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Foreword

Climate change is arguably one of the biggest issues facing humanity. World leaders now recognise that urgent
and signiUcant reduceons in our emissions of greenhouse gasses are needed if we are to avoid future dangerous
climate change. Alongside such measures is an increasingly strong recogniaon that there is a need to properly
manage paracular habitats that act as criacal natural carbon sinks. This is to ensure that they retain as much of
the carbon trapped in the system as possible, and don’t tend to become ‘sources’ to the atmosphere through
poor management. ODen the release of trapped carbon as carbon dioxide is accompanied by the release of other
powerful greenhouse gases such as methane, and this situason exacerbates an already concerning global climate
situason.

In recent decades there has been a signiUcant focus, quite rightly, on major carbon sinks on land such as forests,
paracular soil types and peatland habitats. These are ecosystems that by their ecology inherently hold vast reser-
voirs of carbon, and where management can be put in place to agempt to retain such reserves within the natural
systems. The challenge is to recognise other carbon sinks that could contribute and ensure that they too are sub-
ject to best pracace management regimes.

Unal now surprisingly ligle agenaon appears to have been paid to the ocean, despite the fact that this is a criacal
part of the carbon cycle and one of the largest sinks of carbon on the planet. This lack of agenson may in part be
due to a mistaken belief that quanaUcason of discreet marine carbon sinks is not possible, and also in the mis-
taken belief that there is ligle management can do to sustain such marine carbon sinks.

The origin of this report lies within IUCN’s World Commission on Protected Areas and Natural England in the UK,
and a joint enthusiasm to address this issue. This iniaal enthusiasm sparked the interest of many global partners
and scienasts when it became apparent that evidence is available that could change the emphasis on the manage-
ment of carbon sinks. There is an urgent need for the global debate and aceon now to encompass marine habitats,
just as we already value and try to best protect more familiar forests and peatlands on land.

Over the past two years we have sought out and worked with leading scienasts to document the carbon man-
agement potenaal of paracular marine ecosystems. It turns out that not only are these habitats highly valuable
sources of food and important for shoreline proteceon, but that all of them are amenable to management as on
land when it comes to considering them as carbon sinks. In the ocean this management would be through tools
such as Marine Protected Areas, Marine Spaaal Planning and area-based Usheries management techniques. This
report documents the latest evidence from leading scienasts on these important coastal habitats.

Given the importance of examining all opaons for tacking climate change we hope the evidence in this report will
help balance acaon across the land/sea divide so we don’t just think about avoiding deforestason, but we also
think about similarly criacally important coastal marine habitats. We hope this report will, therefore, serve as a
global ssmulus to policy advisors and decision makers to encompass coastal ecosystems as key components of the
wide spectrum of strategies needed to mia
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This report focuses on the management of natural
coastal carbon sinks. The producaon of the report has
been samulated by an apparent lack of recogniaon
and focus on coastal marine ecosystems to comple-
ment acavioes already well advanced on land to ad-
dress the best pracace management of carbon sinks.
The producaon of this report is amely as a number of
Governments are now introducing legislason to tackle
climate change. In the UK, for example, the Climate
Change Act sets out a statutory responsibility to quan-
afy natural carbon sink as part of the overall carbon
accounang process. It is important that such quanaU-
casons and processes work with the latest science and
evidence.

To construct this report we asked leading scienasts
for their views on the carbon management potenaal
of a number of coastal ecosystems: 8



types. Having comprehensive habitat inventories
is criacally important and this report highlights
the urgent need, alongside recognising the
carbon role of such ecosystems, to ensure that
such inventories are completed for saltmarsh
and kelp forests and then all such inventories are
eliecavely maintained over ame.

These coastal marine ecosystems are also vital
for the food security of coastal communises
in developing countries, providing nurseries
and Ushing grounds for aresanal Usheries.
Furthermore, they provide natural coastal
defences that miagate erosion and storm acaon.
Therefore, beger protecaon of these ecosystems
willnotonlymakecarbonsense, butthe co-beneUts
from ecosystem goods and services are clear.

SigniUcant losses are occurring in the global
extent of these criacal marine ecosystems due
to poor management, climate change (especially
rising sea levels), coupled to a lack of policy
priority to address current and future threats.

Certain human impacts — notably nutrient and
sediment run-oli from land, displacement of
mangrove forests by urban development and
aquaculture, and over-Ushing - are degrading these
ecosystems, threatening their sustainability and
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Introducaon

As the evidence grows about the efiects climate
change is having on the environment, so too does the
interest in and acaons to address the underlying causes
—regulason of anthropogenic emissions of greenhouse
gases into the atmosphere, avoiding deforestason,
management and protecaon of other natural terrestrial
carbon sinks, and the development of Uscal measures
that place a value on carbon and therefore provide an
economic incenave to reduce emissions.

The ocean is the largest carbon sink on Earth but there
has been scant agenaon paid to coastal and marine
ecosystems when considering acaons to address
climate change concerns. Within that context the
producaon of this report was sesmulated by an interest
in why coastal habitats were not being considered
as important carbon sinks on a global scale — the
focus other than in some popular books on the topic
seems to be predominantly on terrestrial ecosystems,
paracularly forests, certain soil types and peatlands.
This concern was brought into sharp focus in 2007 -
2008 when undertaking the research for a report by
Natural England on Carbon Management by Land and
Marine Managers (Thompson, 2008). It rapidly became
evident that coastal and marine ecosystems are vital
global carbon stores but that it was not easy to Und the
evidence base to substanaate this claim.

