. 
Aronson, Florida Ins  tute of Technol-
ogy and President of the Interna  onal 
Society for Reef Studies.

Research published in this report 
shows that rather than being a 
carbon sink, coral reefs are a source 
of approximately 50 Tg C yr-1 for the 
reasons explained in the text.

‘The ocean is the blue heart of the 
planet. Over millennia it has shaped 
our lives and as climate change and 
ocean acidifi ca  on take hold it will 
touch our lives again in new and unex-
pected ways. This work to understand, 
be  er value, and strongly protect 
coastal marine carbon sinks has to be 
a central component of our future ac-
 ons, helping place the ocean back at 

the centre of life on Earth.’

Dan Laff oley, Marine Vice Chair 
IUCN’s World Commission on 
Protected Areas

Photo: Pemba, Tanzania © Jerker Tamelander/
IUCN
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