Aclear robust rasonale was required to progress ediorts
to include coastal carbon issues in broader climate
discussions or heighten the need to manage beger
and protect these ecosystems. Alongside the Natural
England work, in 2008 IUCN’s World Commission on
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Protected Areas released their global Plan of Acaon
(LaCioley, 2008). This set out the overall framework
and direcaon for the work of the World Commission in
marine environments. Within the framework it includes
a strategic acavity of bringing together work on Marine
Protected Areas with acaons to address climate change,
food security and human health. The development
of this report on coastal carbon management is a
result of the Natural England and IUCN acavises, and
a paracular contribuaon to the global Plan of Aceon
for Marine Protected Areas. With ongoing support
from the Lighthouse Foundason, the United Nasons
Environment Programme (UNEP) has also come on
board to collaborate with IUCN and Natural England,
further adding weight to this innovaave report.

The logic behind this report is to agempt to quanafy
the greenhouse gas implicasons of the management
of paracular coastal ecosystems, being careful to
choose those whose management can be inbuenced
by applicason of exisang policy agreements and
well established area-based management tools and
approaches. Only the management of natural carbon
sinks can be included in a countries nasonal inventory
of greenhouse gas emissions and sequestrason
and therefore count towards their climate change
miagason commitments.

It follows that if management of such habitats delivers
clear and quanaUable greenhouse gas beneUts, and
tools exist to secure their best management, then this
opens up a new range of possibiliaes for beger valuing
them in terms of meeang internasonal climate change



Introducaon

objecaves. If we want to maximize the potenaal for
natural carbon sequestrason, then it is imperaave that
we draw together the evidence base and protect these
valuable coastal marine ecosystems as an addisonal
opaon to add to our porliolio for miagasang climate
change. The challenge, however, is that ligle concerted
agenaon has previously been applied to this issue,
thus hindering the development of nasonal plans that
might include recognison and improved protecaon of
coastal carbon sinks.

The focus of this report is therefore on collasng and
publishing the science of carbon sinks for an iniaal
set of Uve key coastal ecosystems. These are coastal
ecosystems that not only meet the above potenaal
carbon sink and management criteria, but that are
already highly valued for their contribuaon to marine
biodiversity and the goods and services that they
provide: o



Introducaon

producave bulier zones that deliver valuable ecosystem
goods and services that have signiUcant potenaal for
addressing the adverse elects of climate change.”
In addressing the needs of these ecosystems addiaonal
costs may be incurred, but what are the hidden costs of
not achieving carbon reducaon goals?

In the following secoons we set out the views of
on goals?






Tidal Salt Marshes
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e Interadal ecosystems dominated by vascular plants.
e Occur on sheltered marine and estuarine coastlines from the sub-arcac to the tropics, but most extensive

in temperate climates.

e Their soils store 210 g C m2yrt. This is a substanaal rate and the carbon stored in adal salt marsh soils of

the USA comprises 1-2% of its total carbon sink.

= Each molecule of CO,sequestered in soils of adal 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
producaon of other greenhouse gases. In contrast to freshwater wetland soils, marine wetlands produce
ligle methane gas, which is a more potent greenhouse gas than CO,. The presence of sulphates in salt
marsh soils reduces the acavity of microbes that produce methane.

e Extensive marsh areas have been lost from dredging, Ulling, draining, construceon of roads and are now

threatened by sea level rise.

e Restorason of adal salt marshes can increase the world’s natural carbon sinks. Returning the ades to
drained agricultural marsh can also signiUcantly increase this carbon sink.

e Sustainability of marshes with acceleraang sea level rise requires that they be allowed to migrate inland.

Development immediately inland to marshes should be regulated through establishment of budier zones.
Buier zones also help to reduce nutrient enrichment of salt marshes, another threat to this carbon sink.

DeUniaon and global occurrence

Tidal salt marshes are interadal ecosystems vegetated
by a variety of primary producers such as macroalgae,
diatoms and cyanobacteria, but physically dominated
by vascular plants. Vascular plants are absent from the
adal bats oDen found adjacent to the seaward edge of
adal salt marshes. In contrast to eelgrass communiaes
which may be found on the edge of the lowermost
interadal zone, survival of the dominant vascular
plants is dependent upon exposure to the atmosphere.
During photosynthesis the marsh’s vascular plants
uptake carbon dioxide from the atmosphere, in
contrast to eelgrass which uptakes carbon dioxide
dissolved in seawater.

Chapman (1977) described the dominant plant forms of
the marsh and how they vary geographically. Perennial
grasses such as Sparena alternibora and Sparana

patens are dominant along much of the Atlanac coast
of North and South America. In some other regions
perennial broad-leaved herbaceous plants dominate,
such as Atriplex portuloides along poraons of Europe’s
coast.  Perennial succulents such as the related
Salicornia, Sarcocornia or Arthrocnemum species
that grow to shrub size tend to dominate coastlines
of Mediterranean climates where, dry, hot summers
cause soils to develop hypersaline condiaons.

Tidal salt marshes occur on sheltered marine and
estuarine coastlines in a range of climaac condiaons,
from sub arcac to tropical, but are most extensive in
temperature climates. Although it is oDen reported
that mangrove trees replace salt marsh vegetason on
tropical coasts salt marshes may exist above the higher
elevason of the swamp.






Tidal Salt Marshes

are an important source of marsh primary producaon.
Sullivan and Currin (2000) compared the annual
producaon of benthic microbora to vascular plants in
salt marshes of the three U.S. coastlines. Microboral
producaon ranged from 8% of vascular plant
producaon in Texas to 140% in a California salt marsh.
The biomass of benthic microbora may comprise a
signiUcant pore



Tidal Salt Marshes

in elevason, tracking changes in sea level (Ugure 2).
Paleoenvironmental studies of marsh soils (e.g., Shaw
and Ceman, 1999) have documented both increase in
surface elevason and lateral accreson of marsh soils
as marsh plants colonize mudbats to the seaward side
and adjacent terrestrial or wetlands environments to



Tidal Salt Marshes

disrupt components of the ecosystem, the potenaal
for carbon storage depends on sustainability of marsh
accreaon, thus maintenance of vegetason cover.

Disrupaon of coastal food webs can have unanacipated
cascade eliects that result in increased populasons of



Tidal Salt Marshes

distance marshes from sites where nutrients are
applied and take up nutrients in vegetaaon and soils,
thus reducing the level reaching the marsh. Terrestrial
budiers can help ensure sustainability of marshes with
acceleraang sea level rise, allowing them to migrate
inland. Development immediately inland to marshes
should be discouraged and, if possible, regulated
through establishment of bulier zones.

Restorason of adal salt marshes is an excellent
way to increase the world’s natural carbon sinks.
Returning the ades to drained agricultural marsh can
make a signiUcant increase in the salt marsh carbon
sink. The UXK.’s managed realignment program, to
shiD embankments inland and restore booding of
agricultural marshes, is a progressive form of coastal
management that not only deals with the threat
of sea level rise, but promises to enhance carbon
sequestraaon as adal salt marshes recover. Such
policies should be considered in other regions. For
example, Connor et al. (2001) esamated that if all of
Bay of Fundy marshes “reclaimed” for agriculture could
be restored, the rate of carbon dioxide sequestered
each year would be equivalent to 4-6% of Canada’s
targeted reducaon of 1990-level emissions under the
Kyoto Protocol.

10
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Mangroves
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Mangroves

DeUnison and global occurrence

Mangrove forests are a dominant feature of
many tropical and subtropical coastlines, but are
disappearing at an alarming rate. The main causes
for the rapid destrucaon and clearing of mangrove
forests include urbanizason, populason growth, water
diversion, aquaculture and salt-pond construcaon
(e.g. Farnsworth & Ellison 1997). On a global scale,
mangrove plants are found throughout the tropical
and subtropical regions of the world, and two species
of Avicennia have penetrated into the warm temperate
areas of both hemispheres. The global distribuaon
of mangroves generally matches the winter 20°C
isotherm. Mangroves are trees, shrubs, palms or
ground ferns which normally grow above mean sea
level in the interadal zone of marine, coastal, or
estuarine environments. Thus, mangrove plants do
not form a phylogeneacally related group of species
but are rather species from very diverse plant groups
sharing common morphological and physiological
adaptaaons to life in the interadal zone, which have
evolved independently through convergence rather
than common descent. The most recent global data
compilason suggests a current global areal extent of
about 152,000 km2 (FAO 2007), with Indonesia and
Australia together hosang about 30% of this area.

Mangrove goods & services

Besides the role mangroves play in the carbon cycle,
mangrove ecosystems have a wide range of ecological
and socio-economical funcaons.

For many communiaes living within or near to mangrove
forests in developing countries, mangroves consatute
a vital source of income and resources, providing a
range of natural products such as wood (for Urewood,

14



Mangroves

to adjacent ecosystems in organic form (dissolved
or paraculate) where it can either be deposited in
sediments, mineralized, or used as a food source by
faunal communiaes.

In the context of CO, sequestrason, the relevant carbon

15
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fracoon (<10%) of the overall net primary producaon,

16



Mangroves

assessing whether the funcaonal properaes (including
carbon sequestrason and primary producavity)
have been restored through management in regions
where restorason/rehabilitason projects have been
implemented (e.g., Twilley et al. 1998, Samson & Rollon
2008). Recent reviews indicate that newly created
mangrove ecosystems may or may not resemble the
structure and funceon of undisturbed mangrove
ecosystems and that objecoves should be clearly
established before any major small or landscape level
rehabilitason is implemented (Kairo et al. 2001, Lewis
2005, Twilley & Rivera-Monroy 2005).

To our knowledge, there is no published informason
describing projects speciUcally aiming to enhance
carbon sequestrason through restorason or
rehabilitason. However, a good indicator of potenaal
magnitude of this sink is informason reported
for mangrove plantasons or sites undergoing
rehabilitason. Aboveground biomass esamates in
replanted mangroves stand have varied from 5.1 Mg
ha

17



Mangroves

also have the potenaal of providing an eYcient sink
of CO,, both on short and longer ame-scales (i.e.
biomass produca

18
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Seagrass Meadows

has been esemated to between 0.6 million km?
(Charpy-Roubaud & Sournia, 1990) and 0.3 million
km? (Green & Short, 2003; Duarte et al., 2005), with
the lager esemate taking into account reports of long-
term decline rates in seagrass coverage. Although
seagrass meadows cover a relasvely small poraon of
the ocean (approx 1%), they play an important role
in the coastal zone and provide ecosystem goods and
services that have been essmated to be of high value
compared with other marine and terrestrial habitats
(Costanza et al., 1997). Furthermore, the presence of
seagrass meadows is global, unlike mangroves, corals
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Seagrass Meadows

making the role of seagrasses in the oceanic carbon
budget proporaonally more signilcant than expected
from their cover or primary producaon alone (Smith,
1981).

Many seagrasses also deposit considerable amounts
of carbon in their below-ground assues with rasaos of
below-ground to above-ground biomass ranging from
0.005t0 8.56 (Duarte & Chiscano, 1999). Larger seagrass
species tend to develop high below-ground biomass
and hence have a greater capacity for accumulason
of carbon due to the relasvely slow turnover of the
roots and rhizomes (40 days to 19 years). The seagrass
species Posidonia oceanica can bury large amounts of
the carbon it produces, resulang in partly mineralised,
several metres thick, underground mages with an
organic carbon content of as much as 40 %. These
mages can persist for millennia, thus represenang a
long-term carbon sink (Pergent et al., 1994; Romero et
al., 1994; Mateo et al., 1997, 2006).

2. Carbon cycling in the ecosystem and its importance
as a carbon sink

Fate of carbon: The proporaon of biomass produced
by seagrasses that is directed into carbon storage is
dependent on the extent to which carbon is channelled
through herbivory, export and decomposiaon.

Esamates of herbivory, decomposison and export all
vary greatly due to the intrinsic properaes of individual
species and although carbon buxes in dilierent species
may follow the same general routes, the relasve
importance of the did

25
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Seagrass Meadows

can be preserved (see Short et al., 2002, Short &
Burdick, 2005, Bjork et al., 2008). To provide the most
favourable condisons a number of requirements must
be met. 1. A high water quality, This mean low turbidity
waters, low concentrasons of coloured dissolved
organic mager and low levels of eutrophicason. All of
these will ensure that the waters support su¥Ycient light
penetrason for seagrasses to thrive. 2. Good sediment
condiaons. The sediments should experience only low
levels of disturbance/mechanical perturbasaons, low
carbon accumulason rates and low concentrasons
of sulphide. 3. Maintenance of geneac variability and
connecavity with other biological systems, and 4.
Favourable water movement

In recent years it has become evident that these
requirements cannot be met without creaang a public
awareness of the purpose of the management plans,
and ensuring the paracipason by stakeholders, both
in planning and implementason of management
strategies.

Management aimed at preserving especially high
carbon storage capacity: There are certain features
of seagrasses that can enhance their potenaal to act
as important sites for carbon storage. The low nutrient
concentraaons and high proporaon of structural carbon
in seagrass assues, enhance carbon accumulason
in the meadow by slowing down the destrucaon of
organic carbon, and the large proporaon of below
ground biomass enhance carbon accumulason in the
meadow by burying organic carbon quickly, before it
can be exported from the meadow. It follows that the
greatest proporaon of organic carbon preserved in the
sediments will be found in meadows consisang of slow
growing species with a high allocason of biomass to
the growth of below ground organs.

Of all the seagrasses studied, Posidonia oceanica
probably represents one of the best species for carbon
storage; it is also the best studied species in terms of
carbon burial and probably provides the best esamate
of the size of the carbon sink in at least one area of our
coastal oceans. Posidonia oceanica is widespread and
endemic to the Mediterranean and sustains carbon
burial rates of 17-191 g Cm2 yr?, forming a mage that
can be thousands of years old. The thickness of the
magde in one bay of the NW Mediterranean has been
recently esamated using high-resoluson seismo-
acousac imaging (lacono et al., 2008), allowing the
carbon accumulaaon to be calculated at 0.18 Mg m2.
Given that Posidonia oceanica is thought to cover

28

0.035 million km? of the Mediterranean, the sediments
below Posidonia oceanica meadows could represent
a store of ~6 x 10% tonnes of carbon, with a carbon
accumulaaon rate of between 0.6-7 MgC yr? or 2-24%
of global seagrass burial.

Although Posidonia oceanica may appear to make
the Mediterranean a hot spot in terms of carbon
burial, other seagrass species may, although today
undiscovered, have similar potenaal for carbon burial.
Even species with a lower carbon burial but a more
widespread distribuson may actually make a larger
overall contribuson to global carbon storage. Thus
to make accurate predicaons concerning the fate of
seagrass producaon on aglobal scale, reliable esamates
of the distribuson and density of the dominaang
seagrass species in all difierent biogeographical regions
and the potenaal of each species for carbon burial
would be needed. These Ugures for seagrasses are not
currently available as shown in areview of the literature
on seagrass ecology (Duarte 1999). Of the papers
reviewed in this study, 25% related to the ecology of
just two of the seagrass species (Thalassia testudinium
+ Posidonia oceanica) and there was a geographic bias
in published results, with 50% of the studies being
undertaken in Caribbean and Mediterranean seagrass
meadows.

Thus today, although we can only approximate the
current importance of seagrass meadows as a carbon
sink, the recent focus within the scienalc community
on global change and the importance of natural
carbon sinks has resulted in a large number of research
projects aiming at making it possible to incorporate the
biogeography of seagrass species and their propensity
for carbon storage into an accurate global carbon
budget.
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Geographic distribuaon of kelp forests in surface (green line) and deep (red line) waters, reproduced from Santelices -
Santelices, B., 2007. The discovery of kelp forests in deep-water habitats of tropical regions, PNAS, 104 (49), 19163 — 19164
by kind permission of Proceedings of the Nasonal Academy of Sciences (PNAS).




DeUnioon and global occurrence
Kelp forests consist of conspicuous assemblages of

31



Kelp Forests

up to 3 m in height, while low-lying prostrate species
form a canopy covering the bogom. Mann (2000)
characterized kelp forests by their dominant genera and
recognized three general types, those dominated by
Laminaria, Ecklonia, and Macrocysas. Laminaria is the
dominant genera in the eastern and western Atlanac
and western PaciUc, Ecklonia is prevalent in Austral
Asia and South Africa, and the giant kelp Macrocysas
dominates in the eastern PaciUc ol the coasts of North
and South America.

Although kelps are technically restricted to the order
Laminariales, large brown algae in the Order Fucales
are occasionally referred to as kelps. Much like
kelps, these fucalean algae (commonly referred to as
rockweeds) occur world wide, but unlike kelps they are
most diverse in the Southern Hemisphere where they
form dense forests subadally (Schiel and Foster 1986).

Goods and services

Economically, kelp forests are one the most important
marine ecosystems in temperate regions. They are the
primary habitat for many commercial and recreasonal
Usheries that include a wide diversity of mollusks,
crustaceans, and UnUsh (Foster and Schiel 1985, Mann
2000, Graham et al. 2007b). Kelp itself is harvested
for a wide range of uses such as food, food addiaves,
pharmaceuacal and cosmeac applicasons, animal
fodder, and biofuel (Neushul 1987, Leet et al. 1992). In
addiaon, vast amounts of kelp are grown commercially
in marine farms in many parts of the world where it is
harvested for human and animal consumpaon (Tseng
1981, Guaerrez et al. 2006).

In addison to provisioning services, kelp forests
provide many regulaang and cultural services as well.
Importantly, they consatute one of the most diverse
marine systems in temperate regions. As foundason
species (sensu Dayton 1975) kelps provide the main
source of food and shelter for many forest inhabitants
(Schiel and Foster 1986), and they exert a profound
inbuence on the abundance and distribuaon of the
vast number of species that associate with them

(Eckman and Duggins 1991, Graham 2004, Arkema et
al. 2009). As such kelp forests play a criacally important
role in the conservason of biodiversity; a ecological
service that has long been recognized (Darwin 1839).
The trophic importance of kelp, however, is not limited
to the area within kelp forests as the majority of kelp
biomass can be exported out of the forest to adjacent
habitats where it has been shown to be an important
dietary component of terrestrial, interadal and deep
sea food webs (Polis and Hurd 1996, Harrold et al.
1998, Dugan et al. 2003).

Kelp forests also have high recreasonal value for
Ushing, diving, and boasng, and they are a favorite
area for sightseeing and photographing marine birds
and mammals. Importantly, kelp forests provide many
opportuniaes for educason. They are a popular exhibit
at most public aquaria, and they serve as a natural
laboratory and classroom for training marine scienasts
and the general public at large, which enhances
stewardship of the ocean and its resources.

Biomass and producaon

Kelps dominate the autotrophic biomass and
producaon of shallow rocky substrates in temperate
and arac regions of the world (Mann 2000). Acomplete
survey of the world’s kelp forest has never been done.
The length of all coastlines where kelp forests are
expected to occur has been esemated at 58,774 km of
which about 30,000 km are believed to have signiUcant
kelp forests (de Vouys 1979). Deriving eseamates of
the global standing crop of kelp on these coastlines is
challenging because the biomass density and cross-
shore width of kelp forests vary greatly with species,
ame (both seasonally and inter-annually), and locason
(both within and among sites). If one was to assume
that kelp forests were restricted to coastlines with
signiUcant kelp and had an average biomass density of
500 g C m2(Table 1), and an average forest width of 500
m, then the global kelp standing crop would be ~7.5 Tg
C. Understory algae associated with kelp forests may
increase the standing crop of the ecosystem by 20%

Wet g/ m? gC/m? Reference
Laminaria 4,800 - 16,000 220-720 Mann 1972a
Ecklonia 6,000 — 18,000 270-610 Mann 2000
Macrocysas 70 - 22,000 21- 660 Foster & Schiel 1985
Understory algae within q
Macrocysas forests 2-4,800 0.6 - 144 Foster & Schiel 1985

Table 1. Esamates of standing biomass for three common kelp genera and for understory algae within Macrocysas forests
(other than Macrocysas). Dry wt was assumed to be 15% of wet wt for Laminaria and Ecklonia and 10% for Macrocysas and its
associated understory; carbon wt was assumed to be 30% of dry wt for all species (Mann 1972, Rassweiler et al. 2008).
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or more (Table 1). This eseamate does not account for
deep (30 m-200 m) kelp in unexplored tropical waters,
which Graham et al. (2007) esemated at > 23,500
km? using an oceanographic-ecophysiological model
that accurately idenaUed known kelp populasons. If
their model predicaons are accurate, then the global
standing crop of kelp could be as much as 20 Tg C.

Kelps are among the fastest growing autotrophs in
the world with growth rates averaging up to 2 to 4%
of the standing biomass per day (Wheeler and Druehl
1986; Reed et al. 2008). The high growth rate of kelps
is principally responsible for the high rates of primary
producaon recorded for kelp forests, which rank as one
of the most producave ecosystems on earth (Table 2).
The methods used to measure primary producaon in
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aliecong the standing crop of kelps (Dayton 1985,
Schiel and Foster 1986). It has been suggested that
the deep water forests in tropical regions may serve
as a spaaal refuge for kelp during extended periods
of climate change (Santelices 2007). In any case,
climate related changes will undoubtedly aliect the
enare forest community of kelp, algal compeators,
invertebrate grazers, and vertebrate predators. The
impacts of climate change on kelp will undoubtedly be
inbuenced by direct and indirect interacaons involving
a suite of forest inhabitants.

Management

The most prudent approach to managing the world’s
kelp forests is to avoid, prevent, or limit habitat
degradason and loss caused by humans. Kelp forests
require good water quality and suitable hard substrate
for agachment. Consequently, management pracaces
aimed at protecaon should focus on policies that
preserve water quality and rocky habitatsinareas where
kelp forests are found. Chief among these should be
policies that restrict the chronic discharge of municipal
and industrial waste waters into the nearshore, and
land use pracaces that elevate the concentrasons
of sediments, nutrients and pollutants in runo(
delivered to the ocean. Degradason of kelp forests
caused by the direct and indirect eliects of Ushing are
best managed by restricang the harvest of kelp and
associated hiota, which can be done using tradi
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Smith and Gaguso 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 Insatute of
Technology and President of the Internasonal Society
for Reef Studies.

Coral reefs support the highest marine biodiversity in
the world, containing an eseamated 25% of all marine
species (Roberts, 2003). More than 500 million people
worldwide depend on them for food, storm protec
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instantaneous. The distribuson of the various forms
of dissolved inorganic carbon among H,CO,, HCO;
and CO/ is dependent upon hydrogen ion ac
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of CO,” (see equasons 3, 4 and 7; also Figure 1). As
a result of this pH shiD, equason 7 is modiUed to the
general form:

Ca?* + 2HCO,Th CaCO, + CO,M + H,0 @®)

So a curious characterissc of CaCO, precipitason
from water (whether by inorganic precipitason or
calciUcason) is that the inorganic carbon used in
the reacson is the HCO, in the water, not CO, in the
atmosphere. The calciUcason process thus actually
releases CO, from the water back to the atmosphere,
rather than removing it from the atmosphere. It will be
pointed out below that Eq. 8 does not quite explain the
real world quanataavely.

First we wish to point out the reason for the counter
intuiave result represented by Eqg. 8 (Gaguso et al.,
1999a). The long-term (geological ame scale; millions
of years) CO, cycle involves release of CO, from the
Earth interior into the atmosphere. This delivery is
geochemically signiUcant, but is a small fraceon of the
buxes among the Earth Surface System reservoirs. As
the volcanic CO, emissions are introduced into the
atmosphere, they induce weathering of volcanically
derived silicate minerals also emanaang from the Earth
interior. The igneous rocks are chemically unstable and
react (by chemical weathering) with CO, and water.
Igneous rocks are diverse in chemical composiaon;
but to relate the carbonate and silicate cycles, we use
CaSiO, (wollastonite) as an example of reacang silicate
minerals:

CaSio, + 2C0, + H,0 M Ca?* + 2HCO, + Si0, ©)

This and similar reacaons account for both the DIC and
the dissolved posiave ions (casons) in seawater. The
HCO, — rich water reacts with Ca?* according to Eq. 8
to form CaCO,. So the summed eliect of Egs. 9 and 8 is:

CasSiO, + CO, My CaCo, + SiO, (10)

The chemically igneous silicate minerals are chemically
unstable at Earth Surface temperature and pressure.
These minerals react with CO, in the presence of
water to form the more stable sedimentary minerals
CaCO, and SiO,. The atmosphere is the source of CO,
that dissolves in the water during weathering. That
dissolved CO, hydrates and dissociates (primarily to
HCO_, at oceanic pH: Figure 2) and is the source of the
C that enters CaCO,; the process of forming that CaCO,
also delivers CO, from the oceanic DIC back to the

atmosphere. The important points to this analysis, are
(a) the demonstrason that CaCO, precipitason taken
alone (Eqg. 8) is an atmospheric CO, source, not a sink,
and (b) the geochemical explanaaon for this result.

As was the case for primary producaon (Eq. 5) and
respirason (Eq. 6), the back reacaon of Eqg. 8 occurs
(CaCO, dissoluson), is a sink for atmospheric CO,, and
draws CO, out of the atmosphere:

CaCo, + CO, + H,0 M Ca?* + 2HCO, (11)
However, equason 8 does not quanatasvely
describe what happens when CaCO, is precipitated
from seawater (Smith, 1985; Ware et al, 1991 and
Frankignoulle et al, 1994). Consider seawater with
pCO, in equilibrium with the overlying atmosphere
(equason 1). Precipitasng CaCO, quanatasvely
according to equaaon 8, that is, one mole of gaseous
CO, release for each mole of CaCO, precipitason does
not apply to seawater due to its buliering elect. Put
simply, some of the CO, generated by calciUcason is
scavenged by the CO,* ions according to:

CO, +COZ +H,0->2HCO, (12)
Removing equimolar amounts of C as CO, and CaCO,
from seawater open to the atmosphere would cause
pCO,(water) to drop below pCO,(air). Yet the physical
process that drives the CO, gas out of seawater is
the pCO, ditierensal between the water and air;
gas moves from the higher-pressure to the lower-
pressure reservoir, so gas evasion occurs only if there
is a posiave gradient from water to air. This constraint
places an upper limit on the raso of CO, evasion as gas
to C precipitason in CaCO,.

At an atmospheric pCO, of about 350 ppmv, it was
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Reef Area and Metabolism Area

We use a nominal area of 600,000 km? as being a
round-number intermediate in esemates used for coral
reef area studies (Smith, 1978; Kleypas, 1997; Spalding
and Grenfell, 1997; Spalding et al., 2001) and recognize
that inclusion of other shallow to intermediate depth
tropical to high-las
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Over the last two hundred years, the concentrason
of carbon dioxide (CO,) in the Earth’s atmosphere
has increased by more than 30% (IPCC 2007). This
increase has been driven by the combusaon of fossil
fuels, deforestason, destrucaon of other biological
carbon reserves, cement producaon and other human
sources of CO, The current rate of CO, increase in
the atmosphere is at least an order of magnitude
faster than has occurred for millions of years (Doney
& Schimel 2007), and the current atmospheric CO,
concentraaon is greater than the Earth has experienced
in at least 800,000 years (Luthi et al. 2008). These
changes have dramaac and longterm consequences
for the Earth’s climate — both atmospheric and
oceanic — and for all life on Earth. Resulang shiDs in
the distribuaon and populasaon of species and impacts
on human communiaes from the Equator to the poles
have already being observed (Parmesan 2006).

The Oceans and CO, Sequestrason

Nearly a third of the anthropogenic CO, added to the
atmosphere has been absorbed by the oceans (Sabine
et al. 2004). Currently, the ocean and land absorb
similar amounts of CO, from the atmosphere (Bender
et al. 2005). However, projecaons suggest that CO,
absorpaon by land sinks may decrease during this
century (Friedlingstein et al., 2006), while the oceanic
absorpaon of atmospheric CO, will conanue to grow
(Orr et al. 2001). The oceans are therefore criacal as
the ulsmate sink for anthropogenic CO,,.

The long term implicaaons of climate change for both
terrestrial and marine systems have lead to strong
internasonal recognison of the need to stabilize
the concentrason of atmospheric CO, and other
greenhouse gases. To achieve this, both dramaac
decreases in the rate of greenhouse gas emissions

and increases in the sequestrason of atmospheric CO,
must be rapidly implemented. Ongoing development
of araUcial and geo-engineering methods of carbon
sequestrason include techniques for CO, injecaon into
the deep ocean, geological strata, old coal mines and oil
wells, and aquifers along with mineral carbonason of
CO,. These techniques have potenaal for sequestering
vast quanaaes of CO,. However, these techniques are
expensive, have leakage risks, signiUcant potenaal
environmental risk and will likely not be available
for rouane use unal 2025 or beyond (Lal 2008). In
contrast, preservason and restorason of naturally
occurring biological carbon reservoirs represent CO,
sequestrason opaons that are immediately applicable,
cost-eliecave, have numerous ancillary beneUts, and
are publicly acceptable. Biological reservoirs of carbon
are, however, Unite in capacity, making it likely that a
combinaaon of biological and araUcial mechanisms of
carbon sequestraaon will be required.

Currently approximately 8.5 x 10%® g C yr! is emiged
by fossil fuel combusaon and 1.6 x 10* g C yrt by
changes in biological systems resulong from the
anthropogenic degradason or destrucaon of naturally
occurring terrestrial biological carbon reservoirs. To
date accounang for the CO, emissions resula
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has not been accounted for in assessments of the cost
of degradason and loss of coastal marine habitats. This
very signiUcant global impact of the coastal habitat loss
is demonstrated by calculaang the areas of terrestrial
forest with equivalent sediment carbon sequestrason
capacity (see Table 2). For example, the total annual
loss of mangroves and seagrasses has the longterm
carbon sequestrason capacity of a tropical forest area
similar to the annual deforestason rate in the Amazon.
The total carbon sequestrason capacity lost through
mangrove and seagrass clearing is equivalent to the
sediment sequestrason capacity of a tropical forest
area greater than the Amazon forest. Since reducing
carbon emissions will be a global concern for centuries,
longterm carbon sequestrason capacity must now also
be accounted for in the beneUts associated with coastal
marine habitat restorason and protecaon.

Mulaple BeneUts of Coastal Habitat Protecoon and
Restorason

In addison to providing extensive longterm carbon
sequestrason beneUts, coastal habitats are the source
of numerous valuable ecosystem services. Mangroves
are extensively used tradisonally and commercially
worldwide, paracularly in developing countries, and
have been valued at 200,000-900,000 USD ha-1 (UNEP-
WCMC, 2006). Seagrasses provide important ecosystem
services including nutrient cycling, enhancement
of coral reef Ush producevity, and habitat for Ush,
mammal, bird and invertebrate species. In addiaon,
seagrasses support subsistence and commercial
Usheries worth as much as $3500 ha-1 yr-1 (Waycog
et al. 2009). Tidal salt marshes are important for their
nutrient cycling and sediment stabilizason of near
coastal areas.

Corals and kelp habitats are essenaal components of
the coastal environment, providing their own extensive
range of ecosystem services (Moberg & Folke 1999,
Steneck et al. 2002). These habitats are also criacal to
the longterm survival of mangroves and seagrasses by
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providing habitat and food sources for species common
to numerous coastal ecosystems. All coastal habitats
are therefore criacal either directly or indirectly for the
high rates of carbon sequestraaon in coastal areas.

Increasing emphasis is now also being placed on the
role of coastal habitats in climate change adaptaaon,
both for human communises and marine species.
Increased coastal protecaon and stability will be
needed in response to sea level rise and the changing
storm condiaons expected as a result of climate change.
Under appropriate condiaons, adal salt marshes,
mangroves and coral reefs provide protecoon from
waves, storm events, can reduce shoreline erosion and
provide sediment stabilizason along many coasts. The
food resources provided by coastal marine ecosystems
will essenaal to maintaining human adapave capacity
to changing resource availability.

Protecong and restoring coastal marine ecosystems
therefore has signiUcant mulople beneUts that are
global (longterm carbon sequestrason) to local
(community @






Next steps for the Management

of Coastal Carbon Sinks

This report provides a strong new evidence base on
the role of selected coastal marine habitats as carbon
sinks. There is now an urgent need to take the next
step - to turn such knowledge into acaon — by ensuring
that such coastal marine sinks are included in Nasonal
Inventory Submissions.

Those countries who have signed the United
Nasons Framework Convenaon on Climate Change
(UNFCCC) have to make annual Nasaonal Inventory
Submissions (NIS) which records their Green House
Gas (GHG) emissions from energy use, industrial
processes, agriculture, land use and waste as well as
any sequestraaon from land use and forestry. These
nasonal inventories have to be submiged annually
to the UNFCCC and be based on guidance from the
Intergovernmental Panel on Climate Change (IPCC).
They are used to assess compliance with internasonal
treases to reduce emissions (ie Kyoto, EU) and for any
nasonal commitments (ie Climate Change Act for UK).
Land Use, Land Use Change & Forestry (LULUCF) is the
secaon in the nasonal inventories that accounts for
emissions and sequestrason from the management
of terrestrial carbon sinks. The types of acevises
covered by LULUCF include aliorestason, reforestason
& deforestasaon, changes to soil carbon stocks from
land use and land use change, peatland extraceon and
drainage, liming of sails, etc.

For the LULUCF secaon of NIS, only GHG emissions and
sequestraaon that occur as a direct result of human
acavity can be counted. Any natural sequestrason (or
emissions) from unmanaged/prisane habitats cannot
count towards a countries’ GHG commitments. Carbon
credits cannot be earned for sequestrason from
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unmanaged habitats. GHG emissions and sequestrason
that occur as a result of the management of coastal
and marine habitats are currently not accounted for
by LULUCF and for that reason are not included in
internasonal climate change mechanisms (ie UNFCCC,
Kyoto, CDM, etc) and are not included, for example, in
the UK’s carbon budgets.

To get coastal/marine habitats included in LULUCF
would require the IPCC to update their guidance and
possibly even need the agreement of the UNFCCC.
The IPCC would need to be convinced that there is
enough of a robust evidence base to demonstrate that
the degradason of coastal and marine habitats due to
direct human acavity results in GHG emissions. They
would also need to be conUdent that restorason (or
creaaon) of coastal habitats will reduce those emissions
and deliver sequestraaon.

An essenaal step to including coastal marine sinks in
NISs will be to build on the evidence base provided in
this report. In paracular we need to know that coastal
marine habitats are not justimportant as global carbon
sinks but what happens (from a GHG perspecave)
when any of these habitats are damaged, developed
or lost? The logical conclusion is that anthropogenic
acavises cause the carbon to be lost back to the
atmosphere, but do they lose their stored carbon and
if so where t0? Does it result in other GHG emissions
and if so what type and on what scale?

Processes are slightly ahead when considering some of
the terrestrial sinks. For example, with peatlands it is
known that they are an important carbon store and that
they sequester carbon when in a prisane state. There



is fairly good evidence that drainage, culavason and
over-grazing/burning results in carbon losses and that
restorasaon stops those losses (although may increase
methane) and, possibly, re-starts sequestrason.
Unfortunately the UK LULUCF inventory does not fully
record these carbon losses and so does not recognise
the carbon savings delivered by restorason. There is
therefore now common cause across exisang terrestrial

53



~
o

INTERNATIONAL UNION
FOR CONSERVATION OF NATURE

WORLD HEADQUARTERS
Rue Mauverney 28

1196 Gland, Switzerland
marine@iucn.org

Tel +41 22 999 0217

Fax +41 22 999 0025
www.iucn.org/marine




